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                    Abstract
The high nutrient concentration associated with the mixing dynamics of two warm and cold water masses supports high primary production in the Yellow Sea. Although various environmental changes have been reported, no recent information on small phytoplankton contribution to the total primary production as an important indicator for marine ecosystem changes is currently available in the Yellow Sea. The major objective of this study is to determine the small (< 2 μm) phytoplankton contribution to the total primary production in the Yellow Sea during August, 2016. In this study, we found relatively lower chlorophyll a concentrations in the water column than those previously reported in the central waters of the Yellow Sea. Moreover, the overall contribution of small phytoplankton (53.1%) to the total chlorophyll a concentration was considerably higher in this study than that (10.7%) observed previously. Based on the N/P ratio (67.6 ± 36.6) observed in this study, which is significantly higher than the Redfield ratio (16), we believe that phytoplankton experienced P-limiting conditions during the study period. The average daily carbon uptake rate of total phytoplankton in this study was 291.1 mg C m-2 d-1 (± 165.0 mg C m-2 d-1) and the rate of small phytoplankton was 205.7 mg C m-2 d-1 (± 116.0 mg C m-2 d-1) which is 71.9% (± 8.8%) of the total daily carbon uptake rate. This contribution of small phytoplankton observed in this study appears to be higher than that reported previously. Our recent measured primary production is approximately 50% lower than the previous values decades ago. The higher contributions of small phytoplankton to the total chlorophyll a concentration and primary production might be caused by P-limited conditions and this resulted in lower chlorophyll a concentration and total primary production in this study compared to previous studies.



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Large contribution of small phytoplankton at Marian Cove, King George Island, Antarctica, based on long-term monitoring from 1996 to 2008
                                        
                                    

                                    
                                        Article
                                        
                                         13 September 2014
                                    

                                

                                Sang Heon Lee, Hyoung Min Joo, … Sung-Ho Kang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Phytoplankton growth and microzooplankton grazing in the central and northern South China Sea in the spring intermonsoon season of 2017
                                        
                                    

                                    
                                        Article
                                        
                                         30 June 2020
                                    

                                

                                Dawei Chen, Congcong Guo, … Jun Sun

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The distribution of phytoplankton size and major influencing factors in the surface waters near the northern end of the Antarctic Peninsula
                                        
                                    

                                    
                                        Article
                                        
                                         01 June 2021
                                    

                                

                                Lu Liu, Mingzhu Fu, … Zongling Wang

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Agawin NS, Duarte CM, Agustí S (2000) Nutrient and temperature control of the contribution of picoplankton to phytoplankton biomass and production. Limnol Oceanogr 45(3):591–600
Article 
    
                    Google Scholar 
                

	Arrigo KR, van Dijken GL (2015) Continued increases in Arctic Ocean primary production. Prog Oceanogr 136:60–70
Article 
    
                    Google Scholar 
                

	Arin L, Estrada M, Salat J, Cruzado A (2005) Spatio-temporal variability of size fractionated phytoplankton on the shelf adjacent to the Ebro river (NW Mediterranean). Cont Shelf Res 25(9):1081–1095
Article 
    
                    Google Scholar 
                

	Cermeño P, Marañón E, Rodríguez J, Fernández E (2005) Largesized phytoplankton sustain higher carbon-specific photosynthesis than smaller cells in a coastal eutrophic ecosystem. Mar Ecol-Prog Ser 297:51–60
Article 
    
                    Google Scholar 
                

	Choi JK, Shim JH (1986) The ecological study of phytoplankton in Kyeonggi Bay, Yellow Sea: II. Light intensity, transparency, suspended substances. J Oceanogr Soc Korea 21:101–109

                    Google Scholar 
                

	Choi JK (1991) The influence of the tidal front on primary productivity and distribution of phytoplankton in the mid-eastern coast of Yellow Sea. J Oceanogr Soc Korea 26(3):223–241

                    Google Scholar 
                

	Choi JK, Noh JH, Shin KS, Hong KH (1995) The early autumn distribution of chlorophyll-a and primary productivity in the Yellow Sea, 1992. Yellow Sea 1:68–80

                    Google Scholar 
                

	Cota GF, Pomeroy LR, Harrison WG, Jones EP, Peters F, Sheldon WM, Weingartner TR (1996) Nutrients, primary productivity and microbial heterotrophy in the southeastern Chukchi Sea: Arctic summer nutrient depletion and heterotrophy. Mar Ecol-Prog Ser 135:247–258
Article 
    
                    Google Scholar 
                

	Dugdale RC, Goering JJ (1967) Uptake of new and regenerated forms of nitrogen in primary productivity. Limnol Oceanogr 12:196–206
Article 
    
                    Google Scholar 
                

	Fang T, Li D, Yu L. Gao L, Zhang L (2006) Effects of irradiance and phosphate on growth of nanophytoplankton and picophytoplankton. Acta Ecol Sin 26(9):2783–2789
Article 
    
                    Google Scholar 
                

	Fu M, Wang Z, Li Y, Li R, Sun P, Wei X, Lin X, Guo J (2009) Phytoplankton biomass size structure and its regulation in the Southern Yellow Sea (China): seasonal variability. Cont Shelf Res 29(18):2178–2194
Article 
    
                    Google Scholar 
                

	Garneau ME, Gosselin M, Klein B, Tremblay JE, Fouilland E (2007) New and regenerated production during a late summer bloom in an Arctic polynya. Mar Ecol-Prog Ser 345:13–26
Article 
    
                    Google Scholar 
                

	Grebmeier JM, Bluhm BA, Cooper LW, Danielson SL, Arrigo KR, Blanchard AL, Clarke JT, Day RH, Frey K, Gradinger RR, Kedra M, Konar B, Kuletz KJ, Lee SH, Lovvorn JR, Norcross BL, Okkonen SR (2015) Ecosystem characteristics and processes facilitating persistent macrobenthic biomass hotspots and associated benthivory in the Pacific Arctic. Prog Oceanogr 136:92–114
Article 
    
                    Google Scholar 
                

	Hama T, Miyazaki T, Ogawa Y, Iwakuma T, Takahashi M, Otsuki A, Ichimura S (1983) Measurement of photosynthetic production of a marine phytoplankton population using a stable 13C isotope. Mar Biol 73:31–36
Article 
    
                    Google Scholar 
                

	Harrison PJ, Hu MH, Yang YP, Lu X (1990) Phosphate limitation in estuarine and coastal waters of China. J Exp Mar Biol Ecol 140(1–2):79–87

                    Google Scholar 
                

	Howarth RW (1988) Nutrient limitation of net primary production in marine ecosystems. Annu Rev Ecol Syst 19(1):89–110
Article 
    
                    Google Scholar 
                

	Hu MH, Yang YP, Xu CL, Harrison PJ (1989) Phosphate limitation of phytoplankton growth in the Changjiang estuary. Acta Oceanol Sin 9(3):439–443 (in Chinese)

                    Google Scholar 
                

	Joo HT, Son S, Park JW, Kang JJ, Jeong JY, Kwon JI, Kang CK, Lee SH (2017) Small phytoplankton contribution to the total primary production in the highly productive Ulleung Basin in the East/Japan Sea. Deep-Sea Res Pt II 143:54–61
Article 
    
                    Google Scholar 
                

	Kang YS, Choi JK, Chung KH, Park YC (1992) Primary productivity and assimilation number in the Kyonggi bay and the mid-eastern coast of Yellow Sea. J Oceanogr Soc Korea 27:237–246

                    Google Scholar 
                

	Kim BK, Joo H, Song HJ, Yang EJ, Lee SH, Hahm, D, Rhee TS, Lee SH (2015) Large seasonal variation in phytoplankton production in the Amundsen Sea. Polar Biol 38:319–331
Article 
    
                    Google Scholar 
                

	Kwak JH, Lee SH, Park HJ, Choy EJ, Jeong HD, Kim KR, Kang CK (2013) Monthly measured primary and new productivities in the Ulleung Basin as a biological “hot spot” in the East/Japan Sea. Biogeosciences 10(7):4405–4417
Article 
    
                    Google Scholar 
                

	Kwak JH, Lee SH, Hwang JS, Suh YS, Park HJ, Chang KI, Kim KR, Kang CK (2014) Summer primary productivity and phytoplankton community composition driven by different hydrographic structures in the East/Japan Sea and the Western Subarctic Pacific. J Geophys Res-Oceans 119:4505–4519
Article 
    
                    Google Scholar 
                

	Lee SH, Whitledge TE, Kang SH (2007) Recent carbon and nitrogen uptake rates of phytoplankton in Bering Strait and the Chukchi Sea. Cont Shelf Res 27:2231–2249
Article 
    
                    Google Scholar 
                

	Lee SH, Whitledge TE, Kang SH (2008) Spring time production of bottom ice algae in the landfast sea ice zone at Barrow, Alaska. J Exp Mar Biol Ecol 367(2):204–212
Article 
    
                    Google Scholar 
                

	Lee, SH, Joo HM, Liu Z, Chen J, He J (2012) Phytoplankton productivity in newly opened waters of the western Arctic Ocean. Deep-Sea Res Pt II 81–84:18–27

                    Google Scholar 
                

	Lee SH, Yun MS, Kim BK, Joo HT, Kang SH, Kang, CK, Whitledge TE (2013) Contribution of small phytoplankton to total primary production in the Chukchi Sea. Cont Shelf Res 68:43–50
Article 
    
                    Google Scholar 
                

	Lee SH, Joo HT, Lee JH, Lee JH, Kang JJ, Lee HW, Kang CK (2017a) Seasonal carbon uptake rates of phytoplankton in the northern East/Japan Sea. Deep-Sea Res Pt II 143:45–53
Article 
    
                    Google Scholar 
                

	Lee SH, Kim BK, Lim YJ, Joo HT, Kang JJ, Lee D, Park J, Ha SY, Lee SH (2017b) Small phytoplankton contribution to the standing stocks and the total primary production in the Amundsen Sea. Biogeosciences 14(15):3705
Article 
    
                    Google Scholar 
                

	Li WK, McLaughlin FA, Lovejoy C, Carmack EC (2009) Smallest algae thrive as the Arctic Ocean freshens. Science 326(5952):539
Article 
    
                    Google Scholar 
                

	Lin CL, Ning XR, Su JL, Lin Y, Xu B (2005) Environmental changes and the responses of the ecosystems of the Yellow Sea during 1976–2000. J Marine Syst 55(3):223–234
Article 
    
                    Google Scholar 
                

	Marañón E, Holligan PM, Barciela R, González N, Mouriño B, Pazó MJ, Varela M (2001) Patterns of phytoplankton size structure and productivity in contrasting open-ocean environments. Mar Ecol-Prog Ser 216:43–56
Article 
    
                    Google Scholar 
                

	Morán, XAG, López-Urrutia A, Calvo-Díaz A, Li WK (2010) Increasing importance of small phytoplankton in a warmer ocean. Glob Change Biol 16(3):1137–1144
Article 
    
                    Google Scholar 
                

	Nixon S, Thomas A (2001) On the size of the Peru upwelling ecosystem. Deep-Sea Res Pt II 48(11):2521–2528
Article 
    
                    Google Scholar 
                

	Park S, Chu PC, Lee JH (2011) Interannual-to-interdecadal variability of the Yellow Sea Cold Water Mass in 1967–2008: characteristics and seasonal forcings. J Marine Syst 87(3):177–193
Article 
    
                    Google Scholar 
                

	Parsons TR, Maita Y, Lalli CM (1984) A manual of chemical and biological methods for seawater analysis. Pergamon Press, New York, 173 p

                    Google Scholar 
                

	Raven JA (1986) Physiological consequences of extremely small size for autotrophic organisms in the sea. Can Bull Fish Aquat Sci 214:1–70

                    Google Scholar 
                

	Raven JA (1998) The twelfth tansley lecture. Small is beautiful: the picophytoplankton. Funct Ecol 12(4):503–513

                    Google Scholar 
                

	Redfield AC, Ketchum BH, Richards FA (1963) The influence of organisms on the composition of seawater. In: Hill MN (ed) The Sea. John Wiley, New York, pp 26–77

                    Google Scholar 
                

	Savidge G, Gilpin L (1999) Seasonal influences on size-fractionated chlorophyll a concentrations and primary production in the north-west Indian Ocean. Deep-Sea Res Pt II 46(3–4):701–723

                    Google Scholar 
                

	Su YS, Weng XC (1994) Water masses in China Seas. In: Zhou D, Liang YB, Tseng CK (eds) Oceanology of China Seas, vol. 1. Kluwer Academic Publishers, Dordrecht, pp 3–16

                    Google Scholar 
                

	Son S, Campbell J, Dowell M, Yoo S, Noh J (2005) Primary production in the Yellow Sea determined by ocean color remote sensing. Mar Ecol-Prog Ser 303:91–103
Article 
    
                    Google Scholar 
                

	Tremblay JÉ, Legendre L, Klein B, Therriault JC (2000) Sizedifferential uptake of nitrogen and carbon in a marginal sea (Gulf of St. Lawrence, Canada): significance of diel periodicity and urea uptake. Deep-Sea Res Pt II 47(3):489–518

                    Google Scholar 
                

	Tremblay JÉ, Robert D, Varela DE, Lovejoy C, Darnis G, Nelson RJ, Sastr AR (2012) Current state and trends in Canadian Arctic marine ecosystems: I. Primary production. Climatic Change 115(1):161–178
Article 
    
                    Google Scholar 
                

	Wang BD, Wang XL, Zhan R (2003) Nutrient conditions in the Yellow Sea and the East China Sea. Estuar Coast Shelf S 58(1):127–136
Article 
    
                    Google Scholar 
                

	Wu Y, Guo Y, Zhang Y (1995) Distributional characteristics of chlorophyll-a and primary productivity in the Yellow Sea. Yellow Sea 1:81–92

                    Google Scholar 
                

	Yun MS, Chung KH, Zimmermann S, Zhao J, Joo HM, Lee SJ (2012) Phytoplankton productivity and its response to higher light levels in the Canada Basin. Polar Biol 35:257–268
Article 
    
                    Google Scholar 
                

	Zhang SW, Wang QY, Lü Y, Cui H, Yuan YL (2008) Observation of the seasonal evolution of the Yellow Sea Cold Water Mass in 1996–1998. Cont Shelf Res 28(3):442–457
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Oceanography, College of Natural Sciences, Pusan National University, Busan, 46241, Korea
Hyo Keun Jang, Jae Jung Kang, Jae Hyung Lee, Myungjoon Kim, So Hyun Ahn, Mi Sun Yun & Sang Heon Lee

	Operational Oceanography Research Center, KIOST, Busan, 49111, Korea
Jin-Yong Jeong

	Ocean Climate & Ecology Research Division, National Institute of Fisheries Science, Busan, 46083, Korea
In-Seong Han


Authors	Hyo Keun JangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jae Jung KangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jae Hyung LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Myungjoon KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	So Hyun AhnView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jin-Yong JeongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mi Sun YunView author publications
You can also search for this author in
                        PubMed Google Scholar



	In-Seong HanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sang Heon LeeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sang Heon Lee.


Rights and permissions
Reprints and permissions


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



Cite this article
Jang, H.K., Kang, J.J., Lee, J.H. et al. Recent Primary Production and Small Phytoplankton Contribution in the Yellow Sea during the Summer in 2016.
                    Ocean Sci. J. 53, 509–519 (2018). https://doi.org/10.1007/s12601-018-0017-z
Download citation
	Received: 22 December 2017

	Revised: 07 March 2018

	Accepted: 12 March 2018

	Published: 03 May 2018

	Issue Date: September 2018

	DOI: https://doi.org/10.1007/s12601-018-0017-z


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
	primary production
	Yellow Sea
	small phytoplankton
	chlorophyll a
                     








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            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
						
						
					


		
	
	
		
			
				
					
					44.223.80.149
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    