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Abstract

We investigated the Bucatl microbasin in order to characterize the structure and composition of its surrounding
mangrove area by recording the main anthropic interferences on the vegetation. This study was performed along 10 plots
(1000 m’ in total), perpendicular to the estuarine canal. Deposition and accumulation of sediments on the plants root
system were evaluated using auger holes and photographs. Four plant species, Laguncularia racemosa (L.) Gaertn. (White
Mangrove), Rhizophora mangle L. (Red Mangrove), Conocarpus erectus L.(Silver-leaved Buttonwood), and Annona glabra
L. (Pond-apple) were recorded. The structural parameters obtained were low, and a great number of dead plants were
observed, most of them of the species L. racemosa. Sediment deposition rates of 10-15 cm were recorded. Silting in the
mangrove area and alterations of water flow in the drainage basin of the Bucatu River were the main anthropic effects
observed, exerting a high negative impact on the mangrove ecosystem we investigated.

Keywords: Coastal lagoon, environmental impact, Laguncularia racemosa, Rhizophora mangle

Resumo

A microbacia de Bucatu foi estudada visando caracterizar a estrutura e composicdo do manguezal que a margeia e
relacionar essas caracteristicas com as interferéncias humanas que vem ocorrendo na area. Os estudos no manguezal
foram conduzidos ao longo de 10 parcelas (1000 m?), delimitadas perpendiculares ao canal estuarino. A deposi¢3o e o
acumulo de sedimentos sobre os sistemas radiculares das espécies de mangue foram avaliados através de tradagens e
registros fotograficos. Foram registradas quatro espécies vegetais: Laguncularia racemosa (L.) Gaertn. (Mangue Branco),
Rhizophora mangle L. (Mangue vermelho), Conocarpus erectus L. (Mangue de Botdo) e Annona glabra L.(Pand). Os
parametros estruturais obtidos foram baixos, sendo registrada uma elevada densidade de plantas mortas, sobretudo
pertencentes a espécie L. racemosa. Taxas de deposicdo de sedimento entre 10-15 cm foram registradas no manguezal.
Assoreamento na area de mangue e alteragées do fluxo hidrico na bacia de drenagem do rio Bucatu sdo os principais
impactos antropicos que vem agindo negativamente e de forma expressiva no manguezal estudado.

Palavras-chave: Sedimentation mangrove; Laguncularia racemosa; Coastal lagoon; Environmental impact
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Introduction

Coastal lagoons are shallow, calm bodies of water with restricted access to the sea [1]. Limited
mangrove habitats occur in association with these ecosystems, making them important
environments for maintaining the diversity of organisms thriving in those places or using them
during their life cycles to obtain food, reproduce or as shelters against predators.

Mangrove habitats are formed by a special association of plants and animals that live in the
intertidal zone of low tropical coasts, along estuaries, river deltas, inland brackish waters, lakes
and lagoons and their associated estuaries, which are among the most productive areas of our
planet [2, 3]. These environments work as an integrated system, in which the vegetation is
mainly responsible for the productive dynamics of tropical estuaries and adjacent areas.

Substantial reductions have been reported recently in mangrove areas worldwide [4], due
mainly to anthropic activities [3]. Information on the structure of mangrove areas is greatly
needed in order to comprehend the processes of succession, primary production and the
reaction of mangrove habitats to stresses caused by natural processes and humans [5].

It is noteworthy that most of the studied mangrove areas are associated with large estuaries,
mainly the ones with apparent economic and social importance. On the other hand, the
mangrove habitats of micro-estuaries have been a neglected research area. Sand bars
generally block the lagoonal coastal systems, obstructing the efficient drainage of surrounding
mangrove areas that are only flooded during high tides. Consequently, such ecosystems have a
more compacted soil, often covered by a dense layer of litter. Some tree and/or bush plants,
not normally found in mangrove habitats, thrive in those areas [6].

In Brazil, microestuaries occur in several northeastern states, many of them with well-
developed mangrove forests that have experienced varying degrees of anthropic impacts [6].
The structural characterization of mangrove areas is a valuable tool to estimate the
ecosystem’s response to environmental conditions caused by alterations of local habitats. In
the State of Paraiba there are several small lagoons, forming natural scenery that attracts
tourists and people during their leisure time. Those environments have been impacted by
varied sources and degrees of human interferences. Here we characterize the mangrove
habitat associated with the lagoon system of the Bucatu river, State of Paraiba, with respect to
its structure and flora. We also examine the main human interferences in the entire area and
their likely effects on the mangrove habitat structure.
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Methods

Characterization of the area

The microbasin of the Bucatu River is ca. 856.2 ha, located on the southern Paraiba coast, in
the municipality of Conde, ca. 17 km from Jodo Pessoa, the capital of Paraiba., The basin's
geographic coordinates are between 79218'19.85" and 79219'27.37"S, and between
34947'47.14" and 34248'46.67"W (Figures 1 and 2). It is bordered on the north and west by the
Maceid de (lagoon of) Tabatinga, on the south by the microbasin of Mucatu River, on the east
by the Atlantic Ocean. The microbasin of the Bucatu River, in geological terms lies
predominantly on the Plio-Pleistocene sediments of the ‘Formacdo Barreiras’. The area is
geomorphologically subdivided into three well-defined dominions: the Low Coastal Plains,
Fluvio-marine plain, and Coastal Plain. The source of the Bucatu River is located at ca. 90 m
above the sea level. The edges of the deforested slopes, on the left riverside of its upper
course, have been slightly eroded by intense runoff, consisting of a sandy-clayey material [7].
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Fig. 1. Map with localization of the study area.

The methods we used are as follows. The structural characterization of the vegetation at the
microbasin of the Bucatu River was performed using the method described by Schaffer-Novelli
and Cintrén [8]. Sampling in the mangrove habitat was carried out using ten plots 10 x 10 m,
perpendicular to the estuarine canal, delimited with nylon ropes. The first three plots were
located close to the river mouth and the others situated further upstream.

All alive and dead plants in each plot were identified and their diameter at breast height (DBH)
was measured to within 1 cm by using a calliper made up of a plastic 50-cm rule and wood.
Individuals smaller than 1.30 m had their diameter measured at soil surface instead of DBH,
though we have maintained the DBH denomination for practical purposes [9]. The tree heights
were measured with telescoping aluminum tubes of known length. A tape measure was used
for measuring the stilt-roots.

From the measurements of the plants carried out in each plot, we calculated the density of
alive and dead individuals of each species, mean DBH, basal area of alive and dead individuals,
and their mean height. With respect to characterization of structural abundance [10] we
estimated: the absolute density (AD, ind/ha), specific relative density (RD, %), specific absolute
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frequency (AF, %), absolute total frequency (ATF, %), specific relative frequency (RF, %),
specific basal area (BA, m*/ha), specific relative basal area (Rba, %), and specific importance
value index (IVI, %). The data obtained were statistically analyzed using the computer program
‘Excel 9.0’ and ‘Statistica 4.0°. The distributions concerning the heights and diameters of
sampled plants in the plots were analyzed through frequency histograms.

All plants sampled from the mangrove habitats and their margins were pressed at the locale
they were collected and then were oven-dried in the laboratory at 50°C for 72 hours. They
were subsequently identified and the dried specimens were housed in the Herbarium

Professor Lauro Pires Xavier (JPB/DSE/CCEN/UFPB).

The deposition and accumulation of sediments on the root system of mangrove plant species

were evaluated with auger holes and photographs. A chi-square test (x>, 5% significance) was

applied to determine the proportion of plant species and their state (alive and dead

individuals).

The anthropic interferences recorded in the present study were based mainly on field
observations, photographic documentation, and soil sampling with augers.
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Fig. 2. Study area, with details of the Bucatu river mouth (Photo A), and parts of the dead mangrove
habitat: flooded (Photo B) and covered by silt (Photo by Romulo Alves).
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Results

In the 10 plots analyzed, 517 specimens of plants were recorded, belonging to four distinct
species: Laguncularia racemosa (L.) Gaertn. (Mangue Branco), Rhizophora mangle L. (Mangue
vermelho), Conocarpus erectus L. (Mangue de Botdo) e Annona glabra L. (Pand) The most
abundant species was L. racemosa, followed by R. mangle. The species C. erectus and A. glabra
occurred only in two plots. Despite the notable abundance of L. racemosa, followed by R.
mangle, in the mangrove ecosystem at Bucatu Lagoon, they had similar densities when
considering just the alive individuals. The total absolute density showed high numbers of alive
and dead plants, 1290 and 3880 individuals/ha, respectively (Table 1).

Table 1. Density of alive and dead individuals and basal area (mz/ha) per class of DBH (cm)
in the plots of the study area in the mangrove habitat at Bucatu Lagoon, State of Paraiba.

Basal area (m’/ha) Density **
Plot
<25 >2.5 >10 Total <25 >25 >10 Total
1 0.055 0.239 0.113 0.407 46 5 1 52
2 0.001 0.143 0.153 0.297 1 7 1 9
3 0.029 0.400 0.132 0.561 12 22 1 35
4 0.003 0.102 - 0.105 1 6 - 7
(0.019%) (0.019%) 2% 2%
5 0.006 0.078 - 0.084 2 7 - 9
6 0.012 0.081 - 0.093 3 7 - 10
7 0.087 0.047 - 0.134 3(8%) 4 - 7
(0.098%) 0.098* g*
8 0.325%* 0.183* - 0.508* 121* 26* - 147*
9 0.206* - - 0.206* 117* - - 117*
10 0.148* 0.063* - 0.211* 105* 09* - 114*
Total Alive 0.193 1.090 0,398 1.681 68 58 3 129
Dead 0.679* 0.363* - 1.042* 353*  35% - 388*
Total general 0.872 1.453 0.398 2.723 421 93 3 517

* Dead plants. Density: plots (indiv/0.01 ha), total (indiv/0.1 ha).

The distribution of individuals according to DBH showed a general predominance of tree trunks
with £2.5 cm diameter (Figure 3). Among the alive plants, the classes of specimens with DBH
>2.5 cm and >10 cm comprised most of the total basal area of the study area, 1.681 m?/ha
(Table 1). Such distribution of individuals per DBH class indicates that most alive individuals (n
= 129) are concentrated in the class 0.5 — 1 cm, though they also had a distribution up to the
DBH class >10 cm, but in small proportions. Among the 338 dead plants, the individuals had a
maximum 3 cm DBH, with a larger concentration of classes smaller than 2.5 cm. In the three
upstreams plots there were only dead plants, most of them belonging to the diameter class
<2.5 cm, the greatest portion of the dead basal area, totalling 1.042 m?/ha. The basal area of
dead plants was 3.5 times larger than the basal area of alive plants in the diameter class <2.5
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cm (Table 1). Dead specimens of L. racemosa had the most expressive basal area (Table 2) and
relative density in percentage, in the plots numbers 7 to 10 (Table 4).

Table 2. Basal area (m’/ha), and density per species and DBH, in the plots of the study
area in the mangrove habitat at Bucatu Lagoon, State of Paraiba.

Species
L. racemosa R. mangle C. erectus A. glabra
Plot DBH (cm) Basalarea Dens. Basalarea Dens. Basalarea Dens. Basalarea Dens.
<25 0.046 43 0.009 3 - - - -
P1 >2.5 0.239 5 - - - - - -
>10 0.13 1 - - - - - -
<25 0.001 1 - - - - -
P2 >2.5 0.070 2 0.014 2 0.052 2 0.007 1
>10 0.153 1 - - - - -
<25 0.003 2 0.020 8 0.003 1 0.003 1
P3 >2.5 0.014 1 0.153 8 0.207 12 0.026 1
>10 - - - - 0.132 1 - -
<25 - - 0.003 1 - - - -
P4 >2.5 0.012 1 0.090 5 - - - -
0.019* 2*
>10 - - - - - - - -
<25 - - 0.006 2 - - - -
P5 >2.5 - - 0.078 7 - - - -
>10 - - - - - - - -
<25 0.004 1 0.008 2 - - - -
P6 >2.5 - - 0.081 7 - - - -
>10 - - - - - - - -
<25 0.085 2 0.002 2 - - - -
P7 >2.5 0.098* 8* 0.047 3 - - - -
>10 - - - - - - - -
<25 0.325%* 121* - - - - - -
P8 >2.5 0.183* 26* - - - - - -
>10 - - - - - - - -
<25 0.206* 117* - - - - - -
P9 >2.5 - - - - - - - -
>10 - - - - - - - -
<25 0.148* 105* - - - - - -
P10 >2.5 0.063* 9* - - - - - -
>10 - - - - - - - -
<25 0.139 49 0.048 18 0.003 1 0.003 1
0.679* 343*
Total >2.5 0.335 9 0.463 32 0.259 14 0.033 2
0.344* 43* 0.019* 2*
>10 0.266 2 - - 0.132 1 - -

* Dead plants

The mean tree height in the plots was up to 3.5 m (Table 3), presenting a maximum 5 m and
minimum 0.7 m in height. In figure 4 the distribution of individuals is shown by classes of tree
height. The height class 1.0 — 1.5 m included the largest number of alive individuals, whereas
the classes 2.0 — 2.5 m and 2.5 — 3.0 m contained the largest number of dead individuals,
mainly of L. racemosa specimens. The chi-square test between the alive or dead plant
condition and the species, showed that there is a significant association among the variables
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(X* = 222.2; df = 1; p <0.01), emphasizing that 86% of L. racemosa individuals were dead. The
other plant species had a 3% value of dead individuals (Table 5).
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Fig. 3. Distribution of number of individuals (alive and dead) per class of diameter, in intervals of 0.5 cm (closed at
left and open at right), in the plots of the study area in the mangrove habitat at Bucatu lagoon, State of Paraiba.

The high density of L. racemosa with a DBH <2.5 cm shown in Table 2, suggests that the study
area was in a regenerative process, which had apparently been gradually interrupted, as
evidenced by the large number of dead plants we recorded.

In the surveyed area we observed an intense deposition of sediment on the upper parts of the
local mangrove habitat, where occurred a large concentration of alive and dead specimens of
L. racemosa. Evaluation of auger-holes showed sediment deposition of 10-15 cm. In the
surveyed area the gradual sedimentation accretion on pneumatophores appeared to be killing
those plants (Figures 5 and 6A-C). In addition, the obstruction of the river mouth reduced local
drainage, reducing the removal rate of the sediment by the ebb and flow of the tides and
rendering the environment unsuitabe for plant growth and survival.

Discussion

The low diversity of species recorded in the study area was expected, considering that the
usual number of species recorded in northeastern mangrove ecosystems has varied from three
to four, including those species found in the Bucatu mangrove area, deemed as a low floristic
diversity [6]. It is also not surprising that the species L. racemosa and R. mangle were the most
abundant in the study area. Sassi [7] reported both species as the most frequent in other
mangrove ecosystems associated with lagoon systems in the State of Paraiba. Coutinho [11]
and Soares [12], who studied the Paraiba microbasins of Camurupim and Jacarapé,
respectively, reported the predominance of R. mangle. Alves and Sassi [6] reported the
predominance of L. racemosa in a strongly impacted mangrove habitat at Intermares, in the
municipality of Cabedelo, near Jodo Pessoa.
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Table 3. Mean height and mean DBH of alive and dead plants in the plots of
the study area in the mangrove habitat at Bucatu Lagoon, State of Paraiba.

Mean height (m) Mean DBH (cm)
Plots Alive Dead Alive Dead
1 1.31 - 3.16 -
2 2.86 - 6.48 -
3 3.02 - 4.52 -
4 3.17 - 4.37 3.48
5 3.04 - 3.45 -
6 2.80 - 3.44 -
7 2.20 1.65 4.94 3.95
8 - 2.13 - 2.10
9 - 2.50 - 1.50
10 - 2.21 - 1.53

The variability in the composition and structural development of mangrove ecosystems
associated with lagoons seems to be strongly influenced by anthropic tensions. This situation
was recorded in the study area, where anthropic impacts have influenced the
phytosociological parameters of the local plant species, especially in relation to the
composition of the species, with a predominance of L. racemosa. Soares [9] pointed out that
mangrove habitats dominated by small-sized specimens of L. racemosa are typical of disturbed
environments in regenerative process. Soares and Tognella [13] also stated that the
dominance of L. racemosa, in terms of basal area and density of individuals, characterized the
ecological succession and regenerative process of mangrove habitats at the canal of Bertioga,
State of Sao Paulo. Smith Il [14] reported that in mangrove ecosystems with greater frequency
of disturbances, species of Rhizophoraceae are less represented than species of other families,
like Laguncularia spp. Alves and Sassi [6] reported that in the mangrove habitat at Intermares,
near Jodo Pessoa, L. racemosa seemed to be more resilient to cuts, with a better reaction to
this impact than other plant species. Thom [15] emphasized that L. racemosa is more tolerant
of changes in habitat conditions. However, the higher resilience of L. racemosa seemed to be
related to the kind of impact the mangrove habitat is being subjected to, since alterations in
the hydrological flux leading to persistent floods and/or sedimentation accretion in that
environment probably affected L. racemosa more than other species.

The excessive mortality of plants we observed likely resulted from the pronounced
accumulation of sediments in the flood plain of the mangrove ecosystem, as well as from
alterations of water flow powered by sand imported from the mouth of the Bucatu river and
from construction of the asphalt paving road crossing that lagoon. Most of the sediment came
from erosion of nearby slopes caused by deforestation, collection of sand for construction, and
subsistence agriculture. Accumulation of sediments was observed at other mangrove forests,
causing the death of mangrove plants [16-18]. According to several studies [19-21], sudden
high sedimentation events during the rainy season, caused by the increase of sediment load
downstream and towards the coast, may cover prop roots of mangrove trees, seriously
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impairing their respiration and causing widespread death of plants. Terrados et al. [22]
suggested that import of sediment increases the mortality rate of mangrove seedlings,
Rhizophora apiculata, by reducing the oxygen supply to their hypocotyl and root system, and
reducing their linear growth rate by affecting the carbon balance. The reduced supply of
oxygen to the roots may also reduce their tolerance to phytotoxins from anaerobic sediments
[23, 24]. Hatton and Couto [25] reported that movement of sand in mangrove areas on the
island of Mozambique caused high mortality of Ceriops tagal, shifts in composition of species,
and the disappearance of crustaceans and molluscs.

Table 4. Phytosociological parameters of Rhizophora mangle (Rm), Laguncularia racemosa (Lr),
Annona glabra (Ag), Conocarpus erectus (Ce), and of dead plants (Dp) in the plots of the study
area in the mangrove habitat at Bucatu Lagoon, State of Paraiba.

Plot Relative density (%) Relative basal area (%) IVI*(%)

Rm Lr Ag Ce Dp** Rm Lr Ag Ce Dp** Rm Lr Ag Ce Dp**

1 6 94 - - - 2 98 - - - 29 71 - - -
2 32 18 27 23 - 44 44 2 10 - 37 28 18 17 -
3 46 8 6 40 - 31 3 5 61 - 43 21 9 27 -
4 67 11 - - 22 75 10 - - 15 53 22 - - 25
5 100 - - - - 100 - - - - 100 - - - -
6 9 10 - - - % 4 - - - 73 27 - - )
7 33 14 - - 53 2 36 - - 42 36 24 - - 40
8 - - - 100 .- - 100 - - - - 100
9 - - e 100 - - - 100 - - - - 100
10 - - - 100 - - - 100 - - - - 100

* Importance value index ** Dead plants

In the Bucatu lagoon, the high number of dead individuals of L. racemosa was certainly caused
by anthropic disturbances, especially as a direct consequence of continual floods and silting up
of mangrove areas, which may become a serious obstacle to respiration of their quite small
roots, the pneumatophores (Figures. 5 and 6A-C). These roots are more easily covered by
sediment and/or submerged than the prop roots of R. mangle. The ability of mangrove species
to cope with root burial of several centimetres a year probably varies among species as a
function of root architecture [16]. According to Cintrdn et al. [26], the segment of a root with
the largest number of lenticels demarcates approximately the fluctuation zone of prevailing
water levels in the ecosystem. The covering of those surfaces by changes in water level
obstructs the air to the roots and may cause the death of trees. Souza and Sampaio [27],
studying a mangrove ecosystem at Suape, State of Pernambuco, found the greatest number of
dead plants in flooded or silted areas, particularly areas with selective coppicing.

The values of mangrove habitat structure obtained from Bucatu were generally lower than the
values obtained from other mangrove areas of the coast of Paraiba. Coutinho [11], at Jacarapé
Lagoon, recorded trees of 15 m height and basal area of 11.9 m?/ha; Soares [12], at
Camurupim Lagoon, recorded basal area of 21.1 m?/ha; and Alves and Sassi [6], at the
microbasin of Intermares, found mean tree heights of 7.6 m and basal area of 14.08 m*/ha in a
mangrove ecosystem strongly impacted by human occupation. All these values are much
greater than the values we recorded at Bucatu. Jimenez et al. [28] stated that the reduced
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structural development of mangrove ecosystems might be due to anthropic actions that do
not allow the vegetation to reach its structural maturity.
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Fig 4. Distribution of number of individuals (alive and dead) per class of height at intervals of 0.5 m (closed at left and
open at right), in the plots of the study area in the mangrove habitat at Bucatu lagoon, State of Paraiba.

Implications for conservation

In Brazil, microestuaries occur in different states of the Northeast region, where many of them
exhibit well-developed mangrove forests. These environments have endured anthropic
impacts differing in origin and degree [6]. Although these environments have adapted under
conditions of high temperatures, anaerobic substrates and fluctuations in salinity, there are
certain situations, natural as well as human-induced, to which they are extremely vulnerable
[5]. Discussion about the preservation of these environments has intensified in recent years,
because it has become evident that these areas are of great importance for maintaining the
productivity and biodiversity of marine and coastal ecosystems.

Table 5. Contingency table between alive and dead individuals of plant species in the plots
of the study area in the mangrove habitat at Bucatu Lagoon, State of Paraiba.

Species Condition Total
Alive Dead
L. racemosa 63 (14%) 383 (86%) 446
Other species 69 (97%) 2 (3%) 71
Total 132 385 517
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The coastal lagoons are generally located in or near urban areas, where they are readily
accessible to people. This intensifies human occupation around these ecosystems. The
pressure from anthropic activities has led to various modifications in the structure of the
mangroves associated with these environments. The anthropic stressors differ in origin and
degree and can act directly at the local level, such as the cutting down of mangrove trees,
accumulation of garbage, and human invasion. At the extra-local level are modifications
outside the area of the hydrographic area of the rivers that empty into the lagoons but also
affect these ecosystems, such as the contamination of waters by domestic sewage and the
decrease in river flow due to the diversion of river courses.

Among the principal impacts on mangrove forests associated with coastal lagoons of Paraiba
are deforestation and human occupation along the mangrove area, where their effects on
mangrove forests are immediate. An example is the lagoon at Intermares, located in the
Municipality of Cabedelo, where a marked deforesting of the mangrove swamp areas was
recorded by Alves and Sassi [6], with as much as 1576.2 cut trees/0.1 ha. Associated with
deforestation, urban expansion has further aggravated the degradation of the vegetation.
Logging takes place without any concern for forest regeneration, besides breaking
environmental laws declaring the mangrove swamps as permanent preservation areas. Due to
urban expansion, the adjacent mangrove areas rapidly lose their functions and turn into foci
for insect breeding and clandestine garbage dumping.

Fig. 5. Flooding and silting in the
mangrove of Bucatu lagoon,
State of Paraiba. Individuals of L.
racemosa dead (in the center).
Photo by Romulo Alves.

The impacts along the river basins that form the lagoonal systems deserve to be pointed out.
The diversion of river courses, channeling, and road construction modify the water flow to the
interior of the lagoons, directly affecting their associated ecosystems. Carmo [29] notes that
alterations in river courses, channeling, drainage, sewage, or other factors that interfere with
normal water flow can cause modifications in sedimentation or in the water level, structurally
altering the forest or even killing the trees. All of these stressors were recorded in the
surveyed area and in other lagoonal coastal systems of Paraiba State. Unfortunately, the lack
of supervision or punishment of the violators has made increasing degradation of the
environment even easier.

Another factor that needs to be emphasized is that many human traditional communities living
close to estuarine areas are directly dependent on resources from the mangrove swamps. In
recent years, with the recognition of the ecological and social importance of estuarine
environments, studies have intensified in these areas, but the majority have been carried out
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in large estuaries, mainly those that show evident economic or social importance [30-42], but
the coastal lagoons and microbasins along the Brazilian coast, especially in poorer areas, are
still very poorly studied.

Despite growing degradation, mangrove-associated fauna can still be found occasionally (small
monkeys, alligators, several birds), including animals protected by law such as marine turtles,
which come to the beaches of this region to lay their eggs. It should be noted that the lack of
inspection and failure to prosecute offenders have facilitated the growing degradation of the
environment in question. Therefore, it is of urgent and fundamental importance to establish
programs to maintain this ecosystem’s integrity.
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