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Figure 1. Main carbon fluxes during the spring season in the coastal upwelling areas of northern (23° S}
and central Chile (36° S). Mean values were integrated for an euphotic layer of 25 and 35 m, respectively.
The number in the box represents mean integrated primary production (mgC m?d ’). PP: Percentage of
primary production removed daily, SP: Percentage of secondary production removed daily.
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Aspects of the surface circulation of the SE Pacific are described using two primary types of satellite data:
sea surface temperature (SST) fields from the Pathfinder (1985-2003) and Reynolds (1982-2005) data
sets; and sea surface height (SSH) fields from the JPL along track SLA and the gridded AVISO SSH and
velocity data sets (1993-2005). Results from the satellite analyses will be compared with results from a
numerical simulation of the circulation (see abstract by Matano et al). If time allows, comparisons to the NE
Pacific will also be presented. Seasonal cycies and interannual anomalies will be presented to describe El
Nifio, La Nifia and "neutral” periods. The typical fields include evolving SST and SSH fields; differences
between SST at the coast and offshore (an upwelling index); variances of SSH, geostrophic velocity and
SST; wavenumber spectra of SSH and SST; etc. At some locations, comparisons to detailed climatologies
are possible, for instance off northern Chile, where 30 years of hydrographic data have been analyzed.
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Upwelling ecosystems are characterized by short food chain length. Apex predators forage on small
pelagic fish which feed on plankton which grows on the nutrient rich waters newly brought to the surface
by the strong upward nearshore vertical velocity. If bottom up processes control small pelagic fish
populations we can expect a rather direct relationships between nutrient supply and fish abundapce. Hers
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we propose a proxy which might reflect fish abundance and test it in different upwelling ecosystems: the
Canary, the Benguela and the Humboldt Current systems. In each system the Regional Oceanic Modeling
System (ROMS) with an eddy-permitting resolution coupled to a biogeochemical model (Nitrate-
Phytopiankton-Zooplankton-Detritus - NPZD) has been run over the last 30 years in order to investigate
ecosystem changes at a decadal scale. ROMS is forced by NCEP reanalysis at the surface and SODA at
the open boundaries of the regional oceanic domain. The three-dimensional outputs of the ROMS-NPZD
model (temperature, salinity, turbulence, food and nutrients) are used to link latitudinal distribution of fish
biomass to its environment variability.
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In a seminal paper entitied Photosynthesis and Fish Production in the Sea Ryther (1969) explained why
coastal upwelling systems could produce almost half of the world fish catch while comprising only ~1% of
the area of the global ocean. While many of the basic concepts from that paper are correct several
discoveries and advances have occurred since the paper was published. Here we review those advances
fogether with the details of the oceanographic processes along the coast of Peru which might impact fish
production on seasonal, interannual and multi-decadal time scales.
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The contribution of key species and functional groups of the plankion to vertical fluxes of particulate
organic carbon (POC) and carbonate {CaCO3) o the deep sea were studied in sediment trap samples
deployed in the oceanic area off Coquimbo, Chile during 1993-1998. The mean C-organic / C-carbonate
ratio was 0.09 at 2,300 m depth in the central Humboldt Current System (HCS) off Chile, indicating a
potential net export of carbonate to the deep-sea.

The carbonate flux was dominated by foraminifers and secondarily by coccolithophorids, contributing with
55 and 102% of total carbonate flux. The contribution of the carbonate flux to the total carbon flux (POC +
carbonate) was 91%. This suggests that the deep-water delivery of biogenic CaCO3 is the main pathway
by which carbon is removed from the upper ocean biosphere in the central HCS off Chile.

The POC flux at 100 m depth was studied by using drifting sediment traps along the central-northern HCS
during the period 1997-2005. The POC flux was dominated by diatoms and faecal material of zooplankton
during the spring/summer and winter/autumn periods, respectively. Key groups contributing to this flux are
chain-forming diatoms of the genera Chaetoceros, Skeletonema and Thalassiosira, and the faecal material
produced by euphausiids and appendicularians. During the non-productive period (mean primary
production (PP) ~1000 mgC m-2 d-1), the POC flux was dominated by faecal material and a relatively high
proportion {(~24%) of the PP was exported below 100 m depth. By contrary, during the productive periocd
{(mean PP ~7000 mgC m-2 d-1), the POC flux was equally composed by faecal material and phytoplankton
and a relatively low proportion (~5%) of the PP was exported below 100 m depth.
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