


 



 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 



Comparative study of carbon stock 
in estuarine and oceanic mangroves

MUHSONI, F. F. 1, 2,*, A. B. SAMBAH3, M. MAHMUDI3 and D. G. R. WIADNYA3

Abstract: Mangrove holds a significant role in the ecosystem as an absorber of carbon 
dioxide. Mangrove stored more carbon than tropical forest. The objective of this study was 
to compare carbon stock between the estuarine and oceanic mangroves. Calculation of 
carbon stock was made though summing of surface and subsurface of carbon biomass, dead 
woods and trees carbon biomass, and soil carbon biomass. Live-trees carbon biomass was 
estimated based on allometric equation per species group. Results of the analysis showed 
that the ratio between estuarine and oceanic carbon biomass was 1.0:1.8. Comparison of 
soil carbon stock between estuarine and oceanic mangroves resulted in an average ratio of 
1.8:1.0. Total carbon stock of mangrove reached 306.04 t C ha-1, composed of 29.06 t C ha-1 
of tree carbon (9.49%), 21.75 t C ha-1 carbon root (7.11%), 1.59 t C ha-1 subsurface plant 
carbon (0.52%), and 253.65 t C ha-1 of soil carbon (82.88%). The comparison of carbon 
biomass stock between soil carbon and trees, roots, and lower part of plants resulted in a 
ratio of 4.8:1.0. Estuarine mangrove habitat can be considered as better carbon trap than 
oceanic mangrove habitat.
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             INTRODUCTION

Mangrove had a significant role in the ecosystem as an absorber of carbon dioxide 
(Mukherjee and Ray 2012). Mangroves stored carbon four to five times faster than tropical 
forests (Kauffman and Donato, 2012; Bouillon, 2011). An absorbent mangrove and carbon 
sink could reduce CO2 in the air and stored in biomass. Mangrove biomass in carbon stocks 
in stems, roots, organic waste, and necromass. The immediate mangrove benefit from 
timber management was only 4.1%, while the optimal function of mangrove in carbon 
uptake was 77.9%  (Heriyanto and Subiandono, 2012). Mangroves were one of the forests 
that had the highest Carbon savings in the tropics (average 1,023 Mg C ha-1). The average 
carbon in estuary mangroves was 1,074 Mg C ha-1; for oceanic mangrove of 990±96 Mg C 
ha-1 (Donato et al., 2011).

 About 2% of the radiant energy from the sun reaching the earth's surface was used 
by plants to assimilate CO2 in the atmosphere into organic compounds. These compounds 
were used to build leaves, stems, branches, root tissues and to maintain existing tissues 
(Alongi, 2009). Biomass in mangroves and carbon stocks are present on parts surface 
ground and sub-surface ground. The surface of the earth consists of trees, shrubs, seeds, 
dead trees. While in the sub-surface there was roots and soil (Kauffman & Donato, 2012). 
Mangrove biomass can also be affected by high salinity (Mitra et al., 2011)
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 The previous study estimated the mangrove biomass by using Sentinel-2 satellite 
image processing, in which the algorithm of EVI and MSAVI were applied in the area of 
Madura Island (Muhsoni et al., 2018). The study described potential use of the optical 
sensor in observing the carbon mangrove. Moreover, change of carbon in mangrove 
ecosystem over a period can also be found using the combination of both carbon stock data 
and satellite image analysis (Aisyah et al., 2015; Hamdan et al., 2013). 

 The current study is a continuation of the study conducted by Muhsoni et al. (2018). 
This study focused on the assessment of carbon stocks in both the estuarine and oceanic 
mangroves of Madura coastal areas using the analysis of in situ measurement apply the 
allometry algorithm.  The current study aims to compare the carbon stock of mangroves in 
the estuary and ocean. This study may contribute to a more detailed and meticulous 
estimates of mangrove carbon stock..

    MATERIALS AND METHODS

Study Area
The study was conducted in the southern coastal district of Pamekasan, East Java, 
Indonesia, a part of Madura Island (Figure 1). The area was in the latitude of 
706’27”-7015’12” S and 113023’41”-113041’57” E. Sampling was done at 11 points, that 
consist ten plots per station. The study is applied 110 plots for data analysis.

 

    Figure 1. Location of research area

Methods
The data were being demobilised from the location of the samples in 110 plots. Data 
received on each scenario is type of mangrove, mangrove density, number and DBH trees, 
poles, stakes, seedlings, subsurface plants, soil samples at depths of 0-15 cm, 15-50 cm and 
> 50 cm (data bulk density, % C, sediment depth, pore space). The calculation of carbon 
stock comprises surface biomass carbon content, suboceanic biomass carbon, dead wood 
carbon and fallen trees, and soil carbon content (Kauffman and Donato, 2012). The 
calculation applied the allometric equation as described in Table 1.
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Table 1. References to allometric equations for estimation of mangrove biomass.
No. mangrove species Biomass equation  
1 Avicennia marina W = 0.1848(DBH)2.3524  

R2 = 0.9839, n=47,  
DBH max=35.2  

(Dharmawan and Siregar, 
2008) 

2 Avicennia germinans W = 0.140 (DBH)2.40,   
R2 = 0.97, n = 25,  
Dmax= 42 cm,  

(Fromard et al., 1998) 

3 Laguncularia 
racemosa 

W = 103.3 (DBH)2.5,   
R2 = 0.97, n = 70,  
Dmax = 10 cm,  

(Fromard et al., 1998) 

4 Rhizophora 
apiculata 

W=0.0695 (DBH)2.644*ρ 
R2=0.89, n=191,  
DBH max = 60 

(Kauffman and Cole, 2010) 

5 Rhizophora mangle W = 0.722 (DBH)1.731,   
R2 = 0.94, n =14,  
Dmax = 20 cm, 

(Smith and Whelan, 2006) 

6 Rhizophora stylosa logW = -0.696+2.465 log (DBH) ,  
R2 = 1, n =6, DBH = - cm, 

(Comley and McGuinness, 
2005) 

7 Rhizophora 
candeleria 

W=3.3512 (DBH)0.7652 

R2=0.888, n=270 ,  
DBH = 0.4-7 

(Robertson and Alongi, 1992) 

8 Rhizophora spp. (R. 
mangle and  R. 
racemosa) 

W = 128.2 (DBH)2.60,   
R2 = 0.92, n =9,  
Dmax = 32 cm,  

(Fromard et al., 1998) 

9 Bruguiera 
gymnorrhiza 

W=0.0754 (DBH)2.505*ρ 
R2=0.91, n=326,  
DBH max=132 cm 

(Kauffman and Cole, 2010) 

10 Bruguiera parviflora W=0.1679 (DBH)2.4167 

R2=0.993, n=16,  
DBH =2-21 cm 

(Robertson and Alongi, 1992) 

11 Bruguiera exaristata logW = -0.643+1.141log (DBH),  
R2 = 0.99 , n = 10, DBH = -, 

(Comley and McGuinness, 
2005) 

12 Ceriops tagal var. 
australis 

W=0.1885 (DBH)2.3379 

R2=0.989, n=26,  
DBH =2-8 cm 

(Robertson and Along i,1992) 

13 Xylocarpus 
granatum 

W=0.0823 (DBH)2.5883 

R2=0.994, n=15,  
DBH =3-17 cm 

(Robertson and Alongi, 1992) 

14 Sonneratia apetala W= 2.835 (DBH)3.214 (Lunstrum and Chen, 2014) 
15 Sonneratia alba W= 0.3841 (DBH)2.101*ρ 

R2=0.98; N=104 ,  
(Cole et al., 1999; Kauffman 
and Cole, 2010) 

DBH max=323 cm  
General W = 0.251p*(DBH)2.46,   

R2 = 0.98, n = 104,   
DBH mas=49 

(Komiyama et al., 2005) 

  W=ρ* exp(-1.349+ 1.980ln(DBH)+ 
0.207* (ln(DBH))2-0.0281* 
(ln(DBH))3) 
R2 = 0.45, n = 69 ,  
DBH max=42 cm 

(Chave et al., 2005) 

  W=0.168*ρ*(DBH)2.471 
R2=0.99, n=84,  
DBH max=42 cm 

(Chave et al., 2005, 
Komiyama et al., 2008) 
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Biomass roots using the method of Kauffman and Donato (2012) :

B =0.199 *   0.899 *(DBH)2.22 

In which: 
B = sub-surface biomass (kg), 
Ρ =  Wood density (g cm-3), 
DBH = diameter at breast height (cm).

Calculation of Mangrove Carbon
The calculation of total carbon reserves on each plot (Kauffman and Donato, 2012; 
Hairiah et al., 2001; Rahman et al., 2014) using the algorithm below;

In which: 
CtreeAG = total carbon aboveground carbon pools of trees, 
CtreeBG = total carbon belowground tree carbon pool, 
Cdeadtree = the dead tree pool, 
Csap/seedBG = saplings and seedling carbon pools, 
Csap/seed = saplings and seedling carbon pools, 
Cnontreeveg = non-tree vegetation carbon pools, 
Cwoodydebris = downed wood carbon pool, 
Csoil = is the total soil carbon pool.

Moreover, the calculation of soil carbon applied the algorithm of Csoil (Kauffman and 
Donato, 2012): 
Csoil (t C ha-1) = soil depth interval (cm) x bulk density (g cm-3) x% C organic, 
In which: % C organic is the percentage value of carbon content of 0.47 or obtained from 
laboratory measurements.
  

      RESULTS 

Mangrove in research area
The study was conducted in the Southern coastal area of Pamekasan Regency, covering 
580.3 ha of mangroves. There are 17 species of mangrove identified in the research area. 
The identification of mangrove species was based on the guidelines of  Tomlinson (1986) 
and Noor et al. (1999).  Mangroves in the study area consist of Acanthus ilicifolius, 
Aegiceras corniculatum, A. floridum, Avicennia lanata, A. marina, Bruguiera cylindrica, 
B. gymnorrhiza, Ceriops decandra, C. tagal, Excoecaria agallocha, Lumnitzera racemosa, 
Rhizophora apiculata, R. stylosa, R. mucronata, Sonneratia alba, S. caseolaris, and 
Xylocarpus moluccensis.

Ctotal (t C ha-1) = (CtreeAG + CtreeBG + Cdeadtree + Csap/seed + Csap/seedBG + Cdeadsap/seed + Cnontreeveg + 
Cwoodydebris + Csoil)

ρ
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Figure 2. Description of mangrove in sampling point.

Soil organic C content, sediment depth, density and pore space for estuary mangroves, 
mangrove oceanic and mixed mangroves (estuaries)
The type of mangrove (estuary-sea) with an average sediment depth of 100.6 cm. Average 
soil density was 1.02 g cm-3, and average pore space was 61.68%. The average organic 
content of C at a depth of 0-15 cm was 3.41%, the thickness of 15-50 cm was 3.03%, and at 
the bottom of 0- 15 cm was 3.41% (Table 1).

Table 1. On site calculations of organic C%, depth of mud, density, pore space at estuary 
mangrove, oceanic mangrove and estuary-oceanic mangrove. 

No Description Average Mangrove 
Estuary Oceanic Estuary-Oceanic 

1 C organic (%) 0-15 cm 3.79   3.08   3.41 
2 C organic (%) 15-50 cm 3.24 2.86 3.03 
3 C organic (%) > 50 cm 2.00 2.52 2.28 
4 Depth (cm) 128.32 77.55 100.63 
5 Soil density (g cm-3) 1.11 0.95 1.02 
6 Pores space (%) 58.24 64.42 61.68 
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The stock of mangrove soil carbon based on distance 

Figure 3. a) Cluster density (g cm-3) based on mangrove distance; b) Soil Pore space (%) 
based on mangrove distance; c) Depth of sediment based on mangrove distance; 
d) Soil carbon content based on a depth of soil and mangrove distance.

 The average soil density of 10-100 m for the higher estuary mangrove, except at a 
distance of 50 m, the weight value of the type was notably similar (Figure 3a). The 
percentage of pore space was inversely related to the density of the pores space where the 
pore space density for oceanic mangrove soils was higher than the estuary mangroves, 
except at a relatively similar distance of 50 m (Figure 3b). The average depth of sediment 
distance of 10-100 m of estuarine mangrove has deeper sedimentation than oceanic 
mangrove (Figure 3c). The content of organic C percentage at a depth of 0-15 cm, 15-50 cm 
and more than 50 cm for each distance 10-100 m (3d picture). 

Total mangrove carbon stocks
Mangrove carbon stock was estimated from carbon biomass. It consists of the biomass of 
tree surface, subsoil/root biomass, and soil (in the sediment depth).  The result of mangrove 
carbon stock estimation as described in Table 2. The mean analysis of carbon stocks in 
oceanic-estuarine mangrove reached 306.04 t C ha-1, which consists of 29.06 t C ha-1 
(9.49%) of tree carbon, 21.75 t C ha-1 (7.11%) of carbon root, 1.59 t C ha-1 (0.52%) of 
sub-surface plant carbon, and 253.65 t C ha-1 (82.88%) of soil carbon (consists of 15.82% at 
depth 0-15 cm, 32.54% at depth of 15-50 cm, and 34.52% at depth more than 50 cm). 
Comparison of carbon stocks from biomass (trees, roots, and undergrowths) and soil 
carbon, reached 1:4.8. Donato et al. (2011) obtained a stock of mangrove carbon in the 
tropics of 1,023 t C ha-1.

 Total carbon reserves for mangrove estuaries 373.04 t C ha-1, consists of 19.17 t C 
ha-1 (5.14%) carbon trees, 15.29 t C ha-1 (4.10%) root carbon, 2.47 t C ha-1 (0.66%) and 
336.12 t C ha-1 (90.1%) of soil carbon. Comparison of carbon stock from biomass with soil 
carbon attains 1: 9,1. Oceanic mangroves total carbon reserves of 250.20 t C ha-1, which 
comprises 37.30 t C ha-1 (14.91%) of trees carbon, 27.13 t C ha-1 (10.84%) of root carbon, 
0.86 t C ha-1 (0.34%) was subsurface plant carbon and 184.92 t C ha-1 (73.91%) of soil   
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carbon. Comparison of carbon stock from biomass with soil carbon in oceanic mangrove 
attains 1: 2,8. Alongi et al. (2016) described the mangrove carbon stock in Java for above 
ground carbon (trees and plants) at 311.8±77.2 t C ha-1 (±24%), underground carbon stock 
(roots) at 27.9±4.4 t C ha-1 (±2%) and carbon stock in mangrove soil at 979.5±152.4 t C ha-1 
(±74%).

 

Table 2. Mangrove carbon stock in estuary, oceanic and mixed mangrove species
No Description Average % 
1 Estuary mangrove 
  
  
  
  
  
  

Tree carbon (t C ha-1) 19.17 5.14 
Root carbon (t C ha-1) 15.29 4.10 
Sub-surface plant carbon (t C ha-1) 2.47 0.66 
Soil (depth 0-15 cm) 58.66 15.73 
Soil (depth 15-50 cm) 116.25 31.16 
Soil (depth more than 50 cm) 161.21 43.21 
Carbon stock total value (t C ha-1) 373.04 100.00 

2 Oceanic mangrove  
  
  
  
  
  
  

Tree carbon (t C ha-1) 37.30 14.91 
Root carbon (t C ha-1) 27.13 10.84 
Sub-surface plant carbon (t C ha-1) 0.86 0.34 
Soil (depth 0-15 cm) 39.87 15.94 
Soil (depth 15-50 cm) 85.73 34.26 
Soil (depth more than 50 cm) 59.32 23.71 
Carbon stock total value  (t C ha-1) 250.20 100.00 

3 Estuary-oceanic mangrove 
  
  
  
  
  
  

Tree carbon (t C ha-1) 29.06 9.49 
Root carbon (t C ha-1) 21.75 7.11 
Sub-surface plant carbon (t C ha-1) 1.59 0.52 
Soil (depth 0-15 cm) 48.42 15.82 
Soil (depth 15-50 cm) 99.60 32.54 
Soil (depth more than 50 cm) 105.63 34.52 
Carbon stock total value (t C ha-1) 306.04 100.00 
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Figure 4. Mangrove carbon of estuarine, oceanic and mixed mangrove species

Figure 5. Diagram of a percentage of carbon stock of (a) the oceanic-estuarine mangrove, 
(b) the estuarine mangrove, (c) the oceanic mangrove.
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Calculation of estuarine and oceanic mangrove stock based on distance from the coast
The classification of mangrove carbon based on the distance from the coastal line was 
described in Figure 6. Figure 6 illustrated that the length was not significantly affected the 
mangrove content. It specifies that the pattern of mangrove distribution was almost similar for 
both estuarine and oceanic mangroves.

Figure 6. Carbon mangrove at the different distances from a coastal line

DISCUSSION

The organic C content appears highest on the surface (0-15 cm), and less as it goes deeper 
down. Compared to the organic C content for estuarine and oceanic mangroves, the organic 
mangrove C of estuarine mangrove was higher than the oceanic mangrove for depth of 0-15 
cm (difference of 0.71%) and 15-50 cm (difference of 0.38%). While for depth more than 
50 cm, it was higher for oceanic mangrove (difference of 0.51%). Donato et al. (2011) 
stated that the older of C content was on the surface of the soil profile, and decreases based 
on the depth. Soil carbon content of estuarine mangrove was 7.9%, and the average of 
carbon content in oceanic mangrove was 14.6%. The results illustrated that soil content for 
estuarine mangrove was 3.0%, while for oceanic mangrove was 2.8%. Also, the average 
depth of sediment for estuarine mangrove was 128.3 cm, while for oceanic mangrove was 
77.55 cm (difference of 50.77 cm). Soil density for estuarine mangrove was also higher 
(1.11 g cm-3) and it showed 0.95 g cm-3 for oceanic mangrove (difference of 0.16 g cm-3).

         The carbon percentage for each intensity at a distance of 10-100 m varies, observed at 
a depth of 0-15 cm, then the bottom was 15-50 cm, and the lowest percentage of organic C 
was in the depth of more than 50 cm. Donato et al. (2011) explained that the density of the 
action for tropical mangroves was not significantly affected based on the distance of 
0.35-0.55 g cm-3, this value was lower than the result of this study with the 1.02 g cm-3 
liability density. The average depth of sediment in this study for oceanic mangrove was 
shallower than estuarine mangrove. The combination of the thickness of the action with the 
content of organic C produces the mean of soil carbon content. In the tropical area the 
carbon content is 0.038-0.061 g C cm-3, whereas the average soil carbon content in this 
study was 0.0298 g C cm-3 (this value was lower than the carbon content mangrove soils in 
the tropics).
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 When compared to carbon stock from biomass (trees, roots) and soil carbon attaines 
1:2,9. This comparison was similar to that of oceanic mangroves at the study sites. Donato 
et al. (2011) obtained subsurface carbon stock for estuarine mangroves 71-98% and marine 
mangrove of 49-90%. This results were similar to that obtained in this study where for 
estuarine mangrove of carbon bottom stock was 94.2% (soil carbon and root) and to oceanic 
mangrove was 84.8% (Figures 5-7). Kauffman and Donato (2012) described the ratio of 
carbon biomass and soil carbon in the Kalimantan region as 1:8. These results were not too far 
from that was produced in this study for estuarine mangrove of 1:9.1. Figure 4 illustrated that 
estuarine mangrove carbon content was lower than of oceanic mangrove (difference of 122.84 
t C ha-1). Comparison of estuarine mangrove carbon stock and oceanic mangrove was 1.4:1. 
Estuarine mangrove had 1.4 times greater soil carbon stock than the marine mangrove. The 
common amount of carbon in estuarine mangrove biomass is only 0.56 times smaller than 
oceanic mangrove biomass carbon, the carbon content of the soil was 1.8 times greater than 
that of marine mangroves. Due to the high sedimentation in the estuarine mangrove.

 The mean soil carbon for all mangroves is 83%, consisting of 34% depth >50 cm, 
33% depth 15-50 cm and 16% depth 0-15 cm (Figure 5a). The soil carbon reserves for 
estuarine mangroves attains 90% (Figure 5b), whereas the marine mangrove is 74% (Figure 
5c). Donato et al. (2011) obtained the estuarine mangrove carbon of 1,074±171 t C ha-1 and 
oceanic mangrove 990±96 t C ha-1. This demonstrate the estuarine mangrove carbon was 
greater than that of oceanic mangrove.

     CONCLUSION

It can be concluded that biomass content of estuarine mangrove was lower than oceanic 
mangrove (difference of 60.3 t C ha-1). The comparison of estuarine mangrove biomass with 
oceanic mangrove was 1:1.8. The average depth of sediment for estuarine mangrove was 
128.3 cm deeper and for oceanic mangrove 77.55 cm (difference of 50.77 cm). Soil density 
for estuarine mangrove was 1.11 g cm-3 higher, and for oceanic mangrove, it was 0.95 g cm-3 
(difference 0.16 g cm-3). Comparison of soil carbon stocks between estuarine mangrove and 
oceanic mangrove proved to be more significant for estuarine mangrove of 336.1 t C 
ha-1:184.9 t C ha-1 or 1.8:1. Total carbon stock in mangrove reached 306.04 t C ha-1 (29.06 t 
C ha-1 of tree carbon (9.49%), 21.75 t C ha-1 carbon root (7.11%), 1.59 t C ha-1 carbon crops 
(0.52%) and 253.65 t C ha-1 of soil carbon (82.88%)). Comparison of carbon stocks from 
biomass (trees, roots and sub-surface plants) and soil carbon attains 1:4.8.
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