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S Sub-mesoscale Variability of Particle Export Around Station ALOHA:
The OPEREX Cruise

@ Introduction

Presenters ® The North Pacific Subtropical Gyre is characterized by low nutrient concentrations
and low biomass standing stocks. However, large cells and high surface phytoplankton
concentrations are usually associated with late summer phytoplankton blooms in this

region.
Sea Surface Height (cm) ®"These blooms occur on a wide range of scales, from sub-mesoscale (~2 km) streaks to
27°N mesoscale (~100 km) patches, and their triggering mechanism is unknown.
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| 20 ®The CMORE-OPEREX cruise (Jul 31-Aug 14 2008) was designed to investigate the
formation and evolution of these blooms around Station ALOHA and their impact
15 on particle export (Figure 1).
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| "Low wind stress and high SST prior to the cruise favored the growth of N,-fixer
1% Trichodesmium spp (Figure 2).

(S
N
o
Z.
—

| | "The study area was occupied by a mesoscale dipole with a cyclonic eddy to the north
and an anticyclone to the south. Two transects across these contrasting regions were
performed at different resolutions (i.e., 20 nm and 7 nm).
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POS’[dPOa;:Lf[IOOI‘a?aSILIholaI’ | B Figure 1: Location of stations from the OPEREX cruise over Sea Surface Height (SSH) from AVISO (6th| || Figure 2: Picture taken during
WHOI N | of August 2008). The same stations are plotted over the Chlorophyll a MODIS data (8 days composite| |the OPEREX cruise iIn the
| -10 - Jaround the 5th of August 2008) in the upper left corner of SSH map. transition zone showing an
White dots define the 2 high sampling resolution transects (transect 1land 2 had a spatial resolution of| |accumulation of the N, fixer
1N T UENENEEENe . _| 15 20 nm and 5 nm, respectively). Black dots were stations from the survey and long stations. Trichodesmium spp
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Figure 3: Chlorophyll a distribution: RN ) < 15 :
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Authors . . . . Figure 4. Large particles (>100 ym) distribution:
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_ The MODIS chlorophyll a Concentratlpns were higher in ”_]36 trans!tlon zone and _on A) 3D representation of the 2 white transects over the Sea Surface Height from AVISO (6™ of
David M. Karl the edges ot the cyclone and the anticyclone (0.16 mg m~) than in the surrounding August 2008, bottom map)and the Chlorophyll a from MODIS (8 days composite around
Lars Stemmann waters (0.06 mg m3; Figure 3B). the 5t of August 2008, top map).
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Tofeiay Kelos; " |n-situ data (fluorometry and HPLC) showed a deep chlorophyll a maximum (DCM) B) tEhstlgatltcr)]nt oi;heNm?ﬁs flux based on the particle size distribution for the 2 transects from
Allison Fong around 100 m along the two transects, with values ranging from 0.4 to 0.6 mg m-3 (Figure © SOUT 10 the TROTA.
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" |h the center of the cyclone, the DCM was shallower, reaching 0.9+0.3 mg m= at 90 m. The distribution of large particles (>100 um) measured with the Underwater Vision

Profiler (UVP) did not follow the distribution of the Chlorophyll a.

®The diatom distribution showed highest abundances in the top 45 m in the anticyclone and

the transition zone, while maxima were found between the DCM and 150 m in the cyclone. " The particle distribution highlighted a vertical transport from the surface to the
mesopelagic layer (Figure 4A).

® The transition zone was characterized by the highest abundance of Trichodesmium _ | _ _ _
and other nitrogen fixers in the upper 45 m of the water column. Total mass flux at the base of the Euphotic layer, estimated from the particle size,

Partnerships and was 3 times higher in the transition zone (20 mg m= d1) than in the center of the

Leveraged M h . I d . t th E 't CyC|One (7 mg m-2 d'l).
Funding @ echanisms ieadin g O € XpOr "The highest flux was recorded at the edge of the anticyclone (29 mg m2 d-!; Figure

Particle total abundance (# L'l) 4B).
®The same trends were observed using sediment traps.
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®"The medium size of the particles decreased from the edges of the eddies and the
transition zone toward the centers of the eddies.

®The exponent of the Martin relationship highlights a higher remineralization rate
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University of Paris VI 20 on the edges of the eddies and in the transition zone (Data not shown).
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0 (v Conclusions

®" The highest concentration of large particles occurred in the region between the
eddies and the particles were exported down to 300 m (Figure 4A and 5).
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Latitude " The specific regions where particle export occurred were coincident with regions

Figure 5: Particle Abundance superimposed on horizontal density gradient contours (black for positive of large horizontal stretching.
gradients corresponding to downwelling waters , white for negative gradients corresponding to upwelling
waters)

® Local horizontal density gradients are enhanced in regions of large stretching,
hence prone to surface frontogenesis.
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surface chlorophyll a accumulated in the region between the two eddies. ® Good agreement was found between frontogenetically-generated downwelling

" Finite-size Lyapunov Exponents (FSLE's) suggested that chaotic advection | and particle export in the region between the two eddies (Figure 5).

controls the spatial evolution of the bloom. " Stretching of the eddy field produces submesoscale features that strongly

® The nonlocal straining field suggested frontogenesis. modulate the export of organic material from the surface layers into the interior
" The density gradient showed a prominent positive anomaly between 23.8 and ocean.
24.6N generally in accordance with frontogenesis. ® This has implications for the sampling necessary to provide robust estimates of

® The particle data support the occurrence of these vertical velocities and show export rates.
that they modulate the export of organic matter produced by the bloom (Figure 5).

Cruises and Time Series: Ocean PERturbation EXperiment (OPEREX) cruise.
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