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Abstract: Mangrove soils are highly efficient in capturing natural and anthropogenic CO> and
heavy metals, especially Hg which has high affinity with organic matter. However, the soil of
mangroves is vulnerable to land use activities, transforming them into a source of C and Hg to
the atmosphere. The aim of this study was evaluating the Corg stocks and accumulation rates
in Brazilian mangrove soils under different degrees of anthropogenic (i.e., sewage discharge
and land use activities) influence and evaluate the relationship between Corg and Hg in soil.
Samples were collected from a mangrove in Paraty (PA) and two others in Florianopolis
(Floriandpolis Urban (FU) and Florianopolis Pristine (FP)). High dry bulk density values were
present in Florianopolis Mangroves (0.65 + 0.30 g/cm?®), indicating possibly soil compaction
by land use activities. In Paraty, the 15N ratios were lower (1.3%o + 2.6%0), when compared
with the soils from both Floriandpolis mangroves (3.4%. + 1.2%o) indicating an increase in
microbial activity, and input of high N content from domestic sewage. Moderate correlation
between Corg and Hg content were observed in Florianopolis mangroves (r = 0.47 (FU) and
0.46 (FP)), probably due an input of Hg through atmospheric deposition and sewage effluent
discharge which increase the bound between Corg and Hg. In Floriandpolis Urban, the highest
MAR were found in the upper mangrove area (0.40 + 0.07 g cm™ yr?), which indicates that
probably some anthropogenic factor started to act around the 2000s and considerably increasing
the sediment accession. Possibly the combination of two or more these factors probably explain
the higher contents of Corg in Paraty than in mangroves of Floriandpolis. Moreover, d13C and
C:N ratios point to different Corg input between mangroves. For Paraty mangroves the input of
Corg Seem to be derived principally from Cs plants and freshwater dissolved organic carbon
(DOC). For Floriandpolis mangroves in addition Cs plants input, the di3C and C:N ratios shows
a Corg signature from seawater DOC. Although weak, there is evidence of possible anthropic
impacts in the accumulation of organic C and Hg.
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Introduction

In the past decade, coastal vegetated ecosystems (mangroves, salt marshes, and seagrass beds)
drew the attention of the scientific community due to their important role in climate change
mitigation. They have high capacity to store the anthropogenic CO; and organic C (Corg) Storage
in soils, as Blue Carbon (Chmura et al., 2003, Laffoley and Grimsditch, 2009, Nellemann et.
al., 2009). The sustainable management of the Blue Carbon wealth of nations is a key in the
ocean-climate nexus providing a nature-based solution that could contribute to the Paris
Agreement and the Glasgow Climate Pact (UNFCCC, 2015, 2021).

Among the Blue Carbon ecosystems, mangrove forests present the largest C pool. The mean
mangrove global estimate of total C stocks (856 + 64.2 Mg C ha™t) is almost triple that the salt
mashers stocks (317 + 38.2 Mg C ha?) and six-fold seagrass meadows stocks (140 Mg C ha™?)
(Kauffman et al.,2020, Alongi, 2018 and Fourqurean et al., 2012, respectively). Those C stock
values are high due to the efficient carbon sequestration associated with photosynthesis that
promotes C storage in leaves, stems, and branches (aboveground stocks) and the allochthonous

land and ocean sediment inputs, that contribute to a high carbon burial rate (56.6 — 1,073.0g C

m~—2 year—1 Williamson, P., & Gattuso, J. P. 2022) in mangrove soils (belowground stock).
Exceeding Corg losses from respiration, decomposition, and export due to tidal flux (Ouyang et
al., 2017, Alongi, 2014). The slow organic matter decomposition in anoxic mangrove soils
favors the storage of soil Corg up to millennial times scales (Duarte et al., 2005, Lo lacono et
al., 2008). On the other hand, mangrove soils are vulnerable to land use change due to
urbanization, deforestation, and aquaculture, among other activities, which transform rich Corg
anoxic soils into a C source to the atmosphere (Atwood et al., 2017). Bearing that approximately
85% of C stocks in mangroves are stored belowground, changes in the landscape have an
enormous potential to increase greenhouse gas emission to the atmosphere at an average rate of

7.0 Tg CO2 yr! (Atwood et al., 2017, Kauffman et al., 2020).



Mangroves provide many other services besides contributions to climate mitigation and
adaptation. These services include coastal protection by mitigating erosion and storm surges,
food security to coastal inhabitants, nursery grounds for commercial fish, and natural filtering
capacity (Alongi 2002; Barbieret al. 2011). During deposition and accumulation of sediments
and organic carbon, mangrove soils can also stock excess nutrients and trace metals
contaminants discharged by the watershed, anthropic effluents of shrimp farming and sewage,
and atmospheric deposition (Marchand et al., 2011, Fitzgerald et al., 2014, Castro et al., 2021).
Meantime nutrient-rich waters also can be a problem, because they increase anaerobic microbial
activity, modifying mangrove soil redox conditions and thereby affecting negatively soil C
storage capacity (Suarez-Abelenda et al., 2013).

Among contaminants, mercury (Hg) has a coupled cycling with C. In soils, where they can be
stored on long timescales, they may co-vary closely, especially when complexed with organic
matter (Skyllberg et al., 2006, Schrumpf, et al., 2013). In addition, mangrove forests grow in
fine soils, providing ideal conditions to act as a sink for Hg in soils (Marins et al., 1998, Canario
etal., 2003, Marchand et al., 2006, Covelli et al., 2001, Marins, 1997). The presence of mercury,
organic matter storage and mobility in soils are strongly influenced by the physical and
chemical conditions on a small scale of this matrix and often also related to other factors that
influence C, such as atmospheric deposition, soil clay content, and soil drainage regime or
annual precipitation (Obrist et al., 2011; Richardson et al.,2013).

Carbon and Hg play different roles in ecosystem dynamics, but they are closely linked in soils
and pervasive problems from atmospheric pollution to public health (Nave et al., 2019). Their
connection suggests an integrated approach to their study.

Since Brazil is one of the countries with the largest mangrove extent in the world (9200 km;
Diniz et al 2019), we have an unexploited hotspot in Brazil’s backyards to develop science and

understand the role of the mangrove in C uptake and climate change mitigation. Our main goal



here is to evaluate the Corg stocks and accumulation rates in Brazilian mangrove soils under
different degrees of anthropogenic influence to contribute to closing this data gap previously
identified in the literature (Hatje et al., in review), besides, we also aim to evaluate the

relationship between Corg and Hg in bulk soils across the studied ecosystems.

Methods

Sample collection and analysis

Soil cores were collected in November and December 2021. The sampling design included the
collection of mangrove soil cores in 3 different environmental conditions (i.e., treatments) (Fig.
1; Table S1). The first area is located in the Paraty-Mirim National Park, Rio de Janeiro, South
Brazil (PA; 23°18'S, 44°38'W), an environmental preservation area in Paraty (hereafter called
PA) inhabited by traditional communities, where fishing and tourism are the main activities
(Villardi, 2017; TCERJ, 2021). The other two sites were near urban regions: (i) a very dense
mangrove shrub next to residences and a sewage output in Florianopolis, Santa Catarina, South
Brazil (FU; 27°39'04.4"S 48°39'42.4"W) (hereafter called Floriandpolis Urban-FU); and (ii) a
site in a military reserve area with restricted access, also in Florianopolis (27°39'40.9"S
48°33'37.3"W), but potentially impacted from waters coming from the South Bay of
Florianopolis (Baia Sul) (hereafter called Floriandpolis Pristine, FP). We collected 3 soil cores
at each site, i.e., at the lower (fringe), middle and upper (interior) mangrove areas (Table S1).
Soil cores were sampled using a stainless-steel open-faced auger up to 100 cm. The depth of
the cores varied from 50 cm to 100 cm. All cores were sliced into 2cm-thick layers throughout
the first 50 cm and at 5 cm-thick layers till the bottom.

Soil slices were weighed wet, freeze-dried, and weighed again. Soil dry bulk density (DBD)
was then determined by dividing the dry weight by the wet sample volume. The sediment grain

size was determined with a laser particle diffractometer (Cilas model 1064, France), following



treatment with HCI and H20,. Soils were classified as sand (>63 um) and fine particles (i.e.,
the sum of clay and silt; < 63 um).

Corg, total nitrogen (TN), and stable isotope analyses (8:*Corg and 6*°N) were performed in the
bulk fraction of the soils (i.e., no grain size separation). Samples were acidified with 1 M HCI
to remove inorganic carbon and to determine the contents of Ca. The Corg, TN, 8*3Corg and 5'°N
were determined using an elemental analyzer coupled with a Delta V Isotope Ratio Mass
Spectrometer (Thermo Fisher, USA).

Concentrations of 2!°Ph were determined through the analysis of its decay product 2°Po by
alpha spectrometry after the addition of 2°°Po as an internal tracer and microwave-assisted acid
digestion (Sanchez-Cabeza et al., 1998). The concentrations of excess ?1°Pb (?'°Pbex) used to
obtain the age models were determined as the difference between total 2!°Pb and %?°Ra
(supported 2°Pb), which was determined for selected samples along each core by low-
background liquid scintillation counting (Masqué et al., 2002). These concentrations were
confirmed with measurements by gamma spectrometry and found to agree with the
concentrations of total 2!°Pb at depths below the excess 2!°Pb horizons in each core. The
Constant Flux: Constant Sedimentation (CF: CS) model (Krishnaswamy et al., 1971) was used
to calculate the sediment accumulation rates (SAR) and mass accumulation rates (MAR).

The concentration of Hg in soil was determined using an automated analysis system (CV-AFS,
Tekran 2600). Samples (0.5g of sediment) were digested with 8mL of an acid mixture (3 HCI
37%: 1 HNO3 65% and KMnO4 (5%)) in a microwave (Mars Xpress Microwave, CEM) for 25
minutes (10 min, until reaching 95 °C and 15 min, at a constant temperature of 95 °C with 1600

W of power).

Data analysis



None of the studied variables (i.e., DBD, Fine sedments, Carbon, Nitrogen, C: N ratio, 5'3C,
515N and Carbonate) presented normal distribution. To assess the difference between variables
for each treatment, the Kruskal-Wallis test was applied, followed by Dun’s test. All statistical
analyses were performed using the Graph Pad Prism.

We used multivariate principal component analysis (PCA) to assess the relationships between
soil properties in the three studied mangroves. The fine fraction of soils, carbonate, Corg, and
N content, 3*3Corg and 5'°N signals, Carbon: Nitrogen ratio (C: N), DBD and Hg concentration,
were inputted as quantitative variables and the treatments as a qualitative variable. The PCA
was performed using the R packages FactoMiner and Factoextra and all quantitative variables

were scaled to unit variance.

Results

Significant differences existed between the mangrove soil characteristics (Table S3) of
treatments for almost all the studied variables (i.e., DBD, Corg, TN and carbonate contents and
stable isotope) (Table S3). The PCA nevertheless did not clearly clustered soils by treatments
under different level of anthropogenic impact (Fig. 2) but rather having high or low DBD, Corg
and TN content. The first two principal components (PC1 and PC2) accounted for 58% of the
total data variance among sampled soils. The PC1 comprised 42% of the total variance and was
strongly correlated with Corg (r = 0.92), TN (r = 0.90) and §*3C (r =-0.82), and moderately
correlated with DBD (r = -0.67). The PC2 explained 16% of the total data variance, and was
moderately correlated with carbonate (r = 0.63), Hg concentration (r = -0.65) and °N (r = -

0.60).

Soil physico-chemical properties

There were significant differences in DBD (Table S2) between treatments, which ranged from



0.09 up to 1.77 g/cm? (Parati < Floriandpolis Urban < Floriandpolis Pristine; p < 0.05; Table
S3). The DBD values were lower and mostly vertically homogeneous for the three cores at
PA (Fig. 3). At FU, the DBD decreased gradually from bottom to surface. The same was
observed at FP, although with quite some variability along and between the cores (Fig. 3).
Soils were composed mainly by fine particles (i.e., silt + clay > 75%), except by the soils at
the lower FP mangrove area (Fig. 3). No significant variability was observed between
treatments (p > 0.05) in terms of soil granulometry. In PA, the fine fraction was as
homogenous as for the DBD. The FU presented the highest mean fine fraction (> 90%) and a
slight increase from the bottom to surface, particularly in the upper mangrove area (Fig. 3). At
the FP, the granulometry between studied sites was heterogenous and vertically variable.

The Corg, TN and carbonate content varied significantly between treatments (Fig. 3 and 4; Table
S2 and S3). The Corg, TN and carbonate content in PA mangrove soils were the highest and
ranged from 4.9 to 14.8%, from 0.26 to 0.88% and from 0.8 to 14.2%, respectively, followed
by soils in the FU mangrove, with values ranging from 2.55 to 13.1%, from 0.09 to 0.76% and
from 0.1 to 7.4% respectively. The lowest values for Corg, TN and carbonate were present in
mangrove soils in FP; values ranged from 1.2 to 10.7%, from 0.1 to 0.56% and from 0.1 to
7.4%, respectively. The mean values for Corgand TN (Table S2) tended to be higher in the upper
mangrove soils of PA and FP treatments and in the middle mangrove area for FU. The lowest
mean values for Corg Occurred in the lower mangrove area in PA and FP (9.84 + 1.37 % and
3.31 + 0.85 %, respectively) (Table S2) and in upper mangrove area for FU (7.98 + 3.20 %)
(Table S2). The lower mangrove area showed the lowest mean values for N in Florianépolis
mangroves (0.44 + 0.20 % and 0.18 = 0.06 % for FU and FP, respectively), for PA the lowest
N value occurred in middle mangrove area (0.48 + 0.16 %) (Table S2). No clear intertidal

pattern was observed for the carbonate contents.



Through the PA soil profiles (Fig. 4), the Corg content presented a slight increase from the
bottom to the top, up to ~20cm, after it presented a complex patter up to surface. The Corg and
TN content (Fig. 4) increased steadily from the bottom to surface in FU. At the FP, the Corg s0il
profiles differed in content and distribution pattern among cores. The upper mangrove core
displayed the lowest concentrations at the bottom which increased towards the surface up to 20
cm despite the variability, while the other two cores, the Corg content remained relatively
constant. The TN for FP and PA were relatively homogeneous along the cores, with a slight
increase in concentrations towards the surface of the cores. The mean C: N molar ratios varied
within a narrow interval from 21 + 3.1 to 25 + 0.9 (Table S3) and no significant differences
were observed between treatments (Table S2).

In PA, the carbonate content tended to decrease towards the surface of the core, with very
variability at the top 20 cm of soil. For FU and FP, the carbonate contents were lower than at
PA, and more homogeneous along the cores and between studied sites.

For all treatments, the §*3C content ranged between -27.5%o and -20.3%o. The mean value for
S13C was quite similar for PA (-25.7%0 + 0.8%0) and FU (-25.1%0 = 1.2%0), but it was
significantly higher (p < 0.05) for the FP mangrove (-23.62%o0 = 1.0%0). For the upper and
middle cores at PA, the §*3C remained constant at the bottom, but decreased after 18-20 cm up
to surface. No vertical variation in the 5!3C was observed for the lower mangrove area. For the
FU, the 3'3C signal decreased from the bottom towards the surface up to ~19cm, after that it
keeps constant up to the surface. The §*3C in FP similarly to FU also presented a decreasing
trend from the bottom up to ~20 cm, followed by an constant trend.

The 6N content for the treatments in Florianopolis showed similar mean values (i.e., 3.1%o to
3.7%o0). At FU, the 815N content, for the upper mangrove area remained constant at the bottom
followed by an increase towards the surface between 30 and 20 cm, after that, a quickly and

punctual decrease in 315N content were observed following constant till the surface (Fig. 3).



At the middle mangrove area in FU a slight enrichment in §'°N contents was observed from the
bottom to the surface, despite a little variability in the first 20cm of the core. For the lower
mangrove area, the 3'°N signal increased gradually towards the surface up to 4.9%o at 17cm,
then decrease until the surface. At the FP soils, the 5!°N concentrations remained constant at
middle and lower mangrove area at the first 25cm, followed by a slight decrease towards the
bottom. The upper mangrove core presented high variability (0.4 to 3.3%o) at the top 15cm,
followed by a homogenous trend and a slight increase below the 37cm towards the bottom. The
315N values at Parati showed significant difference (p < 0.05) from other treatments, presenting
the lowest mean value (1.3%o + 2.6%o0). At this treatment, there was a high variability between
cores that presented a peak in 6*°N at the 7cm, followed by a sharp decrease and a gradual
increase towards the bottom.

Mean mercury concentrations varied from 20.8 £ 3.71 and 41.1 £ 21.7 ng/g (Fig. 3; Table S2).
In Parati, Hg concentration along cores, presented high variability (10.4 to 54.9 ng/g) and a
complex pattern with an increasing trend towards the surface. The lower mangrove soils
presented the highest Hg concentrations. All three mangrove soil cores at FU showed an
increase in Hg concentrations from bottom, reaching maximum values between 10 and 20 cm,
followed by a decrease in concentrations towards the top layers. The peak area was more
pronounced for the lower (46.5 to 67.7 ng/g) and middle mangrove areas (38.1 to 71.5 ng/g).
In the FP, Hg concentrations were significantly lower than in the other treatments (22.9 £ 5.7

ng/g; p < 0.05) and mostly homogeneous through the core.

210pb
In all mangrove soils, the total 2*°Pb activity decreased from the surface (42-170 Bq kg™) to
reaching a constant value compatible with the concentrations of supported ?'°Pb at depths

between 18 and 90 cm (Fig. 5). The CF:CS model was used to estimate the average



sedimentation in good agreement with the results obtained using the CRS model

(Krishnaswamy et al. 1971). Mass accumulation rates ranged (MAR) (Table 1) between 0.036

+0.002 g cm? yrtand 0.209 + 0.007 g cm? yr (or 1.92 + 0.10 mm yr! and 10.5 + 0.3 mm yr

1. No clear pattern could be identified along the intertidal gradient of studied mangroves.

Table 1: Mass and sediment accumulation rates (MAR and SAR, respectively).

Core ID Length MAR SAR Period
cm gcm2yrt mm yr?! covered
Parati
Upper 85 0.036 + 0.002 1.92+0.10 Last century
Middle 70 0.039 + 0.002 1.40 £0.08 Last century
Lower 90 0.209 + 0.007 105+0.3 1980- present
0.138 + 0.007 70+04 Before 1980
Floriandpolis
Urban
Upper 95 0.40 £ 0.07 12+3 2000-present
0.30 +0.06 3.9+0.8 Before 2000
Middle 60 0.150 £ 0.008 43+0.2 Last century



Lower 52 0.067 + 0.008 18+0.2 Last century

Florianopolis
Pristine
Upper 70 0.144 + 0.006 2.79+0.11 Last century
Middle 100 0.137 £ 0.008 1.88+0.11 Last decades
Lower 65 0.178 £ 0.015 2.11+0.18

Discussion

The mangrove ecosystems addressed in this study presented some variability in soil
geochemical properties (i.e., Corg, TN, stable isotopes, carbonate, Hg and sedimentation rates)
between and within them. This variability is due to a series of factors discussed in literature
(Santos-Andrade et al., 2021, Hatje et al., 2021, Castro et al., 2021, Suarez-Abelenda et al.,
2013) and observed in studied area, such as intertidal variability, mineral and organic input,
biological activity, inputs from wastewater effluents and atmospheric deposition, and land use
activities. However, despite the differences observed among treatments, the soil characteristics
from these mangroves did not display strong evidences of anthropogenic impact.

In PA, the DBD was lower and richer in fine particles (Table S2) than those observed in other
mangroves in Brazil with no human disturbances (0.38 £+ 0.07 and 84 + 4 respectively; Hatje et
al. 2021). However, the same did not occur in FU, which displayed the highest fine soil content
among the treatments and double DBD (Table S2) in comparison with PA soils. Therefore, it
may have occurred soil compaction due to changes in landscape related (Santos-Andrade et al.,
2021, Arifanti et al., 2019), for instance, to civil construction, since the mangrove is located

close to residences. The FP mangrove, presented the highest DBD values that are probably



linked to the granulometric composition of the mangrove soil, especially in the fringe mangrove
which differently from the others sites, and displayed a sandy soil.

In PA, the 3N ratios were significant lower and less than half, when compared with the soils
from Florianopolis mangroves. Probably due an increase in microbial activity, with preferential
use of the N (Heaton, 1986) and also associated with the input of high N content and §'°N
signal from domestic sewage (Lovelock et al., 2009; Zhou et al., 2014). On the other hand, TN
content in PA were slightly higher than in FU and twice as much than in FP. This contrasts
what was proposed by Zhou et al., 2014, that normally high values of 5'°N are often associated
with high values of TN and what were observed in impacted mangrove soils by sewage
discharge in Santos-Andrade (2021).

The 83C and C:N ratios in PA and FU were quite similar and considerable higher when
compared with mangrove soils 5'3C values (Kristensen et al. 2008). For FP §*3C values were
even higher and C:N ratios were lowest. In PA these lower §'3C signal are, probably, due to
inputs from Csterrestrial plants and freshwater dissolved organic carbon (DOC) discharge. For
Florianopolis mangroves, in addition of input from Csterrestrial plants, also marine DOC inputs
were displayed according with Lamb et al. (2006).

The Corg content for the mangroves observed in PA, FU, and FP were five, four and two-fold,
respectively, higher than the estimated global mean Corg content (~2.2%; Kristensen et al.
2008). These considerable highly Corg values in PA and FU, are possibly due the MAR which
varied by an order of magnitude between intertidal zones (Table 1). In PA, the MAR were the
highest at the fringe mangrove area probably due to greater vegetation cover and a more
extensive root system compared to the rest of the intertidal area. In addition, the fringe
mangrove area is more frequently exposed to tidal inundation and inputs from mineral and
organic sediments (Hatje et al. 2021). However, in FU, the highest MAR were in the upper part

of the mangrove area, that is, in the most distal portion of the water and the closest to the urban



environment, which indicates that probably some anthropogenic factor started to act around the
2000s and considerably increasing the MAR. In FU the MAR were less expressive varying
from 1.88 + 0.11 to 2.79 £ 0.11, which, together with the low granulometry, in the fringe area
of the mangrove, explain why this region presented the lowest Corg content.

Mercury concentrations were generally low. Moderate correlation between Corg and Hg content
were observed in Florianopolis mangrove soils (r = 0.47 and 0.46) and lower correlation in PA
soils (r= 0.14) (Figure 6). The higher correlation between Corg and Hg in FU mangroves may
be possibly explained by the input of Hg thought atmospheric deposition and sewage effluent
which also enhance sediment capacity to accumulate organic matter-bound Hg due to an
increasing DOC input. Because of this, the highest value for Hg content were present in FU.
However, FP which is in relatively close to FU presented the lowest Hg content, probably due
to the lowest Corg content especially in lower mangrove area. And finally, PA which showed a
considerable Hg content, which, in contrast to FP, is probably due to the high content of Corg

in sediment.

Conclusion

Our results show that the mangroves evaluated in this study are different among them, mostly
in terms of Corg, TN, DBD, fines, stable isotopes and MAR. Although weak, there is evidence
of possible anthropic impacts in the accumulation of organic C and Hg. Moreover, this study
helps to fill in gaps present in the literature about Brazilian mangroves, contributing to the
greater objective of supporting decision-making regarding the best ways to take advantage of

the mangroves to mitigate global warming.
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Fig.1 — Study area showing the location where the cores were collected, Paraty (Panel A) and
Floriandpolis Pristine (Panel B1) and Floriandpolis Urban (Panel B2).
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Fig. 2 — Principal component analysis of soil properties (fine particle fraction, Corg, N, Corg:N
ratio, 613Corg, 815N, carbonate, dry bulk density and Hg content) for Paraty, Florianopolis



Urban and Floriandpolis Pristine. Superimposed on the plot are the confidence ellipses for each
treatment. Group mean points are represented by large circles.
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Fig. 3 — Vertical profiles of DBD, grain size, carbonate contents, and Hg concentrations in soils
collected at the upper (U), middle (M), and lower (L) regions of Parati (PA), Floriandpolis
Urban (FU) and Floriandpolis Pristine (FP) mangrove soils.
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Fig. 4 — Vertical profiles of organic C (%), Total nitrogen (%), 8*3C (%o) and 8**N (%o) in soils
collected at the upper (U), middle (M), and lower (L) regions of Parati (PA), Floriandpolis
Urban (FU) and Floriandpolis Pristine (FP) mangrove soils.
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Fig. 5— Excess 21°Pb specific activity profiles for mangrove soils from (a) Parati, (b)
Floriandpolis Urban, and (c) Floriandpolis Pristine.
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SUPLEMENTARY MATERIAL

Table S1. Sampling location and water distance. For visualization of core locations, see Fig 1.

Region Core Location Distance From Water
(m)
Lower 3.0

23°18'07.1"S 44°38'57.4"W

Paraty Middle 25.0
23°18'07.3"S 44°38'56.8"W

Upper  23°18'07.5"S 44°38'56.1"W 50.0

Lower  27°39'04.4"S 48°39'42.4"W 40.0
Floriandpolis Middle  27°39'03.8"S 48°39'42.1"W 60.0
Urban

Upper  27°39'03.2"S 48°39'41.8"W 80.0

Lower  27°39'40.9"S 48°33'37.3"W 50.0
Floriandpolis Middle  27°39'41.1"S 48°33'35.8"W 80.0
Pristine 27°39'41.3"S 48°33'34.5"W

Upper 110.0







Table S2. Soil characteristics (mean * sd) for each treatment considering all plots (n = 9).

Treatment Depth DBD Silt + clay (%) Corg (%) N (%) C/N 613C (%o) 015N Carbonates Hg
(m) (g cm®) (%) (%) (ng/g)

Paraty Upper 0.85 0.22 £0.05 87+6 114+151 065+0.11 20.7 £3.09 -25.8+1.05 -099+178 8.32+2.90 24.8 +7.05

araty Middle 0.67 0.37+0.11 92+6 10.4 + 3.26 048+0.15 23.9+543 -25.2 +0.85 260+251 6.97+3.23 25.4 +10.9

Paraty Lower 0.87 0.21 +0.06 96 +2 9.84+1.37 049+006 23.3+1.93 -26.0 £ 0.28 248+178 546+1.62 39.3+7.30

(mean + sd) 0.26 +0.11 91+6 105+2.21 055+0.13 226+3.84 -25.7 £0.83 1.34+260 6.89+284 30.1+10.7

Floriandpolis 0.92 0.74 £0.42 92+9 7.98 +£3.20 045+0.22 22.7+4.56 247 +£1.47 352+124 3.14+1.30 28.6 £9.40

Urban Upper

Floriandpolis 0.57 0.45+0.17 93+2 954 +141 050+0.15 23.7+4.46 -25.7+1.02 281+106 498+134 40.8+19.1

Jrban Middle

Floriandpolis 0.51 051+0.21 93+6 8.19+1.98 044 +0.20 24.8+8.35 -26.1+1.12 297+1.02 295+1.63 411+217

Urban Lower

(mean % sd) 0.58 £0.32 93+7 8.55 +2.39 046 +0.19 23.7+5.97 -25.1+1.29 311+1.13 3.72+1.65 358+175

Floriandpolis 0.67 0.50 +£0.17 88 +19 7.67+2.19 0.39+0.13 23.6+3.26 -23.8+1.88 254+094 3.30+1.28 24.0 +5.63

ristine Upper

Floriandpolis 0.97 0.72+0.19 90 + 26 445+ 1.14 0.25+0.09 213+291 -23.3+1.18 392+062 352+165 236 6.65

ristine Middle

Floriandpolis 0.60 0.95+0.23 25+ 14 3.31+0.85 0.18+0.06 21.9+3.48 -23.8+0.22 457+064 3.81+0.82 20.8+3.71

ristine Lower

(mean % sd) 0.72+0.26 70+ 36 517 +2.41 0.27+0.13 223+331 -23.62+0.99 367+1.13 353+1.31 22.9 +5.66




Table S3. Significant p values for Tukey or Dunn’s tests performed among treatments.
Significance was tested at the 0.05 level.

Paraty vs Paraty vs Floriandpolis Florianopolis Urban vs
Florianopolis Urban Pristine Floriandpolis Pristine
DBD <0.0001 <0.0001 <0.0042
Fines
Carbon 0.0012 <0.0001 <0.0001
Nitrogen <0.0001 <0.0001
Carbonate <0.0001 <0.0001
C:N
d1C <0.0001 <0.0001
SN 0.0028 <0.0001

Hg 0.0021 0.0001




