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ABSTRACT

Erosion on coral reefs produces fragments of the
constructor organisms that are scattered all around,
thus enlarging the reef boundaries. Statistical
modelling approach was used to investigate whether
the Polychaeta community around Sebastido Gomes
reef (Abrolhos Bank, Brazil) is influenced equally by
sediment characteristics and/or by position related to
the reef, that are variables related to the terrigenous
input influence. In July 2007, a period dominated by
winds that resuspend fine sediment from the land to
coastal reefs, sediment samples were taken on four
transects perpendicular to the reef (S, W, Nand E) and
a total of 121 species of polychaetes were recorded.
The most abundant species was the carnivorous
Goniadides carolinae and the model selected for
it approximates to the best models fitted for both
total macrofauna and polychaete abundance. These
models represented higher abundance in coarse
carbonate sediments on windward reef faces, where
there is almost no terrigenous sediment. On the other
hand, the Polychaeta richness did not depend on the
transects. Sebastido Gomes reef is one of the many
coastal reefs from Abrolhos Bank, whose healthy is
probably in danger because of the increase of mud
related to human activities, as deforestation and,
recently, mining waste.
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ResumMmo

Fragmentos dos recifes de coral constituem parte do
sedimento ao redor dos mesmos, ampliando os limites
do recife. Modelos estatisticos foram criados para
investigar se a comunidade de poliquetas ao redor do
recife Sebastido Gomes (Banco dos Abrolhos, Brasil)
¢ influenciada pelas caracteristicas do sedimento e/
ou pela posi¢do ao redor do recife, que sdo variaveis
relacionadas a influéncia do aporte terrigeno. Em
julho de 2007, periodo dominado por ventos que
ressuspendem o sedimento fino da costa para os
recifes, amostras de sedimento foram coletadas em
quatro transectos perpendiculares ao recife (S, O,
N e L). A espécie de poliqueta mais abundante
foi o carnivoro Goniadides carolinae e o modelo
selecionado para descrever a distribuicao desta espécie
foi muito semelhante aos ajustados tanto para a
abundancia de macrofauna quanto de poliquetas. Estes
modelos apresentaram alta abundancia em sedimentos
carbonaticos grossos na face do recife exposta aos
ventos, onde quase ndo ha sedimento terrigeno. Por
outro lado, a riqueza de poliquetas ndo foi influenciada
pela posi¢do dos transectos. Sebastido Gomes ¢ um
dos muitos recifes costeiros do Banco dos Abrolhos,
cuja saude esta prejudicada devido ao aumento de lama
relacionada a atividades humanas, como desmatamento
e, recentemente, rejeitos da mineragao.

Descritores: Sebastiao Gomes, Banco dos Abrolhos,
Macrofauna bentdnica, Modelagem estatistica.
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INTRODUCTION

Corals and coralline algae are the main contributors to
reef structure. They are autogenic engineers as they change
the conditions of the physical environment (e.g., current
speeds and sedimentation rates) by means of their own
bodies (JONES et al., 1994). A continuous process both
of construction via the calcification of corals and coralline
algae, and destruction via physical and biological erosion
forms reef structures (BELLWOOD et al., 2003). Erosion
produces fragments of the constructor organisms that are
scattered around the reefs, thus enlarging their boundaries
(BELLWOOD et al., 2003; LEAO et al., 2006). Although
many small invertebrates can inhabit the soft-bottoms
around reefs, few research projects have investigated the
community ecology of the macrofauna in reef complexes.
In fact, the majority of the studies focus only on corals and
fishes (SCHLACHER et al., 1998; HUGHES et al., 2002;
LEAO, 2002; BAILEY-BROCK et al., 2007).

Since the 1980s, when ecological studies of the
macrofauna of reef complexes started, the main aim has
been to investigate the influence of distance from the
reef on the community concerned (RIDDLE et al., 1990;
SCHLACHER et al., 1998; NETTO et al., 1999a; NETTO
et al., 1999b; LANGLOIS et al., 2005; LANGLOIS et
al., 2006). However, it is very difficult to compare these
studies since they were conducted on different types of
reef (coral reefs, rocky reefs or artificial reefs), different
reef habitats (pools, lagoons or the sublittoral zone around
the reefs) and on different distance scales (from few
meters to few kilometers). Small-scale studies are focused
more on biological interactions, while larger commonly
address the influence of sediment characteristics on
macrofauna. Another less studied aspect is the variability
of the composition and distribution of the macrofauna due
to its position in relation to the reef, in other words, as to
whether there are differences in the community patterns
on the windward and leeward reef faces (RIDDLE, 1988;
NETTO et al., 1999a).

Polychaetes represent one-third of the total number
of macrobenthic species found throughout the oceans
(AMARAL; ROSSI-WONGTSCHOWSKI, 2004). These
invertebrates play importantroles in ecosystem functioning:
they are prey to fishes and crabs (VIRNSTEIN, 1977),
predators of other macrofaunal organisms (COMMITO,
1982) and allogenic engineers (JONES et al., 1994). In this
respect, the scavengers are the main organisms responsible
for stimulating the biogeochemical processes of nutrient
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fluxes and organic matter degradation (GARDNER et al.,
1979; MARINELLI, 1992; QUINTANA et al., 2011).

The taxonomic classification of the organisms of an
ecosystem constitutes the community structure, while the
description of species traits is related to the functional
community. Although the first has, traditionally, been
the most frequently employed, the use of the functional
approach is now being increasingly used, mainly when
applied to studies of community responses to disturbances
(MOUILLOT et al., 2013). Both approaches answer to the
environmental influences but coupled studies are useful to
better understand the dynamics of ecosystem functioning
(DOLEDEC etal., 2006). In the present study, trophic habit
has been considered a proxy to simplify the understanding
of the functional groups (functional community), even
knowing that the assumption includes other factors such
as mobility of organisms for instance, which is related to
the process of bioturbation and nutrient cycling (GERINO
et al., 2003; NORLING et al., 2007).

The statistical modelling approach was selected to
investigate whether the structure and function (trophic
habit) of the polychaete community around a coastal reef
from the Abrolhos Bank (Brazil) are influenced equally by
sediment characteristics and by position in relation to the
reef or exclusively by one or other. We have also sought to
answer the question as to whether the distribution of total
polychaetes corresponds to that of the total macrofauna,
in order to verify the viability of the use of Polychaeta
as a good indicator of the macrofaunal patterns in reef
sediments. The focus on sediment characteristics was
chosen because Abrolhos Bank is a unique reef area where
sedimentation rates may be higher than the maximum of
10 mgecm? day! (DUTRA etal.,2006; SEGAL; CASTRO,
2011; CASTRO et al., 2012), a limiting rate usually used
to consider the reef healthy (ROGERS, 1990).

Studies of the statistical modelling of marine
communities are mainly undertaken for fishery resources
(REISS et al., 2011; ROBINSON et al., 2011), but
spatial and temporal patterns in benthic communities
are well suited to statistical modelling too. According
to ROBINSON et al. (2011), there are many data on the
distribution of invertebrates that, in general, disperse less
than fishes do. WILLEMS et al. (2008), for example, tried
to model the habitat preference of a Polychaeta species
using different statistical modelling approaches and
indicated the need of further research into the modelling
of the abundance of macrobenthic species. It is essential

first to understand the present distribution patterns of



species through descriptive models so as later to be able
to create predictive models, important tools for ecosystem
management and conservation.

MATERIAL AND METHODS

STUDY SITE

The Abrolhos Bank is situated on the East Brazilian
continental shelf and covers three main megahabitats:
reefs (~9,000 km?), soft-bottoms (~19,000 km?) and
rhodolith beds (~21,000 km?) (MOURA et al., 2013). The
climate is characterized by two main seasons, summer and
winter. During summer, winds are N/NE and mean water
surface temperature is about 27.5°C, while in the winter,
wind direction changes to S/SE due to the Atlantic Polar
Front, that resuspends sediment (BITTENCOURT et al.,
2000; LEAO, 2002; DUTRA et al., 2006; SEGAL et al.,
2008; CASTRO et al., 2012).

The reefs of the Abrolhos Bank are situated in two arcs:
the Coastal Arc (10 to 20 km from the coast) and the Outer
Arc (60 to 70 km from the coast) (LEAO, 1996) (Figure
la). The sediment between the coast and the Coastal Arc
is terrigenous (siliciclastic), whilst around the reefs it is
carbonate, and a mix of both types occurs between the reef
arcs (LEAO, 2002; SEGAL; CASTRO, 2011; AMADO-
FILHO etal., 2012). Sedimentation rates are higher during
winter and spring, when they may attain more than 10 mg
cm? day™! in the coastal arc (DUTRA el al., 2006; SEGAL;
CASTRO, 2011; CASTRO et al., 2012).

The Sebastido Gomes reef complex is located in the
Coastal Arc of the Abrolhos Bank, close to the Caravelas
river mouth, and is part of the Ponta da Baleia/Abrolhos
Marine Protected Area. This reef was chosen because
it lies inside the area with the highest sedimentation
rate of the bank (PATCHINEELAM; SMOAK, 1999;
CASTRO et al., 2012) and its island-like format facilitates
observation of a possible edge effect of the reef on the
polychaete community.

SAMPLING

In July 2007, four transects perpendicular to the
Sebastido Gomes reef (S, W, N and E) were drawn, with 6
stations on each of them (Table 1; Figure 1). The stations
were placed at increasing distance from the reef, and up to
18 m depth. Fauna samples were taken in triplicate with
a 0.07 m? van Veen grab. Sediment was washed onboard
through a 0.5 mm mesh size sieve and the material retained
was preserved in 70% ethanol. Fauna samples were sorted

Quesada-Silva et al.: Impact of terrigenous input on Polychaeta

in the laboratory, under the stereomicroscope and the
polychaetes identified to species level.

At each station, one extra van Veen grab sampled
sediment to analyze grain size and percentages of total
organic matter (TOM) and carbonates. Grain size, which
is a variable related to the interstitial space available to
the fauna, was determined using sieving and pipetting
techniques (SUGUIO, 1973) and the resulting fractions
were classified according to grain size (WENTWORTH,
1922). In this study, only the fine grain size fraction (<
0.063 mm) was considered to represent granulometry,
because the sum of the fractions is 100%, i.¢., fractions are
dependent variables. Carbonate content, which may be a
variable related to reef origin of sediments, was determined
by acid dissolution (GROSS, 1971), and the TOM through
loss on ignition at 450°C for 4 hours (BYERS etal., 1978).

DATA ANALYSIS

All data were analyzed with the R language (R
DEVELOPMENT CORE TEAM, 2012). The statistical
modelling approach based on maximum likelihood was
used to examine the influence of sediment and transects
(predictor variables) on the macrofauna and Polychaeta
community (response variables). The law of likelihood
states that there are many models (hypotheses) which may
explain the response variable and that each one has some
probability of occurring, and, further, that the model with
the highest probability is the most plausible (ROYALL,
2007). Model selections were based on the Akaike
Information Criterion (AIC), which is a measurement of
the distance between the proposed model and the true
unknown model. AIC is calculated from the negative log-
likelihood and the number of parameters of the model.
The proposed model with the smallest AIC is the best
model, but models with AAIC of less than 2 are equally
plausible (BURNHAM; ANDERSON, 2002). Models
were calculated with the package “MASS” (VENABLES;
RIPLEY, 2002) and selected with the package “bbmle”
(BOLKER; R DEVELOPMENT CORE TEAM, 2012).

To test the hypothesis related to the influence of
reef distance on community, the sedimentary variables
were chosen based on the following reasoning: near the
reef, sediment should be more carbonate and coarser
due to fragments of corals, resulting in more interstitial
space for the infauna inhabit (Figure 2); while far from
the reef, sediment should be finer and consequently have
a high content of TOM, a food resource for macrofauna

and whose accumulation is favored by the fine grains
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Figure 1. Location of Abrolhos Bank on the East Brazilian continental shelf (a) and
sample stations around Sebastido Gomes reef (b).

(SNELGROVE; BUTMAN, 1994). According to the
above reasoning, the variables fine grains, carbonates and
TOM are correlated. However, we used generalized linear
models, one of whose premises is that predictor variables
must be independent, in this study. Because of this, score 1
from Principal Component Analysis (PCA) obtained with
these variables was used to represent the sediment and
was called variable “Sed”. PCA was calculated with the
package “vegan” (OKSANEN et al., 2012). A model with
only the distance between sample stations and the reef
as predictor variable was also created to verify whether
the distance influences the community in some other way
unrelated to sediment.

The generalized linear models created to test whether
sediment and/or the position in relation to the reef (on
transects S, W, N and E) are predictor variables of
community distribution patterns were based on negative
binomial probability distribution. Some ecologists have
realized that count data of aggregate organisms are better
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fitted to the negative binomial than the Poisson distribution
(BOLKER, 2007).

Polychaeta species were classified in one of the
following trophic groups in accordance with FAUCHALD
and JUMARS (1979): carnivores, herbivores, filter-
feeders, deposit-feeders; or in an additional group called
omnivores, species which have two or more feeding
habits. This same study was used to classify species
according to the feeding habit of their families, but
other studies were used to revise them (JONES, 1968;
NOYES, 1980; WORD, 1980; PLEIJEL, 1983; DOBBS;
SCHOLLY, 1986; FONG, 1987, GASTON, 1987,
CARRASCO; OYARZUN, 1988; NIELSEN et al., 1995;
FERNER; JUMARS, 1999; GTANGRANDE et al., 2000;
BRITAEV; LYSKIN, 2002; LEE et al., 2004; COSTA
et al., 2006; PARDO; AMARAL, 2006; DUBOIS et
al., 2009; SMART; DASSOW, 2009; PLYUSCHEVA
et al., 2010). Generalized linear models with distance,
sediment (Sed) and/or transect (Tr) as predictor variables
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Table 1. Distance from the reef, depth and geographic coordinates of sediment samples around Sebastiao Gomes reef complex.

Transect Station Distance (m) Depth (m) Latitude (S) Longitude (W)
S 1 0 10 17°55°27” 39°08°01”
S 2 248 18 17°55°35” 39°08°00”
S 3 465 18 17°55°42” 39°07°59”
S 4 960 12 17°55°58” 39°08°05”
S 5 1469 17 17° 56’ 14” 39°08°10”
S 6 2257 14 17° 56’40~ 39°08°09”
w 7 0 7 17° 54°49” 39°08°43”
W 8 257 16 17° 54° 54> 39° 08’50
W 9 515 18 17° 54°53” 39°09°00”
W 10 746 18 17°54°53” 39°09°08”
w 11 1104 18 17° 54’ 55> 39°09°20”
W 12 2274 16 17° 54°55” 39°10°00”
N 13 0 3 17° 54’09~ 39°07°39”
N 14 154 17° 54’047 39°07°39”
N 15 370 9 17°53°57” 39°07°38”
N 16 584 8 17° 537507 39°07°39”
N 17 752 10 17°53°45” 39°07°34”
N 18 1415 11 17°53°23” 39° 0740~
E 19 0 14 17° 54° 407 39°06°37”
E 20 150 16 17° 547417 39° 06’327
E 21 296 16 17° 54’417 39°06°27”
E 22 413 16 17°54°39” 39° 06’237
E 23 589 16 17° 54’417 39°06°17”
E 24 1275 16 17°54°35” 39°05°54”

/& } Macrofauna 2 0.5 mm

0.062 0.250 0.500 1.000 mm
Grain size
Interstitial space -

Figure 2. Schematic representation showing how interstitial space for
macrofauna inhabits increases with grain size.

were also fitted to evaluate the functional community
(trophic groups).

RESULTS

SOFT-BOTTOM CHARACTERISTICS

The sediment distribution pattern corresponded to
expectations, i.e., near the reef, sediment contained

more carbonate and was coarser, except on transect S
(Figure 3). Axis 1 of PCA explained 91.1% of the total
variance of the data and its positive values (hereinafter
referred to as the “Sed” variable) represented carbonate
sediment stations near the reef while the negative values
represented higher percentages of fine grains and TOM
(Figure 4).

MACROFAUNA COMMUNITY AND COMMUNITY
STRUCTURE OF POLYCHAETA

In the present study, 11,626 individuals of macrofauna
were sampled in the soft-bottom adjacent to Sebastiao
Gomes reef, comprising 2,432 polychaetes classified in
36 families and 121 species (24, 62, 35 and 91 species
were recorded, respectively, in transects S, W, N and
E) (Table 2). In the two richest transects (W and E), the
richness was higher up to 500 m from the reef, while in the
other two transects (S and N) it was more uniform along
their entire lengh (Figure 5a). Two models tied in trying to
explain the richness distribution pattern: Sed and Sed+Tr
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Figure 3. Percentages of fine grains (black), carbonates (gray) and TOM (white) of samples from each transect around Sebastido Gomes reef.
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Figure 4. Principal Component Analysis (PCA) of the sedimentary
variables of soft bottom around Sebastido Gomes reef.

(Table 3). The figure Sb represents the simplest model, i.e.,
which considers only sediment as a predictable variable.

Both abundances of macrofauna and polychaetes were
higher up to 500 m from the reef structure, but exactly
as with the sediment characteristics, those of transect S
was uniform (Figure 6a,c). The most plausible model to
explain the distribution of macrofauna and polychaetes
took sediment and transect (position in relation to reef)
into consideration (Table 3), higher abundances being
associated with coarser carbonate sediment of the N and E
transects (Figure 6b,d).

With regard to the total abundance of polychaetes,
the most abundant species were Goniadides carolinae
(813 individuals), Aphelochaeta sp. (170), Leodamas
treadwelli (151) and Lumbrineris cf. tetraura (134).
These four species accounted for almost 50% of the total
abundance of polychaetes around Sebastido Gomes reef,
but only the model selected for G. carolinae was similar
to that which best fitted the total abundance of this class
of the phylum Annelida. The most plausible model to
explain the distribution pattern of G. carolinae presented
an additive effect between sediment and transect, as also
did total abundance model, but in this case, transect N

was more favorable to this species and no individual was
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collected south of the reef (Figure 7a,b). For the third most
abundant species, L. treadwelli, sediment with an additive
transect effect was again the best model, but the abundance
of this species was higher in fine sediment rich in organic
matter (Table 3, Figure 7¢,d). Aphelochaeta sp. and L. cf.
tetraura were sampled at almost all stations on all four
transects, but only occurred in much greater abundance at
station 22, so three models tied (Table 3, Figure 8).

FUNCTIONAL COMMUNITY

We chose not to calculate models to describe
abundance of herbivores and filter-feeders because
the former were only represented by 1.5% of sampled
polychaetes and the second by 5.5%. About 50% of
sampled individuals were classified as carnivores and the
most abundant species, Goniadides carolinae, represented
81.2% of this trophic group. Thus, the model selected
for carnivore polychaetes was the additive between the
variables “Sed” and “Tr”, with higher abundance in the
coarser sediments on all the transects, mainly to the north
of the reef (Figure 9a,b). Deposit-feeders were the second
most abundant trophic group (30.3%) and again the best
model fitted took sediment and transect into consideration,
though they were more abundant on transect E (Table 3,
Figure 9c,d). Finally, abundance of omnivores was higher
at one station on each transect, though positioned at
different distances, so draws occurred between the models
(Table 3, Figure 9e).

DISCUSSION

TERRIGENOUS AND CARBONATE SEDIMENT AROUND A
COASTAL CORAL REEF INFLUENCED BY POLAR FRONTS

Sample stations located at least 250 m from the reef
showed percentages of carbonates higher than 90%, which
means they are true reef sediments (RIDDLE, 1988), with
low percentages of fine grains. This kind of sediment is
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Table 2. Checklist of Polychaeta species recorded from sediment around Sebastiao Gomes reef complex.

Family Species Stations
Ampharetidae Amphicteis sp. 22
Amphinomidae Eurythoe complanata 10, 22
Amphinomidae Linopherus ambigua 14,17
Capitellidae Capitellidae sp.1 22
Capitellidae Capitellidae sp.2 22
Capitellidae Dasybranchus caducus 22
Capitellidae Mediomastus sp. 22
Capitellidae Neopseudocapitella brasiliensis 7
Capitellidae Notomastus hemipodus 5,7,11, 14, 18, 21, 22
Capitellidae Notomastus lobatos 3,6,10,22,23
Capitellidae Scyphoproctus sp.1 22
Capitellidae Scyphoproctus sp.2 22
Capitellidae Scyphoproctus sp.3 22
Chrysopetalidae Bhawania brunnea 8
Cirratulidae Aphelochaeta sp. 1,4,5,6,7,8,11, 15, 16, 18, 19, 20, 21, 22
Cirratulidae Caulleriella sp.1 7,22
Cirratulidae Caulleriella sp.2 19
Cirratulidae Caulleriella cf. apicula 19
Cirratulidae Caulleriella cf. pacifica 22
Cirratulidae Chaetozone cf. armata 8
Cirratulidae Chaetozone sp.1 20,21
Cirratulidae Chaetozone sp.2 22
Cirratulidae Monticellina sp. 19
Cossuridae Cossura sp. 1,8, 14, 15
Dorvilleidae Meiodorvillea sp. 19,22
Dorvilleidae Schistomeringos pectinata 8, 19,22
Eulepethidae Grubeulepis fimbriata 4,5,8,10, 14, 15, 16, 23
Eunicidae Eunice cf. vittata 8, 20,22
Eunicidae Euniphysa sp. 15,16, 17,18
Eunicidae Lysidice hebes 7,8,13,19,22
Eunicidae Marphysa sp. 8,22
Eunicidae Palola sp. 8
Fabriciidae Fabriciola sp. 22
Fabriciidae Novafabricia sp. 22
Fauveliopsidae Fauveliopsis sp. 9,10, 11, 16, 22, 24
Flabelligeridae Pherusa sp. 8
Goniadidae Goniadides carolinae 7,8,13,19,20,21
Lumbrineridae Lumbrineriopsis cf. mucronata 8
Lumbrineridae Lumbrineris sp. 1,2,4,5,8,11, 20, 21, 22, 23, 24
Lumbrineridae Lumbrineris cf. tretaura 2,3,4,5,7,8,9,12,13, 14,15, 16, 17, 18, 20, 22, 23, 24
Lumbrineridae Ninoe brasiliensis 1,3,4,5,6,10, 11, 12, 14, 15, 16, 17, 18, 22, 23, 24
Magelonidae Magelona nonatoi 8
Magelonidae Magelona papillicornis 5,7,8,13, 14, 19, 20, 22
Magelonidae Magelona posterolongata 5
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Maldanidae Maldanidae sp.1 22

Maldanidae Maldanidae sp.2 22

Nephtyidae Aglaophamus juvenalis 22

Nephtyidae Aglaophamus uruguayi 4,12
Nereididae Ceratocephale oculata 5,8,11,20,22
Nereididae Neanthes bruaca 1,2,3,4,5,6,9,11, 12, 13, 14, 16, 22, 24
Nereididae Nereididae sp.1 8

Nereididae Nereididae sp.2 22

Nereididae Nereididae sp.3 22

Nereididae Nereis lanai 22

Nereididae Nereis serrata 8

Nereididae Nicon sp.1 8

Nereididae Nicon sp.2 19

Onuphidae Diopatra sp.1 21

Onuphidae Diopatra sp.2 18

Onuphidae Diopatra tridentata 8

Onuphidae Kinbergonuphis sp.1 7

Onuphidae Kinbergonuphis sp.2 7

Onuphidae Kinbergonuphis cf. fauchaldi 7,20,22
Onuphidae Kinbergonuphis cf. orensanzi 1,3,7,8,18,20,21,22,23
Opbheliidae Armandia maculata 20,22
Opbheliidae Ophelina cylindricaudata 20, 22
Opbheliidae Ophelina sp. 20

Opbheliidae Polyophthalmus pictus 7,19
Orbiniidae Scoloplos agrestis 5,12,15,16,17,20,21
Orbiniidae Scoloplos (Leodamas) rubra 5,6,15,16,17,18,22,23
Orbiniidae Leodamas treadwelli 1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 17, 18, 20, 23, 24
Oweniidae Owenia sp. 7,8,13,19
Paraonidae Aricidea sp. 15,22
Paraonidae Aricidea (Aricidea) albatrossae 1,2,4,5,8,15,18,22,24
Paraonidae Aricidea (Acmira) catherinae 4,8,21,22
Paraonidae Cirrophorus americanos 8

Paraonidae Cirrophorus branchiatus 19

Paraonidae Levinsenia cf. gracilis 19, 22
Paraonidae Paradoneis lyra 8,19,21,22
Pectinariidae Pectinariidae sp.1 13
Pectinariidae Pectinariidae sp.2 13
Pholoididae Pholoe sp. 19, 21,22
Phyllodocidae Phyllodoce sp. 5

Pilargidae Ancistrosyllis jonesi 1,3,5,9,11,13, 15, 16, 18, 22, 23
Pilargidae Ancistrosyllis sp. 7,8,9,10, 13, 14, 19, 20
Pilargidae Cabira incerta 1,2,3,4,5,8,9,10, 15, 17, 20, 22, 24
Pilargidae Litocorsa sp. 9,10, 11, 16, 22, 24
Pilargidae Sigambra sp. 2,10,13,17,22,23
Polynoidae Eunoe serrata 8

Polynoidae Harmothoe cf. aculeata 18

BRAZILIAN JOURNAL OF OCEANOGRAPHY, 65(1):79-96;2017



Quesada-Silva et al.: Impact of terrigenous input on Polychaeta

Polynoidae Malmgreniella cf. macginitiei 19
Polynoidae Ysideria sp. 18
Sabellariidae Sabellaria sp. 8
Sabellidae Amphicorina sp. 22
Sabellidae Amphiglena sp. 8,22
Sabellidae Pseudobranchiomma sp. 22
Serpullidae Salmacina sp. 22
Sigalionidae Fimbriosthenelais marianae 4,5,14,16,20
Sphaerodoridae Sphaerodoropsis sp. 22
Spionidae Aonides mayaguezensis 8,19
Spionidae Laonice sp. 13,19
Spionidae Microspio sp. 22
Spionidae Prionospio sp. 22
Spionidae Prionospio heterobranchia 22
Syllidae Exogone sp.1 7,8, 14,18, 19, 20, 21, 22, 23
Syllidae Exogone sp.2 8,22
Syllidae Exogone sp.3 19
Syllidae Exogone arenosa 7,8,22
Syllidae Exogone dispar 8,22
Syllidae Exogone simplex 22
Syllidae Odontosyllis aracaensis 22
Syllidae Perkinsyllis biota 19,22
Syllidae Perkinsyllis augeneri 19,22
Syllidae Sphaerosyllis piriferopsis 7,8,13, 14, 19, 20, 21, 22
Syllidae Syllis cf. botosaneanui 8,13
Syllidae Syllis ct. cruzi 8,22
Syllidae Syllis garciai 22
Syllidae Syllis gracilis 8
Syllidae Syllis lutea 8,19,21,22,24
Syllidae Syllis magellanica 8
Terebellidae Polycirrus cf. tenuiseti 22
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Figure 5. Distribution pattern of Polychaeta richness around Sebastido Gomes reef (circles are
proportional to square root of the average of the triplicates) (a) and its selected model (Sed) (b).
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Table 3. Models fitted to describe patterns of total macrofauna, abundance and richness of polychaetes around Sebastido
Gomes reef, as well as patterns of the most abundant species (Goniadides carolinae, Aphelochaeta sp., Leodamas treadwelli
and Lumbrineris cf. tetraura) and trophic groups of polychaetes (carnivores, deposit-feeders and omnivores). Selected
models are in bold. Legend: Par=number of parameters, Dist=distance from reef, Sed=sediment, Tr=transect, +=additive

effect, NA=not available.

Total Total polychaetes Carnivores Deposit-feeders Omnivores
Macrofauna
Model Par AIC AAIC AIC AAIC AIC AAIC AIC AAIC AlIC AAIC
Null 2 859.2 119.4 648.8 76.0 510.2 78.4 472.6 33.4 376.0 33.7
Dist 3 819.1 79.3 619.1 46.2 465.7 339 460.5 21.3 369.1 26.8
Sed 3 798.4 58.6 593.4 20.6 446.6 14.7 460.5 21.3 3423 0.0
Tr 5 828.9 89.0 631.7 58.8 497.6 65.8 446.9 7.7 372.7 30.5
Dist+Tr 6 NA NA 614.9 42.1 468.7 36.9 444 .4 52 367.4 25.2
Sed+Tr 6 739.9 0.0 572.9 0.0 431.8 0.0 439.2 0.0 343.1 0.8
Polychaeta richness  Goniadides carolinae  Aphelochaeta sp.  Leodamas treadwelli ~ Lumbrineris cf. tetraura
Model Par AIC AAIC AIC AAIC AIC AAIC AIC AAIC AIC AAIC
Null 2 426.4 33.2 263.9 97.1 193.6 15.8 270.6 26.5 248.5 10.3
Dist 3 415.0 21.7 1547.1 1380.3 191.5 13.7 271.3 27.1 248.0 9.8
Sed 3 394.4 1.2 1396.6 1229.8 186.9 9.1 258.6 14.5 250.1 11.9
Tr 5 417.5 24.2 2574.3 2407.5 177.8 0.0 251.3 8.6 238.2 0.0
Dist+Tr 6 410.6 17.3 906.8 740.0 179.1 1.3 253.2 9.1 238.8 0.6
Sed+Tr 6 393.3 0.0 166.8 0.0 178.3 0.5 244.1 0.0 238.2 0.0

associated with the intense hydrodynamics which occur
near reef structures and which can transport fine sediments
far from the reef, as stated by WOLANSKI; HAMNER
(1988) and NETTO et al. (1999a). However, even the
station immediately adjacent to face S (station 1) was
composed predominantly of fine grains. During winter,
when this study was undertaken, polar fronts affect the
Abrolhos Bank frequently (SEGAL et al., 2008) and they
can resuspend the fine grains to the south of the reef and
deposit them at the base of reef face S. Nevertheless,
during summer, station 1 was composed of thick and
carbonate sediment (unpublished data), in agreement with
the above postulate.

Percentages of carbonates were calculated for the
entire sample sediment and not for each grain fraction,
ergo, it is impossible to know if all the fractions contain
both terrigenous and carbonate material. However, in view
of the hypothesis of resuspension of sediments to the south
of the reef, most fine grains are probably of kaolinite clay,
which is the main suspended mineral around Sebastido
Gomes reef (LEIPE et al., 1999). Clay adsorbs to TOM,
favoring its deposition (SNELGROVE; BUTMAN, 1994)
and so, higher values of TOM were found at stations with
a higher proportion of fine grains. Even the lesser values
of TOM (about 5%) were high when compared to those
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found in other coastal areas (HSIEH, 1995; SANTOS;
PIRES-VANIN, 2004), showing that there is no scarcity
of food resources for polychaetes.

Hydrodynamics around shallow reefs can also be
generated by winds and determine the sediment deposition
around them (WOLANSKI; HAMNER, 1988). Sediments
around coastal reefs in the Great Barrier Reef present
fewer fine grains and more carbonates to windward than
to leeward (RIDDLE, 1988). On the Abrolhos Bank winds
are from N/NE for most of the year (DUTRA et al., 2006),
so transects N and E lie to windward.

WHAT INFLUENCED THE DISTRIBUTION PATTERN
OF COMMUNITY STRUCTURE ON THE SOFT-BOTTOM
AROUND THE COASTAL CORAL REEF?

The unique previous study about Polychaeta from
sediment around Sebastido Gomes reef was a Rapid Marine
Biodiversity Assessment, which consisted in six small
samples that recorded only one species of polychaetes:
Piromis robertii, family Flabelligeridae (DUTRA et
al., 2006). In the present investigation, Syllidae was the
Polychaeta family with the largest number of species
in Sebastido Gomes reef, followed by Capitellidae,
Cirratulidae and Nereididae. In Rocas Atoll (NE Brazil),
the most richness families were Nereididae, Sabellidae
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and Syllidae (PAIVA et al., 2007). Syllidae also was the
family with more species in the reefs of Mariana Islands
(USA) (BAILEY-BROCK, 2003). Due to the common
small size of the species of this family, we recommend
that people who work with reef sediment has redoubled
attention during the sorting process.

In relation to the distribution pattern, basically, only
the coarse carbonate sediment is responsible for the
distribution. The two richest transects were W and E, so
the difference of richness between the transects are not
related to the winds. NETTO et al. (1999a) also showed
no difference between Polychaeta richness from windward
and leeward reef faces.

Although the sea-bed in areas denser in total
macrofauna and total polychaetes around Sebastido
Gomes reef was composed of higher percentages of

carbonates and lower percentages of TOM and fine grains,
the present results show that the distribution is more
related to grain size than to grain composition. Studies
carried out with ecosystems without carbonate sediments
have shown higher abundance of macrofauna in coarser
sediments (GAMBI; BUSSOTTI, 1999), which could be
related to an increased availability of interstitial space
for macrofauna occupation. However, the carbonate
composition of coarse grains underlines the importance
of fragments from coral reefs for the establishment of an
abundant macrofauna around coral reefs, mainly in coastal
areas influenced by fine suspended sediment.

As in the present study, NETTO et al. (1999a) found a
higher abundance of total macrofauna and polychaetes on
the windward reef face, and supported their results quoting
the work of WOLANSKI; HAMNER (1988). According
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to these latter authors, winds generate topographically
controlled currents that aggregate zooplankton near the
exposed face of the structure; many benthic species have
planktonic larvae, so these currents could prevent the
spread of the species.

Regarding more refined models calculated for
species, the distribution of the most abundant polychaete
Goniadides carolinae was similar to that of the total
macrofauna and of the total polychaetes. G. carolinae is
a carnivore (FAUCHAULD; JUMARS, 1979), and its
greater abundance in coarse sediments was probably related
to high abundance of macrofauna prey items at these sites.
Leodamas treadwelli was the only case whose selected
model indicated an additive effect between sediment and
transect with peak abundances found in soft-bottoms with
higher values of fine grains and TOM, demonstrating that
the general distribution pattern of total polychaetes is not
the same for all abundant polychaete species. L. treadwelli
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has been recorded in both intertidal (RIZZO; AMARAL,
2001) and inner shelf (20 to 50 m depth) environments in
SE Brazil (PAIVA, 1993a), but unlike the present study,
the literature does not indicate any grain size preference of
the species. This study is the first record of L. treadwelli
on the Abrolhos Bank, although other species of the genus
Scoloplos (previous genus of L. treadwelli) are commonly
found in the area (DUTRA et al., 2006).

No distribution pattern was determined for the
Cirratulidae Aphelochaeta sp. and despite its being
common species in soft-bottoms it is usually dominant
in organic rich sediments (ELIAS; RIVERO, 2009). Few
records of Aphelochaeta are reported for Brazil, none for
a reef environment (AMARAL et al., 2012). However, it
is important to mention that the identification of species of
Cirratulidae, mainly Aphelochaeta, is very difficult due to
their few taxonomic characters. One of the characteristics
of the species of this family is that they succeed in
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occupying any kind of sediment through employing
two different techniques. In the first one, they capture
food with their palps or directly with the mouth while
moving through the sediment (FAUCHALD; JUMARS,
1979; WORD, 1980; PARDO; AMARAL, 2004), which
enables them to feed while remaining buried, protecting
themselves from physical disturbance and predation.
In the second technique, their branchiae may stand out
of the sediment (PARDO; AMARAL, 2004), allowing
the species to breathe while remaining buried in low-
oxygenated sediments.

As well as Aphelochaeta sp., the last species studied
Lumbrineris cf. tetraura did not present any distribution
pattern in the Sebastido Gomes reef complex. The same
result was also found in an investigation conducted in a
coral reef complex of Costa Rica (DEAN, 2004). In the
present study, the high abundance of L. cf. tetraura was
found at the station most abundant in total polychaetes,
which might be an indication of'a high number of prey items
available there to this predatory organism (FAUCHALD;
JUMARS, 1979; CARRASCO; OYARZUN, 1988).

In the light of the present results, we can assume
that although polychaetes represent only 20% of total
macrofauna, their distribution pattern is representative
of that of the global macrofauna, which reinforces the
idea that the taxon can be properly taken to represent
the general distribution pattern of the macrofaunal
organisms of soft-bottoms around coral reefs. Regarding
the most abundant species studied, it is interesting to note
that only G. carolinae followed the same pattern as the
total polychaetes and that other abundant species even
presented an inverse pattern. It is also important, finally,
to highlight that further research into the behavior and
feeding habits of these species of polychaetes is essential

to understand their distributions.

DID TROPHIC GROUPS RESPOND IN THE SAME WAY
AS COMMUNITY STRUCTURE DID?

The carnivores represented the commonest trophic
habit in view of the great abundance of Goniadides
carolinae and Lumbrineris cf. tetraura, which resulted in
the selection of a model similar to that for G. carolinae but
with greater carnivore abundance on transect E. Carnivores
are common in coarse sediments, where interstitial space
is greater and allows the simultaneous presence of both
prey and predators (GASTON, 1987; MUNIZ; PIRES,
1999; BARROSO et al., 2002).
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The deposit-feeders constituted the second most
important group, although they can generally be the
most abundant in shallow soft-bottoms (PAIVA, 1993b;
COSSON-SARRADIN et al., 1998, MUNIZ; PIRES,
1999; BARROSO et al.,, 2002). The deposit-feeders
more abundant in the present study were: Aphelochaeta
sp. (170 individuals), Leodamas treadwelli (151),
Aricidea albatrossae (69), Magelona papillicornis (57)
and Aricidea catherinae (51). As deposit-feeders live in
sediments with high percentages of fine grains and TOM
(GASTON, 1987; DEFELICE; PARRISH, 2001), it was
expected that their distribution would be similar to the
model selected for L. treadwelli. However, this did not
occur and our results were similar to those of others who
reported a higher abundance of deposit-feeders in coarse
sediments (GASTON, 1987; BARROSO et al., 2002),
which may be explained by the fact that some deposit-
feeders can change their habit, feeding on suspended
matter when this supply increases, as the species of the
family Spionidae (HARTMANN-SCHRODER, 1971
apud FAUCHALD; JUMARS, 1979; TAGHON et al.,
1980; GASTON, 1987; SNELGROVE; BUTMAN, 1994).
On the other hand, deposit-feeder (mainly the surface
deposit-feeder) can, further, inhabit coarse sediments due
to the input of recent detritus from plankton that sinks
to the bottom (GASTON, 1987), and between the five
deposit-feeder more dominant, only Leodamas treadwelli
belongs to a exclusively subsurface deposit-feeder family
(FAUCHALD; JUMARS, 1979).

Carnivores were more abundant on transect N and
deposit-feeders on transect E. This inversion in the
abundance of these two trophic groups has also been
recorded by PEARSON et al. (1982), who stated that
deposit-feeders dominate in sediments with a large
quantity of TOM, but carnivores soon appear to feed on
them. The presence of carnivores can reduce competition
among deposit-feeders by both regulating population
size and allowing the coexistence of species of the same
trophic habit. Thus perhaps L. cf. tetraura is playing this
role on transect E.

In the case of herbivores, high abundance was
expected near the reef, where seaweeds are more abundant.
The presence of exclusively herbivorous polychaetes in
soft-bottoms is, however, rare (ABD-ELNABY, 2009)
or inexistent (PEARSON et al., 1982; PAIVA, 1993b;
COSSON-SARRADIN et al., 1998, MUNIZ; PIRES,
1999; BARROSO et al., 2002; CHEUNG et al., 2008).
Even in studies on polychaetes associated with algae,



herbivore abundance is low (SANCHEZ-MOYANO;
GARCIA-ASENCIO, 2009). According to FAUCHALD
and JUMARS (1979), the most frequently cited reference,
no one family of polychaetes is exclusively herbivorous.
Unlike bigger animals, such as fishes, polychaetes are less
affected by the chemical defenses of algae (HAY et al.,
1988) and, consequently, many polychaetes may feed on
seaweed. However, as they can also be carnivores and/
or deposit-feeders, they are, in a general classification,
considered omnivores.

Comparative models to explain the abundance of
omnivores have not proved efficient, which is to be
expected for species that can change their trophic habit
in accordance with the available food resource and adapt
to different habitats. In the case of filter-feeders, although
they can inhabit coarse soft-bottoms to fix their tubes
(MUNIZ; PIRES, 1999; BARROSO et al., 2002), their
representatives around Sebastido Gomes reef were few.
Filter-feeders are more common in hard bottoms (ROUSE;
PLEIJEL, 2001), represented by the reef structure itself.

In brief, the models calculated for trophic habits were
similar to those for macrofauna and total Polychaeta
communities. In other words, high abundances were
favored by coarse grains and transects related to windward
reef faces. It is highly important to emphasize that distance
from the reef exercised no influence on the abundance of
the fauna, but reef sediment did. This conclusion arises
from the differences found on transect S, the most affected
by polar fronts.

THE USEFUL MAXIMUM LIKELIHOOD APPROACH FOR
THE MANAGEMENT AND CONSERVATION OF REEFS

Ecological studies of marine communities through the
likelihood approach are used less often than the frequentist
approach (e.g., multiple linear regression and p-value).
Generalized linear models (glm) and model selection
based on the Akaike Information Criterion (AIC) used in
the present study showed the same patterns of abundance
as do classic studies based on multivariate analysis of
frequentist statistical methods. So, the tools used here,
which do not depend of the Gaussian distribution of
the data (premise of the frequentist approach), showed
itself to be a useful method to the study of descriptive
patterns of macrofauna community and should be used
more often, once variables as macrofauna abundance
and richness usually do not present Gaussian distribution
even after logarithmic transformations. We also highlight
and recommend the use of the first score of the Principal
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Component Analysis to represent dependent sediment
characteristics, mainly fine grains and TOM.

It is very important to understand patterns in the
distribution of macrofauna through descriptive models
to then create predictive models based on environmental
changes, which are important for the management and
conservation of reef complexes.

Unfortunately, since November 2015, Brazil is
experiencing its worst environmental disaster, which
is related to the Samarco mining waste dam collapse
in the Doce River. According to the Brazilian Institute
of Environment and Renewable Natural Resources
(IBAMA)
documentos-do-ibama-sobre-o-desastre-da-samarco-

(http://www.ibama.gov.br/publicadas/

no-rio-doce), a large amount of mud, probably
contaminated by metals from Samarco disaster, flowed
in direction to Abrolhos Bank and reached the area in
July 2016. If this terrigenous sediment deposits around
the reefs, the abundance and the diversity of macrofauna
community can decrease dramatically, and the coastal
reefs will be the first to be affected in the Abrolhos
Bank. This work is the most detailed study in Sebastiao
Gomes reef and we think that these results, previous
to the Samarco’s disaster, can be used as reference to
monitor the area.

These results also can be used in others researches
related to environmental disturbances, as climate change
and ocean acidification, which indicate that reef complexes
may be one of the most impacted marine ecosystems
(HOEGH-GULDBERG; BRUNO, 2010). Effects on reef
builders, e.g., by carbonate dissolution and the decrease of
calcification rate, also could change the quantity and grain
size of sediments around coral reefs (ANDERSSON et al.,
2007). WIDDICOMBE et al. (2009) have already shown
the impact of seawater acidification on macrofauna,

mainly that in coarse sediments.
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