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ABSTRACT

GARDUNHO, D. C. L.; GOMES, C. P.; TAGLIARO, C. H. & BEASLEY, C. R. (2012) Settlement of an unidentified
oyster (Crassostrea) and other epibenthos on plastic substrates at a northern Brazilian mangrove island. Braz.
J. Aquat. Sci. Technol. 16(1): 41-51. eISSN 1983-9057. Management and culture of mangrove oysters may reduce har-
vesting pressure on natural populations in northern Brazil. Densities of oyster seed, scars and other epibenthos on plastic
sheets and bottles were observed over two years at a mangrove island (llha Canela), Braganca, Para, northern Brazil. The
only oyster species found settling on the substrates was a possibly exotic oyster (Crassostrea sp. canela) that is closely
related to Indo-Pacific Crassostrea and that also occurs in southern China. Densities of seed and scars of Crassostrea
sp. canela on bottles were about half those on sheets. Seed and scars predominated (>95% relative abundance) on both
collectors. Although densities of other epibenthos were low and irregular, these were positively correlated with densities
of seed on both collectors. Oyster seed and barnacles on sheets were more abundant in the wet season. However, in the
dry season, seed predominated on the inside of bottles, a refuge from predation or desiccation or both, whereas oyster
scars and barnacles were more abundant on the outside. The target species for oyster culture in Para is Crassostrea
gasar. Oyster growers are concerned about potential impacts of Crassostrea sp. canela, the larvae of which appear to
prefer high salinity. Seed is regular and abundant as densities exceed published figures for several other Crassostrea
species. Knowledge of the timing and density of settlement of this oyster and associated epibenthos is important in order
to minimize interference during seed collection of target species. The timing and location of seed collection is therefore
critical. We also suggest experiments with collectors conditioned with adult Crassostrea gasar shell remnants, as well as
those where limited establishment of epibenthos, such as barnacles, has been allowed, in order to maximize spat collection

of the target species, C. gasar, along the Para coast.
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INTRODUCTION

Mangroves are important habitats in terms of
coastal ecology, providing shelter, food and repro-
ductive areas for many marine and estuarine species
(Alongi, 2002). Mangroves also have great socio-
economic importance, sustaining human communities
based on coastal fisheries and products derived from
the forest (Kathiresan & Bingham, 2001; Krause et al.,
2001; Glaser, 2003; Krause & Glaser, 2003; Nishida
et al., 2006). Their role in providing important ecologi-
cal services (Kathiresan & Bingham, 2001), such as
coastal protection (Alongi, 2002) and nutrient cycling
(Wolff et al., 2000), is also well known. Increasing
population growth around the mangroves of northeast-
ern Para state, northern Brazil, is resulting in greater
pressure on coastal resources (Glaser, 2003; Glaser
& Oliveira, 2004).

The recently created Caeté-Taperagu RESEX,
a coastal reserve that allows sustainable extraction of
natural resources, supports over 12,000 people and
should improve management of the mangroves in the
area (Glaser & Oliveira, 2004). However, more informa-
tion on the dynamics of mangrove species is needed
to make management decisions, such as limits to
catches and duration and timing of harvesting periods,
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for example. Natural populations of oysters are often in-
discriminately harvested (Alvarenga & Nalesso, 2006),
leading to their decline (Carranza et al., 2009). In Para,
there is regular recruitment of spat (Marques-Silva et
al., 2006) and Crassostrea gasar (Adanson, 1757)
(= C. brasiliana (Lamarck, 1819), evidence from mo-
lecular studies (Lapégue et al., 2002; Pie et al., 2006;
Varela et al., 2007; Lazoski et al., 2011; and see also p.
345 in Carranza et al., 2009)) is successfully cultured in
the region. Properly regulated, aquaculture may reduce
destructive harvesting of natural beds. However, the
latter also need to be managed correctly to maintain
or increase their productivity and reproductive output
(Dame, 1996), which, in turn is the sole source of seed
for oyster culture in Para (Sampaio, 2007). The coastal
ecosystem as a whole would also benefit from better
management of this benthic resource (Dame, 1996;
Ellison, 2008), which provides a series of ecosystem
services (Brumbaugh & Coen, 2009).

The aims of the present study were to evaluate
seasonality in settlement of oysters and potential foul-
ing epibenthos, as well as determine the effectiveness
of two different types of plastic seed collectors on set-
tlement, at Ilha Canela, a mangrove island in northern
Brazil. The oyster observed settling at Canela was
initially believed to be Crassostrea gasar. However,
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subsequent comparison of mitochondrial 16S (Varela
et al., 2007) and COI (Melo et al., 2010a) sequences
with those in Genbank showed that this oyster belongs
to the genus Crassostrea and was provisionally named
Crassostrea sp. canela. This oyster is closely related
to Indo-Pacific species of Crassostrea (Varela et al.,
2007; Melo et al., 2010a). Furthermore, 16S sequences
of an unidentified Crassostrea species (Crassostrea
sp. 2, GenBank: HQ660984-HQ660988) from south-
ern China (Liu et al., 2011) are 99% similar to those
of Crassostrea sp. canela (GenBank: EF473278,
EF473280 & EF473281). Thus, evidence is grow-
ing for the exotic status of Crassostrea sp. canela in
Brazil. Genetic evidence shows that the Pacific oyster,
Crassostrea gigas, is established in the wild in southern
Brazil (Melo et al., 2010b). Exotic oyster species are
known to have negative effects on native populations
(Carranza et al., 2009). Oyster growers in Para have
noted that Crassostrea sp. canela seed interferes with
collection of C. gasar seed and the former does not
grow well once settled, thus being of little commercial
value (Author, pers. obs.). Information on settlement
patterns of this oyster species may be important where
C. gasar beds supply seed for culture and are in need
of restoration.

MATERIAL AND METHODS

Study area

llha Canela (00°47'S, 46°43' W) is a smallisland
at the mouth of the Taperagu estuary, in the Municipality
of Braganga, Para. For maps and brief descriptions of
the island, see de Sousa et al. (2008) and Amaral et
al. (2001). The wet season is from January to June
and the dry season from July to December. The tidal
cycle is semi-diurnal with a tidal amplitude of between 3
and 5 meters (Cohen et al., 1999; Schwendenmann et
al., 2006). According to local residents, Canela began
as a small sand bank about 65-70 years ago. It now
covers an area of 5 km? , most of which is covered by
mangrove (80%) with the rest composed of saltmarsh,
dunes and other vegetation (Amaral et al., 2001). The
island is an important bird sanctuary (Rodrigues, 2007)
and is protected under municipal law (Lei No.3.280/97)
as an Area of Environmental Protection (Area de
Protecéo Ambiental). At the center of the island (00° 47"
002" S; 46° 43' 329" W) is a tidal channel surrounded
by mangrove composed of Rhizophora mangle (L.)
and Avicennia germinans (L.). Seed collectors were
deployed each month in this area as settlement of
Crassostrea sp. canela was observed on mangrove
prop roots and trunks only along this channel. No
known beds of any other Crassostrea species occur
close to the study area.
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Fieldwork

A wooden platform, which was exposed at low
tides, was erected at the center of the mangrove chan-
nel to support two types of seed collector (Figure 1).
The first type, sheets, consisted of 20 clear, transparent
polyethylene terephthalate (PET) sheets, measuring
18 by 9 cm. Sheets were cut from cylindrical 2 L soft
drinks bottles, so there was a convex and a concave
side to each one. Sheets were perforated once in the
middle and nylon fishing line was placed through each
to form a vertical string of sheets with a space of 5
cm between adjacent sheets. Sheets were arranged
with the concave side down of one sheet facing the
concave side up of the next. The second type of col-
lector, bottles, was composed of 10 clear, transparent
600 ml PET bottles. The only modification was a 10 x
0.2 cm lateral slit to allow the passage of water. Bottles
were attached using nylon line around the neck and
the bottom of each bottle was 5 cm above the top of
its nearest neighbor. A small weight was used to keep
the collectors from floating during high tide. The experi-
ment lasted 24 months, between April 2002 and March
2004, during which time collectors were replaced by
new ones every 30 days. After removal, collectors were
individually stored in labeled plastic bags in a freezer
until examination. Individuals belonging to different epi-
benthic taxa were counted on each side (convex and
concave) of each sheet and on the outside and inside
of each bottle. Data were expressed as mean densities
(numbers cm™2) and standard errors (s.e.) and plotted
over time to show monthly variation (pooled over sheet
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Figure 1 - Schematic diagram showing the arrangement of sheets
(left) and bottles (right) deployed for oyster seed collection in a
mangrove tidal channel, between April 2002 and March 2004, at
llha Canela.
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Table 1 - Total epibenthic densities (meants.e.) on Concave and Convex surfaces of sheets and on External and Internal surfaces of bottles
during the Wet and Dry seasons between April 2002 and March 2004, at llha Canela. Densities are expressed as number of individuals
cm. n = total number of replicate surfaces examined on sheets and bottles.

Collector Surfacetype n

Season
Wet Dry

Sheets Concave 480
Convex 480
Bottles External 240
Internal 240

1.27+0.033 1.16%0.026
1.23+0.033  1.06+0.022
0.32+0.012 0.42+0.015
0.55+0.011  0.67+0.013

and bottle surfaces). Data were also analyzed using
2-way analysis of variance where mean densities of
total epibenthos, oyster seed, scars (empty left valve
attached to substrate; as a measure of seed mortal-
ity), barnacles and other encrusting organisms were
compared between seasons (Dry and Wet months,
see Study Area for details) and surfaces of sheets
(Convex, Concave) or bottles (Inside, Outside). We
opted not to test for differences among months due
to the complexity of, and increased chance of error
in interpreting pairwise comparisons. Analyzes over
longer periods may have greater biological relevance
due to time lags in changes in salinity and other envi-
ronmental cues. Diagnostic ANOVA plots were used
to check whether assumptions of homoscedasticity
and normality were met. Data were log-transformed
where necessary. Spearman Rank correlation analysis
was used to determine the strength and significance
of relationships between variables. All data analyzes
were carried out using GNU-R (lhaka & Gentleman,
1996; R-project, 2011).

RESULTS

Taxons found

Crassostrea sp. canela seed and scars, bar-
nacles (Fistulobalanus citerosum, Henry 1974), and
other, rather sporadic, epibenthic organisms such as
bivalves Mytella falcata (d’Orbigny, 1846) and Sphenia
antillensis Dall & Simpson, 1901, gastropods Thais sp.
and Anachis sp., Bryozoa, Cnidaria, Polychaeta and
decapod crustaceans were found on collectors. No
other oyster species besides Crassostrea sp. canela
was found on collectors, henceforth all oyster seed and
scars refer to the latter. In general, relative abundance
was greatest for oyster seed (sheets: 61.9%, bottles:
71.9%) and scars (sheets: 33.5%, bottles: 27.1%)
whereas barnacles (sheets: 4.2%, bottles: 0.3%) and
other epibenthos (sheets: 0.4%, bottles: 0.7%) were
least abundant. In general, mean densities of oyster
seed ranged from 0.16-0.75 and from 0.074-1.64
individuals cm™ on sheets and bottles, respectively.
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Monthly variation in settlement

There was a regular pattern of settlement of
oyster seed on sheets with peaks in density around
the months of June and January (Figure 2a). Density
of seed was lower on bottles and there was less
pronounced monthly variation (Figure 2c) with peaks
around December. The density of oyster scars on
both sheets (Figure 2b) and bottles (Figure 2d) was
approximately half that of seed and in both cases
was positively correlated with the density of seed
(sheets:r_= 0.5867, p <0.001 and bottles: r,=0.4297,
p < 0.001). Barnacles were predominant during the
wet season with highest densities during the months
of February on sheets (Figure 3a) and January on
bottles (Figure 3c). Densities of barnacles were lower
on bottles by a factor of 10 in comparison with sheets.
Relatively low densities of other epibenthic organisms
occurred on sheets (Figure 3b) and bottles (Figure 3d).
Although variable, the monthly pattern in settlement of
other epibenthos was positively correlated with that of
oyster seed on both sheets (r, = 0.0686, p < 0.05) and
bottles (r, = 0.4408, p < 0.001).

Effects of season and surface type on settlement

Total epibenthic density was significantly higher
in the wet season but with no difference in surfaces
on sheets (Tables 1, 2). Total density was significantly
higher in the dry season on bottles and was significantly
higher on the inside of bottles in both seasons (Tables
1, 3). Density of oyster seed was significantly higher
on sheets in the wet season and no differences were
found in relation to sheet surfaces (Table 2, Figure
4a). No differences in scar densities were found for
either season or sheet surfaces (Table 2, Figure 4 b).
Barnacle density on sheets was significantly greater
in the wet season, the seasonal difference being ap-
proximately 10 fold (Table 2, Figure 5a). No differences
were found in densities of other epibenthic organisms
on sheets (Table 2, Figure 5b).

On bottles, seed and scar densities were
greater in the dry season (Table 3, Figures 4c¢ and
4d). However, whereas seed density was greater on
the inside of the bottle in both seasons, scar density
was significantly greater on the outside, the difference
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Figure 2 - Mean monthly density (+s.e.) of oyster seed and scars on sheets (a,b) and bottles (c,d), respectively, between April 2002 and

March 2004, at llha Canela.

between inside and outside being greater in the dry
season (significant interaction, see Table 3, Figure 4d).
Barnacle density on bottles was significantly higher in
the wet season and on the outside of bottles (Table 3,
Figure 5c¢). There was no seasonal difference in density
of other epibenthic organisms, however, density was
significantly greater on the inside of the bottle (Table
3, Figure 5d).

Monthly values of seawater salinity in the tidal
channel during most of the study period are shown
in Table 4. Salinity varied between 22 and 40 and,
in general, was lowest during March, April and May.
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Salinity was consistently lower at Canela during 2003,
coinciding with the appearance of barnacles.

DISCUSSION

Several native species of Crassostrea occur on
the Atlantic and Caribbean coasts of South America, as
well as the exotic C. gigas (Thunberg, 1793) (Carranza
etal.,, 2009; Melo et al., 2010b). Crassostrea sp. canela
is closely related to Indo-Pacific species of the same
genus (Varela et al., 2007; Melo et al., 2010a) and
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Figure 3 - Mean monthly density (+s.e.) of barnacles and other encrusting epibenthos on sheets (a,b) and bottles (c,d), respectively, between

April 2002 and March 2004, at Ilha Canela.

is also found in the wild at Beihai, southern China
(Liu et al., 2011). How it arrived at the northern coast
of Brazil is unknown, although Varela et al. (2007)
suggest it may have been transported by shipping.
Oyster growers from Marapanim, Curuga and other
municipalities along the Para coast, report spatfall of
Crassostrea sp. canela at these locations but as this
oyster does not grow very large, there is concern that
it may negatively affect efforts to culture Crassostrea
gasar (Author, pers. obs.).

The regular and predictable settlement pattern
of Crassostrea sp. canela may indicate proximity to
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as yet unknown adult populations that may occur on
calcareous algal substrates (Matthews & Kempf, 1970)
in the subtidal region. The Asian oyster Crassostrea
ariakensis (Fujita, 1913) occurs predominantly in
subtidal habitats within its natural range and, in
mesocosm experiments, is less tolerant of intertidal
exposure than Crassostrea virginica (Gmelin, 1791)
(Kingsley-Smith & Luckenbach, 2008).

The year-round pattern of settlement of
Crassostrea sp. canela observed in the present study
is remarkably regular and predictable. Settlement in
C. gasar and C. rhizophorae may also be year round
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Table 2 - F values from ANOVAs of densities of total epibenthos, oyster seed, oyster scars, barnacles and other epibenthos between sea-
sons (Wet and Dry) and surface type (Concave and Convex) on sheets, between April 2002 and March 2004, at llha Canela. Oyster seed
and Barnacle data were log,; (x+1) transformed before analysis. df=degrees of freedom, *=p<0.05, **=p<0.01, ***=p<0.001.

Sou_rcg of _Total Seed Scars Barnacles _Other

variation epibenthos epibenthos
Season (S) 1 6.05* 4.89x%  2.07 229.16%kx 1.12
Surface type (T) 1 1.37 2.18 0.32 0.17 0.06
Interaction (SxT) 1 0.35 0.0022 0.04 0.60 0.10

Residuals 956

(Afinowi, 1984; Nascimento, 1991; Boehs & Absher,
1996; Christo & Absher, 2006; Nalesso et al., 2008)
but is usually greater and/or restricted to the dry, high
salinity season (Sandison, 1966; Pereira et al., 1988;
Alvarenga & Nalesso, 2006; Marques-Silva et al.,
2006; Nalesso et al., 2008). Abundance and survival
of larvae of C. rhizophorae and C. gasar are also
greater when water temperatures are higher (Lemos
et al.,, 1994; Christo & Absher, 2006). Salinity at Ilha
Canela (22-40) varies much less than in the nearby
Caeté estuary (Diele & Simith, 2006; 0-39). Spatfall of
Crassostrea sp. canela always occurred, even during
the wettest months (February to May), thus larvae of
Crassostrea sp. canela appear to prefer a higher range
of salinities. Melo et al. (2010a) reported Crassostrea
sp. canela from the Furo do Meio tidal creek in January
2004, when salinity can be as high as 30 (Marques-
Silva 2006), despite the onset of the rainy season at
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Figure 4. Mean density (+s.e.) of oyster seed and scars on concave
and convex surfaces of sheets (a,b) and on external and internal
surfaces of bottles (c,d), respectively, during the wet (black bars)
and dry (grey bars) seasons, between April 2002 and March 2004,
at llha Canela.
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this time. Larvae of C. gasar from West Africa have
been reported to tolerate variation in a lower range:
0-15 (Sandison, 1966), 10-25 (Ansa & Bashir, 2007)
and 6-24 (Afinowi, 1984). In Brazil, no spatfall of C.
rhizophorae and C. gasar occurs during the wet season
in the nearby Caeté mangrove estuary, when salinity
is consistently below 10 (Diele & Simith, 2006) and
often near zero (Marques-Silva et al., 2006; Beasley
et al., 2010). Seed collection of C. rhizophorae and C.
gasar is lower below salinities of 19 and 25, respec-
tively, in Brazilian mangrove estuaries (Nascimento,
1991). Thus, the wise choice of sites and or periods
for employing seed collectors, in relation to salinity,
may reduce interference of Crassostrea sp. canela in
C. gasar seed collection. Differences in settlement of
both species with regard to salinity should be further
investigated.

(a) Barnacles on sheets (c) Barnacles on bottles
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Figure 5. Mean density (ts.e.) of barnacles and other encrusting
epibenthos on concave and convex surfaces of sheets (a,b) and on
external and internal surfaces of bottles (c,d), respectively, during
the wet (black bars) and dry (grey bars) seasons, between April
2002 and March 2004, at llha Canela.



Braz. J. Aquat. Sci. Technol., 2012, 16(1):41-51.

Table 3 - F values from ANOVAs of densities of total epibenthos, oyster seed, oyster scars, barnacles and other epibenthos between
seasons (Wet and Dry) and surface type (Inside and Outside) on bottles, between April 2002 and March 2004, at llha Canela. Barnacle
and Other epibenthos data were log,; (x + 1) transformed before analysis. df=degrees of freedom, *=p<0.05, **=p<0.01, ***=p<0.001.

Source of Total Other
variation df epibenthos Seed Scars Barnacles epibenthos
Season (S) 1 80.33x#k  51.24%xk  102.16%x*k  6.83%* 1.01
Surface type (T) 1 18.53%kk  78.832%k%k  84.5F3%kk  19.8Qkkk  210.64%%kk
Interaction (SxT) 1 0.15 2.37 8.07%x% 1.2 3.14

Residuals 476

Freshwater discharge along the Para coast is
very high during the wet season (Dittmar & Lara, 2001;
Souza-Filho et al., 2009) and influences water flow
(Cohen et al., 1999) and water chemistry (Cohen et
al., 1999; Schwendenmann et al., 2006). Water flow
and turbulence may influence settlement of marine
larvae (Abelson & Denny, 1997), including Crassostrea
virginica (Turner et al., 1994; Nestlerode et al.,
2007). The low densities of both settlers and scars of
Crassostrea sp. canela in April, May, September and
October may be due to turbulence and high loads of
suspended solids that interfere with settlement, as a
result of strong equinoctial spring tides (Souza-Filho
et al., 2006). As 73% of the annual ca. 2500 mm of
rain falls between January and April, the latter being
the month of peak freshwater discharge (Souza-Filho
et al., 2009), relatively low salinity may also reduce
larval settlement in April and May.

Mean densities of oyster seed of Crassostrea
sp. canela are generally lower than the 1 cm™ for C.
gasar on plastic surfaces in the Niger delta (Afinowi,
1984) but are close to the range of 0.06-0.12 indi-
viduals cm™ observed by Ajana (1979) for the same
species. Densities of Crassostrea sp. canela seed are
much greater than those of C. rhizophorae reported by
Alvarenga & Nalesso (2006) from southeastern Brazil
(0.0763 to 0.2041 cm2) and Buitrago & Alvarado (2005)
from Venezuela (0.004 to 0.149 cm™2). Settlement den-
sities of Ostrea lurida Carpenter 1864 from California
ranged from 0.011 to 0.118 cm™ (Seale & Zacherl,
2009). Thus, Crassostrea sp. canela appears to be
relatively abundant and may be a potentially strong
competitor for space on artificial collectors deployed
for obtaining C. gasar seed.

Settlement of oysters has been recorded on
an enormous array of artificial and natural substrates

(Ajana, 1979; Afinowi, 1984; Gilles, 1992; Baker, 1997;
Saoud et al., 2000; Devakie & Ali, 2002; Buitrago &
Alvarado, 2005; Nalesso et al., 2008). Crassostrea
larvae have been observed settling preferentially on
both rough (Baker, 1997) and smooth (Crisp, 1967)
surfaces of shells, for example. Schaefer (1937) noted
that substrate smoothness may not be important
considering the size of larvae in relation to particles
of sand, other encrusting organisms, etc. that may
accumulate on collectors. Collectors conditioned with
water containing adult oysters have been successful in
inducing settlement (Crisp, 1967; Hirata, 1998). Thus,
plastic substrates are considered effective seed collec-
tors (Baud et al., 1991), particularly when conditioned
with oyster shell remnants (Devakie & Ali, 2002) and
are flexible so seed are easily removed and the sheets
reused (Buitrago & Alvarado, 2005).

Crassostrea sp. canela seed was more abun-
dant on the relatively more exposed sheets in the wet
season as greater humidity, cloud cover and rainfall
reduce temperatures and the effects of desiccation.
Shading and/or the absence of sedimentation may
lead to higher densities of settlers (Schaefer, 1937;
Saoud et al., 2000; Nalesso et al., 2008). The plastic
sheets used in our experiment were transparent and
thus did not provide shade. Where sedimentation rates
are high, oxygen levels may decline (Mann, 2000)
and settlement of oysters may be greatly reduced in
such conditions Baker & Mann (1992). The vertical
arrangement of sheets in the present study may have
reduced sedimentation on both surfaces of the majority
of sheets, contributing to similar densities on both the
convex and concave surfaces of sheets. Bottles appear
to provide a refuge from desiccation and predators for
Crassostrea sp. canela seed during the dry season with
greater abundance and lowest mortality inside bottles.

Table 4 - Sea water salinity in the tidal channel at Ilha Canela between February 2002 and January 2004. Missing data are indicated by “-”.

Year and Month J

FMAMUJ J

A S O ND

2002
2003
2004 30 - -

32 33 23 30 40 34 34 35 34 32 34
29 29 24 28 22 31 31

32 31 34 31 31
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Barnacles appear to be more resistant to des-
iccation (Nascimento, 1991; Saoud et al., 2000) and
there is evidence that they may displace young oysters
(Osman et al., 1989). Crassostrea sp. canela appears
not to reach a large size (Author, pers. obs.) and so
may be more susceptible to undercutting from barna-
cles. Other Crassostrea , including C. gasar, are able to
successfully settle in high numbers over dense patches
of barnacles (Osman et al., 1989; Gilles, 1992). Trials
should be carried out with collectors preconditioned
with a limited covering of barnacles that may help
seed of C. gasar to establish whilst eliminating those
of Crassostrea sp. canela.

Other epibenthic oysters and bivalves, tube-
dwelling polychaetes, barnacles, bryozoans and other
colonial organisms, and algae (Afinowi, 1984; Pereira
et al., 1988; Osman et al., 1989; Nascimento, 1991;
Gilles, 1992; Saoud et al., 2000; Buitrago & Alvarado,
2005; Alvarenga & Nalesso, 2006) may compete with
oysters seed for space and/or food. This so called
"fouling community" may be managed by removing
collectors from the water for three hours per week
(Buitrago & Alvarado, 2005). However, encrusting
epibenthos may attract oyster larvae (Osman et al.,
1989) and our results suggest a positive correlation
between the density of other epibenthos and that of
oyster seed. Limited development of the fouling fauna,
such as barnacles, may help attract seed of target spe-
cies and, as mentioned above, may have the potential
to eliminate that of undesirable ones.

The present study shows that spatfall of
Crassostrea sp. canela is abundant and regular at
llha Canela and may thus pose difficulties for oyster
growers in Para. Trials with seed collectors deployed at
specific times and places to detect peaks in numbers
of larvae of this exotic Crassostrea may help reduce
the loss of valuable C. gasar seed. More efficient
collectors, such as those previously conditioned with
conspecifics (Devakie & Ali, 2002) or limited epibenthos
development, as well as the restoration of native oyster
beds (Bartol & Mann, 1997) may promote greater spat-
fall of C. gasar, the target species for oyster growers
in the region.
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