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ABSTRACT
Multiple stress mechanisms have caused a worldwide decrease in seagrasses, which are vulnerable to
environmental and/or anthropogenic pressure. The loss of seagrass meadows of Halodule wrightii is
reported for the littoral of Itamaraca Island (Northeastern Brazil). The present study identified the main
anthropogenic factors that negatively influenced over the abundance and distribution of seagrass meadows
between July and September 2007 at the Jaguaribe and Pilar Beaches, Eastern littoral of Itamaraca.
Anthropogenic impact included the discharge of untreated sewage through fluvial channels, urban and
commercial development along the coast, the anchoring of motorized and non-motorized boats, diverse
fishing techniques and the dumping of solid waste. The data indicates that the Pilar is an environment with
a higher impact index (71.43%) when compared with the Jaguaribe (57.14%), standing out the number of
boats with a central motor, the total number of boats, the presence of shellfish gatherers and coastal urban

development. The present study reinforces the need for defining management and conservation measures
for this ecosystem, which has high ecological and economic value.

Key words: conservation, ecological value, habitat loss, marine habitat.

INTRODUCTION

The increase of the environmental pressure results
in the degradation of estuaries and coastal areas,
which causes changes in habitats and affects the
distribution of species (Lotze et al. 2006). Seagrass
meadows are among the most affected ecosystems,
with reductions in their coverage area being reported

worldwide (Ceccherelli et al. 2007, Creed and Amado
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Filho 1999, Duarte et al. 2004, Francour et al. 1999,
Huang et al. 2006, Kirkman 1997, Schaffelke et al.
2005, Short et al. 2006, Short and Wyllie-Echeverria
1996, Walker et al. 1989, Walker and McComb 1992).
These reductions are related to a variety of direct and
indirect human activities (Baden et al. 2003, Hastings
et al. 1995, Hemminga and Duarte 2000, Huang et al.
2006, Walker et al. 1989), as well as to global climate
changes (Short et al. 2006).

Although natural events are responsible for
acute, large-scale losses of seagrass habitats, the
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frequency with which such loss has occurred suggests
that the increase of human population has become
an important cause of disturbance to these habitats
around the world (Short and Wyllie-Echeverria 1996,
Hemminga and Duarte 2000). The rate of decline
of seagrass meadows has accelerated in the past
decades (Waycott et al. 2009), and these sensitive
habitats can act as early indicators of degradation
(Freeman et al. 2008).

The ecosystems formed by these plants are
valuable in terms of ecological services provided
to the environment.
represent about 11.5% of the dollar value of the
total annual flow of services provided by terrestrial
and aquatic ecosystems worldwide (Constanza et
al. 1997). The loss of seagrass habitats decreases
primary production, carbon sequestration and
cycling nutrients in the coastal zone (Worm 2006).

Seagrass meadows also

Considering the energy these plants provide to other
ecosystems, such as adjacent coral reefs or distant
deep-sea bottoms, the continued loss of seagrass
meadows also leads to a decrease in their net
secondary productivity (Heck et al. 2008).

In Brazil, information on the environmental
impact on seagrass meadows is scarce (Creed and
Amado Filho 1999, Magalhdes and Alves 2002,
Magalhdes et al. 2003, Magalhdes and Eskinazi-
Lega 2000, Short et al. 2006). Field observations
and reports from local fishermen (Magalhdes and
Alves 2002) indicate the loss of seagrass coverage
on Itamaraca Island, which is considered the
most important estuarine complex in the state of
Pernambuco (northeastern Brazil). The seagrass
meadows of Itamaraca Island are the densest of all
meadows in the country and also have the greatest
biomass values (K.M. Magalhdes, unpublished
data). Halodule wrightii is the most abundant and
well-distributed seagrass on the coast of the state
of Pernambuco, including Itamaracd Island. This
species is found in shallow waters and sheltered
locations, with soft bottoms in estuaries and lagoons
formed by coral reefs (Kempf 1970).
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The aim of the present study was to identify
anthropogenic factors that may have a negative
influence over the abundance and distribution of
Halodule wrightii seagrass meadows on Itamaraca
Island, and generate data for the drafting of an
effective conservation program for this ecosystem.

MATERIALS AND METHODS

STUDY AREA

The Jaguaribe and Pilar sites are located in the eastern
littoral zone of Itamaraca Island, Pernambuco State,
northeastern Brazil (7°43°46.9”S, 34°49'32.5"W
and 7°45'12.7"S, 34°49'25.6"W, respectively)
(Figure 1). The climate is defined by two distinct
seasonal periods: a dry season from September to
February and a rainy season from March to August.
Mean precipitation and temperature for the region are
1763 mm/year and 26° C, respectively (Andrade and
Lins 2005). The area is characterized by quartz and
bio-detritus calcareous sand sediments (Kempf 1970).

IMPACT MEASURES AND FIELD SURVEY

An interaction matrix for the field surveys (Tommasi
1994) was constructed with the anthropogenic
impact variables that direct or indirectly affect
seagrass coverage worldwide, as reported in the
literature (scientific papers, technical documents,
specialized books and field observations). With this
matrix, six surveys were carried out at the Jaguaribe
and Pilar sites between July and September 2007.
The length traversed for each site ranged from 1 to
1.2 km at Jaguaribe and Pilar, respectively. Each
survey was conducted in several 10-meter transects
parallel to the coastline and above the high-tide
mark. The different forms of impact at each site
were quantified, classified and photo documented.
Solid waste and containment structure were not
quantified, but photographed.
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Figure 1. Study area — Jaguaribe and Pilar sites, Itamaraca Island, Pernambuco, Brazil.

DATA ANALYSIS

The importance of different forms of impact with
regard to the effects on H. wrightii meadows was
established based on the numerical scale proposed
by Singer (1985). Thus, the forms of impact were
assessed in four levels: no effect (0); negligible
to moderate effect (1); significant effect (2) and
extreme effect (3). The impact importance index
at each site was determined from the sum of the
numeric values attributed to each form of impact.
Order and state criteria were used to describe the
different forms of impact on H. wrightii meadows,
as suggested by Feuerschutte (1993). Order was
described as direct (impact resulting directly from
action) or indirect (unexpected action or caused by
a secondary impact). State criteria were described
as temporary (effect with particular duration),
permanent (effect remaining for a known period
of time after the action has ceased) or cyclic
(effect appearing in known periods of time). The

Statistica 8 program (StatSoft Inc.) was used to
perform the analysis of variance (ANOVA). One-
way ANOVA was used to determine significant
differences in impact between sites. Tukey’s test
was used to identify specific differences. The level
of significance was set at p=0.05.

RESULTS

DESCRIPTION OF FORMS OF IMPACT

Atbothssites, different anthropogenic forms of impact
involved the discharge of untreated sewage through
pluvial channels, urban and commercial development
along the coast, the anchoring of motorized and non-
motorized boats, fishing techniques and the dumping
of solid waste. These different forms of impact are
described below.

Pluvial channels and sewage outlets were
recorded at both sites. Three pluvial channels were
located at Jaguaribe, and one pluvial channel and a
sewage outlet were recorded at Pilar. The channels
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are used to discharge untreated sewage directly onto
the beach, as the area does not have a proper sewage
collection and treatment system (SNIS 2010).

The sites are frequently used for recreational
activities, and a total of 46 vending kiosks and 114
houses were recorded in the study area. Jaguaribe
was more frequently used for tourism and had 78%
of the kiosks, but only 34% of the total number
of houses. All buildings at the Jaguaribe site were
located in the supralittoral zone, exceeding the
mean maximal high tide level in some cases. Pilar
had a greater number of houses (66%) and 22% of
the total number of kiosks. Most constructions at
the Pilar site were built on the shoreline at the high
tide limit, causing erosion and resulting in the need
for containment structures made of brick. At the
Jaguaribe site, these structures were generally built
with coconut palm stems.

The total number of boats ranged from 52 to 123
at the Jaguaribe site, and 37 to 60 at the Pilar site.
There was a significantly greater number of boats
at Jaguaribe (F = 14.44; p = 0.003). The number of
anchored boats ranged from 16 to 43 at Jaguaribe,
and 12 to 23 at Pilar, with no significant difference
between sites (F = 3.56; p = 0.088). The number of
boats with a central motor was significantly different
between sites (F = 96.29; p <0.001) (Figure 2). The
impact of boat maintenance was also observed at
both sites. Local fishermen use seagrass meadows
for cleaning and waterproofing hulls. Both processes
involve the use of brush, sea water, pitch (melted
and/or dissolved in solvent), gas burners or lime and
castor bean oil. In both techniques, the residue is
discarded at the site.

As the population of Itamaracé Island depends
heavily on a variety of aquatic organisms in the
coastal ecosystem, different fishing techniques are
practiced. Most techniques are handmade, consisting
of crab, lobster and fish traps, trawl and casting
nets, fishing sticks, harpoons and manual shellfish
gathering. The use of trawl-net fishing predominated
significantly (58%) over other techniques (42%) at

An Acad Bras Cienc (2012) 84 (1)

the Jaguaribe site (F = 11.90; p = 0.006). At Pilar,
shellfish gathering demonstrated an important direct
impact on the seagrass meadows, accounting for
94% of all fishing techniques (F = 15.15; p = 0.003).
Gatherers may spend over four hours per day
collecting shellfish and causing significant damage
to the seagrass meadows.

Solid waste was observed at the shoreline and
in the channels, consisting of plastic packaging,
pieces of fishing nets, rope, nylon fishing line,
steel and aluminum cans, paper, polystyrene and
pieces of wood.
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Figure 2. Main forms of anthropogenic impact recorded at the Jaguaribe
and Pilar sites (Itamaraca, Brazil) between July and September 2007

using mean data.
INTERPRETATION OF IMPACT

The total impact score from the checklist applied to
the Jaguaribe and Pilar sites was 23 and 25 points,
respectively (Table I). The degree of importance of
specific forms of impact differed between sites. For
example, the number of boats with a stern motor and
trawl-net activities were determined to be significant
at Jaguaribe, whereas at Pilar the effect of boats with
a stern motor was determined to be negligible to
moderate and trawl-net activities to have not affected
the ecosystem (no effect). There was a greater
proportion of forms of impact classified as significant
at Pilar (71.43%) regarding the 57.14% determined
for Jaguaribe (Table I). The significant forms of
impact were the number of boats with a central motor,
the total number of boats and the presence of shellfish
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Table I. Importance and qualification of impact on H. wrightii meadows at the Jaguaribe (J) and Pilar (P)

sites from July to September 2007; Itamaraca Island, Pernambuco State, Brazil.

IMPORTANCE? ORDERP DURATIONP
IMPACTS J P J P J P
Presence of houses on shoreline 2 2 Idr Idr Pm Pm
Presence of bars on shoreline 2 2 Idr Idr Pm Pm
Sewage spill/Pluvial channel 2 2 Idr Idr Pm Pm
Tourism 2 2 Idr Idr Tp Tp
Boat circulation (stern engine) 2 1 Dr Dr Pm Pm
Boat circulation (central engine) 1 2 Dr Dr Pm Pm ND —No data;
Boat circulation (floats/canoes) 2 2 Dr Dr Pm Pm 0-no el,Cf?Ct;
1 — negligible
Total number of boats 1 2 Dr Dr Pm Pm to moderate;
Anchoring 2 2 Dr Dr Pm Pm 2 — significant;
Shellfish gatherers 0 2 Idr Dr Tp Pm 3 — extreme;
Trawl net 2 0 Idr. ND  Pm  ND Dr - Direct;
Other fishing techniques 1 1 Idr Idr ND ND Idr — Indirect;
Containment structure 1 2 Idr Idr Pm Pm Tp —Temporary;
Pm — Permanent;
Total 23 25 s s s ek Cc — Cyclic.

Font: *Modified from Singer (1985); bAdapted from Feuerschutte (1993).

gatherers and containment structures. No significant
differences between sites were detected with regard
to the qualification of the different forms of impact
based on order and duration.

DISCUSSION

Global,
independently result in large-scale habitat loss of

regional and local stressors may
seagrass meadows. This decline in the seagrass
coverage worldwide can be explained by natural
causes, such as extreme weather events or disease
(Hemminga and Duarte 2000, Nyqvist et al. 2009).
However, the effects of human impact, such as
eutrophication (Burkholder et al. 2007, Lee et al.
2004) and sedimentation (Erftemeijer and Lewis
2006), are more often the main causes of loss
of seagrass. The present data demonstrate that
Itamaraca Island has been experiencing many of
the problems described in the literature, such as

the effects of tourism, the circulation of motorized

boats, anchoring, disruptive fishing techniques and
the discharge of untreated sewage.
The direct effect of the

untreated sewage on seagrass coverage was

discharge of

observed at both study sites. Information from
the local government confirms the lack of a
sewage collection and treatment system in the
area. Island residents are responsible for sewage
disposal and are instructed to build septic pits,
but there is no supervision to enforce the building
of such pits or monitor the final destination of the
waste. The coastal environment is exposed to a
large number of nutrients from human activities.
These nutrients have harmful effects on the structure
and function of the seagrass ecosystem (Lee and
Dunton 2000). The input of organic matter causes
an increase in the biomass of phytoplankton (Walker
and McComb 1992, McMahon et al. 1997) and
epiphytic algae, which reduces both light penetration
and the concentration of dissolved oxygen (Huang et
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al. 2006). Increased nutrient loads are considered the
major cause of decline or lack of recovery of seagrass
meadows (Hemminga and Duarte 2000). According
to Giesen et al. (1990), an increasing degree of
eutrophication is related to an increase in turbidity.
The Brazilian Institute of Geography and Statistics
(IBGE 2008) reports that Itamaraca has a population
of 18,412 inhabitants. Based on the calculation
used by Jiirgensen (1995) to estimate the level of
nutrients entering an environment, Itamaraca Island
receives an input of 220.944 g/Nt/day/inhabitant and
883,776g/P1/day/inhabitant.

Construction in the supralittoral zone, as
observed at the study sites, diminishes the supply
and/or interrupts the transport of sediments, resulting
in erosion and sedimentation in seagrass meadows
(Short and Wyllie-Echeverria 1996). These processes
have an indirect impact on the meadows, such as
light attenuation and the covering of leaves, with a
consequent reduction in the photosynthetic activity.
Such effects, together with eutrophication, are
reported to be the major causes of the decline in
seagrass coverage worldwide (Kirkman 1997).

During the monitoring at Pilar beach in 2002,
a sediment wave was recorded crossing a seagrass
meadow, which caused the total disappearance
of the meadow and the subsequent appearance of
meadow fragments (K.M. Magalhées, unpublished
data). Containment structures on the shoreline may
cause sediment imbalances in seagrass meadows
by changing the wave energy pattern, which can
increase sedimentation and/or erosion and, thus,
lead to the fragmentation of seagrass meadows
(Walker and McComb 1992).

The intensive circulation and anchoring of
motorized and non-motorized boats, as seen at
both sites, have been characterized as a serious
threat to the conservation of seagrass meadows
worldwide (Walker et al. 1989, Kirkman 1997,
Creed and Amado Filho 1999). According to
Ceccherelli et al. (2007), the impact of anchoring
activities, regardless of boat size, causes the small-
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scale degradation of these ecosystems. The impact
of these activities depends on the stage of the
anchoring cycle and the kind of anchor employed
(Ceccherelli et al. 2007, Creed and Amado Filho
1999, Francour et al. 1999, Milazzo et al. 2004).
At Itamarac4, both sites have been used as boat
ports for many decades, and Pilar is also a fishing
center for the Island. Boat anchoring may also
cause a short-term reduction in H. wrightii meadow
density in tropical regions (Creed and Amado Filho
1999). According to Walker et al. (1989), the scars
created by moorings in the seagrass canopy affect
the physical integrity of the meadow. In addition
to the impact of the presence of boats, oil leakage
from boat motors is an additional local stressor that
affects seagrass meadows (Baden et al. 2003).
Diverse fishing techniques were observed in
the study area, but two of these fishing modalities
out-ranked the others in terms of the disturbance of
seagrass meadows: trawl-net fishing at Jaguaribe
and manual shellfish gathering at Pilar. The lack of
trawling at Pilar may be related to the difference
in the number of boats between the two sites as
Pilar has a greater number of boats, which could
make trawling difficult. According to Huang et al.
(2006), trawling pulls out seagrass by the roots,
thereby destroying the meadows. Some fishing
techniques may disturb the sediment dynamics,
which can result in a severe reduction in meadows
(Hemminga and Duarte 2000, Short and Wyllie-
Echeverria 1996) as observed at Itamaraca Island.
The low number of reports on shellfish
gatherers at Jaguaribe may be related to the lower
abundance and distribution of Halodule in this
area in comparison to Pilar (field observation).
The number of shellfish gatherers increases
considerably at the Pilar site at low tide. A large
number of individuals, including children, gather
shellfish on the island, and this activity is a source
of'income for locals. The act of digging up shellfish
causes seagrass to be pulled out by the roots,
thereby destroying the meadows. This activity also
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covers the meadows with sediment, which affects
seagrass growth (Huang et al. 2006).

Solid waste on beaches and in coastal ecosystems
is regularly observed (Arajo and Costa 2004).
Despite the presence of solid waste in the meadows
of Itamaraca, the effects on seagrass have not yet
been reported. However, there are reports on the
consumption of this waste by animals that depend on
the meadows, which results in drowning, deformation
and death (Beck and Barros 1991, Bjorndal et al.
1994, Bugoni et al. 2001).

Based on the results of the present study, the
authors suggest a permanent monitoring program
for the assessment of the effects of these different
forms of impact on H. wrightii meadows, identifying
possible variations in certain seagrass parameters
(meadow density and coverage, leaf growth and
rhizomes per year) related to the health of the meadow
(UNEP 2007). According to Nyqvist et al. (2009),
monitoring and management must consider meadows
an important ecosystem and establish measures for
the preservation of both the seagrass and its habitat,
thereby protecting other organisms associated to these
meadows. The management of seagrass meadows
requires an integrated approach (Borum et al. 2004),
including efforts toward assessing water quality, the
diversity and biomass of epiphytes, sedimentation
rate and the intensity of different forms of impact.

RESUMO

Multiplos mecanismos estressores t€ém causado em
todo mundo declinio das angiospermas marinhas, que
sdo vulneraveis a pressdes ambientais e/ou antropicas.
A perda de prados de Halodule wrightii tem sido
relatada para o litoral da Ilha de Itamaraca (Nordeste
do Brasil). O presente estudo identificou os principais
fatores antropicos que influenciaram negativamente na
abundancia e distribuicdo desses prados entre Julho e
Setembro de 2007 nas praias de Jaguaribe e do Pilar,
litoral leste de Itamaraca. O impacto antropogénico
incluiu despejo de efluentes in natura nos canais
fluviais, desenvolvimento urbano e comercial na linha

de costa, ancoragem de embarca¢des motorizadas e ndo-

motorizadas, técnicas diversas de pesca e disposicao de
residuos solidos. Os dados obtidos indicam que Pilar ¢
um ambiente com maior indice de impacto (71,43%)
quando comparada a Jaguaribe (57,14%), destacando-
se nimero de embarca¢des com motor de centro,
numero total de embarcagdes, presenga de grupos de
marisqueiros e desenvolvimento urbano costeiro. O
presente estudo reforga a necessidade de se definir
politicas de manejo e conservagdo deste ecossistema,

que possui elevado valor ecologico e econdmico.

Palavras-chave: conservacdo, valor ecologico, perda
de habitat, habitat marinho.
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