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                    Abstract
The first open-sea (non-coastal) Marine Protected Area (MPA) in Argentina was created in 2013 (and named “Namuncurá”), at Burdwood Bank, an undersea plateau located about 200 km south from Malvinas/Falkland Islands, SW Atlantic Ocean. This contribution represents the most recent and complete checklist of benthic organisms (mainly mega and macrofauna) that summarized 240 taxa collected at three sites in the mentioned area. The benthic richness here documented largely exceeds the values coming from other productive areas in Argentinean waters. Faunistic composition was different among the sites, although several species were shared. Bryozoans presented the highest richness compared to the other groups, followed by mollusks and sponges. These data represent valuable information and a very helpful starting point for incoming research, conservation efforts and management. It is essential to establish the spatial distribution of indicator taxa, like corals, sponges and bryozoans, to better attempt at the protection of benthic biodiversity in this rich Argentinean marine system. This is a key issue considering the notable extension of the MPA compared to other areas in Argentina, the bathymetric variations, particular oceanographic conditions and different fishing circumstances within the area.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Structure and distribution of fish assemblages at Burdwood Bank, the first Sub-Antarctic Marine Protected Area “Namuncurá” in Argentina (Southwestern Atlantic Ocean)
                                        
                                    

                                    
                                        Article
                                        
                                         18 September 2020
                                    

                                

                                S. M. Delpiani, D. O. Bruno, … J. M. Díaz de Astarloa

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Benthic communities at the marine protected area Namuncurá/Burdwood bank, SW Atlantic Ocean: detection of vulnerable marine ecosystems and contributions to the assessment of the rezoning process
                                        
                                    

                                    
                                        Article
                                        
                                         29 August 2021
                                    

                                

                                Schejter Laura & Albano Mariano

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Marine biodiversity patterns off Alexandria area, southeastern Mediterranean Sea, Egypt
                                        
                                    

                                    
                                        Article
                                        
                                         15 May 2019
                                    

                                

                                Mahmoud M. S. Farrag, Hussein A. El-Naggar, … Kapiris Kostas

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Arntz WE (2005) The Magellan-Antarctic connection: links and frontiers at southern high latitudes. Summ Rev Sci 62:359–365

                    Google Scholar 
                

	Arntz W, Brey T (eds) (2003) Expedition ANTARKTIS XIX/5 (LAMPOS) of RV “Polarstern” in 2002. Ber Polarforsch Meeresforsch 462, 124 pp

	Asch RG, Collie JS (2008) Changes in a benthic megafaunal community due to disturbance from bottom fishing and the establishment of a fishery closure. Fish Bull 106:438–456

                    Google Scholar 
                

	Auster PJ, Gjerde K, Heupel E, Watling L, Grehan A, Rogers AD (2011) Definition and detection of vulnerable marine ecosystems on the high seas: problems with the “move-on” rule. ICES J Mar Sci 68:254–264
Article 
    
                    Google Scholar 
                

	Barnes DKA (2005) Changing chain: past, present and future of the Scotia Arc’s and Antarctica’s shallow benthic communities. Sci Mar 62:65–89
Article 
    
                    Google Scholar 
                

	Bremec CS, Lasta ML (2002) Epibenthic assemblage associated with scallop (Zygochlamys patagonica) beds in the Argentine shelf. Bull Mar Sci 70:89–105

                    Google Scholar 
                

	Bremec C, Schejter L (2010) Benthic diversity in a submarine canyon in the Argentine sea. Rev Chil Hist Nat 83:453–457
Article 
    
                    Google Scholar 
                

	Bremec C, Brey T, Lasta M, Valero J, Lucifora L (2000) Zygochlamys patagonica beds on the Argentinean shelf. Part I: energy flow through the scallop bed community. Arch Fish Mar Res 48:295–303
Article 
    
                    Google Scholar 
                

	Bremec C, Marecos A, Schejter L, Escolar M, Souto V (2008) Riqueza específica y asociaciones faunísticas en los bancos comerciales de vieira patagónica (Zygochlamys patagonica) a lo largo del frente de talud. Período 2007. INIDEP Tech Rep 53:29

                    Google Scholar 
                

	Caille G, Musmeci JM, Harris G, Delfino Schenke R (2013) Sistema Inter-Jurisdiccional de Áreas Protegidas Costero Marinas -SIAPCM - Argentina (Proyecto ARG/10/G47 GEF -PNUD). Frente Maritimo 23:55–64

                    Google Scholar 
                

	Cairns SD (2007) Deep-water corals: an overview with special reference to diversity and distribution of deep-water scleractinian corals. Bull Mar Sci 81:311–322

                    Google Scholar 
                

	Cairns SD, Polonio V (2013) New records of deep-water Scleractinia off Argentina and the Falkland Islands. Zootaxa 3691:58–86
Article 
    PubMed 
    
                    Google Scholar 
                

	Chiesa IL, Urteaga D, Martinez AI, Doti BL, Roccatagliata D (2015) Biodiversidad de anfípodos bentónicos del AMP Namuncurá – Banco Burdwood. Abstracts Book, IX Jornadas Nacionales de Ciencias del Mar, Ushuaia p263
                        

                    Google Scholar 
                

	Doti B, Chiesa IL, Alberico N, Sganga D, Giachetti C, Pereira E, Roccatagliata D (2014) Biodiversidad de crustáceos Peracarida del Banco Burdwood/Namuncurá: resultados preliminares. Abstracts Book, III Congreso Uruguayo de Zoología, Montevideo, pp 291–292

                    Google Scholar 
                

	Durán Muñoz P, Sayago-Gil M (2011) An overview of cold-water coral protection on the high seas: the Hatton bank (NE Atlantic)—a case study. Mar Policy 35:615–622
Article 
    
                    Google Scholar 
                

	Durán Muñoz P, Sayago-Gil M, Murillo FJ, Del Río JL, López-Abellán LJ, Sacau M, Sarralde R (2012) Actions taken by fishing Nations towards identification and protection of vulnerable marine ecosystems in the high seas: the Spanish case (Atlantic Ocean). Mar Policy 36:536–543
Article 
    
                    Google Scholar 
                

	Escolar M, Diez M, Hernández D, Marecos A, Campodónico S, Bremec C (2009) Invertebrate bycatch in Patagonian scallop fishing grounds: a study case with data obtained by the on board observers programm. Rev Biol Mar Oceanogr 44:369–377
Article 
    
                    Google Scholar 
                

	Falabella V, Campagna C, Caille G, Krapovickas S, Moreno D, Michelson A, Piola A, Schejter L, Zelaya D (2013) Banco Burdwood: Contribuciones para el establecimiento de una línea de base y plan de manejo de la futura Área Marina Protegida. Preliminar report, 51 pp

	FAO (2009) Report of the technical consultation on international guidelines for the management of deep-sea fisheries in the high seas. Rome, 4–8 February and 25–29 August 2008. FAO fish aquac rep 881

	Fautin DG, Guinotte JM, Orr JC (2009) Comparative depth distribution of corallimorpharians and scleractinians (Cnidaria: Anthozoa). Mar Ecol Prog Ser 397:63–70
Article 
    
                    Google Scholar 
                

	Findlay AG (1867) A sailing directory for the Ethiopic or South Atlantic Ocean including the coasts of South America and South Africa. R.H. Laurie, London, 691 p

                    Google Scholar 
                

	Gaitán E, Schejter L, Giberto D, Escolar M, Bremec C (2013a) Report of vulnerable marine ecosystems in South Georgia Islands (CCAMLR Subarea 48.3) through research dredge sampling. CCMLAR, Working group-fish stock assessment -13/58

	Gaitán E, Schejter L, Giberto D, Escolar M, BremecC (2013b) Registro de invertebrados bentónicos en las Islas Georgias del Sur (sub-área CCRVMA 48.3) como potenciales taxones indicadores de Ecosistemas Marinos Vulnerables. INIDEP research rep 77, 7 pp

	Genzano PN, Giberto D, Schejter L, Bremec C, Meretta P (2009) Hydroid assemblages from Southwestern Atlantic Ocean (34–42°S). Mar Ecol 30:33–46
Article 
    
                    Google Scholar 
                

	Giberto DA, Romero MV, Souto V, Escolar M, Bremec CS, Machinandiarena L (2014). Fauna bentónica asociada a prerreclutas de merluza en la Zona Común de Pesca Argentino-Uruguaya y en la plataforma patagónica entre 44° y 47°S. INIDEP research rep 49, 18 pp

	Guerrero RA, Baldoni A, Benavides H (1999) Oceanographic conditions at the southern end of the argentine continental slope. INIDEP Sci Doc 5:7–22

                    Google Scholar 
                

	Guinotte J, Orr J, Cairns S, Freiwald A, Morgan L, George R (2006) Will human-induced changes in seawater chemistry alter the distribution of deep-sea scleractinian corals? Front Ecol Environ 4(3):141–146
Article 
    
                    Google Scholar 
                

	Hayward PJ (1980) Cheilostomata (Bryozoa) from the South Atlantic. J Nat Hist 14:701–722
Article 
    
                    Google Scholar 
                

	Hinz H, Prieto V, Kaiser MJ (2009) Trawl disturbance on benthic communities: chronic effects and experimental predictions. Ecol Appl 19:761–773
Article 
    PubMed 
    
                    Google Scholar 
                

	Jones CD, Lockhart SJ (2011) Detecting vulnerable marine ecosystems in the Southern Ocean using research trawls and underwater imagery. Mar Pol 35:732–736
Article 
    
                    Google Scholar 
                

	López Gappa J (2000) Species richness of marine Bryozoa in the continental shelf and slope off Argentina (south-west Atlantic). Div Distrib 6:15–27
Article 
    
                    Google Scholar 
                

	López Gappa J, Landoni NA (2005) Biodiversity of Porifera in the Southwest Atlantic between 35 S and 56 S. Rev Mus Arg Cs Nat 7:191–219
Article 
    
                    Google Scholar 
                

	López Gappa J, Lichtschein V (1990) Los Briozoos Coleccionados por el B/I Shinkai Maru en la Plataforma Continental Argentina. Parte I. Servicio de Hidrografia Naval, Buenos Aires

                    Google Scholar 
                

	López Gappa J, Landoni NA (2009) Space utilisation patterns of bryozoans on the Patagonian scallop Psychrochlamys patagonica. Sci Mar 73:161–171
Article 
    
                    Google Scholar 
                

	López-González P, Rodríguez E, Vert N (2003) Biogeography and Ecology of Cnidaria. In: Arntz W, Brey T (eds) Expedition ANTARKTIS XIX/5 (LAMPOS) of RV “Polarstern” in 2002. Ber Polarforsch Meeresforsch 462: 13–18

	Lovell LL, Trego KD (2003) The epibenthic megafaunal and benthic infaunal invertebrates of Port Foster, Deception Island (South Shetland Islands, Antarctica). Deep-Sea Res II 50:1799–1819
Article 
    
                    Google Scholar 
                

	Margolin AR, Robinson LF, Burke A, Waller RG, Scanlon KM, Roberts ML, Auro ME, van de Flierdt T (2014) Temporal and spatial distributions of cold-water corals in the Drake Passage: insights from the last 35,000 years. Deep-Sea Res II 99:237–248
Article 
    
                    Google Scholar 
                

	Moyano HI (2005) Scotia Arc bryozoans from the LAMPOS expedition: a narrow bridge between two different faunas. Sci Mar 69(Suppl.2):103–112
Article 
    
                    Google Scholar 
                

	Muñoz A, Cristobo J, Ríos P, Druet M, Polonio V, Uchupi E, Acosta J, Group A (2012) Sediment drifts and cold-water coral reefs in the Patagonian upper and middle continental slope. Mar Petrol Geol 36:70–82
Article 
    
                    Google Scholar 
                

	National Research Council (2002) Effects of Trawling and Dredging on Seafloor Habitat. Committee on Ecosystem Effects of Fishing: Phase 1- Effects of Bottom Trawling on Seafloor Habitats, Ocean Studies Board, Division on Earth and Life Studies. Washington DC, National Academy, p 126

                    Google Scholar 
                

	Piola AR, Gordon AL (1989) Intermediate waters in the southwest South Atlantic. Deep-Sea Res 36(1):1–16
Article 
    
                    Google Scholar 
                

	Portela J, Acosta J, Cristobo J, Muñoz A, Parra S, Ibarrola T, Del Río JL, Vilela R, Ríos P, Blanco R, Almón B, Tel E, Besada V, Viñas L, Polonio V, Barba M, Marín P (2012) Management Strategies to Limit the Impact of Bottom Trawling on VMEs in the High Seas of the SW Atlantic, In: Cruzado A (ed) Marine Ecosystems. in tech, pp 199–228

	Portela J, Cristobo J, Ríos P, Acosta J, Parra S, Del Río JL, Tel E, Polonio V, Muñoz A, Patrocinio T, Vilela R, Barba M, Marín P (2015) A first approach to asses the impact of bottom trawling over vulnerable marine ecosistems on the high seas of the Southwest Atlantic. In: Blanco JA (ed) Biodiversity in ecosystems - linking structure and function. InTech, p 28. http://www.intechopen.com/books/biodiversity-inecosystems-linking-structure-and-function/a-first-approach-to-assess-the-impact-of-bottom-trawling-overvulnerable-marine-ecosystems-on-the-hi
                        

	Queirós AM, Hiddink JG, Kaiser MJ, Hinz H (2006) Effects of chronic bottom trawling disturbance on benthic biomass, production and size spectra in different habitats. J Exp Mar Biol Ecol 335:91–103
Article 
    
                    Google Scholar 
                

	Roberts JM, Cairns SD (2014) Cold-water corals in a changing ocean. Curr Op Environ Sust 7:118–126
Article 
    
                    Google Scholar 
                

	Roux A, Calcagno JA, Bremec C (2002) Macrobenthic assemblages of demersal fishing grounds off South Georgia Islands. “R/V Eduardo Holmberg” survey, February–March, 1994. Arch Fish Mar Res 49:231–241

                    Google Scholar 
                

	Sánchez MA, Giberto D, Schejter L, Bremec C (2011) The Patagonian scallop fishing grounds in shelf break frontal areas: the non assessed benthic fraction. Lat Am J Aquat Res 39:167–171

                    Google Scholar 
                

	Schejter L, Bremec C (2007) Benthic richness in the Argentine continental shelf: the role of Zygochlamys patagonica (Mollusca, Bivalvia, Pectinidae) as settlement substrate. J Mar Biol Assoc UK 87:917–925
Article 
    
                    Google Scholar 
                

	Schejter L, Bremec C (2009) Epibiosis contest at Zygochlamys patagonica fishing grounds: Which is the winner? 17th international pectinid workshop, Santiago de Compostela, Spain, April 22–28 2009. Book of abstracts pp 143–144

	Schejter L, Escolar M, Bremec C (2011a) Variability in epizoic colonization on Fusitriton magellanicus shells. J Mar Biol Assoc UK 91(4):897–906
Article 
    
                    Google Scholar 
                

	Schejter L, Bertolino M, Calcinai B, Cerrano C, Bremec C (2011b) Epibiotic sponges on the hairy triton Fusitriton magellanicus in the SW Atlantic Ocean, with the description of Myxilla (Styloptilon) canepai sp. nov. Aquat Biol 14:9–20
Article 
    
                    Google Scholar 
                

	Schejter L, Bertolino M, Calcinai B,Cerrano C, Pansini M (2012) Banco Burdwood: resultados preliminares sobre composición y riqueza específica de esponjas (Phylum Porifera), a partir de muestras colectadas en la campaña del buque rompehielos estadounidense “Nathaniel B. Palmer”, abril-mayo 2008. INIDEP research rep 122, 6 pp

	Schejter L, Escolar M, Marecos A, Bremec C (2013) Riqueza específica en los bancos comerciales de vieira patagónica (Zygochlamys patagonica) a lo largo del frente de talud. Período 2012. INIDEP research rep 18, 13 pp

	Schejter L, López Gappa J, Bremec C (2014) Epibiotic relationships on Zygochlamys patagonica (Mollusca, Bivalvia, Pectinidae) increase biodiversity in a submarine canyon in Argentina. Deep Sea Res II 104:252–258
Article 
    
                    Google Scholar 
                

	Scotish National Antarctic Expedition 1902–1904 (1908) Report on the scientific results of the voyage of the S.Y. “Scotia” during the years 1902, 1903, and 1904 under the leadership of William S. Bruce, vol 4, Zoology

	Tatián M, Antacli JC, Sahade R (2005) Ascidians (Tunicata: Ascidiacea): species distribution along the Scotia Arc. Sci Mar 62:205–214
Article 
    
                    Google Scholar 
                

	Vanderklift MA, Ward TJ, Phillips JC (1998) Use of assemblages derived from different taxonomic levels to select areas for conserving marine biodiversity. Biol Conserv 8686:307–315
Article 
    
                    Google Scholar 
                

	Wattage P, Glenn H, Mardle S, Van Rensburg T, Grehan A, Foley N (2011) Economic value of conserving deep-sea corals in Irish waters: a choice experiment study on marine protected areas. Fish Res 107:59–67
Article 
    
                    Google Scholar 
                

	Zamponi M (2008a) Informe Banco Burdwood. Cnidaria. Mar del Plata, 15 pp

	Zamponi M (2008b) La corriente de Malvinas: ¿una vía de dispersión para cnidarios bentónicos de aguas frías? Rev Real Acad Galega Cs XXVII:183–203

                    Google Scholar 
                

	Zunino G, Ichazo MM (1979) Los peces demersales del Banco Burdwood: distribución, abundancia de las especies y frecuencia de tallas (según datos de los B/I Walther Herwig y Shinkai Maru, campañas 1978–1979). Final report, Oceanografía Biológica, Universidad de Buenos Aires, 66 pp


Download references




Acknowledgments
We would like to thank to the OV “Puerto Deseado” and the crew for the help during sampling procedures, as well as to Pablo Bonuccelli and the Hydrographic Research Vessels Division (Argentinean Navy), for the given permission to add Burdwood Bank sampling sites in the schedule of the survey. We also thank Gustavo Lovrich for their critical suggestions on preliminary versions of this MS and for the help during the identification of the king crab species. We also thank the reviewers for their critical revision of the MS and the suggestions received that improve the final result of this work. Prof. María Cecilia Martin helped in correcting the English grammar. This study was partially supported by PICT 2013-0629 (to LS), PICT-2012-1043 and PIP 11220120100247 (to JLG), PIP 11420110100323 (to DGZ), FACEPE—Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco (APQ-0828-2.04/12) (to CDP) EXA 639/13 UNMdP 2013-2014 and PIP 11220110100152 (to GG).


Author information
Authors and Affiliations
	Instituto Nacional de Investigación y Desarrollo Pesquero (INIDEP), Paseo Victoria Ocampo 1, 7600, Mar del Plata, Argentina
Laura Schejter & Mariana Escolar

	Instituto de Investigaciones Marinas y Costeras (IIMyC) - CONICET, Mar del Plata, Argentina
Laura Schejter, Juan M. Díaz de Astarloa, Gabriel Genzano & Claudia S. Bremec

	Instituto de Diversidad y Ecología Animal, CONICET-Universidad Nacional de Córdoba and Facultad de Ciencias Exactas, Físicas y Naturales (UNC), Córdoba, Argentina
Clara Rimondino & Marcos Tatián

	Museo Argentino de Ciencias Naturales “Bernardino Rivadavia” (MACN-CONICET), Buenos Aires, Argentina
Ignacio Chiesa & Juan López-Gappa

	Laboratorio de Biotaxonomía Morfológica y Molecular de Peces (BIMOPE), FCEyN, UNMdP, Buenos Aires, Argentina
Juan M. Díaz de Astarloa

	Instituto de Biodiversidad y Biología Experimental y Aplicada (IBBEA), Facultad de Ciencias Exactas y Naturales (CONICET-UBA), Buenos Aires, Argentina
Brenda Doti

	Departamento de Ciencias Marinas, Universidad Nacional de Mar del Plata (UNMdP), Mar del Plata, Argentina
Rodolfo Elías, Gabriel Genzano & Claudia S. Bremec

	Departamento de Biodiversidad y Biología Experimental, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires (UBA), Buenos Aires, Argentina
Ignacio Chiesa & Diego G. Zelaya

	Centro Oceanográfico de Gijón, Instituto Español de Oceanografía (IEO), Gijón, Spain
Javier Cristobo

	Grupo de Pesquisa en Antozoarios, Centro Acadêmico de Vitoria, Universidade Federal de Pernambuco, Recife, Brazil
Carlos D. Perez & Ralf T. Cordeiro


Authors	Laura SchejterView author publications
You can also search for this author in
                        PubMed Google Scholar



	Clara RimondinoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ignacio ChiesaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juan M. Díaz de AstarloaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Brenda DotiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rodolfo ElíasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mariana EscolarView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gabriel GenzanoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juan López-GappaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcos TatiánView author publications
You can also search for this author in
                        PubMed Google Scholar



	Diego G. ZelayaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Javier CristoboView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carlos D. PerezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ralf T. CordeiroView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudia S. BremecView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Laura Schejter.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Schejter, L., Rimondino, C., Chiesa, I. et al. Namuncurá Marine Protected Area: an oceanic hot spot of benthic biodiversity at Burdwood Bank, Argentina.
                    Polar Biol 39, 2373–2386 (2016). https://doi.org/10.1007/s00300-016-1913-2
Download citation
	Received: 12 March 2015

	Revised: 14 January 2016

	Accepted: 26 February 2016

	Published: 24 March 2016

	Issue Date: December 2016

	DOI: https://doi.org/10.1007/s00300-016-1913-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Benthic communities
	New Marine Protected Area
	Conservation
	SW Atlantic Ocean








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					107.21.139.153
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    