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Above-ground biomass was allometrically estimated to quantify the amount of mangrove species
in selected quadrats of Xuan Thuy National Park. Physicochemical properties of surrounding wa-
ters and soils were measured and treated stochastically by correlational analysis with estimated bi-
omass values. Correlation results suggested that qualities of surrounding waters and soils are not
the principal inhibitors of mangrove growth in Xuan Thuy. The available historical records infer
that the main factor of mangrove loss in the past lay on land reclamation for shrimp aquaculture. In
addition, results of correlation analysis showed geographical coincidence of mangrove fragmenta-
tion with influence area of water channeling used for aquaculture activities. Furthermore, the dis-
tribution of anomalous values of metals concentration was corresponding with anthropological ac-
tivities associated to clam aquaculture and sand extraction. Based on the aforementioned analysis
and the information on anthropological activities in the buffer zone of Xuan Thuy, were provided
basic information on inherent environmental stressors of ecosystems in Xuan Thuy National Park.

Sinh khéi trén mat dat da dwoc wdc tinh theo phwong phap twong quan sinh truong dé dwa ra s6
liwong cdc loai dwdc trong cdc mau vuong dwoc lira chon tai Vion quoc gia Xuan Thuy. Cac dac
tinh héa-li ciia nhitng viing meée va dat xung quanh da dwegc do dac va xit Ii ngau nhién bang cdach
phan tich twong quan voi nhitng gid tri sinh khéi wéc tinh. Két qua twong quan cho thay rdng chat
lwong nuwdc va ddt xung quanh khong phai la nhitng thudc do chinh cho toc d¢ phat trién cdy dude
& Xudn Thity. Nhitng ghi chép cii da két lugn rdng viéc sir dung dat dé nuéi tém la tdc nhan chinh
dan téi suy giam loai duwdc trong qua khir. Bén canh do, két qua phan tich twong quan cho thay su
trung hop vé mat dia Iy giita sy phdn manh cua loai dwdc va nhitng vung nwdée bi anh huong do
viéc nudi trong thity san. Hon nita, sw phdn b bat thuwong cua cdc gia tri do mirc do tdp trung kim
logi ciing twong ing voi cac hoat dong nudi trong thity san va khai théac cat cia con nguoi. Nhitng
phan tich néu trén va nghién ciru vé hoat dong ciia con nguoi tai viing dém cia Xudn Thity sé cung
cdp nhitng théng tin co ban vé nhitng moi de doa méi trwong hé sinh thdi tai Vieon Quoc Gia Xudn

Thuy.
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1. Introduction

Xuan Thuy National Park (XTNP) is located at right bank
side of Red River estuary in Nam Dinh Province, Vi-
etnam.

Mangroves in the XTNP are mainly distributed in the
northern area of XTNP, dominated by the species Ae-
giceras corniculatum, Sonneratia caseolaris and Kandelia
candel and significant communities of Acanthus ilicifoli-
us, Avicennia marina, Excoecaria agallocha, and Rhi-
zophora stylosa are also present (Hong et al., 2004;
Wosten et al., 2003). The planted mangrove forests are
mainly distributed in the southern part of XTNP constitut-
ed by K. candel, S. caseoralis, and R. stylosa (Cuc, 2004;
Hong and Dao, 2003; Tue et al., 2012).

In Vietnam, losses of the original mangrove area are esti-
mated at 37% (Spalding et al., 1997; Valiela et al., 2001;
Alongi, 2002). More than two-thirds of the country’s
mangroves were destroyed by defoliants during the Vi-
etnam War while development activities, particularly
shrimp aquaculture, subsequently continued the process
(Macintosh, 1996).

Census of plant species and measurement of physical
properties at XTNP were conducted during three weeks in
December of 2012 by the staffs of the Institute of Ecology
and Biological Resources and the Institute of Chemistry
of Vietnam Academy of Science and Technology (VAST)
as requirement of the Biodiversity Conservation Agency
(BCA) of Vietnam.

The present work consisted on to provide basic infor-
mation for the development of biodiversity indicators,
finding environmental stressors of ecosystems in XTNP,
taking into account the analysis of collected data from the
aforementioned surveys.

2. Materials and methods

Census of plant species was conducted in seven quadrats
of 400 m* (20 m x 20 m). Locations of quadrats are
shown in Figure 1. Measured parameters for surface wa-
ters and soils are shown in Table A (Appendix).
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Figure 1. Location of 400 m”> quadrats (square shapes) for the census of plants and the measurement of surface
water (empty balloons) and soil (black-filled balloons) properties

Census of mangrove species was performed, by total
counting of identified species, measuring their heights,
and stem diameter at breast height. Above-ground bio-
mass of mangrove species was estimated using the al-
lometric equations proposed by Komiyama et al. (1988).

Based on that mangrove species seems to depend entirely
on water in the top 50 cm of soil, in which 70% of its fine
roots are deployed (Sternberg and Swart, 1987), it was

judged relevant to measure water and soil properties with-
in this limit.

Deterministic stochastic values, resulted from dataset of
surface water and soil properties, were assigned to afore-
mentioned seven quadrats using Inverse Distance
Weighting (IDW) method of interpolation.

Pearson’s bivariate linear correlation analysis was per-
formed considering as variables above-ground biomass,
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Shannon index, Simpson index of dominance, and identi-
fied species of mangroves above-ground biomass assign-
ing properties of surface waters and soils; and significant
analysis on resulted correlation coefficients were tested
under the criteria of two-tailed distribution.

In order to visualize the geographical distribution of
measured physicochemical properties, raster maps of
distribution were performed applying interpolation tool of
IDW method available in Quantum-GIS® software.

3. Results

Inventoried mangrove species was quantified using the
estimated above-ground biomass for each surveyed quad-
rat. Table 1 lists the biomass quantification for each quad-
rat and Shannon and Simpson indexes taking into account
plant species existing in each quadrat based on estimated
above-ground biomass and population respectively.

Table 1. Above-ground biomass (AGB) of mangrove species (unit: kg/400 m?) and species abundance and domi-

nance in selected quadrats

Mangrove species Quad.1 Quad.2 Quad.3 Quad.4 Quad.5 Quad.6 Quad.7
A. corniculatum AGB 2,110 858 708 0 28 10 0
population 1,116 3,012 2,638 0 99 46 0

K. candel AGB 181 9 46 509 624 72 0
population 63 44 188 1,106 1,532 488 0

S. caseoralis AGB 0 770 586 635 0 0 0
population 0 16 22 32 0 0 0

R. stylosa AGB 0 0 0 0 0 13 0
population 0 0 0 0 0 20 0

Index Quad.1 Quad.2 Quad.3 Quad.4 Quad.5 Quad.6 Quad.7
Shannon index  Biomass based 0.120 0.314 0.354 0.298 0.078 0.309 N.A.
Population based 0.091 0.047 0.125 0.056 0.099 0.190 N.A.

Simpson index  Biomass based 0.854 0.496 0.472 0.506 0.917 0.609 N.A.
Population based 0.899 0.962 0.862 0.945 0.886 0.784 N.A.

A. corniculatum seems to be the most characteristic of the
seaward mangal fringe and occurs typically as an isolated
low shrub (Tomlinson, 1986). This mangrove species is
distributed mainly in northern zone of XTNP, showing its
dominance in Quadrat 1. K. candel is widely distributed
in all mangrove areas of XTNP, especially along the
banks of Tra Creek, showing its dominance in Quadrat 5.
The characteristic habitat of S. caseoralis is riverbanks
and tidal areas with mud banks. This species is common
in the inner mangroves and extends inland along tidal
creeks as far as the influence of salinity extends (Tomlin-
son, 1986). S. caseoralis was inventoried in Quadrats 2, 3,
and 4; showing co-dominance with A. corniculatum in
Quadrats 2 and 3, and co-existence with K. candel in
Quadrat 4. Rhizophora is a pantropical genus in climati-
cally rather uniform coastal environment, but with limited
extension into to the subtropics (Tomlinson, 1986). R.
stylosa was found only in Quadrat 6 which is dominated
by K. candel, and co-existing with 4. corniculatum.

The Table A (Appendix) lists the assigned values of sur-
face water and soil properties using IDW method of inter-
polation based on measured dataset. Higher values of
Shannon index were exhibited in Quadrats 2 and 3 based
on above-gound biomass, but biased result showed when
expressed in terms of population. Small numerous indi-
viduals of 4. corniculatum and non-numerous but big
indviduales of S. caseoralis occupying these areas explain
the situation. And due to biased feature of monoculture
dominance or few species richness in all quadrats, the
Simpson index of dominance shown higher values com-

pared with correspondent values of Shannon index (Table

).

Table B (Appendix) shows the correlation matrix ar-
rangement resulted from Pearson’s bivariate analysis
performed considering as variables above-ground biomass
of mangrove species, Shannon index, Simpson index of
dominance, and stochastically assigned values of proper-
ties of surficial waters and soils. Shaded values on Table
B correspond to the foremost significance (0.05 level of
significance) correlations. In addition, slight correlations
(0.333 level of significance) were squared by dotted lines.
According to these results salient behaves of the variables
are as follows:

Correlation feature of 4. corniculatum are partially coin-
cident with those for total mangrove above-ground bio-
mass values, denoting its dominance in the surveyed area.
Positive correlation was shown with arsenic. Positive
correlation for K. candel exhibited significance with water
temperature. While negative correlation was shown for
copper. Soil pH, antimony and chromium correlated posi-
tively with S. caseoralis. R. stylosa correlated positively
with water salinity.

Mangrove species are likely to be found within a certain
range of pH ratios (Vaiphasa et al., 2006). Even though
soils pore water of XTNP showed low variance in as-
signed pH values (ranged between 6.30-6.42) S. case-
oralis exhibited positive correlation within these limits.

14



J. Viet. Env. 2014, Vol. 5, No. 1, pp. 12-21

XTNP is located in the northern hemisphere tropic of
Indo-Malesia biogeographical region of Indo-West Pacif-
ic (IWP) zone. The geographical distribution of mangrove
species and of mangrove habitat is limited by tempera-
ture. More specifically, the 20°C winter sea-temperature
isotherm, with few exceptions, circumscribes the range of
mangroves throughout the world. Mangroves rarely occur
outside the range delimited by the winter position of the
20°C isotherm, and number of species tends to decrease as
this limit is approached (Hogarth, 2007). Water tempera-
ture in XTNP measured in winter season (December)
ranged 21.4-21.6°C, been higher than the threshold iso-
therm, explaining the natural spread of mangroves in the
area.

Mangrove soils are often virtually anoxic (Hogarth,
2007). Measured values of DO in porus water of surficial
soil of XTNP ranged between 0.4 and 7.7 mg/L (assigned
values using IDW-interpolation method ranged between
2.79 and 3.69 mg/L). Extremely low values were shown
at waterlogged soils in where is suspected high bacterial
activity. High positive correlation of DO was shown with
Shannon index and negative correlation with Simpson
index, both based on mangrove above-ground biomass.

Mangrove species differ in the extent of their salt toler-
ance. A. corniculatum is one of the pioneer mangroves

Spectrum ranges:

>0.0 - 5.0 mg/L
>5.0-10.0 mg/L

>10.0 - 15.0 mg/L

>15.0 mg/L

which can thrive in 30%o salinity (Fu et al., 2005), and can
be sustained and propagated under low salinity condi-
tions, showing tolerance to the changes in salinity gradi-
ents (Parida et al., 2004). Species of genus Sonneratia
show to grow best at 5-50% sea water (Hutchings and
Saenger, 1987; Ball, 1988). The salinity in XTNP ranged
17.3-18.7%o (around 50% sea water), which is in the up-
per-limit of its best growth zone.

Mangrove clearance for shrimp aquaculture can drive
severe environmental consequences (Macintosh, 1996).
When pond-reared shrimps are artificially fed, around
30% of the food remains uneaten. The rest —together with
a rich brew of chemicals and antibiotics— ends up as ef-
fluent (Robertson and Phillips, 1995; Kautsky et al.,
1997). However, if effluent production is greater than can
be readily assimilated by surviving mangroves, its ecolog-
ical impact can be disastrous (Hogarth, 2007). In the case
of XTNP higher values of BOD and COD are overlapping
with water flowing channels of shrimp ponds, and also
with the area impacted by notorious fragmentation of
mangroves as shown in Figure 2. In addition, relatively
negative correlations between BOD and COD values with
Shannon index resulted in the analysis (Table B in Ap-
pendix, dotted squares for BOD and COD) suggesting
some relation with the phenomena of fragmentation.

Figure 2. Distribution of BOD values in surficial waters and distribution of areas with mangroves fragmentation

(zone circumscribed by red dotted line)

Mangrove trees themselves may be relatively immune to
the toxic effects of heavy metals, but the mangrove fauna
may be more vulnerable. Mercury, cadmium, and zinc are
acutely toxic to crab larvae and heavy metals in general

cause physiological stress and reduced reproductive suc-
cess, even at sub-lethal concentrations (Ellison and
Farnsworth, 1996; Peters et al., 1997). Lewis et al. (2011)
have been compiled toxicity tests conducted with man-
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groves and trace metals by other researchers, in which
seedlings of species A. corniculatum, R. stylosa, and K.
candel showed inhibition of root development under cop-
per concentration of 3.8 mg/L; and specifically for K.
candel species first effect on growth at copper concentra-
tion of 2.5 mg/L and zinc of 25 mg/L; furthermore, its
lethality at more than 10 mg/L of copper. Fortunately,
these levels of metal concentrations are too far from those
found in XTNP. Nevertheless, although the scarcity of
evident correlations resulted in the present analysis, ele-
ments such as cadmium, copper, lead, and zinc requires

further analysis due on that their measured values exceed
or are close to the threshold values recommended under
the Aquatic Life Criteria of the United States Environ-
ment Protection Agency (USEPA).

The Criterion Continuous Concentration (CCC) is an
estimate of the highest concentration of a material in
surface water to which an aquatic community can be
exposed indefinitely without resulting in an unacceptable
effect. Table 2 shows actual measurements in XTNP
compared with respective CCCs.

Table 2. Anomalous metal concentrations observed in surficial waters of XTNP

Parameter CCC (ng/L)* Maximum observed Frequency of anomalous
Freshwater Saltwater concentration (ug/L) observations

Cadmium 0.25 8.8 0.29 2/35

Copper 9.0 3.1 3.9 7/35

Lead 25 8.1 3.5 18/35

Zinc 120 81 78.1 0/35

* Source: USEPA, 2006

Arithmetic average of CCC rated indexes of metals show-
ing excess concentrations with respective criteria was
calculated and IDW interpolation was used for to simulate
their distribution. As can show in Fig. 3, locations of high
metal concentrations are coincident with docking zones

Spectrum ranges:

HE >06-08
B >08-1.0

mE >10

for ships used by clam aquaculture and sand extraction
activities. Also, can be inferred that the progressive
mechanization of clam aquaculture is impacting with
metal pollution.

Figure 3. Distribution of anomalous metal concentrations (exceeding CCC thresholds in red spectrum) and geo-

graphical locations of anthropological activities
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4. Discussion

4.1. Understanding behavior of mangrove
habitats

Based on the result of performed correlation analysis, it is
possible to infer that water and soil qualities are not the
main stressors on mangroves species in XTNP. Nutrients
availability, pH, water temperatures and salinities are in
allowable ranges for the mangroves growth.

Generally, a major cause of mangrove deforestation is
aquaculture expansion in coastal areas. In Asia, aquacul-
ture contributes 58% to mangrove loss with shrimp farm-
ing accounting for 41% of total deforestation (Walters et
al., 2008). A similar situation was found in XTNP by Seto
and Fragkias (2007).

Pond systems remove mangrove forests and with that
impact, populations of marine and estuarine organisms;
water pollution from ponds negatively affects adjacent
mangrove ecosystems. Furthermore, mangrove conver-
sion for shrimp culture represents a trade-off with coastal
fisheries production as mangrove forests are considered
critical nursery habitats for the juvenile stages of com-
mercially important species of fish and invertebrates
(Bush et al., 2010).

Resuming the analysis, the behavior of mangrove species
suggests that their historical loss was driven basically by
land reclamation for shrimp aquaculture; meanwhile,
measured properties did not showed evidence that is af-
fecting their abundance nor dominance of a specific spe-
cies.

4.2. Elucidation of causes of mangroves
fragmentation

The water pollution is largely associated with the use and
discharge of water in shrimp ponds (Anh et al., 2010).
This water usage in shrimp ponds associated to tide cycles
may be is impacting with mangroves fragmentation.

Higher values of BOD and COD were shown surrounding
the effluent discharge points of shrimp ponds. Thus, can
be inferred that sources of anomalous higher values of
these indicators lay on them. However, other factors bear-
ing the effluents or extreme changes on hydrological
regime caused by the channelized water flow could be the
concomitant reasons of mangroves fragmentation. In fact,
factors such as remnant antibiotics in effluents, changes
on hydrological regime due to channeled inflow and out-
flow of water among shrimp ponds and the surrounding
environment are candidates for further analysis.

4.3. Impact of transportation activities asso-
ciated to clam aquaculture and sand extrac-
tion

Because of the coincidence of zones with relatively high
concentration of metals in surrounding waters of XTNP
with the locations of shipping docks used for clam aqua-
culture and sand extraction, it might be inferred that these
activities are the sources of pollution.

Regardless of several metals exceeding threshold values
for aquatic life are not evidently affecting the mangrove
habitats, they can affect mangal associated fauna. Because
of these anomalous metal concentration spots are distrib-
uted on the ship-transportation paths related to clam aqua-
culture and sand extraction and commercialization, vigi-
lance of these activities are imperative.

5. Conclusions

Based on the correlational analysis, it can be inferred that
water and soil qualities surrounding XTNP are in allowa-
ble ranges for mangroves growth. Meanwhile, the histori-
cal records suggest that land reclamation for the construc-
tion of aquaculture ponds and related facilities affected
with deforestation of mangrove species (Seto and
Fragkias, 2007). In that sense, appropriate administration
of land reclamation for shrimp aquaculture in XTNP can
avoid additional loss of mangrove areas.

Higher values of BOD and COD are evidently caused by
the effluents of aquaculture ponds and was recognized
that these zones of higher values of BOD and COD are
coincident with the area of mangrove fragmentation,
suggesting that is necessary to conduct further studies on
the causes of mangrove fragmentation taking into account
water dynamics and water quality. Hence, complementary
studies considering water regime and water quality
changes caused by the water flow channeling should
conduct, in order to identify the real causes of mangrove
fragmentation.

Regardless of measured metals concentrations in water is
compliant with Vietnamese standards, due that several
values are exceeding the threshold values for aquatic life
under the CCC of USEPA, the monitoring of these metals
is recommended. Although affection on mangroves is not
evident, uncontrolled situation of transportation systems —
suspected as source of metal contamination — can impact
on surrounding associated fauna and also on the sustaina-
bility of aquaculture products.

Further studies taking into account behaves of mangroves
considering climatic, topographical, hydrological, and
tidal-cycle properties are desirable to be conducted in
order to complement the conclusions herein. In addition,
is necessary to recognize in detail all anthropological
activities in buffer zone of XTNP; especially the aquacul-
ture of shrimps and clams in order to recognize the level
of pressure caused by those activities to the ecosystems in
XTNP.
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APPENDIX
Table A. Assigned surficial water and soil properties estimated with IDW-interpolation method
CCC (mg/L) Quadrat

Parameter

Freshwater ~ Saltwater 1 2 3 4 5 6
Soil pH N.A. N.A. 6.30 6.42 6.40 6.35 6.33 6.34
Soil N content (mg/kg) N.A. N.A. 664 735 698 624 621 609
Soil P content (mg/kg) N.A. N.A. 474 511 506 459 460 450
Soil K content (mg/kg) N.A. N.A. 17072 18923 18242 16901 16866 16567
Soil TOC content (mg/kg) N.A. N.A. 13178 15947 14987 11482 12252 10827
Water temperature (°C) N.A. N.A. 21.60 21.51 21.52 21.62 21.60 21.54
Water pH 6.5-9 6.5-8.5 7.69 7.80 7.80 7.80 7.74 7.83
DO (mg/L) N.A. N.A. 2.79 3.63 3.62 3.55 3.00 3.69
Salinity (%o) N.A. N.A. 17.33 17.70 17.81 17.79 17.61 18.66
BODs (mg/L) N.A. N.A. 13.14 5.05 6.13 12.15 9.44 9.87
COD (mg/L) N.A. N.A. 19.68 7.07 8.78 18.43 14.07 14.79
Total nitrogen (mg/L) N.A. N.A. 0.0257 0.0265 0.0242 0.0267 0.0235 0.0249
Total phosphorus (mg/L) N.A. N.A. 0.0558 0.0705 0.0600 0.0535 0.0565 0.0563
Coliforms (MPN/100 mL) N.A. N.A. 980 1541 1148 581 862 771
Aluminum (mg/L) 0.087 N.A. 0.00995 0.00924 0.00924 0.01044 0.00969 0.00993
Antimony (mg/L) N.A. N.A. 0.00169 0.00192 0.00177 0.00178 0.00155 0.00172
Arsenic (mg/L) 0.150 0.036 0.00231 0.00221 0.00204 0.00201 0.00213 0.00204
Barium (mg/L) N.A. N.A. 0.0905 0.0802 0.0866 0.0800 0.0935 0.0849
Cadmium (mg/L) 0.00025 0.0088  0.000167  0.000172  0.000166  0.000185  0.000177 0.000181
Chromium (mg/L) N.A. N.A. 0.00618 0.00746 0.00712 0.00716 0.00628 0.00694
Cobalt (mg/L) N.A. N.A. 0.00222 0.00187 0.00203 0.00230 0.00209 0.00220
Copper (mg/L) 0.009 0.0031 0.00267 0.00281 0.00274 0.00267 0.00264 0.00272
Lead (mg/L) 0.0025 0.0081 0.00237 0.00299 0.00265 0.00260 0.00260 0.00255
Manganese (mg/L) N.A. N.A. 0.1461 0.0949 0.1620 0.1179 0.1990 0.1627
Nickel (mg/L) 0.052 0.0082 0.00250 0.00224 0.00246 0.00254 0.00270 0.00264
Strontium (mg/L) N.A. N.A. 3.63 4.42 4.06 3.69 3.83 3.95
Tin (mg/L) N.A. N.A. 0.00287 0.00270 0.00263 0.00246 0.00293 0.00264
Vanadium (mg/L) N.A. N.A. 0.0867 0.0731 0.0850 0.0788 0.0873 0.0831
Zinc (mg/L) 0.120 0.081 0.0328 0.0324 0.0351 0.0339 0.0337 0.0346

CCC: Criterion Continuos Concentration; N.A.: Not Available
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Table B. Standardized correlation coefficients and significances

Shannon index

Simpson index

Species above-ground biomass

Mangroves

Variables above-ground Biomass Population Biomass Population 4 corn. K. S. case- R.

biomass based based based based candel  oralis stylosa

SoilpH ¢ 0.002 -0.267 0.319 0228 -0.460 0.843  -0.173

S 0.997 0.609 0538 0.664 0359 0.035  0.744

Soil N c 0.637  0.353 0465 0428 049 0.500 -0.627 0.656  -0.484

s : 0353 0397 0313 0313 0183 0157 0331

Soil P c 0394 -0.470 0.426 0.409  -0.595 0.679  -0.502
s 0440 0347 0.399 0421 0213 0138 0310

Soil K c 0451 -0.535 0.490 0.281 -0.568 0752 -0.452
s 0370 0274 0323 0.589 | 0239 0085 0368

Soil TOC ¢ 0454 0336 0.480 0.466  -0.535 0.607 -0.557
s 0366 0514 0.335 0352 0274 0201 0251

Water c 0235 0544 0.184 -0.016 0819 -0.389  -0.242

temp. S 0.653 0727 0.976  0.046 0.445  0.644

WaterpH ¢ 0.293 -0.239 -0.688  -0.329 0.497  0.490
s 0.574 0.648 | 0525 0315 0324

DO c 0.182 -0.123 -0.439 0.390

s 0.730 0.816 | 0384 0.444

Salinity ¢ 0.750 -0.716 0614 -0.293 0.921

s 0.086 0.110 0.195 0573 0.009

BOD; c 0.042 -0.083 0.170  0.500 0.087

S 0.937 0.875 0.748 0313 0.869

CoD c 0.046 -0.087 0.148  0.509 0.096

S 0.931 0.869 0.779 . 0302 0857

Ninwater ¢ 0.614 0225 -0.186 -0.143

S ' 0.668  0.724 0787

Pinwater ¢ 0.180 -0.579 -0.195

S 0733 0228 0712

Coliforms ¢ -0.639 -0.307

Aluminum ¢

Antimony c

Arsenic ¢

Barium ¢

Cadmium c

Chromium ¢

Cobalt c

Copper c

Lead ¢

Manganese ¢

0.555
0.193
0.713
-0.067
0.900
-0.332
0.520

-0.098

0.854
0.421
0.406
0.083
0.876
0.271
0.603
0.085
0.872

-0.190

0.718
0.208
0.693
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Shannon index

Simpson index

Species above-ground biomass

Mangroves

Variables above-ground Biomass Population Biomass Population 4 corn. K. S. case- R.

biomass based based based based candel  oralis stylosa

Nickel c -0.629  -0.485 0561 0578 -0.606 0443 0.624 -0.765 0391
s 0.181 0330 0247 0229 0202 0379 0185 0076 0.444

Strontium ¢ 0.542 -0.096  -0.543 0.147 0.111  -0.598 0.566  0.036
s 0.856 0.781 0.834 0210 0241 0947

Tin c 0.047  0.862 -0.090 0423 0.148 -0.640  -0.177
s 0929 0.027 0.866 0.403  0.779 | 0737

Vanadium ¢ 0522 0.680 -0.574 0.147  0.303 0.073
s 0288  0.137 0233 0.781  0.560 0.891

Zine c 0701 -0.300 -0.696 -0.518  -0.034 -0.083 0421
B e T o2t ] 5252 0549 o o0
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