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ABSTRACT

	The estimation of biomass and carbon stored by the trees in the Char Kukri-Mukri mangrove forest ecosystem of Bhola district of Bangladesh, was conducted during 2023 to 2024. The total recorded values of AGTB, BGTB, TTB, and TCS 145.3 tonh-1, 29.06 tonh-1, 174.36 tonh-1, and 63.21 tonh-1 in site-1; 671 tonh-1, 134.2 tonh-1, 805.2 tonh-1, and 291.88 tonh-1 in site-2; 252.6 tonh-1, 50.52 tonh-1, 303.12 tonh-1, and 109.88 tonh-1 in site-3; 378.9 tonh-1, 75.78 tonh-1, 454.68 tonh-1, and 164.82 tonh-1 in site-4; 394.9 tonh-1, 78.98 tonh-1, 473.88 tonh-1, 171.78 tonh-1 in site-5; 452.1 tonh-1, 90.42 tonh-1, 542.52 tonh-1, and 196.66 tonh-1 in site-6; 308.1 tonh-1, 61.62 tonh-1, 369.72 tonh-1, and 134.02 tonh-1 in site-7; 634.2 tonh-1, 126.84 tonh-1, 761.04 tonh-1, 275.88 tonh-1 in site-8. The total values of aboveground tree biomass (AGTB) of selected sites were found to show a range between 145.3 tonh-1 and 671 tonh-1. The maximum AGTB value 671 tonh-1 was recorded from site-2, whereas the minimum AGTB value of 145.3 tonh-1 was recorded from site-1. Similarly, the total values of belowground tree biomass (BGTB) of selected sites were found to show a range between 29.06 tonh-1 and 134.2 tonh-1. The maximum BGTB value 134.2 tonh-1 was recorded from site-2, whereas the minimum AGTB value of 145.3 tonh-1 was recorded from site-1. The values of TCS of selected sites were found to show a range between 63.21 tonh-1 and 291.88 tonh-1. The maximum TCS value 291.88 tonh-1 was recorded from site-2, whereas the minimum TCS value of 63.21 tonh-1 was recorded from site-1. As a coastal mangrove ecosystem, Char Kukri-Mukri possess high amount of biomass which indicates accumulation of good amount of carbon. This is a highly productive ecosystem that plays critical role to protect and stabilize the coastal mangrove zones of Bangladesh.
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1. INTRODUCTION

[bookmark: _Hlk210695237]MThe mangrove is are characterized by salt-tolerant inter-tidal evergreen forest ecosysteecosystem, they moccur in tropical and subtropical coastlines of the world and cover an area of approximately 15.6 million hectares globally (FAO, 2010). It is well- recognized to store large amount of biomass and carbon in its different pools as it is considered as one of the most carbon-rich Ecosystem on the Earth (Thoha et al., 2024). Mangroves play an ecological important role in capturing, transforming, and storing atmospheric CO2 into biomass as well as carbon in various carbon sink in the forest (Choudhary et al., 2024). Thus, they help in , which mitigating the impacts of climate change, and global warming (Nuraini et al., 2021). It Recently, it is estimated that the mangrove forest captured up to four times more carbon than other types of forests (Indra et al., 2022).
[bookmark: _Hlk210695260]The biomass is a broad term that  refers to describe the total mass of organic matter of living or recently dead biological materials, and primarily used as energy in different purposes. In the context of ecology, biomass is the mass of living biological organisms in a given area or ecosystem at a given time. This can be the biomass of particular species (species biomass) or the biomass of a particular habitat or community (community biomass) (IUPAC, 2006). It is typically expressed in terms of its fresh weight or, more accurately, its dry weight per unit area or volume. Biomass is the primary measure for understanding the ecosystem productivity, carbon storage, and energy flow through trophic levels (Chapin et al., 2011). Forest biomass is the accumulated organic matter, or living and dead woody material, within a forest, including trees, branches, leaves, roots, and stumps. The maximum biomass in a forest ecosystem is stored in the standing trees (arboreal layer), which typically comprises about 62-97% of the total biomass. The tree biomass includes aboveground biomass (like trunks, branches, and leaves), as well as belowground biomass (such as roots) (Brown, 1997). Tree biomass indicates sustainable carbon storage, and plays crucial role for evaluating and understanding forest structure, productivity, biodiversity conservation, nutrient cycling, ecosystems dynamics, sustainable forest management and ecological efficiencies. 
[bookmark: _Hlk210695321]The present study area, the Char Kukri-Mukri mangrove forest is located in the central coastal region of Bangladesh faces the country (Bhuiyan et al., 2025b). This coastal mangrove ecosystem is regrettably facing serious threats caused by various climatic and non-climatic stressors (Bhuiyan et al., 2025a) which leading highly vulnerable of its potentiality.This  Nevertheless, in addition to productive and protective services, this mangrove forest nevertheless plays ecosystem also possesses a variety of ecosystem functions, including storage of biomass and carbon through carbon sequestration which helps to mitigate the effects of climate change in the region. While  But unfortunately, datadata on this forest  regarding forest biomass and carbon storage would help guide in design and implementation of management options for conservation, an inventory had not been done to establish this knowledge. potentiality of this forest is still lacking.The  Therefore, the present study therefore aimed is a commencing initiative to estimate the biomass and carbon storage potential of the se values accumulated in the trees of the Char Kukri-Mukri mangrove forest ecosystem.  

2. material and methods 

2.1 Description of Study area and designing
Char Kukri-Mukri mangrove forest belongs to the Char Fasson Upazila in Bhola district of Bangladesh, which consists of two forests beat viz., Char Kukri-Mukri forests beat and Char Patila forest beat. In bio-ecological zones, the research area lies between 21°54ʹ00ʺ to 21°59ʹ10ʺ North latitudes and 90°37ʹ15ʺ to 90°41ʹ15ʺ East longitudes (Nishat et al., 2002). The climate of the area is humid tropical monsoon, with an annual rainfall of 2290-2790 mm, and temperature varied from 12°C-34°C (Bhuiyan et al., 2025b). On the basis of different administrative and ecological perspectives the study area was divided into eight representative sites recognized as site 1, site 2, site 3, site 4, site 5, site 6, site 7, and site 8 (Figure 1).
          [image: ]
Figure 1: Map of the study area showing study sites of the Char Kukri-Mukri mangrove forest.   

2.2 Data collection and analysis
Data regarding tree biomass were collected following the standard quadrat method (Braun-Blanquet, 1932; Raunkiaer, 1934) and the quadrat size of 10m × 10m was standardized on the basis of the species-area-curve method (Cain, 1938). In this case, plant that had exhibited the diameter at breast height (DBH) above 5 cm was considered as tree. The non-destructive method was applied for measuring the biophysical parameters of trees, such as- DBH, height, and stand density. The DBH and total height of the representative trees in each sample plot were measured using dia tape, and measuring pole or clinometer, respectively. Specific wood density values (kg ) of the recorded tree species were incorporated from different database (i.e., Sattar, 1981; Reyes, 1992; FAO, 1997). 
[bookmark: _Hlk209250463]The biomass and carbon stock of tree species were measured following standard formulae described by Ravindranath and Ostwald (2008), Vashum and Jayakumar (2012), Karki et al. (2016), Mokany et al. (2016), etc.
Aboveground Tree Biomass (AGTB) = 0.0509 × ρD2H 			(1)
where, ρ = wood-specific density (kg )
D = tree diameter at breast height (cm)
H = tree height (m)

Belowground Tree Biomass (BGTB) = 0.2 × AGTB 	                       (2)
where, AGTB = Aboveground Tree Biomass
Total Tree Biomass (TTB) = AGTB + BGTB				(3)
Total Tree Carbon (TTC) = TTB × 0.725 × 0.5 				(4)

3. RESULTS AND DISCUSSION 
Tree biomass data namely, diameter at breast height (DBH) and height (H) were documented from different geographical location of Char Kukri-Mukri mangrove forest and wood specific density data were collected from literature to calculate the aboveground, belowground, total tree biomass, and total carbon storage. The calculated data were presented in Table 1, Figure 2, and Figure-3. In site-1, a total of three tree species viz., Excoecaria agallocha, Sonneratia apetala, and Sonneratia caseolaris were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and carbon storage of site-1 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-1 were recorded as 145.3 tonh-1, 29.06 tonh-1, 174.36 tonh-1, and 63.2 tonh-1, respectively. In site-2, a total of three tree species viz., Excoecaria agallocha, Sonneratia apetala, and Sonneratia caseolaris were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-2 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-2 were recorded as 671 tonh-1, 134.2 tonh-1, 805.2 tonh-1, and 291.88 tonh-1, respectively. In site-3, a total of two tree species viz., Excoecaria agallocha and Sonneratia apetala were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-3 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-3 were recorded as 252.6 tonh-1, 50.52 tonh-1, 303.12 tonh-1, and 109.88 tonh-1, respectively. In site-4, a total of six tree species viz., Avicennia officinalis, Excoecaria agallocha, Pongamia pinnata, Sonneratia apetala, Shirakiopsis indica, and Xylocarpus granatum were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-4 have been presented in Table 1, Figure 1, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-4 were recorded as 378.9 tonh-1, 75.78 tonh-1, 454.68 tonh-1, 164.82 tonh-1, respectively. In site-5, a total of four tree species viz., Dolichandrone spathacea, Excoecaria agallocha, Sonneratia apetala, and Shirakiopsis indica were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-5 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-5 were recorded as 394.9 tonh-1, 78.98 tonh-1, 473.88 tonh-1, and 171.78 tonh-1, respectively. In site-6, a total of three tree species viz., Excoecaria agallocha, Sonneratia apetala, and Shirakiopsis indica were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-6 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-6 were recorded as 452.1 tonh-1, 90.42 tonh-1, 542.52 tonh-1, and 196.66 tonh-1, respectively. In site-7, a total of five tree species viz., Avicennia officinalis, Excoecaria agallocha, Shirakiopsis indica, Sonneratia apetala, and Sonneratia caseolaris were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-7 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground, total tree biomass, and total carbon storage of site-7 were recorded as 308.1 tonh-1, 61.62 tonh-1, 369.72 tonh-1, and 134.02 tonh-1, respectively. In site-8, a total of four tree species viz., Bruguiera sexangula, Excoecaria agallocha, Sonneratia apetala, and Sonneratia caseolaris were recorded for the determination of both aboveground and belowground tree biomass. The accumulated data regarding tree biomass and total carbon storage of site-8 have been presented in Table 1, Figure 2, and Figure-3. The total values of aboveground, belowground and total tree biomass of site-8 were recorded as 634.2 tonh-1, 126.84 tonh-1, 761.04 tonh-1, and 275.88 tonh-1, respectively.  
The total values of aboveground tree biomass (AGTB) of selected sites were found to show a range between 145.3 tonh-1 and 671 tonh-1. The maximum AGTB value 671 tonh-1 was recorded from site-2, which was followed by 634.2 tonh-1, 452.1 tonh-1, 394.9 tonh-1, 378.9 tonh-1, 308.1 tonh-1, and 252.6 tonh-1 were recorded from site-8, site-6, site-5, site-4, site-7, and site-3. Whereas the minimum AGTB value of 145.3 tonh-1 was recorded from site-1. Similarly, the total values of belowground tree biomass (BGTB) of selected sites were found to show a range between 29.06 tonh-1 and 134.2 tonh-1. The maximum BGTB value 134.2 tonh-1 was recorded from site-2, which was followed by 126.84 tonh-1, 90.42 tonh-1, 78.98 tonh-1, 75.78 tonh-1, 61.62 tonh-1, and 50.52 tonh-1 were recorded from site-8, site-6, site-5, site-4, site-7, and site-3. Whereas the minimum AGTB value of 145.3 tonh-1 was recorded from site-1. The values of total carbon storage (TCS) of selected sites were also found to show a range 63.21 tonh-1 to 291.88 tonh-1. The maximum TCS value 291.88 tonh-1 was recorded from site-2, which was followed by 275.88 tonh-1, 196.66 tonh-1, 171.78 tonh-1, 164.82 tonh-1, 134.02 tonh-1, and 109.88 tonh-1 were recorded from site-8, site-6, site-5, site-4, site-7, and site-3. Whereas the minimum TCS value of 63.21 tonh-1 was recorded from site-1. 

Table 1: Values of aboveground, belowground, total tree biomass, and total carbon storage (tonh-1) recorded from different selected sites of the Char Kukri-Mukri mangrove ecosystem.
	Sites
	Species name
	ATH (H)
(m)
	DBH 
(D)
(cm)
	Density (n)
(indiv.h-1)
	AGTB
(tonh-1)
	BGTB
(tonh-1)
	TTB
(tonh-1)
	TCS
(tonh-1) 

	Site-1
	Excoecaria agallocha 
	5.54
	19.925
	500.00
	   3.00
	0.60
	3.60
	1.31

	
	Sonneratia apetala
	11.48
	61.00
	1200.00
	 141.60
	28.32
	169.92
	61.59

	
	Sonneratia caseolaris
	7.63
	30.13
	700.00
	  0.70
	0.14
	0.84
	0.30

	Site-2
	Excoecaria agallocha 
	8.00
	30.94
	1100.00
	  26.40
	5.28
	31.68
	11.48

	
	Sonneratia apetala
	20.25
	125.50
	700.00
	610.40
	122.08
	732.48
	265.52

	
	Sonneratia caseolaris
	11.90
	51.49
	600.00
	34.20
	6.84
	41.04
	14.88

	Site-3
	Excoecaria agallocha 
	7.40
	26.54
	800.00
	9.60
	1.92
	11.52
	4.18

	
	Sonneratia apetala
	16.86
	96.35
	500.00
	243.00
	48.60
	291.60
	105.71

	Site-4
	Avicennia officinalis
	13.00
	74.88
	200.00
	53.00
	10.60
	63.60
	23.06

	
	Excoecaria agallocha 
	9.59
	42.13
	600.00
	26.40
	5.28
	31.68
	11.48

	
	Pongamia pinnata
	6.00
	34.00
	100.00
	2.20
	0.44
	2.64
	0.96

	
	Sonneratia apetala
	18.17
	111.44
	400.00
	295.20
	59.04
	354.24
	128.41

	
	Xylocarpus granatum
	7.00
	33.00
	100.00
	2.10
	0.42
	2.52
	0.91

	Site-5
	Dolichandrone spathacea
	5.50
	   41.00
	100.00
	2.10
	0.42
	2.52
	0.91

	
	Excoecaria agallocha
	7.64
	29.94
	1000.00
	17.00
	3.40
	20.40
	7.39

	
	Sonneratia apetala
	19.09
	94.75
	800.00
	374.40
	74.88
	449.28
	162.86

	
	Shirakiopsis indica
	5.00
	37.00
	100.00
	1.40
	0.28
	1.68
	0.61

	Site-6
	Excoecaria agallocha
	8.10
	34.08
	900.00
	21.60
	4.32
	25.92
	9.39

	
	Sonneratia apetala
	21.00
	111.75
	600.00
	429.60
	85.92
	515.52
	186.88

	
	Shirakiopsis indica
	7.00
	25.00
	100.00
	0.90
	0.18
	1.08
	0.39

	Site-7
	Avicennia officinalis
	10.00
	43.80
	100.00
	6.60
	1.32
	7.92
	2.87

	
	Excoecaria agallocha 
	11.13
	49.01
	1400.00
	86.80
	17.36
	104.16
	37.76

	
	Shirakiopsis indica
	5.00
	30.50
	100.00
	0.90
	0.18
	1.08
	0.39

	
	Sonneratia apetala
	16.40
	90.27
	600.00
	190.80
	38.16
	228.96
	82.99

	
	Sonneratia caseolaris
	13.25
	61.25
	200.00
	23.00
	4.60
	27.60
	10.01

	Site-8
	Bruguiera gymnorhiza
	7.86
	45.37
	400.00
	28.80
	5.76
	34.56
	12.53

	
	Excoecaria agallocha
	14.06
	63.76
	800.00
	116.00
	23.20
	139.20
	50.46

	
	Sonneratia apetala
	18.75
	156.54
	400.00
	486.40
	97.28
	583.68
	211.58

	
	Sonneratia caseolaris
	7.00
	35.50
	200.00
	3.00
	0.60
	3.60
	1.31


*Notes: ATH= average tree height, DBH= diameter at breast height, AGTB= aboveground tree biomass, BGTB= belowground tree biomass, TTB= total tree biomass, TCS= total carbob storage, Specific wood density: Avicennia officinalis (0.67 kg/m3), Bruguiera sexangula (0.76 kg/m3), Dolichandrone spathacea (0.43 kg/m3), Excoecaria agallocha (0.45 kg/m3), Pongamia pinnata (0.61 kg/m3), Sonneratia apetala (0.53 kg/m3), Sonneratia caseolaris (0.34 kg/m3), Shirakiopsis indica (0.39 kg/m3), Xylocarpus granatum (0.53 kg/m3).     
    


Figure 2: Site-wise total aboveground, belowground and total tree biomass values (tonh-1) recorded from the Char Kukri-Mukri mangrove forest.




Figure 3: Site-wise total carbon storage values (tonh-1) recorded from the Char Kukri-Mukri mangrove forest.

Extensive research on the above-ground biomass of coastal mangrove forests was conducted by Komiyama et al. (2008), Khan et al. (2009), Murdiyarso et al. (2009), Kauffman et al. (2011), Kathiresan et al. (2013), Joshi and Ghose (2014), etc. According to Joshi and Ghose (2014), above-ground biomass in mangrove forests is low, ranging from 8.9 tonh-1 to 50.9 tonh-1 due to high salinity and tidal actions. The average above-ground biomass of the present research is higher than those of the findings . The records of Murdiyarso et al. (2009)’s 61.4 tonh-1 of biomass in North Sulawesi mangroves, Indonesia; Khan et al. (2009)’s 80.5 tonh-1 in Okinawa, Japan; and Malaysia contradict are conflicting with the present finding. The findings of Kauffman et al. (2011)’s 363.0 tonh-1 in the Bahila mangrove and 225.0 tonh-1 in the Palau mangrove of the Philippines, and Kathiresan et al. (2013)’s 60.0-117.7 tonh-1 in the estuarine complex ecosystem along the Bay of Bengal of India are partially corroborated with the lower limit of the present finding. However, the recent finding of Islam (2023), who recorded the average values of total tree biomass, was found to range from 192.76±73.01 tonh-1 to 412.99 ± 46.31 tonh-1. This finding also partially agreed with the present finding conducted in more or less similar mangrove habitat. On the other hand, extensive research on total carbon storage has also been done on coastal mangrove ecosystem of Bangladesh. According to Islam et al. (2023) the mean ecosystem carbon stock of central coastal mangrove sites of Bangladesh at Barguna district was estimated 350.5±14.2 tonh-1 to 483.6±16.4 tonh-1, which is higher than our current findings of total carbon storage of trees. The findings of Kamruzzaman et al. (2018) shows that, the carbon storage in oligohaline zones of Sundarbans mangrove forest ranges between 35.27 tonh-1 to 50.94 tonh-1 in Dhangmari and 172.4 tonh-1 to 251.22 tonh-1 in Karamjol. This finding also agreed with the present finding conducted in more or less similar mangrove ecosystem.	Comment by HP: by who? The statement is incomplete	Comment by HP: Discuss further, give possible explanation for the observed variations between your findings and those of others that contradict yours. 

4. Conclusion

On the basis of current critical tree biomass data analysis of the Char Kukri-Mukri mangrove ecosystems, it is concluded that the artificially planted mangrove tree species in the selected sites demonstrate a good amount of biomass and stored carbon of trees. The average total tree biomass and carbon storage of this study area is higher than any other natural and semi-natural mangrove ecosystems. It is because, may be the Char Kukri Mukri mangrove ecosystem is completely manmade but other mangrove ecosystems are partially manmade or semi-natural. 
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Site-wise total carbon storage values (tonh-1)  

TCS (tonh-1)	
Site-1	Site-2	Site-3	Site-4	Site-5	Site-6	Site-7	Site-8	63.21	291.88	109.88	164.82	171.78	196.66	134.02000000000001	275.88	


Site-wise total tree biomass (tonh-1) 

AGTB	
S-1	S-2	S-3	S-4	S-5	S-6	S-7	S-8	145.30000000000001	671	252.6	378.9	394.9	452.1	308.10000000000002	634.20000000000005	BGTB	
S-1	S-2	S-3	S-4	S-5	S-6	S-7	S-8	29.06	134.19999999999999	50.52	75.78	78.98	90.42	61.62	126.84	TTB	
S-1	S-2	S-3	S-4	S-5	S-6	S-7	S-8	174.36	805.2	303.12	454.68	473.88	542.52	369.72	761.04	
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