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                    Abstract
Knowledge on the distribution of plankton species is fundamental to understand planktonic ecosystem structure and function. To understand the difference of tintinnid vertical distribution pattern in the Bering Sea and the Arctic Ocean and their connection through the Bering Strait, we reported the vertical distribution of tintinnid assemblages from the Bering Sea to the Arctic Ocean. Bering Sea-dominant species (Codonellopsis frigida, Ptychocylis obtusa, Parafavella spp., Acanthostomella norvegica) had abundance peak in the upper 50 m. In the Arctic Ocean, abundance peak of dominant species (P. urnula) occurred in surface and deep chlorophyll a maximum layers. Salpingella acuminata and S. faurei occurred from 50 to 80 m in Bering Sea and Arctic Ocean oceanic waters. Bering Strait-dominant species (P. acuta, Parafavella spp., A. norvegica) occurred from the surface to the bottom. Both S. acuminata and S. faurei were absent in Bering Strait at depths shallower than 120 m. Bering Sea-dominant species (C. frigida, P. obtusa, Parafavella spp., A. norvegica) disappeared successively northward. Ptychocylis urnula occurred in the northern part of Bering Strait at depths exceeding 50 m. The size of P. acuta (only occurring in Bering Strait) was between that of P. urnula and P. obtusa. Bering Sea-dominant species had wide temperature but narrow salinity ranges (32.7–33.3); their successive northward disappearance might reflect difference in the salinity tolerance. Ptychocylis urnula had a wide salinity but narrow temperature range in the Arctic Ocean. Its distribution through Bering Strait is likely limited by temperature (− 1.8 to 1.2 °C). The vertical distribution of S. acuminata and S. faurei might correlate with depth. Our results contribute to a better understanding of the vertical distribution of the microbial food web and serve as a baseline for future studies on the pelagic community change in the Arctic.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Planktonic ciliates in different water masses of Cosmonaut and Cooperation Seas (Indian sector of the Southern Ocean) during austral summer
                                        
                                    

                                    
                                        Article
                                        
                                         15 June 2022
                                    

                                

                                Haibo Li, Zhiqiang Xu, … Tian Xiao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Horizontal and vertical distribution of polycystine radiolarians in the western Arctic Ocean during the late summers of 2013 and 2015
                                        
                                    

                                    
                                        Article
                                        
                                         22 October 2018
                                    

                                

                                Takahito Ikenoue, Kjell R. Bjørklund, … Shigeto Nishino

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Spatial distribution of microzooplankton in different areas of the northern Antarctic Peninsula region, with an emphasis on tintinnids
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 July 2021
                                    

                                

                                Marina Monti-Birkenmeier, Tommaso Diociaiuti, … Bettina Meyer

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Alder VA (1999) Tintinnoinea. In: Boltovskoy D (ed) South Atlantic zooplankton. Backhuys, Leiden, pp 321–384

                    Google Scholar 
                

	Ashjian CJ, Campbell RG, Welch HE, Butler M, Van Keuren D (2003) Annual cycle in abundance, distribution, and size in relation to hydrography of important copepod species in the western Arctic Ocean. Deep Sea Res I 50:1235–1261
Article 
    
                    Google Scholar 
                

	Azam F, Fenchel T, Field JG, Gray JS, Meyer-Reil LA, Thingstad F (1983) The ecological role of water column microbes in the sea. Mar Ecol Prog Ser 10:257–263
Article 
    
                    Google Scholar 
                

	Burridge AK, Goetze E, Wall-Palmer D, Double SL, Huisman J, Peijnenburg KTCA (2017) Diversity and abundance of pteropods and heteropods along a latitudinal gradient across the Atlantic Ocean. Prog Oceanogr 158:213–223
Article 
    
                    Google Scholar 
                

	Damas D (1905) Notes biologiques sur les copepodes de la mer Norvegienne. Cons Perm Explor Mer Pub Circonstance 22:1–23

                    Google Scholar 
                

	Davis CC (1978) Variations of the lorica in the genus Parafavella (Protozoa: Tintinnida) in northern Norway waters. Can J Zool 56:1822–1827
Article 
    
                    Google Scholar 
                

	Davis CC (1981) Variations of lorica shape in the genus Ptychocylis (Protozoa: Tintinnina) in relation to species identification. J Plankton Res 3:433–443
Article 
    
                    Google Scholar 
                

	Dolan JR, Vidussi F, Claustre H (1999) Planktonic ciliates in the Mediterranean Sea: longitudinal trends. Deep Sea Res I 46:2025–2039
Article 
    
                    Google Scholar 
                

	Dolan JR, Montagnes DJ, Agatha S, Coats DW, Stoecker DK (2013) The biology and ecology of tintinnid ciliates: models for marine plankton. Wiley, Oxford

                    Google Scholar 
                

	Dolan JR, Yang EJ, Kim TW, Kang SH (2014) Microzooplankton in a warming Arctic: a comparison of tintinnids and radiolarians from summer 2011 and 2012 in the Chukchi Sea. Acta Protozool 53:101–113

                    Google Scholar 
                

	Dolan JR, Yang EJ, Kang SH, Rhee TS (2016) Declines in both redundant and trace species characterize the latitudinal diversity gradient in tintinnid ciliates. Int Soc Microb Ecol J 10:2174–2183

                    Google Scholar 
                

	Dolan JR, Ciobanu M, Marro S, Coppola L (2017a) An exploratory study of heterotrophic protists of the mesopelagic Mediterranean Sea. ICES J Mar Sci 76:616–625
Article 
    
                    Google Scholar 
                

	Dolan JR, Pierce RW, Yang EJ (2017b) Tintinnid ciliates of the marine microzooplankton in Arctic Seas: a compilation and analysis of species records. Polar Biol 40:1247–1260
Article 
    
                    Google Scholar 
                

	Ekman S (1953) Zoogeography of the sea. Sidgwick and Jackson, London

                    Google Scholar 
                

	Fager EW, McGowan JA (1963) zooplankton species groups in the North Pacific. Science 140:453–460
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gómez F (2007) Trends on the distribution of ciliates in the open Pacific Ocean. Acta Oecol 32:188–202
Article 
    
                    Google Scholar 
                

	Hada Y (1937) The fauna of Akkeshi Bay: IV. The pelagic ciliata (with 56 text figures). J Fac Sci Hokkaido Imperial Univ Ser 6(5):143–216

                    Google Scholar 
                

	Hopcroft RR, Kosobokova KN, Pinchuk AI (2010) Zooplankton community patterns in the Chukchi Sea during summer 2004. Deep Sea Res II 57:27–39
Article 
    
                    Google Scholar 
                

	Jiang Y, Yang EJ, Min JO, Kim TW, Kang SH (2015) Vertical variation of pelagic ciliate communities in the western Arctic Ocean. Deep Sea Res II 120:103–113
Article 
    
                    Google Scholar 
                

	Jung JH, Moon JH, Park KM, Kim S, Dolan JR, Yang EJ (2018) Novel insights into the genetic diversity of Parafavella based on mitochondrial CO1 sequences. Zool Scripta 47:743–755
Article 
    
                    Google Scholar 
                

	Kato S, Taniguchi A (1993) Tintinnid ciliates as indicator species of different water masses in the western North Pacific Polar Front. Fish Oceanogr 2:166–174
Article 
    
                    Google Scholar 
                

	Knap AH, Michaels A, Close AR, Ducklow H, Dickson AG (1996) Protocols for the joint global ocean flux study (JGOFS) core measurements. JGOFS Rep 19:155–162

                    Google Scholar 
                

	Kofoid CA, Campbell AS (1929) A conspectus of the marine and fresh-water Ciliata belonging to the suborder Tintinnoinea, with description of the suborder Tintinnoinea, with description of new species principally from Agassiz Expedition to the Eastern Tropical Pacific, 1904–1905. Univ Calif Publ Zool 34:1–403

                    Google Scholar 
                

	Kofoid CA, Campbell AS (1939) The Ciliata: the Tintinnoinea. Bull Mus Comp Zool Harv Coll 84:1–473

                    Google Scholar 
                

	Kosobokova KN, Hopcroft RR (2010) Diversity and vertical distribution of mesozooplankton in the Arctic‘s Canada Basin. Deep Sea Res II 57:96–110
Article 
    
                    Google Scholar 
                

	Kršinić F (1982) On vertical distribution of tintinnines (Ciliata, Oligotrichida, Tintinnina) in the open waters of the South Adriatic. Mar Biol 68:83–90
Article 
    
                    Google Scholar 
                

	Kršinić F (1998) Vertical distribution of protozoan and microcopepod communities in the South Adriatic Pit. J Plankton Res 20:1033–1060
Article 
    
                    Google Scholar 
                

	Li H, Xu Z, Zhang W, Wang S, Zhang G, Xiao T (2016a) Boreal tintinnid assemblage in the Northwest Pacific and its connection with the Japan Sea in summer 2014. PLoS ONE 11:e0153379
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Li H, Zhao Y, Chen X, Zhang W, Xu J, Li J, Xiao T (2016b) Interaction between neritic and warm water tintinnids in surface waters of East China Sea. Deep Sea Res II 124:84–92
Article 
    CAS 
    
                    Google Scholar 
                

	Liang C, Li H, Dong Y, Zhao Y, Tao Z, Li C, Zhang W, Gregori G (2018) Planktonic ciliates in different water masses in open waters near Prydz Bay (East Antarctica) during austral summer, with emphasis on tintinnid assemblages. Polar Biol 41:2355–2371
Article 
    
                    Google Scholar 
                

	Longhurst A (1998) Ecological geography of the sea. Academic Press, San Diego

                    Google Scholar 
                

	Lynn DH (2008) The ciliated protozoa: characterization, classification, and guide to the literature. Springer, Berlin, pp 1–455

                    Google Scholar 
                

	Marshall SM (1969) Protozoa. Order tintinnida. In Fraser JH and Hansen VK (eds) Fiches d’Identification du Zooplankton. Denmark: Comseil International pour l’Exporation de la Mer, Copenhagen: Sheets 117–127

	Matsuno K, Ichinomiya M, Yamaguchi A, Imai I, Kikuchi T (2014) Horizontal distribution of microprotist community structure in the western Arctic Ocean during late summer and early fall of 2010. Polar Biol 37:1185–1195
Article 
    
                    Google Scholar 
                

	McGowan JA (1967) Data report: physical, chemical and biological data, Ursa Major Expedition. 4 August–4 October. Scripps Inst Oceanogr Univ Calif San Diego. Ref 67–5

	Paranjape MA, Gold K (1982) Cultivation of marine pelagic protozoa. Ann Inst Oceanogr Paris 58:143–150

                    Google Scholar 
                

	Pavshtiks EA (1971) Hydrobiological characteristics of waters of the Arctic Basin in the drifting area of ‘‘North Pole 17’’. Trudy Arkticheskogo Antarkticheskogo Instituta 30:63–69

                    Google Scholar 
                

	Pierce RW, Turner JT (1993) Global biogeography of marine tintinnids. Mar Ecol Prog Ser 94:11–26
Article 
    
                    Google Scholar 
                

	Pierrot-Bults AC, Angel MV (2012) Pelagic biodiversity and biogeography of the oceans. Biol Int 51:9–35

                    Google Scholar 
                

	Sohrin R, Imazawa M, Fukuda H, Suzuki Y (2010) Full-depth profiles of prokaryotes, heterotrophic nanoflagellates, and ciliates along a transect from the equatorial to the subarctic central Pacific Ocean. Deep Sea Res II 57:1537–1550
Article 
    
                    Google Scholar 
                

	Springer AM, McRoY CP, Turco KR (1989) The paradox of pelagic food webs in the northern Bering Sea–II: Zooplankton communities. Cont Shelf Res 9:359–386
Article 
    
                    Google Scholar 
                

	Springer AM, Mcyro CP, Flint MV (1996) Bering Sea Green Belt: shelf-edge processes and ecosystem production. Fish Oceanogr 5:205–223
Article 
    
                    Google Scholar 
                

	Steele M, Morison J, Ermold W, Rigor I, Ortmeyer M, Shimada K (2004) Circulation of summer Pacific halocline water in Arctic Ocean. J Geophys Res 109 (C2)

	Stoecker DK, Michaels AE, Davis LH (1987) Grazing by the jellyfish, Aurelia aurita, on microzooplankton. J Plankton Res 9:901–915
Article 
    
                    Google Scholar 
                

	Taniguchi A (1976) Microzooplankton and seston in Akkeshi Bay, Japan. Hydrobiologia 50:195–204
Article 
    
                    Google Scholar 
                

	Taniguchi A (1984) Microzooplankton biomass in Arctic and subarctic Pacific Ocean in summer. Mem Natl Inst Polar Res Spec Issue 32:63–80

                    Google Scholar 
                

	Utermöhl H (1958) Zur vervollkommnung der quantitativen phytoplankton Methodik. Mit Int Ver Theor Angew Limnol 9:1–38

                    Google Scholar 
                

	Wang Y, Xiang P, Kang J, Ye Y, Lin G, Yang Q, Lin M (2018) Environmental controls on spatial variability of summer phytoplankton structure and biomass in the Bering Sea. J Sea Res 131:1–11
Article 
    
                    Google Scholar 
                

	Wang C, Li H, Zhao L, Zhao Y, Dong Y, Zhang W, Xiao T (2019) Vertical distribution of planktonic ciliates in the oceanic and slope areas of the western Pacific Ocean. Deep Sea Rea II 167:70–78
Article 
    CAS 
    
                    Google Scholar 
                

	Wolf KU, Woods JD (1988) Lagrangian simulation of primary production in the physical environment-the deep chlorophyll maximum and nutricline: Toward a theory on biological-physical interactions in the World Ocean. Springer, Dordrecht, pp 51–70

                    Google Scholar 
                

	Xu Z, Chen Y (1989) Aggregated intensity of dominant species of zooplankton in autumn in the East China Sea. J Ecol 8:13–15 (in Chinese with English abstract)
                        

                    Google Scholar 
                

	Xu G, Yang E, Jiang Y, Cho K, Jung J, Lee Y, Kang S (2018a) Can pelagic ciliates indicate vertical variation in the water quality status of western Arctic pelagic ecosystems? Mar Pollut Bull 133:182–190
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu G, Yang E, Lee Y, Kang S (2018b) Vertical shift in ciliate body-size spectrum and its environmental drivers in western Arctic pelagic ecosystems. Environ Sci Pollut Res 25:19082–19091
Article 
    
                    Google Scholar 
                

	Zhang W, Feng M, Yu Y, Zhang C, Xiao T (2012) An illustrated guide to contemporary tintinnids in the world. Science Press, Beijing

                    Google Scholar 
                

	Zhou Q, Wang P, Chen C, Liang J, Li B, Gao Y (2015) Influences of sea ice on eastern Bering Sea phytoplankton. Chin J Oceanol Limnol 33:458–467
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank the 7th Arctic expedition for providing logistical support and environmental data. We also thank crew of R.V. “Xuelong” for their help in the sampling. We would also like to thank Steve O’Shea, PhD, from Edanz Group (www.edanzediting.com/ac) for editing a draft of this manuscript. This study was funded by the Chinese Polar Environment Comprehensive Investigation & Assessment Programs (CHINA-2016-03-05), National Natural Science Foundation of China (Grant Nos. 41576164, 41706217, 41706192 and 41206181) and the Chinese Polar Environment Comprehensive Investigation & Assessment Programs (CHINARE-2016-04-03).


Author information
Authors and Affiliations
	CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071, People’s Republic of China
Chaofeng Wang, Haibo Li, Chen Liang, Yuan Zhao, Wuchang Zhang & Tian Xiao

	Laboratory of Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and Technology, Qingdao, 266237, People’s Republic of China
Chaofeng Wang, Zhiqiang Xu, Haibo Li, Chen Liang, Yuan Zhao, Guangtao Zhang, Wuchang Zhang & Tian Xiao

	University of Chinese Academy of Sciences, Beijing, 100049, People’s Republic of China
Chaofeng Wang & Chen Liang

	State Key Laboratory of Satellite Ocean Environment Dynamics, Hangzhou, 310012, People’s Republic of China
Chenggang Liu

	Second Institute of Oceanography, SOA, Hangzhou, 310012, People’s Republic of China
Chenggang Liu

	Center for Ocean Mega-Science, Chinese Academy of Sciences, 7 Nanhai Road, Qingdao, 266071, People’s Republic of China
Chaofeng Wang, Zhiqiang Xu, Haibo Li, Chen Liang, Yuan Zhao, Guangtao Zhang, Wuchang Zhang & Tian Xiao

	Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071, People’s Republic of China
Zhiqiang Xu & Guangtao Zhang


Authors	Chaofeng WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhiqiang XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chenggang LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haibo LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chen LiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuan ZhaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guangtao ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wuchang ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tian XiaoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Wuchang Zhang.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflicts of interest.

              
              
                Ethical approval

                All procedures involving animals were performed in accordance with ethical standards of the institutions at which the studies were conducted.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Electronic supplementary material

Below is the link to the electronic supplementary material.


Supplementary material 1 (XLSX 35 kb)

Supplementary material 2 (DOCX 2143 kb)




Rights and permissions
Reprints and permissions


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



Cite this article
Wang, C., Xu, Z., Liu, C. et al. Vertical distribution of oceanic tintinnid (Ciliophora: Tintinnida) assemblages from the Bering Sea to Arctic Ocean through Bering Strait.
                    Polar Biol 42, 2105–2117 (2019). https://doi.org/10.1007/s00300-019-02585-2
Download citation
	Received: 17 September 2018

	Revised: 05 September 2019

	Accepted: 06 September 2019

	Published: 20 September 2019

	Issue Date: November 2019

	DOI: https://doi.org/10.1007/s00300-019-02585-2


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
	Tintinnids
	Vertical distribution
	Bering Sea
	Bering Strait
	Arctic 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
						
						
					


		
	
	
		
			
				
					
					23.20.235.102
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    