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and Karimunjawa Islands
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(ESPK) Laboratory, Faculty of Fisheries and Marine Science, Brawijaya University, Malang,
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Mangroves on the islands along the Java Sea play a crucial role in supporting

biodiversity, protecting coastlines, and sequestering carbon. However, there is a lack

of information on mangrove structure and biomass in the area. This study aimed to

assess the mangrove structures and biomass on Desa Daun, located on the Bawean

Islands, and Kemujan Island, located on the Karimunjawa Islands, respectively. The

study utilized a combination of line transect and quadrant plot methods with a size

plot of 10x10 m. We established 7 line transects and 28 quadrant plots in the

mangrove forest of Desa Daun and similarly set up 7 line transects and 21 quadrant

plots on Kemujan Island. Within each quadrant, the mangrove species were

identified, and their diameters at breast height (DBH) were recorded. To assess the

relative significance of each species, the importance value index (IVI) was calculated,

and allometric equations were applied to estimate biomass and carbon storage in

the trees. PlanetScope imagery was also used to quantify the carbon stock of

mangroves on those islands. In Desa Daun, 13 mangrove species were identified,

while 12 species were recorded on Kemujan Island. The species Nypa fruticans and

Excoecaria agallocha exhibited the highest IVI in Desa Daun and Kemujan Island,

respectively. Notably, Rhizophora apiculata demonstrated the greatest biomass in

both locations, with measurements of 43.08 Mg B/ha in Desa Daun and 102.22 Mg

B/ha in Kemujan Island. Overall, mangrove stands on Desa Daun stored biomass of

113.60 Mg B/ha and carbon of 50.98 Mg C/ha, whereas mangrove stands on

Kemujan Island stored biomass of 295.04 Mg B/ha and carbon of 131.95 Mg C/ha.

Mangrove stands of the whole Bawean Islands sequestered 22,941 Mg C, while

Karimunjawa Islands hold much higher C stocks, 79,451 Mg C. Despite being smaller

in size, the Karimunjawa Islands havemore extensivemangrove coverage compared
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to the Bawean Islands due to their geomorphological characteristics, which in turn

influence their mangrove structures and carbon stocks. However, the loss of

mangroves in the Karimunjawa Islands due to aquaculture expansions could

increase carbon loss in the islands.
KEYWORDS

Bawean Islands, blue carbon, Excoecaria agallocha, Karimunjawa Islands, mangrove
structure and biomass, Rhizophora apiculata
Introduction

Mangrove forests are thriving at the interface between land and

sea along tropical and subtropical latitudes. They serve valuable

economic benefits and ecological services, providing food and wood

resources as well as nursery grounds for a wide variety of fish,

crustaceans, and other invertebrates. Mangroves also regulate

nutrient cycling, deposit sediment, and protect coastal areas and

communities from coastal erosion, tsunamis, and tropical storms

(Hanggara et al., 2021; Nozarpour et al., 2023; Ruslan et al., 2022;

Trégarot et al., 2021). As a large sink of carbon, mangrove forests

play a crucial role in mitigating the adverse impact of climate

change. Globally, mangrove ecosystems account for 14% of carbon

sequestration by the ocean (Kandasamy et al., 2021; Nyanga, 2020).

Mangroves occupy a global area of 147,000 km2, roughly the

same area as Bangladesh (Leal and Spalding, 2022). Indonesia has

the most extensive mangrove forests, about 22% of the global total

(Giri et al., 2011; Sasmito et al., 2023). Other countries with

significant mangrove coverage—Brazil, Nigeria, Mexico, and

Australia—together host about 23% of global mangrove areas

(Leal and Spalding, 2022). However, the world’s mangrove

coverage had been declining by 1.58% annually between 2007 and

2016 (Hagger et al., 2022). It is estimated that 38% of global

mangrove loss is due to shrimp culture expansion, and fuelwood

and timber production are responsible for 26% of mangrove extent

loss worldwide (Nguyen et al., 2022; Ramarokoto et al., 2024). In

Indonesia, around 800,000 ha of mangroves have disappeared over

the past 30 years (Sasmito et al., 2023).

Mangrove forests could, in as short as 100 years, at least

functionally disappear due to their rapid pace of destruction (Moity

et al., 2019). The loss of mangroves has severely impacted their

ecosystem biomass. Soil carbon and tree biomass will be lost by at

least 25% following the mangrove destruction (Sasmito et al., 2019).

Concerning individual mangrove species loss is also crucial, since even

perfect mangrove habitats are species-poor when compared to other

tropical plant ecosystems (Canty et al., 2022). Mangrove areas with

declining mangrove diversity and continuing loss of mangrove species

will have environmental consequences and devastating economic

impacts for coastal communities (Lovelock et al., 2022; Yamamoto,

2023). Therefore, mangrove structure and biomass inventory are
02
essential tools not only for preserving mangrove ecosystems but also

for supporting biodiversity, protecting coastal areas, and contributing

to climate change mitigation and adaptation efforts.

The total mangrove extant in the Java Islands is relatively small

compared to the eastern Indonesia region (Basyuni et al., 2022), and

most of them are increasingly fragmented, which poses a greater risk

of exploitation (Asadi et al., 2019; Asy’Ari et al., 2022). Mangrove

forests also exist on some groups of islands along the Java Sea, like the

Karimunjawa Islands in Central Java, the Bawean Islands in East Java,

and the Thousand Islands of the Capital Region of Jakarta. However,

most mangrove structures and biomass studies are on the main island

of Java (Asadi et al., 2019; Slamet et al., 2020; Soeprobowati et al.,

2024; Trissanti et al., 2022). Mangroves on small islands typically

have lower species diversity and are more vulnerable to changes due

to their limited habitat area and higher salinity levels. In contrast,

mangroves on large islands benefit from greater habitat diversity,

freshwater input, and species richness (Sealey, 2024; Veitayaki et al.,

2017; Visschers et al., 2022). However, there was no study that

compared the mangrove structure and biomass of the Bawean

Islands and Karimunjawa Islands and estimated the total mangrove

carbon of the whole islands along the Java Sea. The differences in

geomorphological characteristics of both areas may influence their

mangrove structure and biomass. Therefore, in this study, a field

assessment of the forest structure and biomass of Kemujan Island in

the Karimunjawa Islands and Desa Daun Mangrove Forest in the

Bawean Island was conducted in order to understand the mangrove

species structure and biomass of both areas.
Materials and methods

Study sites

The field data collection was carried out in two locations: Daun

village and Kemujan Island. The first research site, Daun village, is

located on Bawean Island, 135 km north of the city of Gresik. The

island has an area of 197 km2, a population of more than 80,000 people,

and is under the administration of Gresik Regency, East Java,

Indonesia. This site is the main mangrove area of the island, situated

at a latitude of 5°50’44”S and a longitude of 112°42’21”E, and managed
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by POKWASMAS Hijau Daun. The main mangrove species is

Rhizopora apiculata, and in its surrounding riverine area, Nypa

fruticans dominates mangrove stands. The total area of mangrove

stands on the site is estimated at around 108 ha. Furthermore, based on

satellite data, the whole Bawean Islands (including some small satellite

islands nearby) have mangrove coverage of 450 ha.

The second location, Kemujan Island, is part of the Karimunjawa

islands, approximately 100 km north of the town of Jepara. The island

has an area of 15 km2 and a population of around 3,000 people. The

whole Karimunjawa Islands have an area of 70 km2 and a population of

9700 people and are under the administration of Jepara Regency,

Central Java, Indonesia. Kemujan Island is situated at a latitude of 5°

49’24”S and a longitude of 110°27’56”E and is under the management

of Karimunjawa National Park. Kemujan Island is separated from the

main island, Karimunjawa Island, by a narrow river, 2–3 m wide. The

mangrove area of Kemujan Island amounts to 232 ha, and the

mangrove formation of the whole Karimunjawa Islands has an

estimated area of 602 ha. The maps of research areas are presented

in Figures 1, 2.
Data collection

The field data collection in Kemujan was performed in April and

May 2021, at the end of the rainy season, while in Desa Daun, it was in

June 2022, during the dry season. The optimal greeness of mangroves

on small islands occurs in the rainy season, with maximum greeness

occurring at the end of the rainy season and the beginning of the dry

season (Prihantono et al., 2022). Small islands, in contrast to larger
Frontiers in Ecology and Evolution 03
ones, typically lack a large river that supplies freshwater to the

mangroves. As a result, groundwater and precipitation provide the

island’s mangroves with freshwater (Hayes et al., 2019).

This study employed a non-destructive approach by integrating

line transect and quadrat sampling techniques at both research sites. At

each station, a 100-meter line transect was utilized, with a 10 x 10meter

quadrat placed along the line, maintaining a distance of 10 meters

between each quadrat. There were seven stations established in each

location, with four quadrats implemented at each station in Desa Daun

and three quadrats set up at each station in Kemujan Island, resulting in

a total of 28 quadrats in Desa Daun and 21 quadrats in Kemujan Island.

Desa Daun and Kemujan Island are the main mangrove areas

and have the largest mangrove coverage on their respective islands.

Within each sampling plot, all trees with at least 2.5 cm in diameter

were identified and measured at breast height (DBH). Measuring

the DBH in mangroves helps estimate biomass, which is crucial for

understanding their carbon storage capacity and contribution to

mitigating climate change (Zanvo et al., 2023). Additionally, DBH

measurements provide insights into forest structure, aiding in the

assessment of forest health and biodiversity (Trégarot et al., 2021;

Wang et al., 2023). For mangroves of the genus Rhizophora, DBH

was measured at 30 cm above the highest proof root, while other

mangrove species were measured at DBH, approximately 130 cm

above the ground (Abino et al., 2014; Asadi and Pambudi, 2020).

Meanwhile, for Nypa fruticans, the stem diameter was measured for

biomass measurement according to the model developed by

Rahman et al. (2020). The model uses the average stem diameter

and a base diameter of N. fruticans, and for the stem diameter, the

correlation coefficient was 96.4%.
FIGURE 1

The sampling stations on Desa Daun, Bawean Island.
frontiersin.org

https://doi.org/10.3389/fevo.2024.1422749
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Asadi et al. 10.3389/fevo.2024.1422749
Data analysis

The analysis of mangrove vegetation was derived from the data

of each individual mangrove stand of all mangrove species and its

DBH. The data was used to determine the density, importance value

index (IVI), and mangrove biomass and carbon. Mangrove density

is calculated by dividing the number of mangrove trees by the area

of the plot they occupy, measured in trees per hectare (Hanggara

et al., 2021). A mangrove species’ basal area has a major impact on

its IVI since it affects the calculation of the IVI’s relative dominance

component (Sharma et al., 2023). IVI incorporates each species’

relative dominance, relative frequency, and relative density within

the ecosystem. It provides a thorough overview of the ecological

importance and structural function of many mangrove species,

highlighting those that are most vital to the integrity of the

ecosystem (Efriyeldi et al., 2023; Mahgoub, 2023). Meanwhile, the

DBH of mangrove trees is a key indicator of carbon storage

capacity, with bigger values generally indicating higher levels of

carbon sequestered in the trees (Zaman et al., 2023; Zanvo et al.,

2023). The IVI is measured by the sum of relative density (RDi),

relative frequency (RFi), and relative dominance (RDo) (Asadi

et al., 2018; Ismail et al., 2021).

Density (trees=ha) =  
Number of individuals belong to one species 

Sample area

RDi ( % ) =  
Number of individuals belong to one species 

Total number of all individual counted
 X   100%
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Frequency  =  
Number of plots where one species is found 

Total number of plots

RFi ( % ) =  
Frequency of one species 

Total frequency of all species
X   100%

Basal area (m2) = 0:00007854 X DBH (cm2)

Dominance (Do) =  
Basal area of one species

Sampel area

RDo (% ) =  
Dominance of a species

Total dominance of all species 
 X   100%

IVI ( % ) = RDi + RFi + RDo

In order to calculate mangrove biomass, common allometric

equations developed by Komiyama et al. (2005) were used to

estimate the above-ground biomass (AGB = 0:251   x   p   x  D2:46)

and below-ground biomass (BGB   = 0:199   x     p0:899x  D2:22) of

most mangrove species. For Sonneratia ovata, the allometric

equation of above-ground biomass (AGB = 0:258   x  D2:287) was

according to Kusmana et al. (2018). Meanwhile, the mangrove

biomass of Avicennia marina was calculated using the following

allometric equation, AGB = 0:308   x  D2:11, BGB   = 1:28   x  D1:17

(Comley and McGuinness, 2005; Nam et al., 2016). The biomass

calculation of Nypa fruticans (B = 0:222x  DS2:7048) was based on

stem diameter, and the allometric equation was developed by
FIGURE 2

The sampling stations on Kemujan Island.
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Rahman et al. (2020). Furthermore, PlanetScope images using the

Normalized Difference Vegetation Index (NDVI) were used to estimate

the total area of mangroves and C-stocks of the whole Bawean Islands

and Karimunjawa Islands.
Results

Structures of mangrove vegetation

A total of 680 and 339 mangrove trees were measured from the

mangrove forest of Daun Village, Bawean Island, and Kemujan Island,

respectively. Mangrove trees in the former area had an average DBH of

6.7 ± 2.92 cm and a total density of 2428,57 trees per ha. In contrast, the

mangroves in the later area had much higher DBH and lower density,
Frontiers in Ecology and Evolution 05
11.75 ± 3.16 cm and 1614.29 trees per ha, respectively. Out of 13

mangrove species inHijauDaun, Bawean Island,Nypa fruticanshad the

highest relative density (35.59%), whileRhizophora apiculata shared the

highest relative dominance (28.95%). Therefore, both species had the

highest IVI values, 62,67% and 66,02% for N. fruticans and R.

apiculata, respectively.

Furthermore, in Kemujan Island, out of 12 mangrove species,

Ceriops tagal, Excoecaria agallocha, Rhizophora apiculata,

Xylocarpus granatum had the highest and same relative frequency

values (12.94%). However, IVI value of E. agallocha stood over 70%,

while C. tagal, R. apiculata, and X. granatum only had IVI values of

32.32%, 49,43%, and 28.88%, respectively. On the other hand,

E. agallocha in Daun village, Bawean island had the lowest IVI

value (1.71%). The ecological parameter values of each species are

presented in Table 1.
TABLE 1 Diameter breast height (DBH, cm), density (trees per ha), relative density (RDi, %), relative frequency (RFi, %), relative dominance (RDo, %),
and importance value index (IVI, %) of mangroves from Daun Village, Bawean Island and Kemujan Island.

Species No. Trees DBH Density RDi RFi RDo IVI

Daun village, Bawean Island

Aegiceras corniculatum 13 2.99 ± 0.98 46,43 1,91 5,45 0,35 7,72

Avicennia alba 29 6.44 ± 2.26 103,57 4,26 9,09 3,37 16,73

Avicennia marina 26 4.39 ± 1.71 92,86 3,82 6,36 1,59 11,77

Bruguiera gymnorrhiza 19 6.70 ± 2.59 67,86 2,79 3,64 2,68 9,11

Ceriops tagal 22 3.69 ± 1.16 78,57 3,24 4,55 0,90 8,68

Excoecaria agallocha 4 4.45 ± 0.78 14,29 0,59 0,91 0,22 1,72

Nypa fruticans 242 4.95 ± 0.82 864,29 35,59 13,64 16,80 66,02

Rhizophora apiculata 118 8.87 ± 3.22 421,43 17,35 16,36 28,95 62,67

Rhizophora mucronata 35 6.46 ± 2.37 125,00 5,15 6,36 4,42 15,93

Rhizophora stylosa 65 6.02 ± 1.65 232,14 9,56 10,91 6,98 27,45

Sonneratia alba 67 9,6 ± 4.98 239,29 9,85 13,64 21,54 45,03

Sonneratia ovata 33 8.67 ± 4.05 117,86 4,85 7,27 7,68 19,81

Xylocarpus mollucensis 7 13.87 ± 6.94 25,00 1,03 1,82 4,51 7,36

Kemujan Island

Bruguiera cylindrica 44 10.96 ± 5,49 209,52 12,98 17,65 10,42 41,05

Bruguiera gymnorrhiza 4 11.83 ± 7.32 19,05 1,18 2,35 1,10 4,64

Bruguiera sexangula 4 13.59 ± 5.06 19,05 1,18 2,35 1,46 4,99

Ceriops tagal 36 11.11 ± 4.61 171,43 10,62 12,94 8,76 32,32

Excoecaria agallocha 111 11.09 ± 3,99 528,57 32,74 12,94 26,93 72,61

Heritiera littoralis 3 9.54 ± 6,52 14,29 0,88 2,35 0,54 3,78

Lumnitzera racemosa 22 8,72 ± 4,43 104,76 6,49 4,71 3,30 14,49

Rhizophora apiculata 49 15.10 ± 8,03 233,33 14,45 12,94 22,04 49,43

Rhizopora mucronata 23 19.78 ± 7,08 109,52 6,78 10,59 17,75 35,12

Rhizopora stylosa 1 11.07 4,76 0,29 1,18 0,24 1,71

Scyphiphora hydrophyllaceae 9 8.43 ± 3,94 42,86 2,65 7,06 1,26 10,98

Xylocarpus granatum 33 9.79 ± 4,99 157,14 9,73 12,94 6,20 28,88
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Biomass and C-stocks of mangroves

In themangrove forest of Daun village, R. apiculata had the highest

tree biomass and carbon (43.08 Mg B/ha and 19.19 Mg C/ha,

respectively), followed by S. alba (22.38 Mg B/ha and 19.19 Mg

C/2ha, respectively), and N. fruticans (15.45 Mg B/ha and 7.26 Mg

C/2ha, respectively).A. corniculatum, E. agallocha, and C. tagal had the

lowest tree biomass and carbon with values less than 1 Mg B/ha and 1

MgC/ha, respectively. In total, themangrove vegetation of Daun village

contained biomass of 113.60 Mg B/ha and carbon of 50.98 Mg

C/2ha (Figure 3).

In Kemujan Island, R. apiculata also had the highest tree biomass

and carbon (102.22 Mg B/ha and 45.82 Mg C/ha, respectively), while

R. mucronata had the second largest tree biomass and carbon (67.02

Mg B/ha and 30.05 Mg C/ha, respectively). Mangrove with the

highest density, E. agallocha, had the third largest tree biomass and

carbon in the research area (30.93 Mg B/ha and 13.75 Mg C/ha,

respectively). Other mangrove species with significant tree biomass

were B. cylindrica, Ceriops tagal, and X. granatum (29.83 Mg B/ha,

26.83 Mg B/ha, and 16.21 Mg B/ha, respectively). Overall, Kemujan

Island contained tree biomass and carbon of 295.04 Mg B/ha and

131.95 Mg C/ha, respectively (Figure 4).
Correlation between IVI and biomass

In general, the linear regression model of mangrove biomass and

IVI showed a stronger correlation in Desa Daun (R-squared = 0.72,

p< 0.05) than in Kemujan Island (R-squared = 0.44, p< 0.05).

Sequentially, mangrove species with the highest biomass in Desa

Daun were R. apiculata (43.08 Mg B/ha), S. alba (22.38 Mg B/ha),

and N. fruticans (15.45 Mg B/ha), whereas N. fruticans showed the

highest IVI value (66.02%), followed by R. apiculata and S. alba

(62.67% and 45.03%, respectively). Furthermore, on Kemujan Island,

mangrove species with the highest IVI (72.61%) only had a biomass

of 30.93 Mg B/ha. Whereas the species with the largest biomass, R.

apiculata (102.22 Mg B/ha), only had an IVI of 49.43% (Figure 5).
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Discussion

Island characteristics and
mangrove coverages

The Bawean Islands and Karimunjawa Islands are both located less

than 100 miles north of the coast of Java Island, which formed as sea

levels rose at the end of the last ice age. With a distance of around 250

km and different island characteristics, both islands have significantly

different shoreline characteristics, which, therefore, influence their

mangrove coverage landscapes. Based on Basemap RBI from the

Geospatial Information Agency of Indonesia, the Bawean Islands

(including some small satellite islands nearby) have a much larger

total area (199.71 km2) than the Karimunjawa Islands (46.10 km2).

However, the Karimunjawa Islands have a significantly longer total

coastline than the Bawean Islands (130.77 km and 105.14 km,

respectively). Most of Bawean Island is hilly, with some narrow

coasts. Meanwhile, Karimunjawa Islands coasts are typically

characterized by relatively low elevation and gentle slopes, and bays

are notable features observed on Kemujan Island. Therefore, the

coverage of mangrove in the whole Bawean Islands was significantly

lower than that of the Karimunjawa Islands (450 ha and 602

ha, respectively).

Another chain of islands along the Java Sea is the Thousand

Islands, which are located in the north of Jakarta Capital City. A

significant portion of this region has been classified as a low-lying

area, characterized by elevations varying from 0 to 31.88 meters, with

a mean elevation of 3.9 meters above sea level. The island chain

consists of 116 small islands and has a total land area of 8.7 km2

(Setiawati et al., 2023). Based on ArcGIS, the mangrove coverage of

the whole thousand islands is 137 ha.
Structures of mangrove vegetation

The mangrove forests located in Desa Daun on Bawean Island

and Kemujan Island exhibit a greater diversity of mangrove species
FIGURE 3

Tree biomass (AGB+BGB) and carbon of mangroves in the mangrove forest of Daun village, Bawean Island.
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compared to the majority of mangrove forests found on the mainland

of Java. For instance, the mangrove ecosystem in Pasarbanggi,

situated along the coastline of Rembang in Central Java, contains

only five species, while the mangrove forest in Teluk Pangpang,

Banyuwangi, East Java, comprises seven species (Hidayah et al., 2024;

Soeprobowati et al., 2024). Additionally, the restored mangrove

forests along the Karawang and Subang Coasts in West Java

support eight species (Suwanto et al., 2021).Meanwhile, the

mangrove forest at the Bengawan Solo Estuary in Ujungpangkah,

Gresik Regency, is home to six species (Ali et al., 2021). Covering an

area of 1,554 hectares, the Ujungpangkah mangrove forest is the

largest in Gresik Regency and ranks among the largest mangrove

forests in East Java (Saputra et al., 2022). In contrast, the mangrove

forest in Desa Daun on Bawean Island, also situated in Gresik

Regency, boasts remarkable diversity, with a total of 13 species

within just 108 hectares of mangrove habitat.

In Desa Daun of the Bawean Islands, the highest percentage of

measured mangrove was from the species Nypa fruticans (36%, 242

trees); therefore, it had the highest relative density and IVI (35.59%

and 66.02%, respectively). N. fruticans is the only species of the

genus Nypa and one of the most ancient extant mangrove species.
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Unlike most mangrove species that have aerating roots, this species

relies on the leaf bases as a “giant pneumatophore” to supply oxygen

to the underground tissues. This highly specialized phenotypic

feature is valuable for the species for long-term plant adaptation

mechanisms to harsh conditions (Wu et al., 2024). In Desa Daun

mangrove forest, N. fruticans flourish along its estuary and always

submerge under the water; therefore, such an adaptation

mechanism is extremely important for the species to sustain.

The tall-stilt mangrove, R. apiculata, was among the dominant

mangrove species in both locations, with relative high dominance

values (28.95% and 22.04% in Desa Daun and Kemujan Island,

respectively); therefore, R. apiculata was among the species with the

highest IVI value. R. apiculata also dominated the mangrove landscape

on the mainland of Java. In Labuhan mangrove forest, Lamongan, East

Java, R. apiculata had 31.15% relative dominance and 80.46% IVI

(Asadi et al., 2018). In North and South Andaman Islands, India, R.

apiculata also had high IVI values of 83.83% and 106.01%, respectively

(Kiruba-Sankar et al., 2018). This species is found throughout its

continuous distribution range, which stretches from India to the

western Pacific and northern Australia. Although it may grow in a

variety of soil types, species of the genus Rhizophora prefer the fine
FIGURE 5

Pearson correlation between mangrove biomass (Mg B/ha) and importance value index (IVI) in Desa Daun (left) and Kemujan Island (right).
FIGURE 4

Tree biomass (AGB+BGB) and carbon of mangroves in Kemujan Island.
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FIGURE 6

PlanetScope images of carbon stocks in Bawean Island and its surrounding satellite island.
FIGURE 7

PlanetScope images of carbon stocks in Karimunjawa Islands.
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mud sediments found in river estuaries downstream (Acharya et al.,

2021; Guo et al., 2016; Kiruba-Sankar et al., 2018).

The most noticeable species composition in both locations was the

abundance of E. agallocha. In Desa Daun, there were only a few trees of

this species (4 individuals in total), whereas it was plentiful in stations 5,

6, and 7 of the Kemujan Islands (111 trees in total). The stations were

located at higher elevations, back away from the sea, where salinity was

lower. The species is often found in areas with a high input of

freshwater or on the landward margins of mangrove forests.

Therefore, it is also a common species in the Mekong River Delta,

Vietnam (Besset et al., 2019). In contrast to the majority of mangrove

species, it lacks the specialized aerial roots known as pneumatophores

(Pi et al., 2009).
Mangrove forest biomass & correlation
between IVI and biomass

Although Kemujan Island had a much lower mangrove density

than that of the Desa Daun mangrove forest, the mangrove biomass of

Kemujan Island was almost threefold higher than that of Desa Daun. It

was mainly due to the fact that the average mangrove stand on

Kemujan Island had almost double the DBH value. The

measurement of DBH is critical in estimating carbon content, as

allometric equations to estimate mangrove biomass are based on

DBH measurements (Komiyama et al., 2005). Generally, there is a

strong positive correlation between DBH and biomass. Mangrove trees

tend to have higher biomass as they go broader (greater DBH). Bigger
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trees producemore biomass because they have a thicker stem andmore

leaves, branches, and roots.

In comparison with some other areas, the biomass and C stocks of

Kemujan Island were higher than in Labuhan mangrove forest,

Lamongan, East Java, in which the forest holds mangrove biomass of

168.05 Mg B/ha and carbon of 74.70 Mg C/ha (Asadi et al., 2018). The

mangrove vegetation of Kerala, India, had almost equal stocks of

biomass with the Desa Daun mangrove forest, in which the area held

117 Mg B/ha (Harishma et al., 2020). Meanwhile, mangrove stands in

Baluran National Park hadmuch higher biomass (533Mg B/ha). In the

park, there were somemangrove trees that hadDBH over 50 cm, which

in turn increased overall mangrove biomass in the area (Asadi and

Pambudi, 2020).

In both locations, R. apiculata shared the highest biomass and

carbon due to its higher number of mangrove stands and higher DBH

values than most other mangrove species. In Labuhanmangrove forest,

Lamongan, R. apiculata contributed almost half of the above-ground

biomass in the forest (Asadi et al., 2018). In contrast, in Baluran

National Park, R. apiculata had a much smaller contribution to overall

mangrove biomass. R. stylosa and C. tagal had more stands and higher

DBH values than R. apiculata in the park; therefore, they contributed

more biomass (Asadi and Pambudi, 2020).

Furthermore, the importance value index (IVI) and biomass do not

always have a very strong correlation. On Kemujan Island, the highest

IVI value of E. agallochawas not correlated with the highest biomass of

the species. In comparisonwithothermangrove species,E. agallochahas

a significantly lower wood density (0.45 g/cm3) (Kauffman andDonato,

2012).Therefore, it contributes to lowermangrovebiomass.However, in
FIGURE 8

PlanetScope images of carbon stocks of The Thousand Islands.
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most mangrove forests, IVI is highly correlated with biomass. For

example, in natural and planted mangroves in Sikka, East Nusa

Tenggara, Indonesia, the positive correlations were very high (R-

squared 0.92) (Matatula et al., 2021).
Carbon stocks of mangroves on islands
along the Java Sea using
PlanetScope images

Based on PlanetScope images acquired in July 2023, the mean

carbon stocks of mangrove stands in the whole Bawean Islands were

53.76 Mg C/ha (Figure 6), which was slightly higher than the field

data on Desa Daun in this study (50.98 Mg C/ha). It is indicated

that mangrove forests in the Bawean Islands are better preserved,

which might be due to the conservation effort from POKWASMAS

Hijau Daun. Besides, a large percentage of Bawean people live at

higher latitudes and work as farmers; therefore, its coastline and

mangrove ecosystem have fewer anthropogenic impacts. With a

total mangrove area of 449.64 ha, the Bawean Islands could store as

much as 24,176.64 tons of mangrove stand carbon (Figure 6).

On the contrary, despite the field data showing a higher carbon

content on Kemujan Island (131.95 Mg C/ha), PlanetScope images

revealed that the average C of the whole Karimunjawa Islands was

68.73 Mg C/ha. It might be due to the fact that field data was taken

on Kemujan Island, which was shown to have a higher C-stock than

the average of mangrove areas on Karimunjawa Islands. However,

the expansion of shrimp farming aquaculture in recent years has led

to the clearing of mangrove forests. The aquaculture expansion

might be concentrated in the areas between Kemujan Island and

Karimunjawa Island, which are shown to have lower C-stock

concentrations based on the PlanetScope images. Despite the

anthropogenic disruption, mangrove stands in the Karimunjawa

Islands still hold a high C-stock. With a total area of 602.13 ha, they

can store carbon as much as 41,384.39 tons (Figure 7).

Furthermore, the extensive mangrove ecosystems flourishing along

the Java Sea are found in the Thousand Islands, situated 45 kilometers

north of West Jakarta. According to PlanetScope imagery, the average

carbon stocks of these islands amount to 66.66 Mg C/ha. With a total

mangrove area of 137 hectares, the mangrove forests in this island

chain sequester approximately 9,132.42 tons of carbon (Figure 8).

Mangrove forests in the island chains along the Java Sea are critical for

carbon sequestration, capturing and storing large amounts of carbon in

their biomass. This process helps mitigate climate change by reducing

atmospheric carbon dioxide levels. Conserving these ecosystems

ensures the preservation of this carbon storage capacity while also

protecting biodiversity and coastal resilience.
Conclusion

In this study, we examine the biodiversity and carbon sequestration

of two major islands along the Java Sea, the Karimunjawa Islands and

the Bawean Islands. PlanetScope imagery was also used to calculate

mangrove carbon on both islands and the whole island chain along the

Java Sea. Both field data and the PlanetScope image revealed that the
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mangrove forests of the Karimunjawa Islands hold higher C-stocks

than those of the Bawean Islands, despite the later islands having higher

mangrove densities. The lower DBH and higher dominance of

mangroves with lower wood densities resulted in lower C-stocks of

mangroves in the Bawean Islands. Furthermore, the higher biomass of

R. apiculata is associated with the higher role of the species in storing

carbon in both areas. Research on mangrove structure and biomass on

islands along the Java Sea can inform targeted conservation strategies,

enhance biodiversity preservation, optimize carbon sequestration, and

improve sustainable resource management, thereby strengthening the

ecology of these islands.
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Trégarot, E., Caillaud, A., Cornet, C. C., Taureau, F., Catry, T., Cragg, S. M., et al.
(2021). Mangrove ecological services at the forefront of coastal change in the French
overseas territories. Sci. Total. Environ. 763, 143004. doi: 10.1016/j.scitotenv.
2020.143004

Trissanti, V. N., Amalo, L. F., Handayani, L. D. W., Nugroho, D., Yuliani, A. R., and
Mulyana, D. (2022). The estimation of biomass and carbon stocks in mangrove forest
ecosystem of Karawang Regency, West Java. IOP. Conf. Series.: Earth Environ. Sci. 1109,
12099. doi: 10.1088/1755-1315/1109/1/012099

Veitayaki, J., Waqalevu, V., Varea, R., and Rollings, N. (2017). “Mangroves in small
island development states in the pacific: an overview of a highly important and
seriously threatened resource,” in Participatory Mangrove Management in a
Changing Climate: Perspectives from the Asia-Pacific. Eds. R. DasGupta and R. Shaw
(Japan: Springer Japan), 303–327. doi: 10.1007/978-4-431-56481-2_19

Visschers, L. L. B., Santos, C. D., and Franco, A. M. A. (2022). Accelerated migration
of mangroves indicate large-scale saltwater intrusion in Amazon coastal wetlands. Sci.
Total. Environ. 836, 155679. doi: 10.1016/j.scitotenv.2022.155679

Wang, J., Wang, Y., Zhang, Z., Wang, W., and Jiang, L. (2023). Enhanced awareness
of height-diameter allometry in response to climate, soil, and competition in secondary
forests. For. Ecol. Manage. 548, 121386. doi: 10.1016/j.foreco.2023.121386

Wu, W., Feng, X., Wang, N., Shao, S., Liu, M., Si, F., et al. (2024). Genomic analysis of
Nypa fruticans elucidates its intertidal adaptations and early palm evolution. J. Integr.
Plant Biol. 66, 824–843. doi: 10.1111/jipb.13625

Yamamoto, Y. (2023). Living under ecosystem degradation: Evidence from the
mangrove–fishery linkage in Indonesia. J. Environ. Econ. Manage. 118, 102788.
doi: 10.1016/j.jeem.2023.102788

Zaman, M., Rahman, M., Ahmed, S., and Zuidema, P. A. (2023). What drives carbon
stocks in a mangrove forest? The role of stand structure, species diversity and
functional traits. Estuarine. Coast. Shelf. Sci. 295, 108556. doi: 10.1016/j.ecss.
2023.108556

Zanvo, S. M. G., Mensah, S., Salako, K. V., and Glèlè Kakaï, R. (2023). Tree height-
diameter, aboveground and belowground biomass allometries for two West African
mangrove species. Biomass Bioenergy 176, 106917. doi: 10.1016/j.biombioe.
2023.106917
frontiersin.org

https://doi.org/10.14505/Jemt.V13.3(59).20
https://doi.org/10.1038/s41559-022-01926-5
https://doi.org/10.1111/gcb.14774
https://doi.org/10.1111/gcb.14774
https://doi.org/10.1016/j.ijdrr.2024.104410
https://doi.org/10.3389/fenvs.2023.1280268
https://doi.org/10.1016/j.japb.2022.11.004
https://doi.org/10.1016/j.ocecoaman.2020.105283
https://doi.org/10.1016/j.marenvres.2023.106257
https://doi.org/10.1016/j.marenvres.2023.106257
https://doi.org/10.13057/biodiv/d220960
https://doi.org/10.1016/j.scitotenv.2020.143004
https://doi.org/10.1016/j.scitotenv.2020.143004
https://doi.org/10.1088/1755-1315/1109/1/012099
https://doi.org/10.1007/978-4-431-56481-2_19
https://doi.org/10.1016/j.scitotenv.2022.155679
https://doi.org/10.1016/j.foreco.2023.121386
https://doi.org/10.1111/jipb.13625
https://doi.org/10.1016/j.jeem.2023.102788
https://doi.org/10.1016/j.ecss.2023.108556
https://doi.org/10.1016/j.ecss.2023.108556
https://doi.org/10.1016/j.biombioe.2023.106917
https://doi.org/10.1016/j.biombioe.2023.106917
https://doi.org/10.3389/fevo.2024.1422749
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

	Assessment of mangrove structures and biomass on islands along the Java Sea: a case study on Bawean Islands and Karimunjawa Islands
	Introduction
	Materials and methods
	Study sites
	Data collection
	Data analysis

	Results
	Structures of mangrove vegetation
	Biomass and C-stocks of mangroves
	Correlation between IVI and biomass

	Discussion
	Island characteristics and mangrove coverages
	Structures of mangrove vegetation
	Mangrove forest biomass &amp; correlation between IVI and biomass
	Carbon stocks of mangroves on islands along the Java Sea using PlanetScope images

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


