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Abstract: Main trophic relationships that occur along the exposed sandy shores in southernmost Brazil
(~33° S) are established taking into account several biological compartments operating at
morphodynamically distinct environments. Beaches are predominantly of the intermediate type but
some stretches of coastline are truly dissipative (Cassino Beach) or tending-to-reflective (Concheiros
Beach), presenting thus diverse biological compartments and inhabitant macrobenthic assemblages.
Dense concentrations of the surf-zone diatom Asterionellopsis glacialis are responsible - at least for the
intermediate shorelines - for the most year-round primary production, sustaining several consumers up to
tertiary level. Among them, bivalves Amarilladesma mactroides, Donax hanleyanus and the hippid crab
Emerita brasiliensis can account for more than 95% of all the surf-zone secondary production, in addition
to the elevated biomass of the suspension-feeder polychaete Spio gaucha and the scavenger isopod
Excirolana armata. Crabs, whelks, carnivorous polychaetes, seabirds and surf-zone fishes may also be
present and occupy superior trophic levels depending on the beach morphodynamics. Based on the high
species richness, abundance and the role of macrobenthic fauna in transferring matter and energy to
seabirds and the surf-zone fish assemblages, we address this important issue on the Southwestern Atlantic
ecology. Conservation efforts should be implemented for the southernmost Brazilian sandy shores, at
least for those non urbanized areas.
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Resumo: As principais relagoes troficas observadas ao longo da costa arenosa exposta do extremo sul do
Brasil (~33° S) sdo estabelecidas levando-se em consideragdo os varios compartimentos biologicos que
operam em ambientes morfodinamicamente distintos. Estas praias sdo predominantemente do tipo
intermediario, embora alguns trechos sejam dissipativos (Praia do Cassino) ou apresentem tendéncias
reflectivas (Praia dos Concheiros), possuindo compartimentos bioldgicos diversificados e associagdes
macrobentonicas residentes. Densas concentragdes da diatomacea Asterionellopsis glacialis sdo
responsaveis - pelo menos para as praias intermediarias - por grande parte da produtividade primaria
anual, sustentando varios consumidores até o nivel terciario. Entre estes, os bivalves Amarilladesma
mactroides, Donax hanleyanus e o crustaceo Emerita brasiliensis sao responsaveis por mais de 95% de toda
a producao secundaria da zona de surfe, em adigdo a elevada biomassa do poliqueta suspensivoro Spio
gaucha e do isopode necrofago Excirolana armata. Caranguejos, gastropodes, poliquetas carnivoros, aves
marinhas e peixes da zona de surfe também podem estar presentes, ocupando niveis troficos superiores
dependendo da morfodinamica praial. Baseado na alta riqueza de espécies, na abundancia e no papel da
macrofauna bentonica em transferir matéria e energia para as aves marinhas e as assembléias de peixes da
zona de surfe, esta importante questdo ecoldgica do Atlantico Sudoeste foi investigada. Esforcos de
conservagdo devem ser implementados nas praias arenosas do extremo sul do Brasil, pelo menos naquelas
areas nao urbanizadas.

Palavras-chave: praia exposta, estagios intermediarios, produgdo primdaria, consumidores secundarios,
conservagcdo.
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Introduction

Coastlines around the globe are dominated by sandy shores,
dynamic environments largely controlled by physical factors
like waves, tides, sand grain size and slope (McLachlan &
Brown 2006). Processes and interactions of such factors can
result in a wide range of morphodynamic states - from reflective
to dissipative - although most beaches are intermediate between
these extremes (Short 1996): reflective beaches are coarse-
grained, steep and narrow environments whereas dissipative
beaches present finer sediments, flat slopes, large wave periods
and extensive surf zones.

Species richness, total abundance and biomass of the
macrobenthic fauna along sandy shores tend to increase from
reflective to dissipative states (Defeo & McLachlan 2005, 2011,
McLachlan & Dorvlo 2005). Both Swash Exclusion Hypothesis
(SEH: McLachlan et al. 1993) and latter the Habitat Harshness
Hypothesis (HHH: Defeo et al. 2001, 2003) have already
predicted such variations in population dynamics and life
history traits. The Habitat Favorability Hypothesis (HFH)
further suggests that benign (i.e. dissipative) environments or
sites undisturbed by human activities may significantly favor
intraspecific interactions and density-dependent processes
(Caddy & Defeo 2003) being therefore considered more suitable
to the inhabiting macrofauna (McLachlan et al. 1995).

Threats to sandy beach ecosystems are amplified by human
over-exploitation of resources and population shifts towards
the cost (Roberts & Hawkins 1999), inducing a wide source of
stressors ranging from local (e.g. trampling, sewer discharge) to
global impacts (e.g. sea-level rise, global warming) acting at
multiple spatial-temporal scales (Defeo et al. 2009). Such
human-induced threats can significantly endanger the sandy
beach macrobenthic fauna and subsequently affect their
complex food webs (McLachlan et al. 1981, Lercari et al.
2010) given their critical role in transferring energy and
regenerating nutrients (Soares et al. 1997, Cisneiros et al. 2011).

Food webs at sandy environments are mainly based on
marine sources like wrack and carrion (Colombini & Chelazzi
2003, Dugan et al. 2003), microphytobenthos (Delgado 1989)
and surf-zone diatoms (Odebrecht et al. 2013) which support (i)
an independent interstitial food web; (ii) a surf-zone microbial
loop; and (#ii) a macroscopic food web (McLachlan et al. 1981,
Heymans & McLachlan 1996). The knowledge about the food
web structure and trophic relationships on sandy shores has
growing with the implementation of stable isotopes (SI)
techniques (Colombini et al. 2011) and recent studies have
evidenced that the number of trophic pathways and food web
complexity are strongly linked to morphodynamics, increasing
significantly from reflective to dissipative environments
(Lercari et al. 2010, Bergamino et al. 2011, 2013).

Early quali-quantitative studies on both intertidal and surf
zones indicated that the sandy beaches from southernmost
Brazil are among the richest and highly productive sandy
environments (Gianuca 1997a) but secondary production data
are still lacking to build trophic pathways similar to those
reported nearby e.g. the Uruguayan coastline (Lercari et al.
2010). This comprehensive review includes both published and
unpublished data aiming to evidence the major trophic
relationships and empirically trace the flows of matter through
the food web compartments along the southern Brazilian sandy
shores, serving as background information for further SI
research or management of stakeholders.

http://www.scielo.br/bn

Study area overview

1. Beach morphodynamics

Subtropical exposed sandy shores in southernmost Brazil
extend along 220 km of a continuous NE-SW coastline between
Rio Grande (32°10° S) and Chui (33°45° S) and present distinct
morphodynamic patterns (Calliari et al. 1996, Pereira et al.
2010): (i) immediately south of 32° S, Cassino Beach presents
fine sandy substrates and dissipative characteristics; (if) along
~40 km of coastline - between 33°20° S and 33°35 S -
Concheiros Beach presents bimodal substrates (shell fragments
and medium/fine sands) and tending-to-reflective beach states;
and (iii) the remaining coastline, presenting extensive beach
widths (40-120 m), large swash zones (10-50 m), gentle slopes
(1/15-100), fine quartz sands (~3.0 phi) and intermediate
morphodynamic states with intermediate/moderate low mobi-
lity (Figure 1).

2. Coastal occupation & sandy shore threats

The Brazilian southern state of Rio Grande de Sul (RS) has
one of the least developed shores in the country and less than
10% of the state population (~11 10° habitants) living along
620 km of an almost continuous coastline: most of developed
coastal cities are concentrated in its northern region while just a
few balnearios-like-towns are found southwards separated by
long and “wild” shore segments (Esteves et al. 2000). The
southern urbanized beaches of Cassino, Hermenegildo and
Barra do Chui are moderately used by local habitants and
fishermen the year-round but heavily frequented by tourists
between late austral spring and early autumn (December-April)
(Figure 2).
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Figure 1. Subtropical sandy shores along the southernmost Brazil,
presenting three sectors with distinct morphodynamic patterns: north-
ern dissipative beaches (striped coastline); tending-to-reflective envir-
onments southwards the Albarddo Lighthouse (AL), near the
Concheiros Beach (dark coastline); and the remaining intermediate
sandy shores (grainy coastline). The urbanized areas of Cassino Beach
(Cass), Hermenegildo (Herm) and Barra do Chui (Barr) are located.
PLE: Patos Lagoon Estuary; Mi: Mirim Lagoon; Ma: Mangueira
Lagoon.
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Figure 2. Contrasting degrees of morphodynamic characteristics and human occupation along the exposed sandy shores of southernmost Brazil: at
the dissipative Cassino Beach, an intense traffic of vehicles and tourists occurs throughout the warmer months (a) in opposition to those “wild”
southward segments of intermediate (b) and tending-to-reflective shores like the Concheiros Beach (c).

Despite the relatively low human occupation, several
human-induced threats have exponentially endanger the
macrobenthic fauna along this coastal area: artisanal over-
fishing, mainly over the yellow clam Amarilladesma
(= Mesodesma) mactroides and the ghost shrimp Sergio mirim;
grooming and tourist trampling during the summer months;
heavy traffic of vehicles including regular cars, ORVs and
heavy trucks; inland freshwater discharge from agricultural and
ranching activities; silviculture of exotic trees like Pinus sp.;
intense harbor activities and dredge operations within the
nearby Patos Lagoon estuary, increasing respectively the
potential risk of biological invasions and mud depositions on
Cassino Beach; and offshore oil-drilling operations to be
implemented in the near future.

In addition, the sea-level rise due to global warming and the
risk of macrobenthic strandings due to extreme weather events
can potentially increase the list of local threats. Exotic macro-
benthic species were not reported yet in the Southwestern
Atlantic sandy shores but this may reflect a poor sampling
coverage rather than lack of biological invasions (Orensanz
et al. 2002, Defeo et al. 2009).

3. Wave climate & weather events

The southern Brazilian beaches are exposed to moderate/
strong wave action (Hb: 0.5-5.5 m; T: 6-18 s) under the
influence of mixed-diurnal microtides (< 1 m; annual average
~0.5 m) and thus classified as wave-dominated (Relative Tide
Range < 3; sensu Masselink & Short 1993).

Wave climate can be divided into three major groups
(Tomazelli & Villwock 1992, Figueiredo 2013): (i) swell waves
of high amplitude and long period (mainly from S-SE); (ii) sea
waves of short period (mainly from NE-E); and (iii) rare storm
waves of high energy generally associated to storm surges. A bi-
seasonal behavior is found superimposed on those overall
morphodynamic patterns owing to the wave climate (Calliari &
Klein 1993): spring/summer accretion profiles (low swell) versus
autumn/winter erosive profiles (storm waves).

Extreme weather events such as storm surges and waves
associated or not to cyclogenesis (Parise et al. 2009) are
responsible for significant beach erosion rates (40-63 m* m™)
and dune field retractions (up to ~5 m), raising temporally the
sea-level to the base of dunes (> 2.0 m) especially when
associated to spring tides (Calliari et al. 1998, Barletta &
Calliari 2003, Tabajara et al. 2004). The wind regime over the
region (Krusche et al. 2003) presents predominance of NE

http://dx.doi.org/10.1590/1676-06032014006914

winds during the spring/summer seasons (October-March) and
strong southerly winds during the autumn/winter seasons
(April-September). The rainfall regime is highly influenced by
frontal systems and cyclogenesis (Rao & Hada 1990, Diaz et al.
1998) and positively improved by ENSO E! Nifio phenomena
(Grimm et al. 1998).

Macrobenthic compartments

1. Zonation patterns

The vertical distribution of the macrobenthic fauna along
the southern Brazilian coast follows a typical zonation pattern
(Borzone & Gianuca 1990, Gianuca 1997a): foredunes, as the
terrestrial/marine interface; supralittoral zone (or supratidal),
dry-sand areas only inundated during extreme weather events
(e.g. storm surge/waves); mesolittoral zone (or intertidal)
including here the swash zone, frequently inundated by regular
tides; and the infralittoral (or surf zone), divided into the inner
surf zone (from the lower swash towards the 2 m isobath) and
the outer surf zone (2-10 m isobaths).

Macrobenthic zonation may change according to the type
of beach as the number of zones increase from reflective to
dissipative states (Defeo et al. 1992, Jaramillo et al. 1993).
Nevertheless, temporal fluctuations may difficult the recogni-
tion of such zonation schemes - especially along microtidal
shores - given the unpredictable tidal movements and the
seasonal distribution of species across the beach profile
(Brazeiro & Defeo 1996).

Along the intermediate sandy shores of southernmost Brazil
(e.g. Cassino Beach), macrobenthic zonation was characterized
as very dynamic through seasons despite the general 3-zone
pattern (Neves et al. 2007): (i) supralittoral, occupied by
burrows of the ghost crab Ocypode quadrata; (ii) upper
mesolittoral, inhabited by the polychaete Thoracophelia furcifera
(= Euzonus furciferus) and the isopod Excirolana armata; and
(iii) a large lower zone including the lower mesolittoral and
the inner surf zone, which was characterized by the intertidal
migrants Amarilladesma mactroides and Donax hanleyanus in
addition to several infralittoral species.

2. Beach morphodynamics and macrobenthic assemblages

The beach and surf zone of intermediate and dissipative
coastlines may be characterized as a single semi-closed and self-
sustaining ecosystem (sensu McLachlan 1980) in which the
relative importance of each food web component may differ

http://www.scielo.br/bn
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significantly between the extremes of a morphodynamic
continuum (McLachlan & Brown 2006): whereas beaches with
little or no surf zone (i.e. reflectives) are nutrient sinking
environments with low in situ primary production, beaches with
extensive surf zones (i.e. intermediate/dissipatives) are highly
productive environments driven by an intense phytoplanktonic
primary production. As a consequence, components of nekton,
benthos, plankton and microbial communities tend to increase
diversity and biomass along these latter habitats (McLachlan &
Brown 20006).

The extensive southern Brazilian coast is predominantly of
the intermediate type and presents high microalgae biomass
mainly granted by accumulations of the surf-zone diatom
Asterionellopsis glacialis (Castracane) Round throughout the
year (Odebrecht et al. 2010, 2013). During high A. glacialis
concentrations (107 to ° cells L™), high primary production
rates (6.4 mg C L' h™') and chlorophyll « values (up to 4.7 mg
L) can be registered (Odebrecht et al. 1995, Rérig & Garcia
2003). A decoupling mechanism between this surf-zone diatom
and bacteria communities was also observed at Cassino Beach
but, at least for this southern shore, the microbial loop is
neither recycling nutrients nor serving as food source for other
organisms in the food web (Abreu et al. 2003).

The primary producers within the surf zone constitute an
important food source for intertidal species such as bivalves
Amarilladesma mactroides and Donax hanleyanus (both filter-
feeders), hippid crabs Emerita brasiliensis (suspension-feeder)
and even other filter-feeding bivalves like Amiantis purpurata,
Tivela spp. and Mactra isabelleana in the outer surf zone (Garcia
& Gianuca 1997). Across the beach profile, accumulated annual
production (ash-free dry weight; AFDW) of 4. mactroides (3,251
g m™), E. brasiliensis (499 g m™") and D. hanleyanus (55 g m™)
accounted for more than 95% of all the surf-zone secondary
production (Gianuca 1983, 1997a), in addition to the biomass of
the suspension-feeder polychaete Spio (= Scolelepis) gaucha (35 g
m?) and the scavenger isopod Excirolana armata (8 g m™)
(Gianuca 1997a, Santos 1994). Ultimately, such species may
transfer substantial portions of organic matter to secondary
consumers, which are finally preyed by intermediate/top
predators such as resident and migratory birds (Vooren &
Chiaradia 1990, Vooren 1997), supralittoral and infralittoral
crabs (Wolcott 1978, Leber 1982) and also fish assemblages (Du
Preez et al. 1990, Capitoli et al. 1994).

Besides the large predominance of intermediate beach states
and the inhabiting macrobenthic assemblages, a singular stretch
of dissipative coast is found northwards the Cassino Beach,
near the Rio Grande western jetty (Calliari & Klein 1993),
presenting “almost endemic’” macrobenthic species like Sergio
mirim, the only ghost shrimp (Thalassinidea: Callianassidae)
reported for these sandy shores (Pezzuto 1998). Burrows of S.
mirim can be found in relative high density across the
dissipative lower intertidal/shallow infralittoral zones - espe-
cially during low tides - providing shelter and resources to crabs
Austinixa (= Pinnixa) patagoniensis and several other symbiotic
species (Gianuca 1997a, Alves & Pezzuto 1998). Exhibiting a
(direct) deposit-feeding behavior, S. mirim storages organic
matter within its burrow for later consumption on this enriched
substrate (Coelho & Rodrigues 2001). Local fishermen have
conducted an increasing catch of ghost shrimps as bait
especially during the summer and thus should be managed to
avoid overfishing (Pezzuto 1998). Other macrobenthic species
inhabiting this dissipative shoreline have already experiencing
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declines in terms of density and biomass due to human-induced
threats, given the proximity to the Cassino urbanized area
(Queiroz 2008, Viana 2008, Girao 2009).

Lowest diversity, density and biomass of macrobenthic
fauna are associated to that intermediate-to-reflective portion
of the southern Brazilian coast - the Concheiros Beach, near the
Balneario Hermenegildo - a pattern also found southwards for
intermediate and truly reflective beaches in the Uruguayan
coast e.g. Arachania and Manantiales (Defeo et al. 1992,
Lercari et al. 2010). A snapshot survey conducted at Concheiros
Beach reported that macrobenthic zonation was not clear and
that macrobenthic richness (five species only) and biomass were
both low when compared to the surrounding shores, given the
high concentration of shell debris within the substrate: bivalve
Donax hanleyanus (up to 43 g m™>), hippid crab Emerita
brasiliensis (11 g m™), carnivorous polychaete Hemipodia
californiensis (= Hemipodus olivieri) (0.2 g m™) and isopods
Excirolana braziliensis (0.5 g m™) and E. armata (< 0.1 g m™)
(Barros et al. 1994). Recent seasonal and interannual surveys
have significantly increased this short list of species: more than
21 macrobenthic taxa were so far identified for Concheiros
Beach including polychaetes, flatworms, molluscs, nemerteans
and crustaceans across the swash zone (Minasi 2013) whereas
28-75 burrows of ghost crabs Ocypode quadrata (1-4 mm to 13-
16 mm) were seasonally registered within the upper mesolit-
toral/supralittoral zones (Brauer 2013).

Comparing the ecosystem structure and trophic networks of
two sandy beaches with contrasting morphodynamics, signifi-
cant differences were reported concerning the number of
biological compartments operating at dissipative (20) and
reflective beaches (9), with the former presenting a higher
number of top predators and superior trophic levels (Lercari et
al. 2010). In southernmost Brazil such dissimilarities between
intermediate and reflective sandy environments become evident,
based on qualitative records, stomach content analyzes, field
samplings and laboratory experiments (Table 1). Higher species
richness at intermediate shores coincided with distinct composi-
tion and number of biological compartments when compared to
reflective shores; nevertheless, such difference may be biased by
the fewer studies conducted along these latter environments.

Across-shore trophic relationships

Based on this comprehensive compilation of data (Table 1),
major trophic relationships are highlighted and across-shore
described taking into account the biological compartments of
producers, macrobenthic fauna, seabirds and surf-zone fishes
present at the intermediate shores in southernmost Brazil
(Figure 3), as follows:

1. Supralittoral zone

By the action of strong SW winds, due to storm events or
after the passage of frontal systems, vegetal detritus and high
phytoplankton concentrations are both carried to the upper-
shore forming extensive deposits of organic matter along the
beach. Dense accumulations of the surf-zone diatom
Asterionellopsis glacialis generally form dark-brown patches
at the meso/supralittoral (Odebrecht et al. 2013), representing
an important food source for terrestrial coleopterans (Bledius
spp.) and the talitrid amphipod Atlantorchestoidea brasiliensis,
a scavenger/detritivore species (Gianuca 1983). The abundant
presence of the rove beetle Bledius bonariensis (2,350 ind. m™>)

http://dx.doi.org/10.1590/1676-06032014006914
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Table 1. Species richness and biological compartments from supralittoral to the inner surf zone at intermediate (INT)
and reflective (REF) sandy shores in southernmost Brazil. Taxonomic classification is presented when available. p:
presence; —: absence; ?: unknown report / poor sampling. Anom: Anomura; Anopl: Anopla; Bival: Bivalvia; Brachy:
Brachyura; Carab: Carabinidae; Gamma: Gammaridea; Gastr: Gastropoda; Isop: Isopoda; Polyc: Polychaeta; Staph:

Staphynelidae; Talitr: Talitridae.

. " - . INT REF
Marine and "terrestrial" species Taxonomy (2) (b)
CRUSTACEA
Arenaeus cribrarius (Lamarck, 1818) Brachy p ?
Atlantorchestoidea brasiliensis (Dana, 1853) Talitr p ?
Bathyporeiapus bisetosus Escofet, 1970 Gamma p P
Chiriscus giambiagiae (Torti & Bastida, 1972) Isop p 4
Emerita brasiliensis Schmitt, 1935 Anom p P
Excirolana armata (Dana, 1853) Isop P p
Excirolana braziliensis Richardson, 1912 Isop p ?
Macrochiridothea lilianae Moreira, 1972 Isop p —
Ocypode quadrata (Fabricius, 1787) Brachy p P
Phoxocephalopsidae amphipods Gamma p 4
Platyischnopidae amphipods Gamma p P
MOLLUSCA
Amarilladesma mactroides (Reeve, 1854) Bival p P
Buccinanops duartei Klappenbach, 1961 Gastr p ?
Donax gemmula Morrison, 1971 Bival p —
Donax hanleyanus Philippi, 1847 Bival p P
Olivancillaria auricularia (Lamarck, 1811) Gastr p ?
Olivancillaria orbignyi (Marrat, 1868) Gastr p ?
ANNELIDA
Hemipodia californiensis (Hartman, 1938) Polyc p P
Nephtys simoni Perkins, 1980 Polyc p P
Sigalion cirrifer Orensanz & Gianuca, 1974 Polyc p —
Spio gaucha Orensanz & Gianuca, 1974 Polyc P )4
Thoracophelia furcifera Ehlers, 1897 Polyc p P
INSECTA
Bledius bonariensis Bernhauer, 1912 Staph p ?
Bledius fernandezi Bernhauer, 1939 Staph p ?
Bledius microcephalus Fauvel, 1901 Staph p ?
Cicindela conspersa Dejean, 1825 Carab p ?
Cicindela patagonica Horn,1895 Carab p ?
Tetragonoderus variegatus Dejean, 1825 Carab p ?
NEMERTEA Anopl V4 )4
SEABIRDS (c) D —
FISHES (d) p ?
ZOOPLANKTON (e) p ?
PHYTOPLANKTON (f) D ?

Based on references for southern Brazilian (a) intermediate beaches: Gianuca (1983, 1997), Girao (2009), Neves et al.
(2007, 2008, 2012), Queiroz (2008), Silva et al. (2008), Viana (2008); (b) reflective beaches: Barros et al. (1994), Brauer
(2013), Minasi (2013); (c) seabirds: Vooren & Chiaradia (1990), Vooren (1997); (d) fishes: Capitoli et al. (1994),
Monteiro-Neto et al. (2003), Lima & Vieira (2009), Rodrigues & Vieira (2010); (e) zooplankton: Bersano (1994); (f)

phytoplankton: Odebrecht et al. (1995, 2010, 2013).

and the tiger beetle Cicindela conspersa may attract coleopteran
predators like the ground beetle Tetragonoderus variegatus,
being all ultimately preyed by resident birds like the collared
plover Charadrius collaris and the pipit Anthus correndera
(Garcia & Gianuca 1997).

The supralittoral zone of exposed sandy beaches are
typically inhabited by several species of insects, amphipods,
isopods and crabs of the genus Ocypode, this latter worldwide
distributed in tropical and subtropical sandy shores
(McLachlan & Brown 2006). The ghost crab Ocypode quadrata

http://dx.doi.org/10.1590/1676-06032014006914

presents a generalist feeding behavior and actively moves from
the supralittoral down to the upper swash zone during low tides
to prey on live intertidal migrants (e.g. Donax and Emerita
species), flesh of large dead animals (e.g. fishes) or even
deposited phytoplankton from the substrate (Wolcott 1978,
Leber 1982, Robertson & Pfeiffer 1982, Trott 1999).

Ocypode quadrata excavates burrows across the mesolittoral
(juveniles) and supralittoral zones (adults) of southern Brazil
(Alberto & Fontoura 1999, Girao 2009) and scavenges
macrobenthic strandings after storm surge events, when
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Amarilladesma mactroides and Donax hanleyanus empty shells
and Emerita brasiliensis debris are registered around large
burrows of the ghost crab (pers. obs.). Macrobenthic strandings
result from the passive transport of several intertidal/infra-
littoral species to the upper parts of the beach due to strong
hydrodynamics and SW winds, determining massive mortality
due to their trapping in the dry sand and dying by desiccation,
starvation, predation or human-induced factors (Neves et al.
2008, Pinheiro 2013, Pinotti & Bemvenuti in prep.).

Nocturnal activities of Ocypode quadrata are commonly
reported for populations inhabiting the southern coast of Rio
Grande do Sul state, even under favorable daytime tempera-
tures e.g. 25 °C (Alberto & Fontoura 1999). Along
Mocambique Beach (Floriandpolis, SC, Brazil) such night-time
behavior was considered an important strategy to keep away
from diurnal predators like seagulls and falconid species
(Blankensteyn 2006). Avoid daylight exposure may decrease
predation rates over O. quadrata if taken into account the high
diversity and abundance of predatory birds foraging alone or in
flocks during the day along the southern Brazilian shores
(Vooren & Chiaradia 1990). On the other hand, such behavior
does not prevent the nocturnal predation of other animals like
the burrowing owl Athene cunicularia and the skunk
Conepathus chinga, both inland predators alternatively feeding
on this crab (Gianuca 1997b).

Other inland top predators found over the entire beach all
year round are seagulls (Larus dominicanus and
Chroicocephalus maculipennis) and hawks (Milvago chimango
and Caracara plancus) which also feed on stranded debris,
wind-blown insects and discards of coastal fishery (Vooren
1997).

2. Mesolittoral zone

The shore exposure to strong winds from S-SW quadrants
(mainly through the cold seasons) determine an abundant
availability of food sources (suspended/deposited) to the
inhabiting intertidal macrofauna, mostly granted by high
concentrations of the surf-zone diatom Asterionellopsis glacialis
(Garcia & Gianuca 1997).

The infaunal polychaete Thoracophelia furcifera is commonly
registered along the upper/mid-intertidal zones from sandy
beaches of southern Brazil and northern Uruguay, from the
surface up to 20 cm deep (Defeo et al. 1992, Brazeiro & Defeo
1996, Neves et al. 2007). This small Opheliidae (< 2 cm long, ~3
mm wide), usually classified as a deposit-feeder (Fauchald &
Jumars 1979), may utilize that organic matter derived from A.
glacialis deposits within the substrate whilst exploiting bacteria
and other microbes as carbon source (Kemp 1986). Under severe
insolation and consequent drying of the sand surface, elevated
concentrations of 7. furcifera are found deeper in the substrate;
conversely, when the water table is high and the sand is wet,
higher polychaete densities are found near the surface (Viana
2008), occasion in which 7. furcifera and abundant intertidal
migrants may constitute significant food sources for the northern
migrant sandpipers Calidris spp. (Vooren & Chiaradia 1990,
Vooren 1997).

The scavenger isopod Excirolana armata is generally
characterized as a primary consumer exposed to high predation
pressure (Lercari et al. 2010). Inhabiting the intermediate to
lower intertidal, E. armata swims and burrows faster than other
Cirolanid found in upper levels - E. braziliensis - but both are
capable of actively pursuit prey and search for carrion under a
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wide range of swash currents (Yannicelli et al. 2002). Several
macrobenthic species and even large dead organisms (e.g.
fishes, seabirds) are voraciously consumed by hundreds of
Excirolana isopods which literally swarm the carcasses while
feeding (pers. obs.), thus accelerating the recycling of organic
matter (McLachlan & Brown 2006). During the summer
months, dense flocks of sandpipers Calidris canutus, C.
fuscicollis and C. alba can be found foraging on E. armata
isopods within the upper swash zone, on slightly submerged
substrates or even on dry sand (Vooren 1997).

Probing the substrate with their fine bills and localizing the
prey through touch and taste (and even visually), Calidris
sandpipers also adopt this forage strategy to efficiently prey
on Amarilladesma mactroides (recruits to juveniles), Donax
hanleyanus and Emerita brasiliensis (Vooren & Chiaradia 1990,
Vooren 1997). Such intertidal migrants may achieve high
densities across the beach profile especially during recruitment
peaks, between late spring and early autumn (Neves et al.
2007). The above species and E. armata are also significantly
preyed in a solitary manner by charadriid plovers Charadrius
falklandicus (southern migrant), C. collaris (resident species),
Pluvialis dominica and P. squatarola (both northern migrants),
which search their prey exclusively by visual means at the upper
swash zone and to a lesser extent on slightly submerged sands
(Vooren 1997). As a result, intertidal migrants can account for
90 % of the stomach content of sandpipers and plovers by the
end of summer (Garcia & Gianuca 1997).

Omnivorous-detritivorous amphipods like Bathyporeiapus
bisetosus and B. ruffoi (Exoedicerotidae), Phoxocephalopsis
zimmeri and Puelche orensanzi (Phoxocephalopsidae) and
Platyischnopidae amphipods may utilize part of primary (or
even secondary) production for nourishment along the swash
zone, where suspended/deposited diatoms and detritus are
important food sources (Escofet 1973, Lercari et al 2010).
Linking the primary production to higher trophic levels, such
amphipod species may be characterized as potential food items
in the diet of those migrant/resident sandpipers and plovers,
given the macrobenthic distribution across the beach profile and
the shorebird feeding strategies (Vooren 1997, Neves et al. 2007).

Endemic in southern Brazil, Uruguay and northern
Argentina exposed sandy beaches, the polychaete Spio gaucha
is commonly found across the entire mesolittoral zone, reaching
elevated mean annual biomass (up to 31 g AFDW m™) and
production (up to 113 g AFDW m™ year™!) due to extremely high
densities (up to 100,000 ind. m™), especially during spring and
early summer (Santos 1991, 1994). Such infaunal species
constructs a weak cohesive tube within the first 20 cm of sand,
exhibiting a suspension-feeding behavior near the substrate
surface (Santos 1991). Indeed, Scolelepis sp. feed predominantly
on suspended particles within the intertidal zone but may
opportunistically change to a deposit-feeding strategy under still
environmental conditions (Pardo & Amaral 2004). Regardless
the feeding behavior, S. gaucha may utilize that abundant offer
of suspended and/or deposited diatoms (mainly Asterionellopsis
glacialis) for nourishment, linking such primary production to
higher trophic levels and thus playing an important role in sandy
beach ecosystem functioning (Speybroeck et al. 2007).

Sandpipers and plovers are shorebirds with short bills well
adapted to prey on small macrobenthic fauna living shallowly
nearby the substrate surface (Santos 1991, Vooren 1997). On
the other hand, the shape and size of the bill and the specialized
searching behavior of the American oystercatcher Haematopus
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palliatus allow the species to feed preferentially on large yellow
clams Amarilladesma mactroides (Vooren & Chiaradia 1990).
This intertidal migrant exhibits a shallow behavior within the
first cm layers during early stages of development, but reaches
15-40 cm deep in the sediment when adult (> 50 mm) using the
strong foot to dig and anchor (Narchi 1981, Penchaszadeh
2004). Buried across the swash zone at depths around 5 cm,
large clams are available neither to other birds (e.g. sandpipers,
plovers) nor to marine predators (e.g. fish assemblages) except
when emerging to migrate with tides; then, they are also preyed
by the resident seagulls Larus dominicanus (Vooren 1997).
Dense beds of A. mactroides (2-6 10° ind. m™?) are broadly
found across the swash zone especially between late spring and
early autumn (Neves et al. 2007) when they are heavily preyed,
reinforcing that important link of trophic transference between
macrobenthic species and bird compartments (Garcia &
Gianuca 1997).

3. Infralittoral (inner and outer surf zones)

Under the influence of regular wave action and strong
currents, the inner surf zone of southernmost Brazil is character-
ized as a turbulent environment, in which the frequent winter
storms further increase such stressful hydrodynamics (Gianuca
1997). During extremely low tides, sandpipers and plovers may
alternatively feed on Donax gemmula (highly abundant), isopods
Chiriscus giambiagiae and Macrochiridothea lilianae, and also on
polychaetes Sigalion cirrifer, Hemipodia californiensis and
Nephtys simoni, given their frequency and abundance within
the interface lower swash zone/inner surf zone (Gianuca 1997).
The infaunal polychaetes do not reach those high densities of
the intertidal Spio gaucha but attain a much larger body size
and consequently higher biomass per individual (pers. obs.),
preying actively on the meiofauna (e.g. nemerteans, ostracods,
harpacticoid copepods) or ingesting post-settled recruits of the
macrofauna (e.g. bivalves, polychaetes, crustaceans) specially
during recruitment peaks (Neves et al. 2007).

Several marine decapods, whelks and juvenile fishes from
the surf zone are generally reported moving into the lower
mesolittoral during high tides, promoting significant predation
excursions (Garcia & Gianuca 1997). The speckled swimming
crab Arenaeus cribrarius is a voracious predator, being
frequently registered across the swash zone searching for living
prey (e.g. bivalves, gastropods and other invertebrates) or meat
in decomposition. Both juveniles and adults of A. cribrarius
display a generalist carnivorous behavior in which prey are
selected according to the capture capacity and swimming ability
of different size classes (Warner 1977). Intertidal migrant
species like Amarilladesma mactroides (recruits to juveniles),
Donax hanleyanus and Emerita brasiliensis are recognized as
important food sources for A. cribrarius given their abundance
near the substrate surface as shallow filter-/suspension-feeders,
a predation-prey relationship also reported elsewhere (Leber
1982). Furthermore, we can not disregard the inner surf zone
polychaetes Sigalion cirrifer, Hemipodia californiensis and
Nephtys simoni as recurrent food sources in the swimming crab
diet given the high burrowing capacity of portunid crabs
(Warner 1977).

Surf zone whelks like Buccinanops duartei and Olivancillaria
auricularia (0-5 m depth), B. monilifer and O. urceus (5-8 m) are
either predators or scavengers frequently registered in pre-
datory excursions across the swash zone/inner surf zone
(Borzone & Gianuca 1990, Garcia & Gianuca 1997), expanding
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their large foot muscle to burrow the sand (anchoring) or
efficiently ride the swash waves (surfing) up and down the
beach (Penchaszadeh 2004). Employing an accurate chemical
perception to detect debris of dead animals or living prey,
Buccinanops species take advantage of their strong foot to
capture food sources, including young/small Donax hanleyanus
and Emerita brasiliensis (Rios 2009). Similar displacement and
hunt strategies are also exhibited by Olivancillaria species when
preying over small clams, especially D. hanleyanus and juveniles
of Amarilladesma mactroides (Penchaszadeh 2004).

The ichthyofauna is usually dominated by benthic feeders
moving into shallow waters to feed on benthos and alterna-
tively on zooplankton, being therefore characterized as higher
predators (Lasiak & McLachlan 1987; Du Preez et al. 1990).
The zooplankton community in southernmost Brazil is broadly
dominated by mysids (highly abundant) and copepods (more
diverse) in addition to several meroplanktonic larvae, account-
ing for a high biomass within the surf zone (up to 8 10° mg C m;
Bersano 1994). Such elevated zooplankton biomass is likely
to exert a significant grazing pressure over the phytoplankton
community.

The shallow depth in the inner surf zone generally limits the
access of large fishes whilst may provide an important nursery
area for juveniles (Lasiak 1981). Along the southern Brazilian
coast, Monteiro-Neto et al. (2003) reported 43 fish species
across this shallow zone (0-1.2 m), with juveniles ranging
between 15-150 mm of total length. A more recent study within
this zone also revealed a significant differentiation between
resident and seasonal species (Lima & Vieira 2009). Among
some of those surf zone inhabitants, juveniles of pampo
Trachinotus marginatus do not feed on macrobenthic fauna
whilst the silverside Odonthestes argentinensis alters the main
food source from diatoms to zooplankton during its develop-
ment (Bemvenuti 1990). The mullets Mugil platanus and M.
gaimardianus ingest zooplankton and deposited material over
the substrate while offshore, including the diatom Asterionellopsis
glacialis (Vieira 1991, Garcia & Gianuca 1997).

The vertical distribution of the macrobenthic fauna across
the southern Brazilian surf zone is a function of depth, where 126
species form three distinct assemblages (Borzone & Gianuca
1990): a shallow assemblage (2-5 m of depth), characterized by
whelks Olivancillaria auricularia and Buccinanops duartei,
bivalves Corbula sp. and Donax gemmula, polychaetes Sigalion
cirrifer and Diopatra viridis, the isopod Macrochiridothea lilianae
and the sand dollar Mellita quinquiesperforata; an intermediate
assemblage (5-8 m) with shared composition and thus higher
diversity; and a deeper assemblage (8-10 m) dominated by
abundant polychaetes Kinbergonuphis difficilis and
Paraprionospio pinnata, bivalves Mactra isabelleana and Tellina
spp., the gastropod Duplicaria gemmulata and the polychaetes
Pherusa capitata, Glycinde multidens and Glycera americana.
Several other species like the cumacean Diastylis sympterygiae,
isopods Synidotea marplatensis and Ancinus gaucho, molluscs
Abra lioica and Anachis isabellei and the polychaete Parandalia
sp. present a wider distribution and also higher density
throughout the outer surf zone (Borzone & Gianuca 1990).

This high macrobenthic richness/density and the high
abundance of juvenile fishes in deeper waters of the outer surf
zone (2-10 m depth) distinguishes this zone as an important
feeding ground to fishes, comprising secondary or even higher
consumers: adults of 7. marginatus; kingcroakers Menticirrhus
americanus and M. littoralis; banded croaker Paralonchurus
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brasiliensis; flatfishes Oncopterus darwini and Paralichthys
orbignyanus; whitemouth croaker Micropogonias furnieri; and
catfishes Genidens barba and G. planifrons (Monteiro-Neto &
Cunha 1990; Capitoli et al. 1994, Rodrigues & Vieira 2010).
Large individuals of Pogonias cromis (black drum) may feed
abundantly on the filter-feeding bivalves A. purpurata, Tivela
spp. and M. isabelleana (Garcia & Gianuca 1997).

From the inner shelf to the upper slope, even more diverse
and abundant macrobenthic assemblages are found in the
southwestern Atlantic (Absaldao 1990, 1991; Capitoli &
Bemvenuti 2004, 2006) supporting demersal and benthic teleost
fish assemblages, many of them commercially valuable
(Haimovici 1997); nevertheless, such trophic relationships
within/between deeper marine zones are beyond the scope of
the present revision.

Summary & conclusions

The southernmost Brazilian sandy shore is characterized as
primarily intermediate, despite those dissipative (Cassino Beach)
and tending-to-reflective (Concheiros Beach) stretches of coast
(Calliari et al. 1996). Along this shoreline, the surf-zone diatom
Asterionellopsis glacialis is the most important primary producer,
sustaining intermediate (secondary to tertiary) macrobenthic
consumers like filter-feeding bivalves, hippid crabs and scaven-
ger isopods, forming short trophic chains (Heymans &
McLachlan 1996, Lercari et al. 2010, Colombini et al. 2011).

During short-term high tides, the elevated abundance and
consequent high biomass of intertidal species along the southern
Brazilian shores may attract several top-predators like swimming
crabs, whelks and fishes (upshore) whilst the predation threats
are mainly exerted by ghost crabs and seabirds (downshore) at
low tides (Gianuca 1983). Only ghost crabs, some carnivorous
gastropods and polychaetes (mainly Hemipodia californiensis)
may conversely integrate the superior trophic levels on
Concheiros Beach, given the virtual absence of bird and fish
assemblages along reflective shorelines due to limited swash/surf
zone widths (Lercari et al. 2010). Dissipative beaches have higher
number of species occupying higher trophic levels whilst
reflective environments exhibit higher levels of connectance
and omnivory, increasing the trophic network robustness to
secondary extinctions (due to primary species loss e.g. by
biological invasions and/or habitat loss) and therefore enhancing
the ecosystem stability (Bergamino et al. 2013).

Given its role as nursery and growth area to juvenile/adult
fish assemblages and as strategic feeding area for resident/
migrant seabirds, conservation efforts should be heavily
implemented for the southernmost Brazilian intermediate
shores, at least for those non urbanized segments. Such
strategies could be focused on preserve the dune fields and
their natural vegetation, prohibiting the traffic of vehicles along
the beach, limiting the access of tourists and regulate the
invertebrate fisheries over the yellow clam Amarilladesma
mactroides and the ghost shrimp Sergio mirim.
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