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Abstract
Background

Attempt to compare the phonological pattern of the three mangrove species: Heritiera fomes,
Bruguiera sexangula, and Xylocapus mekongensis in the Sundarbans mangrove forest by observing
the litterfall data over 3 years.

Results

All these three species showed highest litterfall of leaves and stipules in summer and lowest in
winter. In case of B. sexangula, it also showed its second peak of leaves litterfall in the rainy season.
Branch litterfall for the three species was occurred all over the year without having a distinct
seasonal pattern. Flowering was observed in February — June and March - May for H. fomes and X.
mekomgensis, respectively. Fruiting was observed for H. fomes and X. mekongensis in between the
month of March — May and April — June respectively. Peak of mature fruit or seed litterfall was
observed in July and August for both H. fomes and X. mekongensis respectively. Litterfall of flower
buds, flowers and propagule for B. sexangula was observed throughout the year and peak flower
buds, flowers, and propagule litterfall was found in the month of January, March, and July
respectively. Kendall’s coefficient of concordance showed that all the organs of litterfall were
concordant during the study period. Autocorrelation coefficient revealed that all the parts of litterfall
followed a clear annual cycle except branches. Mean total litterfall was calculated 1014.6+12.7 g m™
year' for H. fomes, 1047.3+21.3 ¢ m year™! for X. mekongensis and 1640.2+14.1 g m year™ for B.
sexangula of which leaves litterfall contributed more than 50% of total litterfall for all the three
species. H. fomes, B. sexangula and X. mekongensis none of them exhibit any correlation between
stipules litterfall and reproductive organs litterfall.
Conclusion

The findings may contribute to an understanding of vegetative and reproductive phenology,
litterfall production, and carbon sequestration rate of the major mangrove species in Sundarbans

mangrove forests, and also its role in global C budgets.



Background

Mangrove forests are among the world’s most productive ecosystems, as well as unique wetland
ecosystems in intertidal coastal regions of the tropics and subtropics (Lugo and Snedaker 1975;
Nagarajan et al. 2008). It is also an important contributor of nutrients to coastal ecosystems.
Their litter fall is a valuable indicator of their productivity and input of materials and energy into
sub tidal systems (Mackey and Smail 1995). Litterfall also indicates phenological events for
mangrove species (Leach and Burgin 1985; Duke 1990; Clark 1994) when the time lag between
the formation and shedding of plant organs is known (Mehlig 2006). Mangrove phenology is
important for understanding both the contribution of mangroves to near-shore productivity and
plant-animal interactions within the community itself (Coupland et al. 2005). Many studies have
documented mangrove litterfall to assess mangrove productivity; and fewer studies have
documented mangrove phenology, particularly reproductive phenology (Kamruzzaman et al.
2013). Biomass and net primary productivity of mangrove forest have been studied previously in
different mangrove forest across the world (e.g., Saintilan, 1997; Komiyama et al., 2000;
Kamruzzaman et al. 2017) and the purpose of biomass estimation and productivity of mangrove
forest are mainly in terms of ecosystem management and evaluating carbon stock (Tamai et al.,
1986; Komiyama et al., 2000). Patterns of carbon accumulation and its relationship to species
dominance (richness) and individual tree size will be determined by the age and size distribution
of trees in stands and of history of stand development in the area.

This study was conducted in a mangrove community within the oligohaline zone of the
Sundarbans, Bangladesh. There are numerous studies on litterfall production in mangroves,
especially in tropical and subtropical regions of Australia (Bunt 1982; Mackey and Smail 1995),
Thailand (Christensen 1978; Angsupanich and Aksornkoae 1994), Malaysia (Ashton et al. 1999),
and Okinawa Island, Japan (Kamruzzaman et al. 2012), and there have been no previous studies,

which examined phenology, litterfall production and carbon sequestration rate of the major



mangrove communities in this area. Very few previous studies examined allometry, biomass, and
carbon storage of the Sundarbans Reserve Forest (SRF), Bangladesh with respect to its
biodiversity and role in carbon sink among the other forest ecosystems in the tropics (Iftekhar
and Saenger 2008, Rahman et al. 2015, Hossain et al. 2015), and there also have been no
previous studies which examined carbon sequestration rate among the major species of the
mangrove communities in this area. The aims of the present study were to investigate the
vegetative and reproductive phenology of three major mangrove species growing in Sundarbans,
determine the development period of each reproductive organ, to determine the rate of successful
conversion from flowers to propagules for all the three species, and to compare the biomass
estimation including above and below ground biomass, its incremental rate, carbon storage, and
carbon sequestration rate among the mangrove successional stages at different locations of the

Sundarbans.

Materials and Methods

Litterfall collection

Litterfall will be collected using 1-mm mesh litter traps with mouth areas of 0.2 m?. Two litter
traps will be placed in each plot > 1 m high from the ground to avoid tidal water. The litter traps
will be emptied monthly; the collected litterfall will keep in a cotton bag and carried to the
laboratory where it will be separated into leaves, stipules, branches, flower buds, flowers, and
propagules. Individual components of the litterfall will be dried at 80°C for 48 h, desiccated at
room temperature, and then weighed using a digital balance. Litterfall was collected using 1-mm
mesh litter traps with a mouth area of 0.2 m?. Two litter traps were placed at 1 m above the
ground in each plot to avoid tidal water. Litterfall was collected monthly in a cotton bag and
separated in the laboratory into leaves, stipules, branches, flower bud primordia, flower buds,

flowers, fruits, and propagules. These separated components of the litter were dried at 80°C for



48 h, desiccated at room temperature, and then weighed using a digital balance. Reproductive
parts (i.e., flowers, fruits, and propagules) were counted to estimate successful fruits and
propagules.

Biomass production and increment measurement

Although allometric relationships have been developed between DBH and weight for a number of
mangrove species around the world, biomass production depends on the interaction between edaphic,
climatic and topographic factors of the specified area and the species that occurred on the specific
area. Unfortunately there is no developed allometric equation for biomass estimation of the studied
mangrove species encountered in this study. So we tentatively apply the following aboveground

biomass equation for all the mangrove tree species (Chave et al. 2005).
AGB =p x exp(—1.349 +1.980in(D) + 0.207(In(D))" - 0.0281(1n(D))")

where AGB = aboveground biomass, p = wood density, D = DBH. The wood density data were
obtained from Global Wood Density Database (Chave et al. 2009).

Below-ground biomass of mangrove tree species was estimated using a common allometric
relationships between dbh and biomass, established by Komiyama et al. (2005).

BGB = (0.199 . p0%899p222)

where BGB= belowground biomass, p = wood density, D = DBH. Individual tree’s biomass
calculation for each species was estimated using the same allometric equation. The common
allometric relationship for root weight was derived from the relationship between below-ground and
above-ground weight of trees, so wood density is same for both above-ground and below-ground

weight estimation.

Carbon estimation and sequestration measurement:
Conversion of biomass of tress to carbon mass was done by multiplying forest biomass by 0.5 as

carbon concentration is regularly 50% (Gifford 2000). Carbon sequestration is defined as the rate of

carbon change in stored carbon with time. In this study, the estimation of stored carbon in the above



and below ground of the selected mangrove trees have been made from March 2018 to February
2020 in the same locations. Hence, the rate of change in stored carbon in the marked species (carbon
sequestration) was calculated by dividing the difference in stored carbon through the denoted time

(in this case 2 years).

Statistical analyses

Kendall’s coefficient of concordance W was used to evaluate a degree of the similarity in
the monthly change among years for each litterfall component. When W = 1.0, the monthly changes
of the litterfall are concordant among years, while when W = 0.0, the monthly changes are

completely different among years. 7* (=(n—1)-k-W) test with n — 1 degrees of freedom was used

to determine the significance of the W value. The autocorrelation coefficient (rx) was calculated for

. . VX=X (X=X n
each litterfall component to evaluate its yearly cycle: n 271 X )

b

N — - _ > 2
\/z]}/:lk (X—Xl,r\uk)zzlj\,:lk (X/+k_XI-k,N)

where k (=0, 1, 2,...) is the time lag in months; N (= 48) is the total number of months in the time
series; X; and Xj.« are litterfall components of the j month and (j+k)™ month, respectively; and
X.v « and X...~ are the mean values of the components from the first to the (N-k)™ month and
from the (1+k)™ to the N month, respectively.

A one-way ANOVA was run to test significance differences in the numbers of flowers, fruits, and
propagules, and in the annual masses of litterfall components among the species. Bonferroni's

multiple comparison was used for post-hoc-tests using SPSS software (ver. 11.5, SPSS Inc., New

York, USA).

Results
Vegetative and Reproductive Phenology

All three species showed a similar pattern in the seasonality of leaf litterfall (Fig. 1a). Leaf

litterfall of B. sexangula was greatest in spring and summer (March-July) and lowest in winter



(December). Xylocarpus mekongensis showed a distinct unimodal leaf litterfall pattern, with a
peak in February i.e. in the winter and beginning of spring and lowest in rest of the months.
Heritiera fomes also showed a unimodal leaf litterfall pattern, with a peak in March. Stipule
litterfall, an indicator of leaf emergence, and the new leaf emergence of B. sexangula was highest
in July i.e. in summer and was lowest in December i.e., in winter. Stipule litterfall of H. fomes
was also highest in April-May i.e., in summer and lowest in winter (December-January).
Similarly, X. mekongensis showed a distinct monthly pattern of new leaf emergence, with a peak
in March (spring) and was lowest in winter. Kendall’s coefficient of concordance, W, revealed
that the monthly trends in leaf and stipule litterfalls for the three species showed strong and
significant concordance among the study years (Table 1). However, branch litterfall did not show
any clear monthly trend in B. sexangula and H. fomes, but had clear monthly pattern of X.
mekongensis.

Flower buds were very difficult to separate from other litterfall components for H. fomes
and X. mekongensis, because of its small size. Therefore, I am unable to detect any seasonal
pattern in litterfall of flower bud of H. fomes and X. mekongensis, but in case of litterfall of
flower buds from B. sexangula was fluctuated throughout the year, with highest in summer
season and lowest in winter (Fig. 8a). Kendall’s W values revealed that litterfall flower buds of
B. sexangula showed significant concordance among years (Table 1).

Flowers from B. sexangula were found in most months of the year, with a maximum in
March and a minimum in December (Fig. 2b). Flower Litterfall of H. fomes was observed from
February through June, with the highest abundance in March. Litterfall of X. mekongensis
flowers were also observed from March to May, with a peak in April. No H. fomes and X.
mekongensis flowers were observed from July to January and June to January, respectively.
Generally, unfertilized flowers were aborted and fell from trees within a few days, and some

pollinated flowers also fell. Kendall’s coefficient of concordance W values revealed that monthly



trends of flower litterfall for all three species did not show any significant concordance among
years (Table 1).

Bruguiera sexangula has no apparent fruit stage because propagule development
immediately follows fertilization, with a single hypocotyl emerging from an attached mature
calyx and matured into propagules. Immature fruits of H. fomes were found from March to May,
with a massive production of immature fruits were in May i.e., just after one month of flower
production and in summer season with dry climatic condition. Litterfall of immature fruits of X.
mekongensis was observed from April to June that is also summer season.

Over time, immature fruits of H. fomes and X. mekongensis turned into matured fruits.
Bruguiera sexangula propagules were found throughout the year, but abundance of mature
propagules was highest in July and August while propagules found in October to June was
immature. Mature fruits of H. fomes and X. mekongensis dropped between July and August.
Kendall’s coefficient of concordance W values revealed that monthly trends of mature fruit
litterfall for H. fomes and X. mekongensis species strong and significant concordance among
years (Table 1).

Monthly trend of vegetative, reproductive, as well as total litterfall showed a species
specific a unimodal pattern. Kendall’s W values showed that seasonal trends in vegetative and
total litterfall of all the three species showed strong and significant concordance among years
(Table 1).

As shown in Table 2, the mean numbers of flowers produced did not differ significantly
between B. sexangula and X. mekongensis, but there was a significant difference in the number
of flowers between these two species and H. fomes. Mature or propagule number differed
significantly between H. fomes and other two species. The mean conversion percentage of

flowers to mature fruits or propagules (£ SE) was 3.9 + 0.2% for B. sexangula, 6.4 + 0.3% for H.



fomes, and 5.0 £ 0.3% for X. mekongensis. Flower and propoagule number of H. fomes differed
significantly with the other two species (Table 2).

Young, tender, green, and yellow or senescence leaves contributed the most to total
litterfall. Mean leaf litterfall (+ SE) of B. sexangula, H. fomes, and X. mekongensis was 866.9 +
124.8, 533.6 £ 81.6, and 681.9 £119.3 ¢ m? year'l, respectively, which represent 52.9, 52.6, and
50.4% of the total litterfall for each species, respectively (Table 3). Mean propagule litterfall (+
SE) of B. sexangula, H. fomes, and X. mekongensis was 219.0 £ 106.9, 141.9 + 51.9, and 45.8
+58 g m> year'l, respectively, which contributed 13.4, 14.0, and 4.4% to the total litterfall,
respectively. There was no significant difference in vegetative organ litterfall component among
the studied species, but the reproductive organ litterfall of B. sexangula was significantly
different from other two species (Table 3).

The autocorrelation coefficient revealed that leaf litterfall and stipule litterfall (Fig. 4a
and Fig. 4b) of three species demonstrated a clear annual cycle for each of the component.
Litterfall of branches (Fig. 4c) of all three species did not show any clear cycle. Litterfall of
flower buds of B. sexangula, flowers, fruits and propagules of all three species showed a clear

annual cycle (Fig 5a, 5b, and 5c).

Carbon sequestration

The rate of carbon sequestration varied between mangrove species and site of the stand. A. officinlis
showed highest, whereas, A. cucullata presented the lowest rate of carbon sequestration rate (Fig. 6),
additionally, AGB, BGB and Total Biomass (TB) was higher in Karamjol forest area, this area also
accumulated significant and highest amount of carbon (Fig. 8) followed other areas, this could be
happened due to higher density of the communities followed by Khagramari and Dhangmari forest
area. The mean biomass increments and mean litterfall was 12.8 and 7.91 Mg ha ! yr!, respectively

for the mangrove community (Table 4). During the study, we observed tree mortality along the study



area, which was negligibly small, and we simply summed the biomass increment of all the surviving
trees and then added litterfall to get the aboveground net primary productivity for each small plot.

Mean below ground increment was estimated to be 7.85 Mg ha™! yr!

. Similarly, belowground
production includes the increment of roots of living trees plus turn of fine roots. Most of this
turnover is the mortality of fine roots of living trees, the same as the litterfall of aboveground

components. But in this study, we were unable to measure the fine root production rather than fine
root biomass stock, so our assessment of belowground production did not include fine root turnover.
Discussion

Vegetative and reproductive phenology

This study showed that maximum leaf (Fig. 1a) and stipule (Fig. 1b) litterfall of all three species
occurred in spring~summer and minimum litterfall of leaves and stipules was in winter. Other studies
on Indian Sundarbans have recorded similar patterns of leaf and total litterfalls was highest in
premonsoon season (March-June; Ghosh and Banerjee 2013) and on Okinawa Island have recorded
similar patterns of leaf and stipule litterfalls for K. obovata (Hardiwinoto et al. 1989; Gwada et al.
2000) and B. gymnorrhiza (Hardiwinoto et al. 1989; Kamruzzaman et al. 2013). Similar findings
were also observed by Duke (2006), with peak leaf litterfall of R. stylosa in the northern hemisphere
occurring between April-August, and peak stipule litterfall between May—August. Lee (1989)
reported that K. obovata in Hong Kong had a bimodal pattern of leaf and stipule litterfall, with peaks
in spring (February—June) and late summer (August—November).

While there was no clear seasonal pattern in branch litterfall (Fig. 1c), it was normally low,
but was very high in months with typhoons due to strong winds. Similar observations were recorded
on Okinawa Island by Kamruzzaman et al. (2013a, 2013b) for K. obovata and B. gymnorrhiza in
Manko wetland and Hardiwinoto et al. (1989) for K. obovata and B. gymnorrhiza in Ohura Bay.
Mackey and Smail (1995) also reported that branch litterfall of Avicennia marina (Forssk.) Vierh.

was correlated with storms on the Brisbane River, Queensland, Australia.Litterfall of flowers of all
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three species was peaked in spring~summer (Fig. 2d). The timing of litterfall of mature propagules of
B. gymnorrhiza was in July, which was consistent with the findings of Hardiwinoto et al. (1989).

The mean conversion rate of flowers to propagules for B. sexangula (5.3%) was higher
than the 3% reported for R. stylosa in Darwin Harbour, Australia within the family Rhizophoraceae
(Coupland et al. 2006) and the 3.8% observed in northeastern Australia (Duke et al. 1984). Hogarth
(1999) reported the conversion rate of flowers to propagules was 7% for Rhizophora mangle L. and
13% for R. apiculata BL. The mean conversion rates of flowers to propagules of B. sexangula
(5.3%) was similar to the rate reported for B. gymnorrhiza (3.2-4.9%) in Fiji (Tyagi 2003), but lower
than that of B. gymnorrhiza (16.8%) in northeastern Australia (Duke et al. 1984). According to
Primack et al. (1981), the high rates of the conversion rates of flowers to propagules of all three
species indicate self-compatibility, as in Sonneratia alba J. Simth. The conversion rates of flowers to
propagules in the present study varied from species to species, which may be due to variation in
pollinators, nutrients, substrates, or internal conditions of the plants.

The mean total litterfall of H. fomes observed in the present study (1015 g m? year!) was
higher than that the litterfall of R. stylosa in the South Pacific (777 g m™ year™'; Woodroffe 1984),
and lower than that in Papua New Guinea (1430 g m? year!; Leach and Burgin 1985). The mean
total litterfall of B. sexangula (1640 g m? year') was higher than that recorded in Ohura Bay,
Okinawa Island (930 g m? year!; Kamruzzzman et al. 2012). Leaves constituted over 50% of the
total litterfall for all three species, which is similar to the 61.2% and 61.0% reported for Rhizophora
apiculata and R. mucronata Lamk, respectively (Wafar et al. 1997). The contributions of
reproductive organ litterfall to total litterfall observed in the present study (26.4% for B. sexangula,
and 30.7% for H. fomes), were higher than those of other mangrove species such as (R. apiculata
21.8% and R. mucronata 23.2%; Wafar et al. 1997).The result was lower than the contributions of

reproductive organ to total litterfall 40.0% for B. gymnorrhiza in the Okinawa Island, japan
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(Kamruzzaman et al. 2012). Our results indicate that litterfall from these mangrove species is a
major contributor to the food chains of the surrounding marine and mangrove ecosystems.

Biomass, carbon storage, and carbon sequestration

This study showed that the mean above-ground biomass (AGB) of 176.0 Mg ha! was in the
documented range of 40.70~279.03 Mg ha! in the mangrove forests of East Sumatra, Indonesia
(Kusmana et al., 1992), or of 123.5~383.5 Mg ha! in the mangrove forests of Dominican Republic
(Sherman et al., 2003). The present value of AGB was almost identical to that (159 Mg ha'!) of
Rhizophora apiculata dominated mangrove forest in southern Thailand (Christensen, 1978) and (163
Mg hal) of B. gymnorrhiza dominated forest along the Okukubi River, Okinawa Island, Japan
(Kamruzzaman et al., 2017). This value was higher than those reported for subtropical mixed
mangrove forest at Ishigaki Island, southern Japan (78.6 Mg ha™'; Suzuki and Tagawa, 1983). The
present value of accumulation of mean aboveground biomass was within the converted range of
AGB from aboveground biomass carbon for Sundarbans mangrove forests (55.3~153.4 Mg ha™! C;
Chanda et al. 2016). In the present study, mean AGB (176 Mg ha') was also higher than that in
Rhizophora mucronata (59.95 Mg ha™') and Avicennia marina (117.65 Mg ha!) in the southeast
coast of India, both are claimed by (Kathiresen et al., 2013), However, AGB values vary with the
mangrove forest: 281 Mg ha'lin Rhizophora forest (Tamai et al., 1986), 357 Mg ha'lin Sonneratia
forest (Komiyama et al., 1987) and 315 Mg ha™' in Avicennia germinans (Fromard et al., 1998), 94.8
Mg ha''in a secondary mangrove forest of R. mucronata and Bruguiera gymnorrhiza (Suzuki and
Tagawa, 1983) and 62.9 Mg ha™! in a R. mangle forest (Golley et al., 1962).

In the present study, mean belowground biomass (BGB) was 96 Mg ha' and BGB for
Avicennia officinalis (53.6 Mg ha!) which were higher than A. marina (43 Mg ha') and in R.
mucronata (30.7 Mg ha'!) (Kathiresen et al., 2013). The present value is significantly higher than
32.4 Mg hain the Sonneratia forest (Komiyama et al., 1987) but marginally higher than 87.5 Mg

halin the Ceriops tagal (Komiyama et al., 2000). However, the mean values are lower than that of
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other mangrove forests: 106-173 Mg ha™! for Bruguiera, and 187-273 Mg ha! for Rhizophora
(Komiyama et al., 1987).

It is important to mention that AGB of the studied mangrove communities is accounted for
mainly due to stem biomass and is also a permanent indicator of biomass increment. Small branches
and leaves mainly contributed to litterfall production. Compared to the previous studies, the present
study indicates that biomass productivity of the mangrove species in the present study was relatively
high among the mangrove forests in the tropical and subtropical areas, showing that mean annual
aboveground production of 12.8 Mg ha!yr! which was higher than the similar observation was made
by Putz and Chan (1986), who reported that the average stem production over 31 years for a
Rhizophora-Bruguiera forest in Malaysia was 6.7 Mg ha'yr'!. The present mean value of AGB
increment was also higher than the 5.9 Mg halyr! recorded on R. stylosa dominated mangrove forest
at Missionary Bay, Hinchinbrook Channel, Australia (Clough, 1998).

In Sundarbans mangrove forest (12.8 Mg ha'yr!) had similar rate of above-ground biomass
increment with Bruguiera parviflora stands (13.7 Mg ha'yr!) that was observed by Hossain et al.
(2008) and very much higher than A. germinans (0.5~2.61 Mg ha'yr!) in Campeche, Mexico (Day
et al., 1996), R. mucronata (2.87~6.2 Mg ha'yr!) in Dutch Bay, Kala Oya and Erumathivu, Sri
Lanka (Amarasinghe and Balasubramaniam, 1992) and R. apiculata (6.7 Mg ha‘lyr‘l) in Pulau Kecil,
Matang Mangrove, Malaysia (Putz and Chan, 1986). The biomass increment rate is highly variable,
both locally and regionally and with age for a site (Clough, 1992: Hutchings and Saenger, 1987).

The rate of carbon sequestration recorded in the present study was 14.3 Mg ha'yr!. This
value is higher than 13.6 Mg ha'yr!in a 20-year old stand of Rhizophora apiculata in Peninsular
Malaysia (Ong et al., 1995) and 2-fold higher than 7.3 Mg ha'yr'!in Mahanadi mangrove wetland,
India (Aagarwal et al., 2017). This value represents the CO> equivalent value of 53.35 Mg ha'yr,

which was much higher than 26. 94 Mg ha'yr! in Mahanadi mangrove wetland, India claimed by
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Aagarwal et al. (2017), which denotes that 1 ha of the mangrove patch in Sundarbans, Bangladesh
has the potentiality for accumulating 53.35 Mg carbon from the atmosphere in 1 year.

Conclusion

This research may significantly contribute to find out the fundamental data for estimating role
and impact of Sundarbans forest ecosystems to global carbon cycle and that will provide a path
for nature conservation policies in the world. These results may also significantly contribute to
finding good strategies and mechanisms to minimize greenhouse gas emissions, developing
Sundarbans forest C conservations and sequestration options. The outcome of this study would
be used to the researchers and that will help to gain a consensus about the ecological
consideration of Sundarbans ecosystems for build up a sound and safe environment for the next
generation people of the world.
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Table 1 Kendall’s coefficient of concordance W showing the degree of similarity in the monthly
changes for the litterfall components of Bruguiera sexangula, Heritiera fomes, and
Xylocarpus mekongensis among the years during the study period

Litterfall component Bruguiera Heritiera Xylocarpus mekongensis
sexangula fomes
Leaf 0.75%%* 0.52 0.837%#*
Stipule 0.60* 0.64* 0.78%%*
Branch 0.57 0.46 0.63*
Sum of Vegetative organs 0.75%%* 0.78%* 0.87%**
Flower bud 0.69%* - -
Flower 0.55 0.52 0.48
Immature Fruit - 0.58 0.12
Propgaule / mature fruit 0.75%%* 0.59* 0.06
Sum of reproductive organs 0.83%%#%* 0.84%%** 0.34
Total 0.86%** 0.87%%** 0.82%**

*#* Significance level < 0.1%; ** Significance level < 1% ; * Significance level <5%

Table 2. Mean number of flowers and propagules / mature fruits (m™ year™') of the three species
during the study period

Reproductive organ Bruguiera Heritiera Xylocarpus mekongensis
sexangula fomes

Flower 212.5+£54* 357.7£11.2° 238.9 £10.3*

Propagule / mature fruit 85+1.1° 28.9+1.1° 13.3+£0.6*

Within an organ, with the same letter were not significantly different at a 5% level of significance
using Bonferroni’s multiple comparison

Table 3. Mean annual mass (g m-2 year-1+ SE) of litterfall components of the three species during
the study period

Litterfall component

Bruguiera sexangula

Heritiera fomes

Xylocarpus
mekongensis

Leaf

Stipule

Branch

Sum of vegetative organs
Flower bud

Flower

Immature fruit
Propagule/mature fruit
Sum of reproductive organs

Total

866.9 £ 124.8 (52.9)°
210.8 +27.5 (12.9)°
129.7 + 51.4 (7.9
1207.54203.7 (73.6)*
66.6 +34.6 (4.1)
147.1 £ 61.5 (9.0)*
219.0 + 106.9 (13.4)*
432.7 +203.1 (26.4)"
1640.2 + 406.8°

533.6 £ 81.6 (52.6)*
79.7£19.5 (7.9)°
89.7+£45.6 (8.8)*
703.0 £ 146.7 (69.3)*
106.9 £ 16.9 (10.5)*
62.8 +27.5(6.2)
141.9 +£51.9 (14.0)*
311.6 £96.5 (30.7)°
1014.6 +£243.2°

681.9 £ 119.3 (65.1)*
84.4 +22.4 (8.1)b¢
95.2 +27.9 (9.1)*
861.6 + 169.5 (82.3)"
109.6 + 28.6 (10.5)*
30.3+5.3(2.9)

458 £5.8 (4.4)
185.7 £59.7 (17.7)b<
1047.3 +229.2b
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Table 4: Species wise contribution of biomass and carbon carbon in the study area of Sundarbans.

C((;I/I[lg?:;il)lt A. cuculata A. officinalis B. sexangula E. agallocha H. fomes  X. Mecongensis
AGB 0.9+£0.08 109.4£3.4 47.3%1.1 11.7+0.3 47.4+2.1 26.4+1.1
BGB 0.6+0.1 53.96+2 26.8+0.8 8.1+0.2 27.6+0.9 14.9+0.4
TB 1.6+0.1 163.5£5.4 74.2+1.9 19.9+0.5 75.1+3.1 41.5%1.5
AGC 0.4+0.04 50.9+1.7 22.3+0.5 5.6+0.3 22.3+0.9 12.2+0.4
BGC 0.32+0.03 25+1.1 12.8+0.4 3.840.1 12.9+0.4 6.9+0.3
TBC 0.7+0.1 759424 35.1+0.9 9.4+0.4 35.2+1.2 19.1£0.7
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Fig. 1: Monthly patterns of litterfall of vegetative organs litterfall of B. sexangula (hatched
columns), H. fomes (filled columns), and X. mekongensis (open cloumns). Vertical bars represent
the standard error of the mean.
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B. sexangula (hatched columns), H. fomes (filled columns), and X. mekongensis (open cloumns).
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Fig. 4: Correlograms of monthly vegetative litterfall components of B. sexangula (open circles),

H. fomes (filled circles), and X. mekongensis (hatched square).
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Fig. 6: Species wise contribution to biomass carbon stocks per hectare in the study area
. (M : above ground biomass carbon; [J] : below ground biomass carbon).
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Fig. 7 : Species wise contribution to biomass carbon sequestration rate in the study area increment of
total biomass carbon. Dark column: 1% year increment (2018-2019); open column: 2™ year increment
(2019-2020). AGCU-Agalia cucullata; AVOF-Avicennia officinalis; BRSE-Bruguiera sexangula;
EXAG-Excoecaria agallocha; HEFO- Heritiera fomes; XYME-Xylocarpus mekongensis.

25



26



Figures

T }

Leaflitter fall {2 m ™ month ™}

Stipule Litterfall {2 m ~ month™')

MEE

]

\

J F A A

Branch litter fall {2 m~ month™}y

Figure 1

Monthly patterns of litterfall of vegetative organs litterfall of B. sexangula (hatched columns), H. fomes
(filled columns), and X. mekongensis (open cloumns). Vertical bars represent the standard error of the
mean.
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Figure 2

Monthly patterns of litterfall of reproductive organs litterfall of B. sexangula (hatched columns), H. fomes

(filled columns), and X. mekongensis (open cloumns). Vertical bars represent the standard error of the
mean.



= —=
=

; 50w S - 8 2 2 A - §
*_ Tjuent o) [MITR L[ 20 ]13Ed Y -

{, oo 5} [pgaR ) 2an 3 e dag {, oo, o S} [ oL

Monthly patterns of litterfall of Vegetative and reproductive organs, and total litterfall of B. sexangula
(hatched columns), H. fomes (filled columns), and X. mekongensis (open cloumns). Vertical bars

represent the standard error of the mean.

Figure 3



{a) Leaf

enl
=
(=]
]
(=]
=

(b} Stipule

-0E

Figure 4

Correlograms of monthly vegetative litterfall components of B. sexangula (open circles), H. fomes (filled
circles), and X. mekongensis (hatched square).
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Correlograms of monthly reproductive litterfall components of B. sexangula (open circles), H. fomes

(filled circles), and X. mekongensis (hatched square).
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Figure 6

Species wise contribution to biomass carbon stocks per hectare in the study area. (I : above ground
biomass carbon; [ : below ground biomass carbon).
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Species wise contribution to biomass carbon sequestration rate in the study area increment of total
biomass carbon. Dark column: 1st year increment (2018-2019); open column: 2nd year increment (2019-
2020). AGCU-Agalia cucullata; AVOF-Avicennia officinalis; BRSE-Bruguiera sexangula; EXAG-Excoecaria
agallocha; HEFO- Heritiera fomes; XYME-Xylocarpus mekongensis.



