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This report has two parts:
- Part 1: reporting of activities in the period of January 2024 - Feb/Mar 2025
- Part 2: reporting on planned activities for 2025 and 2026.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Core Themes or Cross-Cutting Themes.

Core Theme 1: Greenhouse gases and the oceans;

Core Theme 2: Air-sea interfaces and fluxes of mass and energy;

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;

Core Theme 4. Interconnections between aerosols, clouds, and marine ecosystems;

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;

Cross-Cutting Theme: Integrated studies of high sensitivity systems (upwelling systems,

Indian Ocean, polar oceans and sea ice);

Cross-Cutting Theme: Climate intervention;

Cross-Cutting Theme: Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or
region you are representing (all universities, institutes, lab, units, groups, cities).

First things first...Please tell us what the IPO may do to help you in your current and future
SOLAS activities. ?

The IPO could support us to consolidate the Latin American network on Marine
Biogeochemistry, created during 2023 to generate a space for regional collaboration under
common scientific interests that contribute to reduce spatial and temporal knowledge gaps, to
achieve a better understanding of biogeochemical variability, the processes that control the
greenhouse gases cycling, and the system's response to environmental stressors on a regional
scale.

PART 1 - Activities from January 2024 to Feb/Mar 2025

1. Scientific highlight

Projections of upper marine oxygenation of the Eastern South Pacific Oxygen Minimum
Zone in a context of ocean deoxygenation

One of the major current concerns is the deoxygenation of the ocean. The current Earth System
Models (ESM) simulations are very diverse, making it difficult to project the impact of deoxygenation
on marine ecosystem services. Focusing on the Oxygen Minimum Zone (OMZ) of the Eastern
Boundary Upwelling Systems (EBUS) of the Eastern South Pacific (EBS), the authors establish that
the sensitivity of the depth of the upper boundary of the SEP OMZ to El Nifio Southern Oscillation
(ENSO) events, obtained from the ESMs ensembled (Coupled Climate Carbon Cycle Model
Intercomparison Project, Phases 5 and 6), can be a predictor of its long-term trend. Considering that
during ENSO the SEP oxycline deepens, the upper boundary of the SEP OMZ is likely to deepen in
the future, thus oxygenating the SEP OMZ (Fig. 1).
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Fig. 1. Comparison between the ENSO-oxygen relationship and the long-term trend at 100 m. Ensemble mean amongst the
models of the a regression coefficient between dissolved oxygen (DO) and the E index (in ymol L™" °C™") over the period
1920-2014 and of the b long-term linear trend of DO over the period 2015-2100 (in umol L™' per decade). The contours in
blue and red indicate the limit of the OMZ (i.e., 45 ymol L™ isopleths) at 300 m for the present (1920-2014) and future
(2015-2100) climates, respectively. Black stippling in a and white stippling in b indicates grid points where <80% of the
models agrees on the sign.

Positive values of the regression coefficients indicate increasing oxygen concentrations during El
Nifio events, which is almost everywhere along the upper margin of the OMZ, that is in the vicinity of
the oxycline. At 100 m depth, the values of regression coefficients decline southward and westward.

Although the global ESMs have limitations due to their too low horizontal resolution to realistically
account for the nonlinear coastal upwelling dynamics and assuming that the regional model
simulation provides a more realistic value of where the ENSO sensitivity of the DO is located, the
authors estimate that the climate sensitivity of the DO at 12°S and 30°S could reach 9.58 uymol L
°C1and 4.87 umol L1 °C-1 respectively, meaning that the upper margin of the OMZ would oxygenate
twice as fast off central Peru as off central Chile.

Finally, the authors highlight that while much attention has been paid to ocean deoxygenation on a
global scale and its negative effects on biota and marine system functioning, the upper boundary of
the SEP OMZ is more likely to be dominated by oxygenation.

Almendra I., B. Dewitte, V. Garcon, P. Mufioz, C. Parada, |I. Montes, O. Duteil, A. Paulmier, O. Pizarro, M. Ramos, W.
Koeve and A. Oschlies, 2024: Emergent constraint on oxygenation of the upper South Eastern Pacific Oxygen
Minimum Zone in the twenty-first century, Communications Earth & Environment, https://doi.org/10.1038/s43247-024-
01427-2

2. Activities/main accomplishments in 2024 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/or journalists and media).

2.1.Research Program for Climate Action Planning (CLAP)

The CLAP program is an initiative developed by Center for Advanced Studies in Arid Zones (CEAZA)
and funded by National Agency for Research and Development of Chile (ANID), through the
Competition for Strengthening the Scientific Development of Regional Centers (R20F0008- 2021-
2025), whose main objectives are:

Overarching goal: Improve predictions of the response of interconnected biosphere components to
climate change and variability at multiple scales in north-central Chile to support effective climate
planning.

Specific goals:
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» Generate mesoscale to local predictions of future climate change effects in north-central Chile
(ocean-atmosphere-biota) using a regional Earth System Model including key processes at a local
scale (e.g. ocean-biogeochemical coupled processes, river run-off, air-sea-land interactions).

* Enhance the coastal meteorological and oceanographic observing network by incorporating an
array of multidisciplinary sensors and co-building observational strategies with local stakeholders.

 Characterize and project the physiological tolerance of key marine species to climate variability and
extreme events to estimate the evolution and resilience of ecosystem services

The CLAP project continues its long-term monitoring of the Oxygen Minimum Zone (OMZ) variability
off central Chile through the maintenance of the COSMOS deep mooring. As the only deep-water
mooring along the west coast of South America dedicated to studying the OMZ, COSMOS provides
invaluable data on water mass transport and variability. Positioned in a major upwelling center, it also
offers critical insights into the dynamics of bay systems that support the Chilean scallop industry.
Originally maintained from 1992 to 2012, the CLAP project resumed operations in May 2022. In
addition to biannual maintenance, targeted seasonal campaigns are conducted to collect biological,
geochemical, and molecular data along the OMZ’s redox gradient.

As one of the main goals of this project, a coupled ocean-atmosphere model is being built as part of
the Earth System Model (Specific goal 1). Since 2022 to date, nine oceanographic campaigns have
been conducted at the COSMOS time series to obtain the necessary data to feed the nitrogen-based
biogeochemical model (Coastal and Regional Ocean COmmunity model - CROCO,
https://www.croco-ocean.orq/), specifically developed for upwelling systems (Gutknecht et al., 2013).
These comprehensive surveys has been carried out along the water column associated with the
Oxygen Minimal Zone. Sampling included measurements, at high vertical resolution, of in situ
physical, chemical, and biological parameters, and collection of water from discrete depths,
characterized as representing the greatest biogeochemical vertical variability (Fig. 1) in the system
(i.e., surface, oxycline, OMZ upper boundary, and OMZ core), to assess C and N pools, the presence
and abundance of key planktonic species (using
COpeimt it PRI, sweneoenstraditional and molecular tools), and for laboratory
' 7 P I experiments using 5N tracers (i.e., 5NOs, 15NO2, and
©1 Ty Oxycline 15N H4) to assess fundamental microbial processes related
to the nitrogen cycle (i.e., nitrification, denitrification,
DNRA, anammox) (Galan et al., 2009; 2014).
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Since 2025, campaigns will include sampling for the collection of environmental RNA, aiming to
assess the expression of genes linked to key biogeochemical processes. The collected data will
enable ecological observations based on functional gene sequencing, enhancing our understanding
of planktonic microbial communities’ roles in nitrogen and carbon cycles.

Under the CLAP umbrella, ANID has awarded two projects: “Omics and Nitrogen BiOgeochemistry
Applied foR moDeling in Chile —= ONBOARD” and “Bridging the Gap: Multi-omics and Biogeochemical
Modeling for Understanding Microbial Community Responses to Climate Variability in the Humboldt
Upwelling Ecosystem”. Both projects contribute to the main objectives of CLAP and also support the
formation of advanced human capital.

2.2. Global Ocean Oxygen Network (GO2NE) Workshop

Participation in the GO2:NE Marine Reoxygenation Techniques workshop, organized by 10C-
UNESCO (UNESCO Headquarters, Paris, France, September 10-11, 2024). The main objective of
this meeting, including information exchange with global experts on the theoretical feasibility and
potential, as well as possible environmental side effects, of various approaches to reoxygenate ocean
regions in order to mitigate deoxygenation, and to develop key recommendations from the workshop
on the above for publication.

2.3. Humboldt - Gulf of California Workshop

Participation in the Humboldt - Gulf of California workshop, within the framework of the initiative
“Oceanographic Research linked to the Sustainable Oceans and Climate Change Agenda”, and
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organized by Fondo de Cooperacién México-Chile (Universidad Nacional Auténoma de México -
UNAM, Ciudad de México, México, November 27-29, 2024). The goal of the workshop was to
elaborate a document that integrates a research project proposal, strategies and different
perspectives to face shared challenges and strengthen bilateral scientific cooperation.

3. Publications in 2024 (only PUBLISHED articles) and if any, weblinks to models, datasets,
products, etc.
Lachkar Z., M. Cornejo-D'Ottone, A. Singh, J. Aristegui, B. Dewitte, S. Fawcett, V. Garcon, E.

Lovecchio, V. Molina, and P. Vinayachandran, 2024: Biogeochemical cycling of nutrients and
greenhouse gases in boundary upwelling systems: processes and sensitivity to global change.
Elementa: Science of the Anthropocene, https://doi.org/10.1525/elementa.2023.00088

Bustos-Espinoza, L.; Torres-Ramirez, P.; Figueroa, S.; Gonzalez, P.S.; Pavez, M.A.; Jerez, R,;
Saldias, G.S.; Espinoza, C.; Galan, A. 2024. Biogeochemical Response of the Water Column
of Concepcion Bay, Chile, to a New Regime of Atmospheric and Oceanographic Variability.
Geosciences, 14, 125. https://doi.org/10.3390/geosciences14050125

Almendra |., B. Dewitte, V. Garcon, P. Mufioz, C. Parada, I. Montes, O. Duteil, A. Paulmier, O.
Pizarro, M. Ramos, W. Koeve and A. Oschlies, 2024: Emergent constraint on oxygenation of
the upper South Eastern Pacific Oxygen Minimum Zone in the twenty-first century,
Communications Earth & Environment, https://doi.org/10.1038/s43247-024-01427-2

Corredor-Acosta A., A. Galan, G.S. Saldias, J.I. Mardones, J. Medellin-Mora, M. Frangopulos, T.
Shiozaki, N. Harada, H.E. Gonzélez, J.L. Iriarte. 2025. Oceanic phytoplankton structure off
western Patagonia during the austral summer: implications for harmful algal blooms. Progress
in Oceanography, https://doi.org/10.1016/j.pocean.2024.103409

Aguilera, V. M., Barranco, L., Gorostiaga, P., Vargas, C. A., Escribano, R., Bralic, N., & Garcon, V.
(2025). Characterization of copepod ingestion rates in the Humboldt Archipelago and
implications for a biogeochemical model of the Coquimbo upwelling system. Estuarine, Coastal
and Shelf Science, 109195.

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 20247 If yes, who? How did you engage?

As a part of the projects “Omics and Nitrogen BiOgeochemistry Applied foR moDeling in Chile —
ONBOARD” and “Bridging the Gap: Multi-omics and Biogeochemical Modeling for Understanding
Microbial Community Responses to Climate Variability in the Humboldt Upwelling Ecosystem”, in
which | participate as a research associate, and whose main goal is improve our understanding of
the biogeochemical cycles along the coast of Chile, through combining different modeling
approaches (i.e., geochemical and genomics), the support of Dra. Veronique Garcon (LEGOS,
France), and Dr. Boris Dewitte (CECI, Université de Toulouse, CERFACS/CNRS, France and
GO:2NE expert member), both Co-Investigators of the above initiatives and part of the CLAP
project, the scientific collaborations have been enhanced.

Through participation in the Humboldt-Gulf of California Project workshop, | met with experts from
Mexico and Chile to discuss topics of mutual interest and define a strategic research project. The
collaboration between the two countries will allow us to address priority issues and establish a work
plan that includes an oceanographic expedition in the eastern Pacific Ocean region off the coasts
of both countries, including the COSMOS time series station.

My participation in the GO2NE workshop on marine reoxygenation techniques has strengthened

ties with the Intergovernmental Oceanographic Commission (IOC) of UNESCO and has allowed

me to work with a group of international experts on one of the issues of greatest current concern,
the ocean deoxygenation.

PART 2 - Planned activities for 2025 and 2026

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work, etc.).
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Continue with the execution of the CLAP project and the projects awarded under its umbrella,
including the study of the seasonal expression of functional genes to better understand the
temporal dynamics of the processes occurring in the OMZ of central Chile (COSMOS time series),
to refine the coupled ocean-atmosphere model in order to project the functioning of this system in
the context of climate change and OMZ expansion.

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.
(incl. all information possible).

Participation of the XLIV Congreso de Ciencias del Mar, organized by Sociedad Chilena de
Ciencias del Mar (https://congresocienciasdelmar.uv.cl/).

3. Funded national and international projects/activities underway.
¢ Research Program for Climate Action Planning (CLAP). ANID 2021-2025.

¢ Omics and Nitrogen BiOgeochemistry Applied foR moDeling in Chile — ONBOARD.
ECOS/ANID 2023-2024.

e Bridging the Gap: Multi-omics and Biogeochemical Modeling for Understanding Microbial
Community Responses to Climate Variability in the Humboldt Upwelling Ecosystem.
FONDECYT/ANID 2024-2026.

4. Plans / ideas for future national or international projects, programmes, proposals, etc.
(please indicate the funding agencies and potential submission dates).

e Postulation of a project to the ANID 2025 call to promote international links for research
institutions to consolidate a regional network on marine biogeochemistry study in Latin
American (July 2024).

e Postulation of the project “Sustainable Oceans and Climate Change Initiative Project
Humboldt - Gulf of California”

5. Engagements with other international projects, organisations, programmes, etc.
e Global Ocean Oxygen Network (GO2NE). Intergovernmental Oceanographic Commission
(I0C) of UNESCO.

e Project Humboldt - Gulf of California - Sustainable Oceans and Climate Change Initiative.

Comments
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