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Biomass dynamics in exotic and native mangrove species
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Abstract Using diameter at breast height and wood density, we estimated the above- and below-ground tree
biomass by means of an allometric growth model to explore growth differences between exotic and native
mangrove species in the Futian mangrove in Shenzhen Bay. Subsequently, we compared the difference in
biomass per unit area and the interannual changes in exotic and native plant communities. Although native
species showed non-significant annual growth trends, the biomass of 17 and 23 year-old Sonneratia apetala trees
increased significantly. Further, biomass per unit area of the S. apetala community increased significantly more
than that of the native species community with increasing forest age. In 2023, nearly all S. apetala communities
exhibited higher biomass per unit area than the community dominated by Kandelia obovata. The growth rate
of S. apetala decreased with increasing forest age, and its biomass gradually reached a peak followed by a
stable phase. Overall, the mangrove community of native species in Futian reached a community biomass-
stability period, whereas exotic species continued to grow, especially the S. apetala community, which showed
the highest growth rate. However, the annual growth rate of this species showed decreasing trend with age, and
biomass gradually reached a maximum and tended to stabilize. Future studies should consider the contribution
of exotic plants to mangrove carbon storage and sinks from a perspective of carbon sequestration capacity by
exotic and native mangrove species, as well as the influence of exotic plants on growth and distribution of native
mangrove species.
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Table 1 The quadrat setting in each mangrove community
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Plant community Size (A/m?) Quadrat counts
[ 3 Avicennia marina (84 a) 10 x 10 2
i Kandelia obovata (84 a) 10 x 10 2
AW Bruguiera gymnorhiza (18 a) 25 x 35 1
Joili#E 5 Sonneratia apetala (17 a) 10 x 10 12
JoiliE 5% Sonneratia apetala (18 a) 10 x 10 6
Jo il 5k Sonneratia apetala (23 a) 10 x 10 16
Jo i 3% Sonneratia apetala (27 a) 10 x 10 G
155 Sonneratia caseolaris (23 a) 10 x 10 2
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Table 2 Species-specific allometric model used in biomass
estimation

IFh Ak EEPpuN
Species Equation References
g Wigs = 0.1848 * D*%°% [34]
Avicennia marina Wpeg = 0.1682 * D79 [34]
i Wigs = 0.251 * p * D** [35]
Kandelia obovata Woegg = 0.199 * p*%%° * p>? [36]
W =0.07 4 % * D2.505 L
K AcB (()) 86§9 @ g1.4914 [37]
Bruguiera gymnorrhiza ’ .
Wegs = 0.470 * D" [38]
W5 Wgs = 0.251 * p * D*% [35]
Sonneratia caseolaris = Wgygg=0.199 * %% * p?22 [36]
R Wigg = 2 * D1 (391
Sonneratia apetala Wees = p>3°* D' [39]

Wies Nt FAEY & (k) S
KIFERE (glem® .

W,cg is the aboveground biomass (kg), Wges is the belowground biomass
(kg), D is the breast diameter (cm), and p is the wood density (g/cm?®).
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Table 3 Species-specific wood density used in biomass
estimation

Wy fi A Z %R
Species Wood density (g/cm®)  References
it Kandelia obovata 0.527 [40]
A Bruguiera gymnorrhiza 0.784 [40]
1§55 Sonneratia caseolaris 0.534 [40]
JCilkifE 5 Sonneratia apetala 0.478 [39]
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Fig. 1 Total biomass per area of each mangrove community in 2017 (a), 2020 (b), and 2023 (c). The x-axis shows different dominant community,
which are, Bruguiera gymnorrhiza aged 18, Avicennia marina aged 84, Kandelia obovata aged 84, Sonneratia apetala aged 17, aged 18, aged 23,
and aged 27, and Sonneratia caseolaris aged 23. The y-axis denotes the biomass per area (t/hm?). Dominant species of each site are represented in
different colors. Species: Am, Avicennia marina; Bg, Bruguiera gymnorrhiza; Ko, Kandelia obovata; Sa, Sonneratia apetala; Sc, Sonneratia caseolaris.
Significance: ** P < 0.01; * P < 0.05. The difference between the site of Bruguiera gymnorrhiza (Bg site) and other sites were not tested.
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Fig. 2 Temporal trend of biomass per unit surface area in dominant communities. Biomass change in the Bruguiera gymnorrhiza site (a),
Avicennia marina site (b), Kandelia obovata site (c), site of Sonneratia apetala planted in 2006 (d), in 2005 (e), in 2000 (f), in 1996 (g), and site of
Sonneratia caseolaris planted in 2000 (h). Y-axes in all subplots denote the biomass per area (t/hm?). Points and bars in black show the mean and
the standard errors of biomass per area, and a solid black line links the black points in the sequence of year. Lines in blue display the temporal
trend of biomass change, with a solid line denoting a significant trend while a dashed line non-significant. The Bruguiera gymnorrhiza site had no
standard error due to the limited number of plots. The Bruguiera gymnorrhiza site had no standard error due to the limited number of plots.
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Table 4 Growth rate of biomass per unit surface area in each
mangrove community
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Bold figures denote significant growth rate in biomass gain (P < 0.05).
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Table 5 Two-way ANOVA in year and age of Sonneratia apetala in biomass change

A P A ¥175 Jr T HHE Iy BEE Fgiil & P
Factor Sum square Mean square Numerator degree of freedom  Denominator degree of freedom  Fvalue P (>F)
FE#HTime 124603 124603 1 56.17 8.9155 0.0042
% Forest age 15251 5084 3 50.16 0.3637 0.7794
HE4Y Mg Time : forest age 9150 3050 3 44.80 0.2182  0.8832

TR 072 78 12748 S 0F TG H U S A M SR TR A i BT R 2 (P < 0.05) .
Bold figures denote significant in biomass change (P < 0.05).
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Fig. 3 The number of trees per unit surface area in mangrove
community (mean * SE). The legend shows different dominant
communities, which are, B. gymnorrhiza aged 18, A. marina aged 84, K.
obovata aged 84, S. apetala aged 17, aged 18, aged 23, and aged 27,
and S. caseolaris aged 23. The B. gymnorrhiza site had no standard
error due to the limited number of plots.
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