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Changes in carbon stock and stand structure along a salinity gradient
in the Sundarbans mangrove forest, Bangladesh
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2. Forestry and Wood Technology Discipline, Khulna University, Bangladesh

Abstract

Introduction: The Sundarbans Mangrove Forest (SMF) in Bangladesh is the largest contiguous mangrove
ecosystem in the world. Despite its great potential as carbon pool and biodiversity hotspot, there is limited
quantitative assessments on carbon stock and stand structure in the SMF and how they may vary with
environmental stress represented by salinity. Here we quantified carbon stocks and stand structure across low,
moderate, and high saline zones in the SMF. We hypothesized both carbon stocks and structural complexity
to decrease with salinity. This study provides an important step towards science-oriented carbon management
and biodiversity conservation in the SMF.

Materials and Methods: We conducted field surveys based on random sampling by establishing six plots,
each 10 m x 10 m in size, within each of the three salinity zones (low, moderate, and high). In each plot, we
measured diameters at breast height (DBH) and tree heights and identified the species of all trees with DBH
>1.5 cm. Biomass of each tree was estimated using allometric equations. We statistically compared carbon
stocks, stand structure, and tree species diversity among the salinity zones.

Results: We found significant spatial variation in carbon stocks and stand structure along the salinity
gradient. Contrary to our expectation, the low saline zone showed the lowest total carbon stock (263.4 +45.6
Mg C ha™) (Fig.1) and the lowest structural complexity among the three zones. The moderate saline zone
exhibited the highest total carbon stock (831.8 = 66.5 Mg C ha™!) (Fig.1) and was dominated by Heritiera
fomes that is well-adapted to moderate salinity. The high saline zone showed an intermediate level of total
carbon stock (412.1 + 58 Mg C ha™') (Fig.1), despite its relatively high species richness. Across all zones,
large diameter trees, though fewer in number, disproportionately contributed to total carbon pools.

Discussion: The low levels of carbon stock and

Carbon by Salinity Zone
structural complexity in the low saline zone were

likely due to extensive illegal felling in this area. In

1000

the moderate-salinity zone, biomass was highest,

600
L

reflecting the presence of larger and well-established

Carbon Mg/ha)

0 200
L

trees. The high-salinity zone supported greater

species diversity, although overall carbon storage ‘ ‘ ‘

Low saline Moderate saline High saline

remained at an intermediate level because of its high

Zone

stress condition. These findings highlight while
salinity to be a major environmental gradient, Fig.1: Carbon stock in different saline zone
anthropogenic disturbance jointly influence carbon storage and stand structure in the SMF. We encourage

protection of large diameter trees for effective management of the mangrove ecosystem in the region.
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THE SFD-ISME MANGROVE COLLABORATION PROJECT IN SABAH

Joseph Tangah
Sabah Forestry Department

Summary

Mangrove forests play a crucial role in mitigating climate change by sequestering carbon from the
atmosphere. The remarkable ecosystem can store carbon belowground as a soil carbon up to four
times (Donato et al. 2021) more efficient than other forest types. The mangrove ecosystem
supports a diverse range of organisms by providing breeding grounds, habitats and nurseries for
various marine species. Mangrove ecosystems specifically in Sabah, Malaysian Borneo, provide a
multitude of benefits to society (such as coastal protection, carbon sequestration, biodiversity and
livelihoods support). However, due largely to lack of public awareness these benefits go unnoticed,
and therefore over the decade mangroves are often unappreciated by society at large. Sabah hosts
the largest mangrove ecosystem in Malaysia, covering approximately 365,643 hectares (or 60%)
of the country's total mangroves, of which 90% are still intact. Management of mangroves in Sabah
can be trace back since 1930s. Realizing that mangroves are important natural resources, efforts
have been made to manage them in accordance with the principles of conservation and sustainable
use. The biggest threats to mangroves in Sabah have been identified as land use conversion to oil
palm plantations, aquaculture (shrimp farming), infrastructure development (such as the Pan
Borneo Highway, urbanization), illegal settlements, and seasonal illegal extraction of Tengar bark.
Mangrove restoration started in 2006 under the RMK project (since 8th Malaysia Plan — Federal
Government and State Government of Sabah. Another collaboration with the International Society
for Mangrove Ecosystems (ISME) started in 2011 through the SFD-ISME Mangrove Rehabilitation
Project in Sabah, mostly carried out within encroached and highly degraded mangrove areas within
forest reserves. This collaboration on mangrove with ISME is the longest in Malaysia. By the end
of November, 2025, a total of 546.5 ha has been rehabilitated with approximately 636,318 planting
material successfully planted under this SFD-ISME collaborative project. The most notable success
for mangrove restoration is the reforestation activities of suitable mangrove species within the 56
ha of abandoned shrimp ponds in Lahad Datu, Sabah since 2014. It took approximately 10 years
of reforestation efforts in order for the mangrove ecosystem to be functional again.

Another activity is the reclamation efforts in the form of planting suitable mangrove species on
accreting mudflats mostly adjacent to forest reserves, is also ongoing under this collaboration. This
mudflat is turning into another island of mangrove forest, commenced in 2016 and are currently

ongoing in three distinct locations in Sabah, namely Beaufort, Kota Marudu and Sandakan districts.

Keywords: mangrove, forest reserve, threats to mangroves, Sabah Malaysia.
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