
Linking sinking particle chemistry and biology with changes in 
the magnitude and efficiency of carbon export into the deep 
ocean TEAM MEMBERS

SCIENCE GOALS
• Determine magnitude, temporal 

variability and transfer efficiency of 
elemental fluxes in sinking particles      

How? Direct fluxes of POC, PIC, bSi, 234Th to 
sediment traps; bio-optical proxies from sensors on 
traps and Wirewalker

• Determine export pathway of sinking 
particles 

How?  Visual ID and size distribution in 
polyacrylamide gel traps

• Determine organismal origins of 
sinking particles 

How? Visual ID and DNA of bulk samples and 
single particles in gels
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Tandem deployments of
• Neutrally buoyant traps
• Surface tethered trap array
• WireWalker (biooptics, O2, profiles to 

500 m every ~30 min.) 
• Three 3-5 d cycles during cruise

50 m Base of euphotic zone

100 m Match Lagrangian float

150 m Euphotic zone + 100 m

330 m DVM deep biomass 
peak

500 m Max depth (hopefully 
below migrators)

	
	

statistics as described for H1.  Significantly different clusters of samples will be related to the 

particle type they originated from, and presence/absence of organisms within those particles. 

 Counts and size distributions of particles 

collected by gel traps in each category (single cells, 

aggregates, and fecal pellets; see example Figure 

4) will be used to model C flux as a function of 

particle type and estimated volume, initially using 

published C:volume relationships as described 

below under Methods (Section I.E.2). Total 

modeled C fluxes will be compared to measured 

bulk C fluxes, and models re-parameterized to fit 

the observations if necessary (e.g., Durkin et al., 

2015). Modeled C fluxes due to the three sinking-

particle export pathways will be reported along 

with uncertainties propagated from the 

observations. 

 Bulk fluxes of major bioelements at each of 

the five NBST depths will be fit to an exponential 

decay model:  F(z) = F(zref) * exp[(z-zref)/z
*
] where 

zref is the shallowest NBST depth and z
*
 is the 

remineralization length scale (Boyd and Trull 

2007; Buesseler and Boyd 2009).  The 

remineralization length scale is expected to be 

large for particles efficiently transmitted to depth 

and small for particles that are remineralized at 

shallower depths.  A Monte Carlo routine will be 

used to predict uncertainties in z
*
 from the 

observational uncertainties in the bulk fluxes.  The 

same exponential model will be used to assess z
*
 for C flux due to each sinking-particle export 

pathway as determined from the modeling work, above.  Differences among z
*
 values for the 

different pathways and bioelements will indicate the relative importance of each in the 

determination of C flux to depth. 

 

I.D.3.  Testing Hypothesis 3:  Different export pathways are associated with specific 

temporal scales in flux (e.g. steady vs. episodic flux) 

 

 We will collect four independent estimates of temporal variability in flux:  1) the OST 

carried aboard each NBST will estimate short-term changes in bulk C fluxes (see below, I.E.4). 

2) Backscattering “spike”	fluxes detected by the WW sensors will track changes in large particle 

distribution (i.e. aggregate pulses; see below, I.E.5a). 3) The rate of change in depth-integrated 

POC derived from despiked backscattering from WW sensors will track steadier changes over 

time in smaller particle sizes; (see below under I.E.5a).  We expect single cells to fall within this 

detection category (Dall’Olmo and Mork, 2014).  4) A high resolution acoustic sensor on the 

WireWalker will detect changes in mesozooplankton vertical distribution (see below, I.E.5b) and 

thus its potential influence on particle flux attenuation profiles. All of these estimates will be 

averaged to a common time resolution that is long enough to obtain good statistical confidence in 

Figure 4.  Example images of 

polyacrylamide gel traps showing seasonal 

contrasts in the prevalence of the three 

sinking-particle export pathways off the 

Rhode Island shelf break.  Data:  C. 

Durkin, unpublished.  

Durkin, unpublished

Gel traps
• Particle size, 
morphology, ID

• 18S and 16S sequencing

WireWalker & Optical 
sediment traps
• Temporal variability in 

particle stocks and fluxes
• Rate estimates

Bulk trap fluxes
• POC, PIC, bSi, 

234Th, mass

SAMPLING PLAN


