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Abstract

The mangrove forests are among the most carbon-rich ecosystems on earth and vital to climate change mitigation. Under-
standing the relationship of forest structural attributes with carbon stock is essential to achieve sustainable conservation of
forest ecosystems and their carbon storage. However, little is known about their inter-relationship in the mangrove forest
ecosystems. This study was aimed to quantify primary structural attributes such as density, abundance, frequency, basal area,
height, and dbh (diameter at breast height); derived structural attributes such as Importance Value Index (IVI), complexity
index (Ic), niche width, and diversity indices (i.e., species richness, - diversity, Simpson’s index, Shannon-Weiner index,
Pielou evenness index); and vegetation biomass, i.e., above ground biomass (AGB) and below ground biomass (BGB)
using the allometric equations for mangroves of Bhitarkanika National Park (BNP), India. To achieve the result, twenty-five
sample plots (20 m X 20 m) were laid down in BNP which were distributed in six conserve forest sites. The study recorded
27 species, with the highest IVI of 112.19 for Excoecaria agallocha. The Ic value ranged between 12.18 to 283.87 across
sites. The diversity indices showed BNP as a mangrove rich ecosystem. The mean stand biomass was 436.89 +59.75 t ha™!
(AGB=318.79+44.42 and BGB =118.10+15.39). The total forest biomass, biomass carbon stock, and its CO, equivalents
of whole BNP were 6.3 Mt, 2.96 Mt, and 10.87 Mt, respectively. A positive correlation for biomass with the basal area
(r=0.96), stand density (r=0.81), IVI (r=0.80) and Ic (r=0.91) were observed, whereas it showed a negative correlation
with species richness (r=— 0.59) and Shannon-Weiner index (r=— 0.08). This study recommends necessity of site specific
conservation approach to increase the structural complexity of degraded forest sites and the carbon storage potential of BNP
as a large variation in forest attributes and stand biomass exists across sites.
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Introduction

‘Mangrove forests’ are well recognized as a potential
ecosystem for climate change mitigation and stabilizing
greenhouse gas emissions. They account for only ~0.7%
of the tropical forest, but store significantly large amount
of atmospheric carbon (called ‘blue carbon’) mostly in the
form of tree biomass and sedimentary stock than temperate
and tropical ecosystems (Alongi 2008; Donato et al. 2011;
Kauffman et al. 2018; Ragavan et al. 2021). Mangrove
biomass has two pools of carbon (C), viz., ‘C’ of above
ground biomass (AGB) and below ground biomass (BGB)
(Walker et al. 2011; Bal and Banerjee 2019; Ragavan et al.
2021). Accurate quantification and understanding of the
spatial distribution of these blue carbon stocks are vital
to recognize their true potential for climate mitigation
and also in strengthening the conservation practice across
mangrove-lined nations (Ragavan et al. 2021). The global
AGB and BGB have been predicted as 2.83 Pg and 1.11
Pg with a total biomass (TB) of 3.95 Pg (Hutchison et al.
2014). However, Ouyang and Lee (2020) estimated the
total carbon stock (living and dead biomass, sediment OC
and inorganic carbon) of global mangrove ecosystem at
3.7-6.2 Pg. Mangroves have the highest mean whole eco-
system carbon stock (956 t C ha™!) compared to rainforests
(241 t C ha™), peat swamps (408 t C ha™!), salt marshes
(593 t C ha™'), and seagrasses (142.2 t C ha™!) (Alongi
2014; Ouyang and Lee 2020). The Southeast Asian region
hosts the highest mangrove diversity, and they have also
been recognized as the blue carbon hotspot of the world
as they together store at least 1.9 billion tonnes of carbon
which is 45% of the world’s total (Suratman 2008; Ham-
ilton and Friess 2018).

In India, mangroves occupy ~4992 sq. km (i.e., 2.7% of
global cover & 0.15% of the nation’s geographical area)
(FS12021). Despite of this small area, they have immense
contributions in safeguarding the coastal belt, providing
many livelihood opportunities and also in storing signif-
icantly high ecosystem carbon stock (Sahu et al. 2016;
Suresh et al. 2017; Banerjee et al. 2020; Harishma et al.
2020; FSI 2021; Ragavan et al. 2021). However, under-
standing the forest structure and carbon storage potential
of Indian mangrove ecosystem are far from clear and needs
immediate evaluation of their potential contribution to
national climate change mitigation policies like, Reduc-
ing Emissions from Deforestation and forest Degradation
in developing countries (REDD +), Nationally Determined
Contributions (NDCs),and other blue carbon projects.

Forest community attributes such as floristic composi-
tion, structure measurements and stand biomass is essen-
tial in mangrove forest management. Generally, the for-
est complexity is estimated using quantitative attributes,

such as tree diversity, density, dominance and plant height
(Holdridge et al. 1971). These forest attributes have a sig-
nificant effect on various biogeochemical processes of
the ecosystem and help to understand forest productiv-
ity and atmospheric carbon sequestration. Understanding
the relationship between forest structural attributes with
carbon stock is essential for the sustainable conservation
and management of forest carbon stock (Pragasan 2022).
Key factors such as basal area, species richness, stand
density, species diversity, etc., affect the forest ecosystem
carbon stocks besides the environmental and edaphic fac-
tors (Aryal et al. 2018; Chaturvedi et al. 2011). However,
in mangrove forests, this type of study is very rare. Despite
being recognized as the mangrove paradise of the world,
the forest structural attributes and tree biomass of BNP,
India haven’t been quantified as of other Indian and global
mangrove forests. The objectives of this particular study
were to quantify the standing biomass and carbon stock of
BNP in relation to its structural attributes. The key hypoth-
eses/questions of this study were:

a) What is the forest structure and composition of man-
grove stands in BNP?

b) How much vegetation biomass and carbon is stored in
BNP?

¢) How the contribution of biomass varies among species?

d) Isthere any correlation between stand biomass and for-
est structural attributes?

Materials and methods
Description of the study area

The ‘BNP’ is situated in the Kendrapara district of Odisha
state, along the eastern coast of India, between 20°33°30”N
to 20°50°9”N and 86°46’15”E to 87°05’56”E (Fig. 1). This
mangrove delta has been formed by rich alluvial deposits of
Brahmani, and Baitarani river system. The study site experi-
ences a typical tropical monsoon climate. The mean atmos-
pheric temperature reaches the highest (41.1 °C) and lowest
(15.6 °C) in April and December, respectively; whereas the
highest monthly rainfall (556.7 mm) is achieved in August and
the relative humidity of the site ranges between 54 to 86%.

Data collection and analysis
Forest structure and diversity
To achieve the result, we fixed twenty-five sample plots

(size: 20 mx 20 m; area sampled: 10,000 m?) during the
period between 2016-2018 that covered six protected
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Fig.1 Location of Bhitarkanika National Park and sampling tech-
niques to collect primary data. (Sampling sites, 1: Dangmal (4 plots),
2: Bhitarkanika (4 plots), 3: Satbhaya (4 plots), 4: Kalibhanjadiya (5

conserved mangrove forest sites (Dangmal, Bhitarkanika,
Satbhaya, Kalibhanjadiya, Khola, and Habelikhati) of BNP.
The sites were selected based on features like feasibility to
enter into the forest and habitat diversity (i.e., closeness to
river and sea, sites having human interventions, core forest
and island forests) (Fig. 1). Plants present within the plots
were marked with aluminum tag (Fig. 1). The phytosocio-
logical data such as species richness, plant count of each
species (excluding the saplings), plant height (h), and cir-
cumference at breast height (cbh) were measured at 1.3 m
above the ground (for trees and shrubs) by using laser hyp-
someter and measuring tapes, respectively. The diameter at
breast height (dbh) of trees and shrubs was derived using the
cbh value (i.e., dbh =cbh/Pi). The existing plants were rep-
resented based on dbh and height class. The collected field
data were used to quantify the primary structural attributes
like plant density (d), abundance (A), frequency (F), basal
area (BA); derived structural attributes such as IVI using
relative values of density-frequency-dominance as suggested
by Curtis and Mclntosh (1950), Curtis (1959), Cintron and
Schaffer-Novelli (1984), forest complexity index (Ic) was
estimated as suggested by Holdridge (1967) as follows:

@ Springer

plots), 5: Khola (3 plots), and 6: Habelikhati (5 plots); Q=Plot num-
ber and P=Plant tagged)

Total no. of individuals of a species recorded from all quadrats

Density =
¥ Total no. of quadrats sampled
Total number of individuals of a species in all quadrats
Abundance = - - -
Number of quadrats in which the species occured
No. of quadrats in which a species occurs
Frequecy(%) = a4 P % 100

Total no. of quadrats sampled

2
Basal area(or dominance) = %

Importance Value Index (IVI) = Relative density

+ Relative frequency + Relative dominance

Complexity index(Ic) = sbdh x 1073

where, s=No of species; d=Total stand density; b=Basal
area (in m?); h=stand mean height.

The measure of species diversity and distribution is
essential to complement the structural attributes of forest
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communities. Diversity indices are a measure of the number
of species in an area and the relative distribution of indi-
viduals among those species. We evaluated mean species
richness (a-diversity); p-diversity (Whittaker 1972); Simp-
son’s index (Dg) (Simpson 1949); Shannon-Weiner index
(H’) (Shannon and Weiner 1963); Pielou evenness index (E)
(Pielou 1975); and Niche width (Levins 1968) to understand
species evenness, distribution and resource utilization poten-
tial of mangroves in BNP. The equations used are as follows:

Mean species richness(a — diversity)
__ Sum of Species recorded from each plot

Total plots studied

p — Diversity = (S/a>

where, S is the total number of species and a is the mean
species richness.

Simpson’s index (Dg) = 1 — TP

Shannon — Wiener index (H/) = —XPilog, Pi

Number of individual of one species

here, Pi =
where, 1 Total number of all individuals
’
: H
Pielou Evenness Index (E) = S
n

where, H’ is the Shannon-Weiner index of the community
and S is the total number of species in the community.

. . _ 2 . 2
Niche width = (EN¥) /ZNij2
where, Nij is the density value of species i on stand j.
Estimation of stand biomass and carbon

Total biomass (TB) and total carbon (TC) of a mangrove
species are the sum total of above-ground biomass (AGB)
with below-ground biomass (BGB) and above ground car-
bon (AGC) with below-ground carbon (BGC), respectively.
To convert dbh to above-ground biomass requires cutting
down a sample of trees over a range of sizes, weighing them,
and establishing the exponential relationship between dbh
and dry weight or biomass. There are also limitations to
the accuracy of this method. Each species will have a dif-
ferent relationship between biomass and dbh (Komiyama
et al. 2008). To avoid this destructive process, we used the
common allometric equations of Komiyama et al. (2005)
to estimate the stand and species wise biomass (AGB and
BGB) of mangroves in BNP (equations shown below). The
required wood specific density values of mangroves were
accessed from World Agroforestry Database (Source: http://

db.worldagroforestry.org/). Plant dbh values were taken from
our plot measurements. We used a conversion factor of 0.47
to convert biomass to carbon (Kauffman and Donato 2012).
We quantified the total biomass carbon (AGBC + BGBC)
of BNP by extrapolating with average biomass value with
the total mangrove forest area, i.e., 14,425 ha (Kripa et al.
2021). The total carbon stock was converted into CO, equiv-
alents by multiplying with the factor of 3.67 (Kauffman and
Donato 2012). The used allometric equations were:

AGB (kg) = 0.251pD>46

BGB (kg) = 0.199 x p*89D>22

where, D (dbh); and p (wood specific density in g cm™).
Statistical analysis

To understand the interrelation of forest attributes, stand bio-
mass, and carbon stock, we used statistical analysis of these
parameters using the software XLSTAT and SPSS 17.0.
Mean =+ standard error was presented. Pearson’s correlation
study was carried out using the results of stand attributes
and biomass of mangroves across the sites of BNP to know
the existing inter-relation. A regression equation was also
developed to represent the relation between IVI and TB.

Results and discussion
Forest structure and species diversity

Altogether, 27 mangrove species from 16 families and 22
genera were recorded from which 22 were woody (Table 1
and Supplementary Table 1). As per the IUCN red list, four
species that are categorized as threatened species were Ceri-
ops decandra, Aegialitis rotundifolia, and Phoenix paludosa
in the state of near threatened and Heritiera fomes in the
endangered category.

The average plant density estimated for overall BNP was
6857 ha~! and 5159 ha™! based on the total count and plants
with dbh>2.5 cm, respectively (Table 1). Among woody
species (i.e., tree and shrub), the highest plant density was
recorded for Excoecaria agallocha followed by Heritiera
fomes for overall BNP with a site specific variations. The
highest relative dominance (RD) was obtained for Excoe-
caria agallocha (i.e., RD-51.22). However, remarkable vari-
ation in stand density (i.e., dbh>2.5 cm) was observed across
sites and the value ranged between 908 ha~! to 7070 ha™!
(Table 1). The basal area (BA) of mangrove stands ranged
from 13.96 m? ha™! to 69.61 m” ha™! across sites (Fig. 2).
Four sites such as Dangmal, Bhitarkanika, Kalibhanjadiya,
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and Habalikhati had pristine mangroves, viz., BA>25
m? ha™!; Satbhaya had secondary mangrove formation, viz.,
BA~15 m? ha™!; and Khola region had disturbed forests,
viz., BA <10 m? ha™! (Fig. 2). For BNP, highest IVI was
recorded for Excoecaria agallocha (i.e., 112.19), which indi-
cates its dominance (Table 1). Together, the IVI contribu-
tion of threatened species was low (~22.33%), viz., Heritiera
fomes (10.40%), Ceriops decandra (7.38), Aegialitis rotun-
difolia (0.52%), and Phoenix paludosa (4.03%). Whereas,
20 species had < 5% IVI, which indicates their rarity in BNP
(Table 1). A major portion of mangroves was from a low
height and diameter class (Fig. 3a and Fig. 3b), as~25%
of plants as a whole were with dbh <2.5 cm, whereas the
value ranged from 2% (Habelikhati) to 84% (Khola) across
sites (Fig. 4). Among the 22 woody species, 12 species

had all individuals with dbh>2.5 cm, whereas 10 species
showed a range between 4 to 18% of their individuals with
dbh <2.5 cm. Only, 52% of mangroves of BNP were with
dbh>10 cm, whereas only four species (i.e., Avicennia
officinalis, Sonneratia apetala, Avicennia marina, and Lum-
nitzera racemosa) had dbh>30 cm. Categorization of plants
based on height showed that 53% fell within the 5 m class,
31% between 5-10 m, and only 15% had a height> 10 m
(Fig. 3b). In total, only 21 plants had a height>20 m which
were from only three species, i.e., Avicennia officinalis, Son-
neratia apetala, and Lumnitzera racemosa.

Our estimated d and BA of BNP mangroves was higher
than other Indian mangrove forests such as Sundarbans
(Joshi and Ghose 2003), Kerala (George et al. 2018; Sreelek-
shmi et al. 2018; Harishma et al. 2020), Andaman Islands

10 1 mmmm Density (No of trees/0.1ha) ~ mss==Basal area (m?/0.1ha) 8

81 -6
S 6 - §3
£3 -4 F=
85 4 - 3
a g L2 3 NE
2 T m ~—

0 . : : : 0

Khola Satbhaya Bhitarkanika

Dangamal Habelikhati Kalibhanjadiya

Fig. 2 Relation between tree density and basal area across sites in Bhitarkanika National Park, India
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Fig. 3 Distribution of plants based on dbh a and height b (in %) in Bhitarkanika National Park, India

Fig.4 Site wise distribution of 100
plants with dbh <2.5 cm (in %)

in Bhitarkanika National Park, 80
India 60
40
20

I -

Dangamal

Bhitarkanika

m % plants with dbh < 2.5 cm

>25
20.0-25 |
15.0-20.0 | |
10.0-15.0 [ |
5.0-10.0
<5.0 \
0 10 20 30 40 50
% of plants
b
Satbhaya Kalibhanjadia Khola Habelikhati BNP
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(Kiruba-Sankar et al. 2018; Sreelekshmi et al. 2020), Cor-
inga mangrove estuary, Andhra Pradesh (Satyanarayana
et al. 2002), Kachchh, Gujarat (Sawale and Thivakaran
2013), and even to the previous estimation for BNP (Upad-
hyay and Mishra 2014). In India, the majority of mangrove
forests are dominated by species from two genera, ‘Rhiz-
ophora’ and Avicennia, whereas Excoecaria agallocha
and Heritiera fomes dominate the BNP. Comparing spe-
cies dominance in terms of IVI of Indian mangrove forests
showed that four genera, i.e., Excoecaria, Heritiera, Avi-
cennia, and Ceriops together constitute 70% of the IVI in
BNP (this study), whereas three genera viz., Rhizophora,
Bruguiera and Ceriops together constituted 67% of the IVI
in Andaman Islands (Kiruba-Sankar et al. 2018) and four
genera viz., Acanthus, Excoecaria, Avicennia, and Bruguiera
together constituted 64% of the IVI in Kerala (Sreelekshmi
et al. 2018). Bal and Banerjee (2019) reported Excoecaria
agallocha, Heritiera fomes and Avicennia officnalis as major
species in BNP, however, they had overestimated the total
IVI (i.e.,>300). The I value is used to describe the struc-
tural complexity of forests (Holdridge 1967; Kamruzzaman

et al. 2018). Our estimated I~ value ranged from 12.18 to
283.87 across sites with a mean value of 132.02 +106.14 for
BNP (Table 2). This estimation was higher than most of the
world’s mangrove forests except Brunei Bay of East Malay-
sia (Behara et al. 2018), and the Andaman Islands (Kiruba-
Sankar et al. 2018). BNP hosts the natural stand with a well-
developed forest structure which could be reflected through
its high Ic value. The lower value at the Khola region (I:
12.18) is due to operation of multiple forest loss factors such
as stand degradation, development of human pressure and
invasion of Acanthus illicifolius. Higher I value at other
sites and altogether for BNP is the result of having pristine
mangrove stands with a high value of forest attributes, i.e.,
d, h, and BA (Table 2; Fig. 2).

In BNP, the diversity indices varied significantly
across the sites (Table 2). The overall species richness
(or a-diversity) and B-diversity were 5.68 and 4.75 for
BNP, respectively (Table 2). Among the sites, maximum
B-diversity was recorded from Kalibhanjadiya Island. The
high value of § -diversity (i.e., value > 1) resulted from all
sites indicated the prevalence of high habitat heterogeneity

Table 2 Comparison of Stand attributes, derived diversity indices, Stand biomass, Stand carbon equivalents and CO, equivalents across sites and

for the entire Bhitarkanika National Park, India

Attributes S-1 S-2 S-3 S-4 S-5 S-6 BNP
Stand attributes and Complexity index across sites and BNP
Tree height 6.66+2.94 8.43+3.02 5.20+1.58 5.46+1.06 7.39+£3.29 7.82+£2.05
(Mean +SD)
Stand den- 576.87 396.87 237.5 707.0 90.83 607.5
sity (0.1 ha)
dbh>2.5cm
Basal 6.56 3.05 1.66 3.63 0.97 4.25
area(0.1 ha)
I 283.87 90.77 29.87 204.56 12.18 170.85 132.02+106.14
Mangrove diversity across sites and BNP
Mean species 6 4 7 5.6 8 4.4 5.68
richness (o)
- diversity 2 2 2.14 2.32 1.63 1.82 4.75
Simpson diver-  0.61 0.64 0.76 0.51 0.31 0.54 0.74
sity index (Dg)
Shannon-Weiner 1.34 1.12 1.84 1.08 0.83 1.05 1.91
index (H’)
Pielou’s evenness 0.54 0.54 0.68 0.42 0.32 0.51 0.58
index (E)

Stand biomass, carbon, and CO, e across sites and for the entire forested area of BNP (Mean + SE)

AGB (tha™) 545.50+£108.79 266.65+82.16 125.30+39.19 299.66+63.21 92.42+35.07 488.85+97.15  318.79+44.42
BGB (tha™") 194.64+34.94  100.06+30.41 46.71+12.49 120.34+23.05 32.04+10.70 177.82+29.94  118.10+15.39
Total (t ha™") 740.14+143.58  366.71+112.55 172.01+51.55 420.00+86.24 124.46+45.77 666.68+127.06 436.89+59.75
‘C’ equivalence(t 347.87+67.48  172.35+5290 80.84+2423 197.40+40.53 58.50+21.51 313.34+59.72  205.34+28.08
ha™")

CO, e (tha™) 1276.67 +247.66 632.54+194.13 296.70+88.91 724.46+148.76 214.68+78.96 1149.95+219.17 753.59+103.06

The total forest area of BNP: 14,425 ha; Total ‘C’ and CO, e stock: 2.96 Mt and 10.87 Mt
(S-1: Dangmal, S-2: Bhitarkanika, S-3: Satbhaya, S- 4: Kalibhanjadiya, S-5: Khola, S- 6: Habelikhati, BNP: Bhitarkanika National Park)
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in the study area. The diversity indices such as H’ (1.91) and
Dg (0.74) indicated high floral diversity in BNP compared
to other mangrove wetlands of India (George et al. 2018;
Kiruba-Sankar et al. 2018; Sreelekshmi et al. 2018). How-
ever, E (0.58) was lower than other Indian mangrove forests
which showed an irregular distribution of mangrove flora
inside BNP. We recorded highest niche width for Excoecaria
agallocha (12.19) followed by Heritiera fomes (7.64), Avi-
cennia officnalis (7.62), Ceriops decandra (5.78), and Phoe-
nix paludosa (4.81) revealing their better adaptability in the
prevailing environment in BNP (Table 1). However, Xylo-
carpus granatum, Cerbera odollam, Acrostichum aureum,
Acrostichum speciosum, Aegiceras corniculatum, Aegiali-
tis rotundifolia, Lumnitzera racemosa, Avicennia marina,
Excoecaria indica, and Avicennia alba showed narrow niche
width and restricted distribution.

Stand biomass and carbon

Biomass measurement is essential to estimate standing for-
est carbon and CO, sequestration potential (IPCC 2013). In
BNP, the mean total biomass (TB =AGB + BGB) and mean
biomass carbon (BC) stock were 436.89 +59.75 t ha™' and
205.34+28.08 t C ha™!, respectively, whereas the value
ranged from 124.46+45.77 tha! to 740+ 148.54 t ha~! and
58.48+21.51 t C ha™' to 347.87+69.82 t C ha™" across the
sites, respectively (Table 2). The mean AGB and BGB for
overall BNP were 318.79 +44.42 tha~' and 118.10+15.39
t ha™!, respectively. The AGB and BGB comprised about
73% and 27% of the total biomass. Our estimated mean TB

Standing carbon contribution (derived from total biomass) of
mangrove species in BNP (in %)

® Excoecaria agallocha
Heritiera fomes

¥ Tamarix troupii
Avicennia officinalis
Cynometra iripa
Sonneratia apetala

u Kandelia candel
Aglaia cucullata

H Pongamia pinfiata

H Hibiscus tiliaceus

H Ceriops decandra

u Thespesia populnea
Xylocarpus granatum

B Rhizophora mucronata

B Avicennia marina
Avicennia alba
Rhizophora apiculate

B Aegiceras corniculatum

and BC for BNP was higher compared to many global and
Indian mangrove forests indicating its high potential to store
atmospheric carbon (Supplementary Table 2). Being a tropi-
cal coastal forest, the mangroves of BNP experience high air
temperature and rainfall which helped to have higher tree
biomass. In BNP, the mangrove stands were represented at
different stage of development and the older stands present
in Dangmal, Habelikhati, and Bhitarkanika forest sites con-
tributed more to the total biomass. The mangrove biomass
and carbon stock of BNP are comparable with Andaman
Island mangroves of India (Ragavan et al. 2021). A com-
parison of species wise contribution to total biomass showed
six species (i.e., Excoecaria agallocha, Avicennia officinalis,
Heritiera fomes, Ceriops decandra, Lumnitzera racemosa,
and Avicennia marina) together contributed 90% of forest
biomass (Table 1). Approximately, 36% of C stocks only
contributed by Excoecaria agallocha followed by Avicennia
officinalis (28.3%) and Heritiera fomes (10.8%) (Table 1;
Fig. 5a). This study concluded that the mangrove stands
which had higher BA also had high values of TB (Kam-
ruzzaman et al. 2017). Less biogenic disturbances, high
structural complexity, mature and older stand, and high
precipitation contributes to high vegetation carbon stocks
in mangrove forests (Ragavan et al. 2021). The dominance of
a given species alone is not a strong determinant of vegeta-
tion carbon storage (Harishma et al. 2020). Extrapolating our
average biomass value with the total mangrove forested area
(i.e., 14,425 ha) resulted in total stand biomass and carbon
stock of BNP as 6.3 Mt and 2.96 Mt, respectively (Table 2).
The CO, (or CO, equivalents) storage value in the form of

200
= y=1.5376x + 1.2764
£ R2=0.8034
S 150 -
2
£
S
100 -
>
o
&
5
s 50
O T T 1
0 50 100 150

Lumnitzera racemose
Excoecaria indica

Cerbera odollam

Importance Value Index (IVI)

Aegialitis rotundifolia

b

Fig.5 a Species wise contribution of standing carbon in BNP, India b Relationship between IVI and TB in BNP, India
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Table 3 Pearson’s correlation

. Attributes o h d BA (o H’ E TB
between stand attributes,
diversity indices and total stand a 1.00
blomass across sites in BNP, h — 0482 1.00
India
—0.660 -0.102 1.00
BA —-0.489 0.070 0.782 1.00
G —-0.434 -0.077 0.879°  0.959™ 1.00
H 0.135 —-0.612 —0.084 0.030 - 0.059 1.00
E —0.261 —-0.275 0.072 0.187 0.034 0.903"  1.00
TB —0.594 0.211 0.807  0.956" 0910° —0.084 0.142  1.00

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level
(2-tailed). (o Species richness; h: tree height; d: Stand density; BA: Basal area; H’: Shannon-Weiner
index; E: Pielou’s evenness index; C;: Complexity index; TB: Total biomass)

biomass in BNP was 10.87 Mt. Thus, one hectare loss of
natural mangrove forest will lead to the release of 753.59 t
CO, to the atmosphere from BNP. Our estimated value was
less than that reported by Banerjee et al. (2020) as they had
overestimated the CO, equivalents value by using the whole
sanctuary area of Bhitarkanika, i.e.,672 km? instead of con-
sidering the actual mangrove forested area, i.e., 14,425 ha™!
(Kripa et al. 2021). In India, ‘Odisha state’ recorded to have
the highest gain in mangrove cover in 2021 with respect to
estimation in 2019 (FSI2021). Continuation of natural pro-
cess of mangrove regeneration and plantation along the new
intertidal areas and mudflats will help to further increase
the blue carbon storage potential of the Odisha state and
the BNP.

Correlation study

The correlation relation study revealed that the stand density
(r=0.81), and tree height (r=0.21) were positively corre-
lated to TB (Table 3). BA (r=0.96) and Ic (r=0.91) were
significantly correlated to TB; stand density (r=0.88) and
BA (r=0.96) also showed a significant positive correlation
with Ic across sites (Table 3). The H” (r=0.90) and E had
significant positive relation, but H’ (r=— 0.08) was nega-
tively correlated with TB (Table 3). However, this study
recorded a negative correlation between species diversity
(H’) and biomass. Generally, positive relation is found for
forest attributes such as basal area, tree density, maximum
diameter, species richness, and species diversity on biomass
carbon stock (Kaushal and Baishya 2021). Further, the linear
regression study revealed a positive correlation (R?=0.803)
between IVI and total biomass (Fig. 5b) that indicates spe-
cies with higher IVI have greater biomass. Similarly, a posi-
tive correlation between IVI and AGB has been observed by
Alimbon and Manseguiao (2021) for mangrove stands of
Panabo Mangrove Park, Philippines.

The major drivers of the changes in the mangrove ecosys-
tem of BNP are population growth, tourism, deforestation,

@ Springer

aquaculture, and fertilizer usage (Dhyani et al. 2023). Thus,
effective management of these practices, especially regu-
lating aquaculture development, fuel wood collection, and
preventing the establishment of new settlements close to
mangrove areas not only enhance the natural recruitment
and regeneration of mangroves but it will also increase the
overall forest structural complexity and carbon storage value.

Conclusion

The present forest structure and biomass carbon stock anal-
ysis revealed the existence of high forest complexity and
biomass carbon with spatial variation across the forest sites
in BNP. Stand structural attributes showed a significant cor-
relation with biomass. The existence of high biomass carbon
in BNP indicated as a potential site under the climate action
programs, such as NDC and REDD™ for India to reduce car-
bon emissions from forests. Despite the status of a national
park, Bhitarkanika mangrove forests were also experiencing
some extent of anthropogenic disturbances which was criti-
cally reducing the forest structural complexity and biomass
carbon storage capacity. Thus, our assessment of forest
attributes, biomass, and carbon pool across sites would help
in the implementation of managerial interventions to prevent
further loss of forest carbon in BNP.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42535-023-00630-4.
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