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1) Framework of Microbial Carbon Pump 

(MCP) 

2)  Impacts of MCP on climate change 

3)  Current status of the MCP studies 

4)  Future applications   

 

Outlines  



C. Le Quéré, et al., 2015 

Ocean Carbon:    ~   20x Land, 50x Atmospheric C  

Play a significant role in climate changes 

Atmosphere 
700 GT 
 

Land  
1,900 GT 
 

Ocean  
40,000 GT 

The Ocean is  

the largest 

carbon reservoir  

uptake ~ 1/3 

anthropogenic

CO2   
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Microbial  

Carbon  

Pump 

 （MCP） 

 
Jiao et al.,  2010 

 

 

 

 

 

 

 
 

  
 
 
 

Biological Pump 

Diagram 
Chisholm  2000 
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Microbial carbon 

pump (MCP) 
vs 

Biological pump 

(BP)   
 

  

RDOC 
 

MCP  

  BP 

BP is based on  

physical  transportation  
   

MCP is based on  

microbial transformation  

 

BP depends on vertical 

transport to depths  
  

MCP is independent of 

water depth 
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Labile DOM

C:N:P=199:20:1

Refractory DOM

C:N:P=3511:202:1

Microbial

Pump

Since resistant to decomposition, RDOC accumulate  

  
  

    

 > 95% of marine OC is DOC ;    

 > 95% of DOC is RDOC 

 

DOC  =  CO2 inventory  
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Global cooling  Global warming      Equivalent 

  



  

Macdonald et al. (2010), Science ; 
Rothman et al. (2003), PNAS 

Second 
Decoupling 
Second 

Decoupling 

First 
Decoupling 

First 
Decoupling 

Australia 

Blue: First Decoupling 

Red: Second Decoupling 

 

da = di + f e 

di = -23.7‰; f = 
0.94 

非稳态碳循环特征 

Metazoan were not evolved yet  

no grazing impacts   

 microbial C accumulated Viral lysis 

 tremendous DOC pool 

Evidence from the Proterozoic time  



 Hansell et al. 2009   

Evidence in the current ocean 
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Jiao et al., 2010  

“微型生物碳泵”储碳新机制 

 

http://links.ealert.nature.com/ctt?kn=30&m=34632299&r=MTc2NzYyOTgwNQS2&b=0&j=Njc0NjgyMjkS1&mt=1&rt=0


在其封面、目录、网站 Highlighted 

“海洋微型生物碳泵” ；RDOC的产生机制 
Jiao et al., 2010 

Nature Reviews Microbiology  作为其 featured Article  



 MCP special issues 

Applied 

Environment

al 

Microbiolog

y  专刊（

2011） 

Biogeoscie

nce 出版了

MCP专刊 （

2014） 



NEWSFOCUS 

Science 评论MCP为 

“巨大碳库的幕后推手” 



    Supplement to Science,  
                                 May 13,2011. 

 

    

    Editors:  Nianzhi Jiao,   

                   Farooq Azam,  

                   Sean Sanders 
  

http://science.imirus.com/Mpowered/book/vscim11/i2/p1 
 

  

http://science.imirus.com/Mpowered/book/vscim11/i2/p1


Correspondences  

     

 

 

   MCP  

   is applicable to   
terrestrial 
environments    



MCP in Soil  



Trends in relative dominance of the BP and 
the MCP along environmental gradients 



RDOCt  vs RDOCc  

• RDOCt _Rcalcitrance of the RDOC 
under certain environmental 
conditions 

• RDOCc _RDOC compounds are 
very diverse. There are thousands 
of different molecules generated 
from the successive microbial 
processing of organic matter.  Each 
individual molecule could be at 
extremely low concentration 
which is below the microbial 
uptake threshold..  

•   

 

 

Why  deep ocean DOC can hold in the presence of hungry 

microbes ? 

Jiao et al.,  2014      Biogeoscience 



RDOC t  rather than RDOCc 
 is the majority of  

 deep-sea RDOC pool 

Jiao et al.,  Science 2015,   



• An appreciable fraction of bacterial DOM has molecular and structural properties that are 

consistent with those of refractory molecules in the ocean, indicating a dominant role for 

bacteria in shaping the refractory nature of marine DOM. The rapid production of 

chemically complex and persistent molecules from simple biochemicals demonstrates a 

positive feedback between primary production and refractory DOM formation. It appears 

that carbon sequestration in diverse and structurally complex dissolved molecules that 

persist in the environment is largely driven by bacteria. 

  Lechtenfeld et al., 2015) 
Nauture  

Communication  



(a) Fourier transform ion cyclotron resonance 
mass spectrum of Synechococcus SPE-DOM, (b) 
van Krevelen diagram of all assigned molecular 
formulas of Synechococcus (CB0101) SPE-DOM and 
(c) van Krevelen diagrams of the distribution 
of CHNO formulas. Note: size of bubbles 
represents relative abundance. 

Ultraviolet–Vis absorption and EEM fluorescence spectra of (a,b) 
Synechococcus-derived SPE-DOM, (c,d) Prochlorococcus-derived SPE-DOM, 
(e,f) SPE-DOM collected from the Sargasso Sea (BATS at 4,530 m depth) 
in August 2013 and (g,h) heterotrophic bacterium R. pomeroyi-derived 
SPE-DOM. Note: cell density was different in each culture and preclude 
a direct comparison of fluorescence intensity, and hence the given 
ultraviolet–Vis and EEM data are only intended to compare peak shapes 
and not intensities. 

Zhao et al., 2017 
Nauture  

Communication  



  
First meeting of “Ocean Biogeochemistry” 

 on Biological driven carbon pumps  
HK, China 

2016.6.12-17 
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    MCP is applicable to  

    different environments                     Implication for policy  



Jiao et al.,  2010 

 A proposal for practice:  

Increase Carbon sequestration in the coastal water    

by reducing fertilization  on  the land  

 

 



Nutrients can be a double edged sword  
Maximum output of the sum of  “BP+MCP” is the goal 
to achieve for carbon sequestration  
  

Jiao et al., 2014 
tipping point 



Soils          

Lakes  

wetlands          
Disturebed 

rivers        

Rivers          

Seas 

Oceans 

           

Estuaries 

Coastal           

•Taylor et al. Nature(2010) 



全国30多个涉海单位的科技人员秉承“自发、自愿、贡献、分享”的原则 

共同组建的“全国海洋碳汇联盟（COCA）”于2013年9月17日在三亚揭牌成立

。 

2013年 发起建立了全国海洋碳汇联盟 
Pan China Ocean Carbon Alliance（COCA） 



海洋碳汇时间序列监测站--东山站 

三亚崖城南山终端联合监测站 

南海海上石油平台碳汇联合监测站 

渤海海上石油平台碳汇联合监测站 

养殖环境海洋碳汇监测站 

西沙海洋碳汇联合监测站 

舟山海洋碳汇联合监测站 



2014年   发起建立“China Future Alliance”  

中国未来海洋联盟组建揭牌仪式 



PICES ---  FUTURE-China  

2015年10月  



 Marine Environmental  
Chamber System  

（ MECS） 
 

Mini MECS at Shandong University (Qingdao Campus) 



 MECS for   Ecosystem-level Scenario Studies 
Such as BP vs MCP at different conditions … 
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NO3-N

DOC

POC

High N Input

Phytoplankton

BP

CO2

Ambient SLDOC

CO2

ATP
RDOC MCP

Bacteria

Low N Input

BP

CO2

ATP
RDOC MCP

RDOCspecific ExportAmbient SLDOC

MP

MP

DOC

POC

C N C N

C N C N

Seek optimum combined conditions for 
maximum output of the sum of  “BP+MCP”   



（Ridgwell ，2011)  

BP is very strong  

in the current ocean  

but was very weak  

in the ancient ocean,  

 

MCP was very strong  

in ancient time  resulting 

in accumulation of DOM    

 

DOM reservoir is 100 

times largen than the 

current one  

 

  

i.e.,  

MCP plays a siginicant 

role in climate change  



 Shifts in biogenic carbon flow from particulate to dissolved forms 
under high carbon dioxide and warm ocean conditions 

Kim et al., 2011, Geophysical Research Letters 

•Global cooling            global warming   

MCP  BP 



Thanks for  your attention ! 


