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1 Introduction

Sandy beaches are the most ubiquitous coastal ecosystem and

provide essential benefits for people. However, they remain the least

studied coastal environment (Lercari, 2023). To maintain the sandy

beaches’ role in promoting societal welfare, researchers have

highlighted critical scientific gaps, governance and regulatory issues

that prevent us from developing appropriate management and

conservation strategies. For instance, Amaral et al. (2016) prioritized

six research areas to assess the influence of environmental changes on

Brazilian sandy beaches, while Fanini et al. (2020) highlighted 21

knowledge gaps that preclude beach conservation worldwide.

Brazilian researchers have stood out in the scientific production

on beaches in the last decade (Lercari, 2023). Nevertheless, this

scientific knowledge is not enough if there are no changes in

governance, regulations and culture of stakeholders and society.

Herein, we combined the priority research areas and knowledge

gaps identified by Amaral et al. (2016) and Fanini et al. (2020) into

four major research topics (Table 1). Then, we presented ecological

research performed on Brazilian sandy beaches over the last decade

to assess the advances (or lack of) in each of these topics. Finally, we

highlighted ongoing research and promising topics in sandy beach

research in Brazil.
2 Ecological research on Brazilian
sandy beaches

2.1 Topic 1. Knowledge of biodiversity,
ecological links, and genetic connectivity
Brazilian sandy beaches are distributed along 9000 km of

coastline and encompass all beach types, from wide tide-

dominated flats in the North to microtidal wave-dominated

beaches in the Southeast and South (Klein and Short, 2016).

During the past decade, most studies were performed in

Southeast and South Brazil. However, we found a recent increase

in studies in North Brazil, with investigations showing that the local

sandy beach fauna is strongly influenced by riverine discharge,

rainfall, morphodynamics, and human activities (Santos and Aviz,

2018; Baia and Venekey, 2019; Santos and Aviz, 2020; Baia et al.,

2021; Santos et al., 2021a; Santos et al., 2021b; Santos et al., 2022;

Cardoso et al., 2023; Checon et al., 2023a). Information on

population attributes of typical beach species, such as Ocypode

quadrata (Souza et al., 2021) and Clibanarius symmetricus (Danin

et al., 2020), has just been made available for the Amazon coast.

Studies were also spatially restricted to supratidal and intertidal

zones, with only a few studies sampling the subtidal or the whole

across-shore gradient (e.g., Corte et al., 2019; Corte et al., 2020;

Corte et al., 2022). Investigations mainly focused on macrobenthos,

despite recent contributions to fish (Shah Esmaeili et al., 2022) and

bird ecology (da Rosa Leal et al., 2013; Linhares et al., 2021; Rangel

et al., 2022). There is incipient information on microorganisms and
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few studies assessed the ecology of meiofauna (reviewed in Maria

et al., 2016). The number of investigations on primary producers

was also higher in Southeast and South Brazil. Conversely, Brazil

was probably the country with the highest number of studies on the

secondary production of beach species (Petracco et al., 2013).

Few studies simultaneously investigated multiple biological

components and their connectivity (e.g., Lacerda et al., 2014;

Corte et al., 2017a). Costa et al. (2017) modeled a sandy beach

food web including detritus, phytoplankton, macroinvertebrates,

fish, and seabirds, while Pinotti et al. (2014) reviewed macrobenthic

trophic relationships along subtropical sandy shores. Data using

molecular markers that provide information regarding genetic

connectivity and cryptic diversity remain scarce. Hurtado et al.

(2016) detected high levels of cryptic diversity for the isopod

Excirolana braziliensis, warning about potential biases in

latitudinal gradient studies. Similarly, Seixas et al. (2021) found

new species within the Diopatra cuprea complex, while Silva et al.

(2017) found new species within the Capitella capitata complex.

Hernáez et al. (2022) described the ghost shrimp Callichirus

corruptus. Furthermore, Mattos et al. (2019) showed how

contrasting dispersal potentials can affect crustacean genetic

structure and connectivity along the entire Brazilian coast.
2.2 Topic 2. Standardized methods, long-
term data, and findable, accessible,
interoperable and reusable principles

Despite efforts to produce monitoring protocols (e.g., ReBentos

and MBON Pole-to-Pole), long-term ecological studies on Brazilian

sandy beaches remain scarce. In one of the few examples, Costa

et al. (2022b) compiled data from 2013–2021 and showed that the

abundance of the ghost crab Ocypode quadrata increased during

beach closures due to the COVID-19 pandemic. The only current

long-term (> 20 years) ecological investigation is being performed

at Cassino Beach, South Brazil (Odebrecht et al., 2017). FAIR

principles are still hardly applied to sandy beach research in

Brazil, and most raw data remain restricted even after the

publication of scientific papers.
2.3 Topic 3. Ecological impacts related to
climate change and anthropic activities

Brazilian beaches have been jeopardized by oil spills (Marques

et al., 2017; Sills et al., 2020; da Rosa, 2022), sewage discharges (Roth

et al., 2016), marine litter (Neves et al., 2022), overfishing (Bender

et al., 2014), chemical contamination (Cabrini et al., 2017; Cabrini

et al., 2018; Ragagnin and Turra, 2022), trampling and vehicles

traffic (Bom and Colling, 2020; Santos et al., 2021b; Bom and

Colling, 2022; Santos et al., 2022) and coastal urbanization (Rêgo

et al., 2018; Corte et al., 2022; Laurino et al., 2022; Shah Esmaeili

et al., 2022). Furthermore, researchers have shown that

urbanization may increase parasitism in invertebrates and fishes
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TABLE 1 Priority research areas highlighted by Amaral et al. (2016) and Fanini et al. (2020) combined into the four broad topics, and considerations
on the advances (or lack of) in each of these areas during the previous decade.

Priority research areas Considerations

1) Knowledge of the environmental characteristics and biodiversity of Brazilian sandy beaches,
including ecological links between habitats and biodiversity groups.

Amaral et al., 2016

Holistic studies on sandy beaches. Reduced number of studies investigated multiple
beach habitats or biological groups.

Studies on the secondary production of key species to understand processes of energy transfer in the ecosystem
of sandy beaches.

Insufficient information on energy transfer in beach
ecosystems.

Fanini et al., 2020

Knowledge about links and connectivity between the components of the littoral active zone (LAZ). Few studies assessed different zones of the LAZ.

The identification of key physical and ecological processes and their boundary areas, to manage the littoral active
zone as a sedimentary unit.

Few studies assessed different zones of the LAZ.

Studies of the ecohydrological links between the physical characteristics of the substratum, their dynamics, and
the fauna of sandy beaches.

Limited information on the ecological links in sandy
beach ecosystems.

An increase in data emanating (and a better collation of those data) from case studies from less-represented
areas, beach morphotypes, and issues.

Larger number of studies performed in the Northern
region, but the number remains low.

The production and delivery of autochthonous and allochthonous organic material related to different beach
types, hydro physical conditions, and adjoining habitats.

No study on this topic.

2) Standardized methods, long-term data, and FAIR principles.

Amaral et al., 2016

Temporal replication of sampling to allow the compilation of long-term data series. Reduced number of long-term studies.

Standardization of the methodologies used and the systematic application of monitoring protocols for large
spatial and temporal scales.

Monitoring protocols were developed but not applied
in large-scale studies.

Fanini et al., 2020

The short and long-term storage of carbon and its utilization and turnover. No study done on this topic.

The development of long-term data sets and their collation/curation following internationally agreed standards
(e.g. FAIR).

Most data remain inaccessible.

The identification of standards, both for gathering and using data, and for the quality of beaches. Monitoring protocols were developed but not
frequently applied in ecological investigations.

3) Ecological impacts related to climate change and anthropic activities

Amaral et al., 2016

Field and laboratory experiments to understand differences resulting from anthropogenic impacts and climate
change.

The number of experimental studies increased in
comparison with previous decades; however, it is still
low.

Fanini et al., 2020

The resistance and resilience of beaches to short (pulse) and long (press) term perturbations, including the
physical system, residency and facultative behavior (i.e. spending only a stage of their life on beaches) of the
biota.

Studies, including experiments, assessed how
perturbations affect beach ecosystems, but less
attention was paid to the resilience of beach
ecosystems and biodiversity.

An increase in data resulting from case-studies related to different human use, including urban beaches. Considerable number of studies assessed how human
use affects beach ecosystems.

The quantities of sediment lost and gained through human activities, including mechanical maintenance, tourism
frequency, extent and duration and soft and hard measures to counteract erosion.

Few studies have been conducted on this topic. An
overall method has yet to be established.

The resistance and resilience of beaches to global changes, including temperature fluctuation, temperature rise
and sea level rise.

Studies mainly focused on storm effects.

The assessment of short and long-term impacts of harmful micro- and macroalgal blooms. No study assessed the impact of harmful algal
blooms on Brazilian sandy beaches.

(Continued)
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(Corte, 2015; Shah Esmaeili et al., 2021a). Investigation of plastic

pollution has advanced significantly (Costa et al., 2022b; Mengatto

and Nagai, 2022), and studies suggested that assessments should

consider the physical variables that regulate beach dynamics such as

wave action and tidal cycles (Balthazar-Silva et al., 2020; Tsukada

et al., 2021).

Investigations on the effects of climate change focused mainly

on high-intensity storms (Machado et al., 2016; Turra et al., 2016;

Corte et al., 2017b; Corte et al., 2018; Oliveira and Yokoyama, 2021).

Experiments to assess anthropogenic and climate change impacts

are still scarce (but see Laurino et al., 2020; Izar et al., 2022; Laurino

et al., 2022, Laurino et al., 2023; Laurino and Turra, 2021).

Nevertheless, Brazilian researchers advanced in the use of

biodiversity as tools for environmental monitoring and

assessment (Pombo and Turra, 2013; Cardoso et al., 2016;

Gorman et al., 2017; Pombo and Turra, 2017; Checon et al.,

2018a; Checon et al., 2018b; Costa and Zalmon, 2019; Costa et al.,

2020b; Barboza et al., 2021; Costa and Zalmon, 2021; Costa et al.,

2022a; Checon et al., 2023b; Checon et al., 2023c).
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2.4 Topic 4. Sandy beach as socio-
ecological systems and management
strategies based on the ecosystem

While sandy beaches ecosystems provide regulating, cultural,

supporting, and provisioning services (Harris and Defeo, 2022),

studies in Brazil were mostly focused on cultural services such as

tourism activities (Checon et al., 2022b). Accordingly, Brazilian

sandy beach management remains overwhelmingly focused on

social-economic aspects such as engineering interventions to

mitigate erosion (e.g., armoring and nourishment), cleaning, and

tourism support (e.g., Simões et al., 2022, Borges et al., 2023). To

improve management practices, Xavier et al. (2020) and Corrêa

et al. (2021) highlighted the need for a more holistic understanding

of the beach environment, including the diversity and interactions

of ecological and social components. Moreover, Araújo et al. (2021)

adapted the conceptual model DPSWIR (Driving Force-Pressure-

State-Impact-Well-being-Response) to assess the effects of coastal

ecosystem services loss on human well-being.
frontiersin.o
TABLE 1 Continued

Priority research areas Considerations

The overlap (interference) of emergent phenomena such as beach litter, macro and microplastics with beach
dynamics at micro, meso, and macro scales.

A significant number of investigations examined the
concentration and impact of marine litter on sandy
beach ecosystems.

4) Sandy beach as socio-ecological systems and management strategies based on the ecosystem

Amaral et al., 2016

Improved interactions between scientists and decision makers. There was an increase in interaction between
scientists and decision makers. However, this
interaction is limited to a few researchers.

Fanini et al., 2020

Quantifying the ecosystem services and societal goods and benefits provided by beaches across different
geographical areas, including the rate of economic dependency on beach-related resources, and the dynamics
driven by seasonality.

Limited number of studies on this topic.

The need to assess pollution on beaches in terms of human health and safety risks. Studies on pollution need to be performed on a
larger number of beaches and with higher frequency.

The detection and rigorous assessment of social-ecological regime shifts and collapses, including the identification
of early warning tipping points to support governance.

Limited number of studies on this topic.

The identification of ecological and socio-economic indicators to undertake comprehensive and long-term impact
assessments. Such broadening of the focus would necessarily include climate change-related stressors, market
forces and governance regimes.

Brazilian researchers advanced in the use of
biodiversity as tools for environmental monitoring
and assessment, including both species and
assemblage-level.

The use of indicators to assess the performance of management interventions. Brazilian researchers advanced in the use of
biodiversity as tools for environmental monitoring
and assessment, including both species and
assemblage-level.

The development of ecosystem-based solutions to readdress management failures, together with the establishment
of networks combining Marine Protected Areas and community-based exploitation areas to facilitate spill-over
effects and balance bio-socio-economic factors.

Limited number of investigations on this topic.
Studies were spatially restricted.

The carrying capacity of beach units for human activities (e.g. tourism) having a direct, quantifiable effect. This
would allow a set of choices to be made adequately balancing recreation and conservation needs. There is also
the need to determine the assimilative capacity of beaches in n which they can accept human activities without
adverse effects.

Very low number of studies investigated the carrying
capacity of Brazilian beaches.
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Efforts have been also made to propose an Ecosystem-Based

Management (EBM) approach for Brazilian sandy beaches (e.g.

Bombana et al., 2022), but empirical and theoretical research on

sandy beach management is still incipient (Xavier et al., 2020;

Corrêa et al., 2021). Most studies aim to understand the

anthropogenic drivers associated with social and ecological

deterioration rather than assess the performance of management

interventions (Xavier et al., 2020). Corrêa et al. (2020) identified two

barriers to EBM implementation at the local level: overcoming

current undesirable governance structures and fitting governance to

multilevel ecosystem dynamics.

Nature-based solutions (NbS) assume that natural processes

can solve management failures and have been proposed to mitigate

the degradation and vulnerability of coastal environments to

erosion (Slinger et al., 2021). Manes et al. (2023) estimated that

nature-based shoreline protection can reduce the risks of climate-

induced hazards to the Brazilian coastline by 2.5 times. Costa et al.

(2020a) suggested the addition of natural obstructions in the

supralittoral and reforestation to prevent ghost crabs and turtle

hatchlings from being killed by vehicles on the sand.
3 Future directions

Sandy beach ecological studies performed in Brazil increased

over the past decade; however, these advances do not ensure the

preservation of our beaches. While ecological knowledge is crucial

to preserve our beaches, it alone is insufficient since successful

management is largely contingent upon changes in the

environment, governance, and new technologies.

Management and governance have a key role in maintaining

sustainable ecosystem services and their benefits (Harris and Defeo,

2022), and it is essential to use scientific knowledge to subsidize the

decision-making process by developing evidence-based

management strategies to reduce the harmful consequences of

anthropic activities and mitigate climate change effects.

Collaborative and multidisciplinary networks are crucial for

ensuring that the knowledge produced leads to effective changes in

governance and cultural aspects towards beach ecosystems

conservation. EBM should be fostered, integrating both social and

natural systems in a transdisciplinary way, considering the temporal

and spatial scales of processes, the benefits from beaches to people,

and attempting to build socioecological models that support

decision-making (Gonçalves et al., 2020; Corrêa et al., 2021;

Xavier et al., 2022).

Incorporating ecological principles into engineering can

improve management practices and foster the development of

mechanisms to address complex challenges threatening beach

conservation, such as the synergic effects of coastal urbanization

and climate change. Emerging technologies such as eDNA, Remote

Sensing (RS), and unmanned aerial vehicles for imaging are

promising tools for evaluating sandy beach biodiversity and

ecological processes, which can reduce the costs and effort

associated with biodiversity assessment and monitoring (Barboza

et al., 2021; Shah Esmaeili et al., 2021a; Checon et al., 2022a).
Frontiers in Marine Science 05
Long-term data are necessary to comprehend how climate

change is affecting sandy beach ecosystems and may compromise

their goods and services, as well as to understand the population

dynamics of exploited species, changes in species distribution,

storage and turnover of organic carbon, and impacts of human

activities and harmful algal blooms (Fanini et al., 2020). Expanding

knowledge about larval dispersion, settlement, and resilience to

environmental changes is also needed to understand the dynamics

of beach biodiversity. We have limited information on the diversity

and ecological role of microorganisms (viruses, bacteria, fungi,

parasites) and meiofaunal species, and beaches from North and

Northeast Brazil remain largely understudied. Similarly, sublittoral

communities and the backshore remain overlooked. Stable isotope

analysis may help elucidate the connection between sandy beaches

and adjacent habitats. Studies on the whole Littoral Active Zone are

essential to identifying key physical and ecological processes and

their boundary areas (Fanini et al., 2020). It is also urgent to

conduct studies on the effects of heat waves on beach species

and assemblages.

We strongly recommend that data collation/curation follow the

FAIR principles that lead to legislation focused on advances in

EBM. For example, data should be published in open-access

databases (e.g., GBIF and OBIS) and made available using a CC-

BY license.

Importantly, the effort for knowledge production should

consider societal demands, and assist managers in providing

assertive and applicable responses to such a complex system in a

changing environment. In addition, an effort should be made to

congregate the science we are doing and to implement the science

we need for the beaches we want (e.g., ABC, 2021), promoting a

better dialogue with the Sustainable Development Goals of the

United Nations 2030 Agenda for Sustainable Development (UNGA,

2015) and the outcomes and challenges of the United Nations

Decade of Ocean Science for Sustainable Development (IOC/

UNESCO, 2020; Claudet et al., 2020).
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Hernáez, P., Miranda, M. S., Rio, J. P., and Pinheiro, M. A. (2022). A new Callichirus
ghost shrimp species from the south-western Atlantic, long confounded with C. major
(Say 1818)(Decapoda: Axiidea: Callichiridae). J. Natural History 56 (9-12), 533–563.
doi: 10.1080/00222933.2022.2067016

Hurtado, L. A., Mateos, M., Mattos, G., Liu, S., Haye, P. A., and Paiva, P. C. (2016).
Multiple transisthmian divergences, extensive cryptic diversity, occasional long-
distance dispersal, and biogeographic patterns in a marine coastal isopod with an
amphi-American distribution. Ecol. Evol. 6, 7794–7808. doi: 10.1002/ece3.2397

IOC (Intergovernmental Oceanographic Commission). (2015). UNESCO (United
Nations Educational, Scientific and Cultural Organization). 2020. The science we need
for the ocean we want: the United Nations Decade of Ocean Science for Sustainable
Development (2021-2030). Paris: IOC Publishing.

Izar, G. M., Laurino, I. R. A., Tan, T. Y., Nobe, C. R., Gusso-houeri, P. K., Moreno, B.
B., et al. (2022). Plastic pellets make Excirolana armata more aggressive: intraspecific
interactions and mortality in field and laboratory ecotoxicological assays. Mar. pollut.
Bull. 185, 114325. doi: 10.1016/j.marpolbul.2022.114325

Klein, A. H. F., and Short, A. D. (2016). “Brazilian Beach Systems: Introduction” in
Brazilian Beach systems. Eds. A. D. Short and A. H. F. Klein (Cham: Springer
International Publishing), 1–35. doi: 10.1007/978-3-319-30394-9_1

Lacerda, C. H. F., Barletta, M., and Dantas, D. V. (2014). Temporal patterns in the
intertidal faunal community at the mouth of a tropical estuary. J. Fish Biol. 85, 1571–
1602. doi: 10.1111/jfb.12518

Laurino, I. R. A., Checon, H. H., Corte, G. N., and Turra, A. (2020). Flooding affects
vertical displacement of intertidal macrofauna: a proxy for the potential impacts of
environmental changes on sandy beaches. Estuar. Coast. Shelf Sci. 245, 106882.
doi: 10.1016/j.ecss.2020.106882

Laurino, I. R. A, Lima, T. P., and Turra, A. (2023). Effects of natural and
anthropogenic storm-stranded debris in upper-beach arthropods: Is wrack a prey
hotspot for birds? Sci. Total Environ. 857, 159468.

Laurino, I. R. A., Checon, H. H., Corte, G. N., and Turra, A. (2022). Does coastal
armoring affect biodiversity and its functional composition on sandy beaches? Mar.
Environ. Res. 181, 105760. doi: 10.1016/j.marenvres.2022.105760

Laurino, I. R. A., and Turra, A. (2021). The threat of freshwater input on sandy
beaches: a small-scale approach to assess macrofaunal changes related to salinity
reduction. Mar. Environ. Res. 171, 105459. doi: 10.1016/j.marenvres.2021.105459

Lercari, D. (2023). Sandy beaches: publication features, thematic areas and
collaborative networks between 2009 and 2019. Estuar Coast. Shelf Sci. 281, 108211.
doi: 10.1016/j.ecss.2023.108211

Linhares, B. D. A., Bordin, J., Nunes, G. T., and Ott, P. H. (2021). Breeding biology of
the American oystercatcher Haematopus palliatus on a key site for conservation in
southern Brazil. Ornithol. Res. 29, 16–21. doi: 10.1007/s43388-021-00042-5

Machado, P. M., Costa, L. L., Suciu, M. C., Tavares, D. C., and Zalmon, I. R. (2016).
Extreme storm wave influence on sandy beach macrofauna with distinct human
pressures. Mar. pollut. Bull. 107, 125–135. doi: 10.1016/j.marpolbul.2016.04.009

Manes, S., Gama-Maia, D., Vaz, S., Pires, A. P. F., Tardin, R. H., Maricato, G., et al.
(2023). Nature as a solution for shoreline protection against coastal risks associated
with ongoing sea-level rise. Ocean Coast. Manage. 235, 106487. doi: 10.1016/
j.ocecoaman.2023.106487

Maria, T. F., Vanaverbeke, J., Vanreusel, A., and Esteves, A. M. (2016). Sandy
beaches: state of the art of nematode ecology. An. Acad. Bras. Cienc. 88 (3), 1635–1653.
doi: 10.1590/0001-3765201620150282

Marques, W. C., Stringari, C. E., Kirinus, E. P., Möller, O. O., Toldo, E. E., and
Andrade, M. M. (2017). Numerical modeling of the tramandaı ́ beach oil spill, Brazil–
case study for January 2012 event. Appl. Ocean Res. 65, 178–191. doi: 10.1016/
j.apor.2017.04.007

Mattos, G., Seixas, V. C., and Paiva, P. C. (2019). Comparative phylogeography and
genetic connectivity of two crustacean species with contrasting life histories on south
Atlantic sandy beaches. Hydrobiologia 826, 319. doi: 10.1007/s10750-018-3744-3

Mengatto, M. F., and Nagai, R. H. (2022). A first assessment of microplastic
abundance in sandy beach sediments of the Paranaguá estuarine complex, south
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Xavier, L. Y., Guilhon, M. P., Gonçalves, L. R., Correa, M. R., and Turra, A. (2022).
Waves of change: towards ecosystem-based management to climate change adaptation.
Sustainability 14, 1317. doi: 10.3390/su14031317
frontiersin.org

https://doi.org/10.1590/1676-06032014006914
https://doi.org/10.1371/journal.pone.0083792
https://doi.org/10.1590/s1679-87592017114606504
https://doi.org/10.1016/j.rsma.2021.102118
https://doi.org/10.3161/00016454AO2021.56.2.008
https://doi.org/10.1016/j.landusepol.2017.10.055
https://doi.org/10.1016/j.marpolbul.2016.03.048
https://doi.org/10.1016/j.marpolbul.2016.03.048
https://doi.org/10.1111/maec.12675
https://doi.org/10.1017/S0025315418000711
https://doi.org/10.1017/S0025315419001231
https://doi.org/10.1016/j.marenvres.2021.105289
https://doi.org/10.1017/S0025315422000480
https://doi.org/10.1093/zoolinnean/zlaa032
https://doi.org/10.1007/s10750-021-04680-0
https://doi.org/10.1111/ddi.13453
https://doi.org/10.3354/meps13711
https://doi.org/10.1126/science.aaz9993
https://doi.org/10.1126/science.aaz9993
https://doi.org/10.1371/journal.pone.0177760
https://doi.org/10.1016/j.ocecoaman.2022.106373
https://doi.org/10.1016/j.ocecoaman.2022.106373
https://doi.org/10.3390/w13070976
https://doi.org/10.1016/j.pecon.2021.06.001
https://doi.org/10.1016/j.ecss.2021.107376
https://doi.org/10.1016/j.ecss.2021.107376
https://doi.org/10.1016/j.marpolbul.2021.112809
https://doi.org/10.1371/journal.pone.0146323
https://doi.org/10.1590/1809-4422asoc20190141r1vu2020L2DE
https://doi.org/10.3390/su14031317
https://doi.org/10.3389/fmars.2023.1200979
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	The science we need for the beaches we want: frontiers of the flourishing Brazilian ecological sandy beach research
	1 Introduction
	2 Ecological research on Brazilian sandy beaches
	2.1 Topic 1. Knowledge of biodiversity, ecological links, and genetic connectivity
	2.2 Topic 2. Standardized methods, long-term data, and findable, accessible, interoperable and reusable principles
	2.3 Topic 3. Ecological impacts related to climate change and anthropic activities
	2.4 Topic 4. Sandy beach as socio-ecological systems and management strategies based on the ecosystem

	3 Future directions
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


