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Digital Detritus (Peter Root) quod erat demonstrandum



Biological 
Carbon andC-H-N-P Carbon and 

Energy Pump
I

cycles and 
energy flow

Input:  Sunlight, 
nutrients and CO2

P = carbon uptake R = respiration

Output: O2 and   
organic matter/organic matter/ 
energy export to 
mesopelagic zone

A f

R = respiration

P-R = NCPE
A sea of 

microbes and 
detritus! E = carbon flux

150 m



Sounds like a terrestrial SCOPE!

Common processes in soils and in seas…



A Way Forward…
• Develop a specific set of testable hypotheses

• Design robust observational/experimental 
procedures and field sampling capabilitiesp f p g p

• Activate a well-trained navy of 
collaborative microbial oceanographers

• Promote access to the seaPromote access to the sea
Excerpt from Karl pitch (11/14/18)



Déjà Vu,
All Over Again!

1991  HOT 2012  C-MORE

All Over Again!
… but which 6 months?

Environmental  Science & Technology 25



30-year Primary Production Climatology
PAR

photoadaptation

• In the NPSG, light is life… 
but there is more to it than 
that!

• Hypothesis: late summerHypothesis:  late summer 
production is supported by 
N2 fixation

Karl & Church 2017 Late Summer



Summer 
Export Pulse

@ 150 m @ 150 m

30-year Monthly

30-year 
Seasonal
Export 

Export Climatology
p

Climatology

• Wi i0-75 m POM Stoichiometry • Winter-spring-summer
build-up, then CRASH!

• Return to REDFIELD
each winter

• All fingers point to N2
FIXATION



ALOHA
Bottom-Moored Deep TrapsBottom Moored Deep Traps

Karl et al 2012Karl et al. 2012
“Summer Export Pulse”



ALOHA
D l th H th iDaylength Hypothesis

• For a 1-month period (6 June –p (
5 July) ALOHA DL is 
essentially constant (13.52-13.53 

)hr)

• Following 2nd “ALOHA noon”, 
solar angle, PAR and DL all 
decrease with DL loss of 10-15 
min/wk until minimum of 10 44min/wk until minimum of 10.44 
hr on 21 Dec



Conceptual Summer Export Pulse Timeline
Spring/ Second Photoperiod-based

• Increasing PAR and DL
• Growth of diatoms –

• Subtle change in DL 
triggers aggregation

• Maximum PAR and DL
• Summer stratification

Early Summer “ALOHA Noon” Export

some with 
endosymbionts

• Summer export pulse of 
fresh POM

• Reset the Redfield clock

• Enhanced N2 fixation /  P stress

“BIOLOGICAL PUMP”
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A Way Forward… 
b i dto be continued

• Develop a specific set of testable hypothesesp p yp

• Design robust observational/experimental 
procedures and field sampling capabilities

• Activate a well-trained navy ofActivate a well-trained navy of 
collaborative microbial oceanographers

• Promote access to the sea


