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INTRODUCTION

The presence of some organisms modifies abiotic
conditions, altering the variety of ecological niches
available and consequently, facilitating or inhibiting

the occurrence of other species (Jones et al. 1994,
Donadi et al. 2015). Due to the importance of such
organisms in modulating the environment and in
redistributing resources, Jones et al. (1994) proposed
the term ‘ecosystem engineers’. At the spatial scale
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ABSTRACT: Rhodoliths are free-living calcareous nodules composed of non-geniculate coralline
Rhodophyta algae. One potential rhodolith bioturbator is the sand tilefish Malacanthus plumieri,
which builds mounds with these nodules over sand bottoms. Here, we tested (1) whether mounds
act as a different habitat within a rhodolith bed, supporting specific associated assemblages, and
(2) the potential role of M. plumieri as a bioturbation agent on rhodolith beds. We used multiple
techniques (benthic and fish assemblage assessments, and videos with marked rhodoliths to
assess fish behavior) to compare fish-built mounds with non-mounded control areas. M. plumieri
was not observed removing rhodoliths from mounds; however, it spent 15% of its time rearrang-
ing mounds or adding new rhodoliths to the mound. A higher fish richness was recorded on
mounds (mean = 9.4 ± SE 1.7) compared with the non-mounded control areas (5.5 ± SE 2.7) (t =
−2.2; p < 0.05). The benthic assemblages also differed between the mounds and the control areas
(PERMANOVA, Pseudo-F = 11.8 and p < 0.01). The categories that contributed most to dissimilar-
ity between mounds and non-mounded control areas (SIMPER) were crustose coralline algae free
of epiphytes and sand (15.5%), Dictyota jamaicensis (9.8%), Dictyota pulchella (9.4%), sand
(9.3%) and Dictyopteris justii (8.2%). Because of their contribution to seascape heterogeneity, we
suggest that the presence of M. plumieri mounds is an important variable in predicting diversity
in rhodolith beds.
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within habitats, ecosystem engineers cause shifts in
the community composition, resulting in changes in
species richness and abundance (Crooks 2002).
However, at the landscape level, ecosystem engi-
neers can increase habitat heterogeneity and en -
hance local biodiversity (Jones et al. 1997, Wright et
al. 2002, Erwin 2005).

Rhodoliths are free-living calcareous nodules that
are composed primarily (>50%) of non-geniculate
coralline algae (Rhodophyta: Corallinales and Sporo -
lithales) (Foster 2001). At the local scale, they provide
a hard 3-dimensional substrate that creates condi-
tions for a wide diversity of microorganisms, inverte-
brates, algae and fish (Foster et al. 1997, Steller et al.
2003, Cavalcanti et al. 2014). Rhodoliths normally
occur at high densities and over large areas (10s to
1000s of km2), forming extensive beds. This ecosys-
tem is among the ‘Big Four’ benthic communities
dominated by marine macrophytes, ranking with
kelp forests, seagrass meadows and coralline reefs
(Foster 2001, Foster et al. 2013). While rhodoliths
themselves are ecosystem engineers, there are other
organisms which also play engineering roles in
rhodolith beds, including invertebrates and fish
(James 2000, Pereira-Filho et al. 2011), thus forming
ecosystem engineer networks.

Water motion has been considered an important
factor that determines rhodolith bed occurrence and
distribution (Hinojosa-Arango et al. 2009). Periodic
rotation of nodules is essential to allow light to reach
all sides of them and also to avoid their burial and
fouling (Steneck 1986, Marrack 1999). However,
excessively strong water motion can break thalli and
prevent rhodolith formation and growth, whereas
weak water motion can cause stabilization and the
growth of reef buffer organisms, resulting in algal
framework reefs (e.g. Pereira-Filho et al. 2015), or
burial by sediments, leading to death (Villas-Bôas et
al. 2014). Water motion drives the structure of
rhodolith beds, influencing their area, bed margins
and the density of nodules (Bosence 1985, Scoffin et
al. 1985, Marrack 1999). For example, dissipation of
water motion energy with depth produces burial and
discontinuities in beds (Steller 1993). Nodules in the
middle of the bed and in deep margins experience
less water motion than those in shallow portions of
the bed (Marrack 1999). However, bio-induced move -
ments may enhance the dynamics and play a role in
the maintenance of rhodolith beds and their bound-
aries, especially in the middle and deep margins
(Prager & Ginsburg 1989, Marrack 1999).

Prager & Ginsburg (1989) described 2 main types of
movements that can occur in rhodoliths: (1) physical

transport during surge events or hurricane-strength
storms and (2) bio-induced repositioning due to
biotic activities, such as movement by the red heart
urchin Meoma ventricosa (Prager & Ginsburg 1989),
the sea urchin Toxopneustes roseus (James 2000), or
the sand tilefish Malacanthus plumieri (Pereira-Filho
et al. 2011, Amado-Filho et al. 2012a). The latter is
found from southern Brazil to North Carolina, USA
(Clark et al. 1998) and is known to build mounds
composed of coral gravels, shells of mollusks, stones
and rhodoliths (e.g. Büttner 1996, Pereira-Filho et al.
2011, Pereira-Filho et al. 2015). By undulating its
body, this fish first forms a depression in the sand to
find a hard substrate. It then continues to dig by per-
forming undulating movements and pushing its
snout against the substrate, taking out small sub-
strate fragments and dropping them at the top of the
burrow. Furthermore, it searches for available sub-
strate fragments in the surrounding area and collects
them to build a mound on its burrow (Büttner 1996).

The function of the mounds for M. plumieri is con-
troversial. Different hypotheses have been proposed,
for example that the mounds provide an orientation
reference during foraging (Botero & Gutierrez 1980),
a refuge from predation (Baird 1988, Baird & Liley
1989), or a nutritional source (Büttner 1996), and/or
are important for social organization (Clark et al.
1998). The sand tilefish lives in groups and maintains
harems, where male territories encompass more than
one female territory (Clark et al. 1998, Baird 1988).

Along the Brazilian coast, the distribution of M.
plumieri largely overlaps with the occurrence of
rhodolith beds (Clark et al. 1998, Foster 2001), and
the majority of its mounds are constructed from
rhodoliths (e.g. Pereira-Filho et al. 2011, Amado-
Filho et al. 2012a). Once they are built, mounds are
easily distinguished within the rhodolith bed, and
appear to locally change environmental factors (e.g.
water movement and retention of sediments) by
increasing the structural complexity of the bottom
(e.g. Büttner 1996, Amado-Filho et al. 2012a, Pereira-
Filho et al. 2015); thus, similar to rhodolith-forming
algae, M. plumieri can also be considered an ecosys-
tem engineer.

Albeit still poorly documented, networks of ecosys-
tem engineers seem to be ubiquitous in several eco-
systems (Donadi et al. 2015). Therefore, in order to
further develop this promising concept, it is crucial to
identify additional cases and their respective players
and net effects on the seascape (Donadi et al. 2015).
Here, we tested (1) whether the mounds built by M.
plumieri act as different microhabitats within a
rhodolith bed and support particular benthic and fish
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assemblages, and (2) the potential role of M. plumieri
as an agent of bioturbation on rhodolith beds. The
data highlight the importance of M. plumieri for
rhodolith bed dynamics, especially in sites where
water motion is too slow to move them.

MATERIALS AND METHODS

The Fernando de Noronha Archipelago (FNA) is
located at 3° 50’ S and 32° 25’ W, 345 km from the
northeastern Brazilian mainland. Since 1988, most of
the FNA has been included in a National Marine
Park (fully protected from fishing) that covers an area
of 112.7 km2. Flat areas of the insular shelf are cov-
ered by rhodolith beds at depths between 10 and
100 m (Amado-Filho et al. 2012a). Our experiments
were performed in the Ressureta channel (10−15 m
depth), between the islands of Meio and Rata
(Fig. 1A). The study was chosen based on the pres-
ence of an extensive rhodolith bed and high density
of Malacanthus plumieri mounds (Amado-Filho et al.

2012a). Sampling was performed in July 2012 using
SCUBA.

To evaluate whether the benthic and fish assem-
blages differed between inhabited mounds and the
non-mounded typical rhodolith habitats, we used
photoquadrats and stationary visual census tech-
niques (cf. Francini-Filho et al. 2013 and Minte-Vera
et al. 2008, respectively). We considered inhabited
mounds to be those where we observed the burrow
just below the mounds to have been used by M.
plumieri (Fig. 1B). Non-mounded control areas were
considered to be those covered by rhodoliths at least
8 m distant from the closest mound.

Fifteen photoquadrats were obtained just above
haphazardly selected mounds (i.e. one photoquadrat
per mound), and 15 were randomly obtained for non-
mounded control areas. According to Amado-Filho et
al. (2012a), the diameter of M. plumieri mounds
ranges between 1.8 and 2.2 m in the FNA. For ben-
thic organisms that are sessile and are not much
larger than a rhodolith (~5 cm in diameter), we con-
sidered 0.7 m2 quadrat samples to be representative
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Fig. 1. Study area and field procedure. (A) Map of Fernando de Noronha Archipelago, Southwest Atlantic. Red arrow indicates
the experimental site in the Ressureta area. Isobaths are shown in meters. (B) An adult sand tilefish Malacanthus plumieri
inside its burrow just below the rhodolith mounds. (C) A rhodolith mound built by M. plumieri with many marked rhodoliths 

(yellow tie wraps) and a video recorder camera to capture images. Photos: G.H.P-.F (B) and Z.M. (C)
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of benthic assemblages. We used the Coral Point
Count software (CPCe) (Kohler & Gill 2006) to ana-
lyze the images; 225 points were randomly generated
per quadrat (cf. Pereira-Filho et al. 2011). Organisms
immediately below each point were identified to the
most precise taxonomic level possible. Quantitative
analyses were performed, considering the following
major benthic categories: live crustose coralline
algae forming rhodoliths (CCA), sand, fleshy macro-
algae (e.g. Order Dicyotales), bryozoans, sponges,
coenocitic algae (e.g. Caulerpa spp.) and scleractin-
ian corals (i.e. Siderastrea stellata). We also used
photoquadrats to measure the density of rhodoliths,
which was multiplied by 1.43 in order to present val-
ues as rhod. m−2.

The same mounds and sites in non-mounded con-
trol areas were sampled for fish assemblage data. We
used a stationary visual census technique (cf. Minte-
Vera et al. 2008) with samples positioned at the same
locations for which photoquadrats were obtained.
Because fishes are mobile organisms, we considered
that a distance of ~1 m from mound boundaries still
affects fish assemblages. Each sample started with
an identification period of 5 min, in which all species
within a cylinder of 4 m diameter and 1 m height
(defined by a meter tape) were identified and listed.
After this period, quantitative data were recorded
separately for all identified species, resulting in val-
ues of ind. 12 m−3 (approximately the volume of the
cylinder). Each individual was visually categorized
into one of 2 size categories according to their total
length (TL): 0−2 cm (i.e. recruit or ‘young-of-year’),
and >2 cm (i.e. all settled fish ) (see Carr & Syms
2006). Fish assemblages were sampled between
10:00 and 12:00 h for 3 successive days (July 2012),
totaling 10 censuses per day (5 on mounds and 5 in
non-mounded control areas). We marked the sam-
pled sites to avoid repeated samples.

For both fish and benthic assemblages, mounds
and non-mounded areas were compared using a
 permutational multivariate analysis of variance
(PERMANOVA). The influence of relatively rare and
abundant taxa was minimized by fourth-root trans-
formation for both benthic cover data and fish density
(Quinn & Keough 2001). The experimental design
considered only habitat type (mound vs. non-
mounded control areas) to be a fixed factor. There-
after, the data were graphically summarized using a
non-metric multidimensional scaling technique
(nMDS) based on the Bray-Curtis similarity index
(Clarke & Warwick 1994). When differences between
groups were observed, we used a similarity analysis
(SIMPER) to obtain a better description of the most

contributive species of each group. After log (x +1)
transformation, we also used the univariate t-test to
determine the differences in fish size classes for each
species between the mounds and the non-mounded
control areas. To evaluate the relative influence of
the benthic cover on the fish assemblages between
the mounds and non-mounded control areas, we
used a canonical correspondence analysis (Ter Braak
1996). A forward selection procedure was applied,
and only the independent variables that contributed
to an increase in the explanatory power of the model,
defined by a Monte Carlo permutation test (999 per-
mutations), were included in the final model. Multi-
variate statistical analyses were performed using the
packages Primer v. 6.1.13 with Permanova v. 1.0.3
extension and Canoco v. 4.5, and the software Statis-
tica v.12 was used for univariate analysis.

To test whether M. plumieri transports rhodoliths
from mounds to other regions we sampled 3 nearly
equidistant mounds (~15 m distance apart), each
inhabited by adults (35−45 cm total length, TL). In
each mound, 50 randomly selected rhodoliths were
marked using plastic tie wraps of the same color (red,
yellow, or green), to enable their identification at
each mound. The behavior of M. plumieri at each
experimental mound was studied by fixing a high-
resolution video camera (Sony full HD XR550V, 1920
× 1080 resolution) at a distance of ~0.6 m and record-
ing 100 continuous minutes per mound (totaling
300 min) (Fig. 1C). All records were taken between
10:00 and 14:00 h. The frequency and duration of
each event of rhodolith relocation were recorded, as
was the number of new rhodoliths added, as well as
the transport of fleshy macroalgae. These data are
given as percentages of the total video duration.

Experimental mounds were revisited 1, 5 and 10 d
after the rhodoliths were marked, to verify whether
marked rhodoliths had been removed from the
mounds. During each survey, we counted the num-
ber of marked rhodoliths in each mound and care-
fully searched for marked rhodoliths in a 50 m radius
around each mound.

RESULTS

Influence of Malacanthus plumieri on benthic cover

In both the non-mounded control areas and the M.
plumieri mounds, rhodoliths covered 100% of the
bottom. However, the densities in mounds (851.7 ±
55.7 rhod. m−2) were higher than in non-mounded
control areas (194.1 ± 31.0 rhod. m−2) (t = −10.3, p <
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0.001). Three major benthic categories dominated
(>70%) both sample sites: CCA, sand, and fleshy
macroalgae of the order Dictyotales (Dictyopteris
jamaicensis, Dictyota pulchella, Dictyopteris justii
and Canistrocarpus cervicornis). Samples from
mounds were mainly composed of CCA, those from
non-mounded areas of fleshy macroalgae and sand
(Fig. 2A).

Two-dimensional nMDS ordination showed a clear
separation of benthic assemblages (similarity level of
70%) between the mounds and the non-mounded
control areas (Fig. 2B). The differences between
these groups were corroborated by the PERM-
ANOVA results (Pseudo-F = 11.8, p < 0.01). The
mean dissimilarity between groups was 32.9% (SIM-
PER), and the categories that contributed most to dis-
similarity (>50%) were: CCA (15.5%), D. jamaicensis
(9.8%), D. pulchella (9.4%), sand (9.3%) and D. justii
(8.2%). Mounds and non-mounded control area
groups exhibited, within mean similarity, values

higher than 75%. The categories that contributed
most (>50%) for non-mounded areas were sand
(26.6%), D. jamaicensis (20.5%), CCA (14.9%) and
C. cervicorins (12.4%), whereas in the mounds, the
most characteristic groups were CCA (30.6%), sand
(18.5%), and D. jamaicensis (14.7%). These data
indicate that the benthic community associated with
the rhodolith bed from the studied site is dominated
by fleshy algae (order Dictyotales), with a larger
amount of sediment being trapped by them. On the
other hand, the benthic community associated with
M. plumieri mounds is depauperate with higher val-
ues of rhodolith-forming CCA without epiphytes and
a lower amount of sediment trapping.

Influence of Malacanthus plumieri on reef fish
assemblages

We observed a total of 33 reef fish species associ-
ated with the mound and non-mounded areas com-
bined (Table 1). The species richness was higher over
M. plumieri mounds (9.4 ± 1.7) (mean ± SE) than in
non-mounded control areas (5.5 ± 0.7) (t = −2.2; p <
0.05). Ten species were observed exclusively on M.
plumieri mounds (Lutjanus jocu, Malacoctenus aff.
triangulatus, Doratonotus megalepis, Dasyatis amer-
icana, Haemulon parra, Halichoeres poeyi, Abudef-
duf saxatilis, Sphyraena barracuda, Centropyge
aurantonotus, and Stegastes rocasensis), whereas 6
species were recorded only at the non-mounded
areas (Opistognathus aurifrons, Xyrichtys splendens,
Melichthys niger, Acanthurus coeruleus, Sparisoma
amplum and Acanthostracion polygonius) (Table 1).

No differences in total fish densities were observed
between the mounds and non-mounded control
areas (t = −2.0 and p > 0.05), with mean values rang-
ing from 11.5 ± 1.9 to 18 ± 2.5 ind. 12 m−3 (mean ±
SE), respectively. Stegastes pictus was observed in
both the non-mounded areas and the M. plumieri
mounds. This fish species was by far the most abun-
dant one on mounds (6.8 ± 2.0 ind. 12 m−3), followed
by Thalassoma noronhanum (2.4 ± 0.8 ind. 12 m−3),
M. aff triangulatus (0.9 ± 0.2 ind. 12 m−3), Halichoeres
dimidiatus (0.8 ± 0.3 ind. 12 m−3), Halichoeres radia-
tus (0.8 ± 0.4 ind. 12 m−3) and Sparisoma radians (0.7
± 0.4 ind. 12 m−3). Conversely, the fish assemblages
from non-mounded control areas did not contain any
evident dominant species (Fig. 3A).

Unlike the benthic assemblages, the 2-dimensional
nMDS ordination based on fish abundances did not
show a clear difference between the mounds and the
non-mounded areas (Fig. 3B). However, differences
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Fig. 2. Structure of the benthic assemblage on both Mala-
canthus plumieri mounds and adjacent rhodolith beds.
(A) Mean and standard error of coverage by benthic taxa.
(B) MDS based on the Bray-Curtis similarity index. Dotted
lines correspond to the 70% similarity level. CCA = crustose 

coralline algae. Species names refer to macroalgal taxa
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were detected by PERMANOVA (Pseudo-F = 4.8 and
p < 0.01). The mean similarities within the groups
were 36.7 and 19.2% for the mounds and non-
mounded control areas, respectively (SIMPER),
 although the mean dissimilarity between them re-
mained high (81.6%). The fishes that contributed the
most (>50%) to the dissimilarity between the mounds
and non-mounded areas were S. pictus (16.1%), T.
noronhanum (8.8%), Cryptotomus roseus (6.3%), H.
dimidiatus (5.8%), M. aff. triangulatus (5.6%), S.
 radians (5.2%) and Sparisoma axillare (4.4%). How-

ever, differences in abundance were observed only
for S. pictus (t = −4.9 and p < 0.001) (Fig. 3A).

We observed no differences in the size of fishes be -
tween the mounds and non-mounded control areas,
except for S. pictus in which we observed higher val-
ues of both size classes on the M. plumieri mounds
(t = −3.3, p < 0.01 and t = −2.7, p < 0.01 for 0−2 and
>2 size classes, respectively).

Relationship between benthic and reef fish
 assemblages

The first 2 axes of the canonical correspondence
analysis explained 77.8% of the relationship be -
tween the benthic cover and the structure of the fish
assemblages. Crustose coralline algae alone, which
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Fig. 3. Structure of fish assemblages by habitats: Malacan-
thus plumieri mounds and non-mounded control areas (see
Table 1 for genera). (A) Mean and standard error of the fish
abundances. Fish assemblages were sampled in a cylinder
with a base of 4 m diameter and a height of 1 m (i.e. a cylin-
der with a volume of approximately 12 m3). (B) MDS based 

on the Bray-Curtis index

Trophic     Species Mounds Non- 
category mounded 

areas

CAR Caranx crysos + +
CAR Cephalopholis fulva + +
CAR Lutjanus jocu + –
CAR Malacanthus plumieri + +
CAR Opistognathus aurifrons – +
MIF Dasyatis americana + –
MIF Doratonotus megalepis + –
MIF Haemulon parra + –
MIF Halichoeres dimidiatus + +
MIF Halichoeres poeyi + –
MIF Halichoeres radiatus + +
MIF Malacoctenus aff. triangulatus + –
MIF Mulloidichthys martinicus + +
MIF Pseudupneus maculatus + +
MIF Xyrichtys splendens – +
OMN Abudefduf saxatilis + –
OMN Coryphopterus glaucofraenum + +
OMN Gnatholepis thompsoni + +
OMN Melichthys niger – +
PIS Carangoides bartholomaei + +
PIS Sphyraena barracuda + –
PLA Thalassoma noronhaum + +
RH Acanthurus coerulus – +
RH Achanturus chirurgus + +
RH Cryptotomus roseus + +
RH Sparisoma amplum – +
RH Sparisoma axillare + +
RH Sparisoma frondosum + +
RH Sparisoma radians + +
SIF Acanthostracion polygonius – +
TH Centropyge aurantonotus + –
TH Stegastes pictus + +
TH Stegastes rocasensis + –

Total taxa 27 23
Exclusive taxa 10 6
Shared taxa 17

Table 1. Presence (+) and absence (–) of fish species
observed on both Malacanthus plumieri mounds and non-
mounded areas and their respective trophic categories
(based on Ferreira et al. 2004). CAR: carnivore, MIF: mobile
invertebrate feeder, OMN: omnivore, PIS: piscivore, PLA:
planktivore, RH: roving herbivore, SIF: sessile invertebrate 

feeder, TH: territorial herbivore
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had a higher coverage on the mounds (Fig. 2A),
explained most of the variation in the structure of the
reef fish assemblages (Monte Carlo Permutation test,
F-value = 2.23 and p-value estimate = 0.001).

Malacanthus plumieri and rhodolith movement

M. plumieri spent 15 ± 3% (mean ± SE) of the sam-
pled time moving rhodoliths: 10 ± 2% rearranging
the mounds and 5 ± 1% adding new rhodoliths and
attaching macroalgae to the mounds. The addition of
new rhodoliths occurred throughout the study
period, but no rhodoliths were recorded being re -
moved by M. plumieri from the mounds in the same
period (see edited video in the Supplement at www.
int-res. com/  articles/ suppl/ m541 p065_ supp/).

The various footages also allowed us to record the
yellow goatfish Mulloidichthys martinicus (Actino -
pterygii: Mullidae) moving rhodoliths. Groups of 10
to 15 individuals of this mobile invertebrate feeder
invaded and turned rhodoliths over from the M.
plumieri mounds while searching for invertebrates
(see video in the Supplement). This behavior
occurred during 3% of the recording time, always
while M. plumieri left the mounds (usually for
1−3 min). In all cases, groups of M. martinicus left the
mounds immediately after an agonistic behavior by
M. plumieri. We did not observe marked rhodoliths
outside their original mounds at 1, 5, or 10 d after the
initiation of the experiment.

DISCUSSION

Our data indicate that Malacanthus plumieri
changes the structure and dynamics of the rhodolith
bed and their associated reef fish assemblages. Ben-
thic assemblages associated with non-mounded
rhodolith areas are characterized by a high coverage
of sand, CCA, Dictyopteris jamaicensis and Canistro-
carpus cervicornis, whereas those from the sand tile-
fish mounds were less diverse, exhibiting higher
cover of CCA and lower cover of the other benthic
groups. The sand tilefish spent approximately 10%
of the observed time rearranging rhodoliths on their
mounds. However, not one rhodolith was observed
being removed from mounds, in keeping with its
high density (i.e. rhod. m−2) on mounds compared to
non-mounded areas. Büttner (1996) demonstrated
that the removal of M. plumieri in both artificial and
natural mounds resulted in sand coverage in just a
few days. Buried mounds were less complex and

attracted fewer fish (Büttner 1996). In fact, our analy-
sis indicated that CCA (i.e. rhodoliths free of epi-
phytes and sand) was the most important benthic
coverage in predicting the fish-associated assem-
blage (Monte Carlo permutation).

The greater abundance of Stegastes pictus on the
mounds was the major difference between the reef
fish assemblages of mounds vs. non-mounded areas
(Fig. 3A). This small territorial herbivorous fish seems
to depend on the availability of local refuges (Feitosa
et al. 2012, Peyton et al. 2014), using the many
crevices of the mounds as shelter. This association
between M. plumieri and S. pictus might be impor-
tant for both species, since we did not record any
agonistic behavior between them and also because
Stegastes spp. are known to farm their territories
(Ferreira et al. 1998), contributing to the cleaning of
the mound. Associations involving pomacentrids and
M. plumieri mounds has been previously reported by
Büttner (1996), who also described the mounds as
nursery habitats for juveniles of some carnivorous
fishes. M. plumieri bioturbation might also contribute
to soft-bottom communities by oxygenating sedi-
ments, as described by Volkenborn et al. (2007) for
the lugworm Arenicola marina (Polychaeta). The epi-
endo-engineering exclusion hypothesis states that
where epibenthic structures generated by autogenic
ecosystem engineering cover most of the sediment
surface, endobenthic ecosystem engineering is ex -
cluded (Bouma et al. 2009). Thus, epibenthic and
endobenthic diversity are each facilitated at the
expense of the other, thereby decreasing total diver-
sity. However, M. plumieri appears to act at the same
time as both an epi- (by building mounds) and an
endobenthic (by burrowing soft bottom) allogenic
ecosystem engineer, increasing the general local bio-
diversity. In addition, its continuous rearrangement
of rhodoliths may improve the CCA growth condi-
tions (i.e. removal of sediments and epiphytes, and
nodule turning), representing a feedback relation-
ship between endo- and epi-benthic engineers.

The coexistence of rhodoliths and M. plumieri can
affect the habitat and communities in different ways.
For example, fish assemblages associated with M.
plumieri mounds present higher richness and abun-
dance than those recorded in the non-mounded
areas, while macroalgal communities respond nega-
tively to the effects of the coexistence of these
 ecosystem engineers. Indeed, the co-occurrence of
 multiple ecosystem engineers can have a positive,
negative or neutral effect on biodiversity and hetero-
geneity of a seascape (Jones et al. 1997). These spe-
cies can form nested communities that increase the
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diversity and abundance of organisms and can create
mosaics of patches dominated by antagonistic eco-
system engineers that promote distinction between
communities (Angelini et al. 2011, Eklöf et al. 2011).
In addition, Büttner (1996) observed that after any
damage, the sand tilefish could completely recon-
struct its mound, moving more than 2000 separate
pieces within a 4-week period. Therefore, the pro-
cess of rhodolith grouping and scattering by M.
plumieri and by environmental factors appears to be
an important means by which rhodolith beds could
change the seascape (i.e. allogenic engineer role)
over soft bottoms.

Thus, M. plumieri mounds associated with rhodo -
lith beds appear to contribute to the biodiversity on a
wide spatial scale range. Over large spatial scales
(>100 m), the rhodolith beds encompass a greater
diversity compared with other less complex habitats,
such as soft bottoms (Steller & Foster 1995). On an in -
termediate (~50 m) scale, mounds constitute patches
within a homogeneous seascape, thus increasing the
spatial heterogeneity of the entire set of rhodolith
beds. At smaller scales (<0.5 m), the rhodolith’s struc-
ture provides a 3-dimensional substrate and traps
sediment, thus forming different microhabitats for a
wide diversity of invertebrates and associated algae
and fishes (Foster et al. 1997, Steller et al. 2003, Fos-
ter et al. 2013). Our findings corroborate these pat-
terns and show how mounds built by M. plumieri
change habitat provision for fish, macroinvertebrates,
and macroalgae, and influence diversity patterns.

The rhodolith beds in Brazil are among the most
extensive in the world, occurring over continental
and oceanic insular shelves and over seamounts
(Pereira-Filho et al. 2011, Amado-Filho et al. 2012a,b,
Pereira-Filho et al. 2012). However, our knowledge
of the biodiversity associated with the southwestern
Atlantic rhodolith beds is still insufficient to classify
areas related with higher biodiversity (Amado-Filho
& Pereira-Filho 2012, Foster et al. 2013). The magni-
tude of the ecosystem services provided by the
rhodolith beds is still unknown (e.g. Amado-Filho &
Pereira-Filho 2012, Cavalcanti et al. 2014). In con-
trast, investments to discover and explore new oil
areas, as well as carbonate mining activities, are
increasing at much faster rates than the initiatives to
understand and manage marine biodiversity, espe-
cially in the southwestern Atlantic Ocean (Moura et
al. 2013). Because of its contribution to seascape
 heterogeneity, we suggest that the presence of M.
plumieri mounds is an important variable in predict-
ing diversity in rhodolith beds. Additional studies are
necessary to further clarify the role of this fish as an

endobenthic ecosystem engineer, and especially to
improve the understanding of its relationship with
local biodiversity on different spatial and time scales.
Finally, we provided an emblematic and ubiquitous
case of an ecosystem engineering network in coastal
and marine ecosystems.
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