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ABSTRACT

The mangrove forest of the estuarine system of c8arBrazil, occupies 71 Km- an area
consisting of a complex system of canals and rifersmiing a predominantly depositional
environment. The climate provides high rainfallthMio water deficit and minimum temperatures
above 18&C. In this environment, 3,870 mangrove trees, iisted on 20 random transects, were
identified, counted and measured and the littenfedasured. The phytosociological data (density,
height and basal area) were measured in parcelsfertent distances from the waterline. Three
species of trees were identifieRhizophora mangle, Avicennia schaueriaarad Laguncularia
racemosaThe data showed large variability between stdmdsvith no zonation perpendicular to
the fringe in relation to phytosociological destoig, the distribution of the tree species and
litterfall production. This phenomenon is attritditteo the low energy subsidy occurring as a
function of the microtidal regime, the reduced eélpof the water in the innermost regions of the
estuarine system, the homogeneous sediment (sdtjrestly the absence of any water deficit in
the region. All these factors reduce the environalegradient from the fringe to the interior of the
basin. Some stands also showed immature featuresh wiere attributed to the anthropogenic
impacts of many kinds, mainly over the last 60 ge#inat have been preventing the mangroves
from attaining their full development.

Resumo

O manguezal do sistema estuarino de Santos, Brasjta uma area de 71 kmonsistindo de um
complexo sistema de canais e rios, em ambienteomiedntemente deposicional. O clima
apresenta alta pluviosidade, sem déficit hidricoomn temperatura minima de 18°C. Foram
mensuradas, contadas e identificadas 3.870 arderegngue em 20 se¢les aleatodrias e medida a
producéo mensal de serapilheira. Os dados fitasl§g@ios (densidade, altura e area basal) foram
medidos em parcelas a diferentes distancias da lilghagua. Trés espécies de arvores foram
identificadas Rhizophora mangle, Avicennia schaueriam&aguncularia racemosaOs dados
mostraram grande variabilidade entre bosques, reas znacgdo perpendicular & franja, em
relacdo a todas as variaveis fitossociolégicasstéifilicdo das espécies arbéreas e a producéo de
serapilheira. Atribuiu-se este fendmeno ao baixbsi&lio de energia devido ao regime de
micromarés, a reduzida velocidade da agua nas eegidiernas do sistema estuarino, a
homogeneidade do sedimento (silte), e, principaleeh auséncia de déficit hidrico na regido.
Todos estes fatores reduzem o gradiente ambieatdrashja para a bacia. Alguns bosques
apresentaram feiges de imaturidade o que foiudtiibaos impactos antropogénicos de diversas
naturezas, principalmente nos ultimos 60 anosgegtaxiam obstando o pleno desenvolvimento do
manguezal.

Descriptors: Mangrove structure, Phytosociologynatmn, Litterfall, Santos estuarine system.
Descritores: Estrutura de manguezal, Fitossocialagbnacgéo, Serapilheira, Sistema estuarino de
Santos.

INTRODUCTION as well as the processes of environmental change

(CINTRON AND SCHAEFFER-NOVELLI, 1985).

Structural characterization of mangrove The architecture of these forests is the resuthef
forests is a valuable tool for evaluating the interaction between the growth characteristics of
ecosystem's response to environmental conditions, trees, their physiological requirements and the
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environmental forcings that affect the system. The
mangrove forest structure is also the outcome of
optimal selection and the competitive abilities of
each plant species of the ecosystem (BALL, 1980;
SNEDAKER, 1982).

Established mangrove areas have clear
environmental gradients due to, among other things,
tide variation, which together with other factors
shape mangrove structure and production. As a
result, a common feature of mangrove systems is
the zonation in the structure, production and
distribution of the species in relation to their
distance from the water. The synthesis devised by
CHAPMAN (1975) describing the zonation of
mangroves, led to the zonation paradigm as a
worldwide mangrove benchmark. SNEDAKER
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(between 1982 and 1984), conducted a broad survey
of an area to evaluate the phytosociology of the
mangrove fringe. At that time the region suffered
severe and frequent industrial impacts. In theyearl
1990s, the region still suffered from oil spillshiah
affected some mangrove areas (mainly the Bertioga
channel), and other events such as the dumping of
industrial pollutants.

The original marsh was severely impacted
by urban occupation, especially the port and an
industrial park in the innermost region, near the
municipality of Cubatdo. In the 1970s, this
particular area was considered one of the most
polluted in the world (LEMOS, 1998), however, it
has undergone intense monitoring and control in
recent decades. Even so, the region is entering a

(1982) also emphasizes that the preeminent featurenew period of economic development as a

of a mangrove forest structure is often the
conspicuous zonation of tree species in
monospecific bands parallel to the shoreline.

Along the coastal region of the western
South Atlantic, mangroves occur only on the
Brazilian coast, reaching a latitude of 28°30'S
(SCHAEFFER-NOVELLI, 1989). One of the most
striking characteristics of New World mangroves is
their low diversity, yet, despite their deceptive
apparent simplicity, New World mangrove species
are extraordinarily plastic in adapting to their
environment (SCHAEFFER-NOVELLI et al.,
2000). The wide latitudinal variation of the
Brazilian coast (B6'N to 3345S) and
consequently of precipitation, tidal height and
temperatures result in a large variation in the
structure of mangrove forests at the level of aast
domains (SCHAEFFER-NOVELLI et al., op. cit.).

On the other hand, according to these authors, for

the levels of “Setting” (representing the extension
of 10 to 100 krf), "Stands" (0.1 to 100 ha) and
"Sites" (which correspond to the plot or tree, of

consequence of recent oil exploitation of the so-
calledpré-salreserves. As a result, the wetlands are
again under pressure from plans to extend the area
available for port expansion as well as to deahwit
the pollution due to possible oil spills and other
industrial waste discharges.

Given the ecological and strategic
importance of this ecosystem and the need for
adequate information to ensure its proper
environmental management, especially in the face
of the new threats, the present study was undertake
to provide information on the phytosociology of the
mangroves of the estuarine system of Santos as well
as quantitative data on the production of litter, i
terms of the water gradient.

MATERIAL AND METHODS
Location

The Santos estuarine system (Fig. 1),
classified by Pritchard (PRITCHARD, 1967) as a

between 0.01 and 0.1 ha), other factors such ascoastal estuary plain, is situated aroundS2and

salinity and edaphic factors, soil nutrients,
frequency of floods, winds and storm intensity,
biotic factors and others, are more important.

Several authors have studied the mangrove
forests of the estuarine system of Santos (SamPaul
Brazil), but according to SCHMIEGELOW et al.
(2008) who listed these studies, only a few of them
were actually published and, in general, they only
considered small mangrove areas: MENEZES et al.
(2005) planted propagules Bhizofora manglend
germinated seeds dfaguncularia racemosaand
MENGHINI et al. (2011) studied the recovery of a
small area (Barnabé Island) affected by fire due to
the accidental spillage of an inflammable chemical
(DCPD-dicyclopentadiene).

On the other hand, the State environmental
agency (CETESB, 1988), about 30 years ago

46°25°W. Its current configuration has resulted from
successive sea transgressions and regressions which
occurred during the Quaternary period. In the last
transgressive phase (Santos transgression), 5100
years BP, the channels, formed by erosion during a
previous regression, were filled by the sea, which
deposited clay sediments on the sandy deposits
below, forming the current lagoon system
(MARTIN AND SUGUIO, 1989). This rise led to
the formation of a complex system of channels and
rivers of different sizes whose banks were occupied
by mangroves during the return of the sea to its
current level. Currently, about 71 kraf mangrove
forests are to be found in the entire estuarinereg
(SCHMIEGELOW et al.,, 2008). The complex
geomorphology of the area, with eight drainage
basins and an increasing rainfall gradient from the
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sea towards the Serra do Mar, promotes an diversity and quantity of the current effluents and
extremely varied water regime throughout the the already existing contamination (CETESB,
channels, both in terms of salinity, nutrients, 2001).

frequency of flooding by tides and potential for

dilution of the pollutants. The climate is classifi Methodology

as of the Af type. The annual mean precipitation is

3,207mm (EMBRAPA, 2012), January to March The study area covered 31.6 *nof
(the austral summer) being the period of heaviest mangrove forest mainly skirting Sao Vicente Island,
rainfall and July to August (winter) of the leafhe in the continental portion of the estuary. A tobél
average temperature is 2X5(TUTIEMPO, 2010 - 20 transects were randomly selected in the study

from 2006 to 2010), and the lowest monthly area in zones defined by the presence of larger
temperature i$18C (SANTOS, 1965). Tides are  watercourses (Fig. 1). The transects started at the
asymmetrical with semi-diurnal amplitudes of 0.60 waterline always being perpendicular to it (Fig. 1)
m at the spring tide and 0.14 m at the neap their length varying between 117 and 280 m
(HARARI AND CAMARGO, 1995). The sub-  according to the characteristics of each region,
basins flowing into the estuary have an average always stretching out towards the edge of the fores
flow of less than 40.4 fa* (CETEC, 2000). and were named according to the main local
The geomorphological characteristics of toponym (Table 1).
the Santos Estuary, forming a long, deep channel Four sites were established along each
(the Santos Channel), were ideal for establishing a transect: one at the water’s edge (named “edge”),
harbor in the region. Today it is the most actimd a  one at the extremity distal from the water
largest port in Latin America. In the surroundirgs (“landward”) and the other two, at one-third (“lowe
the innermost area of the estuary is the Cubatdo middle”) and two-thirds of the total length (“upper
industrial hub, which is the main source of the middle”) as from the mean tidal level. Centered on
chemical pollutants discharged into the estuary and each site, parcels of 100?ril0 m x 10 m) were
the adjacent marine environment, in view of the established.

23°52'S

23'54'S

23°56'S

23°58'S- £7

24°00'S e

247028

46°28'W 46°24'W 46°20W 46"16'W

Fig. 1. Study area. Land is shown in white, watee@n and continental
water) in gray and mangrove forests in light gialgck lines represent
the transects.
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Table 1. Local and stand name, length and geograbloication of transects. *Stands for which grsize data were

collected.
LOCAL NAME STAND NAME LTERNA(;\'TSHE(CHT) SiTE  TRANSECT SEOCRAPHICAL

Bertioga Channel Bertioga 159 411 ;222;822 igggzéivv\\//
o} Zmbeswmow
Jurubatuba River Jurubatuba 215 i gggggzgg 121333?%\\%
Barnabé Island Barnabé* 153 411 éggigggz jgiggzgivv\\//
Nossa Senhora das Neves Stream Neves* 172 i 532552001190Ss4fg}§05(§3325ww
Quilombo River Quilombo* 282 i gggggggg 122112%3\\%
Piagaguera Channel Piacaguera* 117 411 éggigjzz jgzzgéggvv\\//
Pedreira River Pedreira* 250 i g:gjg;gg 12:2:][_55%(2)\0\//
Duas Barras Island Duas Barras 153 i gggggggg 1?3233,%?3\\/\/\/
Cubatéo River Cubatéo 152 411 éggggégz 1222?3’;2%\0\//
Cascalho de Cima River Casc. Cima 178 i g:gjggg ig;iéiivv\(l
Cascalho de Baixo River Casc. Baixo 197 i gggjigig 12233)1%2\\%
Mariana River Mariana 255 411 égg;iggz i%%%%‘é(iv\xl
Piacabucu River Piacabugu* 179 i gg:ggig;"g 123255?(7)\0\//
Queirozes River Queirozes* 160 i gggjgggg 122255%\/,\(,
Maranhos River Maranhos 137 411 éggigggz jgzzgggvv\//
Santana River Santana* 242 i g:ggé?gg 12:2233;58\0\//
Branco River Branco* 287 i ggggg?ig i%ggf-,é\l,vv
Pompeba Wide Pompeba 231 411 éggggigz j(ézzgllggvv\\//
Barreiros Channel Barreiros 132 i ;;g;gigg igégégé\\llvv

** Datum: WGS 84

Information was obtained from the parcels
as to the structure of the stands - from the tree
trunk's diameter at breast height (DBH), height and
number of individuals. All trees taller than 1.3m
were measured, including those with DBH of less
than 2.5 cmThe basal area was calculated from the
DBH (CINTRON AND SCHAEFFER-NOVELLI,
1984). Measurements of phytosociological variables
were made from March 9 to May 12, 2006.

Based on the phytosociological data, two
indices were obtained regarding the structural
development of the forest: the Importance Value
Index (IVI) (CURTIS, 1959), which considers the
structural importance of species in different stand

and the Complexity Index (Cl) (HOLDRIDGE et
al., 1971), which quantitatively summarizes the
structural complexity of vegetated environments. To
calculate this index, only trees with a DBH greater
than 2.5 cm were considered. The data were
computed for areas of 0.1 ha as a product of the
average number of species at four sites on each
transect, of the density, basal area and height
(average of the three largest trees at each site,
according to CINTRON AND SCHAEFFER-
NOVELLI, 1983), divided by 1000.

The monthly litter production was
estimated between January 2006 and January 2007.
For this, 240 collector baskets (80 x 80 cm) witk 2
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2 mm mesh were positioned 1.5 m above the Regression analysis applied to each site
substrate, under the canopy. The baskets wererelative to the phytosociological descriptors shows
placed on 30 m transects parallel to the water line linear fit only for height and just for 2 of the 20

centered on each site. On this transect, threedgoin sampled stands (Pedreira and Jurubatuba). At

were randomly selected for the placement of the

Pedreira, the gradient is towards shorter treethen

baskets. Once collected, the litter was oven dried fringe and at Jurubatuba the reverse.

(70°C for 72 hours) and weighed. The litter data
given in this paper are analyzed only in terms of
spatial variability and do not include the weiglfit o
wood.

for

Samples grain size determination

The comparison of the phytosociological
descriptors of the species shows that the average
densities of R. mangleand A. schauerianaare
statistically equal and higher than that af
racemosa(Table 3). It was found that the average

were obtained from the substrate surface with a height of R. manglewas lower than that oA.

shovel (0.5 L) at the sites “edge”, “lower-middle”
and “landward” along ten transects (see Table 1),
chosen randomly. Analysis was performed in

accordance with Suguio (1973), and the mean grain

size is presented thed (phi) scale
(-log.diameter).
The phytosociological data were compared

between positions in stands using ANOVA (One

on

schauerianaand this was still less than that lof
racemosa The average height of this latter species
was also greater than thatRf manglgTable 3).

The largest tree measured was An
schauerianabeing 14.3 m tall (at Pompeba).

Statistically the basal area Bf mangles
less than that oA. schauerianaand is also smaller
than that oL.. racemosaThis latter species shows a

Way) and at the same positions between transects.larger basal area than schaueriangTable 3).

The litterfall was also compared between positions
in stands. Tukey s posteriori test was applied
when significant differences were found in the
ANOVA, in order to highlight differences between
sites. Linear regressions were applied to the
phytosociological descriptors of the four parcéts,
assess the presence or absence of a structur
gradient.

ResuLTs

At the 80 sites studied, a total of 3,870
individuals were identified belonging to three
species: Rhizophora mangle Laguncularia
racemosaand Avicennia schauerianalhe average
structural data are presented in Table 2.

No significant difference was found in the
occupation of the substrate according to the digtan
from the water whether in terms of density, height
or basal area of trees (Fig. 2).

The statistical tests show no significant
difference in density and height for each tree
species as between sites (Table 4). In respetieto t
basal area however, it is noteworthy that the sites
edge” and “landward” are similar, while sites lower
middle” and “upper-middle” may be similar or

aotherwise.

No significant difference was observed in
density betweerR. mangleand A. schauerianaat
any of the sites (Table 5). The density bf
racemosawas always lower than that Bf mangle
and also lower thaA. schauerianat the edge and
in the lower-middle regions.

Regarding height, there are no differences
between the three species at any of the sites€Tabl
5). With respect to the basal area, it was fourad th
R. mangleand A. schauerianehave equal values -
with the exception of site “lower-middle” (where
the value is statistically lower fok. schauerianp
At site “upper-middle”,R. manglehad a higher
value thanL. racemosaand at site “landward”A.
schauerianéhad a higher value thdn racemosa

Table 2. Structural descriptors for the Santos &gtumangrove forest: general average of the
stands, maximum average and minimum average values.

General average of

Descriptor the stands (xsd)
Density
(trees/0.1ha) 483.8 £161.9
Height (m) 4.64 +0.87
Basal area
(M?0.1 ha) 1.47 £0.28
Complexity index 12.7 £6.2

average (stands) (+sd)

Minimum value of
average (stands) (+sd)

Maximum value of

797.5 £353.0 227.5+184.1
6.12 +2.54 3.37 £2.23
1.93 £0.47 1.06 £0.30

222 4.6
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499.5

568.5

462.0

405.0

8.0

7.0

6.0

- 5.0

(m

£ 4.0

Heigh

3.0
2.0
10

0.0

2.2 -
2.0 -

1.8
£ 16
Ng‘ 14
E1z
g 1.0
® 0.8
© 0.6

0.4

0.2

0.0

edge

. 4.5

lower-middle upper-middle landward

F =0.69; df = 3663; p =0.56

4.5 4.4 4.5

edge

T T T 1

lower-middle upper-middle landward

2.15;df=79; p=0.10 |

[~
L.es

a

1.44 1.40

[1.36

|
[l

edge

T T T 1

lower-middle upper-middle landward

Fig. 2. Number of trees (upper figure), height {eerfigure) and basal area (lower figure) in each
of the sites. The lines correspond to the standeawihtion. In the text box are the ANOVA results
for the four sites.
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Table 3. Mean tree density, mean height, basal asksive density, dominance and frequency andmapce value index
(IV1) for each species of the Santos estuary margforest.

MEAN

SPECIES TREE lelillzéll-\llT BAAI\?SSAL RELATIVE RELATIVE RELATIVE Vi

DENSITY > DENSITY DOMINANCE FREQUENCY

(m?0.1ha) (m*0.1ha)

(trees/0.1ha)

R. mangle 248.0£197.1 4.04+2.40 0.54+0.50 48.7 36.6 95.0 .380
A. schaueriana  214.4+208.1 4.91+2.45 0.71+0.58 41.6 48.1 93.8 483

L. racemosa 57.1+66.6 5.48+2.13 0.22+0.30 9.7 15.3 825 107.5

Table 4. Tree density, tree height, and basalareach site for the three tree species with th©¥N results, where 1, 2, 3
and 4 in column site differences mean “edge, “loweddle, “upper middle” and landward” respectiveliGtatistical
analysis by Tukey test.

Descriptor Species Sites F df p value site
edge lower middle upper middle land-ward calculated differences*
R. mangle 217.5+182.4 205.0£162.6 296.0+255.2 224.0+188.6  83®. 79 0.48
Tree density ) cchaueriana  249.04200.4 168.5¢227.2  209.5:218.7  177.0:190.2 60®. 79 0.61
(trees/0.1ha)
L. racemosa 33.0+32.1 31.5437.7 63.0£92.6 61.0£72.0 1.461 79 230
R. mangle 4.49+2 55 4.58+1.74 5.06+2.69 4.25+1.81 0.454 75 720
Height (m)  A.schaueriana  5.24+1.61 5.58+1.77 5.21+1.88 4.98+1.13 0.419 74 740
L. racemosa 5.81+1.56 5.7842.15 5.52+1.65 4.88+1.95 0.923 66 .430
R. mangle 0.561+0.514 0.920+0.584 0.304#0.387  0.622+0.413  035. 72 0.003 n
'(3;]25/%' ﬁ:;" A.schaueriana  0.681:0.539 0.196:0.216  0.548:0.483  0.670:0.557 808. 73 0.014 D024
L. racemosa 0.320#0.323 0.541+0.584 0.737#0.617  0.269+0.320  293. 69 0.026 2
Table 5. p value (Tukey's test) of comparison betwthe three species’ descriptors for the
four sites. RM =Rhizophora mang|eAS = Avicennia schauerianaLR = Laguncularia
racemosa.
Density (trees/0.1ha) Height (m) Basal Are&/(riha)
AS LR AS LR AS LR
Edge RM 0.803 0.002 0.483 0.116 0.736 0.295
9 AS 0.000 0.663 0.071
Lower-middle RM 0.759 0.004 0.265 0.153 0.000 0.069
AS 0.027 0.948 0.107
. RM 0.369 0.002 0.976 0.789 0.321 0.034
Upper-middie o 0.064 0.897 0.506
Landward RM 0.625 0.006 0.401 0.506 0.945 0.054
AS 0.065 0.982 0.025
A comparison between the total density The basal area of tree species at the

and the densities of species among different standsvarious sites studied varied significantly, as
shows a marked variation (Fig. 3) in the density of indicated by Figure 5.
trees and species. The total density varies by stimo The contribution of each species to total
400% between Barnabé (minimum) and Neves basal area is quite variable, a®d schaueriana
(maximum). In the majority of the stands (1R) presents the highest contribution in 10 stands
manglewas the most abundant species, especially in (maximum in Barnabé)R. manglepresents the
Queirozes, where it represents 92.6% of the tdees.  highest contribution in eight stands (maximum in
schauerianavas the most abundant in seven stands, Queirozes), whereas the highest contributiorL.of
as in Mariana (91.0% of the trees) and Piagabucu racemosaoccurred only in two stands (maximum in
(78.0% of trees). The maximum density bf Barreiros). In Duas Barras, it is noteworthy that
racemosg31.0%) was observed in Piagaguera. almost 90% of the basal area is composedd of
The average height varied significantly schaueriana In percentage term$R. manglealso
among stands, as indicated by Figure 4. The tallest presents the highest contribution in Queirozes
height (Queirozes) is 55.1% higher than the lowest (81.4%). The largest percentage of contribution of
(Pedreira). L. racemosas also in Barreiros, with 54.0%.
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The IVI shows similar values forR.
mangle and A. schauerianaand a substantially
lower one foiL. racemosdTable 3).

At the level of the stand, IVIs are shown in

Figure 6. This figure shows that the seven stands descriptors, there was no significant

where the IVI is higher foR. mangleare located in

BRAZILIABODURNAL OF OCEANOGRAPHY, 62(2), 2014

scattered locations in the system, intersperseld wit
stands with characteristics of intermediate or low
complexity.

As observed for the phytosociological
differe

in litterfall to the distance from wate

relative

inner regions of the watercourses, while the stands (Fig. 8).

with the highest IVI forA. schauerianare located

The grain size analysis showed that the

on the wider channels, in more central areas of the sediment typically consisted of fine silt® (=

system.
The Complexity Index (Table 2 and Fig.

7) shows a distribution of more complex stands in

6.47+1.02 ofd = 0.011mm) (Table 6).

800

Density (treef0.1ha)

Fig. 3. Mean density of the three mangrove spefiesd in the Santos estuariR.
manglein black,L. racemosan gray andA. schauerianan white.
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Fig. 4. Mean height for each local studied at Saegiuarine system.
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Fig. 5. Basal area of the three species, for eacdl btudy sites in the Santos estuary.
R. manglen black,L. racemosan gray andA. schauerianan white.

The grain size revealed significant (6.90 + 0.75), indicating that the sediment in the
differences between the three sites analyzed (1, 2innermost regions has the largest grain size, since
and 4). The value o of site 4 (5.74 £1.12) is is inversely proportional to the diameter of the
smaller than those of sites 1 (6.76 = 0.79) and 2 grain.
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Table 6. Grain size [Phi®)] of the sediments of ten

transects in the Santos estuary.

Mean
PIACABUCU 7.18
BRANCO 6.57
SANTANA 6.73
QUILOMBO 6.17
PIACAGUERA 4.99
QUEIROZES 6.59
BARNABE 5.65
NEVES 7.31
DIANA 6.31
PEDREIRA 7.15

Mean 6.47

SD
0.64
1.33
1.06
0.32
1.12
0.72
0.29
0.21
1.60
0.06
1.02

Discussion

The Santos estuary has historically
suffered from a plethora of environmental
impacts, which resulted in the environmental
agency (CETESB) conducting a study focusing on
the structure of the mangrove fringes. Table 7
compares the fringe data of the present study with
those obtained by CETESB (1988); both studies
took only trees with DBH> 2.5 cm. into
consideration.
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Table 7. Phytosociological fringe data of the Samstuary mangrove forest (trees with DBH>2.5crhg bottom line is the
p value of Tukey's test for comparing the two statlie

Average density  Average height Average basal area

Study period (trees/0.1ha) (+sd) (m) (sd) (M?/0.1ha) (sd) Number of sites Reference
1982-1984 182.5+80.7 8.4+1.8 1.09 £0.54 52 EEB (1988)
2005-2006 309.5+193.0 6.5+22 1.68 +£0.38 20 esénmt study

p = 0.0003 p = 0.0003 p = 0.0003

*The Bertioga Channel data set from CETESB (19883 wot used in this table, since the present stadgidered only
one site in this channel.

These results indicate a 60% increase in of vegetation due to the environmental gradient.
the average density, a 23% reduction in average tre Thus the portions closest to the water are stibje
height and 65% increase in the average basal &rea oto further processes of estuarine origin, whereas
trees on the fringe of the stands, over a 25-year portions more distant from the water are mostly
period. The sites were not exactly the same but subject to processes of atmospheric origin, such as
since both surveys included a large number of precipitation and evapotranspiration, and
samples, ANOVA and Tukey tests were applied and variations in the drainage due to the topography.
indicated significant differences for the three BALL (1980) emphasizes that the ground above the
descriptors. Therefore, the data denote a trend of high water mark is subject to extreme conditions,
change in the phytosociological characteristics of periods of water saturation alternating with
the fringe. This trend indicates a relatively rdcen desiccation, with wide fluctuations of salinity, tbu
occurrence of new plants on the fringe, since the that below that level the conditions are considered
average density and basal area increased, but themore stable.

average height was reduced as a consequence of th However, many forests do not show
large number of young plants that were established zonation, as verified by Smith Il (1992) in a
and had not yet reached maturity. comprehensive review on this subject. Also

Accordingly, the results of the present SCHAEFFER-NOVELLI et al. (1990), describing
study could be indicative of the recovery of the the mangrove forests of Cananéia (about 250 km
mangrove fringe, which may be occurring as a south of our study area), suggest that this gradien
consequence of the implementation and does not develop in all stands.
enforcement of environmental legislation, advances Thus, even with great competition for the
in control and monitoring by environmental same resources as is the case of mangrove trees, th
agencies, introduced in 1984 (CETESB, 2001). coexistence of these species is possible even
However, despite the large number of randomly without niche differentiation, such that even if
selected stands studied here, the visual inspegfion interspecific competition affects the abundance of
mangroves throughout the channels allowed for the populations, it does not necessarily determine the
identification of poorly developed stretches of composition of species in the community
stands, apparently under some kind of stressor, (ATKINSON AND SHORROCKS, 1981). In many
which may be of anthropogenic origin. However, to populations, the partitioning of resources assediat
check the actual recovery of the mangrove stands with interspecific competition does not seem to
requires a systematic study of the forests ovee tim structure the community. Studies with plants
in order to determine whether there is actually an involving taxa as diverse as phytoplankton andstree
increase in height over time, since the presence of (BROKAW AND BUSING, 2000) similarly do not
any stressing agents as described for the regionshow consistent evidence to support a strong role
(CETESB, 2001) may prevent the full development for niche partitioning in promoting coexistence and
of the forests. species diversity. The data obtained in the present

Regarding the different stands in the study indicate no selectivity of the three spedés
region studied, significant structural variationswa trees according to the distance from the water,
found among them. This heterogeneity does not illustrating that the interspecific competition amgo
only occur in the Santos estuarine system - them is not sufficient to translate into niche
mangroves often exhibit great variability in their differentiation. In spite of the lack of bathymetry
structural and functional characteristics (LUGO data, we can say that the substrate slope is very
AND SNEDAKER, 1974, POOL et al., 1977). small, since the tidal amplitudes in the estuanyva

As previously described, a common from 0.14 to 0.60m (HARARI AND CAMARGO,
feature of the mangrove system is the zonatio
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1995) and the width of the mangrove forest ranged
between 117 and 280m on the transects studied.

In the Cananéia mangrove forests,
SCHAEFFER-NOVELLI et al. (1990) and
CUNHA-LIGNON et al. (2011) found zonation of
species. According to those authors, the statility
each site must be the main factor responsible for
differences between forest types.

The present data on the mangrove forests
of Santos exhibit homogeneity of both the
phytosociological structure and species distribrutio
in regard to environmental gradients, i.e. the
distance from the water. The Santos mangrove

forests
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according to CINTRON AND SCHAEFFER-
NOVELLI (1983).

The structural development of mangrove
is generally regarded as an indicator of
their degree of maturity (CINTRON AND
SCHAEFFER-NOVELLI, 1985). However, several
authors consider that this is not always true beeau
of competitive interactions and environmental
factors (CHEN AND TWILLEY, 1999).

Apparently there is no clear pattern for the
distribution of stands according to the CI. High
values of ClI may occur in areas with distinct
degrees of hydrodynamics or intake of salt water. A

forest has developed around numerous sinuousstand can have a relatively high value of Cl and
channels, which tends to reduce the speed of water present intermediate values in the descriptorsat as

flow, thereby reducing the energy subsidy, favoring
the stability of the slopes of the channels, where
depositional processes dominate in the innermost
areas of the estuary. The port channel, for ingtanc
needs continual dredging to prevent silting up. The

lowest water balance average in Santos is positive 1975).

Bertioga and Casc. Baixo.

The measure of litterfall production
represents useful data to describe the function of
this ecosystem and to estimate the impact of a
variety of environmental regimes (POOL et al.
Several authors (CINTRON AND

and greater than 50 mm (August) and the average SCHAEFFER-NOVELLI, 1985, TWILLEY et al.,

annual rainfall in Santos is high: 3207mm
(EMBRAPA, 2012). These environmental
characteristics are such that the haline streskan
basins of the regions is probably small, explaining
the lower structural variability observed in the
mangrove forests studied.

The analysis of the IVI shows higher
values for R. mangle in stands with riverine
influence, such as Jurubatuba, Diana, Pedreira,
Quilombo, Maranhos, Queirozes and Branco;
exceptions to this pattern occurred only in Mariana
and Piacabucu, wherA. schauerianahas higher
IVI, but these stands are located closer to thexmai
channel of the estuary, possibly with a higher
contribution of seawater than those previouslydcite
Several authors have postulated tRatmangles a
species less tolerant of salt (SCHAEFFER-
NOVELLI, 1995) thus explaining its prevalence in
areas with a higher fresh water contribution.

According to several authors
(TOMLINSON, 1986; SOARES, 1999),L.
racemosais a typical species of degraded stands

1986; DAY JR. et al., 1987, 1996) emphasize that
the fringe areas tend to produce higher litterfall.
One reason for the reduced production as the water
distance increases is the saline stress, which is
usually found along the flooding gradient
(TWILLEY et al. 1986, HUTCHINGS AND
SAENGER, 1987). However, the present data
indicated no statistical difference with distancani

the water, which can be explained as due to the
same cause as that given for the absence of
structural and species zonation, i.e. low energy of
currents at the stations sampled resulting from the
great sinuosity of the channels and low halinesstre

in the basins due to the high rainfall and hydric
excess throughout the year.

VANNUCCI (1999) reports that the
physical characteristics of the soil seem to héee t
same importance as its chemical properties in
determining the growth and health of mangroves.
The differences in the sizes of the grains analyzed
were very small, all within the category of sily b
the Wentworth scale, which also helps explain the

undergoing a process of regeneration, characterizedabsence of structural zonation of species and
as a pioneer species in a process of secondarylitterfall production in respect to the distancenfr

succession.
Following Smith 1l (1992), mangrove

water.
High levels of contamination have been

forests subject to frequent disturbances have areported for the sediment of the Santos region

smaller representation of Rhizophoraceae thdn of
racemosa. In the Santos mangrove forests,
singularly, L. racemosdeatures low density, basal
area and IVI similar to Cananéia mangroves, which
is considered a more pristine area. Moreover, the

(CETESB, 2001; HORTELLANI et al. 2008),
including of that by heavy metals, which can
interfere with many metabolic processes, preventing
the full development of the plant (SIEDLECKA,
1995). On this basis, it is possible to attribute t

sediment composition of the mangroves of the poor development of some mangrove stands in the
Santos estuary is predominantly silt, which seamst Santos region to stressors of anthropogenic origin
be unfavorable to the developmentlofracemosa
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