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abstract

Spatial and temporal variation of the nutrient concentrations in leaves and sediment between the roots of Laguncularia 
racemosa (L.) Gaertn. f and Rhizophora mangle L. was analyzed in the mangrove forest of the estuary of São Mateus River, 
Espírito Santo, Brazil. In leaves, the nutrients followed the sequence: N> Ca> K> Mg> S> P> Fe> Mn> Zn> Cu, and 
there were significant differences between species and sites studied. In general, the levels of K were higher in the dry season 
compared to the rainy season for both species analyzed while Ca and Cu showed higher concentrations in the rainy season 
for Laguncularia racemosa. In the sediment, the nutrients followed the sequence: Mg> Ca> Fe> K> Mn> P> Zn> Cu, in 
general, with lower concentrations at the site where the sediment was sandier. We observed a significant variation of nutrient 
concentrations in the sediment between the periods analyzed, but the seasonal pattern was not clear for all nutrients. Nutrient 
concentration profile found in leaves of both plant species was not correlated with concentrations found in the respective 
sediments. The concentration factor was less than 1.0 for Fe and between 1.0 and 3.7 for Mn, Zn and Cu. These results 
provide physiological evidences about the relevance of these tree species for the role of mangroves as biogeochemical 
barriers to the transit of heavy metals.
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resuMo

A variação espacial e temporal das concentrações de nutrientes das folhas e do sedimento entre as raízes de Laguncularia racemosa 
(L.) Gaertn. f. e Rhizophora mangle L. foi analisada no manguezal do estuário do Rio São Mateus, Espírito Santo, Brasil. No tecido 
foliar, os nutrientes seguiram a ordem: N > Ca > K > Mg > S > P > Fe > Mn > Zn > Cu, havendo diferença significativa entre 
espécies e sítios de estudo. Em geral, os teores de K foram mais elevados no período seco em relação ao período chuvoso, para 
ambas as espécies analisadas, enquanto que Ca e Cu exibiram maiores concentrações no período chuvoso, para Laguncularia 
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racemosa. No sedimento, os nutrientes seguiram a ordem: Mg > Ca > Fe > K > Mn > P > Zn > Cu, em geral, com menores 
concentrações no sítio onde o sedimento foi mais arenoso. Registrou-se variação significativa das concentrações de nutrientes do 
sedimento entre os períodos analisados, mas o padrão sazonal não foi claro para todos nutrientes. Concentrações de nutrientes 
determinadas nas folhas de ambas as espécies não se correlacionaram com as concentrações dos respectivos sedimentos. O fator 
de concentração foi menor que 1,0 para Fe e entre 1,0 e 3,7 para Mn, Zn e Cu. Estes resultados fornecem evidências fisiológicas 
sobre a relevância destas espécies arbóreas para o papel dos manguezais como barreira biogeoquímica ao trânsito de metais 
pesados.

palavras chave: fator de concentração, macronutrientes, micronutrientes, metais

introDuction

Mangroves are a coastal ecosystem subject to a tidal 
regime and are found in tropical and subtropical regions, 
mainly in sheltered areas such as estuaries, bays and 
lagoons (Tomlinson, 1986). Mangroves are among the most 
productive ecosystems in the world (Kathiresan and Bingham, 
2001; Alongi, 2009) and approximately 50% of the primary 
productivity of this ecosystem is exported to the oceans in the 
form of organic matter (Robertson et al., 1992; Dittmar and 
Lara, 2001; Jennerjahn and Ittekkot, 2002). The exportation 
of organic matter and dissolved nutrients from mangroves 
is important for the productivity of coastal waters because it 
has a known effect in food chains (Lugo and Snedaker, 1974; 
Alongi, 1990; Jennerjahn and Ittekkot, 2002; Dittmar et al., 
2006).

The role of mangroves in the retention of anthropogenic 
contaminants is widely known (Aragon et al., 1986; Silva 
et al., 1990; Lacerda, 1997; Machado et al., 2002). 
Studies conducted in field and laboratory indicate that 
the mangroves act as efficient biogeochemical barriers in 
regards to the transit of heavy metals in coastal areas at 
both abiotic (by immobilization of metals in sediment in 
unbioavailable forms) and biotic level (metal retention in 
perennial tissues) (Harbison, 1986; Lacerda et al., 1991; 
Tam and Wong, 1996; Machado et al., 2002). Thus, low 
export of metals in organic matter from mangrove forests 
occurs, and consequently, low contamination of food 
chains based on the detritus from mangrove (Lacerda et 
al., 1988; Silva et al., 1998).

The nutrients in the sediment of mangroves vary 
spatially and temporally, depending on various factors such 
as flooding frequency, availability of fresh water, redox 
potential, granulometry and pH, which can affect the form 

and availability of chemical elements (Lacerda et al., 1985; 
Ball, 1988). However, plants exhibit selective absorption of 
nutrients, as shown by the fact that the concentrations of 
elements in the leaves do not correlate with the contents of 
the elements in the sediment (Lacerda et al., 1986; Medina 
et al., 2001).

This study describes the results of a systematic 
sampling in the sediments and leaves of two tree species in 
the mangrove of the estuary of the São Mateus River, ES. The 
objective was to evaluate the spatial and temporal variation of 
nutrient concentrations in these compartments and estimate 
the relevance of these species for the role of mangroves in the 
retention of environmental heavy metals.

Material anD MethoDs

The mangrove estuary of the São Mateus River is 
located southeast of the Municipality of Conceição da 
Barra (Figure 1), in the State of Espirito Santo, Brazil (18º 
35’S and 39º 44’ W). The climate of this region is tropical 
humid. In the 1990’s, the average lowest temperatures 
were observed in the months from June to August and the 
highest temperatures from January to March (Figure 2). The 
lowest rainfall was recorded from May to September and 
the highest from October to April (data source: Capixaba 
Research Institute, Technical Assistance and Rural Extension, 
Incaper Linhares, ES, 19º 24’ S and 40º 04’ W, located 
approximately 90 km from the study area). The estuary is 
under a micromareal regime with semidiurnal tides. Based 
on data from the Terminal de Barra do Riacho, ES (19º 24’S 
and 40º 03’ W), between 1998 and 2000, the mean tide was 
0.8 m (Directorate of Hydrography and Navigation, Navy 
Department).
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figure 1. The location of sites in the mangrove of the estuary of the São 
Mateus River, Espirito Santo, Brazil, used in this study. Modified from Bernini 
et al. (2006).
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figure 2. Monthly average temperatures and total average rainfall for the 
period of January 1990 to December 1999 for the northern region of Espírito 
Santo (Data source: Capixaba Research Institute. Technical Assistance and 
Rural Extension. Incaper).

The mangrove estuary of the São Mateus River occupies 
an area of approximately 11 km2 (vale, 1999) and it consists 
of Avicennia germinans (L.) Stearn., Avicennia schaueriana 
Stapf and Leechm ex Moldenke., Laguncularia racemosa (L.) 
Gaertn. f. e Rhizophora mangle L. (Silva et al., 2005). This 
mangrove has frequently been affected by different types 
of degradation such as sedimentation, deposition of waste, 
domestic sewage discharge, cutting of trees to obtain firewood 
and as a landfill for irregular housing.

The study was conducted at the three study sites where 
Silva et al., (2005) analyzed the structure of the mangrove 
forest (Table 1) in the estuary of the São Mateus River (Figure 
1). Sites 1 and 2 were located in the lower estuary, under 
greater tidal influence and site 3 was located in the middle 
estuary. Considering the physiographic types of mangrove 
forests classified by Lugo and Snedaker (1974) and later 
modified by Cintrón et al., (1985), the study area at site 1 is a 
fringe and the other sites are riverine.

table 1. Structural parameters of the vegetation in three different sites in the mangrove of the estuary of the São Mateus River (Silva et al., 2005). DBH = diameter 
at breast height. * the data are mean ± SE.

site height (m)* Dbh average 
(cm)

basal area
(m2 ha-1)

Density
(individual ha-1) Dominant species

S1 5.6±1.5 8.1 7.5 1,450 Rhizophora mangle
S2 5.4±1.8 8.2 7.2 1,225 Rhizophora mangle
S3 7.9±1.8 14.0 17.9 1,100 Laguncularia racemosa

At each site we selected five Laguncularia racemosa 
trees (> 1 m tall) and five Rhizophora mangle trees (> 1 m 
tall) on the border of the mangrove (5 m away from the river). 

These species were chosen because they are present in the 
three study sites. From each tree we collected 40 adult green 
leaves, from the third or fourth node on branches exposed 
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to the sun. The first collection was in November 1998 (rainy 
season) and the second in May 1999 (dry season). The results 
for the second collection are from the data collected by Bernini 
et al., (2006). The samples were packed in previously labeled 
and plastic bags sent to the Incaper Laboratory of Chemical 
and Physical Analysis for analysis.

The nutrient content of the leaves was determined using 
methods described in Sarruge and Haag (1974) and Silva 
(1981). Briefly, total nitrogen was determined by Microkjeldahl 
digestion and for extraction of Ca, Cu, Fe, K, Mg, Mn, P, S and 
Zn we used nitric-perchloric acid digestion. The determination 
of total phosphorus was done by colorimetry (725 nm) 
and the other elements by conventional atomic absorption 
spectrophotometry. After digestion, sulfur was determined by 
gravimetric determination, based on the precipitation of sulfur 
by barium chloride, in the form of barium sulphate.

At each site we performed in situ, 3 pH measurements 
(potentiometer model pHTestr 2TM) and salinity (refractometer 
model 10049 American Optical, accurate to ± 1) of the 
interstitial water (30 cm deep) between the roots of trees. 
Additionally, we collected 5 sediment samples (15 cm) at 
each site. The granulometry of the sediment was determined 
by densimetry. The textural classification followed the Shepard 
methodology, according to Suguio (1973), based on the 
percentage of sand, silt and clay. The organic matter (fraction 
<2 mm) was determined by an indirect method (wet digestion 
with potassium dichromate and sulfuric acid).

Chemical elements in the sediment were determined for 
the <2 mm fraction, according to the methodology described 
in Embrapa (1997). Briefly, the extraction of mobile fractions 
of P, K, Fe, Mn, Zn and Cu was carried out with a solution of 
0.05 N HCl + 0.025 N H2SO4, in a 1:5 soil: extractant solution. 
The determination of K was made by flame photometry, 
of P by colorimetry (725 nm) and the other elements by 
conventional atomic absorption spectrophotometry. Ca 
and Mg were extracted with 1 N KCl and determined by the 
complexometric method with the use of EDTA (titration). Due 
to logistical problems, it was not possible to determine the Na 
concentrations in leaves and sediment.

Data were analyzed with a 3-way ANOvA, considering 
as independent factors: the study site, the period (rainy or dry) 
and species. The least significant difference was determined 
by the Tukey Test. When the assumptions for the application 

of the F Test were not met, a logarithmic transformation of the 
data was done (Zar, 1996). The Pearson correlation coefficient 
was calculated for the nutrients analyzed in leaves and sediment 
and we applied the Student Test to test the significance of 
the correlations. The leaf concentration was divided in the 
concentration of the sediment to determine the concentration 
factor (CF), according to Salisbury and Ross (1992). Statistical 
analysis was performed using Statistic 6.0.

results

The concentration of macro and micronutrients in the 
leaves of Laguncularia racemosa and Rhizophora mangle 
followed the sequence: N> Ca> K> Mg> S> P> Fe> Mn> 
Zn> Cu (Figure 3). Although the sequence of abundance was 
similar, the nutrient concentrations varied between species. In 
general, Laguncularia racemosa showed higher concentrations 
of P, Fe, Zn and Cu, while Rhizophora mangle showed higher 
contents of K, Mg and Mn (Figure 3).
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figure 3. Mean values and standard deviation of (A) macronutrients (%) 
and (B) micronutrients (ppm) in the leaves of the species studied in the 
mangrove of the estuary of the São Mateus River. The lowercase letters (a 
and b) compare nutrient concentrations between species. values followed by 
different letters differ significantly (P <0.05).

Regarding seasonal variation, at site 3 for Laguncularia 
racemosa and sites 2 and 3, for Rhizophora mangle, the 
contents of K were higher in the dry season compared to the 
rainy season (Table 2). Calcium concentration in Laguncularia 
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racemosa was higher in the rainy season than in the dry 
season at site 3, while Cu was higher in the rainy season 
at site 1 (Tables 2 and 3). In general, the concentration of 
micronutrients in the leaf tissue was higher in the rainy season, 
although we did not record significant differences in relation to 
the dry period (Table 3).

Comparing the nutrient concentrations of the species 
between sites at the same time, it appears that for Laguncularia 
racemosa, K, Ca and Zn were higher at site 1 compared to 
other study sites in the dry season while N was higher at site 2 
in the rainy season (Tables 2 and 3). For Rhizophora mangle, 
Ca and S showed lower concentrations at site 3 compared 
to other study sites in the rainy season. For this species the 
levels of Cu were higher at site 3 during the rainy season 
(Tables 2 and 3).

For the abiotic variables in the percentage of organic matter 
did not show seasonal variation, but were lower at site 1 compared 

to the other sites sediment (Table 4). At this site, the sediment 
presented coarser characteristics, being classified as sandy. 
The salinity of interstitial water was lower at site 3. At this site, 
the salinity was higher in the dry season compared to the rainy 
season. This trend was also observed at the other study sites, 
although there were no show significant statistical differences. 
The pH of the interstitial water did not show significant differences 
between periods and study sites (Table 4).

The nutrients in the sediment varied between periods and 
study sites (Figure 4). The general sequence of abundance 
was: Mg> Ca> Fe> K> Mn> P> Zn> Cu. Concentration of 
P was higher in the rainy season compared to the dry period at 
all study sites. The nutrients K, Ca, Fe and Mn presented higher 
values during the rainy season at site 1. At site 3, the Mg was 
higher during the rainy season. Zn had lower concentrations 
during the rainy season at site 1, while Cu had this behavior 
during the dry season (Figure 4).

table 2. Mean and standard deviation of concentration of macronutrients (%) in the leaves of Laguncularia racemosa and Rhizophora mangle in the mangrove in the 
estuary of the São Mateus River. Espirito Santo. Capital letters (A and B) compare the concentrations between sites in the same period (rainy x rainy or dry x dry) 
for each species and lowercase letters (a and b) compare the concentrations between the periods within each site (rainy x dry). values followed by different letters 
present significant differences (P <0.05).

  n p K ca Mg s

La
gu

nc
ul

ar
ia

 ra
ce

m
os

a

site 1

Rainy 1.02±0.11 Ba 0.12±0.02 Aa 0.45±0.10 Aa 1.12±0.13 Aa 0.43±0.09 Aa 0.24±0.03 Aa

Dry 1.27±0.35 Aa 0.12±0.02 Aa 1.53±0.20 Aa 1.09±0.30 Aa 0.56±0.14 Aa 0.24±0.03 Aa

site 2

Rainy 1.54±0.05 Aa 0.18±0.07 Aa 0.57±0.16 Aa 1.31±0.08 Aa 0.48±0.03 Aa 0.23±0.02 Aa

Dry 1.37±0.12 Aa 0.14±0.04 Aa 0.65±0.20 Ba 0.92±0.13 Aa 0.43±0.08 ABa 0.23±0.02 Aa

site 3

Rainy 1.37±0.09 ABa 0.17±0.06 Aa 0.53±0.13 Ab 1.37±0.30 Aa 0.48±0.04 Aa 0.22±0.03 Aa

Dry 1.60±0.21 Aa 0.15±0.02 Aa 1.01±0.21 ABa 0.67±0.16 Ab 0.31±0.06 Ba 0.17±0.03 Aa

Rh
izo

ph
or

a 
m

an
gl

e

site 1

Rainy 1.18±0.06 Aa 0.11±0.01 Aa 0.74±0.15 Aa 1.10±0.16 ABa 0.62±0.15 Aa 0.27±0.05 Aa

Dry 1.19±0.14 Aa 0.10±0.01 Aa 1.00±0.15 Aa 0.89±0.23 Aa 0.42±0.09 Aa 0.23±0.04 Aa

site 2

Rainy 1.50±0.37 Aa 0.11±0.01 Aa 0.67±0.15 Ab 1.34±0.46 Aa 0.58±0.11 Aa 0.26±0.04 Aa

Dry 1.32±0.21 Aa 0.09±0.01 Aa 1.20±0.26 Aa 1.04±0.22 Aa 0.43±0.08 Aa 0.23±0.02 Aa

site 3

Rainy 1.37±0.08 Aa 0.09±0.03 Aa 0.67±0.26 Ab 0.82±0.18 Ba 0.49±0.13 Aa 0.18±0.06 Ba

Dry 1.26±0.18 Aa 0.10±0.01 Aa 1.24±0.21 Aa 0.92±0.28 Aa 0.52±0.13 Aa 0.20±0.03 Aa
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table 3. Mean and standard deviation of the concentration of micronutrients (ppm) in leaves of Laguncularia racemosa and Rhizophora mangle in the mangrove in 
the estuary of the São Mateus River. Espirito Santo. In the columns, capital letters (A and B) compare the concentrations between sites in the same period (rainy x 
rainy or dry x dry) for each species and lowercase letters (a and b) compare the concentrations between the periods within each site (rainy x dry) . values followed 
by different letters present significant difference (P <0.05).

fe Mn zn cu

La
gu

nc
ul

ar
ia

 ra
ce

m
os

a

site 1

Rainy 362.4±50.9 Aa 37.6±16.4 Aa 14.2±2.5 Aa 4.8±1.9 Aa

Dry 319.2±174.1 Aa 40.6±19.5 Aa 16.2±4.4 Aa 2.4±0.5 Ab

site 2

Rainy 478.0±187.0 Aa 69.0±10.7 Aa 14.2±5.4 Aa 3.4±0.9 Aa

Dry 300.8±73.1 Aa 38.0±2.8 Aa 9.8±2.2 Ba 2.0±0.7 Aa

site 3

Rainy 597.2±238.1 Aa 75.4±22.9 Aa 12.4±4.3 Aa 3.6±0.9 Aa

Dry 472.6±148.7 Aa 41.2±10.8 Aa 11.8±2.3 ABa 2.2±1.1 Aa

Rh
izo

ph
or

a 
m

an
gl

e

site 1

Rainy 96.2±8.9 Aa 180.2±94.1 Aa 3.6±0.5 Aa 3.4±1.1 ABa

Dry 82.5±19.4 Aa 143.0±69.7 Aa 4.4±0.5 Aa 1.4±0.5 Aa

site 2

Rainy 112.0±22.7 Aa 200.0±86.7 Aa 4.8±1.3 Aa 1.8±0.4 Ba

Dry 85.7±11.0 Aa 183.0±40.8 Aa 4.2±0.4 Aa 1.0±0.0 Aa

site 3

Rainy 78.4±7.3 Aa 262.0±70.3 Aa 4.2±1.1 Aa 4.2±0.8 Aa

Dry 88.6±11.5 Aa 254.8±81.5 Aa 4.8±0.4 Aa 2.2±1.1 Aa

table 4. Mean and standard deviation of environmental variables analyzed in the study sites in the mangrove of the estuary of the São Mateus River, Espirito Santo. 
In the columns, capital letters (A and B) compare the values between sites in the same period (rainy x rainy or dry x dry) and lowercase letters (a and b) compare the 
values between periods within each site (rainy x dry). values followed by different letters present significant difference (P <0.05).

organic matter of 
sediment (%)

textural classification
of sediment

salinity of 
porewater

ph of
porewater

site 1

Rainy 0.60±0.28 Ba Sandy 21.0±4.2 ABa 6.7±0.1 Aa

Dry 0.86±0.62 Ba Sandy 30.7±2.3 Aa 6.8±0.2 Aa

site 2

Rainy 1.70±0.85 Aa Sand silt mud 23.7±3.2 Aa 7.0±0.3 Aa

Dry 1.62±0.22 ABa Sand silt mud 31.0±3.0 Aa 7.3±0.1 Aa

site 3

Rainy 1.76±0.52 Aa Mud sandy siltstone 8.3±5.9 Bb 6.5±0.3 Aa

Dry 2.02±0.19 Aa Mud sandy siltstone 17.3±5.0 Ba 6.8±0.5 Aa

As for spatial variation, we found that P, K, Mg, Fe and 
Cu showed lower values in the sediment at site 1 compared to 
the other sites (Figure 4). During the dry season we recorded 
higher concentrations of Mn and Zn at site 3. The latter nutrient 
presented the lowest content at site 1 during the rainy season, 
while Ca was lower in this study site during the dry season 
(Figure 4).

Nutrient concentrations of leaves were not correlated with 
concentrations in the sediment (P> 0.05). The concentration 
factors were smaller than 1.0 for Fe and between 1.0 and 3.7 
for Mn, Zn and Cu (Figure 5). The values of concentration 
factors for Fe and Zn were higher in Laguncularia racemosa 
and in Rhizophora mangle it exhibited higher values for Mn 
(Figure 5).
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figure 4. Concentration of nutrients in the sediment of the sites analyzed in the mangrove of the estuary of the São Mateus River. ES. The capital letters (A and B) 
compare the concentrations between sites in the same period (rainy x rainy or dry x dry) and the lowercase letters (a and b) compare the concentrations between 
the periods within each site (rainy x dry). values followed by distinct letters differ significantly (P <0.05).
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figure 5. Mean values and standard deviation of the concentration factors 
of the species studied in the mangrove of the estuary of the São Mateus 
River. ES. The lowercase letters (a and b) compare nutrient concentrations 
between the species. values followed by different letters differ significantly 
(P <0.05).

Discussion

The average concentration of leaf nutrients were within 
the range described for other mangroves (Lacerda et al., 
1986; Medina et al., 2001; Cuzzuol and Campos, 2001; 
Freitas et al., 2002; Medina et al., 2008; Medina et al., 2009; 
Bernini and Rezende, in press). Although nutrients are used 
by plants for essentially similar purposes, species differ in 
their absolute concentration and in the relative proportions of 
different elements, since the efficiency of nutrient uptake and 
preference for a particular element depends on a set of internal 
and external factors (Waisel, 1972; Larcher, 2000). Rhizophora 
mangle presented higher contents of K, Mg and Mn, while 
Laguncularia racemosa presented higher concentrations of P, 
Fe, Zn and Cu. This result is consistent with those observed 
by other authors (Lacerda et al., 1985; Cuzzuol and Campos, 
2001; Bernini and Rezende, in press).

Some nutrients analyzed in leaves presented seasonal 
variation (K, Ca and Cu in Laguncularia racemosa and K 
for Rhizophora mangle; Tables 2 and 3). The occurrence 
of temporal variation in nutrient content in adult leaves of 
mangrove plants has been reported in literature (Clough and 
Attwill, 1975; Boto and Wellington, 1983; Oliveira et al., 1996; 
Wang et al., 2003). For other forests, such as dry tropical 
forests and savannas, seasonal variation of nutrients is related 
to mechanisms of uptake and retranslocation (villela and 
Lacerda, 1992). This has also been reported for mangrove 
forests (Wang et al. 2003; Macfarlane et al., 2007).

Generally mangroves present low nutrient availability, 
especially nitrogen (Alongi et al., 1992), and retranslocation 
is an important mechanism for the conservation of these 

elements. However, retranslocation can be observed in 
mangroves where there is no nutrient deficiency. Although 
there is significant correlation between concentrations of 
chemical elements in sediment and mangrove leaves (Boto 
and Wellington, 1983) most studies show no correlation 
between these compartments (Lacerda et al., 1986; Medina 
et al. 2001; Bernini and Rezende, in press), as observed in 
this study. Thus, there is still no consensus on whether or not 
there is a seasonal pattern for the concentration of nutrients in 
the leaf tissue in relation to retranslocation and fertility of the 
sediment as commented by Wang et al., (2003).

In the mangrove of the estuary of the São Mateus River 
the sampling considered trees > 1 m tall and we collected 
leaves from the third or fourth node of branches exposed to 
the sun to standardize the sampled individuals. However, there 
was variation in nutrient content of the leaves of Laguncularia 
racemosa and Rhizophora mangle between study sites. Such 
behavior was expected, since the relative concentration of 
nutrients can vary within the same genotype, when subjected 
to different environmental conditions (Epstein, 1975), such as 
variation in the frequency of flooding, salinity and granulometry 
of the sediment.

In general, the spatial variation of abiotic variables was 
more evident than the seasonal variation. Site 3 presented 
lower values of salinity of interstitial water by because it had 
less tidal influence. The salinity of interstitial water was lower 
in the rainy season, reflecting the greater contribution of fresh 
groundwater in this period. vale (1999) found higher values 
of salinity, varying between 28 and 44, in areas near the river 
mouth. The pH of interstitial water did not exhibit spatial or 
temporal variations, showing values similar to those reported 
for the mangrove of Mucuri river, Bahia (Cuzzuol and Campos, 
2001), and higher when compared to the mangrove estuary of 
the Paraíba do Sul River, Rio de Janeiro (Bernini and Rezende, 
in press).

Previous studies have shown that mangrove species can 
develop in a variety of substrates from clay to sandy loam 
(Oliveira et al., 1996; Souza et al., 1996; Bernini and Rezende, 
2004; Ferreira et al., 2007), as observed in this study. Site 
3 is located in an environment of low energy in relation to 
sites 1 and 2. This is reflected in the distribution of grain 
sizes. The percentage of organic matter in the sediment is low 
compared to other mangroves in Brazil (Carmo et al., 1995; 
Cuzzuol and Campos, 2001; Bernini and Rezende, 2004). 
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The organic matter content of the sediment is highly variable, 
being influenced by the tidal regime and litter production. The 
low percentages can be attributed to the constant removal of 
litter from the sites studied, since collection of the sediment 
was carried out near the border of the mangrove (5 m away 
from the river), where tidal flooding is frequent.

The content of K and Mg in the sediment was lower than 
that recorded for the Baía de Sepetiba (Rio de Janeiro, Brazil), 
where marine influence is greater (Lacerda et al., 1985). The 
concentration of heavy metals (Fe, Mn, Zn and Cu) obtained in 
the estuary of the São Mateus River was lower when compared 
to other mangroves influenced by industrial activities and 
domestic sewage (Lacerda et al., 1993; Oliveira et al. 1998; 
Freitas et al., 2002; Machado et al., 2002). While land-based 
sources of these metals vary according to geomorphological 
and climatic characteristics (Lacerda et al., 1986), the low 
levels found here are probably due to the lack of industrial 
activities in the vicinity of the mangrove.

The retention and mobility of nutrients in the sediment 
are influenced by characteristics such as texture, organic 
matter content, redox potential, pH, salinity, Al, Fe and Mn 
content, as well as anthropogenic effluents. These parameters 
vary widely, so the retention and mobility of nutrients vary 
from one mangrove to another (Tam and Wong, 1993, 2000). 
Sediments with a higher percentage of sand have less capacity 
to retain organic matter and nutrients (Tam and Wong, 1993), 
as observed in this study (Table 4 and Figure 4).

The sandy texture, the lower values of organic matter 
and nutrients observed in the sediment of site 1 are related 
to rapid sedimentation that occurred in this area. The 
sedimentation observed at this site is due to the fact that the 
mouth of the São Mateus River has become unstable, with 
a strong process of sedimentation in the river floodplains. 
This has been causing erosion problems on the beach of 
Conceição da Barra, located on the left margin, and erosion 
and burial of the mangrove on the right margin of the river 
(vale, 1999), that promotes tree fall of live individuals and 
apical death of mangrove plants in this area. High rates 
of sedimentation cause the mortality of mangrove trees, 
since this interferes with nutrient recycling and exchange 
of gases, due to the coverage of rhizophore’s lenticels and 
pneumatophores (Odum and Johannes, 1975).

The marked instability of the estuary of the São 
Mateus River is due to variations in river flow, caused by 
the capture of its water for different uses (e.g. domestic 
and agricultural supply) and environmental disturbances 
(such as deforestation of the riparian forest), besides 
accentuation caused by natural phenomena (e.g. El Niño 
and La Niña). Change in river discharge alters the capacity in 
the sediment transport at the interface between the mainland 
and the sea, causing changes in the dynamics of coastal 
sedimentation over the years. Similarly, other studies have 
shown that reduction in river flow has resulted in diminishing 
supply of river sediments to the coast, promoting rapid 
geomorphological changes in the river mouths (Bonora et 
al.,2002; Batalla, 2003; Giri et al., 2007; Bernini et al., in 
press). The change in the hydrodynamics of the rivers cause 
coastal erosion, increased salinity intrusion, depletion of 
nutrients in certain areas and accelerated deposition in the 
sediments (Lacerda and Marins, 2002).

We registered a significant variation of nutrient 
concentration in the sediment between the periods analyzed, 
but the seasonal pattern was not clear for all nutrients. Similar 
results were reported by Boto and Wellington (1983, 1984) 
and Tam et al., (1995). The deposition of fine sediments may 
be responsible for the highest content of phosphorus and zinc 
during the rainy season, but does not explain the seasonal 
variation of the other nutrients. Nutrient concentrations in 
mangrove sediments are a reflection of many factors, so it 
is difficult to define the tendency of temporal variations of 
nutrient content (Tam and Wong, 1993).

There was preferential incorporation of Mn by Rhizophora 
mangle and Fe and Zn by Laguncularia racemosa, confirming 
results reported for other mangroves (Lacerda et al., 1985; 
Cuzzuol and Campos, 2001). The concentration factors for 
Laguncularia racemosa for Zn and Cu were high. The values 
described here are similar to those observed by Cuzzuol and 
Campos (2001), who described concentration factors varying 
from 2.2 to 2.6 for Zn and 1.7 to 3.2 for Cu.

Mangroves tend to show little accumulation of heavy 
metals, with higher concentration of these elements in root 
tissue than in leaves (Silva et al., 1990; Macfarlane et al., 
2007). In general, the concentration factors for heavy metals 
in mangrove leaves are lower than 1.0 and there was no 
correlation between the concentration in leaves and sediments 
(Lacerda et al., 1986; Thomas and Fernandez, 1997). This 
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fact was observed in the mangrove of the estuary of the São 
Mateus River since the nutrient concentrations of leaves were 
not correlated with concentrations in the sediment and the 
values of the concentration factor for Fe was less than 1.0 for 
both species analyzed. This indicates that the mangrove plants 
inhibit the absorption of heavy metals (Lacerda, 1997).

This behavior can be attributed to the fact that there is 
low availability in the sediment, because heavy metals may 
precipitate as sulfides under anoxic conditions and become 
complexed with organic matter, fine sediments and Fe on the 
root surface (Harbison, 1986; Lacerda, 1997). In addition, there 
may be barriers in the endodermis of the root and restriction 
on the uptake and translocation within the plant (immobilization 
in the cell wall and complexation with substances such as 
phytochelatins; Baker and Walker, 1990).
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