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ABSTRACT |
« CUNHA, S. R.; TOGNELLA-DE-ROSA, M. M. P. and COSTA C. S., 2006. Salinity and flooding frequency as
determinant of mangrove forest structure in Babitonga Bay, Santa Catarina State, Southern Brazil. Journal of
Coastal Research, ST 39 (Proceedings of the 8th International Coastal Symposium), 1175 - 1180. Itajai, SC, Brazil,
ISSN 0749-0208.

This work aimed to evaluate the effects of salinity and flooding frequency on structure of mangrove forests in
Babitonga Bay, State of Santa Catarina (southern Brazil). Eight sites were selected along a salinity gradient. Into
cach site, 100m2 plots were positioned along the flooding frequency gradient, SOm from each other, from water edge
to landwards. All the trees into the plot was identified and measured to estimate structural parameters of the forest.
Data were compared using cluster and canonical correspondence analyses. Laguncularia racemosa was dominant in
oligohaline plots with high flooding frequencies, which showed lower densities and higher diameters and biomass.
Euhaline and mesohaline plots with high flooding frequencies were clustered due to lower total densities, high
diameter and tree height and high Avicennia schaueriana biomass. Low flooding frequencies plots presented high
tree densities and low biomass, and were separated in two clusters: euhaline and mesohaline forests. In euhaline
forests with low flooding frequencies L. racemosa was the dominant species, with higher densities and biomass. In
mesohaline forests with low flooding frequencies Rhizophora mangle was largely dominant in density, but biomass
was very similar among species. In Babitonga Bay, mangrove structure is primarily related to flooding frequencies,

butitis also dependent on salinity.

ADDITIONAL INDEX WORDS: Laguncularia racemosa; Avicennia schaueriana; Rhizophora mangle.

INTRODUCTION

Mangrove forests occur along Brazilian coast from 4°30'N to
28°30'S, presenting about 7 species of typical trees (KJERFVE
and LACERDA, 1993). Despite this low diversity, strong
changes in forest structure are known along the latitudinal
gradients (SCHAEFFER-NOVELLI et al., 1990). Structural
changes have also been reported worldwide at local level, as a
consequence of local environmental factors. The search for the
distributional patterns of mangrove species and for the
mechanisms that rule these patterns are challenges since the
first studies on mangrove forests (DAVIS, 1940; MACNAE,
1968; LUGO and SNEDAKER, 1974; CHAPMAN, 1976; CINTRON
and SCHAEFFER-NOVELLI, 1985 and others). In some mangrove
forests, the species seems to occupy discrete zones along the
tidal flooding gradient (DAVIS, 1940; MACNAE, 1968; SMITH,
1992; DUKE et al., 1998), and these patterns have been
attributed to differences among species in tolerance levels for
environmental factors, dispersion processes, competition and
herbivory (MCKEE, 1993, 1995; ELLISON and FARNSWORTH,
1993, 1997; FARNSWORTH and ELLISON, 1997; BALL, 1998).
But many different patterns of zonation for species have been
observed worldwide, without significant repetition (BUNT,
1996, 1999; BUNT and STIEGLITZ, 1999; ELLISON and
FARNSWORTH, 2001). According to TOMLINSON (1986) this
variability of species zonation patterns could be consequence
of'the very large tolerance levels of mangrove species to factors
as pH, nutrients availability, Eh, sulfites and others.

Despite the difficulties in establish typical zones for each
species (or group of species), the structural variability of
mangrove forests is largely known, even in monospecific or
low diversity mangrove forests (LUGO and SNEDAKER, 1974;
LuGO et al., 1988), and these structural differences affect all the
ecosystem processes (CINTRON and SCHAEFFER-NOVELLI,
1983; TWILLEY et al., 1986; DAY JR. et al., 1987, 1996; LUGO et
al., 1988; ROBERTSON 1991; FLORES-VERDUGO et al., 1992;
CHEN and TWILLEY, 1998; RIVERA-MONROY et al., 1998).
Considering that, the first approach to evaluate the ecosystem

function could be the evaluation of how the major
environmental gradients rule the mangrove forest structure. To
accomplish that, we aimed in this work to evaluate the effects of
salinity and flooding frequency on structure of mangrove
forests in Babitonga Bay, State of Santa Catarina (southern
Brazil).

MATERIAL AND METHODS

Study Site

Babitonga Bay (26°08' to 26°28'S and 48°28' to 48°50'W) is
located in the State of Santa Catarina (Figure 1), near to southern
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Figure 1. Study sites along Babitonga Bay, State of Santa
Catarina, Brazil.
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limit of mangroves in Brazil (28°S). The bay area is about 167
Km’, presenting 60 Km® of well-preserved mangrove forests
(IBAMA, 1998), where there are the occurrence of the trees
Rhizophora mangle, Avicennia schaueriana and Laguncularia
racemosa. There are also the occurrence of Spartina
alterniflora, Spartina densiflora, Scirpus spp, Crinun sp. and
others hebaceous plants, and seaweeds (Bostrychia,
Caloglossa, Cladophoropsis, Rhizoclonium and others).

Tides are mixed, mainly semidiurnal with tidal range about
1.2m. Mean temperature ranges from 15°C in winter to 26°C in
summer. Annual rainfall is about 2600 mm year-1, ranging from
100 mm month™ in the winter to 400 mm month-1 in the summer
(mean data from 1977 to 1994). Mean salinity ranges
horizontally from 0 upstream to 35 seaward.

Eight sites were selected along the salinity gradient. At each
site, 100 m’ (10 X 10 m) plots were placed along a transect from
the mangrove water edge to dry land edge, distant 50 m from
each other. Number of plots into each site depended on the
mangrove forest wide, comprising 37 plots at all. At site 2 the
mangrove forest was too extensive, with very soft bottom and
many tidal channels. At this site it was not possible to place plots
near to dry land. Two numbers named the plots: first
representing the site and second representing position from the
water edge (Examples: plot 45 was located at site 4, and it was
the closest to dry land at this site, the number five along the
transect. The plot 41, also at site 4, was the closest to the water
edge).

Data Sampling and Analysis

Mangrove forest structure was determinate between March
and May 1997. Within the plots each tree was identified and tree
heights were measured. The DBH (diameter at breast-height)
was measured for trees higher than 1.3m (adults), but not for
trees with 1.3m high or lower (saplings). These data were used
to estimate absolute and relative density, average tree height
(adults), absolute and relative basal area and biomass.
Allometric equations used to estimate biomass (g dry weight m”
or ton dry weight ha") was based on data from CINTRON and
SCHAEFFER-NOVELLI, (1985).

The maximum height of seaweed belt in all trees of each plot
was measured and used as an indicator of mean high water level.
Tidal level was recorded along the day in some plots and
compared with predicted tidal height and seaweed belt height.
These records were used to calculate the flooding frequency, as
the number of days (%) in a 1-year period, in which tides
reached each plot soil surface.

Soil salinity was measured in triplicates into each plot during
the structure measurements in autumn (March to May 1997) and
also in sites 1, 3, 4 and 8 in summer (January 1998).
Additionally, salinity was synoptically measured from site 1 to
site 6 in dry season (july/1997), to compare with annual mean
data from IBAMA (1998).

The structural data for each species into each plot (tree
density, sapling density, mean diameter, height, biomass,
number of trunks per tree) were standardized to perform
statistical analyses. The plots were grouped using Cluster
Analysis (UPGA and the indexes 1-r Pearson and Bray Curtis)
and Canonical Correspondence Analysis (CCA). The averaged
values for structural characteristics were estimated for major
clusters formed.

RESULTS

The sites upstream, sites 1 and 2, with salinity lower than 18,
were classified as oligohaline (Table 1). Sites 3,4, 5, and 6, with
salinities ranging from 15 to 25, were classified as mesohaline.
Sites 7 and 8, where mean salinities were about 30, were
classified as euhaline. There were no significant differences in
soil salinity among plots into the same site or between salinity
into the plot and water column salinity (p>0.2). Flooding
frequencies ranged from 100% in the water edge plots, to 50%
in some the landward plots.

The three mangrove species, Laguncularia racemosa,
Rhizophora mangle and Avicennia schaueriana occurred at all
sites along the bay, but absolute and relative densities presented
high variability into and among sites. Into each site there was a
tendency of increase in densities and of decrease in tree height,
mean diameters and tree biomass, when flooding frequencies
decreased. There was also a tendency of decrease in relative
density of L. racemosa and increase of R. mangle in lower
flooding frequencies. Seedlings and saplings densities
presented a positive relation with adults' densities, especially
for R. mangle.

Tree height and average diameter of trees were larger for A.
schaueriana and smaller for R. mangle.

As Cluster Analysis using Bray Curtis and using 1-r Pearson
indexes resulted in very similar clusters, the last one were
chosen to the comparisons. The plots of mangrove forests were
joined into four major clusters (Figure 2A). Clusters 1 and 2
joined all the plots with lower flooding frequencies. Cluster 1
joined the euhaline plots intermediate to landward, where L.
racemosa presented the highest absolute and relative densities
(Figure 2B) and also high relative biomass (Figure 2C), with
averaged salinity of 30.3+ 4.6 and averaged flooding frequency
0f'76.4+ 8.7 % (Figure 3). Cluster 2 joined the mesohaline plots
intermediate to landward. These plots presented very high
values of R. mangle relative and absolute densities (Figure 2B)
and also high relative biomass, in comparison to other plots
(Figure 2C). This cluster presented salinity of 24.5£3.4 and
flooding frequency of 74.2 + 8.1 % (Figure 3). Cluster 3 joined
all euhaline and mesohaline plots close to the water edge
(Figure 2A). These plots presented low values of A4.
schaueriana absolute density (Figure 2B) and higher values of
biomass (Figure 2C). Averaged salinity for Cluster 3 was 28.8 £
3.7 (Figure 3A) and flooding frequency was 94.3 + 7.2%
(Figure 3B). Cluster 4 joined the oligohaline plots (Figure 2A),
where densities were very low (Figure 2B) and biomasses were
very high (Figure 2C). In these plots L. racemosa was the
dominant species and R. mangle and A. schaueriana presented
very low densities and biomasses (Figures 2B and 2C).
Averaged salinity of Cluster 4 was 12.1 £ 8.7 (Figure 3A) and
flooding frequency was about 94.4 +7.7% (Figure 3B).

A comparison of tree diameter, tree height, density and
biomass averaged for each cluster are shown in Figure 4. The
differences among clusters were clearly related with the
differences of flooding frequencies (differences of first two
clusters from the last two) and salinity (differences of clusters 1
from cluster 2 and of cluster 3 from cluster 4; Figures 3 and 4).

Tree height and mean diameter (DBH) presented a positive
correlation with flooding frequencies for all mangrove species
(Figure 4). L. racemosa was the species with broadest
distribution along the bay, always comprising more than 20% of
relative density and of biomass values at the plots (Figures 2B,
2C and 4). Its higher structural development occurred in high
flooding frequencies and low salinities. R. mangle presented the
lower tree height and diameter, and its higher values of density
and biomass occurred at the landward plots, especially in those
at mesohaline areas. 4. schaueriana always showed very low

densities, butin the plots close to water ed%:,were flooding
Table 1. Salinity at the sites in Babitonga Bay. Autumn and

summer DATA were sampled into the site. Winter data are from
sinoptical sampling of water column and annual mean data are
from IBAMA (1998).

Site Autumn Winter  Summer Annual Category
Mean

1 3 5 0 - Oligohaline
2 18 15 - - Oligohaline
3 23 25 9 155 5.9 Mesohaline
4 28 - 20 252 1.9 Mesohaline
5 27 - - 252 1.9 Mesohaline
6 28 29 - 227 2.8 Mesohaline
7 32 - - 303 1.6 Euhaline
8 33 - 27 30.3 1.6 Euhaline
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Figure 2.(A): Clustering of mangrove forest plots, according to dissimilarity (1-r Pearson); (B) Density of each species into each plot
(trees ha); (C) Biomass of each species into each plot (ton ha™).

frequencies were high, this species presented very high
biomasses, once it presented large trunk diameters and also the
tallest trees (Figure 4).

The influence of salinity and flooding frequency on
mangrove forests structure were also identified in Canonical
Correspondence Analysis, where first three axes extracted
explained about 60% of data variance. Salinity showed a
correlation of -0.94 with first axis. Flooding frequency showed
acorrelation of 0.56 with first axis and of-0.83 with second axis
(Figure5).

DISCUSSIONS

Despite the occurrence of the three species, L. racemosa, R.
mangle and A. schaueriana, in all areas of Babitonga Bay,
structural aspects of the mangrove forests largely varied,
together with the variability of flooding frequencies and

salinity. The influence of flooding frequencies on the forest
structure was very clear, given that much more variability
occurred into the site (plots landward against plots close to
water edge), than among sites. Nevertheless, salinity was also
an important factor, influencing the forest structure along the
bay, especially in landward plots.

The clustering of all high frequency flooding mesohaline and
euhaline forests could be a consequence of the decrease of some
stressing factors caused by washing due to high flooding
frequencies into these plots. We can also hypothesize that, if
flooding frequency reduces the soil stressful factors, the
importance of other factors could increase its effects on forest
structure, as herbivory, competition, propagules dispersion.

The oligohaline mangrove forests, as well as the water edge
forests of euhaline and mesohaline areas could be classified as
riverine forests, according to structural classification proposed
by LUGO and SNEDAKER (1974). These forests are usually well
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developed and mainly dominated by R. mangle in Florida
(LUGO and SNEDAKER, 1974), Caribbean (CINTRON et al.,
1985) and also in Northern and Northeastern Brazil
(SCHAEFFER-NOVELLI et al., 1990). This patter was not
observed in Babitonga Bay, where R. mangle rarely showed
high densities in forests close to the water edge. It is possible
that these low densities of R. mangle in the fringe could be
related to its sensitivity to low temperatures, considering that
Babitonga Bay (26° 28'S) is quite close to southern limit of this
species in Brazil (27° 53'S, SCHAEFFER-NOVELLI et al., 1990).
The tree on the forests edge receive more directly the cold winds
during the winter, which could be more stressful to R. mangle
than to other species, increasing its susceptibility to other
environmental factors, as flooding frequencies, salinity and
other edaphic factors, as well as biotic interactions, as herbivory
and competition (especially as seedlings and saplings).
Rhizophora is usually reported as most flooding tolerant than
other two species, but showed very high densities and biomass
in lower flooding frequencies, a point to be explained, but could
be related to its high tolerance to low nutrients availability in
comparison with Avicennia and Laguncularia, as reported by
SHERMAN et al. (2000).

The mangrove forests landward could be classified as basin
forests, according to structural classification proposed by LUGO
and SNEDAKER (1974), which are usually dominated by
Avicennia and Laguncularia, presenting lower tree height and
biomass, as well as lower productivity (CINTRON and
SCHAEFFER-NOVELLI, 1985; TWILLEY ef al., 1986; DAY JR. et
al., 1987, 1996; SMITH, 1992). The structural differences
among from riverine and fringe to basin mangrove forests are
usually assumed as consequence of high salinity and sulfites in
soil water, due to low flooding frequency (DAVIS, 1940;
CHAPMAN, 1976; LUGO and SNEDAKER, 1974; CINTRON and
SCHAEFFER-NOVELLI, 1985 and others). Salinity seems to limit
mangrove structure in values about 40 and 65, and the increase
of salinity occurs due to topographic depressions, where water
is retained (LUGO et al., 1988; DAY JR. et al., 1996; CHEN and
TWILLEY, 1999). In Babitonga Bay such high values of salinity
were never observed during the study, even in the periods of the
year when rainfall were low. There are always hydric surplus
during all year, especially in summer. These mangroves are also
surrounding by mountains, which carry the runoff and wash the
mangrove forest floor, reducing the salinity. So, the differences
of mangrove structure from landward forests to water edge
forests cannot be assumed asa consequence of salinity, but to
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another factors related to low flooding frequencies.

Differences in the structure of mangrove forests are usually
assumed as differences in maturity stages of the forests
(CINTRON and SCHAEFFER-NOVELLI, 1983, 1985). The high
values of biomass and low density of adult and seedlings, like
those observed in oligohaline forests and also in water edge
forests of euhaline and mesohaline areas of Babitonga Bay area
fitted to typical mature forests. The high density of adults and
seedlings and the low tree biomass observed in landward forests
of euhaline and mesohaline areas of Babitonga Bay fitted to
expected younger forests. Despite this, we believe there were no
important differences in maturity stages among the plots, but
those structural differences could be consequences of
environmental factors related to flooding frequency and
freshwater input, similarly to observed by CHEN and TWILLEY
(1999) and by SHERMAN et al. (1998), which reported strong
influence of edaphic factors (mainly soil nutrients availability)
onmangrove structure.

As a general pattern, in Babitonga Bay flooding frequency is
more important than salinity to determine mangrove forest
structure, probably due modifications of soil characteristics by
different tidal washing. Which characteristics are those, how
they vary with flooding frequency, and how they determine
structural patterns of mangrove forests in Babitonga Bay are
matters which need to be investigate in a future work.
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