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Abstract.  Wiraatmaja MF, Hasanah R, Dwirani NM, Pratiwi AS, Riani FE, Hasnaningtyas S, Nugroho GD, Setyawan AD. 2022. 
Structure and composition molluscs (bivalves and gastropods) in the mangrove ecosystem of Pacitan District, East Java, Indonesia. Intl 
J Bonorowo Wetlands 12: 1-11. The mangrove ecosystem is a habitat for several species of molluscs. Therefore, mollusc's existence has 
an important role in the sustainability of the mangrove ecosystem. This research was conducted to determine the structure and 
composition of molluscs (gastropods and bivalves) in the mangrove ecosystem of Pacitan, East Java, Indonesia. The mollusc sampling 
was carried out at three mangrove ecosystems: Teleng Ria, Grindulu, and Siwil. Each sampling research location made a plot of 10 x 10 
m. Then, the collected individual and mollusk species were analyzed using the Shanon-Weiner biodiversity index, species density, 
Margalef species richness index, evenness index, and Simpson dominance index. The molluscs found were 25 species, consisting of 17 
gastropod species with 13 families. The gastropod families with the most species are Littorinidae (3), Ellobidae (2), and Potamididae 

(2). Meanwhile, there are eight species of bivalves consisting of five families. Then, Mytilidae (2), Ostreidae (2), and Veneridae (2) are 
the families with the most number of species in bivalves. The total molluscs obtained had a density of 36.9 individuals/100 m2. The 
mollusc biodiversity index was 2.14 (medium), mollusc species richness reached 4.1 (medium), the evenness of species in this research 
reached 0.66 (quite even), and the species dominance index was recorded at 0.34 (low), which means that there are no dominant species 
in the research location. Then, each research location has a different species and density species of molluscs. That is caused by 
differences in the type of substrate (such as sandy, muddy, or rocky) and abiotic factors found in the research location (such as 
temperature, pH, and salinity). 

Keywords: Bivalves, gastropods, mangrove ecosystem, mollusc diversity, Pacitan 

INTRODUCTION  

Indonesia has the largest island group in the world, with 

a very wide sea. It has 17,508 islands and a coastline of 

81,000 km2, the second-longest in the world after Canada 

(Wiryawan et al. 1999). Based on this, Indonesia has one of 

the largest and highest biodiversity in the world. Moreover, 

it has many diverse coastal ecosystems, such as coral reefs, 

extensive seagrass beds, and mangrove forests. However, 

not all coastal areas are covered with mangroves, and this 

is due to several requirements or environmental factors that 

control the formation of these forests, such as coastal 

physiography and climate. 
Mangrove ecosystems are ecosystems located in coastal 

areas, and this area is affected by the tides of seawater so 

that the bottom is always flooded. Therefore, mangrove 

ecosystems have very important benefits in supporting 

living things from a physical, ecological, and economic 

perspective (Li et al. 2015; Alvareza and Leilani 2020). 

The benefits of mangrove ecosystems for humans are 

disaster mitigation, such as wave absorbers, and coastal 

protection from abrasion, tidal waves, and tsunami; this is 

because they are located on the border and close to the sea 

(Harahab and Setiawan 2017). In addition to its benefits in 

preventing natural disasters, another benefit of the 

mangrove ecosystem is as a natural tourist attraction 

because it is a cool place even though it is on the beach 

(Rahmila and Halim 2018). 

In addition to its benefits for humans, the mangrove 

ecosystem can also function as a good habitat for various 

species of animals, especially animals that live in water. 
For example, mangrove ecosystems can be natural places 

for breeding and foraging fish, crabs, shrimp, and other 

organisms (Igulu et al. 2014; Shing et al. 2014; Vermeiren 

et al. 2015; Onyena and Sam 2020; Irwansyah et al. al. 

2021). 

In addition to the animals mentioned above, the 

mangrove ecosystem is also a habitat for molluscs. 
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Molluscs are the second-largest invertebrate group in the 

world, most of which members live in water (Saputra et al. 

2020). Molluscs have the two largest members of the class, 

namely bivalves, and gastropods (Irma and Sofyatuddin 

2012; Marshall et al. 2015). Both have different body 

shapes and shell sizes. This shell modification has the 

function of helping to distinguish the two classes (Dolorosa 

and Gallon 2014). Gastropods have a single-threaded shell 

characteristic, while bivalves have two dorsally interlocked 

shells (Nur'aini 2012). Gastropod habitats are found on 
various sand-mud slopes, and this is because gastropods are 

infauna animals, which give a striking reaction to the size 

of the texture of the seafloor, while bivalves have different 

characteristics way of life from gastropods (Dibyowati 

2009). The way of life of bivalves is digging, immersing, 

and gluing themselves using an adherent device to the 

substrate (Ulmaula et al. 2016). 

Bivalves and gastropods have many important values in 

human life because they can be used as food. In addition, 

the presence of molluscs, such as bivalves and gastropods, 

in an ecosystem can be used as a reference to assess the 
ecological quality of the ecosystem or as a bioindicator of 

environmental health (El-Sorogy et al. 2013; Sharma et al. 

2013). If there are bivalves and gastropods with various 

species, the quality of the environment and water is still 

sustainable. In addition, the important role of bivalves and 

gastropods concerning biotic components in the mangrove 

ecosystem, apart from being detritus, plays a role in the 

process of litter decomposition and neutralizes organic 

matter that is herbivores and detrivores. That plays an 

important role in the food chain for ecosystem stability 

because it can support the life of other higher trophic 
animals (Pawar 2012; Suresh 2012; Irma and Sofyatuddin 

2012). The existence and distribution of bivalves and 

gastropods are strongly influenced by pressure and changes 

from abiotic and biotic factors, such as environmental 

conditions, food sources, predation, competition, 

vegetation, and human activities (Akhrianti et al. 2014). 

Geographically, bivalves and gastropods are widely 

distributed on all continents except Antarctica, but patterns 

of diversity and distribution differ across regions: some 

areas represent high mollusc diversity (Neubauer et al. 

2015), whereas others are faunistically poor, for example, 

Greenland (Vinarski et al. 2017). 
Pacitan District, East Java, Indonesia, has a sustainable 

mangrove ecosystem with white sand and muddy and rocky 

substrate as a habitat for several species of mangrove plants 

and animal organisms (Irwansyah et al. 2021). The research 

about mangrove trees species in the Pacitan mangrove 

ecosystem is dominated by Rhizophora mucronata, R. 

stylosa, Avicennia alba, Sonneratia alba, Nypa fruticans, 

A. marina (Setyawan et al. 2002; Sholiqin et al. 2021). The 

mangrove vegetation creates habitat and provides suitable 

food for various living fauna. However, until now, the 

existence of molluscs, especially bivalves, and gastropods, 
both in terms of diversity and ecological aspects in the 

Pacitan mangrove ecosystem, has not been widely carried 

out by researchers. Whereas knowing the existence of 

molluscs in an ecosystem can potentially meet human 

economic needs, become a regulator of mangrove 

ecosystems, and other benefits for humans and nature. 

The limited information about molluscs in Pacitan 

encourages researchers to determine the structure and 

composition of molluscs (bivalves and gastropods) in the 

Pacitan mangrove ecosystem. Furthermore, the information 

obtained from knowing the diversity of molluscs in this 

area is expected to be useful for planning the management 

of the coastal area of Pacitan District and extracting the 

potential of molluscs in the mangrove ecosystem of Pacitan 
District, East Java, Indonesia. 

MATERIALS AND METHODS  

Study site 

The sampling was carried out on November 2021 and is 

located on the mangrove ecosystem of Pacitan District, 

East Java, Indonesia. Pacitan District is at coordinates 

between 7º55'-8º17'S and 110º55'-111º25'E. In 2021, 

according to Badan Pusat Statistik Kabupaten Pacitan 

(2021), the air temperature was 26-29°C, the average 

humidity was 23-27.5%, the number of rainy days is 179 

days with rainfall 841 mm3. Mangrove areas in Pacitan 
District are generally not polluted, and the land has the 

potential to grow mangrove plants (Dinas Kelautan dan 

Perikanan Kabupaten Pacitan 2014). The sampling 

consisted of three locations close to the beach: Teleng Ria, 

Grindulu, and Siwil. Teleng Ria and Grindulu in Pacitan 

Sub-district and Siwil in Ngadirojo Sub-district, Pacitan 

District, East Java, Indonesia (Figure 1). 

Teleng Ria. The location research is at coordinates 

08o13'19.63"S and 111o04'28.82" E. The vegetation 

mangrove trees of A. alba dominate this location. It has 

sandy and muddy soil characteristics because it is a 
riverbank area that leads directly to Teleng Ria Beach 

(Figure 2A). This location is also at the mouth of the river 

but not too close to Teleng Ria Beach and is a fishing pier 

and residential area. 

Grindulu. This location is near Grindulu Beach at 

coordinates 08o13'55.75" S and 111o06'21.42"E. Grindulu 

is a mangrove conservation area still under development. It 

is evident from the number of mangrove plant seeds 

planted. Later this area will become ecotourism Watu Mejo 

Park and a mangrove nursery center in East Java. This 

location is a sandy and muddy area dominated by 

vegetation mangrove trees of R. stylosa (Figure 2B). 
Siwil. The third location in this research is a river 

estuary close to Siwil Beach (08°15'37.4"S and 

111°17'00.1"E) dominated by the vegetation mangrove tree 

of S. alba. This location is a tidal area with sandy, muddy, 

and rocky substrate (Figure 2C). According to Sholiqin et 

al. (2021), this location is intended for mangrove 

restoration after hit a big flood at the end of 2017. Also, it 

intended prevention for the flood season. This location's 

estimated area of mangrove trees is the smallest compared 

to Teleng Ria and Grindulu. 
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Figure 1. The sampling area in the mangrove ecosystem of Pacitan District, East Java, Indonesia (Location 1: Teleng Ria; location 2: 
Grindulu; location 3: Siwil) 
 
 
 

   

A B C 
 
Figure 2. Condition of each mangrove ecosystem of Pacitan District, East Java, Indonesia: A. Teleng Ria; B. Grindulu; C. Siwil 
 
 
 

Sampling molluscs 
Sampling was conducted by making transect 10 x 10 m2 

plots in each location research. This method is a modified 

method of the published journal by Islamy and Hasan 

(2020). The plot selection was based on the condition of 

the substrate, i.e., sandy, muddy, rocky, etc. The mollusc 

specimens in the plots were collected by handpicking on 

the surface of the substrate, and the arboreal was collected 

from mangrove trees like stems, roots, and leaves, 

following Kantharajan et al. (2017). After that, the species 

and number of mollusc in each plot were counted and 

recorded. Then, abiotic factors measured, including 
temperature (air, water, and soil), pH (water and soil), and 

water salinity, were recorded. The dominant species of 

mangrove trees were also recorded in each location 

research. 

Identification molluscs 

The samples that had been collected from the research 

location were preserved using 70% alcohol, then identified 

using literature studies by Irma and Sofyatuddin (2012), 
Dolorosa and Gallon (2014), Kementerian Kelautan dan 

Perikanan Indonesia (2014), Baderan et al. (2019), and 

Islamy and Hasan (2020). The species identification 

process is carried out at the Laboratory of Animal 

Taxonomy, Faculty of Mathematics and Natural Sciences, 

Universitas Sebelas Maret, Surakarta, Indonesia. 

Identification of molluscs was carried out by observing 

morphological characteristics such as shell shape, shell 

color, and shell pattern. Once identified, the sample was 

photographed using a digital camera and stored in a sample 

bottle.  

Data analysis 

Data on the number of species and the number of 

individuals of each species that have been collected will be 

analyzed using the density formula, Shanon-Weiner 

diversity index (H'), Margalef species richness index (R), 

Evenness index (E) and Simpson dominance index (D) 

which will be described as follows: 



BONOROWO WETLANDS    12 (1): 1-11, June 2022 

 

4 

Density 

 

Shanon-Weiner diversity index (H') 

H’ = – Σpi x ln pi 

Where: 

H' : Diversity index of Shannon-Wiener 

Pi : Number of individuals of the i species divided by 

the total number of individuals 

Evenness index (E) 

 

Where: 

E : Evenness index 

H' : Shanon-Weiner diversity index 

S : Total number of species found 

Simpson dominance index (D) 

 

Where: 

D : Dominance index 
ni : Number of individuals of the i species  

N : Total number of individuals 

Margalef species richness index (R) 

 

Where: 

R : Richness index 

S : Total number of species found  

N : Total number of individuals found 

RESULTS AND DISCUSSION 

Molluscs at the research location 

A total of 25 mollusc species were recorded from three 

research locations, namely Teleng Ria, Grindulu, and Siwil 

(Table 1, Figure 3). Gastropods are represented by 17 species 

(Figure 3A-3Q) with 13 families, namely Achatinidae, 
Ampullariidae, Batillariidae, Cypraeidae, Ellobiidae, 

Littorinidae, Naticidae, Neritidae, Lottidae, Pachychilidae, 

Partulidae, Patellidae, and Potamididae. Meanwhile, eight 

species of bivalves were recorded (Figure 3R-3Y) from 

five families: Arcidae, Myidae, Mytilidae, Ostreidae, and 

Veneridae. In gastropods, the most common families in 

terms of the number of species are Littorinidae (3), 

Ellobidae (2), and Potamididae (2), and the others are only 

one species (Table 1). Members of the family Littorinidae 

are arboreal and are found attached to the roots, trunks, or 

leaves of mangrove trees (see Figure 4). Then, Mytilidae 

(2), Ostreidae (2), and Veneridae (2) are the dominant 

families among bivalves (Table 1). Of the 17 species, 13 

are terrestrial gastropods; Achatina fulica (Bowdich, 1822) 

Pomacea canaliculata (Lamarck, 1822); Batillaria zonalis 

(Bruguière, 1792); Ellobium aurisjudae (Linnaeus, 1758); 

Pythia scarabaeus (Linnaeus, 1758); Littoraria angulifera 

(Lamarck, 1822); Littoraria scabra (Linnaeus, 1758); 

Littoraria sp.; Neritina turrita (Gmelin, 1791); Faunus ater 

(Linnaeus, 1758); Partula sp.; Pyrenella cingulata (Gmelin, 

1791); and Terebralia sulcata (Born, 1778). Then the other 

four species are marine gastropods; Cypraea annulus 
(Linnaeus, 1758), Patelloida sp., Patella sp., and Polinices 

sp. While in bivalves, eight species were found; Anadara 

granosa (Linnaeus, 1758); Mya sp.; Mytilus sp.; Perna 

viridis (Linnaeus, 1758); Crassostrea gigas (Thunberg, 

1793); Ostrea sp.; Meretrix sp.; and Paphia sp.  

The density of molluscs in the research location 

The total density of molluscs found at the three research 

locations was 36.9 individuals/100 m2 (ind/100 m2). Each 

species density value in each location, such as Teleng Ria 

with 11.4 ind/100 m2, Grindulu with 1.6 ind/100 m2, and the 

highest in Siwil with 23.9 ind/100 m2. The species F. ater 
was the species with the most individuals in Teleng Ria 

with 3.1 ind/100 m2, while A. granosa was the species with 

the most individuals in Grindulu with 0.8 ind/100 m2, then 

with a value of 16.2 ind/100 m2 by species P. scarabaeus, 

thus making this species the most abundant individual 

found in Siwil. That makes P. scarabaeus the species with 

the most individuals in this research. Meanwhile, the 

lowest species number ind/100 m2 with a value of 0.1 

ind/100 m2 were Paphia sp., B. zonalis, E. aurisjudae, 

Polinices sp., and T. sulcata. The density of a species 

shows the number of individual species with a certain unit 
area. Table 1 provides detailed information regarding this. 

Ecological index in the research location 

Shanon-Weiner diversity index (H'). Teleng Ria has the 

highest diversity index value in this research, 2.02. 

Meanwhile, Siwil has a diversity index value of 1.2 and is 

followed by Grindulu as the lowest diversity index value in 

this research, with 1.04 (Figure 5). According to Krebs 

(1989), the criteria for the diversity index are; H'<1.5, then 

the species diversity is low; 1.5 <H'<3.5 means that the 

species diversity is moderate; and H'>3.5, then the species 

diversity is high. So in this research, Teleng Ria has a 

moderate diversity index category, followed by Siwil and 
Grindulu, whose diversity index category is low. However, 

if three locations are combined, the value reaches 2.14, 

categorized as moderate. The diversity index (H') describes 

the state of the population of organisms mathematically to 

make it easier to analyze the number of individuals of each 

species in a community. 

Evenness index (E). The evenness index determines the 

evenness of each species in each community encountered. 

According to Pielou (1977), if the results show a value of 

0.00-0.25, it means that the evenness index is uneven; if the 

result shows a value of 0.26-0.50, it means that the 
evenness index is less evenly distributed; if the results 

show a value of 0.51-0.75, it means that evenness index is 

relatively even; if the result shows a value of 0.76-0.95, it 
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means that the evenness index is almost evenly; then if the 

result shows a value of 0.96-1.00, it means that the evenness 

index is evenly distributed. The total evenness index of the 

three locations shows a value of 0.66 which means quite 

even. In contrast to the total results of the research 

locations, Teleng Ria has a value of 0.81 and Grindulu of 

0.95, so it is categorized almost evenly. The lowest evenness 

index value is in the Siwil, which shows a value of 0.45, so 

it is categorized as less evenly distributed (Figure 5). 

Simpson dominance index (D). The species dominance 
index values from highest to lowest were Teleng Ria, 

Grindulu, and then Siwil, with each value being 0.47, 0.36, 

and 0.21. At the same time, the overall value of all 

locations is 0.34. Simpson's dominance index is a 

parameter that states the level of centralized dominance 

(mastery) of a species in a community. Suppose the results 

show a value of 0<C<0.5, it means that the species 

dominance is low; if the result shows a value of 

0.5<C<0.75, it means that the species dominance is 

moderate; if the results show a value of 0.75-1.00, it means 

that species dominance is high (Odum 1971). Therefore, 
based on Odum's (1971) explanation, all the results of this 

research were categorized as low, meaning there were no 

dominant species in each location (Figure 5). 

Margalef species richness index (R). Species richness is 

the number of species in a certain area. Species richness 

index combined with individual abundance/density values

for each unit. The highest species richness index value was 

obtained at the research location of Teleng Ria with a value 

of 2.38, followed by Siwil at 2.19, and the lowest was 

Grindulu, which was 0.96. According to Magurran (1998), 

if the results show a value of R>5, it means that species 

richness is high; if the result shows a value of 3.5<H<5, it 

means that the species richness is moderate; if the results 

show a value of H<3.5, it means that species richness is 

low. Therefore, the three research locations have the same 

low species richness category. However, in the total 

calculation of all locations, the value reached 4.1, which 

can be categorized as medium species richness. 
For more details on the comparison of all the results of 

the ecological index in each research location, see Figure 5. 

Environmental (abiotic) factors in the research location 

The suitable environmental conditions for molluscs' life 

will help them play an important role in the mangrove 

ecosystem. In this research, the parameters of temperature 

(air, water, and soil), pH (water and soil), and salinity were 

measured (Table 2). Measurements of all temperatures at 

the three sampling locations ranged from 28-33°C. The 

highest temperature was recorded at Siwil. Then, all pH at 

the three locations ranged from 6-8, with the lowest value 
(close to acid) being Teleng Ria. The results of temperature 

and pH measurements at research locations tend to vary. 

Then, Teleng Ria and Siwil have the same salinity, 5 ppt, 

while in Grindulu, it is 10 ppt. In general, the three research 

locations are not too close to the sea so that the salinity 

value of the water is not too salty. 

 

 

Table 1. List and density of molluscan species recorded in the mangrove ecosystem of Pacitan District, East Java, Indonesia 

 

Class Family Species 
Density (ind/100 m2) in each location 

Total 
Teleng Ria Grindulu Siwil 

Bivalves Arcidae Anadara granosa (Linnaeus, 1758) - 0.8 - 0.8 
 Myidae Mya sp. - - 3.5 3.5 
 Mytilidae Mytilus sp. - 0.4 - 0.4 
 Perna viridis (Linnaeus, 1758) - - 0.4 0.4 
 Ostreidae Crassostrea gigas (Thunberg, 1793) 2,6 - - 2.6 
 Ostrea sp. 0.2 - - 0.2 
 Veneridae Meretrix sp. 0.2 - - 0.2 

 Paphia sp. - - 0.1 0.1 
       

Gastropoda Achatinidae Achatina fulica (Bowdich, 1822) 0.2 - 0.1 0.3 
 Ampullariidae Pomacea canaliculata (Lamarck, 1822) 2 0.4 - 2.4 
 Batillariidae Batillaria zonalis (Bruguière, 1792) 0.1 - - 0.1 
 Cypraeidae Cypraea annulus (Linnaeus, 1758)* - - 1.1 1.1 
 Ellobiidae Ellobium aurisjudae (Linnaeus, 1758) - - 0.1 0.1 
 Pythia scarabaeus (Linnaeus, 1758) - - 16.2 16.2 

 Littorinidae Littoraria angulifera (Lamarck, 1822) 0.4 - - 0.4 
 Littoraria scabra (Linnaeus, 1758) - - 0.2 0.2 
 Littoraria sp. 0.8 - 1 1.8 
 Lottiidae Patelloida sp.* - - 0.5 0.5 
 Naticidae Polinices sp. * - - 0.1 0.1 
 Neritidae Neritina turrita (Gmelin, 1791) 1.1 - - 1.1 
 Pachychilidae Faunus ater (Linnaeus, 1758) 3.1 - - 3.1 
 Partulidae Partula sp. 0.5 - - 0.5 

 Potamididae Pirenella cingulata (Gmelin, 1791) 0.2 - - 0.2 
 Terebralia sulcata (Born, 1778) - - 0.1 0.1 
 Patellidae Patella sp.* - - 0.5 0.5 
       

Total 11.4 1.6 23.9 36.9 

Note: -: not found, *: marine gastropods 
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Table 2. Environmental (abiotic) factors in the mangrove ecosystem of Pacitan District, East Java, Indonesia 
 

Location of research 
Temperature oC pH 

Salinity (ppt) 
Air Water Soil Water Soil 

       
Teleng Ria 33 32.6 33 7.6 6 5 
Grindulu 32 32.5 33 8 7 10 
Siwil 32 28.2 31 7.6 6.1 5 

       

 

 

 

 
Figure 3. Checklist molluscs in the coastal of Pacitan District, East Java, Indonesia: A. Achatina fulica (80 mm), B. Pomacea 
canaliculata (50 mm), C. Pirenella cingulata (15 mm), D. Faunus ater (15 mm), E. Batillaria zonalis (13 mm), F. Neritina turrita (19 

mm), G. Littoraria angulifera (21 mm), H. Polinices sp. (37 mm), I. Pythia scarabaeus (18 mm), J. Terebralia sulcata (22 mm), K. 
Littoraria sp. (15 mm), L. Partula sp. (10 mm), M. Littoraria scabra (29 mm), N. Ellobium aurisjudae (34 mm), O. Patelloida sp. (15 
mm), P. Patella sp. (16 mm), Q. Cypraea annulus (20 mm), R. Anadara granosa (20 mm), S. Ostrea sp. (64 mm), T. Crassostrea gigas 
(89 mm), U. Mya sp. (46 mm), V. Mytilus sp. (25 mm), W. Perna viridis (24 mm), X. Paphia sp. (59 mm), Y. Meretrix sp. (55 mm) 
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Figure 4. Littoraria scabra (Gastropod) clinging to the leaves of 

the Sonneratia alba tree 

 

 
 
Figure 5. Comparison of ecological index values at each research 
location 
 

 
 

Discussion 

Mollusc studies elsewhere also found that the species 

diversity of gastropods was higher than bivalves. For 
example, 202 species of gastropods were found in France, 

Europe, while 39 species of bivalves (Bichain et al. 2019). 

Then in the Americas, precisely in the Strait of Magellan, 

Chile, Aldea et al. (2020) reviewed 134 research articles on 

the diversity of molluscs (gastropods and bivalves) in the 

area and managed to collect data on 173 gastropod species 

and 107 bivalves species. Then on the African continent, 

Morocco to be precise, 26 gastropods and ten bivalves were 

found (Irikov and Gerdzhikov 2013). In the Australian 

continent, Murphy (2015) identified 142 species 

comprising 34 bivalves (24 families) and 108 gastropods 

(51 families). Finally, some countries in Asia, such as the 
Philippines, found up to 50 gastropods and 15 bivalves 

(Dolorosa and Gallon 2014), while in India, 46 gastropods 

and 14 bivalves were found by Kantharajan et al. (2017). 

Meanwhile, in another area in Indonesia, Baderan et al. 

(2019) also found 21 species of gastropods and three 

species of bivalves. The higher diversity of gastropods 

compared to bivalves in mangrove ecosystems is due to the 

ability of gastropods to tolerate better environmental 

changes and harsh conditions in these ecosystems 

(Dolorosa and Gallon 2014). 

This research revealed that mollusc families, such as 
Potamididae, Littorinidae, Ellobiidae, and Neritidae, have a 

high abundance of individuals and are commonly found in 

mangrove ecosystems near mangrove trees (Table 1). 

According to Walthew (2012), Baderan et al. (2017), and 

Yadav et al. (2019), the family mentioned previously can 

dominate in the mangrove ecosystem because it likes to 

live in areas affected by tides and muddy areas with 

mangrove trees vegetation. Meanwhile, the distribution of 

the abundance of bivalves is generally limited to a very 

narrow zone of the low tide boundary due to the need for 

feeding and larval life. Very few species, such as A. 
granosa, C. gigas, Mytilus sp., Mya sp., Ostrea sp., and P. 

viridis, can adapt well to the spray zone and changes in 

environmental conditions in intertidal mangrove areas 

(Rangan 2010; Khade and Mane 2012; Kabir et al. 2014; 
Kementerian Kelautan dan Perikanan Indonesia 2014; 

Samson and Kasale 2020). Therefore, that species was the 

dominant bivalve found in this research locations (Table 1). 

Among the molluscs found in this research, the 

following species have the potential to be cultivated for 

food: such, Meretrix sp., A. granosa, P. canaliculata, P. 

viridis, F. ater, and Ostrea sp. (Lok et al. 2011; Khade and 

Mane 2012; Sawant and Mohite 2013; Shan et al. 2013; 

Wang et al. 2013; Pritchard et al. 2015; Soon and 

Ransangan 2016; Agustina et al. 2019). Therefore, 

exploring the cultivation potential of this species can help 

provide a stable source of economic income among local 
residents. First P. scarabaeus, the highest abundance in this 

research, and most other members of Ellobiidae were 

considered pollution indicators in mangrove ecosystems 

(Satheeshkumar and Khan 2012; Dissanayake and 

Chandrasekara 2014; Kantharajan et al. 2017). Next, N. 

turrita has a familiar shell used for aquarium ornaments 

because of its unique color (Hristov 2020). Finally, 

Achatina fulica, P. canaliculata, and P. cingulata are 

invasive animal species because they become a pest to 

agricultural land and pond (Karraker and Didgeon 2014; 

Goldyn et al. 2017; Solanki et al. 2017). 
Family Littorinidae has the most species in this research 

(Table 1). There are three species, including L. angulifera, 

L. scabra, and Littoraria sp. The Littorinidae family is a 

facultative gastropod because many individuals and species 

are found inside and outside the mangrove ecosystem 

(Susanti et al. 2021). Khade and Mane (2012) and Marshall 

et al. (2015) suggested that Littoraria lives on mangrove 

trees' trunks, branches, roots, and leaves. Several factors, 

such as the function of an area as a shelter for molluscs and 

the species of vegetation mangrove trees, determine the 

distribution of species. In addition, P. scarabaeus and 
Partula sp. are also a gastropod that lives on parts of 
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mangrove trees to breed and find food (Hopper and Smith 

1992; O'Rorke et al. 2016; Sischo and Hadfield 2017). This 

species is very abundant in this research location and lives 

in mangrove trees, such as A. alba and S. alba. 

The stability of the mollusc community can be 

described with analysis of the values of diversity index 

(H'), evenness (E), dominance (D), and species richness 

(R). The results of the Shannon-Wiener diversity index in 

each location showed different values (Figure 5). The 

mollusc diversity index in Teleng Ria was higher (2.02) 
than in Siwil (1.2) and Grindulu (1.04). The mollusc 

diversity index value in Teleng Ria is moderate compared 

to Siwil and Grindulu, which are low. The same thing 

happened with Teleng Ria, the diversity index value in 

general from three locations research is 2.14 (medium). 

Diversity includes two main things: variations in the 

number of species and the number of individuals of each 

species in an area. At each location, the abundance of each 

species varied in number because several species were 

much larger than other species, resulting in a low diversity 

of an ecosystem (Table 1). Suppose the number of species 
and the variation in the number of individuals of each 

species is relatively low. In that case, it means an 

imbalance in the ecosystem caused by disturbance or 

pressure. Research with a moderate value diversity index 

was also found by Hasidu et al. (2020) in the mangrove 

ecosystems of Kolaka District, Southeast Sulawesi, 

Indonesia, and Yadev et al. (2019) in mangrove ecosystems 

of Paradeep, east coast of India. Furthermore, Baderan et 

al. (2019) explain that the moderate diversity index is 

enough to describe the complexity of the ecosystem. 

Teleng Ria has a value of 0.81 and Grindulu of 0.95, so 
the evenness index is categorized almost evenly. At the 

same time, Siwil shows the lowest evenness value in this 

research with 0.45, so it is categorized as less even. 

Meanwhile, the total evenness index for three locations 

shows a value of 0.66 which means quite even (Figure 5). 

The evenness index value is close to 1, indicating the 

number of individuals each species is almost the same and 

the stability of the ecosystem. On the other hand, if the 

evenness index is close to 0, it means a certain species 

predominate in the ecosystem (Asadi et al. 2018; Baderan 

et al. 2019; Hasidu et al. 2020). 

The dominance index value obtained from each 
research location is between 0.21-0.47 (Figure 5). The 

dominance value is used to determine whether certain 

species dominate an ecosystem. Based on this, the 

dominance index obtained is mostly close to the value 0, 

meaning no particular species dominate in the community 

(Odum and Barrett 2005). Furthermore, the value of the 

evenness index with the dominance index in this research 

shows inversely proportional results. The evenness index 

value is close to 1, and the dominance index is close to 0 

(zero). That indicates that the evenness of species is evenly 

distributed in an ecosystem, and no dominant species exist. 
The highest richness index value was obtained at the 

research location of Teleng Ria with a value of 2.38, 

followed by Siwil at 2.19, and the lowest was Grindulu, 

which was 0.96 (Figure 5). However, in the total 

calculation of all locations, the value reached 4.1, which 

can be categorized as medium species richness. The species 

richness index is the simplest measure of biodiversity 

because it only considers differences in the number of 

species in a certain area (Magurran 1998). Species richness 

in an area depends on the health of its habitat or ecosystem. 

If the habitat or ecosystem can provide food and a breeding 

ground for a species, the species richness can be high 

(Aditya et al. 2019). 

The numbers of individual and species molluscs in the 

three research locations have differed. According to Odum 
and Barrett (2005) and Stagg and Mendelssohn (2012), the 

type of substrate and mangrove vegetation greatly 

determines the density and composition of molluscs. The 

research location in Siwil has the most varied substrate 

types compared to other locations, such as sandy, rocky, 

and muddy. Substrate variations play a role in the diversity 

of mollusc species in Siwil, so in this research, the number 

of species was the highest compared to Teleng Ria and 

Grindulu, namely 13 species (Table 1). In contrast to 

Teleng Ria, the Grindulu and Siwil areas have less 

mangrove cover (Figure 2). In addition to providing a 
living habitat for mollusks, mangrove trees are also a 

source of food and reproduction, especially for terrestrial 

gastropods. Not surprisingly, coastal areas with mangrove 

vegetation have a high diversity of terrestrial gastropods. 

Teleng Ria is where the most terrestrial gastropod species 

were found nine species (Table 1). Meanwhile, according 

to Irma and Sofyatuddin (2012), the abundance of marine 

bivalves does not affect the existing plant vegetation.  

Based on the 25 species of molluscs in this research 

(Table 1), the environmental conditions at the research 

location were considered optimal for molluscs to survive 
and reproduce with temperatures between 28-33°C (Table 

2). These results are close to temperature measurements in 

the mangrove area of the Musi River estuary, South 

Sumatra, Indonesia, which ranges from 28-31.5°C (Hartoni 

and Agussalim 2013) and in the mangrove area Nusa 

Lembongan, Bali, Indonesia, which ranges from 27-30°C 

(Pratiwi and Ernawati 2016). According to Maretta et al. 

(2019), the optimum temperature for gastropod metabolism 

ranges from 25-32°C, while bivalves can metabolize 

optimally at 25-28°C. The differences in temperature 

characteristics at the research location are influenced by 

mangrove vegetation cover and measurement time. 
The degree of acidity (pH) is important to support the 

survival of mollusc organisms. That is because pH can 

affect the type and availability of nutrients and the toxicity 

of trace elements. The pH conditions at the research 

location were recorded in 6-8 (Table 2). According to 

Odum and Barrett (2005), waters and soil with a pH of 6-9 

are waters and soils with high fertility because they can 

encourage the dismantling of organic matter in the waters, 

and soils into minerals are ideal for mollusc life. 

Conversely, according to Artiningrum and Anggraini 

(2019), environmental conditions with a pH below or 
above the previously mentioned values can interfere with 

mollusc life. 

The salinity level at the research location ranged from 

5-10 ppt (Table 2). It is why the marine gastropod and 

bivalves species that were in low abundance in this 
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research, such as Paphia sp. It is estimated that this 

newcomer species is carried away by currents from the sea 

due to the effects of floods that often occur at the research 

location (Sholiqin et al. 2021). Then, according to Mathius 

et al. (2018) and Saputra et al. (2020), the optimal salinity 

to support mollusc life ranged from 28-34 ppt. The 

evaporation rate influences the difference in salinity in 

locations and freshwater entry into the sea coast from river 

flows. These research locations are not too close to the sea, 

so the fresh water from the river is more than seawater 
intrusion into the estuary. That causes the salinity value of 

the water to be not too salty and is categorized as brackish 

water. 

Even so, the results of this research still have a higher 

diversity of bivalves and gastropods than in other regions 

in Indonesia. For example, research by Irma and 

Sofyatuddin (2012) in the mangrove ecosystem of Aceh 

Besar (14 gastropods and five bivalves), then nine 

gastropods and two bivalves were found in the Mangrove 

ecosystem at the Kumbe River Estuary, Merauke by 

Katukdoan et al. (2018) and Manusawai et al. (2020) with 
eight gastropods and two bivalves in Kaisu Mangrove 

Forest of Sarmi Regency, Papua. Information on molluscs 

diversity in the mangrove ecosystem in Indonesia is not 

optimal, especially in Pacitan. Therefore, considering 

mollusc diversity is important to support the conservation 

effort. Therefore, it needs more research about mollusc 

diversity in the mangrove ecosystem in Pacitan, East Java, 

Indonesia. 

It can be concluded a total of 25 species were found in 

this research, with gastropods being more species than 

bivalves. The gastropods were 17 species and 13 families, 
while eight species and five families were bivalves. Then, 

the total molluscs obtained had a density of 36.9 

individuals/100 m2. The mollusc diversity index was 2.14 

(medium), mollusc species richness reached 4.1 (medium), 

the evenness of species in this research reached 0.66 (quite 

even), and the species dominance index was recorded at 

0.34 (low), which means that there are no dominant species 

in the research location. Then, each research location has a 

different species and density species of molluscs. That is 

caused by differences in the type of substrate (such as 

sandy, muddy, or rocky) and abiotic factors found in the 

research location (such as temperature, pH, and salinity). 
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Abstract. Cahyaningsih AP, Deanova AK, Pristiawati CM, Ulumuddin YI, Kusumaningrum L, Setyawan AD. 2022. Review: Causes and 
impacts of anthropogenic activities on mangrove deforestation and degradation in Indonesia. Intl J Bonorowo Wetlands 12: 12-22. 
Indonesia is a country with the largest extent of mangroves in the world. However, as the human population increases the extent and 
quality of the mangroves is decreasing. The increasing population is in line with increase in human activities, leading to deforestation 
and degradation of the mangrove forests. This paper aimed to review anthropogenic activities that cause mangrove deforestation and 

degradation in Indonesia as well as the impacts of such anthropogenic activities on the mangrove ecosystems, and to formulate the 
efforts to overcome mangrove deforestation and degradation in the country. Various human activities are the primary drivers of 
deforestation and degradation of mangroves, including land conversion from mangrove forests into other land uses (e.g., agricultural 
lands, ponds, infrastructure developments and human settlements), extractive activities (e.g. mining and logging), and household and 
industrial activities (e.g., plastic debris, heavy metals pollutants). These anthropogenic factors have impacts on reduced mangrove forest 
area, changes in mangrove composition, uneven species abundance and pollution. In combination with sea level rise caused by global 
climate change, such activities pose devastating threats to Indonesian mangroves. Efforts to overcome these problems include increasing 
awareness of communities regarding the conservation of mangrove, conducting mangrove restoration programs and promoting 

sustainable management of mangrove, for example through ecotourism. On top of that, community participation plays essential role in 
sustainable management and conservation of mangrove forests in Indonesia. 

Keywords: Anthropogenic activity, mangrove degradation, mangrove forest 

INTRODUCTION 

Mangrove ecosystem is transitional ecosystem between 

terrestrial and marine ecosystems located along coastlines 

and river estuaries and is strongly influenced by intertidal 
conditions. In general, mangroves grow in places with a 

mud and sand substrate on relatively flat or gently sloping 

areas, and not in places like beaches with steep and 

undulating terrain, and strong tides. The flat areas provide 

space for mangroves to grow so that the mangrove 

vegetation can expand (Akbar et al. 2015). The muddy and 

sandy mangrove habitat is also very suitable for the growth 

and development of several organisms that depend on 

mangroves (Afriza 2019).  

Mangrove ecosystem plays an important role in 

delivering various ecosystem services. Mangrove forests 
store a very large carbon stock in aboveground and 

belowground biomass as well as in the soils in which in 

total it is five times greater than tropical boreal forests per 

unit area, implying that mangrove forests have a major 

influence on global climate change mitigation (Hamden et 

al. 2014). Mangrove ecosystems also protect the coast from 

waves, winds, storms and even tsunamis. For marine 

biotas, mangrove ecosystems serve as habitat that supports 

their life and are suppliers of organic materials to provide 
food. Meanwhile, for local communities, mangroves 

provide materials for household needs such as firewood, 

charcoal, building materials, foodstuffs, and medicines 

(Nugroho et al. 2013). 

Indonesia is a country with the largest extent of 

mangrove ecosystem in the world. A large extent of the 

coastal areas in Indonesia are covered by mangrove forests 

with various widths, ranging from a few meters to several 

kilometers from the coastline (Kusmana 2011). However, 

deforestation and degradation of mangrove forests in 

Indonesia have been going at an alarming rate and 
increasing every year. As the consequence, there is 

continuing decline in the function of mangrove forests with 

impacts of carbon emissions, biodiversity loss, increase of 

risk on abrasion and land subsidence, and reduction of 

community livelihoods (Wahyuni et al. 2014).  
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Mangrove forest ecosystem is a fragile ecosystem that 

is very sensitive to environmental changes. However, the 

easy access characteristic of mangrove ecosystem is prone 

to exploitation of its resources, leading to deforestation and 

degradation (Samsumarlin et al. 2015). According to Akbar 

et al (2017), anthropogenic activities are the major causes 

of deforestation and degradation of mangrove forests in 

Indonesia. Anthropogenic activities are human activities 

that can change landscape structures such as land-use 

conversion, habitat destruction, invasion of alien species, 
and overexploitation of biological resources. These 

activities result in changes in trophic status in mangrove 

ecosystem (Zulfia and Aisyah 2013). Examples of 

disturbances caused by human activities are tree cutting of 

mangroves, conversion of mangrove forests into 

plantations, settlements, industries, irrigated rice fields, 

rainfed rice fields, and fish or shrimp ponds (Mappanganro 

et al. 2018). Such human activities cause the degradation of 

mangrove ecosystem, damaging ecosystem stability and 

reducing biodiversity, especially mangrove organisms 

(Athirah et al. 2013). The decline in mangrove extent and 
quality is a serious threat to this ecosystem whose people 

depend on coastal resources. According to Schaduw 

(2015), if the mangrove forest ecosystem is damaged, its 

social and economic functions will also be disturbed.  

The purpose of this paper is to review anthropogenic 

activities that damage mangrove ecosystems in Indonesia, 

to find out the impacts of such anthropogenic activities on 

the mangrove ecosystems, and to formulate efforts to 

overcome mangrove deforestation and degradation in the 

country. We expected that this review provides a strong 

scientific basis for better management and conservation of 
mangrove ecosystems in Indonesia. 

MANGROVE FOREST ECOSYSTEM 

Mangroves are defined as a community of woody plants 

that grow in intertidal areas between terrestrial and marine 

ecosystems and are resistant to high salinity levels (Biswas 

et al. 2012; Biswas and Biswas 2019). The plant 

community of mangroves forms vegetation called a 

mangrove forest. Rahim and Baderan (2017) define 

mangrove forests as a variety of tropical coastal vegetation 

communities that are dominated by typical species of trees 

or shrubs that have the ability to grow in salty waters. 

Mangroves ecosystem has high values on ecological 
aspects, such as maintaining aquatic productivity, and 

economic aspects for the people living around mangrove 

ecosystems (Indrayanti et al. 2015; Widiastuti et al. 2016). 

Mangrove forest is one of ecosystems in the tropics and 

subtropics that has the largest carbon content among 

various ecosystems on the earth, as well as the most 

important CO2 sequester in the atmosphere (Wang et al. 

2021).  

Mangrove ecosystem is among the complex ecosystems 

that have mutual relationship with the surrounding 

ecosystems, such as onshore and offshore ecosystems. It is 
known as one of the most fertile ecosystems because the 

litterfall of the mangroves acts as source of nutrients to the 

soil and water (Diarto et al. 2012). Mangrove ecosystem is 

also considered one of the most valuable and productive 

coastal ecosystems on the planet (Himes-Cornell et al. 

2018). Mangrove vegetation is regulated by several biotic 

and abiotic factors, such as anthropogenic impacts, 

nutrients, light, salinity, sedimentation, wind, and tides. 

Mangroves allocate most of their physiological energy to 

respond to high saline conditions. The availability of soil 

nutrients in mangroves is regulated by soil pH, and 

nutrients such as N, P and K (Cooray et al. 2021).  
Mangrove ecosystem is affected by the tides of 

seawater which is suitable for the habitat of avifauna, 

including migratory birds. The ebb and flow of seawater in 

this ecosystem causes large fluctuations in environmental 

factors, especially temperature and salinity. As such, 

animals that are able to survive in this ecosystem must have 

great tolerance to extreme changes in environmental 

factors. There are around 150 to 250 species of bird species 

to occur in mangrove ecosystems with 65 species are 

categorized as endangered and vulnerable to extinction.  

In Indonesia, mangrove forests are found in almost all 
parts of the country, spreading in 30 provinces from 

Sumatra to Papua. However, the existence of mangrove 

forests in Indonesia is threatened due to various human 

activities (e.g., timber cutting, overfishing and land 

conversion), and natural factors, such as tsunami 

(Purnobasuki 2011). Of the total 8.6 million hectares of 

mangrove ecosystems in Indonesia, some 5.9 million 

hectares (or 68%) have experienced disturbances (Wijaya 

et al. 2018).  

ROLES OF MANGROVE FOREST 

Mangrove ecosystems deliver various ecosystem 
services in the form of supporting services, regulatory 

services, provision services, and cultural services (Eddy et 

al. 2014). In terms of supporting and regulatory services, 

mangrove ecosystems maintain and protect tropical and 

subtropical marine biodiversity, global biogeochemical 

processes and climate change (Wang and Gu 2021). 

Mangrove forest ecosystem has the highest productivity 

level compared to other coastal ecosystems, and it also 

serves as habitat for aquatic biota that provides organic 

matters which is important in the life cycle of various types 

of shrimp, fish and mollusks. The detailed roles of 

mangrove forests are elaborated on below.  

Mangroves as carbon stocks 

Mangroves have the ability to absorb and store a large 

amount of carbon which is critical for controlling CO2 

levels in the atmosphere (Purnamasari et al. 2021), 

implying its critical role in reducing carbon emissions for 

climate change mitigation. The carbon absorbed by 

mangroves is stored it in stems, roots, leaves and soils. In 

mangrove ecosystem, soils contribute the majority of 

carbon stock, accounting for more than 84 percent of total 

carbon contained in the ecosystem (Trettin et al. 2021). For 

carbon stored as biomass, the capacity of carbon 
sequestration of mangrove forests is influenced by its 
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dimensional size where the larger the tree diameter, the 

greater the storage of biomass and the amount of CO2 

absorbed by mangrove trees (Heriyanto and Subiandono 

2012). The height and age of mangrove stand also affect 

the absorption rate.  

Biological function 

Mangrove forest consists of unique biotic and abiotic 

components. The biological elements of mangrove forests 

are the main component of food for organisms that live 

around mangroves, such as shrimp, fish, crabs, birds and 
mammals. Mangroves serve as habitats for living 

organisms which are used as gathering and hiding places, 

especially for young fish, shrimp, and other marine biotas. 

Mangrove forests also provide an excellent site for 

spawning marine biotas (Kustanti 2011). The canopy of 

mangrove vegetation is useful as a habitat for various types 

of arboreal faunas, such as insects, birds, bats, and 

primates. 

The existence of mangrove forests which act as coastal 

green belt influence the surrounding ecosystems (Pontoh 

2011). It is proven that mangrove forest ecosystem can be 
useful as a protector of seawater intrusion, stabilizer of the 

coastline, the main point of circulation of nitrogen and 

sulfur, mud collection and land formation (Samosir and 

Restu 2017). Mangrove forests are also useful as an organic 

waste processor by neutralizing toxic substances caused by 

chemical wastes. 

Mangrove root structures can improve the chemical and 

physical properties of soils through litter decomposition in 

which the organic matter of the decomposed litter fall can 

reduce salinity levels. Starting the food chain, mangrove 

leaves that fall into the water will be decomposed by 
microorganisms so that the results of this decomposition 

serve as food for small aquatic animals. The roots of 

mangroves become a source of nutrition for fish and 

invertebrates that live in the mangrove ecosystem.  

Physical function 

According to Utomo et al. (2017) and Ahnanto et al. 

(2014) mangrove ecosystems have the ability to control 

seawater intrusion by preventing CaCO3 deposition by its 

root, holding mud and trapping sediment. This physical 

protection is beneficial for the surrounding communities 

from the damage that can be caused by big waves, strong 

winds, coastal abrasion, tsunamis, mud flood, and sediment 
traps transported by surface water flows and prevention of 

intrusion.  

Social and economic function 

Mangrove ecosystem provides social and economic 

benefits for coastal communities (Sondakh et al. 2019; 

Ritohardoyo and Ardi 2011; Gumilar 2012). The economic 

value of resources can be defined on how it benefits 

humans in the monetary term (Saprudin and Halidah 2012). 

The economic value that can be utilized from mangrove 

forests consists of direct benefits (e.g. wood and fishery 

products) and indirect benefits (Jumaedi 2016). The direct 
benefits of mangrove forests are in the form of various 

forest products to fulfill community needs to improve the 

economy and social state of communities living around the 

mangrove forest. According to Riwayati (2014), the 

indirect benefits of mangroves for human life include 

nutrient providers, resistance of seawater intrusion and 

abrasion, and the ability to form islands and stabilize 

beaches.   

The parts of the mangrove tree, including the roots, 

bark, leaves, tree trunks, and flowers can be beneficial for 

humans. Mangrove forests can produce wood and non-

timber which can be used by the community as fuelwood, 
foodstuffs, handicrafts, medicines, animal feed, industrial 

raw materials. The bark of mangrove trees can be used as 

preservatives and natural medicines as well as building 

materials. In mangrove ecosystem, it can be found various 

types of fish, shrimp and crab that have high economic 

value. The mangrove roots or trunks can be used as 

protection for boats and ships by tying ropes to these parts.  

Some mangrove plants that can be processed into food 

include Lindur (Burguiera gymnorhiza), Pedada 

(Sonneratia spp), Api-api (Avicennia alba), Nipah (Nypa 

fructicans) and Jeruju (Achantus ilicifolius). Mangroves 
also contain high calories and carbohydrates, more than 

some various types of food such as rice, corn, cassava. 

Some mangroves can also be used as natural coloring 

agents. Parts of mangrove plants that can be used as dyes 

are waste or unused plant parts, for example, mangroves in 

the species Rhizophora which can produce black, brown, 

dark brown, light brown, and pink colors. Another 

economic function of mangrove forests is as a place for fish 

and shrimp pond cultivation, a place for making salt fields, 

and source of materials for high-quality charcoal. 

Indirect benefit values of mangrove forests, for 
example, are the provision of natural food for marine biota, 

barriers to seawater intrusion into land, and land expansion 

towards the sea (Ariftia et al. 2014). Mangroves can also be 

developed for ecotourism and education purposes 

(Setyawan and Winarno 2006a). The ecotourism activities 

are aimed to conserve the environment and preserve or 

improve the welfare of the local community. The 

ecotourism and education function in mangrove forests can 

be developed, for example by sightseeing the beauty of 

flora and fauna, as well as boating around the mangroves. 

ANTHROPOGENIC ACTIVITIES THAT DESTROY 

MANGROVE ECOSYSTEMS 

Mangrove ecosystem, which is located between the 

terrestrial and marine realms, is very sensitive to changes 

caused by natural processes and anthropogenic activities, 

such as urbanization and economic development (Wang 

and Gu 2021). Human activities with various forms of 

utilization pose threats to cause ongoing changes in 

mangrove forest resources (Kustanti et al. 2014; Oktavia et 

al. 2020). Anthropogenic activities that cause the loss of 

mangrove forests in Indonesia include fisheries, 

agriculture, plantations, settlements, industry, mining, and 

aquaculture (Kumar 2012; Sukwika and Putra 2018). On 
the other hand, human factors that lead to mangrove 
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degradation include illegal logging, unsustainable use, and 

establishment of shrimp ponds (Basyuni et al. 2012).  

The larger the population community living around the 

mangrove forest area, the greater the rate of mangrove 

deforestation and degradation (Konom et al. 2019). The 

existence of coastal communities has interaction with 

mangrove ecosystem, for example, the utilization of wood 

extracted from mangrove for building materials 

(Hendrawan et al. 2018). Since most mangrove areas are 

under the authority of government (which are often 
considered open access by some people) and they are 

located in a sandy coastal area around the estuary which is 

easily accessible by humans, mangrove forests are prone to 

be exploited and disturbed (Heriyanto et al. 2020). Various 

anthropogenic activities that threaten mangroves in 

Indonesia are detailed below. 

Land conversion 

Mangrove forests have been converted into various 

types of land use. From 2002 to 2012, mangrove forests 

were lost at an average rate of 0.18% per year with a total 

estimate of more than 100,000 ha of mangroves have been 
logged over 10 years. In Indonesia, the drivers of mangrove 

forest conversion include aquaculture development, rapid 

expansion of rice farming, and oil palm plantations. The 

conversion of mangrove forests into aquaculture mainly 

occurs in Kalimantan and Sulawesi (Richards and Friess 

2016). This is dilemmatic since aquaculture expansion is 

largely supported by the government to increase fisheries 

production in Indonesia (Rimmer et al. 2013). For example, 

mangrove forest conversion which results in degradation 

and deforestation due to unsustainable use of resources has 

occurred in the mangrove forests of Takalar District, South 
Sulawesi, Indonesia. The decline in mangrove area has 

reached 66.05% over the 33 year analysis period with the 

drivers is mainly due to land conversion for aquaculture. 

Yet, the clearing of mangroves for shrimp and seaweed 

cultivation in the area provides new job opportunities and 

generates profits for the community (Malik et al. 2017).  

In Java, most of the mangrove habitat has been 

converted into rice fields, settlements and some river 

mouths have been converted into ponds, as has happened 

on the southern coast of the island (Setyawan et al. 2002). 

For instance, the conversion of land from mangrove forests 

to ponds occurs in Rembang, Central Java, Indonesia. In 
this area, many mangrove habitats have been opened to be 

used as shrimp, milkfish and salt ponds so that ponds 

dominate along the coast. Regrettably, intensive and 

massive aquaculture activities have resulted changes in 

hydrological conditions, edaphytes, and environmental 

pollution, leading the ponds to become unproductive, 

abandoned and degraded. Until now, there is no natural 

mangrove ecosystem left in the area (Setyawan and 

Winarno 2006b). Another land conversion in Central Java 

is in the form of rice fields, fish ponds, and salt extraction. 

In this area, the impacts of anthropogenic activities can be 
noted from the remained vegetation which shows canopy 

gaps and vacant land in the area (Setyawan et al. 2008). 

In Kalimantan, mangrove conversion is caused by oil 

palm plantations which are responsible for 70% of coastal 

areas degradation on the island. Oil palm plantation 

becomes more common and causes significant 

environmental concerns in coastal regions. The presence of 

oil palm industry, which contributes significantly to the 

destruction of the mangrove ecosystem, produces waste 

that not only contains heavy metals such as Pb, Cd, Fe, Cu, 

Cr, Zn, Ni, but can also lower the pH of waters and 

sediments and affect mangrove vegetation (Kadarsah et al. 

2020). This pollution as the excess of oil palm mills occurs 

in many rivers and coastal estuaries in Kalimantan, 
affecting the function of the mangrove ecosystem. 

Coastal reclamation for infrastructure development and 

human settlement are other anthropogenic activities that 

convert mangrove ecosystems. Coastal area is very 

dynamic and intensively influenced by anthropogenic 

activities. The initial goal of coastal reclamation is to 

control flooding in a city. In fact, coastal reclamation can 

result in changes in the ecosystem around the reclaimed 

area including the mangrove ecosystem (Puspitasari et al. 

2017). Clearing mangrove forests into settlements can 

occur because the area is considered to be open access, 
being assumed that they have no owner (Ulumuddin and 

Setyawan 2017). The high population pressure has 

implications for the magnitude of land conversion 

activities, sedimentation, reclamation, and environmental 

pollution (Setyawan et al. 2003). 

Mining and logging activities 

Legal and illegal coal mining is one of anthropogenic 

activities that degraded coastal regions in Indonesia, for 

example in South Kalimantan. The presence of coal mining 

operations which are becoming more widespread, also 

causes disturbances in mangrove ecosystems. In addition to 
open-pit operation, the presence of special port for coal 

shipping also contributes significantly to the destruction of 

the mangrove ecosystem (Kadarsah et al. 2020). On the 

other hand, Balikpapan City, East Kalimantan is the area 

with the largest oil mining in Indonesia with mining 

activities occurring on the coast and offshore. Oil mining 

activities in the area often result in oil leaks from tankers 

and oil pipelines causing damage to several mangrove 

forests in Balikpapan Bay (Anwar et al. 2021). 

Logging of mangrove trees is another anthropogenic 

activity that destroys mangrove ecosystem. Moreover, 

illegal logging of mangroves creates devastating impacts 
on mangrove forest ecosystem. Several types of mangrove 

vegetation are used by community as firewood, charcoal 

and wood for building materials (Malik et al. 2017). 

Mangrove logging in Dumai, Riau, Indonesia mostly uses 

mangrove species including Rhizophora, Xylocarpus, and 

Bruguiera (Mulyadi and Amin 2016). Several mangrove 

areas in Central Java also suffer from logging activities 

(Setyawan et al. 2008). Fairly massive logging activity in 

the mangrove habitat in Central Java is indicated by the 

vegetation which is undergoing secondary succession and a 

large number of vacant lands. The composition and 
structure of the vegetation where the importance index of 

young plants is relatively high suggest that the stands do 

not reach a climax (Setyawan et al. 2005a). The vertical 

and horizontal vegetation diagram shows that the 
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ecosystem is dominated by young mangrove plants and 

there are many canopy gaps.  

Household and industrial activities 

Human activities, such as household and industrial 

activities, also threaten mangrove ecosystem, for example 

in Dumai, Riau, Indonesia. Such activities in the coastal 

area contribute to contamination and pollution of the 

ecosystem around the mangrove area. The pollution is 

caused by waste from residences, hotels, and restaurants. 

Solid, liquid, and gas wastes, as well as organic and 
inorganic wastes, are all produced, often contained with 

heavy metals. Potential sources of pollution in coastal areas 

due to domestic activities are also influenced by the 

population especially for people who do not have the 

technology to manage the wastes. The presence of a large 

population will increase economic activities while 

producing an increasing amount of trash (Mulyadi and 

Amin 2016). The garbage dumped by people will be 

brought by rains, entering the river and ending up in 

mangrove forest. This situation persisted for years with no 

consideration to develop waste disposal, causing more 
waste to be accumulated (Nombere 2019). 

Another type of waste that is increasing of concern is 

plastic debris. Van Bijsterveldtwe et al. (2021) investigated 

the magnitude of the plastic trash problem in mangroves 

along Java's north coast of Indonesia. Plastic was prevalent 

in the field, with 27 plastic pieces per m2 on average, 

covering up to 50 percent of the mangrove floor in various 

sites. Furthermore, the study indicated that plastic was 

commonly buried in the top layers of sediment, where it 

becomes immobile and can result in protracted anoxic 

conditions.  
Surveys of anthropogenic waste in mangrove forests 

have also been conducted, and it is known that big plastic 

objects are discovered more frequently in mangroves than 

on beaches. Mangrove serves as a landfill for marine trash 

and a garbage trap for land-based rubbish. Plastic trash is 

captured by mangrove forests and may be found in large 

concentrations on the forest floor and in sediments. The 

mangrove air roots act as a filter that holds out large plastic 

debris (Martin et al. 2019). In general, mangroves sustain 

high sediment accretion rates and efficiently absorb plastic 

in their sediments. Microplastics with a size of 0.5 mm 

dominated the mangrove sediments in Avicennia marina 
mangrove forests, and it is assumed that tons of plastics 

have been buried in the mangrove sediments since the 

1930s (Martin et al. 2020). It also showed that mangrove 

sediments function as long-term plastic reservoirs and that 

mangroves retain marine plastic debris for a long period of 

time (do Sul et al. 2013). 

IMPACTS OF ANTHROPOGENIC ACTIVITIES ON 

MANGROVE ECOSYSTEMS 

The damage and loss of half of the mangrove area in 

Indonesia is largely influenced by human anthropogenic 

activities. The underlying drivers of mangrove 
deforestation and degradation are increase in population, 

increase in human needs, types of work, and people's 

perceptions of mangrove forests (Majid et al. 2016; Hartati 

and Harudu 2011). By knowing the impact of 

anthropogenic activities, humans are expected to be able to 

make efforts to manage the mangrove ecosystem. Several 

issues regarding the impacts of anthropogenic factors are 

elaborated on below. 

Impact of pollution 

Anthropogenic activities cause the increasing levels of 

pollutants in the atmosphere, particularly atmospheric CO2 
and tropospheric O3 which are important for forest 

ecosystems functioning. Increased CO2 and O3 levels affect 

tree metabolism, growth, and chemical composition. 

Changes in chemical composition may then cascade down 

through the trophic levels, influencing ecosystem processes 

(Couture and Lindroth 2013).  

Pollution that often occurs in the mangrove ecosystem 

includes oil pollution, heavy metals, waste from tourists, 

aquaculture (ponds) that produce liquid waste, agriculture, 

roads, industry, residential areas and mining. The impacts 

of pollution on mangrove ecosystem include reduced and 
damaged mangrove ecosystems, loss of various species of 

flora and fauna due to unable to adapt to pollution and 

disconnection of the life cycle of fish and shrimp, which in 

the long term will disturb and affect the balance of the 

mangrove ecosystem and coastal ecosystem.  

Pollution that often occurs in the waters is pollution in 

the form of oil spills, such as tanker accidents, oil loading 

and unloading, port activities, etc. which can result in 

physical disturbances in mangrove vegetation such as 

yellowing leaves, falling leaves, mangrove death due to 

coating of mangrove roots by oil spills, and permanent 
damage to mangroves which causes the destruction of the 

nursery ground for marine biota (Prasetyo et al. 2017).  

Impact of land conversion 

The increasing human population causes an increase in 

the need for job opportunities. For people living around the 

coast, the available employments are in the sectors of 

agriculture, fisheries, fishponds, ports, salt fields, and 

industries which of course require a large extent of land, 

implying that mangrove deforestation and land conversion 

is unavoidable. However, such land conversions do not 

regard capacity and development designation, causing 

many negative things, such as threatening the regeneration 
of fish and shrimp in offshore waters, marine pollution, 

shallow beaches due to sedimentation and water intrusion 

(Rusdianti and Sunito 2012).  

Anthropogenic activities have different impacts on the 

degradation of mangrove forests. So far, land conversion 

activities, such as for agricultural lands and shrimp ponds 

development, are the main factors of mangrove 

degradation. These anthropogenic activities result in the 

reduction of the area of mangrove forests. There is no 

agreement on the extent of mangrove forests in Indonesia, 

but land conversion such as the development of coastal 
agricultural land and shrimp ponds in tidal areas is 

considered as the main factor behind mangrove 



CAHYANINGSIH et al. – Anthropogenic activities on mangrove degradation in Indonesia 

 

17 

deforestation (Rasyid et al. 2016) which accounts for 90% 

of the reported loss (DasGupta et al. 2013). 

Oil mining activities have a very detrimental impact on 

mangrove forests, such as the case in Balikpapan, East 

Kalimantan. Oil spills can damage mangrove forests due to 

oil deposits brought by the ebb and flow of seawater, 

causing the death of mangroves because of the sensitive 

nature of their roots exposed to oil. On the other hand, the 

effects of oil spills take a long time to overcome. Apart 

from causing the death of mangroves, it can also worsen 
soil and water conditions, making it difficult to regrow 

mangroves naturally (Anwar et al. 2021). 

In coal mining areas and oil palm plantations, many 

environmental changes in mangrove forests have occurred 

as a result of these activities as occurred in South 

Kalimantan. These changes include pH of the waters 

becoming more acidic (5.76-6), higher organic matter 

content in sediments ranging from 0.61-6.59%, high heavy 

metal Pb content in sediments and waters. This has an 

impact on the reduction of population of mangrove species 

due to death although some true mangrove species such as 
Avicennia alba, Acanthus ebracteatus, Nypa fruticans and 

Rhizophora apiculate can still survive (Kadarsah et al. 

2020).  

Timber cutting of mangrove forests can cause changes 

in mangrove composition which are likely to be replaced 

by species with low commercial value. Such vegetational 

changes cause loss on the ecological and economic 

functions of mangrove forests as a place to find food and a 

place reproduction of various kinds of marine biotas which 

have high economic value. In addition, changes in the 

composition of mangroves cause mangroves to no longer 
function as absorbers of the waves of seawater properly 

and mangroves cannot withstand erosion and abrasion of 

seawater (Hadayatullah and Pujiono 2014). Often, timber 

cutting of mangroves is done illegally as occurred in East 

Java's mangrove forests (Rudianto et al. 2020). Mangrove 

forests are naturally functioned to reduce carbon dioxide 

concentrations, and because of the illegal logging the 

average carbon sequestration and storage in East Java's 

mangrove forests are reduced (Rudianto et al. 2020). 

Impact of domestic and industrial activities 

Various domestic and industrial activities that produce 

multiple pollutants, both solid, liquid and gas, affect the 
growth and life of young and mature mangrove trees. For 

example, mangrove areas in Dumai City, Riau are impacted 

by pollutants resulting from industrial activities, such as 

solid waste, organic and inorganic liquid waste processing, 

and generator residues. Besides industrial activities, 

mangrove vegetation is affected by wastewater and solid 

waste generated by domestic activities (Mulyadi and Amin 

2016). According to Budiastuti et al (2016), a decrease in 

dissolved oxygen content in the waters of the mangrove 

ecosystem shows a strong indication of pollution. This 

pollution usually occurs due to the disposal of liquid waste 
from industries around the mangrove forest ecosystem. The 

decrease in oxygen levels occurs in an anoxic state so that 

organic matter undergoes anaerobic decomposition and 

produces sulfides and ammonia which will be toxic to 

aquatic biota in the mangrove ecosystem.  

Plastic wastes trapped in mangrove forests also have a 

negative impact. The accumulation of plastic wastes in 

mangrove areas creates a layer above the mangrove air 

roots, leading to depressed root growth and the mangrove 

eventually dies (Martin et al. 2019). According to Kinanti 

et al (2014), river estuaries in mangrove areas become 

waste centers so that these estuaries often become high 

input for organic pollutants. Chemical pollution, 
particularly metal accumulation and biotransformation, can 

be a significant factor in reducing mangrove biodiversity 

(Maiti and Chowdhury 2013) and an indication of altered 

biogeochemical cycles with a significant decrease in 

organic carbon in sediments (Carugati et al. 2018). 

Damage to mangroves can cause mass mangrove 

mortality. This is due to a drastic increase in salinity and 

sedimentation rate, and a decrease in the water level. The 

underlying driver is human behaviors which cause changes 

in the nature of rivers due to, for example, disposal of 

garbage, fishing with bombs and narrowing of the river 
replaced by human settlements. In fact, mangroves will 

grow in abundance on beaches close to rivers or river 

deltas, because the river flows carry mud and sand which 

are the main media for mangrove growth (Wardhani 2011). 

In addition, the practice of fishing or shrimp catching that 

uses spread nets and moving from one place to another will 

damage and disturb the habitat of fauna and benthic species 

whose lives are relatively sedentary at the bottom of the 

water. All such causes will risk the death of mangroves 

with negative consequences such as flooding, coastal 

erosion, loss of catches, decreased fishery products, and 
loss of community income due to lost fishery resources. 

Impact of sea level rise 

Climate change occurs due to human activity because 

of greenhouse gas (GHG) emissions mainly CO2, 

disrupting the ozone layer in the atmosphere to cause 

global warming. According to the IPCC through the 

Special Report on Emission Scenarios (SRES), global 

climate change can affect sea-level rise and cause flooding, 

damage to settlements, damage to fresh land supplies from 

coastal aquifers, and inundation of a coastal area even 

inland beyond the coastal boundary. Sea level rise is 

characterized by tidal conditions, tsunamis, storm surges, 
waves, and global warming (Anggraini et al. 2012). 

The rises in sea level will cause a decrease in the level 

of sediment, limiting landward expansion of mangrove 

vegetation. This of course will disrupt the distribution of 

mangroves and threaten the existence of mangroves in the 

long run. Climate change also triggers the decrease in 

rainfall, leading to increase in salinity and salt sulfate levels 

in seawater and resulting in the decline of mangrove 

growth, reduced biophysical ability of mangrove forests 

due to several types of plants being unable to adapt to the 

drastic climate change, and increasing air temperature with 
consequence on the loss of marine faunas that are unable to 

adapt, and causes reducing water sources in forest areas 

(Nandini and Narendra, 2011). In addition, climate change 

will cause a very long drought, contributing to death in 
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mangrove vegetation and inhibiting mangrove growth 

(Subardjo and Pribadi 2012). 

EFFORTS FOR SUSTAINABLE MANGROVE 

MANAGEMENT AND CONSERVATION  

Mangrove forests have many roles in maintaining the 

balance of the ecosystem. Deforestation and degradation of 

mangroves caused by human activities can be resolved by 

developing strategies of mangrove management that are 

win-win for both humans and mangroves (Sofuan 2016). 

The main obstacles to mangrove management and 
conservation are sectoral perspective when viewing 

mangrove forests, weak community participation, poverty, 

and lack of concern for the ecological value of mangroves. 

These management problems are also compounded by the 

lack of knowledge about silvicultural techniques, potential 

uses, and regeneration techniques (Setyawan et al. 2003). 

Introducing coastal communities to environmental 

conservation also plays essential role in efforts to overcome 

anthropogenic disturbances to mangrove forests (Ali et al. 

2017). Sustainable mangrove management is an alternative 

strategy that can be done for mangrove forests. There are 
various options for sustainable mangrove management, yet 

the main emphasis should be based on a co-management 

approach (Tetelepta et al. 2020) as detailed below.  

Community participation 

Community participation in many cases of natural 

resource management is fundamental for its sustainability. 

The involvement of community is essential in the 

conservation and rehabilitation of mangrove forest, 

including program preparation, implementation and 

monitoring so that people feel responsible for its long-term 

sustainability (Martuti et al. 2018). In the first instance, 
community awareness is required to not disturb mangroves 

(Syahroni 2016). Efforts to increase public understanding 

include in the form of environmental care activities. 

Approval and commitment from local communities are 

required for the management of mangrove including efforts 

to restore it if it is in degraded condition. Such efforts will 

be more successful if the community is educated to carry 

out restoration with a desire to do it themselves which can 

also provide personal benefits (Romañach et al. 2018). 

The active participation of the community can help to 

maintain the diversity of mangroves by maintaining the 

mangrove habitat properly. As in the case of mangrove 
areas on the coast of Central Java, the community's concern 

for the mangroves is very high. In these areas, the 

government forms groups and allows the mangroves areas 

to be used by the communities while maintaining 

sustainability. This community participation is quite 

successful in preserving the ecosystem and mangrove 

diversity (Setyawan et al. 2005b). 

Mangrove conservation 

Mangrove conservation requires joint effort or 

responsibility between the community and the government 

(Winata and Yuliana 2016). Mangrove forest conservation 

efforts can be carried out with three main things, namely 

the protection of life support systems, preservation of flora 

and fauna diversity and ecosystems, and sustainable use of 

biological resources and ecosystems (Yuliani et al. 2018). 

In mangrove conservation, integrated strategies must be 

conducted in line with regional development plans (Fitriah 

et al. 2013). The environmental management process 

should be carried out by looking more at the local situation 

and conditions so that the management approach can be 

adjusted to the local conditions of the area to be managed 
(Muharuddin 2019).  

Efforts to overcome problems related to mangrove 

conservation require strategic and continuous steps through 

education and guidance that can understand the community 

about the importance of preserving the ecosystem. Local 

wisdom in the form of local knowledge can support 

management and efforts to overcome mangrove damage 

due to anthropogenic activities (Sondakh et al. 2019). 

Three indicators that can be used to support mangrove 

conservation are explained here. First, attitude; this 

includes social values, a strong sense of concern for natural 
resources, preservation and sustainable use of nature, 

motivation to participate in efforts protection, and 

participation in protection efforts. Ecological awareness in 

coastal communities needs to be increased by providing 

motivation to the community to generate a sense of 

enthusiasm and be able to change human or individual 

behavior for the better (Sulastri and Haryadi 2019). 

Extension also needs to be carried out for efforts in the 

form of practical actions taken to encourage behavior 

change in individuals, groups, communities, and 

communities to know, want to implement, and be able to 
solve the problems faced (Ambo-Rappe et al. 2020). 

Second, skill; is needed to solve problems that occur in the 

conservation of natural resources. Third, participation; is 

necessary to develop a sense of responsibility for a natural 

resource conservation problem so that it can take actions 

that are relevant or in accordance with the actual situation. 

Efforts to prevent mangrove degradation can be carried 

out through several stages of activities, including 

understanding the ecology of mangrove species and 

communities, assessing factors that would hinder 

succession, understanding hydrological suitability and 

location of planting, knowing the level of community 
dependence, and understanding the traditions, perceptions 

and needs of the local community. Analysis of ecosystem 

services that exist in mangrove ecosystems needs to be 

done to see the balance of ecosystem services between 

human use and exploitable mangrove resources (Handayani 

et al. 2020).  

Mangrove restoration 

Mangrove restoration is currently promoted in 

Indonesia as a large extent of mangrove forest is deforested 

and degraded. This effort is carried out to reforest damaged 

mangrove areas and minimize seawater intrusion into land 
and coastal abrasion. When doing mangrove restoration, it 

is necessary to take a broader approach by integrating 

coastal area management, by incorporating essential 

elements such as ecology, socio-economic, and socio-
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cultural so that it can meet the community's needs while 

maintaining biodiversity at large (Setyawan et al. 2004). 

For example, planting mangrove trees has been carried 

out in Baros Village, Bantul, Yogyakarta. The restored 

mangroves can grow well and have many ecological, 

economic, social and tourism benefits for the surrounding 

community. This program is useful for preventing abrasion 

to protect agricultural areas around the mangroves. In 

mangrove restoration, the role of the village government, 

tour guides and community participation are needed so that 
mangrove restoration can be successful and provide 

benefits for environmental and socio-economic 

sustainability for the community (Djumanto 2020).  

Afforestation and reforestation of mangrove areas can 

involve community in various activities, such as seedling 

preparation in the nursery, planting, maintenance, and 

utilization of conservation-based mangrove forests. 

Mangrove planting can be done in various coastal 

locations, especially in areas of ex-ponds, former mangrove 

habitats that have been damaged either as a result of human 

activity or as a result of the tsunami waves (Suriani and 
Bahagia 2012). For instance, restoration efforts have been 

carried out in several locations in the south and north coasts 

of Central Java, Indonesia by planting mangrove seedlings. 

Several sites show significant results in improving and 

enhancing the functions of the mangrove. In this case, the 

success of mangrove restoration is due to the support and 

active participation of the along with strong consideration 

on biotic, abiotic and cultural factors of the local 

community (Setyawan and Winarno 2006a).  

Sustainable mangrove ecotourism 

Sustainable ecotourism is gaining popularity nowadays 
including in mangrove areas. This strategy provides 

positive benefits for both human and mangrove ecosystem. 

For example, mangrove ecotourism in East Java shows that 

mangroves can be used as nature-based tourism and 

contribute to mangrove conservation. The ecotourism 

strategy must involve the participation of local 

communities so that local wisdom can improve the 

sustainability of the mangrove ecosystem (Hakim et al. 

2017). Community awareness programs related to the 

importance of mangrove forests are very important to be 

carried out, especially for the communities who live around 

the mangrove forest (Pattipeilophy 2014). Counseling and 
training for communities around the mangroves are also 

necessary in order to increase community understanding on 

ecotourism-based mangrove forest management and to 

avoid damage to mangrove forest ecosystems (Nugraha et 

al. 2015).  

In the management of mangrove ecotourism, activities 

related to enhancing social and economic benefits for the 

surrounding communities should also be taken as primary 

objective. This needs to be done to avoid the behavior of 

the people around the mangrove to not take actions that are 

not environmentally friendly when exploiting the mangrove 
forest. Therefore, increasing the social and economic status 

of communities around the mangroves is very necessary to 

meet their needs without destroying the mangrove forest 

ecosystem. This point is important since local people are 

the main stakeholder in protecting mangrove forests. 

 

CONCLUDING REMARKS  

In conclusion, various anthropogenic activities are the 

drivers of mangrove deforestation and degradation in 

Indonesia, including domestic activities, land conversion, 

mining and logging activities. Anthropogenic activities can 

reduce the extent as well as the function of the mangrove 

ecosystem. The impacts arising from anthropogenic 
activities on mangrove forests are the reduction of 

mangrove forests, changes in mangrove composition, 

uneven species abundance, mass mangrove mortality, 

pollution in mangrove areas, rising sea levels, global 

climate change, and coastal erosion or abrasion. Solutions 

that can be done to conserve and restore mangrove forests 

include increasing community awareness regarding the 

importance of mangrove forests, replanting mangrove 

forests, and developing community participation in 

maintaining natural resources. Three main things that can 

be done in efforts to conserve mangrove forests include 
protection of life support systems, preservation of flora and 

fauna diversity as well as ecosystems, and sustainable use 

of biological resources and ecosystems. 
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Abstract. Wibowo AA, Basukriadi A, Nurdin E, Nasution NS. 2022. Benthic infaunal spatial biodiversity, coexistence, and availability 
for shorebird communities in the Jakarta Coastal Wetlands, Indonesia. Intl J Bonorowo Wetlands 12: 23-32. Wetlands on the Jakarta 
Coast, Indonesia, is one of the important habitats for shorebirds. In the wetland ecosystem, benthic infauna is an important food source 
for the shorebird community. This study aims to assess the benthic infaunal spatial biodiversity and its availability for the shorebird 

community in the wetlands covering an ecotourism area and the west and east parts of a protected mangrove forest. The bird diversity 
was assessed using visual encounter surveys and 10 x 10 m plots for mangroves. The K-means clustering method measured the benthic 
infaunal coexistence and availability for shorebirds. Based on the result, benthic infauna was available as a food resource for shorebirds 
in the following order: Oligochaeta > Polychaeta > Gastropod > Crustacea, with the density of oligochaetes reaching 376.66 inds/100 
m2. The Shannon-Wiener biodiversity index (H’) ranges for benthic infauna were 1.306-1.573. Gastropods were available to Ciconiidae 
and Anhingidae; oligochaetes and polychaetes were available to Anatidae, Scolopacidae, and Phalacrocoracidae. In contrast, crustaceans 
were not available to any shorebird species. As confirmed in this study, shorebird species were associated with the presence of benthic 
infaunal communities and it recommends conserving the wetlands to ensure the availability of benthic infauna. 

Keywords: Biodiversity, K-means, mangrove, Oligochaeta, spatial 

Abbreviations: GIS: Geographical Information System, GPS: Global Positioning System, SAGA: System for Automated Geoscientific 
Analyses  

INTRODUCTION 

Coastal ecosystems, with their wetland areas, are vital 

to shorebirds (Rija et al. 2015; Amarasekara et al. 2021) 

and also benthic infaunal communities (Rabalais and 
Baustia 2020). The Ramsar Convention on Wetlands 

defines wetlands as areas of marsh, fen, peatland, or water, 

whether natural or man-made, permanent or temporary, 

containing water (Gaget et al. 2020). Wetlands are among 

the world's most productive ecosystems, as well as in 

Indonesia. Furthermore, for thousands of years, those 

wetlands have provided food, drinking water, building 

materials, and many other services to human populations. 

Wetlands also play an important role in preserving global 

biodiversity, partly through their high production, which 

supports food chains, and partly by providing habitat for 
especially suited plant and animal species, including 

benthic infauna and shorebirds.  

Wetlands in Indonesia are characterized by vast 

mangrove cover. Indonesia has 3 million ha or 23% of the 

world’s mangrove area (Murdiyarso et al. 2015). Those 

wetlands and mangroves in Indonesia are important 

habitats for shorebird communities. For example, in the 

wetlands of Panjang Island Coast, Jepara, Central Java, 

there were 27 shorebird species from 15 families, with the 

biodiversity index of the shorebird species ranging from 

1.15 to 2.20 (Utami et al. 2017). At Maron Beach, Prasetyo 

and Wulandari (2021) reported that there were 42 bird 

species from 20 families, with a Shannon-Wiener 

biodiversity index (H’) of 2.915. Meanwhile, in the 
wetlands of Tegal Coast, Central Java, there were 37 bird 

species from 18 families, with H’ values that ranged from 

2.22 to 2.37 (Isworo and Oetari 2020). 

Benthic infauna includes molluscs, polychaetes, 

oligochaetes, and crustaceans (Rabalais and Baustia 2020). 

Wetlands in Indonesia, particularly those on Java Island 

Coast, were also important habitats for benthic infauna 

(Andriyono et al. 2016). Then, Sahidin et al. (2014) 

reported a total of 5458 individuals of benthic infauna with 

a density ranging from 177 inds/m2 to 634 inds/m2 in 

Tangerang Coast, Banten. In the mangrove ecosystems on 
the Pacitan Coast, East Java, benthic infaunal diversity 

represented by molluscs has H 'values of 2.14, with 17 

gastropod species belonging to 13 families (Wiraatmaja et 

al. 2022). For polychaetes and crustaceans, Katili and Utina 

(2019) reported that mangrove Rhizophora sp. contained 

more polychaetes and crustaceans than other mangrove 

species. In the Musi River wetland, the range of Polychaeta 

density was 1.054-2.831 inds/m2 (Sari et al. 2022).  

The presence of benthic infauna is very important as a 

food resource for shorebird communities. The distribution 

of shorebird communities in the wetlands is influenced by 
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the distribution and availability of benthic infauna, 

including crustaceans, polychaetes, and oligochaetes 

(Pérez-Vargas et al. 2016). In the same way that the other 

coasts on Java Island have a wetland, Jakarta also has a 

wetland. Despite the abundance of studies on the 

distribution and abundance of shorebird and benthic 

infaunal communities along the Jakarta Coast, interactions, 

the spatial distributions of shorebirds, and the spatial 

availability of their prey, that is, the benthic infaunal 

communities were rarely investigated. This study is 
becoming more important recently since there has been a 

massive change in wetlands on the Jakarta Coast that has 

led to the reduction of wetland ecosystems (Sasongko et al. 

2014; Sofian et al. 2019), followed by the decline of the 

benthic infaunal communities and shorebird communities. 

Here, this study aims to assess the benthic infaunal spatial 

biodiversity and its availability for the shorebird 

community in the wetlands of the Jakarta Coast, Indonesia. 

MATERIALS AND METHODS  

Study area  

The study areas included 3 sampling locations selected 
based on the presence of mangroves in the wetlands of 

Jakarta Coast, Indonesia (Table 1), including an ecotourism 

park with latitude coordinates of 6.0990-6.1160 South and a 

longitude of 106.7280-106.7360, and the east and west parts 

of the Angke Kapuk protected forest with latitude 

coordinates of 6.0990-6.1160 South and a longitude of 

106.7360-106.7690 (Figure 1). Fish ponds in the west 

bordered the ecotourism park. In contrast, the western parts 

of the Angke Kapuk protected Jakarta Bay, bordered by 

forest in the north and fish ponds in the west. The eastern 

parts of the Angke Kapuk protected forest are bordered by 

Jakarta Bay in the north and the Angke River in the east. 

Settlements in the south bordered all of the study areas. 

Regarding the study area's hydrological conditions, all of 

the study areas were wetlands that were permanently 

influenced by the tide and inundated by water. 

Procedures 

Shorebird survey 

The shorebird survey in the wetlands of Jakarta Coast, 
Indonesia, was conducted for two months, from July to 

August 2021 with 3 replications for each location. The 

survey techniques included audiovisual encounter surveys 

and multiple surveys through random visits involving 2 

observers (Buda and Budka 2019). The survey was 

conducted during various periods of the day using direct 

observations supported by binoculars and unaided eyes. 

Based on the bird activities, the survey was conducted from 

05.30-7.00 am and continued at 04.00-06.15 pm with at 

least 2-3 sampling hours. The shorebird species richness of 

three distinct study areas, including an ecotourism park, 
west and east parts of Angke Kapuk protected forest, was 

recorded. The identification of birds was done using a bird 

identification book and field guide (MacKinnon and 

Phillipps 1993). The presence of birds is then tabulated into 

a Geographical Information System (GIS) to be mapped 

into mangrove and land cover thematic layers. The 

abundance of shorebirds was calculated as the number of 

individuals seen within a 100 m x 100 m plot and denoted 

as inds/Ha (Obunga et al. 2022). 

 

 

 

 
 
Figure 1. A map of the study area shows three study areas located in an ecotourism park and the west and east parts of the Angke 
protected forest in the wetlands of Jakarta Coast, Indonesia 
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Table 1. Locations and descriptions of the study area in the Jakarta Coast, Indonesia 
 

Study area South latitude East longitude  

Ecotourism park, bordered by fish ponds in the west 6.090 S - 6.1160 S 106.7280 E - 106.7360 E 
West parts of Angke Kapuk protected forest, bordered by Jakarta Bay in the north 
and fish ponds in the west 

6.090 S - 6.1160 S 106.7360 E - 106.7480 E 

East parts of Angke Kapuk protected forest, bordered by Jakarta Bay in the north 
and Angke River in the east 

6.090 S - 6.1160 S 106.7480 E - 106.7690 E 

 
 
 

Benthic infaunal survey 

The benthic infaunal survey was conducted using the 

purposive random sampling method following Basyuni et 

al. (2018) by making observation plots with the size of 

each plot being 10 x 10 m or equal to 100 m2. Each 
individual benthic infauna was collected from the substrate 

at a depth of 10 cm considering the maximum length of 

shorebird bill (Pérez-Vargas et al. 2016) using a 0.1 m2 

Van Veen Grab and sieved using a mesh sieve sized 0.5 

mm to separate the benthic infauna from the sediment 

(Sahidin and Wardiatno 2016). The collected benthic 

infauna was then identified and its coordinates were 

recorded using a Garmin Etrex Global Positioning System 

(GPS) handheld device at the observation plot. The benthic 

infauna was identified using a benthic infauna 

identification book and field guide (Sahidin 2020). The 
presence of benthic infauna was then tabulated into a 

Geographical Information System (GIS) to be mapped into 

mangrove and land cover thematic layers. 

Shorebird and benthic infaunal biodiversity index Shannon 

Wiener (H’) 

The biodiversity of shorebird and benthic infaunal 

communities was assessed using the biodiversity index 

Shannon-Wiener (H’) with the following equation: H’ = 

Σ[Pi ln (Pi)], where Pi is the proportion of the individuals i 

shorebird and the benthic infauna in total individuals. The 

H’ range is from 0 (low diversity) to > 1 (high diversity). 

Mangrove survey 
The mangrove survey was conducted using the 

purposive random sampling method following Hutabarat 

(2009) and Sofian et al. (2012) by making observation plots 

with the size of each plot being 10 x 10 m. Each individual 

mangrove tree was identified and its coordinates were 

recorded using a Global Positioning System (GPS) 

handheld device at the observation plot. Mangrove species 

identification was conducted using a mangrove identification 

book and field guide (Chapman 2016; Hirsch 2016; 

Tomlinson 2016). The recorded mangrove species are then 

tabulated for further mangrove and land cover mapping. 

Mangrove, land cover, shorebird, and benthic infaunal 

spatial analysis 

Mangrove, land cover, shorebird, and benthic infaunal 

spatial analysis in the wetlands of Jakarta Coast was 

performed using remote sensing and GIS analyses using 

SAGA (System for Automated Geoscientific Analyses) 

GIS version 2.1.2 (Alevizos 2016) following Orimoloye et 

al. (2019), Philiani et al. (2016), and Sukojo and Arindi 

(2019). Landsat 8 satellite imagery of Jakarta Coast was 

retrieved and classified using supervised classification to 

determine the land cover types. The categories for land 

cover classifications were mangroves, water bodies, fish 

ponds, and settlements. The result of mangrove and land 
cover mapping is a thematic layer. The coordinates of 

shorebird and benthic infauna are then overlaid with the 

mangrove and land cover mapping for further analysis and 

interpretation. 

Data analysis 

K-means clustering 

The availability and coexistence of benthic infaunal for 

shorebird communities were assessed and measured 

statistically using K-means clustering (D'Andrea et al. 

2019). Suppose the benthic infaunal and shorebird 

communities were clustered together in one cluster. In that 
case, it indicates that the benthic infaunal and shorebird 

communities were overlapping, and the shorebird could 

utilize the benthic infauna as their food resources. Cluster 

methods follow current methods to determine the 

concentrations and hotspots of the benthic infaunal and 

shorebird communities in 3 studied areas (Zhao et al. 

2019). The input data were the abundances of benthic 

infauna and shorebirds in each study area and were 

presented as points in the GIS interface. Cluster analysis 

was conducted using an extension of GIS and the cluster 

calculation was based on the K-means method. This 

method uses an algorithm that assigns each point to the 
cluster whose center, or known centroid is nearest. The 

center is the average of all the points in the cluster, and the 

coordinates of the points are the arithmetic mean for each 

dimension separately over all the points in the cluster. The 

determination of the centroid, or cluster point, was as follows:  

 

z1=(x1+y1)/2, z2= (x2+y2)/2, z3=(x3+y3)/2 

 

Where: z = centroid, x = coordinate in axis x, y = 

coordinate in axis y 

x2 analysis 
The goodness of fit (x2) statistical test was performed to 

assess the different significance of benthic infauna among 

study areas. The significance level was p < 0.05. 

 

Correlation analysis using Akaike Information Criterion 

(AIC) 

Correlation analysis based on Akaike Information 

Criterion (AIC) was used to assess the correlation and 

dependence of shorebird species with benthic infaunal 
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communities. The AIC was developed using linear 

regression with straight-line fit equations of yi = b0 + b1xi + 

εi. The εi represents the residuals from the straight line fit. 

If the εi is considered to be i.i.d. (independent and 

identically distributed) Gaussian with zero mean, the model 

contains three parameters: b0, b1, and the Gaussian 

distributions' variance. As a result, we should use k = 3 

when calculating the AIC value of this model. In general, 

the variance of the residuals' distributions should be 

counted as one of the parameters in any least squares model 
using i.i.d. Gaussian residuals. The measured parameters 

included in AIC, AICc, ΔAIC, AIC weight, AIC cum., and 

Loglikehood values. To build the model, shorebird density 

variables correlating with benthic infaunal density variables 

were included in the analysis to develop the model and 

assess the dependence of both variables. The best model 

was selected based on the model that has the lowest AIC 

values. 

RESULTS AND DISCUSSION 

Mangrove and land covers 

Land covers along with their mangrove covers on the 
study area in the wetlands of Jakarta Coast can be seen in 

Figure 2. The land cover consists of mangrove cover and is 

followed by combinations of water bodies and fish ponds. 

Mangrove cover was very dense in the west and east parts 

of the Angke Kapuk protected forest and less in the 

ecotourism park. In contrast, water bodies and fish pond 

combinations were more common in the ecotourism parks 

and fewer in the protected forest. The presence of water 

bodies in the eastern parts of the protected forest was due 

to the presence of the Angke River, located on the east side 

of the protected forest. A common settlement was found on 
the protected forest's southern border and the ecotourism 

parks' east side. The mangroves in the study area were 

dominated by Rhizophora sp. The density of mangrove 

Rhizophora sp. ranged from 3807.2 trees/ha to 1399.5 

trees/ha. 

Benthic infauna and shorebird communities 

associations with the wetlands  

The benthic infauna in the wetlands consisted of 

individuals belonging to polychaetes, oligochaetes, 

gastropods, and crustaceans. The benthic infaunal species 

include Melanoides sp., Pomacea sp., Littorina sp. for 

gastropods, Tubifex sp. for oligochaetes, and Nereis sp. for 
polychaetes. The ranges of H’ for benthic infauna were 

1.306-1.573. The density of benthic infauna was 

significantly different (p < 0.05) in each study area (x2 = 

464.848, p < 0.001), indicating influences and effects of 

study area locations and land covers. Among benthic 

infauna, oligochaetes have the highest density (376.66 

inds/100 m2), followed by polychaetes, and crustaceans 

have the lowest density (3.333 inds/100 m2). According to 

the study area, the protected forests have the highest 

benthic infaunal density with a range of 108.442 inds/100 

m2 to 263.441 inds/100 m2 and the lowest benthic infauna 
density was found in an ecotourism park with a value of 

81.77 inds/100 m2. Despite the lowest benthic infaunal 

density in the ecotourism park, this study area has more 

benthic infauna species compared to other study areas due 

to the presence of crustaceans (Figure 3). The high density 

of benthic infauna in the west and east parts of the Angke 

Kapuk protected forest was due to the dominance of 

oligochaetes, followed by polychaetes. In this study area, 

oligochaetes were present more than 50% of the time, as 

observed in the wetlands of the Angke Kapuk protected 

forest (Figure 4, Table 2).  
This finding is comparable with other studies. The land 

covered by the protected forest in the wetlands in this study 

is dominated by the mangrove forests that produce 

mangrove litter. In the mangrove ecosystems, mangrove 

litter is the potential food source for benthic infauna. The 

benthic infaunal communities were associated with the 

decomposition of leaves in a mangrove forest. Based on the 

previous study, benthic infauna was present from the fifth 

day of Rhizophora’s leaf decomposition times (De Oliveira 

et al. 2011). Besides the availability of the mangrove litter 

as a potential food resource for benthic infauna, the 
protected forest is located adjacent to the sea. According to 

Metcalfe and Galsby (2007), the highest abundance was 

recorded in the soft, unconsolidated substrates of the 

seaward assemblage, with diversity and abundance 

decreasing progressively in the landward assemblages. The 

decline of benthic infaunal species, in particular 

oligochaetes and polychaetes, toward land was also 

observed in this study. The oligochaetes, followed by the 

polychaetes, were declining in the ecotourism park, which 

is landward and has fewer mangroves covered. 

In contrast to benthic infauna that belongs to 
oligochaetes and polychaetes, in this study, benthic 

infaunal groups that belong to gastropods had a wider 

spatial distribution and tended to be contrasted with another 

benthic infauna that belongs to oligochaetes and 

polychaetes. In general, gastropods were more available in 

the ecotourism park and the eastern parts of the protected 

forest. On the contrary, the distributions of gastropods were 

limited in the areas characterized by a dense mangrove 

forest. In fact, gastropods preferred a wetland with the 

dominance of a water body combined with a water pond. 

The distribution of benthic infauna in brackish water areas 

is restricted by factors such as elevation, salt content, 
substratum, food, and respiration systems (Liu et al. 2014). 

Gastropod is a benthic infauna with a respiration system 

that depends on the gills (Koopman et al. 2016). It means 

that the gastropod requires an environment with stagnant 

water, also known as a tidal flat, to allow the exchange of 

oxygen from water between gills and water. Then the water 

bodies and fish ponds in the ecotourism park and eastern 

parts of the protected forest were suitable for gastropods 

since those areas resemble tidal flats due to inundations. 

Shorebirds in the wetlands consisted of individuals 

belonging to Anatidae, Scolopacidae, Ciconiidae, 
Phalacrocoracidae, and Anhingidae (Figure 3) and density 

(Table 3). The shorebird species include Sunda teal (Anas 

gibberifrons S. Muller, 1842) for Anatidae, Common 

sandpiper (Actitis hypoleucos Linnaeus, 1758), Wood 

sandpiper (Tringa glareola Linnaeus, 1758) for 
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Scolopacidae, the Milky stork (Mycteria cinerea Raffles, 

1822) for Ciconiidae, Little black Cormorant 

(Phalacrocorax sulcirostris Brandt, 1837) for 

Phalacrocoracidae, and the Oriental darter (Anhinga 

melanogaster Pennant, 1769) for Anhingidae. The ranges 

of H’ for benthic infauna were 1.000-2.322. West parts of 

the protected forest have more shorebirds compared to east 

parts and ecotourism park. Anatidae, Scolopacidae, and 

Phalacrocoracidae are widely distributed in the protected 

forests and are limited to ecotourism parks. In contrast, 
Ciconiidae and Anhingidae were widely distributed in 

ecotourism parks and limited in protected forests (Figure 5, 

Table 3). The distributions of shorebirds were related to the 

habitat availability for nesting and food resources in the 

wetland ecosystems in the particular protected forests. 

Diverse mangrove species and muddy substrates 

characterize those wetlands. Dense mangrove covers, as 

seen in the protected forest, provide suitable habitats for 

coastal bird species by providing nesting sites for 

shorebirds who inhabit this forest. This finding is in 

agreement with previous studies. The Anatidae (Safe’i et 
al. 2021), Phalacrocoracidae (Da Silva et al. 2018), 

Scolopacidae (Desmawati et al. 2017; Sholihah 2017), and 

Anhingidae (Narayanan et al. 2012) known to have 

preferences for occupying the mangrove covers used as a 

nest and perch located on the mangrove forest's edge. 

Benthic infauna and shorebird community coexistence 

Figure 6 shows the coexistences and availabilities of 

benthic infauna to shorebird community based on K-means 

clustering and AIC values (Table 4) to show the 

correlation. Based on clustering analysis, there are 3 

clusters. The first cluster consists of Ciconiidae and 

Anhingidae clustered together with gastropods with AIC 
values of 10.49-13.63. The second cluster consists of 

Anatidae, Scolopacidae, and Phalacrocoracidae clustered 

together with oligochaetes and polychaetes with AIC 

values of -4.36-10.49 indicating significant dependencies 

and correlations between the shorebird and benthic infauna. 

Finally, the third cluster only consists of crustaceans. From 

this cluster, gastropod was available to Ciconiidae and 

Anhingidae. Meanwhile, oligochaetes and polychaetes 

were available to Anatidae, Scolopacidae, and 

Phalacrocoracidae. In contrast, crustacea were not available 

to any shorebird communities. 

 
 

 

 
 
Figure 2. A map of the study area shows mangrove and land covers in the wetlands of the Jakarta Coast, Indonesia 

 

 

 
Table 2. Average number and density (inds/100 m2) of benthic infaunal species presences in each location (Jakarta Coast, Indonesia) 
 

Benthic infaunal presences Epk Wpf Epf Total Average (95%CI)  

Polychaeta 150 400 150 700 233.33 (70.3, 396) 

Oligochaeta 30 900 200 1130 376.66 (-145, 899) 
Gastropod 200 180  200 580 193.33 (180, 206) 
Crustacea 10 0 0 10 3.33 (-3.2, 9.86) 

Note: Epk (Ecotourism park), Wpf (West parts of Angke Kapuk protected forest), and Epf (East parts of Angke Kapuk protected forest) 
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Table 3. Average number and density (inds/Ha) of shorebird species presences in each location and compared to other studies 
 

Family Species Epk Wpf Epf Total Average (95%CI) Other studies 

Anatidae Anas gibberifrons 1.72 4.68 3.12 9.52 3.17 (1.49, 4.85) 2.81 (Sugiarti et al. 2019) 
Scolopacidae Actitis hypoleucos 16.11 43.84 29.23 89.18 29.73 (14.0, 45.4) 0.22 (Martins et al. 2019) 

Tringa glareola 1.34 2.93 1.62 5.89 1.96 (1.00, 2.92) 1.65 (Fajrin et al. 2019) 
Ciconiidae Mycteria cinerea 1.78 2.17 1.43 5.38 1.79 (1.37, 2.21) 1.0 (Ronny et al. 2017) 
Anhingidae Anhinga melanogaster 2.37 3.56 1.30 7.23 2.41 (1.14, 3.68) 3.46 (Narayanan et al. 2012) 
Phalacrocoracidae Phalacrocorax sulcirostris 2.58 7.02 4.68 14.28 4.76 (2.25, 7.27)  

Note: Epk (Ecotourism park), Wpf (West parts of Angke Kapuk protected forest), and Epf (East parts of Angke Kapuk protected forest) 

 

 
 
Table 4. Correlation and dependence models of shorebird species with benthic infaunal communities based on Akaike Information 
Criterion (AIC) values 
 

Variables Family AICc ΔAIC 
AIC 

weight 

AIC 

cum. 

Log 

likehood 

Anas gibberifrons ⁓ benthic infaunal species Anatidae 10.49b 14.85 0 1 -14.24 
Actitis hypoleucos ⁓ benthic infaunal species Scolopacidae 10.49b 14.85 0 1 -14.25 
Tringa glareola ⁓ benthic infaunal species Scolopacidae -4.36a,b 0.00 1 1 -6.82 
Mycteria cinerea ⁓ benthic infaunal species Ciconiidae 13.63 17.99 0 1 -15.81 
Anhinga melanogaster ⁓ benthic infaunal species Anhingidae 10.49b 14.85 0 1 -14.24 
Phalacrocorax sulcirostris ⁓ benthic infaunal species Phalacrocoracidae 10.49b 14.85 0 1 -14.24 

Note: abest model, bsignificant correlation 

 

 

 

 
 

Figure 3. A map of the study area showing benthic infaunal and shorebird compositions in mangrove and land covers in the wetlands of 
Jakarta Coast, Indonesia 
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Figure 4. A map of the study area showing the density (inds/100 m2) of benthic infaunal species presences in mangrove and land covers 
in the wetlands of Jakarta Coast, Indonesia 
 
 
 

Discussion 
This study identified significant relationships between 

shorebird and benthic infaunal communities, as reported 

before (Mouronval et al. 2007). The relationship was based 

on and influenced by the benthic infaunal availability, 

considering the benthic infauna is a food source for 

shorebirds. This prey availability explains the varied spatial 

distributions of shorebirds in the wetlands of the Jakarta 

Coast. The presence of shorebirds indicated the benthic 

infaunal availability since the presence of shorebirds 

followed the presence of benthic infaunal species. The 

shorebird species of Anatidae, Scolopacidae and 
Phalacrocoracidae were widely distributed in the west and 

east parts of the wetlands on the Jakarta Coast due to the 

availability of benthic infauna. In those parts of the 

wetlands, the west contains oligochaetes and polychaetes, 

and the east contains gastropods. In contrast, those 

shorebirds were not distributed to the ecotourism park 

despite the availability of gastropods. Shorebird 

distributions following the distributions of oligochaetes and 

polychaetes were in agreement with previous studies. In the 

wetlands of Aconcagua Estuary, visual foraging and tactile 

shorebirds, including American oystercatcher (Haematopus 
palliatus Temminck, 1820), Hudsonian godwit (Limosa 

haemastica Linnaeus, 1758), Lesser yellowlegs (Tringa 

flavipes Gmelin, 1789), Greater yellowlegs (Tringa 

melanoleuca Gmelin, 1789), Whimbrel (Numenius 

phaeopus Linnaeus, 1758), and Black-necked stilt 
(Himantopus mexicanus Statius Muller, 1776) foraged in 

wetlands with a high abundance of nereid polychaetes and 

oligochaetes, such that all of that benthic infauna were 

registered as being in the diet of those shorebirds (Pérez-

Vargas et al. 2016). 

 The strong association between benthic infauna as prey 

and feeding shorebirds as predators is predictable. 

Shorebirds exhibit great dietary flexibility and combine 

specific prey selection and the opportunity to select the 

most abundant prey locally available. In this study, 

oligochaetes followed by polychaetes were very abundant 
compared to other benthic infaunal communities. Despite 

the abundance of gastropods in ecotourism parks and the 

east parts of protected forests, Anatidae, Scolopacidae, and 

Phalacrocoracidae abundances were low in those study 

areas. Low abundances of certain shorebird communities in 

some locations are related to the distance to the roost as a 

determinant factor (Bakker et al. 2021). Foraging patterns 

of shorebirds can be varied amongst wetlands in terms of 

the distance traveled between roosting and foraging sites. 

This explains the low abundance of Anatidae, 

Scolopacidae, and Phalacrocoracidae in the ecotourism 
park area since the distance between this area and the 

protected forest was more than 1 km. 
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Figure 5. A map of the study area showing the density (inds/Ha) of shorebird species presences in mangrove and land covers in the 
wetlands of Jakarta Coast, Indonesia 
 
 

The presence and abundances of shorebird communities 

belonging to the families Ciconiidae and Anhingidae in the 

ecotourism park were more closely related to their 

morphology (Alonso et al. 2011) which suited the 

conditions of the ecotourism park. Because of this 

adaptation, these shorebirds can forage in flooded 

ecosystems. In this study, an ecotourism park is 
characterized by the dominance of water bodies and fish 

ponds (Mulyani et al. 2021). Then, morphological 

characteristics of Ciconiidae and Anhingidae were adapted 

to the environmental conditions of ecotourism park area, 

and this may explain the presence of these shorebirds in 

this particular study area, besides the abundance of 

gastropods. 

It can be concluded that based on the spatial analysis, 

K-Means cluster, and AIC analyses, the coexistence of 

shorebird communities in the wetlands of the Jakarta Coast 

depends on the availability of benthic infauna as prey, and 

the prey availability is associated with the quality of 

wetlands. Therefore, wetlands dominated by dense 

mangroves will lead to an abundance of benthic infauna 

and influence the presence and distribution of shorebirds. 

At present, oligochaetes followed by polychaetes are 
considered the most important food resources for 

shorebirds considering that this benthic infauna is available 

in large amounts compared to gastropods and crustaceans. 

Based on the benthic abundances and aiming to conserve 

shorebirds, it is recommended to conserve the mangrove 

forest, considering this forest is an important resource for 

benthic infaunal communities in the wetlands of the Jakarta 

Coast, Indonesia. 
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Figure 6. Availability and coexistence of benthic infaunal 
(Crustacea, Gastropod, Oligochaeta, Polychaeta) with shorebird 

(Anatidae, Scolopacidae, Ciconiidae, Phalacrocoracidae, 
Anhingidae) communities in the wetlands of Jakarta Coast based 
on K-means clustering analysis 
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Abstract. Anamunda A, Lamtane HA. 2022. Relationship between physicochemical parameters and the abundance of zooplankton in 
Lake Mweru-Wantipa, Zambia. Intl J Bonorowo Wetlands 12: 33-40. This study aimed to assess the abundance of zooplankton and their 
relationship with physicochemical parameters within Lake Mweru-Wantipa, Zambia. A National Park borders the lake on one side and 

settlements on the other, so four sampling stations were selected, two on each side of the lake. Five physicochemical parameters, 
including temperature, turbidity, salinity, pH, and dissolved oxygen, were measured monthly using portable instruments concurrently 
with a collection of duplet zooplankton samples at each sampling point at depths between 0.1m and 0.5m. All physicochemical 
parameters were significantly different between the two sites (p<0.05) apart from temperature and pH. A total of 13 genera of 
zooplankton were identified, belonging to four groups, namely, rotifers, cladoceran, copepods, and ostracods. The cladoceran had the 
highest number of species (6), followed by copepods (4) in both sites. However, the copepods had the largest contribution in abundance 
in both sites. The diversity was high in settlement areas, but the National Park had higher species richness. There was a significant 
difference in species diversity between the two sites (t=3.96; p=0.001). The most abundant group was the cyclopoid on both sides of the 

lake, followed by the Moina on the settlement site and the Daphnia sp. on the National Park site. The densities of Molina, Simocephalus, 
Ceriodaphinia, and Cypris were significantly different between the two sites (p<0.05). Except for copepods, all groups were 
significantly different between the two sites (p<0.05). Generally, the total zooplankton density was not significantly different between 
the two sites (t=0.73; p=0.06). The results showed that the zooplankton abundance was influenced by turbidity in settlement areas and 
pH in National park areas. 

Keywords: Cladoceran, Mweru-Wantipa, physicochemical, zooplankton 

INTRODUCTION 

Zooplankton consists of macro and microscopic 

animals and is an important food item for other aquatic 

animals in the higher trophic levels (Takarina et al. 2019). 

Zooplankton is an important water quality indicator due to 

their shorter life spans and different tolerance levels 

towards physicochemical parameters (Gajbhiye 2002). 

Research has shown that zooplankton species have 

different tolerance limits toward physicochemical 
parameters. Balakrishna et al. (2013) reported changes in 

zooplankton species densities affected by changes in 

physicochemical parameters across different seasons. 

According to Waikato Environmental Technical Report 

(2008) in New Zealand, the presence of rotifers can be used 

to grade the eutrophic status of the lakes. 

Understanding zooplankton's variability patterns, both 

temporally and spatially, provides information on the 

processes affecting them. Physicochemical parameters have 

been reported as one of the sources of variation in species 

composition, abundance, diversity, and distribution of 
zooplankton. For example, Imaobong (2013) reported in 

Nigerian lakes, levels of eutrophication determined 

zooplankton species abundance and distribution. Variations 

in seasonal abundance and diversity because of changes in 

physicochemical parameters were also reported by Kedar et 

al. (2008). Similar studies have been conducted on the 

relationship between zooplankton and physicochemical 

parameters in India and Nigeria (Goswami and Mankodi 

2012). 

Lake Mweru-Wantipa is a small lake found in Zambia. 

The lake is swampy and muddy; it has no water outlet, 

although a few small streams flow into it. The lake's 

boundary lies entirely within the Mweru-Wantipa National 

Park. Over the past decade, encroachments have been 

tolerated and have increased to a level where many 
permanent settlements on the eastern sides of the lake are 

now established. The lake is the main fish supplier to the 

residents of the Nsama and Kaputa Districts. Apart from 

fishing, the settlers diversified into other activities such as 

agriculture, logging, and charcoal production within the 

immediate catchment of the lake. Despite these stressors 

developing around it, the lake has received very little 

attention from researchers. Lake Mweru-Wantipa has 

displayed a series of fluctuations in water levels in the past, 

which variations in rainfall levels have not explained. The 

lake has also been known to have dried out almost 
completely in 1916 (Brelsford 1954). The only known 

study on Lake Mweru-Wantipa was on the biology and 

exploitation of small pelagic fishes by Mubamba (1989). 

There is limited published information on the zooplankton 

abundance and water quality of Lake Mweru-Wantipa. 

The two districts of Nsama and Kaputa, that share Lake 

Mweru-Wantipa, are boarded by Nsumbu and Mweru-
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Wantipa National Parks. As Tsetse fly infestations make 

the rearing of larger livestock impossible, Lake Mweru-

Wantipa is the main supplier of animal protein, in the form 

of fish, to these districts. However, the growing population 

around the lake has led to overfishing and increasingly 

large areas close to the lake being opened for agricultural 

purposes, leading to deforestation in the lake's catchment 

area. These activities have increased siltation in the lake, as 

evidenced by the poor transparency of the lake itself. 

Studies on the relationship between zooplankton and 
physicochemical parameters have been done in nearby 

lakes (Nkotagu and Athuman 2007), but there is limited 

information on the zooplankton of Mweru-Wantipa.  

This study aimed to determine the relationship between 

the physicochemical parameters and zooplankton 

abundance in Mweru-Wantipa Lake, Zambia. A 

zooplankton study and its relationship to physicochemical 

parameters will provide insight into the current 

limnological status of Lake Mweru-Wantipa, which has 

never been done. That will be valuable baseline 

information for researchers and government agencies 
interested in the management of the lake. 

MATERIALS AND METHODS 

Description of the study area 

The research was conducted in Lake Mweru-Wantipa, 

in the Northern Province of Zambia. The lake is located 

between coordinates 8°10'S to 9°10'S and 29°00'E to 

30°00'E. The lake's size is 73 km long and 43 km wide, 

with an average depth of two meters (Frame Survey Report 

2004). 

Though the lake has several inlets that bring in water, it 

has no outlet. The western side is boarded by a National 

park (Figure 1). The lake is shared by two districts, namely 

Nsama and Kaputa, whose main sources of livelihood are 

fishing and agriculture. The area falls within an 

agroecological zone (III) characterized by a humid 

subtropical climate with the warmest temperature of about 

32°C in October and the coolest temperatures of about 5°C 

in July (Chabala et al. 2013). The districts normally 

experience dry and wet seasons; the dry season normally 
starts in May and runs through October, while the wet 

season starts from November to April. The region receives 

an average rainfall of 1000-1500 mm and has strong acidic 

soils with low nutrients caused by high rainfall (Paul 2008). 

Sampling design 

Four sampling stations were chosen across the lake's 

midsection, two on the western side closer to the National 

Park and two on the eastern side closer to the human 

settlements. The sampling points were identified and 

marked using a geographical positioning system (GPS). 

Table 1 shows the coordinates of the sampling stations 
and the depths of the water columns, respectively. The 

water samples were collected in the first week of the three 

sampling months, in the morning between 08hrs and 12hrs. 

The physicochemical parameters were measured at 

sampling sites concurrently with a collection of 

zooplankton water samples below the water surface. The 

first sampling occurred in the first week of November 

2013, and the last was during the first week of January 

2014. 

 
 

 
 
Figure 1. The map of Lake Mweru-Wantipa, Zambia, and sampling points 
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Table 1. Zooplankton sampling points on the Lake Mweru-Wantipa, Zambia 
 

 National Park Settlement Areas 

Sampling stations 1 2 3 4 
GPS coordinates 08o36'0" S, 

029o40'04.1" E 
08o37'54.3" S, 
029o42'03.7" E 

08o40'19.8" S, 
029o44'37.3" E 

08o41'23.0" S, 
029o47'03.3" E 

Water depth 0.64m 0.95m 2.0m 2.3m 

 

 

Data collection 

Zooplankton sampling 

A graduated 10 L bucket with a mouth diameter of 20 

cm was used to sample zooplankton below the water 

surface at depths between 0.1 and 0.5 m. Each time, one 

bucket scope was taken vertically and filtered through a 

100 µm zooplankton net. Samples were collected in 

duplicates. The zooplankton samples were stored in 100ml 

plastic bottles with 4% formaldehyde. The bottles were 

kept in cooler boxes and then transported to the laboratory 

of the Department of Fisheries in Mpulungu, Zambia. 

Water quality parameters 

Five physicochemical parameters were measured during 

sampling using portable electronic instruments. Dissolved 

oxygen (DO) and salinity were measured using YSI Model 

54 ABP, model 54 ARC, and Salinometer HI 8033, 

respectively. Turbidity was measured with a Hach turbidity 

meter model 2100A with precision + Nephelometric 

Turbidity Units (NTU). pH was measured using a pH meter 

(WTH 323), while the temperature was measured using a 

Hanna temperature probe (HI 9143). 

Zooplankton laboratory analysis 
A Labovert FS microscope with a magnification of x40 

was used to examine the zooplankton. Zooplankton was 

identified up to a generic level using identification guides 

by Utzugi and Mazingaliwa (2002). Standard Operating 

Procedure for Zooplankton Analysis guidelines by the 

United States Environmental Protection Agency (USEPA 

2010) was used to analyze the zooplankton in the 

laboratory. Samples were thoroughly mixed, and a 1 mL 

subsample was withdrawn with a pipette. One ml 

subsamples that had fewer organisms were discarded until 

consistently high zooplankton numbers were achieved in 

the subsamples. A zooplankton counting chamber was used 
for counting the identified zooplankton species.  

Data processing and analysis 

A Student t-test was used to determine the difference 

between the means of the zooplankton density and 

physicochemical parameters on the two sides of the lake. 

The biodiversity index used to determine the species 

diversity of zooplankton was Shannon-Weaver (1949) in 

Spellerberg and Fedor (2003). The Hutcheson (1970) t-test 

was used to determine the difference between the 

diversities between the two sides of the lake. Pearson's 

correlation (r) analysis was used to investigate whether 
there was a relationship between physicochemical 

parameters to zooplankton abundance. Finally, a multiple 

regression analysis was used to investigate the cause and 

effect between the zooplankton abundance 

physicochemical parameters. The regression model used 

was Yi = βo + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + ei 

Species diversity 

Species diversity was calculated using the Shannon-

Weaver Index (1949). The following formula was used; 

 

H’=-∑ (Pi*In (Pi)) where Pi = ni/N In = the natural log 

 

Pi = Proportion of total sample belonging to the ith 

specie ni = total number of individuals in a specie 
N = total number of individuals 

E = H’/Hmax where Hmax = In(S) measures the 

species evenness 

(S) = the total number of distinct individual peaks 

within a profile (Species richness) 

E = measures the species evenness 

Hmax = measures the maximum evenness the 

community can have; the closer this is to one, it means the 

community is optimally even. 

Eexp H = Effective Number of Species 

Density estimation 
The population density was calculated from known 

densities using the following formula by Tonapi (1980). 

 

Density = (n) (v) / V Where; 

 

Density = Total no. of organization/liter of water filtered 

n = Average number of organisms in a 1 mL plankton 

sample v = Volume of concentrate plankton sample (ml) 

V = Volume of total water filtered through (L) 

RESULTS AND DISCUSSION 

Physicochemical parameters 

Temperature 
There was a slight difference in temperature between 

the two sampling sites (Table 2). However, there was no 

significant difference in water temperature between the 

study sites (t=0.586; p=0.559). 

Turbidity 

The mean and range of turbidity recorded from the 

settlement side and National Park are presented in Table 2. 

The highest turbidity value of 2.7 NTU was recorded on 

the settlement side, while the lowest value of 0.4 NTU was 

recorded on the National Park side. The difference in 

turbidity between the two sides of the lake was significant 
(t=-5.61; p=0.001). 
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Water salinity 

The lowest (3.5 ppt) and highest (4.6 ppt) salinity were 

recorded from the settlement and National park sides, 

respectively. There was a significant difference in salinity 

between National Park and settlement sides (t=12.569; 

p=0.001). 

 

pH 

The highest pH value (9.9) during the study was 

recorded from both sides of the lake, while the lowest (9.2) 
was on the settlement side (Table 2). There was no 

significant difference in pH values between the two sites 

(t=-2.91; p=0.06). 

Dissolved oxygen 

The lowest and highest dissolved oxygen concentration 

was 1.2 mg/L and 12.1 mg/L measured from the National 

Park and settlement side of the lake, respectively (Table 2). 

The oxygen concentrations on the settlement side were 

significantly higher than on the National Park side (t=-3.66; 

p=0.001). 

Zooplankton species composition and abundance 
The present study recorded 13 zooplankton genera from 

four major groups, cladoceran, copepods, ostracods, and 

rotifers were recorded during the present study (Table 3). 

The National Park side of the lake had the highest number 

of genera compared to the settlement side. On both sides of 

the lake, the cladoceran had the highest number of 

individual groups, followed by copepods. Rotifers were 

absent from the settlement side of the lake. Table 4 shows 

that the cyclopoids had the highest relative abundance on 

both sides of the lake, followed by Moina on the settlement 

sides and Daphnia on the National Park side. The Moina 
ranked third on the National Park side. The lowest relative 

abundance was recorded as rotifers. 

Species diversity 

Shannon Weaver's diversity index indicated a higher 

diversity of zooplankton on the settlement side. A 

Hutcheson t-test showed a significant difference in 

zooplankton species diversity (t=3.96; p=0.001) between 

the two study sites. The species richness was higher on the 

National Park sites compared to the settlement sites. The 

species evenness and the effective number of species were 

greater in the settlements (Table 5). 

The density of zooplankton in Mweru-Wantipa Lake, 

Zambia 

Except for Moina, Simocephalus, Ceriodaphnia, and 

Cypris, all other species' densities were not significantly 

different between the study sites (Table 5). The copepods 

had the highest densities on both sampling sites, followed 

by cladoceran. The least density was rotifers recorded from 

both sites (Figure 2). T-tests showed that the densities of all 

the groups were significantly different between the sites 

except copepods (p=0.78). Generally, the settlement had 

higher zooplankton densities than National Park (Figure 3). 

However, there was no significant difference in total 

zooplankton density between the two sites (t=-0.729; 

p=0.06). 

Relationships between zooplankton and 

physicochemical parameters 

Table 6 shows the relationships between the zoo-

plankton and physicochemical parameters. Temperature, 

salinity, and pH showed a negative relationship with 

zooplankton abundance. Generally, except for turbidity and 

pH, there was no significant correlation between 

zooplankton abundance and physicochemical parameters. 
Significant relationships existed between total zooplankton 

and turbidity on the settlement and pH of the National park 

(Tables 8 and 9). 

 

 
 
Table 2. Summary of water quality parameters in Lake Mweru-
Wantipa, Zambia 
 

Parameters 
National Park Settlement areas 

Mean Range Mean Range 

Depth (m) 0.8 ± 0.2 0.6-0.1 2.1± 6 2.0-2.3 
Temp. (oC) 27.8 ± 3.7a 19.8-31.4 27.4 ± 0.79a 26.5-28.8 
Turbidity (NTU) 1.4 ± 0.6a 0.4-2.2 1.95 ± 0.5b 1.4-2.7 
Salinity (ppt) 4.1 ± 0.3a 3.9-4.6 3.6 ± 0.2b 3.5-4.0 

pH 9.5 ± 0.2a 9.2-9.9 9.6 ± 0.3a 9.2-9.9 
DO (mg/L) 5.6 ± 3.1a 1.2-9.4 7.6 ± 2.6b 4.4-12.1 

Note: Means within the same row with different superscript letters 
differ significantly at p<0.05, DO = dissolved oxygen 
 
 
 
Table 3. Zooplankton groups composition in the Lake Mweru-

wingtip, Zambia 
 

Taxonomic 

group 

Total no. of taxa Percentage composition 

NP ST NP ST 

Cladocera 6 5 46 56 
Copepoda 4 3 31 33 

Rotifer 2 0 15.4 0 
Ostracoda 1 1 7.6 11 
Total 13 9 100 100 

Note: NP = National park, ST = settlement areas 
 
 
 
Table 4. Zooplankton composition in percentages of Lake 

Mweru-Wantipa in Zambia 
 

Taxa Genus Settlements National park 

Cladocera Moina 20 12.1 
Daphnia 11.1 10.3 
Simocephalus 2.5 0.4 

Ceriodaphnia 2.5 1 
Crystallina 1.6 1.2 
Chydorus 0 0.2 

Copepoda Cyclopoid 38.8 46.6 
Calanoid 11.8 14 
Ergasilus 4.7 4.3 
Angusilus 0 0.2 

Rotifer Branchionus 0 1 
Conochilus 0 0.2 

Ostracoda Cypris 6.8 8.4 
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Table 5. Diversity, species richness, and evenness of zooplankton 
in Lake Mweru-Wantipa, Zambia 

 

Diversity index parameter 
Sampling stations 

National park Settlement 

Species diversity (H) 1.50 1.76 
Species richness 13 9 
Species evenness (E) 0.58 0.76 

Effective number of species 5 6 

Note: H’= is the Shannon Weaver diversity index 
 
 
Table 6. The density of zooplankton species in the Lake Mweru-
Wantipa, Zambia 
 

Taxa Genus Settlement National park 

Cladocera Moina 46.7±16.86a 20.67±15.63b 
Daphnia 25.4±5.55a 28.8±3.51a 
Simocephalus 6.25±6.25a 1.67±1.64b 
Ceriodaphinia 5.84±3.67a 2.08±2.1b 
Crystallina 3.75±2.45a 2.5±2.49a 
Chydorus - 0.5±0.42 

Copepod Cyclopoid 90.4±12.16a 88.75±21.18a 
Calanoid 27.5±12.06a 27.5±7.1a 
Ergasilus 10.84±5.65a 10±4.08a 
Angusilus - 0.5±0.42 

Rotifer Branchionus - 2.08±1.63 
Conochilus - 0.4±0.42 

Ostracod Cypris 20.9±7.19a 17.16±7.56b 

Note: Means within the same row with different superscript letters 

differ significantly at p<0.0 
 
 
Table 7. The Pearson coefficient of correlation of total zooplankton 
and physicochemical parameters in Lake Mweru-Wantipa, 
Zambia 
 

Particulars 
Co-efficient of 

correlation (r) 
P value Remarks 

Turbidity 0.380 0.000 S 
Temperature -0.046 0.63 NS 
pH -0.327 0.000 S 
Dissolved oxygen 0.151 0.115 NS 
Salinity -0.149 0.121 NS 

Note: NS: Not Significant, S: Significant 
 
 
 

 
 
Figure 2. Mean densities of major zooplankton groups from 
studied sites in Lake Mweru-Wantipa, Zambia 

Table 8. Regression analysis for zooplankton and physicochemical 
parameters on the settlement area in Lake Mweru-Wantipa, 

Zambia 
 

Predictor Coefficients P-value Remark 

Constant -77.7 0.47 S 
Turbidity 11.86 0.04 S 
Temperature 0.37 0.81 NS 

pH 6.08 0.49 NS 
Dissolved oxygen -0.33 0.51 NS 
Salinity -0.40 0.96 NS 

Note: S = Significant, NS = Significant 
 
 
 
Table 9. Regression analysis for zooplankton and physicochemical 

parameters on the National park area in Lake Mweru-Wantipa, 
Zambia 
 

Predictor Coefficient P-value Remark 

Constant 200.70 0.06 NS 
Turbidity 2.70 0.64 NS 
Temperature 0.89 0.47 NS 

pH -23.59 0.04 S 
Dissolved oxygen 0.61 0.57 NS 
Salinity 0.08 0.99 NS 

Note: S = Significant, NS = Not Significant 
 
 
 

 
 

Figure 3. The density of zooplankton in sampling sites in Lake 
Mweru-Wantipa, Zambia 
 
 

Discussion 

Physicochemical parameters 

Lake Mweru-Wantipa is a shallow and small lake 

bordered by a National Park on the western side, while the 

lake's eastern, southern, and northern sides are settlement 

areas. The major economic activities in the settlement areas 
are agriculture and fishing. The fisheries frame survey 

report of Lake Mweru-Wantipa by the Zambia Central 

Statistical Office (Frame Survey Report 2004) showed that 

there had been an immense increase in the number of 

fishing villages around the lake. Improper agriculture 

practices and deforestation lead to land degradation and 

alteration of the physicochemical parameters of the lake. 

Yorke and Margai (2007) reported that population growth 

and developmental activities along water bodies in many 
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sub-Saharan countries have been responsible for negative 

changes in water quality parameters. 

The marginal temperature differences in water between 

the two studied sides of the lake were probably due to the 

lake's shallowness (Table 2). The depth of water bodies can 

potentially affect variations in physicochemical parameters, 

including temperature and dissolved oxygen. Shallow 

waters generally warm easier and quicker compared to 

deeper lakes. Stefanidis and Papastergiadou (2012) studied 

Greek lakes and reported that variations in some water 
quality parameters could be due to morphometric 

measurements of water bodies. The homogeneity in 

temperature in shallow lakes has been achieved through 

regular mixing and stirring. This phenomenon has been 

recorded in other shallow lakes, including Edward and 

George in Uganda (Otim 2005). 

The higher turbidity recorded from the settlement side 

of the lake is probably due to improper agriculture 

practices and deforestation. Agricultural activities along the 

lake's catchment lead to erosion and hence high turbidity in 

the lake from the runoff. High turbidity has been reported 
in the Birim river basin in Ghana (Ansa and Asante 2000) 

and Lake Victoria (Scheren et al. 2001) due to improper 

agricultural activities. Conversion of land to agriculture has 

been reported as one of the drivers of the deterioration of 

aquatic systems (Yorke and Magai 2007; Rucha et al. 

2011) in India and Ghana. Removing vegetative cover 

means loose soil is washed into aquatic systems, creating 

turbid and eutrophic conditions. 

Relatively lower water depth on the National Park side 

contributed to high salinity (Table 2). Shallow areas are 

generally more prone to drying up due to evaporation, and 
the salts become concentrated as the water drops. 

Saravanakumar et al. (2007) reported that changes in 

salinity could be due to the loss of water through 

evaporation and rainfall in India. Surprisingly, salinity 

levels recorded in the present study (Table 2) were like 

those in brackish waters reported along the estuaries in Sri 

Lanka (Gammanpila 2010). However, salinity levels below 

5.0 ppt are within the freshwater range (USEPA 1986), as 

lakes are considered saline when salinity is above 3 ppt. 

The stirring and mixing of the lake and its small size 

could also be attributed to the uniformity in pH values 

across the lake. Small size, low depth, and wind have been 
reported as parameters promoting water mixing (Omundi et 

al. 2014) in the small water bodies of Kenya. The present 

findings on pH values (Table 2) were like those obtained 

by Otim (2005) in the Nile basin in Uganda. However, the 

mean pH values obtained in the present study (Table 2) 

were slightly above the optimum aquatic range of 6.5 to 9.0 

(USEPA 1986). The higher pH values could probably be 

explained, in part, because of higher primary production. 

The green color was observed on the entire surface of the 

lake during the sampling period. Tucker and Dabramo 

(2008) state that waters with high algae content result in 
intense photosynthesis during the day; thereby, carbon 

dioxide is used up in the process resulting in high pH 

values. A similar finding was reported by Sarvala et 

al. (1999) in Lake Tanganyika. In contrast, lower pH values 

(6.3 to 6.9) were reported in Lake Bangweulu, Zambia 

(Kolding 2011). Higher pH levels (>10) are harmful as they 

increase ammonia toxicity to fish and other organisms in 

aquatic systems (Rossana 2013). 

Significant differences in dissolved oxygen between the 

study sites might have been due to biotic and abiotic factors 

in the lake. Occasional short-duration winds that swept the 

water surfaces were observed several times a day during 

the sampling period. These could lead to spatial differences 

within shorter distances. The differences in water depth 

could contribute to differences in dissolved oxygen levels 
since photosynthesis is one of the major sources of 

dissolved oxygen. The National Environmental Monitoring 

Standards (NEMS 2013) reported that dissolved oxygen is 

negatively affected by salinity; thus, the lower oxygen 

levels in the National Park site could have also been due to 

the significantly higher salinity observed in the present 

study (Table 2). The present findings are like those 

obtained in Lake Tanganyika by Sarvala et al. (1999). The 

dissolved oxygen levels recorded in the present study 

(Table 2) were within the natural background level of 5.0 

to 7.0 mg/L, which supports aquatic life. 

Zooplankton species composition and diversity 

The cladoceran dominated species number in the 

present study, followed by copepods, which concurs with 

the findings of Abubakar (2013) in Nguru Lake, Nigeria. 

Ghidini et al. (2009) conducted a similar study in Brazil 

and concluded that since most cladoceran species are 

herbivorous and phytoplankton feeders, they can develop in 

many freshwater environments. Kishe-Machumu et 

al. (2008) reported that cladoceran is more vulnerable to 

predation owing to their large size, conspicuous eyes, and 

mode of movement, making them more attractive prey and 
easy targets for capture. The low transparency of Lake 

Mweru-Wantipa could have led to less predation, thus 

allowing cladoceran to flourish. 

Lake Victoria has also reported the dominance of 

copepods among zooplankton in freshwater (Ajounu et al. 

2011; Ngupula 2013). In the present study, the cyclopoids 

(Table 6) showed higher relative abundance than other 

zooplankton. Similar findings have been reported by Silva 

(1998) in Chilean inland waters, respectively. Cyclopoids 

can survive in most freshwater habitats in the Neotropics. 

Their feeding behavior can explain this; they are grasping 

feeders that generally eat more of a variety of food 
compared to other zooplankton (Irvine and Waya 1992). At 

the same time, calanoids are limited by their selective and 

herbivorous nature. Due to their benthic nature, ostracods 

are not commonly captured in zooplankton studies 

(Martens et al. 2008). 

Contrary to the present study (Table 6), Devaraju 

(2015) found four taxa of ostracods of 14 taxa in a major 

tropical lake within the Mandya District, Karnataka. 

Rotifers constituted the lowest contribution among all 

zooplankton in the present study (Table 4). In contrast, 

rotifers were among the dominant taxa in Lake Victoria 
Basin (Waya and Chande 2004). Rotifers appear to be 

protected from predation owing to their diminutive size, 

which offers low caloric value as prey besides being not 

easily visible to the predators. 
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The Shannon Weaver diversity index showed a higher 

diversity of zooplankton on the settlement side, and the 

Hutcheson t-test showed a significant difference between 

the two sides. The diversity difference could be due to the 

high species evenness on the settlement side (Table 5). 

Also, higher salinity in the National Park site could have 

been responsible for the low diversity of zooplankton. 

Nielsen et al. (2003) reported that zooplankton diversity 

was reduced at salinities between 1 to 5 ppt. Low species 

richness on the settlement side (Table 5) could reflect the 
high turbidity compared to National Park areas. Ghidini et 

al. (2009) made a similar observation in a study of 

eutrophic shallow reservoirs in Brazil. The species richness 

in the present study (Table 5) was generally poor compared 

to other studies conducted elsewhere (Ezekiel et al. 2011).  

Zooplankton density 

Differences in zooplankton densities were observed 

between the two studied sites (Table 6). These could have 

been due to the differences in physicochemical parameters 

and depth between the two sites (Table 2). The lower 

densities of rotifers on the National Park side and absence 
in settlement areas compared to other groups could be 

attributed to higher turbidity in the lake, which was 

significantly high in settlement areas, and to salinity and 

pH, which were significantly higher in settlement areas. 

These factors are well known for limiting the abundance 

and diversity of zooplankton (Harris and Vinobaba 2012). 

Contrary to the present findings (Table 6), Gammanpila 

(2010) reported higher proportions of rotifers (11% to 

37%) compared to other groups of zooplankton in a Sri 

Lankan lagoon. However, similar results of zooplankton 

total densities in studied sites have been reported by 
Gammanpila (2010) in Sri Lanka. The higher copepod 

density compared to other zooplankton has been reported 

by Ekwu, and Sikoki (2005) found crustacean compositions 

of 74% in a lower estuary in Nigeria. High densities of 

cyclopoids in freshwater have been reported by Ngupula 

(2013), who found that cyclopoids dominated by 73%. In 

contrast to the present findings, the highest contribution 

of Moina was reported by Abubakar (2013) in Nguru Lake, 

as crustaceans were 65%, of which 41% were cladocerans 

dominated by Moina. 

Relationships between zooplankton, abundance, and 

physicochemical parameters 
The regression analysis revealed a positive and 

significant relationship between turbidity and zooplankton 

on the settlement side (Tables 7 and 8). This significant 

positive relationship may have been contributed by a higher 

significant abundance of Moina, Ceriodaphnia, and Cypris 

in the settlement areas (Table 6), which also had 

significantly high turbidity (Table 2), which could be partly 

explained by the reduction of the ability of the visual 

predators to see prey (zooplankton) in turbid waters, thus 

allowing larger zooplankton to flourish. That was also 

observed in small lakes in the Lake Victoria basin; low 
transparency makes these lakes support a high abundance 

of zooplankton than Lake Victoria with higher 

transparency (Ngupula 2013). However, in the present 

study (Table 7), an opposite relationship was observed 

between zooplankton and pH. Those suggest that high pH 

contributes to the lower densities of zooplankton. However, 

contrary to the present findings, Beenamma and Sadanand 

(2011) reported a positive relationship between 

zooplankton and pH in India. In addition, Tenner et 

al. (2005) reported that pH values ranging from 6 to 8.5 are 

associated with medium productivity. 

In conclusion, turbidity, salinity, and dissolved oxygen 

significantly differed between the two studied sites. The 
settlement recorded a higher diversity index than the 

National Park site. Apart from Moina, Simocephalus, 

Ceriodaphnia, and Cypris, the density of all species was 

not significantly different between the two studied sites. 

Turbidity and pH were significantly positively and 

negatively correlated with zooplankton abundance, 

respectively. 
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Abstract. Kpelly DK, Blay Jr.J, Yankson K. 2022. The biological characteristics of the Nile tilapia (Oreochromis niloticus) in the Weija 
Reservoir, Ghana. Intl J Bonorowo Wetlands 12: 41-54. Studies on the biological characteristics of the Nile tilapia (Oreochromis 
niloticus L.) were undertaken in a manufactured lake, the Weija Reservoir, in Ghana from September 2007 to August 2008. From 
commercial landings, a sum of 657 specimens of O. niloticus was examined, of which 357 were males and 300 were females (sex ratio 

of 1: 0.84; P < 0.05). GSI was highest in March and May 2008 and low in December 2007 and August 2008, which suggested that O. 
niloticus spawned throughout the year, but major spawning occurred in March. The length at first sexual maturity (L50) was 16.33 cm 
for males and 13.49 cm for females. Observations on the frequency distribution of ovum size measured between 1.2 to 3.1 mm showed 
two distinct peaks that were not completely separated, which were probably shedding eggs in batches, indicating protracted spawning in 
the population. Fecundity ranged from 563 to 1542 ova for fish of total length 15.6-21.5 cm with a mean of 851 ± 13.2 eggs. The 
relationships between fecundity and body weight (BW) and fecundity (F) and total length (TL) were: F = 0.519 BW + 785.4 and F = 
12.36 TL + 628.5. Furthermore, based on studies on monthly fluctuations in the GSI and the occurrence of the ripe gonad, the major 
reproductive activity of O. niloticus in the reservoir coincided with months with increasing total alkalinity, reduced water temperature, 
and dissolved oxygen. The regression coefficient of 3.1 for the length-weight relationship (for both females and males) was not 

significantly different from the expected value of (P > 0.05), indicating isometric growth of the population. Therefore, collection of the 
species as seed for stocking or brood stock or by fish farmers is recommended in March-April. Moreover, appropriate management 
policies with periodic studies of the fishery and the limnology of the reservoir are essential to sustain fishery production. 

Keywords: Body weight, fecundity, Oreochromis niloticus, Weija Reservoir 

INTRODUCTION 

Fish supplies over 50% of the total animal protein 

consumed in developing countries, a little below this value 

in developed countries among the first natural resources to 

be exploited by man (FAO 2000). It is the most important 

source of animal protein in Ghana, contributing about 60% 
of the daily animal protein intake (Frimpong et al. 1992). 

Among various protein sources, fish stands out as the most 

important concerning food security because its low price is 

very competitive compared to the price of other high-

quality protein sources such as milk, meat, and eggs (FAO 

2000). Moreover, it is the only source of high-quality 

protein whose shelf life can be readily enhanced through 

low-cost sustainable technologies such as smoking, drying, 

and salting. 

Tilapias are among the most important warm-water 

fishes used for aquaculture production. The culture of 

Tilapia is practiced in over 80 countries in the tropical and 
subtropical regions globally, with a total production of 

478,641 metric tonnes and an average compound growth 

rate of about 12% yearly since 1986 (FAO 1997; Lovshin 

1997). Regarding Balarin and Hatton (1979), Tilapia's 

culture can provide a welcome solution to the insufficient 

protein supply in numerous developing countries. 

Furthermore, from simple waste-fed fish to intensively 

stocked and managed culture systems, Tilapias are widely 

known as one of the most important groups of cultured 

purposes finfish in a wide range of freshwater culture 

systems (Pullin 1985; Fitzsimmons 2000). Moreover, 

attempts to grow them in full-strength seawater have also 

been made in some developed countries. However, the 

research in full-strength seawater (32 ppt) observed 
extremely poor hatching success in ova spawned 

(Watanabe et al. 1992). 

Tilapias belong to the family Cichlidae with three well-

known genera: Tilapia, Oreochromis, and Sarotherodon. 

The species are classified mainly according to some extent, 

their feeding habits, biogeography, morphology, and to 

differences in their mode of reproduction. (Lowe- 

McConnel 1958). Members of the genus Tilapia (for 

example, Tilapia zillii) are substrate spawners. Both 

parents aerate the brood, protect, guard, and help move the 

clutch to different nest sites. The fry at first feeding is 4-6 

mm long (TL) and shows feeble swimming ability, resulting 
in relatively low fry survival (Lowe-McConnel 1958). The 

genus Sarotherodon shows biparental or paternal care. In S. 

melanotheron, for example, both parents stay close to each 

other, and their eggs and fry are brooded in the oral cavity 

of the male, with the females sometimes helping when the 

male fails to pick up all the eggs. The fry is between 7-9 

mm (TL) at first feeding, with well-developed fins for 

swimming, giving them a high fry survival (Lowe-

McConnel 1958; Pauly 1976). In the genus Oreochromis, 
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they are regarded as maternal brooders due to the female is 

solely involved in the brood care by orally incubating the 

fry until they reach the free-swimming stage (Lowe-

McConnel 1958; Pauly 1976). The female was also 

observed to leave the nest to orally brood her clutch in 

safety among the submerged rocks and vegetation with an 

extended caring period during which fry seeks shelter in 

the buccal cavity of the female. This genus includes 

Oreochromis niloticus (L.), commonly called Nile tilapia. 

The O. niloticus and its hybrids are the most important 
cultured fish species, particularly the subspecies O. 

niloticus niloticus, which is becoming an increasingly 

important food fish globally (Pullin et al. 1991; Garibaldi 

1996). The O. niloticus is the major species farmed in 

Ghana and, according to FAO (2005), constitutes over 80 

% of aquaculture production in the country. It occurs in 

several rivers and natural as well as manufactured lakes. 

The yields are almost fixed at their maximum from many 

capture fisheries (FAO 1997), while the global human 

population continues to increase rapidly (FAO 2005), and 

to meet the increased demand for food fish, aquaculture 
production should increase by 50 million metric tonnes by 

2050 (Tacon 2001). 

Many tilapias' biology in natural systems is well 

documented (Fryer and Iles 1972; Pauly 1976; Siddiqui 

1977; Trewevas 1983; Silva 1985; Blay and Asabere-

Ameyaw 1993; Njiru et al. 2006; Olurin and Aderibigbe 

2006). However, despite the predominance of O. niloticus 

in the Weija Reservoir, the key characteristics of the 

species' biology in reproduction and its growth have not 

been fully observed. Therefore, this research seeks to 

present important scientific data by examining aspects of 

the biology of O. niloticus in the Weija Reservoir, a 

manufactured lake, that are relevant to its culture. 

MATERIALS AND METHODS 

Study area 

The Weija Reservoir, also known as Lake Naye Densu, 

is part of the 116 km long River Densu located about 17 

km west of Accra (5° 33' and 5° 36' N; 0° 20' and 0° 23' 

W), which takes its source from the Atewa Atwiredu 

mountain range in the Eastern Region of Ghana. (Figure 1). 

It was created to replace an earlier dam that collapsed in 
1968. The Weija Dam was constructed in 1978 by Ghana 

Water Company Limited (GWCL), intending to provide 

potable water for domestic consumption, while fisheries 

development and irrigation serve secondary purposes. The 

reservoir is  2.2 km wide, 14 km long, and has a total 

surface area of 38 km2 with a mean depth of 5 m (Vanden-

Bossche and Bernacsek 1990). The catchment area covers 

2,460 km2, and the reservoir irrigates about 220 ha of land 

(Gordon 2006). The average water temperature is 27oC, 

and rainfall in the area is seasonal, with an annual average 

of 65.5 mm and peaks in June and September, while the 
dry period is between December and March (Asante et al. 

2006). The vegetation is of the coastal savannah type 

around the lake, mainly characterized by grasses, shrubs, 

and some trees dominated by Cassia sp. The main 

economic activities in the catchment area are crop farming 

and fishing. The crops cultivated are cassava, sugar cane, 

maize, and vegetables. 

 
 

 
 

Figure 1. Map of Weija, Ghana area showing the reservoir (Source: Ghana Survey Department 2008)  
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Fish sampling and data collection 

Fish samples were obtained in the middle of each 

month from September 2007 to August 2008 from 

commercial landings at the New Galilea landing site of the 

Weija Reservoir (Figure 1). The fish were caught with cast 

nets (20.0 mm) and gill nets (large mesh size 50-70 mm, 

knot to knot; medium mesh size 30-40 mm; small mesh 

size 10-25, and overall net size about 20 m long). The 

samples transported to the laboratory for routine studies (at 

least 40 specimens) were kept on ice in a plastic container. 
The total length (TL) and standard length (SL) were 

taken to the nearest 1.0 mm using a fish measuring board in 

the laboratory. The total length and the standard length 

from the tip of the snout to the base of the caudal fin were 

measured from the tip of the snout to the end of the caudal 

fin. The fish body weight (BW) was determined to the 

nearest 0.01g using an electronic top loading balance, and 

the fish were blotted dry with a towel. Each fish was 

dissected to determine its sex, and the gonads were 

removed and weighed using an electronic top-loading 

balance to the nearest 0.01g. 

Determination of length frequency distribution and 

length-weight relations 

The data obtained on the standard length (SL), total 

length (TL), and body weight (BW), were analyzed to 

investigate the monthly length-frequency distribution and 

length-weight relationships to show the recruitment of the 

fish and their growth pattern. 

 

Determination of condition factor (K) 

The measurement data obtained of body weights (BW) 

and standard lengths (SL) were used to calculate each fish 
factor (K) condition using the formula: 

 
The mean monthly condition factor of female and male 

fish was plotted to illustrate the fluctuations in the relative 

fish's 'fatness' or 'well-being' during the study period. 

Determination of visceral fat index 
After dissection, each fish's visceral fat amount content 

was observed and estimated using a three-point scale, 

according to Kwei (1970), and recorded as follows: 1: 

viscera with very low-fat volume; 2: viscera with moderate 

fat volume; 3: viscera with high-fat volume. 

The data on the fat index of the male and females were 

analyzed using Minitab (version 15) statistical software, 

obtaining their mean monthly fat index and standard errors. 

Then, these were plotted using Microsoft Excel (version 

Office 2007) to observe the fish 'fatness' fluctuations, 

indicating their condition. 

Determination of the sex ratio 

After sexing the fish, the monthly sex ratio of male to 

female fish was determined using the data obtained. In 

addition, a Chi-square goodness of fit test was also 

performed to observe any difference in the sex ratio of 1:1 

on the monthly samples from the O. niloticus population. 

Gonadal staging 

Based on their appearance, the gonads of the fish were 

examined and staged, according to Witte and Van Densen 

(1995). The three-point scale was used to stage ovaries: 

Stage 1- Immature: small haline ovaries with very small 

whitish ova; Stage 2- Developing: ovaries with yellow ova 

or few yellowish-white; Stage 3- Ripe: gravid ovaries with 

large yolky ova. 

Testes were classified as either ripe or immature due to 
difficulties describing intermediate developmental stages. 

Testes of immature fish were thin and very transparent, 

while ripe testes were swollen with milt and creamy or 

reddish, which flows out easily when the testes are cut. The 

monthly fluctuations of the ripe gonads in the fish were 

obtained from the percentage of ripe males and females in 

each monthly sample that was determined and then plotted. 

Determination of gonado-somatic index (GSI) 

The gonado-somatic index (GSI) of females and males 

was calculated as 

 
Where, GW is gonad weight (g), and BW is body 

weight (g). 

Next, to obtain the mean monthly GSI of the fish and 

their standard errors, the data were analyzed using Minitab 

(version 15) statistical software. In addition, the mean 

monthly GSI of both male and female fish were plotted to 

determine the changes in the reproductive activities of the 
fish. 

Determination of fecundity 

The fecundity was determined by the whole count 

method (Bagenal and Braum 1978). First, all ripe ovaries 

were cut into pieces and preserved for about four weeks in 

sample bottles containing Gilson's fixative. That was done 

to ensure the hardening of the eggs and permit infiltration 

of the ovarian tissues by the fixative. Next, each bottle was 

periodically agitated vigorously to facilitate the separation 

of the eggs from ovarian tissues (Bagenal and Braum 

1978). Then, the content was poured into a petri dish, and 
eggs were separated from the ovarian tissue using a 

dissecting pin and a pair of forceps before counting. 

Finally, all ripe eggs in an ovary were counted, and using 

analysis of variance, the relationship between fecundity, 

standard length (SL), and body weight (BW) were 

established. 

Determination of length at first maturity (L50) 

The data on the fish's total length (TL) and gonadal 

stages were used to determine the length at first maturity 

(L50). In addition, the percentage of males and females 

considered mature for the selected class size was used to 

determine the maturity percentage. Finally, these values 
were used to plot graphs for males and females using the 

statistical software Origin Professional (version 6.0) to 
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estimate the length at which 50% of the population is 

sexually mature. 

Measurement of ovum diameter 

A sum of four ripe female ovaries diameters selected at 

random were used. After determining the fecundity, the ova 

were measured using a dissecting microscope with a stage 

micrometer on their longest axis to the nearest 0.1 mm and 

recorded. Next, in the diameter class at 0.2 mm intervals, 

the data for each pair of ovaries selected were sorted and 

grouped. Next, using Microsoft Excel (version Office 
2007), the data was used to plot the ovum diameter 

frequency distribution to predict the fish's spawning 

frequency. 

Hydrographic factors 

Data on the monthly mean on some hydrographic 

factors, namely, dissolved oxygen of the surface water of 

the reservoir, temperature, and total alkalinity, were 

obtained from the study period from the Ghana Water 

Company Limited (GWCL)/AVRL at Weija (see Appendix 

6). Next, to show their range and monthly fluctuations 

during the study period, the data were plotted using 
Microsoft Excel (version Office 2007) to show any 

possible relation between them and the growth or 

reproductive activities of the fish. 

RESULTS AND DISCUSSION 

Monthly length-frequency distribution 

The monthly length-frequency distributions of O. 

niloticus in the Weija Reservoir from September 2007 to 

August 2008 are presented in Figure 2. Most of the fish 

sampled ranged from 14 to 20 cm TL. Apart from 

November 2007, where juveniles were encountered, other 

monthly samples were skewed towards individuals 
measuring 12 or 13cm (TL). Males were relatively larger 

than females, as shown in the modal classes of 16.0 –16.9 

cm and 19.0 – 19.9 cm for female and male fish, 

respectively. The distribution size was bimodal in July 

2008, with the modal groups as 14.0-14.9 and 20.0-20.9 cm 

TL. In September, October, November, and December 

2007, they presented unimodal distribution with their 

modal class within 17.0-17.9, 18.0-18.9, 12.0-12.9, and 

13.0-13.9 cm, respectively. Furthermore, in January, 

February, March, April, May, June, and August also 

presented unimodal distribution with their modal classes in 

the 11.0-11.9, 15.0-15.9, 16.0-16.9, 15.0-15.9, 12.0-12.9, 
16.0-16.9 and 19.0-19.9 cm respectively. In Juli, bi-modal 

size distribution was observed with the modal classes in the 

14.0-14.9 cm and 20.0- 20.9 cm size groups. 

Length-frequency distribution of female and male 

Figure 3 shows the length-frequency distribution for 

females and males. The females and males distributions 

were unimodal, with the modal classes within the 16.0-16.9 

cm and 19.0-19.9 cm groups, respectively. The males were 

also larger than the females, apart from the fact that more 

males (N= 357) were encountered. The smallest fish size 

obtained was a female in the 7.0-7.9 cm group, and the 

largest female obtained belonged to the 30.0-30.9 cm 

group. The smallest male was within the 8.0-8.9 cm group, 

with the largest in the 33.0-33.9 cm group. 

Overall length-frequency distribution 

The overall size-frequency distribution of O. niloticus 

in the Weija Reservoir during the study period is shown in 

Figure 4, with the modal size within 17 cm TL; thus, the 

distribution is unimodal. A total of 657 specimens with a 

total length range of 7.0-33.3 cm were sampled. 

Length-weight relationship 

Figure 5 is shown the scatter plots of the length-weight 

relation of the population of O. niloticus in the Weija 

Reservoir during the study period and the curve of this 

relationship. In all the 657 specimens sampled, the total 

length (TL) ranged between 7.0 and 33.3 cm, and weighed 

between 17.85 g and 700.00 g. The relationship between 

the standard length (SL) and body weight (BW) revealed 

was exponential, with the equation describing this 

relationship as BW = 0.0317 SL3.0932 (Figure 5). In 

addition, Microsoft Excel (version Office 2007) generated 
a student t-test which revealed that b = 3.0932 was not 

significantly higher (P > 0.05) than the expected 3.0 (see 

Appendix 2). 

Condition factor 

Figure 6 shows the condition factor (K) fluctuations of 

females and males of O. niloticus. The mean monthly 

condition factor ranged from 3.76 ± 0.06 to 4.96 ± 0.125 

for the males and from 3.56 ± 0.191 to 4.31 ± 0.131 for the 

females. During the study period, the condition factor for 

both sexes seemed to follow a similar trend, except for 

May 2008, with the males being relatively higher. The 
fish's best condition was in October 2007, declining in 

November 2007 and not varying significantly for the rest of 

the study period in 2008 except in May 2008. 

Analysis of visceral fat index 

The female and male O. niloticus monthly fluctuations 

in the visceral fat index in the Weija Reservoir are 

presented in Figure 7. During the study period, the female 

visceral index ranged between 1.17 ± 0.09 and 1.87 ± 0.15, 

that is increased from 1.57 ± 0.16 in September 2007, 

reaching a peak of 1.87 ± 0.15 in November 2007. The 

females' fluctuations in the visceral fat index were 

generally irregular, with the lowest value of 1.17 ± 0.10 
observed in April 2008. On the other hand, the visceral fat 

of males decreased from 1.65 ± 0.11 in September to 1.42 

± 0.10 in December 2007, which reaching a peak of 2.69 ± 

0.15 in March 2008, and then dropped sharply till May 

2008, where the lowest value was observed at 1.23 ±. The 

visceral fat of males then increased steadily from June, 

reaching 1.82 ± in August 2008, with two major peaks 

observed in March and August 2008. Generally, males' 

monthly visceral fat index was higher than the females 

except for November 2007 and June 2008. 
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Sex ratio 

Table 1 shows the monthly sex ratio of O. niloticus; 

from a total of 657 Nile tilapia examined, 357 were males, 

and 300 were females, giving a sex ratio of 1:0.84 overall. 

Except for January, March, and June 2008, where the 

females outnumbered the males, the males generally were 

more in all the monthly samples. However, the sex ratios 

for the monthly samples of April, July, and August 2008 

differed significantly from the expected 1:1 in favor of the 

males. 

Fecundity 

The absolute fecundity from the Weija Reservoir of 94 

individuals of O. niloticus was observed. The fecundity 

ranged from 563 ova for fish weighing 108 g and 

measuring 15.6 cm TL to 1,542 ova for fish weighing 200 

g and measuring 21.5 cm TL. The mean fecundity of 

examined fish was 850.8 ± 13.2. Figure 8 presents the 

relationship between fecundity (F) and total length (TL), 

and the relationship between fecundity and body weight 

(BW) is presented in Figure 9. 

The equations describe the relationships: 

F= 12.36TL + 628.5 (r = 0.40) 

F= 0.519BW + 785.4 (r = 0.37) 
The correlation value was weak between fecundity and 

body weight (r = 0.38) and fecundity and total length (r = 

0.4). 

 
 

 

 
 
Figure 2. The monthly length-frequency distribution of O. niloticus caught in the Weija Reservoir, Ghana 
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Figure 3. The female and male O. niloticus length-frequency 
distribution caught in the Weija Reservoir, Ghana, from 
September 2007 to August 2008 (N=total number of fish) 
 
 

 
 

Figure 4. The overall O. niloticus length-frequency distribution 
caught in the Weija Reservoir from September 2007 to August 
2008 (N= number of fish) 

 
 

Figure 5. Length-weight regression of the O. niloticus population 
in the Weija Reservoir, Ghana, from September 2007 to August 
2008 
 
 

 
 
Figure 6. The fluctuations of O. niloticus  Condition Factor (K) in 
the Weija Reservoir, Ghana (vertical bars = standard error) 
 
 

Length at first maturity (L50) 

Figure 10 is presented the fitted logistic curves for 

length at first maturity of both male and female O. niloticus 

in the Weija Reservoir. The majority of the fish obtained 

were sexually mature. The fish attains maturity beyond 

10.00 cm TL. Females larger than 13.49 cm TL have a 50% 

and more chance of being sexually mature. Males with a 

size greater than 16.33 cm TL also have a more than 50% 

chance of being sexually mature. 

Fish of a total length greater than 18.00 cm are expected 

to be fully matured. Males mature larger (L50 = 16.33 cm) 

than females (L50 = 13.49 cm). 

Fluctuations in ripe gonad representation 

Figure 11 is presented the monthly occurrence of ripe 

gonads in the samples. The percentage of ripe testes ranged 

between 7% and 100%, and that of the ovaries was 

between 15% and 53%. The percentage of O. niloticus ripe 

testes peaks occurred in September 2007, February, and 

July 2008, while ovaries occurred in September 2007 and 

March 2008. The lowest value for the percentage of ripe 

ovaries occurred in June 2008, and the testes were recorded 

in November 2007. 

Figure 12 represents the relationship between monthly 

variation in ripe gonads representation and some 
hydrographic factors (dissolved oxygen, temperature, and 

total alkalinity) of the Weija Reservoir. The water's 

dissolved oxygen concentration decreased from 11.2 mg/L 
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in September 2007 to 7.8 mg/L in January 2008, then 

increased to 9.7 mg/L in March, and finally decreased to 

6.6 mg/L in June 2008. The oxygen content after that 

increased steadily to 7.6 mg/L in August. From September 

to October 2007, the water temperature remained at 27.5ºC, 

then increased to 29ºC in November and dropped to 26.7ºC 

in January 2008. in February 2008, a sharp increase in the 

water temperature was observed, reaching the highest value 

of 30.5ºC, then this value dropped sharply to a minimum of 

23ºC the following month. The water temperature again 
increased steadily to 27.8ºC in June and then declined 

slightly to 26.8ºC in August.  

In October 2007, the minimal total alkalinity value of 

98 mg/L was recorded, then increased through November, 

December 2007, and January 2008, and a maximum of 128 

mg/L was reached in February. There was a slight drop in 

the water's total alkalinity in March and April 2008, 

followed by a sharp drop to a value of 100 mg/L in May. 

The value increased sharply through June and July until 

115 mg/L was reached in August 2007. The periods of 

marked changes in the hydrographic factors (dissolved 
oxygen, temperature, and total alkalinity) in the reservoir 

arrived to coincide with the month of the highest ripe 

ovaries for O. niloticus (Figure 12). The highest percentage 

of ripe testes was recorded in February 2008; however, it 

seemed to be a phase ahead of the months with the marked 

changes in hydrographic factors. 

Fluctuations in the Gonado-Somatic Index (GSI) 

The male and female O. niloticus monthly variations of 

the GSI in the Weija Reservoir are presented in Figure 13. 

The GSI for females was generally higher than that of 

males due to heavier ovaries than the testes. In females, 
GSI values dropped from 2.60 in September to 1.73 in 

December 2007, after which it increased marginally from 

January to February 2008, then on March 2008 with a 

sharp increase in GSI to a peak of 3.63, and generally 

remained low for the rest of the study period except a sharp 

decrease followed that in April (2.07). On the other hand, 

the GSI values for males increased from 0.29 in September 

to 0.39 in November 2007, followed by a drop to 0.25 in 

December 2007. Generally, GSI increased from January, 

reaching a peak of 0.69 in March 2008, followed by 

another drop to 0.43 in April 2008. 

The maximum GSI value for males was 0.78, observed 

in June 2008. However, the GSI of both males and females 

declined from October to December 2007. Then the GSI 

increased from January to March 2008, with the major 

peaks observed for both sexes. The trend followed a sharp 

decline the following month, then decreased gradually 
during the remaining months. 

Figure 14 shows the relationship between some 

hydrographic factors of the Weija Reservoir and monthly 

variation in the gonado-somatic index (GSI). The periods 

of marked changes in the hydrographic factors (dissolved 

oxygen, temperature, and total alkalinity) observed in 

March 2008 also seem to coincide with the month with the 

highest GSI values for male and female O. niloticus in the 

reservoir. 
 
 

 
 
Figure 7. The fluctuations in the visceral fat index of O. niloticus 

in the Weija Reservoir, Ghana (vertical bars = standard error) 

 

 
Table 1. Sex ratio of Oreochromis niloticus in the Weija Reservoir, Ghana 
 

Year Month Males Females Sex ratio ♂:♀ χ2 p (0.05) 

2007 Sep 25 18 1:0.7 1.14 NS 
2007 Oct 27 25 1:0.9 0.077 NS 
2007 Nov 30 30 1:1 0.0 NS 
2007 Dec 33 30 1:0.9 0.78 NS 
2008 Jan 28 30 1:1.07 0.31 NS 
2008 Feb 22 22 1:1 0.0 NS 
2008 Mar 16 32 1:2 5.33 S 

2008 Apr 26 18 1:0.7 1.45 NS 
2008 May 30 19 1:0.6 2.47 NS 
2008 Jun 24 39 1:1.6 3.57 NS 
2008 Jul 52 15 1:0.3 20.43 S 
2008 Aug 44 22 1:0.05 7.33 S 

 Total 357 300 1:0.84 4.95 S 

Note: S = Significant; NS = Not significant. A Chi-square test was examined to indicate that the overall difference from the 1:1 ratio 

was significant (P < 0.05) and in favor of the males (χ2 = 4.95) 
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Ovum diameter frequency distribution 

Figure 15 illustrates the frequency distributions of the 

ovum diameter of four ripe ovaries of O. niloticus. for fish 

between 14.4 and 21.0 cm TL, the ovum diameter ranged 

between 1.2 and 3.1 mm. Two distinct peaks were observed 

in each ovary studied, not completely separated from each 

other. The modal sizes were: 1.4 mm and 2.0 mm for fish 

of a total length of 15.4 cm, 1.6 mm and 2.2 mm for fish of 

a total length of 16.8 cm, 1.6 mm and 2.2 mm for fish of a 

total length of 14.6 cm and 1.8 mm and 2.4 mm for fish of 
total length of 21.0 cm. The batches of ova to be spawned 

are represented by the peak of the modal sizes 

 
 

 
 
Figure 8. The relationship between fecundity and total length of 
O. noliticus in the Weija Reservoir, Ghana 
 
 

 
 

Figure 9. The relationship between fecundity and body weight of 
O. niloticus in the Weija Reservoir, Ghana 
 
 

 
 

 
 
Figure 10. The length at first maturity (L50) of (a) female and (b) 
male O. niloticus in the Weija Reservoir, Ghana (L50 = 13.49 cm 
and 16.33 cm for females and males respectively) 

 
 
 

 
 

Figure 11. Monthly fluctuations in ripe gonads of O. niloticus in 
the Weija Reservoir, Ghana 
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Figure 12. The relation between O. niloticus fluctuations in the 
ripe gonads of and some hydrographic factors (From: 
GWCL/AVRL-Weija, 2008) of the Weija Reservoir, Ghana 
(vertical bars = standard error) 

 

 

 
 
Figure 13. The fluctuations in the Gonado-Somatic Index (GSI) 
of female and male O. niloticus in the Weija Reservoir, Ghana 
(vertical bars = standard error) 

 
 

 
 
Figure 14. The relation between O. niloticus fluctuations in the 
gonado-somatic index (GSI) of females and males and some 

hydrographic factors (From GWCL/AVRL-Weija 2008) of the 
Weija Reservoir, Ghana (vertical bars = standard error) 

 

 

 
 

Figure 15. The frequency distribution of O. niloticus ovum 
diameter of four ripe ovaries in the Weija Reservoir, Ghana (N = 
total number of ova) 
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Discussion 

The range of sizes of O. niloticus from the Weija 

Reservoir was observed at 7.0 to 33.3 cm TL, and this 

observation could be because of the fishermen's fishing 

method and the gear they used. Bwanika et al. (2004) 

reported size ranges of 4.9 to 29.5 cm and 5.0 to 26.0 cm 

TL of O. niloticus in Lake Nyamusingiri and Lake 

Nyamusingiri, respectively, in Uganda. The present study's 

wider size range may be because of better water 

environmental conditions and genetic factors, allowing the 
Weija population to grow relatively larger than those in the 

Ugandan lakes. 

The O. niloticus length-weight relationship was 

exponential, as described by the relation BW = 

0.0317SL3.0932 for the length-weight relationship of O. 

niloticus in the Weija Reservoir. That is a common 

phenomenon in fisheries (Pauly, 1993; King, 1996; 

Kariman and Hanan, 2008). The relationship on the 

curvilinear between the length and weight of the species is 

common among fishes (King 1996). the regression 

coefficient is 3.0 for an ideal fish that shows isometric 
growth. (Allen 1978; Bagenal and Tesch 1978; Dalzell 

1987), and allometric growth exhibited in populations in 

which the exponent differs significantly from 3.0. 

Similarly, Olurin and Aderibigbe (2006) have been 

reported for pond-reared juvenile O. niloticus in Nigeria 

with a regression coefficient of 3.09, indicating isometric 

growth in the species. Njiru et al. (2006) observed positive 

allometric growth in both males and females of the species 

in Lake Victoria, Kenya. Their regression coefficient 

reported for the length-weight relationship was 3.22 and 

3.32 for females and males, respectively. Barnes (2007) 
also reported fish ponds in the Sunyani district of Ghana to 

have negative allometric growth of reared Nile tilapia. The 

variation in the exponent of length-weight relationships 

within the same species could be due to different stages in 

the ontogenetic development, sex differences, and the 

differences in a geographical location with the associated 

environmental conditions. (Tudorancea et al. 1988; 

Kraljevic et al. 1996). 

Furthermore, the condition factor studies describe a 

fish's health and general well-being as related to its 

environment; it represents how plumpy or healthy the 

fishes are (Reynold 1968). in the Weija Reservoir, the 
males of the O. niloticus population investigated were 

generally heavier than the females. However, some 

researchers have also reported the same similarity (Stone 

1980; Behrends 1983; Eknath et al. 1993; Bentsen et al. 

1998). Therefore, as suggested by Pagan (1970) and Tave 

(1980) in the present study, the difference in the growth of 

the sexes could be attributed to genetic differences between 

the males and the females observed. Therefore, the 

observed increase in the condition of Nile tilapia could be 

attributed to the development of gonad materials just before 

the breeding seasons. Moreover, the present study also 
exposes that the periods of better condition in the fish 

(October 2007 and February 2008) corresponded with 

months with reduced reproductive activities (see Figure 6). 

Lowe-McConnell (1958) also observed the similarity trend 

in O. niloticus in Lake Turkana, as did Moriarty and 

Moriarty (1973) in Lake George. 

The high condition observed on factor value for males 

in October 2007 might be due to larger matured fish 

moving into the deeper part of the water after spawning 

from their spawning arena in the shallow areas, where the 

fishermen's net easily catches them spawning to avoid 

competition for food. The changing conditions of fishes 

could be used to interpret various biological features such 

as fatness, reproductive activities, food availability, and 
environmental health (Le Cren 1951; Dadzie et al. 2000). 

Studies on visceral fish fat have also been used to 

explain the well-being of the fish (El-Sayed and Teshima 

1991; Hanley 1991; Webster and Lim 2002). Most fish 

accumulate fat around the visceral organs during reduced 

reproductive activities and periods of intense feeding 

(Kwei 1966; Welcomme 1967). The main function of this 

fat is to store high-energy molecules, which could be 

utilized during periods of less-feeding activities as they 

channel their energy into parental care activities and 

spawning. Fat is digested and serves as a much better 
source of energy for protein sparing and metabolized with 

greater relative ease than carbohydrates (Welcomme 1967; 

El-Sayed 2006). During long periods, fat also provides 

energy for immediate physiological needs with higher 

energetic demands. In O. niloticus, the excess lipid is 

deposited mainly as visceral fat during months when there 

is a high food intake (Welcomme 1967; El-Sayed 2006; 

Njiru et al. 2006). The species can utilize lipid reserves for 

energy needs, especially in the females who fast when 

orally brooding their eggs and young ones (Love 1957). 

That is evident in the graph of the female fat index (see 
Figure 7), having several peaks in November 2007, 

January, March, June, and August 2008, while males have 

three peaks in September 2007, March, and August 2008. 

In March 2008, the highest value of 2.69 for males 

observed may be due to increased feeding. In April 2008, 

the sharp drop in visceral fat could be attributed to the 

protracted reproductive activities during the major breeding 

season in March 2008. Males were observed to have more 

visceral fat than females since they diverted less energy 

into reproductive activities (Welcomme 1967; El-Sayed 

2006; Njiru et al. 2006). That is in agreement with the 

present study (see Figure 7), which probably could be a 
linkage between fat accumulation and spawning. That 

could be seen in the monthly fluctuation in the visceral fat 

index and GSI of the females, with peaks of these graphs 

coinciding in September 2007, January, and March 2008. 

Reproductive activities probably cause the fluctuation as 

the fish accumulate fat and become 'lean' after spawning 

because the females eat very little or no food when they are 

mouth-brooding their eggs and young and therefore utilize 

their fat reserves. During these periods, the increase in 

visceral fat after spawning indicates intense feeding. 

The observed overall sex ratio in favor of males of 
1:0.84 for the O. niloticus population caught in the Weija 

Reservoir during the study period was significantly 

different from the expected 1:1 (see Table 1), which 

indicates that males than females were relatively higher in 

number. Njiru et al. (2006) presented a similar observation 
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for the species in Lake Victoria. However, other 

researchers (Gómez-Márquez et al. 2003; Peña-Mendoza et 

al. 2005) revealed contradictory observations where 

females were more in the populations. Fishery workers 

such as Barioller et al. (1995) associated the occurrence of 

unbalanced sex ratios with environmental influences such 

as temperature. The sex ratio variation may be because of 

the maternal brooding characteristic of the species. That is 

because once the fertilization of the eggs is completed, 

males, possibly due to differential sexual migration, leave 
the spawning areas for the feeding grounds located in the 

shallow part of the lake, where they are captured. At the 

same time, females go into submerged vegetation and 

rocky areas to carry out the oral brooding and protection of 

offspring and to avoid predators (including fishermen) 

(Peña-Mendoza et al. 2005; Offem et al. 2007). The 

movement of spawning O. niloticus from foraging to 

breeding grounds was also reported by Lowe-McConnel 

(1958) and Rinne and Wanjala (1982). During this time and 

fishing operations, differential migration of sexes could 

occur, resulting in more males than females being caught. 
Balirwa (1998) also observed that different habitats might 

favor one sex over the other.  

In the present study, the cause of the skewed sex ratio 

in favor of the males might be genetic factors because the 

species shows differential growth between the sexes. That 

is supported by the observation of Fryer and Iles (1972) 

that, in African lakes, it is common for males to dominate 

because they generally exhibit faster growth than females 

causing the selection of males against the smaller females, 

which means that they obtain the size at which they are 

caught more quickly. In the present study, males grow to a 
relatively larger size as represented by the length at first 

maturity and length-frequency distribution of female and 

male O. niloticus (L50 = 13.49 cm for females and 16.33 cm 

for males, respectively, and modal class length TL= 16.0-

16.9 cm for females and 19.0-19.9 cm for males, 

respectively). Furthermore, to some extent, the influence of 

environmental factors cannot be completely set aside. In 

the major breeding season on March 2008 observed that 

females dominated in the monthly sample, which could be 

because of bias method of fishing employed by the 

fishermen as they made their catches or set their nets near 

the breeding grounds in the submerged vegetation and 
rocky areas targeting the females carrying out oral 

brooding of their fertilized eggs or fry, that is less actively. 

Studies on the fish's total number of ripe ova in the 

ovary (fecundity) are essential to estimate the reproductive 

potential of the species in the wild. In the present study, the 

fecundity of O. niloticus ranged between 563 to 1,542 ova 

for fish with a body weight of 108 g to 200 g and a total 

length of 15.6 cm to 21.5 cm. This fecundity is low 

compared to that reported elsewhere. Lowe-McConnel 

(1955) reported on the fecundity of the species, ranging 

from 340 to 3,706 eggs in various East African river 
waters. The fecundity in the range of 864 to 6,316, with an 

average of 2,141 eggs in the species in the Nyanza gulf of 

Lake Victoria, Kenya, was also reported by Lung'ayia 

(1992) (see Appendix 5). The dissimilar reports made by 

some researchers that there is a strong correlation between 

fecundity and body weight and fecundity and the total 

length (Lowe-McConnel 1955; Lung'ayi, 1994; Njiru et al. 

2006; Kariman and Hanan 2008), the present study showed 

weak correlations between fecundity and body weight (r = 

0.38), and fecundity and length (r = 0.40). That could be 

because the size range observed in the present study is 

smaller than those reported by other researchers (see 

Appendix 5). Njiru et al. (2006) observed a decreasing 

trend in the fecundity of Lake Victoria of O. niloticus due 

to overfishing. The higher fecundity could probably be 
attained if the population in the Weija Reservoir could 

grow larger by reducing the fishing pressure on the species. 

The length at first maturity (L50) of the fish population 

is a function of their size (Siddiqui et al. 1997; Mehanna 

2007). That may be influenced by environmental factors 

such as abundance and seasonal food availability, 

predation, temperature (especially in temperate regions), 

photoperiods, and the locality. Siddiqui et al. (1997) stated 

that fish size is influenced by the feeding level, which 

affects their growth. Moreover, at first maturity (L50), the 

length is also an essential management parameter that can 
be used to monitor whether enough juveniles in an 

exploited population mature and spawn (Mehanna 2007). 

In this study, the estimated L50 for female and male O. 

niloticus was 13.49 cm and 16.33, respectively. The male 

growth superiority might be because of genetic factors. 

Fryer and Iles (1972) stated that genetic factors give males 

a competitive advantage enabling them to have higher 

survival rates and larger sizes at sexual maturity. The L50 

values for Coatetelco Lake in Mexico population seemed to 

be relatively lower than those of the Weija, where the 

length at maturity was 11.7 cm for females and 12.0 cm for 
males, respectively (Gómez-Márquez et al. 2003) and 

Bontanga reservoir (near Tamale in Ghana’s Northern 

region) with an L50 value of 9.1 cm for both females and 

males (Kwarfo-Apegyah 2010). That is because 

environmental factors such as the Weija and hydrographic 

factors of the species in the Weija Reservoir are better than 

those of the Bontanga reservoir and Coatetelco Lake, 

where the species are stressed. Payne and Collinson (1983), 

however, studied the O. niloticus population in Lake 

Manzalah, Egypt, and examined L50 values of 16.3 cm for 

females and 17.4 cm for males, respectively, with the 

higher L50 values than those of the present study. 
According to Ofori-Danson (1999), the population of 

species in the Yeji area (Stratum VII) of the Volta Lake, 

Ghana, examined an L50 value of 19.73 cm SL. Ochumba 

and Manyala (1992) observed the O. niloticus population in 

the Sondumiru River, Kenya, even had higher L50 values of 

31.5 and 27.5 cm for females and males. According to 

Balirwa (1998), Lake Kyoga also had L50 values of 26.0 cm 

and 23.0 cm for females and males, respectively, which 

follows with Eknath et al. (1993) they reported on wild 

strains of O. niloticus from Egypt and East Africa grew 

better than those from West Africa (Senegal and Ghana). 
On Lake Manzalah and Lake Coatetelco, the females O. 

niloticus in Lake Victoria appear to become sexually 

mature at a relatively larger size than the males, contrary to 

what has been observed in the Weija reservoir (Table 2).  
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Table 2. The maturity length of some populations of O. niloticus 
 

Waterbody Location 
L50 of females 

(cm) 
L50 of males (cm) Source 

Weija Reservoir Ghana 13.49 16.33 Present study 
Volta Lake at Stratum VII (the Yeji sector) Ghana 19.73 Ofori-Danson (1999) 
Bontanga reservoir (near Tamale) Ghana 9.1 Kwarfo- Apegyah (2010) 
Lake Coatetelco Mexico 11.7 12.0 Gómez- Márquez et al. (2003) 

Lake Manzalah Egypt 16.3 17.4 Payne and Collinson (1983) 
Lake Kyoga Uganda 26.0 23.0 Balirwa (1998) 
River Sondumiru Kenya 27.5 31.5 Ochumba and Manyala (1992) 

 

 

 

This observation can explain no specific reason, and the 

major contributing factors are probably genetic causes and 
better environmental conditions. The relatively small 

maturation sizes of O. niloticus in Bontanga reservoir and 

Coatetelco Lake, than those in Weija, Lake Kyoga, 

Sondumiru River, and Manzalah, may be indicating a 

relatively higher level of stunting of the population in 

Bontanga reservoir and Lake Coatetelco. The phenomenon 

of 'dwarfing' or 'stunting' in the tilapia population is well 

known and is one of the major problems in tilapia culture 

(Fryer and Iles 1969; Lorenzen 2000). Smaller size at 

maturity may serve as a strategy to maximize reproduction 

in a topographically restricted habitat, a response to 
intensive fishing, a response to a high level of competition, 

or unfavorable environmental conditions such as pollution. 

This observation follows the findings from Lowe-

McConnell (1982) in several East African river waters. She 

suggested that O. niloticus will breed when younger and 

smaller in small water bodies such as crater lagoons, ponds, 

and lakes with stressful conditions and delayed maturation 

when inhabiting large lakes. 

Analysis of fluctuations in percentage mature gonads 

revealed that peaks of percentage mature testes (see Figure 

11) appeared to be a phase ahead of that of GSI. In 

contrast, that of mature ova coincided with GSI. Following 
the observations by El-Sayed (2006), Welcomme (1985), 

and Trewevas (1983), this is a strategy in Tilapia of the 

genera Oreochromis to get the males to increase the 

success of fertilization and get ready for spawning. 

GSI is the percentage ratio of the gonad and body 

weight, and fish with ripe ovaries have higher GSI values. 

Therefore, the spawning activities of the fish are indicated 

by the fluctuation of GSI values; during major spawning 

periods, the value is high, and after spawning, the low 

values occur. Moreover, because the gonads of the females 

are generally heavier than the males, the GSI value for the 
females is higher than that of the males. In the present 

study, an indication of breeding throughout the years 

shown by the female O. niloticus population exhibited 

peaks in September 2007 and January, May, and July 2008. 

While for the females, the major reproductive activities of 

the males occurred from March to April 2008. 

From the hydrographic factors of the water data 

obtained from GWCL/AVRL at Weija, based on analysis 

of GSI and occurrence in ripe gonads, it appeared the major 

spawning period of the O. niloticus population coincided 

with months with lower water temperature (below 24°C), 

dissolved oxygen and increasing concentrations of total 

alkalinity, which possibly corresponds to the major rainy 
period (see Figs. 12 & 14). This finding agrees that most 

wild cichlids respond to changes in these hydrographic 

factors, which serve as indicators that trigger their 

reproductive activities (Welcomme 1985; El-Sayed 2006). 

From this study, the O. niloticus population in the Weija 

Reservoir appears to synchronize their major breeding 

season with periods of favorable environmental conditions 

for rearing their young juveniles. 

The fish species' frequency distribution of ovum 

diameter can be used to predict the spawning frequency of 

the fish. The female ovaries contain oocytes of different 
developmental stages in multiple-spawning fish species. 

While fish's oocyte distribution with short and definite 

spawning periods exhibits distinct ovum sizes, those of 

intermittent spawners do not show any distinct modes 

(Hickling and Rutenberg 1936). In the current study, the 

distribution shows two peaks that are not completely 

separated (Figure 14), indicating that O. niloticus in the 

Weija Reservoir might exhibit protracted spawning, which 

was possibly shedding the eggs in batches. Moreover, if 

suitable ambient environmental conditions are attained, the 

O niloticus can spawn several times a year (Welcomme 

1985; El-Sayed 2006). Blay (1981) examined Sarotherodon 
galilaeus, a species-related tilapia, in restricted spawning 

activity in a small concrete pond. Therefore, the ability to 

spawn more than once may be a strategy to reduce the risk 

of wiping out a reproductive run in a season. Welcomme 

(1967) also reported the range of ova diameters within the 

range of 1.2 mm to 3.1 mm. Residual eggs that progress 

into atresia in post-spawned ovaries of the species have 

been reported (Babiker and Ibrahim 1979; El-Sayed 2006). 

After spawning, the tilapia ovaries regenerate immediately 

and rapidly and are recruited in as little as one week 

(Coward and Bromage, 2000). 
In conclusion, the length-weight relationship for O. 

niloticus in the Weija Reservoir is described by the relation 

BW = 0.0317 SL3.0932 which shows that the Nile tilapia 

population in the Weija Reservoir is growing isometrically 

(r = 3.09). Examinations on the condition factor show that, 

generally, the males are plumpier than the females. The 

fish obtain their best condition in the months with reduced 

reproductive activities in February and October. 

The Chi-square test result revealed that males of the 

Nile tilapia population in the Weija Reservoir significantly 

outnumber the females with a sex ratio of 1: 0.84 (P < 
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0.05). The GSI result and gonadal stages show that the 

species spawned around the year, and March was the major 

breeding period. In addition, the frequency distribution of 

ovum diameter exhibits protracted spawning shedding eggs 

in batches showing on the females O. niloticus. There is 

also a link between fat accumulation and spawning in 

females. The fish build up fat reserves before spawning and 

become lean. Moreover, because males divert less energy 

into reproductive activities, they have more visceral fat 

than females. The fish’s major breeding period also 
coincided with total alkalinity concentrations of the 

reservoir, water temperature slightly below 24ºC, and 

increased dissolved oxygen. 

The fish attains maturity beyond 10.00 cm TL. Fish of a 

total length greater than 18.00 cm are expected to be fully 

matured. Females mature at a shorter size (L50 = 13.49 cm) 

than males (L50= 16.33 cm). In the Weija Reservoir, the 

fecundity of O. niloticus ranged between 563 to 1,542 eggs, 

corresponding to the fish's total length of 15.6-21.5 cm and 

weight of 108-200 g. There is a weak correlation between 

fecundity and body weight (r = 0.38) and fecundity and 
total length (r = 0.40). 
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