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Abstract

Macrophytes provide a habitat for many species of marine invertebrates, the gastropods being
one of the main components. This study provides new information about Sargassum-asso-
ciated gastropod biodiversity, through characterization of the fauna from a highly impacted
area of Brazil, investigating its variation at a small spatial scale and between two main seasons
of the year, as well as its relationship with macroalgae parameters. Density of gastropods was
higher during the warmest season and varied throughout sampling sites. A significant and
positive, however weak, relationship between gastropod density and Sargassum dry weight
was found in all localities. For all sites, a marked and unusual dominance of Bittiolum varium
was observed. The high dominance of this species seems to be related to the impacts caused by
shipping activities and highway construction in the 1970s and 1980s, which caused a decline
in local species diversity that seems to have continued until now. Many species, both typical of
these habitats and characteristic of other, nearby habitats, benefit from Sargassum sp. These
macrophytes allow gastropods to establish and grow during their most vulnerable stages, as
shown by the growth series and juvenile forms found for most species of gastropods. The pre-
sent data highlight the importance of macrophyte habitats for gastropod biodiversity in coastal
areas and call attention to the importance of raising knowledge on this fauna, especially in
impacted areas, thus contributing to the conservation of these highly diverse and ecologically
important macrophyte-gastropod systems.

Introduction

Macrophytes are important ecosystem engineers in the marine environment. They commonly
form extensive beds in coastal areas, thereby creating new habitats for a wide variety of organ-
isms, including epiphytic algae as well as invertebrate and vertebrate animals. Living attached
to or associated with these macrophytes, these animals benefit from access to food resources,
protection from predators and natural environmental impacts, more stable abiotic conditions,
or by using them as sites for reproduction and recruitment of larvae (Christie et al., 2009;
Thomaz & Cunha, 2010).

The malacofauna is one of the main invertebrate components of this fauna, and the gastro-
pods are the most important, with high numbers of species and trophic diversity (Chemello &
Milazzo, 2002; Rueda & Salas, 2003; Urra et al., 2013). Macrophyte-associated gastropods have
an important role in aquatic ecosystems as consumers or prey, constituting an important link
between different trophic levels (Martin et al., 1992; Heck et al., 2008).

In the Brazilian coast, the brown algae Sargassum C. Agardh are among the most represen-
tative, especially in south-eastern Brazil (Széchy & Paula, 2000). With many different
alien species registered in the region, such as Sargassum cymosum, Sargassum furcatum,
Sargassum filipendula and Sargassum stenophyllum (Leite et al., 2007; Carvalho et al,
2018), this genus is marked by large fronds, high biomass and extensive branching, thus pre-
senting a complex, highly variable morphology, with structural variations in frond size, num-
ber and size of stalks and branches, depending not only on species identity, but also on
environmental variables, which generates intraspecific plasticity (Jacobucci & Leite, 2002;
Leite et al., 2007). For the present study the sampled algae are collectively referred to hereafter
as Sargassum.

Macrophyte-invertebrate associations are sensitive to human impacts, since contaminants
can accumulate in these systems, resulting in a disequilibrium (Duarte, 2002; Roberts et al.,
2008; Waycott et al., 2009) with consequences for their many constituent species (Roberts
et al., 2008). Anthropogenic stress can directly affect individuals in molluscan assemblages,
causing morphological and physiological alterations that may result in changes in population
parameters (Walsh et al., 1994; Feldstein et al., 2003), and also altering the species composition
and community diversity (Sdnchez-Moyano et al., 2000; Terlizzi et al., 2005; Rumisha et al.,
2012).
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The present study aims to (1) characterize Gastropoda assem-
blages associated with Sargassum spp. beds at a historically
impacted area in Brazil, highlighting the importance of these
habitats for the establishment of gastropod juveniles, by illustrat-
ing the growth stages of the main species and (2) investigate the
variation of gastropod densities, as well as macroalgae dry weight,
at a small spatio-temporal scale, expecting that higher levels of
gastropod densities will occur during the warmest months, and
that macroalgae dry weight will positively influence the density
of gastropods.

Materials and methods
Study area

The collections were performed at four sampling sites on the
rocky shores of the Flamengo, Lamberto, Ribeira and Santa Rita
beaches in Flamengo Bay (23°29'42"-23°31'30"S 045°05'-045°
07'30”W), situated in the Ubatuba municipality, on the northern
coast of the state of Sdo Paulo, south-eastern Brazil (Figure 1).
This bay is about 2.5km in diameter and 18 km” in surface
area, with a maximum depth of 14 m, ie. quite shallow. The
bay is directly connected to the open sea in its southern part; it
is a semi-confined system, dominated by coastal waters with mod-
erate hydrodynamics (Langone et al., 2005). The Flamengo Bay is
historically contaminated by differing types of pollutants, such as
heavy metals and organic pollution, with a main source of con-
taminants located at the Saco da Ribeira (Figure 1), a highly
impacted area of the bay with large state marinas and intense
boating activity (CETESB, 2014, 2015, 2016).

Sampling procedure

Sampling was performed monthly from March 2014 to February
2015 inclusive. In each month, six fronds of the brown alga
Sargassum sp. were collected through snorkelling at each sam-
pling site. The fronds were taken randomly from 1-4 m depth
in order to avoid the effects of the tidal oscillation and placed
in individual 0.2 mm mesh bags to prevent loss of the macro-
fauna. At each sampling site, the water temperature was also
obtained at the time of sampling.

In the laboratory, the fronds were washed three times to
remove all the associated fauna, which was then fixed in 70%
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ethanol. The fauna was sorted under a stereomicroscope, and
the gastropods were separated to be identified at species levels
(or best taxonomic resolution possible) and counted. For each
species, all individuals were examined for the occurrence of
different sizes, as growth series, which were photographed with
a camera coupled to a Zeiss Discovery V8 stereomicroscope.
Voucher specimens of these gastropod species are deposited in
the Museum of Zoology of State University of Campinas
(Unicamp).

During the washing process, other epibionts attached to the
frond surfaces, including epiphytic algae, bryozoans and hydrozo-
ans, were also removed. The Sargassum sp. fronds and these epi-
bionts were dried separately at 70°C for 48 h and then weighed
with a 0.001 g precision balance. The gastropod density was
expressed in reference to the dry weight of the algae.

Data analysis

For the analysis in this study, months were divided into two main
seasons, in accordance with climatic data from Ubatuba shore
(Climate-data.org., 2016): a cool season, from May to October,
and a warm season, from November to April.

Therefore, the densities and number of gastropod species, as
well as the dry weight of Sargassum fronds and its epibionts,
were compared among sites and seasons with a linear mixed
effects model, considering two fixed factors: season (two levels:
warm and cool) and area (four levels, corresponding to the
Flamengo, Lamberto, Ribeira and Santa Rita shores), and as a ran-
dom factor the months of sampling, that were nested in the sea-
son factor, in order to avoid temporal correlation of samples in
each site and, thus, pseudoreplication (Pinheiro & Bates, 2000).
The analysis was performed with the nlme package (Pinheiro
et al., 2018) and for significant results, a multicomparison a pos-
teriori test was performed with the glht function of multcomp
package (Hothorn et al, 2008) in software R v3.2.3 (R Core
Team, 2015). Data for gastropod densities, Sargassum and epi-
biont dry weights were transformed to log(x + 1).

A linear regression analysis was used to determine the relation-
ship between Sargassum dry weights and gastropod abundances at
each site, with gastropod abundance as the dependent variable. A
Pearson linear correlation was used to investigate the relationship
between gastropod densities and seawater temperature at each site
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Table 1. Linear mixed effects model results (a: Sargassum dry weight; b:
epibiont dry weight; c: gastropod density; d: number of gastropod species)

Source numDF denDF F P
(a) Sargassum dry weight
(Intercept) 1 270 2433.495 <0.0001
Area 3 270 2.95 0.0332
Season 1 10 1.85 0.2035
Area x Season 3 270 0.96 0.4143
Transformation: log(x + 1)
(b) Epibiont dry weight
(Intercept) 1 270 268.6351 <0.0001
Area 3 270 2.83 0.0388
Season 1 10 1.54 0.2426
Area x Season 3 270 3.19 0.0241
Transformation: log(x + 1)
(c) Gastropod density
(Intercept) 1 270 599.2951 <0.0001
Area 3 270 100.10 <0.0001
Season 1 10 23.42 <0.0001
Area x Season 3 270 13.67 <0.0001
Transformation: log(x +1)
(d) Number of species
(Intercept) 1 270 1615.42 <0.001
Area 3 270 45.8953 <0.001
Season 1 10 7.8826 0.0186
Area x Season 3 270 4.0324 0.0079

No transformation

during the year. All analyses were performed in software R v3.2.3
(R Core Team, 2015).

The homogeneity of variances and normality of data were
checked by visual inspection of residuals.

Results
Macrophytes

Both Sargassum spp. and epibiont dry weights did not show any
significant variation between warm and cool seasons, whereas
Sargassum fronds presented a higher dry weight in Ribeira
shore and a smaller one in Flamengo, with intermediate values
in Lamberto and Santa Rita (Table 1: a, b, Figure 2). The variation
of epibiont dry weight, despite being statistically significant for
the interaction between season and site, did not show any signifi-
cant differences in the a posteriori test (Table 1: a, b, Figure 2).

Gastropods

A total of 142,996 individual gastropods were obtained, belonging
to 68 species. The total gastropod abundance was highest at
Ribeira, followed by Flamengo, Lamberto and Santa Rita in that
order. The total number of species was higher at Flamengo (58
species), followed by Lamberto, Ribeira and Santa Rita, with 56,
53 and 43 species, respectively. The complete list of species and
their total abundances at each site are presented in Table 2.
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Gastropod densities varied between seasons and among sam-
pling sites (Table 1: ¢; Figure 2), with the highest density values
during the warm season for all sites except Flamengo, and with
higher densities in Ribeira and Flamengo than in Lamberto and
Santa Rita. The annual gastropod fluctuation showed the same
pattern for all locations, with the highest densities primarily in
March and April and between November and February, the per-
iods with the highest seawater temperatures (Figure 3). At
Flamengo Beach, the differences among months were less evident
(Figure 3). At all sites, a significant and positive correlation was
observed between gastropod density and water temperature,
with a strong correlation at Lamberto, Ribeira and Santa Rita,
and a weaker one at Flamengo (Pearson’s correlation, Flamengo:
t=2.353, df =10, P=0.040, r=0.597; Lamberto: t=4.524, df=
10, P=0.001, r =0.820; Ribeira: t=4.219, df =10, P=0.002, r=
0.800; Santa Rita: t=3.100, df =10, P=0.011, r =0.700).

A very similar pattern was observed for the number of species
sampled at each site, with a higher mean number of species in
Ribeira and Flamengo than in Lamberto and Santa Rita in both
seasons. There was no significant variation in species number
between seasons at any site (Table 1: d; Figure 2).

About 96% of the gastropods analysed in this study were from
only six species, with Bittiolum varium as the most dominant at
all sampling sites (Figure 3), followed in decreasing order of abun-
dance by Caecum ryssotitum, Eulithidium affine, Mitrella dichroa,
Alvania auberiana and Caecum brasilicum. The remaining 4% of
the specimens were from the other 62 species, showing that this
gastropod assemblage is composed of a few dominant and
many rare species.

Both the common and rarer species showed high proportions
of juveniles, as illustrated in the growth series in Figures 4, 5 and
6. For the most common species, Bittiolum varium, Caecum rys-
sotitum, Eulithidium affine and Mitrella dichroa, complete series
were found, from the earliest juvenile stages to adults. For other
species that are not typically found in these habitats, such as
Stramonita brasiliensis and Leucozonia nassa, which are common
on rocky shores, and Cerithium atratum, mostly found in soft bot-
toms, almost exclusively juvenile and sub-adult forms occurred.

Another remarkable feature was the presence of gastropod spe-
cies that are typically known as parasites, such as the
Pyramidellidae (Wise, 1996), with many species well represented
in this study, i.e. Turbonilla multicostata, Boonea seminuda and
Ioleae robertsoni. Those species could benefit from the other asso-
ciated species found on these habitats acting as hosts (e.g. other
molluscs, sedentary polychaetes, etc.), but that still remains
unclear. Adult specimens of all pyramidellid species were rarely
found.

Sargassum spp. dry weight and gastropod abundance were sig-
nificantly and positively related at all sites, except Lamberto
(Figure 7).

Discussion

The gastropod fauna exhibited a clear temporal pattern of vari-
ation at all sampling sites in Flamengo Bay, with the highest dens-
ities during the warmest months of the year. Other studies of the
gastropods associated with marine macrophytes have found tem-
poral variations, and most recorded the highest abundances dur-
ing the summer and/or spring periods (Leite & Turra, 2003;
Rueda & Sallas, 2003; Urra et al., 2013).

The peak gastropod abundances during the warm season
observed here were not influenced by the biomass of fronds in
the Sargassum sp. beds, which did not show significant variation
between the two seasons. This may be related to biotic factors,
such as a higher recruitment rate during this period, as suggested
by other studies on macrophyte-associated gastropod assemblages
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(Leite & Turra, 2003; Arroyo et al., 2006; Rueda et al., 2008), and
reinforced here by a high presence of juveniles in this period
(Longo, personal observation).

Furthermore, food sources for some species may increase dur-
ing the warmer months. Organisms that form a biofilm on bot-
tom surfaces grow faster in warmer temperatures (Villanueva
et al., 2011), which could benefit many gastropod populations
associated with Sargassum spp. beds. Many of the gastropod spe-
cies herein are microherbivores that feed on the biofilm estab-
lished on the macrophyte fronds, including the most dominant
species here, Bittiolum varium (Montfrans et al., 1982) and,
thus, those epiphytic diatoms and filamentous algal established
on macroalgae surface may have an important role on gastropod
assemblages (Amsler et al, 2015), that must be further
investigated.

Differences were also observed in gastropod density and num-
ber of species among the four sampling sites in Flamengo Bay,
with the higher values of both variables found in Ribeira and
Flamengo. The Sargassum spp. populations from each site were
morphologically different from each other (Longo, personal
observation), possibly indicating different species, which could
be influencing the variations on gastropod parameters. Distinct
species identities, and thus distinct morphologies among
Sargassum species, have already been related to differences in
community parameters of amphipods (Carvalho et al., 2018)
and molluscs (Veiga et al., 2018). Even though the algal structure
parameter in this study (algal dry weight) is probably not influen-
cing the faunal differences found, since the two sites with the
highest levels of gastropod density and number of species
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(Ribeira and Flamengo shores) had respectively the highest and
lowest values of Sargassum dry weight, other unmeasured struc-
tural differences (e.g. number and size of branching) should be
considered for an understanding of the importance of algal
morphology and species identity on gastropod assemblages.

Also, other local differences of environmental parameters (e.g.
hydrodynamic forces) could have an important role in the
observed differences. Rubal et al. (2018), studying molluscan
assemblages associated with the macroalga Asparagopsis armata
in the Iberian Peninsula, raised the hypothesis that local differ-
ences found were due to environmental variables, and Tanaka
& Leite (2003) have discussed the importance of the association
of habitat complexity and physical conditions in the variations
of gammarid assemblages living in Sargassum habitats at
small spatial scales, while Jiménez-Ramos et al. (2019) have
experimentally demonstrated the importance of habitat structure
and abiotic factors such as hydrodynamics, on the structuring of
macrophyte ecosystems. Thus, the influence of environmental fac-
tors, in association with habitat complexity, may explain the dif-
ferences found herein and should be further investigated in future
studies.

Even though gastropod densities presented some variation
throughout the four sampling sites, the dominance of B. varium
in all sites of Flamengo Bay was remarkable. Although this species
often occurs in association with macrophytes, such high domin-
ance levels are unusual, both in studies with other macrophyte
species (Leite et al., 2009; Creed & Kinupp, 2011; Barros &
Rocha-Barreira, 2013; Zamprogno et al., 2013; Queiroz & Dias,
2014; Duarte et al, 2015; Garcia et al, 2015) and in studies
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Table 2. List of gastropod species associated with Sargassum sp. and respective abundances at the four collecting sites

Family/species Flamengo Lamberto Ribeira Santa Rita

Acteocinidae

Acteocina bullata (Kiener, 1834) 0 1 0 2
Aglajidae

Navanax gemmatus (Morch, 1863) 134 71 51 36
Aplysiidae

Phyllaplysia engeli Er. Marcus, 1955 50 21 29 24

Aplysia sp. 0 2 0 0

Assimineidae

Assiminea succinea (Pfeiffer, 1840) 5 0 2 0
Barleeidae

Amphithalamus glabrus Simone, 1996 5 0 2 1
Buccinidae

Engina turbinella (Kiener, 1836) 2 1 1 0
Bullidae

Bulla occidentalis A. Adams, 1850 28 15 13 1
Caecidae

Caecum brasilicum de Folin, 1874 711 9 218 141

Caecum ryssotitum de Folin, 1867 2032 280 3255 173

Calliostomatidae

Calliostoma sp. 1 0 1 0 1

Calliostoma sp. 2 1 0 0 0

Calyptraeidae

Bostrycapullus odites Collin, 2005 0 1 1 0

Crepidula sp. 0 0 1 0
Capulidae

Capulus sp. 1 29 2 3 1

Capulus sp. 2 15 0 0 0
Cerithiidae

Bittiolum varium(Pfeiffer, 1840) 24,075 14,058 80,576 5597

Cerithium atratum (Born, 1778) 57 1 16 0

Cerithiopsidae

Cerithiopsis gemmulosa (C.B. Adams, 1850) 6 5 1 1

Retilaskeya bicolor (C.B. Adams, 1845) 1 1 2 1

Columbellidae

Anachis fenneli Radwin, 1968 0 0 1 0
Anachis lyrata (G.B. Sowerby |, 1832) 1 4 1 0
Astyris lunata (Say, 1826) 4 0 2 0
Costoanachis sertulariarum (d’Orbigny, 1839) 104 205 139 34
Costoanachis sparsa (Reeve, 1859) 148 78 264 47
Mitrella dichroa (G.B. Sowerby |, 1844) 264 487 364 612
Parvanachis obesa (C.B. Adams, 1845) 66 12 35 19
Eulimidae
Annulobalcis aurisflamma Simone & Martins, 1995 2 0 0 0
Melanella eburnea (Megerle von Miihlfeld, 1824) 1 0 1 0
Vitreolina bermudezi (Pilsbry & Aguayo, 1933) 0 1 0 0
Eulimostraca sp. 1 0 0 3
(Continued)
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Table 2. (Continued.)

Family/species Flamengo Lamberto Ribeira Santa Rita

Vitreolina sp. 0 1 0 0

Fasciolariidae

Leucozonia nassa (Gmelin, 1791) 48 0 2 1

Fissurellidae

Fissurella rosea (Gmelin, 1791) 40 16 24 36

Fissurellidae sp. 1 0 0 1 1

Haminoeidae

Haminoea antillarum (d’Orbigny, 1841) 15 10 34 0
Litiopidae

Alaba incerta (d’Orbigny, 1841) 1 1 0 0
Littorinidae

Echinolittorina lineolata (d’Orbigny, 1840) 0 3 1 0

Littoraria flava (King, 1832) 2 0 0 0
Mangeliidae

Tenaturris fulgens (E.A. Smith, 1888) 2 0 1 0
Muricidae

Morula nodulosa (C.B. Adams, 1845) 3 1 1 0

Stramonita brasiliensis Claremont & D.G. Reid, 2011 8 5 6 3
Olivellidae

Olivella minuta (Link, 1807) 0 0 0 1

Phasianellidae

Eulithidium affine (C.B. Adams, 1850) 891 298 1412 2013

Eulithidium bellum (M. Smith, 1937) 2 0 0 0
Planaxidae

Fossarus ambiguus (Linnaeus, 1758) 0 1 0 0

Pseudomelatomidae

Pilsbryspira leucocyma (Dall, 1884) 0 4 0 0

Pilsbryspira zebroides (Weinkauff & Kobelt, 1876) 0 1 1 0

Pyramidellidae

Boonea jadisi (Olsson & McGinty, 1958) 63 7 11 10
Boonea seminuda (C.B. Adams, 1839) 190 39 153 13
Eulimastoma canaliculatum (C.B. Adams, 1850) 2 1 3 0
Eulimastoma didymum (Verrill & Bush, 1900) 15 1 8 1
Fargoa bushiana (Bartsch, 1909) 35 14 29 5
lolaea robertsoni (van Regteren Altena, 1975) 115 33 119 20
Odostomia laevigata (d’Orbigny, 1841) 0 1 1 1
Oscilla somersi (Verrill & Bush, 1900) 1 0 0 1
Trabecula krumpermani (De Jong & Coomans, 1988) 0 0 2 0
Turbonilla multicostata (C.B. Adams, 1850) 172 112 384 37
Turbonilla penistoni Bush, 1899 11 3 12 3
Turbonilla sp. 1 1 0 0

Rissoellidae

Rissoella ornata Simone, 1995 14 0 0 3
Rissoidae
Alvania auberiana (d’Orbigny, 1842) 719 26 446 31
(Continued)
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Table 2. (Continued.)
Family/species Flamengo Lamberto Ribeira Santa Rita
Rissoinidae
Schwartziella bryerea (Montagu, 1803) 7 60 322 15
Scaliolidae
Finella dubia (d’Orbigny, 1840) 0 3 4
Tegulidae
Tegula viridula (Gmelin, 1791) 1 3 7
Tornidae
Parviturboides interruptus (C.B. Adams, 1850) 2 0 0
Triphoridae
Marshallora nigrocincta (C.B. Adams, 1839) 18 12 29 2
Nototriphora decorata (C.B. Adams, 1850) 1 0 1
Total 30,220 15,922 87,947 8907
i 45 Flamengo
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with Sargassum sp. beds elsewhere on the Brazilian coast
(Almeida, 2007; Jacobucci et al., 2006; Longo et al., 2014).

A historical analysis of Flamengo Bay reveals that such high
dominance levels of B. varium were not always observed. In an
inventory of the gastropod species associated with Sargassum
sp. beds in this area, Montouchet (1979) observed that other spe-
cies such as Eulithidium affine and Astyris lunata showed the
highest abundance levels, whereas B. varium comprised only
1.57% of the total ‘prosobranch’ gastropods. Later, Leite &
Martins (1991), working in the same area, found a striking
increase in B. varium dominance, with a 98% relative abundance.
The time interval between these two studies was marked by
anthropogenic modifications in this area, including a highway
construction near the bay, the development of state marinas in
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total relative abundances of the four most abundant
species at each collecting site.

the bay, and a regional increase in the human population
(Buzato, 2012). The impact of these activities on Flamengo Bay
may be affecting the local fauna, favouring the establishment
and dominance of opportunistic species, such as the micrograzer
B. varium.

The effects of anthropogenic impacts can frequently be
observed in the diversity parameters of marine assemblages,
resulting in lower evenness values and a higher dominance of
one or a few species (Hillebrand et al, 2008; Johnston &
Roberts, 2009). This pattern, associated with impacted areas,
has been described for coastal molluscan assemblages (Terlizzi
et al., 2005; Mendes et al., 2006; Amin et al., 2009) and could
be observed in Flamengo Bay in recent decades, which indicates
the effects of anthropogenic impacts in the area. The high
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Fig. 4. Species growth series. (A) Bittiolum varium; (B) Alvania uberiana; (C) Costoanachis sparsa; (D) Costoanachis sertulariarum; (E) Mitrella dichroa; (F) Eulithidium
affine. Scale bar: 1 mm.

dominance values of B. varium in this study suggest that these In Flamengo Bay, although a positive and significant relation-
effects may have continued until the present time, an issue that  ship between the dry weight of Sargassum sp. fronds and gastro-
is being further investigated (Longo et al, in prep.). Therefore, pod abundance was observed in most periods, this relationship
this result is in accordance with other studies that documented  was weak. The importance of the macrophyte beds for the estab-
the vulnerability of gastropod-macrophyte systems under lishment and growth of their epifauna in general (e.g. Veiga et al.,
human-induced stress (Conti & Cecchetti, 2003; Terlizzi et al,  2014; Torres et al., 2015) and for gastropods specifically (e.g.
2005; Roberts et al., 2008). Norton & Benson, 1983; Vincent et al, 1991; Wang et al,
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Fig. 5. Species growth series. (A) Caecum ryssotitum; (B) Caecum brasilicum; (C) Turbonilla multicostata; (D) Schwartziella bryerea; (E) Phyllaplysia engeli; (F) Navanax

gemmatus. Scale bar: 1 mm.

2006) was demonstrated by the significant and highly positive
relationship between the macrophyte biomass and the abundance
of associated individuals. Veiga et al. (2018) demonstrated that,
besides biomass, molluscan assemblages were also highly influ-
enced by algal architecture, measured as the fractal area of each

https://doi.org/10.1017/50025315419000304 Published online by Cambridge University Press

frond, a variable that could be included in future studies.
Nevertheless, possibly other factors such as the anthropogenic
impacts on Flamengo Bay (CETESB, 2014, 2015, 2016) may be
limiting the occurrence of this fauna there, thus affecting the lin-
ear relationship between macrophytes and associated species. This


https://doi.org/10.1017/S0025315419000304

Pedro Augusto dos Santos Longo et al.

Fig. 6. Species growth series. (A) Cerithium atratum; (B) Stramonita brasiliensis; (C) Fissurella rosea; (D) Nototriphora decorata; (E) Leucozonia nassa. Scale bar: 1 mm.

hypothesis becomes stronger when we observe that in Lamberto
Beach, the site closest to the polluted Saco da Ribeira, the
Sargassum dry weight-gastropod abundance relationship was
not significant.

The remarkable diversity of gastropods living in association
with Sargassum spp. beds illustrated here, with a large occurrence

https://doi.org/10.1017/50025315419000304 Published online by Cambridge University Press

of juvenile stages of the most common resident species as well as
the less abundant species typical of other, nearby habitats, calls
attention to the need to extend our knowledge of the biology
and dynamics of these species, as well as to better understand
the role performed by this macroalga in the establishment
and development of the gastropod species, especially in impacted
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Fig. 7. Linear regressions between gastropod abundances and algal dry weight. Flamengo: y=0.07x+2.145, N=72, F=18.61, adjusted R*=0.1987, P<0.0001.
Lamberto: y=0.040x + 1.75, N =72, F=1.992, adjusted R?=0.0138, P=0.1626. Ribeira: y=0.119x+2.067, N=72, F=13.62, adjusted R?*=0.1509, P<0.0001. Santa

Rita: y = 0.060x + 1.434, N =72, F=4.283, adjusted R®=0.0442, P=0.0422.

areas. Similar observations have already been made for
molluscan assemblages associated to Cpystoseira spp., another
canopy-forming brown alga, from other localities (Pitacco et al,
2014; Lolas et al., 2018). Those numerous juvenile forms found
could indicate that macroalgae such as Sargassum sp. provide a
favourable environment for the development of gastropods, acting
as a nursery, as has been well established for other invertebrate
and vertebrate groups (Haywood et al, 1995; Perkins-Visser
et al., 1996; Cocheret de la Moriniére et al, 2002; Heck et al,
2003; Bulleri et al., 2006). Further investigations are needed for
gastropod assemblages, since most studies have focused on a
few species, such as Strombus gigas (Stoner, 2003).

The generation of further information on the highly diverse
gastropod assemblages associated with macrophyte habitats,
their structure patterns in impacted areas such as Flamengo
Bay, and the interactions between gastropods and macroalgae
will enable the development and implementation of effective con-
servation measures for these ecologically important habitats
formed by macrophyte beds in coastal regions.

Acknowledgements. We wish to thank the northern Clarimundo de
Jesus Research Base (Oceanographic Institute, University of Sdo Paulo), as
well as all the technicians, for their help and support during the collecting
process; A. Mouro, A.P. Ferreira and M.B. Fernandes, for help with material
processing and/or data analysis; A.L. Loren¢o, V. Vicente and I. Capistrano
for valuable help with material processing; members of the LICOMAR -
Unicamp, for their help during collection, processing and discussions;
D. Zaya, for helping with the photographs; P.V.F. Corréa for designing the

map; and C.M. Cunha and L. Souza for their help during the identification
process.

Financial support. This work was supported by the Coordenagio de
Aperfeigoamento de Pessoal de Nivel Superior (CAPES).

https://doi.org/10.1017/50025315419000304 Published online by Cambridge University Press

References

Almeida SM (2007) Malacofauna associada ao fital de Sargassum spp. no
Pontal do Cupe, Ipojuca, PE. Master’s dissertation. Federal University of
Pernambuco, Pernambuco, Brazil.

Amin B, Ismail A, Arshad A, Yap CK and Kamarudin MS (2009) Gastropod
assemblages as indicators of sediment metal contamination in mangroves of
Dumai, Sumatra, Indonesia. Water, Air and Soil Pollution 201, 9-18.

Amsler M, Huang YM, Engl W, McClintock JB and Amsler CD (2015)
Abundance and diversity of gastropods associated with dominant subtidal
macroalgae from the western Antarctic Peninsula. Polar Biology 38, 1171-
1181.

Arroyo MC, Salas C, Rueda JL and Gofas S (2006) Temporal changes of mol-
lusc populations from a Zostera marina bed in southern Spain (Alboran
Sea), with biogeographic considerations. Marine Biology 27, 417-430.

Barros KVS and Rocha-Barreira CA (2013) Responses of the molluscan
fauna to environmental variations in a Halodule wrightii Ascherson ecosys-
tem from Northeastern Brazil. Anais da Academia Brasileira de Ciéncias 85,
1397-1410.

Bulleri F, Airoldi L, Branca GM and Abbiati M (2006) Positive effects of the
introduced green alga, Codium fragile ssp. tomentosoides, on recruitment
and survival of mussels. Marine Biology 148, 1213-1220.

Buzato E (2012) Avaliagdo de impactos ambientais no municipio de Ubatuba:
uma proposta a partir de geoindicadores. PhD thesis. University of Sdo
Paulo, Sao Paulo, Brazil.

Carvalho NF, Grande H, Filho JSR and Jacobucci GB (2018) The structure of
gammarid amphipod (Crustacea, Peracarida) assemblages associated with
Sargassum (Phaeophyta, Fucales) and their link with the structural com-
plexity of algae. Hydrobiologia 820, 245-254.

CETESB - Companhia Ambiental do Estado de Sdo Paulo (2014) Qualidade
das dguas superficiais do estado de Sdo Paulo. Parte 2 - Aguas salinas e salo-
bras. 164 pp.

CETESB - Companhia Ambiental do Estado de Sdo Paulo (2015) Qualidade

das dguas superficiais do estado de Sdo Paulo. Parte 2 - Aguas salinas e salo-
bras. 164 pp.


https://doi.org/10.1017/S0025315419000304

1306

CETESB - Companhia Ambiental do Estado de Sdo Paulo (2016) Qualidade
das dguas superficiais do estado de Sdo Paulo. Parte 2 — Aguas salinas e salo-
bras. 164 pp.

Chemello R and Milazzo M (2002) Effect of algal architecture on associated
fauna: some evidence from phytal molluscs. Marine Biology 140, 981-990.

Christie H, Norderhaug KM and Fredriksen S (2009) Macrophytes as habitat
for fauna. Marine Ecology Progess Series 396, 221-233.

Climate-data.org. (2016) Climate data for cities worldwide. Available at http:/
en.climate-data.org/location/34847/ (accessed 24 June 2016).

Cocheret de la Moriniére E, Pollux BJA, Nagelkerken I and Van der
Velde G (2002) Post-settlement life cycle migration patterns and habitat
preference of coral reef fish that use seagrass and mangrove habitats as nur-
series. Estuarine, Coastal and Shelf Science 55, 309-321.

Conti ME and Cecchetti G (2003) A biomonitoring study: trace metals in
algae and molluscs from Tyrrhenian coastal areas. Environmental
Research 93, 99-112.

Creed JC and Kinupp M (2011) Small scale change in mollusk diversity along
a depth gradient in a seagrass bed off Cabo Frio (Southeast Brazil).
Brazilian Journal of Oceanography 59, 267-276.

Duarte CM (2002) The future of seagrass meadows. Environmental
Conservation 29, 192-206.

Duarte RCS, Mota ELS, Almeida ICS, Pessanha ALM, Christoffersen ML
and Dias TLP (2015) Gastropods associated to three reef macrophytes
with different architectures. Strombus 22, 5-18.

Feldstein T, Kashman Y, Abelson A, Fishelson L, Mokady O, Bresler V and
Erel Y (2003) Marine molluscs in environmental monitoring. III. Trace
metals and organic pollutants in animal tissue and sediments. Helgoland
Marine Research 57, 212-219.

Garcia AF, Bueno M and Leite FPP (2015) The Bostrychietum community of
pneumatophores in Araca Bay: an analysis of the diversity of macrofauna.
Journal of the Marine Biological Association of the United Kingdom 86,
1617-1624.

Haywood MDE, Vance DJ and Loneragan NR (1995) Seagrass and algal beds
as nursery habitats for tiger prawns (Penaeus semisulcatus and P. esculentus)
in a tropical Australian estuary. Marine Biology 122, 213-223.

Heck Jr. KL, Hays G and Orth RJ (2003) Critical evaluation of the nursery
role hypothesis for seagrass meadows. Marine Ecology Progress Series 253,
123-136.

Heck Jr. KL, Carruthers TJB, Duarte CM, Hughes AR, Kendrick G, Orth R]
and Williams SW (2008) Trophic transfers from seagrass meadows subsid-
ize diverse marine and terrestrial consumers. Ecosystems 11, 1198-1210.

Hillebrand H, Bennett DM and Cadotte MW (2008) Consequences of dom-
inance: a review of evenness effects on local and regional ecosystem pro-
cesses. Ecology 89, 1510-1520.

Hothorn T, Bretz F and Westfall P (2008) Simultaneous inference in general
parametric models. Biometrical Journal 50, 346-363.

Jacobucci GB and Leite FPP (2002) Distribui¢ao vertical e flutuagio sazonal
da macrofauna vagil associada a Sargassum cymosum C. Agardh, na praia
do Lazaro, Ubatuba, Sdo Paulo, Brasil. Revista Brasileira de Zoologia 19
(Suppl.1), 87-100.

Jacobucci GB, Giith AZ, Turra A, Magalhdes CA, Denadai MR,
Chaves AMR and Souza ECF (2006) Levantamento de Mollusca,
Crustacea e Echinodermata associados a Sargassum spp. na Ilha da
Queimada Pequena, Estagdo Ecoldgica dos Tupiniquins, litoral sul do
estado de Sao Paulo, Brasil. Biota Neotropica 6, 1-8.

Jiménez-Ramos R, Egea LG, Vergara JJ, Bouma TJ and Brun FG (2019) The
role of flow velocity combined with habitat complexity as a top-down regu-
lator in seagrass meadows. Oikos 128, 64-76.

Johnston EL and Roberts DA (2009) Contaminants reduce the richness and
evenness of marine communities: a review and meta-analysis.
Environmental Pollution 157, 1745-1752.

Langone RB, Duleba W and Mahiques MM (2005) Dinimica de fundo da
Enseada do Flamengo, Ubatuba, Brasil, inferida a partir da distribuigao
espacial, morfometria e tafonomia de foraminiferos. Revista Brasileira de
Paleontologia 8, 181-192.

Leite FPP and Martins RF (1991) Variagdo sazonal dos gastropodos associa-
dos a Sargassum cymosum da Praia do Lamberto, Ubatuba (SP). In Abstract
from the XVIII Brazilian Congress of Zoology. Salvador: Federal University
of Bahia, vol. 1, pp. 527-527.

Leite FPP and Turra A (2003) Temporal variation in Sargassum biomass,
Hypnea epiphytism and associated fauna. Brazilian Archives of Biology
and Technology 46, 665-671.

https://doi.org/10.1017/50025315419000304 Published online by Cambridge University Press

Pedro Augusto dos Santos Longo et al.

Leite FPP, Tanaka MO and Gebara RS (2007) Structural variation in the
brown alga Sargassum cymosum and its effects on associated amphipod
assemblages. Brazilian Journal of Biology 67, 215-221.

Leite FPP, Tambourgi MRS and Cunha CM (2009) Gastropods associated
with the green seaweed Caulerpa racemosa, on two beaches of the northern
coast of the state of Sao Paulo, Brazil. Strombus 16, 1-10.

Lolas A, Antoniadou C and Vafidis D (2018) Spatial variation of molluscan
fauna associated with Cystoseira assemblages from a semi-enclosed gulf in
the Aegean Sea. Regional Studies in Marine Science 19, 17-24.

Longo PAS, Fernandes MC, Leite FPP and Passos FD (2014) Gastropoda
(Mollusca) associated to Sargassum sp. beds in Sdo Sebastido Channel -
Sao Paulo, Brazil. Biota Neotropica 14, 1-10.

Martin TH, Crowder LB, Dumas CF and Burkholder JM (1992) Indirect
effects of fish on macrophytes in Bays Mountain Lake: evidence for a littoral
trophic cascade. Oecologia 89, 476-481.

Mendes CLT, Soares-Gomes A and Tavares M (2006) Seasonal and spatial
distribution of sublittoral soft-bottom mollusks assemblages at Guanabara
Bay, Rio de Janeiro, Brazil. Journal of Coastal Research 39, 136-140.

Montfrans JV, Orth RJ and Vay SA (1982) Preliminary studies of grazing by
Bittium varium on eelgrass periphyton. Aquatic Botany 14, 75-89.

Montouchet PCG (1979) Sur La communauté dés animaux vagiles associés a
Sargassum cymosum C. Agardh, a Ubatuba, Etat de Sdo Paulo, Brésil.
Studies on Neotropical Fauna and Environment 14, 33-64.

Norton TA and Benson MR (1983) Ecological interactions between the brown
seaweed Sargassum muticum and its associated fauna. Marine Biology 75,
169-177.

Perkins-Visser E, Wolcott TG and Wolcott DL (1996) Nursery role of sea-
grass beds: enhanced growth of juvenile blue crabs (Callinectes sapidus
Rathbun). Journal of Experimental Marine Biology and Ecology 198,
155-173.

Pinheiro JC and Bates DM (2000) Mixed-Effects Models in S and S-PLUS.
New York, NY: Springer.

Pinheiro JC, Bates D, DebRoy S and Sarkar D and R Core Team (2018)
nlme: linear and nonlinear mixed effects models. R package version
3.1-137. Available at https://CRAN.R-project.org/package=nlme.

Pitacco V, Orlando-Bonaca M, Mavri¢ B, Popovi¢ A and Lipej L (2014)
Mollusc fauna associated with the Cystoseira algal associations in the Gulf
of Trieste (Northern Adriatic Sea). Mediterranean Marine Science 15,
225-238.

Queiroz RNM and Dias TLP (2014). Molluscs associated with the macro-
phytes of the genus Gracilaria (Rhodophyta): importance of algal fronds
as microhabitat in a hypersaline mangrove in Northeastern Brazil.
Brazilian Journal of Biology 74 (suppl. 3), S52-S63.

R Core Team (2015) R: A Language and Environment for Statistical
Computing. Vienna: R Foundation.

Roberts DA, Johnston EL and Poore AGB (2008) Contamination of marine
biogenic habitats and effects upon associated epifauna. Marine Pollution
Bulletin 56, 1057-1065.

Rubal M, Costa-Garcia R, Besteiro C, Souza-Pinto I and Veiga P
(2018) Mollusc diversity associated with the non-indigenous macroalga
Asparagopsis armata Harvey, 1855 along the Atlantic coast of the Iberian
Peninsula. Marine Environmental Research 136, 1-7.

Rueda JL and Salas C (2003) Seasonal variation of a molluscan assemblage
living in a Caulerpa prolifera meadow within the inner Bay of Cadiz (SW
Spain). Estuarine, Coastal and Shelf Science 57, 909-918.

Rueda JL, Urra J and Salas C (2008) Diel and seasonal variation of a mollus-
can taxocoenosis associated with a Zostera marina bed in southern Spain
(Alboran Sea). Helgoland Marine Research 62, 227-240.

Rumisha C, Elskens M, Leermakers M and Kochzius M (2012) Trace metal
pollution and its influence on the community structure of soft bottom mol-
luscs in intertidal areas of the Dar es Salaam coast, Tanzania. Marine
Pollution Bulletin 64, 521-531.

Sanchez-Moyano JE, Estacio FJ, Garcia-Adiego EM and Garcia-Gémez JC
(2000) The molluscan epifauna of the alga Halopteris scoparia in southern
Spain as a bioindicator of coastal environmental condition. Journal of
Molluscan Studies 66, 431-448.

Stoner AW (2003) What constitutes essential nursery habitat for a marine spe-
cies? A case study of habitat form and function for queen conch. Marine
Ecology Progress Series 257, 275-289.

Széchy MTM and Paula EJ (2000) Padroes estruturais quantitativos de bancos
de Sargassum (Phaeophyta, Fucales) do litoral dos estados do Rio de Janeiro
e Sao Paulo, Brasil. Revista Brasileira de Botdnica, Sdo Paulo 23, 121-132.


http://en.climate-data.org/location/34847/
http://en.climate-data.org/location/34847/
http://en.climate-data.org/location/34847/
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://doi.org/10.1017/S0025315419000304

Journal of the Marine Biological Association of the United Kingdom

Tanaka MO and Leite FPP (2003) Spatial scaling in the distribution of macro-
fauna associated with Sargassum stenophyllum (Mertens) Martius: analyses
of faunal groups, gammarid life habits, and assemblage structure. Journal of
Experimental Marine Biology and Ecology 293, 1-22.

Terlizzi A, Scuderi D, Fraschetti S and Anderson MJ (2005) Quantifying
effects of pollution on biodiversity: a case study of highly diverse molluscan
assemblages in the Mediterranean. Marine Biology 148, 293-305.

Thomaz SM and Cunha ER (2010) The role of macrophytes in habitat struc-
turing in aquatic ecosystems: methods of measurement, causes and conse-
quences on animal assemblages’ composition and biodiversity. Acta
Limnologica Brasiliensia 22, 218-236.

Torres AC, Veiga P, Rubal M and Souza-Pinto I (2015) The role of annual
macroalgal morphology in driving its epifaunal assemblages. Journal of
Experimental Marine Biology and Ecology 464, 96-106.

Urra J, Ramirez AM, Marina P, Salas C, Gofas S and Rueda JL (2013)
Highly diverse molluscan assemblages of Posidonia oceanica meadows in
northwestern Alboran Sea (W Mediterranean): seasonal dynamics and
environmental drivers. Estuarine, Coastal and Shelf. Science 117, 136-147.

Veiga P, Rubal M and Sousa-Pinto I (2014) Structural complexity of macro-
phytes influences epifaunal assemblages associated with native and invasive
species. Marine Environmental Research 101, 115-123.

Veiga P, Torres AC, Besteiro C and Rubal M (2018) Mollusc assemblages
associated with invasive and native Sargassum species. Continental Shelf
Research 161, 12-19.

https://doi.org/10.1017/50025315419000304 Published online by Cambridge University Press

1307

Villanueva VD, Font J, Schwartz T and Romani AM (2011) Biofilm forma-
tion at warming temperature: acceleration of microbial colonization and
microbial interactive effects. Biofouling 27, 59-71.

Vincent B, Rioux H and Harvey M (1991) Factors affecting the structure of
epiphytic gastropod communities in the St. Lawrence River (Quebec,
Canada). Hydrobiologia 220, 57-71.

Walsh K, Dunstan RH, Murdoch RN, Conroy BA, Roberts TK and Lake P
(1994) Bioaccumulation of pollutants and changes in population para-
meters in the gastropod mollusk Austrocochlea constricta. Archives of
Environmental Contamination and Toxicology 26, 367-373.

Wang H, Pan B, Liang X and Wang H (2006) Gastropods on submersed
macrophytes in Yangtze lakes: community characteristics and empirical
modeling. International Review of Hydrobiology 91, 521-538.

Waycott M, Duarte CM, Carruthers TJB, Orth RJ, Dennison WC,
Olyarnik S, Calladine A, Fourqurean JW, Heck Jr. KL, Hughes AR,
Kendrick GA, Kenworthy WJ, Short FT and Williams SL (2009)
Accelerating loss of seagrasses across the globe threatens coastal ecosystems.
Proceedings of the National Academy of Sciences USA 106, 12377-12381.

Wise JB (1996) Morphology and phylogenetic relationships of certain pyrami-
dellid taxa (Heterobranchia). Malacologia 37, 443-511.

Zamprogno GC, Costa MB, Barbiero DC, Ferreira BS and Souza FTVM
(2013) Gastropod communities associated with Ulva spp. in the littoral
zone in southeast Brazil. Latin American Journal of Aquatic Research 41,
968-978.


https://doi.org/10.1017/S0025315419000304

	The highly diverse gastropod assemblages associated with Sargassum spp. (Phaeophyceae: Fucales) habitats
	Introduction
	Materials and methods
	Study area
	Sampling procedure
	Data analysis

	Results
	Macrophytes
	Gastropods

	Discussion
	Acknowledgements
	References


