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Abstract. Harefa MS, Nasution Z, Mulya MB, Maksum A. 2022. Mangrove species diversity and carbon stock in silvofishery ponds in 

Deli Serdang District, North Sumatra, Indonesia. Biodiversitas 23: 655-662. Mangrove-based silvofishery ponds are promoted as a win-

win solution for biodiversity conservation, climate change mitigation as well as income generation for coastal communities. This study 

aimed to analyze the species diversity and carbon stock of mangrove vegetation in silvofishery ponds in Tanjung Rejo Village, Percut 

Seituan Sub-district, Deli Serdang District, North Sumatra, Indonesia. Data of the mangrove species were obtained using vegetation 

analysis, and the potential carbon stock was estimated based on allometric equations of both above- and below-ground tree biomass. For 

this purpose, plot samples from 22 silvofishery ponds were taken by establishing 5 aligned circular plots, each with a radius of 5.64 m, 

perpendicular to the coastline and with a distance of 15 meters between their perimeters. The results show that the mangrove species 

with the highest Importance Value Index (IVI) was Rhizophora apiculata (122.05%), followed by Excoecaria agallocha (42.29%) and 

Avicennia marina (36.84%), and the lowest IVI was Sonneratia caseolaris (1.48%). Higher IVI values indicate a larger carbon deposit 

from mangrove vegetation in silvofishery ponds. Our results indicate that mangrove area coverage of 44-80% per hectare in silvofishery 

ponds can deposit 40-50 tonnes of carbon per hectare and have greater potential carbon stock compared to coverage below 40%. The 

mangrove management activities with the sylvofishery scheme have a good impact on the community's economy and also maintain the 

existence of mangroves as carbon storage. 
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INTRODUCTION 

Mangroves are dicotyledonous woody shrubs or trees 

that are almost predominately found in the tropics. They 

commonly form a dense intertidal forest that dominates 

muddy intertidal shores, with patches or bands that are 

almost entirely monospecific (Hogarth 2015). The 

existence of the mangrove ecosystem is crucial because it 

provides a variety of ecosystem services along the coastline 

(Alongi et al. 2016). Mangrove forests serve as a protective 

line against erosion and abrasion, wind and wave breakers, 

and seawater intrusion. They are also an important habitat 

for various types of fauna and ideal places for various types 

of fish, shrimp, crabs, and other marine biotas to forage, 

spawn, and breed. Mangrove forests absorb CO2 and 

produce O2 at a relatively high rate compared to other 

forest types (Hossain and Nuruddin 2016). In addition, 

mangroves have high adaptability when combined with an 

anaerobic environment and conditions (Oddsson 2020), 

resulting in significant long carbon storage potential 

(Murdiyarso et al. 2015).  

Mangrove forests are continuously disturbed as a 

consequence of human and environmental impacts, as is 

well known. These disturbances such as land cover change 

will increase their vulnerability to climate change impacts 

such as the sea-level rise and ecosystem degradation 

(Akbar et al. 2017). The loss of mangrove forest cover also 

reduces forest biomass, emitting carbon into the 

atmosphere (Eid and Shaltout 2016; Perez et al. 2018). 

However, the extent of mangrove ecosystems, which are 

critical for providing local environmental services as well 

as global climate change mitigation, is declining at an 

alarming rate every year (Barbier 2012; Wiwatthanapornchai 

et al. 2014).  

Various mangrove management schemes such as 

rehabilitation, a silvofishery system, social forestry and 

land subject to agrarian reform or land reform (TORA) 

have been implemented on the Indonesian island of Java, 

Sumatra and other islands (Musa et al. 2020). Silvofishery 

is one of the most widespread land-use systems in 

mangrove areas in Indonesia (Hastuti and Budihastuti 

2016). In general, silvofishery is an aquaculture activity by 

integrating ponds with mangrove trees to generate 

economic benefits while also ensuring environmental 

sustainability (Sari et al. 2014). In silvofishery, mangroves 

can absorb organic matter from anthropogenic activities, 

improving the quality of pond water (De-León-Herrera et 

al. 2015). Many studies have found that mangrove trees can 

absorb these materials (Barraza et al. 2013; Dauda et al. 

2019; De-León-Herrera et al. 2015). Microbial activity in 
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mangrove sediments also plays an important role in the 

removal of organic matter and nutrients from wastewater 

(Ouyang and Guo 2016; Tian et al. 2018).  

Silvofishery, also known as intercropping ponds, is 

perfectly suited with social forestry policy in Indonesia, 

especially in densely populated mangrove forests and is 

similar to the agroforestry system promoted in terrestrial 

areas. According to the Decree of the Minister of Fisheries 

and Marine Affairs No. 28 of 2004, the silvofishery model 

is defined as the use of mangrove vegetation in aquaculture 

activities without disturbing the sustainability of the 

mangroves by constructing ponds as much as possible to 

avoid damage or elimination of the natural functioning of 

mangrove forests. The use of mangroves in silvofishery can 

benefit coastal communities' economies and environmental 

services (Suwarto et al. 2015). Essentially, silvofishery-

based pond management employs water as the primary 

medium for fish cultivation and fish-catching activities, 

which is supported by mangrove vegetation in the ponds 

(Harefa et al. 2019). In addition, the mangrove ecosystem 

also has a dual function as a habitat for aquatic and 

terrestrial biota (Serosero et al. 2020).  

The wide variety of environmental services provided by 

mangroves is expected to support aquaculture activities. 

The physical, chemical, and biological properties of 

mangrove forests are expected to benefit pond businesses 

while also raising public awareness about the importance of 

mangroves. Mangroves play a physical role in sediment 

capture (Gunawan et al. 2011), reducing the pollutant 

entering the pond and absorbing nutrients as well as the 

organic matter that benefit the cultured fish (Mandari et al. 

2016). When allowed to grow along the pond, mangroves 

might serve as spawning grounds, nursery grounds, and 

feeding grounds for a variety of aquatic biota (Kaiser et al. 

2015; Widyastuti et al. 2018).  

The destruction of mangrove forests clearly affects 

aquaculture activities. For example, the 2004 earthquake 

and tsunami resulted in damages to many ponds in Tanjung 

Rejo Village, Deli Serdang District, North Sumatra, 

Indonesia. Prior to the 2004 tsunami, pond management 

was mostly intensive with no or limited mangrove forest 

cover. Currently, the village applies the silvofishery 

system, thus it is critical to understand the current state of 

mangroves and their carbon potential. The purpose of this 

research is to determine the species diversity and potential 

carbon stocks in silvofishery ponds in Tanjung Rejo Village, 

Percut Sei Tuan Sub-district, Deli Serdang District. The 

diversity and biomass data obtained in this study will serve 

as a reference regarding environmental services delivered 

from sustainable silvofishery management. 

MATERIALS AND METHODS 

Research area 

The study was carried out in 22 silvofishery ponds 

located in Tanjung Rejo Village, Percut Sei Tuan Sub-

district, Deli Serdang District, North Sumatra Province, 

Indonesia (Figure 1). This village was chosen as it was the 

only location applying a silvofishery system in Deli Serdang 

District. Tanjung Rejo Village is made up of 13 hamlets, 

including 10 hamlets with dominant land uses of irrigated 

rice fields and 3 hamlets of the hermitage area, ponds, and 

rainfed rice fields. The air temperature in Deli Serdang 

District ranges between 250 and 270 C, with an annual 

rainfall of 2,400 mm/year. Tanjung Rejo Village has a 

relatively flat topography and is generally classified as a 

lowland area with an elevation of 0-10 meters above sea 

level.

 

 

 

 
 

Figure 1. Map of research location in Tanjung Rejo Village, Percut Sei Tuan Sub-district, Deli Serdang District, North Sumatra 

Province, Indonesia 
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Quantitative research was conducted in silvofishery 

community ponds. Non-probability convenience sampling 

was used to select the 22 ponds for study. The selected 

silvofishery ponds included milkfish aquaculture and crab-

rearing ponds, as well as non-cultivated fish and shrimp 

ponds. Each pond had a water gate with growing 

mangroves, and the water discharge was influenced by 

tides. The characteristics of the ponds in this study were 

consistent with the size of the ponds and the extent of 

mangrove areas in the larger research area, which had no 

numerical or percentage similarities. The mangrove areas 

of the 22 ponds varied from 1.15 to 12.4 ha, accounting for 

0.26-6.33% of the pond area. Table 1 shows that the 

silvofishery ponds also had varying percentages of 

mangroves coverage, ranging from 14.21% to 81.05%. 

Research methods 

The sources of the data were mangrove vegetation in 

silvofishery ponds and data collected were as follow: (i) 

Mangrove species identification through observation and 

the involvement of local farmers and experts; (ii) 

measurements of mangrove diameters to obtain biomass for 

determining carbon stocks; and (iii) number of individuals 

to calculate mangrove density, frequency, dominance, and 

index of importance at the observation site. Mangrove 

vegetation was observed in plots, and measurements were 

carried out in sample ponds using the method developed 

for mangrove forests (Donato et al. 2011) (Figure 2). In 

total, 5 measurement plots were created in a circular 

pattern, each with a radius of 5.64 m, aligned 15 meters 

from each other and perpendicular to the coastline. The 

area of one plot of measurement was 99.85 m2, or the 

rough equivalent of 100 m2. 

Data analysis 

Vegetation analysis was conducted in accordance with 

Soerianegara and Indrawan (1998), which involved 

calculating the relative values of density (RD), frequency 

(RF), basal area (RBA), and Importance Value Index (IVI). 

The estimation of above-ground carbon stock was 

determined using the allometric equations of tree biomass 

above ground (Table 2). 

To estimate the below-ground tree biomass, this study 

used the formula developed by Komiyama et al. (2008): 

 

BBT= 0,199* ρ0.899*(D) 2,22 

 

Note: 

BBT  : Below-ground tree biomass (kg) 

D  : Diameter at breast height (cm) 

ρ  : Specific gravity of wood 
 

Furthermore, carbon was estimated as 46% of the 

above-ground tree biomass (Kauffman et al. 2012). To 

calculate the carbon stock in the pond, the carbon stock per 

hectare in the sample plot was multiplied by the pond area: 

 

 
 

 

 

Table 1. Characteristics of ponds based on the mangrove coverage in Tanjung Rejo Village, Percut Sei Tuan Sub-district, Deli Serdang 

District, North Sumatra Province, Indonesia 

 

Pond number 
Coordinates Pond area 

(ha) 

Mangrove 

area (ha) 

Pond area 

(ha) 

Mangrove 

cover (%) 

Pond 

surface (%) Longitude Latitude 

1 98°43'13.30"E 3°44'34.10"N 7.81 6.33 1.48 81.05 18.95 

2 98°43'58.66"E 3°45'60.13"N 2.43 1.95 0.48 80.25 19.75 

3 98°44'00.37"E 3°45'22.44"N 1.9 1.49 0.41 78.42 21.58 

4 98°44'60.12"E 3°45'12.70"N 2.4 1.87 0.53 77.92 22.08 

5 98°43'33.01"E 3°44'51.76"N 4.1 2.72 1.38 66.34 33.66 

6 98°43'18.62"E 3°44'57.67"N 4.64 3.05 1.59 65.73 34.27 

7 98°43'43.81"E 3°44'43.88"N 6.1 3.22 2.88 52.79 47.21 

8 98°43'59.18"E 3°45'80.11"N 1.15 0.56 0.59 48.70 51.30 

9 98°42'59.83"E 3°44'37.18"N 7.22 3.24 3.98 44.88 55.12 

10 98°43'32.90"E 3°44'46.79"N 4.72 2.11 2.61 44.70 55.30 

11 98°43'50.70"E 3°45'10.88"N 8.4 3.62 4.78 43.10 56.90 

12 98°43'56.60"E 3°45'20.10"N 1.62 0.66 0.96 40.74 59.26 

13 98°42'57.94"E 3°45'60.61"N 8.51 3.41 5.1 40.07 59.93 

14 98°44'10.08"E 3°45'12.92"N 2.19 0.82 1.37 37.44 62.56 

15 98°43'21.32"E 3°45'20.78"N 1.74 0.64 1.1 36.78 63.22 

16 98°42'56.97"E 3°45'16.62"N 12.4 3.5 8.9 28.23 71.77 

17 98°43'59.56"E 3°44'49.43"N 2.11 0.59 1.52 27.96 72.04 

18 98°43'56.13"E 3°44'46.86"N 0.98 0.26 0.72 26.53 73.47 

19 98°43'18.62"E 3°44'57.67"N 4.35 0.93 3.42 21.38 78.62 

20 98°43'59.55"E 3°45'10.98"N 1.36 0.26 1.1 19.12 80.88 

21 98°42'56.52"E 3°44'47.64"N 5.1 0.78 4.32 15.29 84.71 

22 98°43'50.24"E 3°44'50.24"N 3.87 0.55 3.32 14.21 85.79 
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Figure 2. Schematic plot for measuring mangrove vegetation in the pond 

 

 

Table 2. The allometric equation for calculating above-ground tree biomass 

 

Species BAT (kg) Reference 

Avicennia marina 0.1848D^2.3524 Dharmawan and Siregar, 2008 

Avicennia officinalis 0.1848D^2.3524 Siregar CA and IWS Dharmawan 2009 

Bruguiera cylindrica (0.0754D^2.505*p)+(0.0679D^1.4914) Kauffman and Cole, 2010 

Bruguiera gymnorhiza (0.0754D^2.505*p)+(0.0679D^1.4914) Kauffman and Cole, 2010 

Bruguiera sexangula (0.0754D^2.505*p)+(0.0679D^1.4914) Kauffman and Cole, 2010 

Excoecaria agallocha 0.251*p*D^2.46 Komiyama et al. 2005 

Lumnitzera racemosa 0.251*p*D^2.46 Komiyama et al. 2005 

Rhizophora apiculata 0.043D^2.63 Putz and Chan, 1986 

Rhizophora mucronata 0.043D^2.63 Putz and Chan, 1986 

Sonneratia alba 0.251*p*D^2.46 Komiyama et al. 2005 

Sonneratia caseolaris 0.251*p*D^2.46 Komiyama et al. 2005 

Xylocarpus granatum 0.1832D^2.21 Tarlan 2008 

Note: BAT: Above-ground tree biomass (kg); D: Diameter at breast height (cm); ρ: Specific gravity of wood 

 

 

RESULTS AND DISCUSSION 

Species diversity in Tanjung Rejo mangrove silvofishery 

ponds  

Human activity and the environment each play a 

significant role in the diversity of vegetation in the 

mangrove ecosystem (Alavaisha and Mangora 2016). The 

ability to adapt to environmental factors such as temperature, 

salinity, and pH influences the diversity of species in 

mangrove forests (FAO 1994). Human activities affecting 

land use also have an impact on mangrove diversity 

(Gillerot et al. 2018). The density of each type of mangrove 

varies. The physical condition of mangrove vegetation can 

reveal the density of an ecosystem. These conditions take 

the form of an environment, which can be identified using 

a variety of parameter values such as stem diameter, height, 

dominance, relative dominance, frequency, relative 

frequency, and canopy area (Prasetyo et al. 2017).  

A total of 12 mangrove species (Table 3) were found in 

the research area, of which 40.94% (957 trees) were 

Rhizophora apiculata and, with the least representation was 

Sonneratia caseolaris with only 0.05% (1 tree). 

Rhizophora apiculata is commonly planted by the 

community in the middle and at the edge of the pond 

because it is capable of producing a high growth of 

phytoplankton, which indirectly provides good nutrition for 

the fish. This is related to Kurniadi and Koeslulat (2020) 

observation on the island of Timor, Indonesia, that people 

are willing to plant mangroves if they feel there are 

benefits, especially in terms of economy. R. apiculata-

dominated ponds are more suitable for plankton growth and 

can provide more nutrients than other types of mangrove 

stands. Rhizophora roots do not impede pond development, 

and the leaves can be used as animal feed for cattle and 

goats (Basyuni et al. 2018). The presence of R. apiculata 

and A. marina in ponds is very suitable because they serve 

as a natural predator repellent as well as a source of natural 

food for fish growth through the decomposition process of 

leaves, twigs, and fruit litter, which results in the formation 

of detritus. Their suitability is consistent with the findings 

of Malik et al. (2019), who report that mangrove 

rehabilitation in Southeast Asian countries is primarily 

focused on planting one or two species, particularly 

Rhizophora or red mangroves. 

Based the analysis, Rhizophora apiculata had the 

highest IVI (122.05%), followed by Excoecaria agallocha 

(42.29%) and Avicennia marina (36.84%), while the lowest 

IVI was Sonneratia caseolaris (1.48%). Species with the 

highest IVI can be categorized as the most important 

species in the location (Noraimy et al. 2014). IVI can be 

used to determine each species' overall importance in the 

community structure (Ismail et al. 2017). The significance 
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of the dominance value indicates the vegetation's ability to 

compete with nutrients, groundwater, and soil water. 

Adequate nutrition encourages healthy shoot growth. Good 

shoot growth increases the species' ability to compete for 

light as the primary energy source, affecting the growth of 

all organs, including the growth of stems, leaves, and roots. 

The findings of this study are consistent with Ginting et al. 

(2016), who discovered that the fulfillment of ecological 

factors in habitat allows the species to grow well and 

dominate at every level of growth. Because R. apiculata 

and A. marina have habitats in high salinity areas, salinity 

influences their growth. Other mangrove vegetation, by 

contrast, is mostly planted by the surrounding 

community. The ideal salinity range for mangrove 

development and growth is 0.5-35 (Hamran et al. 2014). 

Biomass and carbon stock potential 

Because it is non-destructive, the allometric method is 

widely used to predict the biomass of a vegetation 

community (Kridiborworn et al. 2012; Kusmana et al. 

2018). The allometric equation in this study followed 

Komiyama et al. (2005) and used trunk diameter and wood 

density as dependent variables (Njana et al. 2015), making 

the field measurement easier. These two factors are known 

to have a significant relationship with the biomass and 

carbon stock of each individual species. Carbon is known 

to be well stored in the leaves, branches, stems, roots, and 

soil (Hemati et al. 2015; Hong et al. 2017). The potential 

for storage is proportional to the amount of biomass in the 

vegetation (Sitoe et al. 2014). 

Table 4 shows the biomass pools, carbon stocks, and 

equivalent CO2 in different species. Based on the 

accumulation of above-ground biomass and roots of each 

tree in the mangrove forest of Tanjung Rejo Village, Sei 

Tuan Sub-district, the estimated total biomass was between 

12.67 and 138.25 tons/ha. Among the sample plots, pond 

number 2 had the largest total biomass, at 138.25 tons/ha, 

with a pond area of 2.43 ha and a mangrove area of 1.95 

ha, followed by pond number 1, which had total biomass of 

100.13 tons/ha and a pond area of 7.81 ha. However, based 

on the percentage of mangrove cover, pond number 2, with 

only 80.25% coverage, did not have the highest percentage 

of cover. This can be attributed to the recorded tree basal 

area of each pond (Table 4) and the circumference (2.37-

25.32 cm) in the plot (Table 3). Although pond 2 had the 

largest total biomass, pond 2 did not have the largest 

mangrove area. Furthermore, above-ground biomass 

ranged from 3.71 to 67.73 tons/ha, while below-ground 

biomass ranged from 8.51 to 79.99 tons/ha. 

In this study, 74% biomass was attributed to above-

ground biomass, with roots accounting for the remaining 

26%. The biomass estimation results from this study 

ranged from 12.67 to 138.25 tons/ha. Our estimation of 

natural mangrove stand biomass in Percut Sei Tuan Sub-

district is comparable to the value obtained by Camacho et 

al. (2011) on R. stylosa-dominated mangrove forests and 

community-managed stands in Bohol, Philippines. Camacho 

et al. (2011), who also used Komiyama et al. (2005)'s 

general allometric equation, found that the total biomass 

ranged from 173.9 to 948.0 tons/ha, compared to 59.73-

1091.53 tons/ha in our study. According to Komiyama et 

al. (2008)’s multi-year study of mangrove forest biomass in 

various countries, variations in biomass estimates depend 

on species and ecological conditions and geographical 

location. The t/R ratio of mangroves is significantly lower 

than that of the upland forest because a large amount of 

biomass tends to be allocated in the root system to maintain 

the shape of the trees’ underside so that they can stand 

upright in wet and soft mud (Chandra et al. 2011). 

Silvofishery ponds with more than 40% mangrove 

cover have higher carbon stocks than ponds with less than 

40% mangrove cover. In this study, five ponds with the 

highest carbon content had more than 40% mangrove 

cover. The trend of the total carbon stock among the ponds 

seems highly related to the basal area and mangrove 

coverage. Figure 3 shows that the basal area and mangrove 

coverage have a strong relationship with total carbon stock, 

indicated by high determination coefficients (R2) of 0.79 

and 0.88, respectively. This result confirms a study by 

Siarudin et al. (2021), who reported that basal area is a 

good predictor of carbon stock in various agroforestry 

systems in West Java Province, including silvofisheries.  
 

 

Table 3. The IVI values of mangrove species in silvofishery ponds in Tanjung Rejo Village, Percut Sei Tuan Sub-district, Deli Serdang 

District, North Sumatra Province, Indonesia 

 

Mangrove species Pond 
Diameter 

range (cm) 

Tree 

number 

Relative value 

Density 

(%) 

Freq. 

(%) 

Basal 

area (%) 

IVI 

(%) 

Avicennia marina (Forssk.) Vierh. 4,6,7,8,9,11, 14, 18,19, 21 2.49-25.32 214 9.83 17.57 9.45 36.84 

Avicennia officinalis L. 18 6.37 3 0.14 1.35 0.12 1.61 

Bruguiera cylindrica (L.) Blume 9 2.37 146 6.70 1.35 1.59 9.64 

Bruguiera gymnorhiza (L.) Lam. 18 10.83 4 0.18 1.35 0.48 2.02 

Bruguiera sexangula (Lour.) Poir. 1,2,3,5,6,7, 12,19 2.23-7.85 261 11.98 10.81 7.44 30.23 

Excoecaria agallocha L. 1,2,5,6,7, 12,13,17, 19,20,21 2.49-10.11 281 12.90 14.86 14.53 42.29 

Lumnitzera racemosa Willd. 2,3,6,12,16 3.82-5.19 221 10.15 6.76 4.72 21.62 

Rhizophora apiculata Blume 2,3,4,5,6,7,8,9,10,11, 14,15, 

18, 20,21,22 

4.37-14.01 957 43.94 22.97 55.14 122.05 

Rhizophora mucronata Lam. 4,5,7,8,10,11,12,19 4.38-9.14 59 2.71 10.81 3.93 17.45 

Sonneratia alba Sm. 3,5,6,7 6.29-10.03 7 0.32 5.41 0.45 6.17 

Sonneratia caseolaris (L.) Engl. 18 9.24 1 0.05 1.35 0.08 1.48 

Xylocarpus granatum J.Koenig 3,6,17,19 3.98-10.08 24 1.10 5.41 2.08 8.59 

http://www.theplantlist.org/tpl1.1/record/kew-18454
http://www.theplantlist.org/tpl1.1/record/kew-2684038
http://www.theplantlist.org/tpl1.1/record/kew-2684052
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Table 4. The biomass pools and carbon stocks in different species in silvofishery ponds in Tanjung Rejo Village, Percut Sei Tuan Sub-

district, Deli Serdang District, North Sumatra Province, Indonesia 

 

Pond 

number 

Pond 

area 

(ha) 

Mangrove 

area 

(ha) 

Biomass (tonnes/ha) 
Basal area 

(m3/ha) 

Mangrove 

coverage 

(%) 

Mangrove carbon stock 

(tonnes/ha) 

Above 

ground 

Below 

ground 
Total 

Above 

ground 

Below 

ground 
Total 

1 7.81 6.33 67.73 32.41 100.13     10.37  81.05 31.83 12.64 44.47 

2 2.43 1.95 61.96 76.29 138.25     10.56  80.25 29.12 29.75 58.87 

3 1.9 1.49 53.61 68.96 122.57     10.70  78.42 25.20 26.90 52.09 

4 2.4 1.87 42.46 79.99 122.45     12.06  77.92 19.96 31.20 51.15 

5 4.1 2.72 33.79 53.60 87.40      9.00  66.34 15.88 20.91 36.79 

6 4.64 3.05 51.45 40.66 92.11      9.00  65.73 24.18 15.86 40.04 

7 6.1 3.22 36.64 24.13 60.77      7.16  52.79 17.22 9.41 26.63 

8 1.15 0.56 26.48 47.75 74.23      6.63  48.70 12.45 18.62 31.07 

9 7.22 3.24 45.25 49.07 94.33     10.23  44.88 21.27 19.14 40.41 

10 4.72 2.11 25.64 56.41 82.05     12.30  44.70 12.05 22.00 34.05 

11 8.4 3.62 28.11 31.62 59.74      5.00  43.10 13.21 12.33 25.55 

12 1.62 0.66 20.18 28.04 48.22      5.80  40.74 9.49 10.94 20.42 

13 8.51 3.41 36.43 19.75 56.18      2.30  40.07 17.12 7.70 24.82 

14 2.19 0.82 14.63 28.15 42.78      3.39  37.44 6.87 10.98 17.85 

15 1.74 0.64 18.57 32.79 51.36      5.40  36.78 8.73 12.79 21.51 

16 12.4 3.5 41.17 22.05 63.21      2.23  28.23 19.35 8.60 27.95 

17 2.11 0.59 17.27 10.20 27.47      1.51  27.96 8.12 3.98 12.10 

18 0.98 0.26 19.99 17.48 37.47      3.46  26.53 9.40 6.82 16.21 

19 4.35 0.93 16.90 13.97 30.88      3.15  21.38 7.94 5.45 13.39 

20 1.36 0.26 8.94 16.19 25.13      3.13  19.12 4.20 6.32 10.52 

21 5.1 0.78 9.41 8.51 17.92      0.84  15.29 4.42 3.32 7.74 

22 3.87 0.55 3.71 8.96 12.67      0.88  14.21 1.74 3.50 5.24 

 

 

  
 

Figure 3. Relationship between basal area (left) and mangrove cover (right) with total carbon stock in sylfovishery ponds in Tanjung 

Rejo Village, Percut Sei Tuan Sub-district, Deli Serdang District, North Sumatra Province, Indonesia 

 

 

This finding is also consistent with Githaiga et al. (2020) 

and Kauffman et al. (2012), who concluded that carbon 

stocks in mangrove forests are higher than carbon stocks in 

other forest types, with mangrove sediments containing the 

most carbon. As a result, the higher the density of 

mangroves in the silvofishery pond area, the higher the 

level of carbon production in the pond. Similarly, Li et al. 

(2015) found that as canopy cover and mangrove density 

increased, so did carbon stocks. Besar et al. (2020) 

similarly found that greater mangrove cover leads to 

greater amounts of carbon stock.  

The result of this study indicates that mangrove cover in 

Sei Tuan Sub-district silvofisheries stored large amounts of 

CO2. Of course, from an economical perspective, this is 

valuable information given the synergy between mangrove 

conservation and the livelihood of the surrounding 

community. This is because mangroves are important 

habitats for mangrove crab that have high economic value. 

On the other hand, mangrove ecosystems also can 

sequester and store carbon in plant parts and sediments at a 

greater rate than terrestrial ecosystems (Liu et al. 2014). 

The existence of a blue carbon fund scheme to reduce 

emissions from deforestation and forest degradation in 

coastal areas provides an excellent opportunity for 

development in this area. This opportunity for carbon 

trading, through a variety of ecosystem services and 
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ecological functions, has the potential to result in impactful 

climate change mitigation strategies. In terms of climate 

change mitigation, the underrecognized mangrove 

ecosystem services are now receiving significant attention 

around the world. 

In conclusion the silvofishery ponds in Tanjung Rejo 

Village consisted of 12 mangrove species with the highest 

IVI was found in R. apiculata (122.05%) followed by 

Excoecaria agallocha (42.29%) and Avicennia marina 

(36.84%) and the lowest was in Sonneratia caseolaris 

(1.48%). The existence of mangroves in silvofishery ponds 

contributed to carbon stocks with strong positive 

correlation between mangrove area and carbon stocks, 

implying that the greater the number, type, and diameter of 

mangrove trees in the pond, the larger the carbon stock. 

Silvofishery ponds with 44-80% mangrove cover can 

produce 40-59 tonnes of carbon per hectare. According to 

existing research, the presence of mangroves in ponds can 

not only increase pond production but also contribute to 

carbon absorption. 
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