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Biological pump or Geochemical pump 7
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N: Nutriment
P: Phytoplancton
Z: Zooplancton
D: Detritus




Biological pump or Geochemical pump 7

Advection,
turbulence



Biological pump or Geochemical pump 7
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Advection,
turbulence

- 4D Observation of individuals and
particles

- Ecosystem Realistic Simplification



Particies in the sea, what are they 7
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Large Particlies in the sea, why they sink 7
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Particies in the sea interact with TeEis 7
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Resilts from DUNE mesocosin exp.: evidence of
aggregates formation
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- Formation of organic-mineral aggregates
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How {0 detect, identify and measure particies and

organisims size spectra?

Non exhaustive review of instruments sizing particles used in marine systems

Technology Size-spectra Reference

Flow Cam Lab (future Camera 10 — 1000 um  Sieracki et al. 1998

in situ)
HIAC Lab Light extinction 1.3 -600 um  Stemmann et al. 2008
LISST Lab/in situ  Laser 1.25-500 um Karp-Boss et al. 2007
LOPC lab/in situ  Laser beams 100 — 3000 Herman et al. 2004
HoloMar in situ Holography 5 —250 pym Katz et al. 1999
SIPPER in situ Linescan-Camera >100 ym Samson et al. 2001
UVP in situ Camera CCD 100 —few cm  Picheral et al. 2010
Par Cam in situ Camera Wefer and Ratmeyer,

1996; Iversen et al., 2001

VPR in situ Camera 100-1cm Davis et al. 1992
FlowCytomety  in situ Laser and camera  1-100um Sosik
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Can it be used to calculate other biogeochemical fluxes ?



Where is the biomass or biovoluime (froim few jim to cim) 7
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Settling speed (m d-!)

The critical issue:

Size to Settling speed from the literature

F=CxmxXv

McDonnell and Buesseler 2010

Jouandet et al. 2011

Smayda (1970)

Shanks and Trent (1980)
Carder et al. (1982)

Azetsu Scott and Johnson (1992)

1—Diercks and Asper (1997)

2—Alldredge and Gotschalk (1988)

3—Alldredge and Gotschalk (1989)

4—Syvitski et al. (1995)

5/6—Stemmann et al. (2004)

7—Stokes law



Latitude

Global patterns of particies size spectra

* UVP

* CTD

o Pigments

Micro » 20 ym
2 pm > Nano > 20 pm
Pico < 2 gm

Claustre et al., 1994
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Upper 1000m, 400 profiles

- particle size decreases with
depth

- particle size is set at the
surface

- link between particle size
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- flux attenuation is greater in
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Vertical patterns of particie size specira at regionai scaies

Coast/ocean interactions
McCave et al., 2001, North Atlantic
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Temporal scales of particie variability
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Particie/zooplankion
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Non exhaustive review of particle size structured models

Focus of the model Spatial Constrain with data Source

pattern
Coagulation in deep ocean, 0D yes e
first equation for processes Where are |
Phytoplankton coagulation 0D pt the data on 0
Phytoplankton coagulation 0D Y part|C|e sSize
and fragmentation f spectra ?
Ecosystem model with Nu
coagulation N
Ecosystem model with 2D 0D no Jackson et al., 2001
spectra for particles
Particle transformation in 1D yes, in situ partic Stemmann et al., 2004a,
mesopelagic layer spectra b
Ecosystem model with 1D to no Kriest and Evans, 1999
coagulation 3D vertical flux gg‘gg’t el Gserlos
Ecosystem model with 3D yes, vertical flux Gehlen et al., 2006

coagulation, ballast




Particie dynamics in the sea.
vwhat is Knowi, not well Knowin and unkKnowin?

Known: the ocean is a complex soup of particles

Not well know but will improve

 Particle spatial distribution,

* Particle transport as a function of size

* in situ Particle size spectra in relation to plankton
community

* Particles shapes, organic matter quality (multispectral
imaging)

« Particles ballast (optical properties)

Not known and difficult to measure/estimate

* processes acting on flux attenuation (bacteria/zooplankton)
and impact on the other elements (TEI)

 Impact of coagulation and fragmentation from surface to the
deep (TEP role)



Perspective for imaging

What is measurabie (or can be estimated) by
imaging now and in the future?

Organic matter
(fresh, refractory)

Porewater N Mass
Quartz J, Shape
| Size
Colonization

by organisms

— 2gri(Ap
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Sarmiento & Gruber 2006 9 2




images greatl perspectives

v Provide Indicators of ecosystem status (abundance,
biomass, taxa, size spectra),

v Can be obtained using lab and in situ instruments, they
provide high frequency data, better technologies

These indicators can be used to develop mathematical
models also for zooplankton when size is important

- zooplankton size spectra to get information on
physiological rates (Platt & Denman 1978, ... Baird et al., 2004,
2010, Zhou 2006, Maury et al.,2007 ).

- vertical distribution of appendicularian and effect on
vertical fluxes (Lombard et al., 2009).

- appendicularians in recent PFT models (Berline et al., 2010).

- vertical distribution of particle fluxes (Stemmann et al.,
2004).

- and particle dynamics models (see previous slide)



What could be measured by GEOTRACES in the
close future?

Use In situ
instruments from
ships

UVP, VPR, SIPPER, ...

Particle siz7, shape\~.. .

Plankton \ |




Partnerships with other programs: go from
sinapshots (o cointinuous monitoring

Global network of observations
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Particulate Organic
Carbon
(size spectra) macro and

mesoplankton (Taxa
size spectra)

-Ecosystem
monitoring

- Data assimilation in
models for Carbone
fluxes and marine
ressources.

Pico and microplankton
(taxa, size spectra)

CTD and geochemical data



What shoulid Biogeocheimical modeis represent 7
The Future: box models +

The past: box models size spectra
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v'Size spectra for particles, some
zooplankton groups

Stemmann and Boss (2012)



THE REY OF THE SUCCESS:

o AGREED PROCEDURES (image format, treatment, semi-

automatic recognition, intercalibration)

o AGREED DATA MANAGEMENT

o AGREED DATA DISTRIBUTION

o AGREED MODELING FRAMEWORKS
o SUMMER SCHOOLS FOR THE USERS

The biological, particle community has not reached yet a
sufficient maturity in using images.

These are propositions that we could discuss now
building on the biogeochemical community experience



Thank you

inviting me to this meeting
for listening

By the way, do you know what they are ???

. Smm

Boumn049
0087 m




v'Guidi, L., Gorsky, G., Claustre, H., Picheral, M., Stemmann, L., 2009. Contrasting distribution of aggregates > 100 ym in the upper kilometre of the South-
Eastern Pacific. Biogeosciences 5, 1361-1372.

v'Guidi, L., Jackson, G.A., Stemmann, L., Miquel, J., Picheral, M., Gorsky, G., 2008. Relationship between particle size distribution and flux in the mesopelagic
zone. Deep Sea Research Part | 55, 1364— 1374.

v'Guidi, L., Stemmann, L., Jackson, G.A., Ibanez, F., Claustre, H., Legendre, L., Picheral, M., Gorsky, G., 2009. Effects of phytoplankton community on
production, size and export of large aggregates: A world-ocean analysis. Limnology and Oceanography 54 (6), 1951-1963.

v'Guidi, L., Stemmann, L., Legendre, L., Picheral, M., Prieur, L., Gorsky, G., 2007. Vertical distribution of aggregates (> 110 mu m) and mesoscale activity in the
northeastern Atlantic: Effects on the deep vertical export of surface carbon. Limnology and Oceanography 52 (1), 7-18.

v'Sheldon, R.W., Sutcliff Wh, Prakash, A., 1972. Size Distribution of Particles in Ocean. Limnology and Oceanography 17 (3), 327-340. Stemmann, L., Boss, E.,
2012. Plankton and Particle Size and Packaging: From Determining Optical Properties to Driving the Biological Pump. Annual Review of Marine Science.
v'Stemmann, L., Eloire, D., Sciandra, A., Jackson, G.A., Guidi, L., Picheral, M., Gorsky, G., 2008. Volume distribution for particles between 3.5 to 2000 mu m in
the upper 200 m region of the South Pacific Gyre. Biogeosciences 5 (2), 299-310.

v'Stemmann, L., Gorsky, G., Marty, J.C., Picheral, M., Miquel, J.C., 2002. Four-year study of large-particle vertical distribution (0-1000 m) in the NW
Mediterranean in relation to hydrology, phytoplankton, and vertical flux. Deep-Sea Research Part li-Topical Studies in Oceanography 49 (11), 2143-2162.
v'Stemmann, L., Hosia, A., Youngbluth, M.J., H., S., Picheral, M., Gorsky, G., 2008. Vertical distribution (0-1000 m) of macrozooplankton, estimated using the
Underwater Video Profiler, in different hydrographic regimes along the northern portion of the Mid-Atlantic ridge. Deep Sea Research (Part 1) 55 (1-2), 94-105.
v'Stemmann, L., Jackson, G.A., Gorsky, G., 2004. A vertical model of particle size distributions and fluxes in the midwater column that includes biological and
physical processes - Part |l: application to a three year survey in the NW Mediterranean Sea. Deep-Sea Research Part [-Oceanographic Research Papers 51
(7), 885-908.

v'Stemmann, L., Jackson, G.A., lanson, D., 2004. A vertical model of particle size distributions and fluxes in the midwater column that includes biological and
physical processes - Part |: model formulation. Deep-Sea Research Part I-Oceanographic Research Papers 51 (7), 865-884.

v'Stemmann, L., Picheral, M., Gorsky, G., 2000. Diel variation in the vertical distribution of particulate matter (>0.15 mm) in the NW Mediterranean Sea
investigated with the Underwater Video Profiler. Deep-Sea Research Part | 47 (3), 505-531.

v'Stemmann, L., Prieur, L., Legendre, L., Taupier-Letage, I., Picheral, M., Guidi, L., Gorsky, G., 2008. Effects of frontal processes on marine aggregate
dynamics and fluxes: An interannual study in a permanent geostrophic front (NW Mediterranean). Journal of Marine Systems 70 (1-2), 1-20.

v'Stemmann, L., Youngbluth, M., Robert, K., Hosia, A., Picheral, M., Paterson, H., Ibanez, F., Guidi, L., Lombard, F., Gorsky, G., 2008. Global zoogeography of
fragile macrozooplankton in the upper 100-1000 m inferred from the underwater video profiler. Ices Journal of Marine Science 65 (3), 433-442.

vIversen, M.H., Nowald, N., Ploug, H., Jackson, G.A., Fischer, G., 2010. High resolution profiles of vertical particulate organic matter export off Cape Blanc,
Mauritania: Degradation processes and ballasting effects. Deep-Sea Research Part I-Oceanographic Research Papers 57 (6), 771-784.

v'Iversen, M.H., Ploug, H., 2010. Ballast minerals and the sinking carbon flux in the ocean: carbon-specific respiration rates and sinking velocity of marine snow
aggregates. Biogeosciences 7 (9), 2613-2624.

v'Jackson, G.A., 1990. A model of the formation of marine algal flocs by physical coagulation processes. Deep-Sea Research 37 (8A), 1197-1211.

v'Jackson, G.A., 1995. Comparing observed changes in particle size spectra with those predicted using coagulation theory. Deep-Sea Research 42 (1),
159-184.

v'Jackson, G.A., Logan, B.E., Alldredge, A.L., Dam, H.G., 1995. Combining Particle-Size Spectra from a Mesocosm Experiment Measured Using Photographic
and Aperture Impedance (Coulter and Elzone) Techniques. Deep-Sea Research Part li-Topical Studies in Oceanography 42 (1), 139-157.

v'Jackson, G.A., Maffione, R., Costello, D.K., Alldredge, A., Logan, B.E., Dam, H.G., 1997. Particle size spectra between 1um and 1 cm at Monterey Bay
determined using multiple instruments. Deep-Sea Research Part | 44 (11), 1739-1767. Burd, A.B., Jackson, G.A., 2009. Particle Aggregation. Annual Review of
Marine Science, pp. 65-90.

v'McCave, I.N., 1983. Particulate size spectra, behavior, and origin of nepheloid layers over the Nova Scotian continental rise. Journal of Geophysical
Research. C. Oceans 88 (C12), 7647-7666.

v'McCave, I.N., 1984. Size Spectra and Aggregation of Suspended Particles in the Deep Ocean. Deep-Sea Research Part I-Oceanographic Research Papers
31 (4), 329-352.



