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1.1 Executive Summary  
There is a growing global concern about the effects of multiple new sources of stress for marine biota 

with ocean acidification, global warming, deoxygenation and pollution at the forefront. These multiple 

stressors interact with the aquaculture industry and settle inside a socio-ecological system. In this way, 

environmental variability, species biology, markets forces and society's institutions all contribute to 

provide about half of the high-quality animal protein consumed by human activities during 2015, with 

Chile among the top-five shellfish producers globally. In this context, aquaculture must develop in a way 

that is sustainable to keep providing key nutritional elements, contribute to social well-being and foster 

key functions from coastal ecosystems: there is no point in understanding environmental effects on 

organisms without considering interactions with social and economic agents. MUSELS aims to generate 

pioneering scientific information to understand the basis of sustainability for the shellfish aquaculture 

industry in Chile and elsewhere. Our way forward is through interdisciplinary research on the effects of 

multiple stressors on the aquaculture socio-ecological system using the rich diversity of environmental 

settings and activities taking place along Chilean coast. The main challenge is to carry out frontier 

scientific discovery processes in close proximity with society and the industry, establishing scientific 

capabilities, national and international collaborative networks and contributing to develop a new R&D 

ecosystem to unravel the basis of adaptive capacity in the system. MUSELS has three scientific Research 

Lines (RL). The first is dedicated to understand environmental variability in the areas where bivalve 

farming takes place (RL1), a second test through experiments the biological responses to multiple 

environmental stressors (RL2) and a third that studies the human dimension driving the socio-ecological 

system where the aquaculture industry takes place (RL3). RL1 is in full development and includes 

disciplines such as physical, biological and chemical oceanography, toxicology and biogeochemistry. It 

has characterized spatial and temporal heterogeneity in temperature, pH, pCO2 and salinity through 

specific field campaigns, deployment of sensors and the compilation and validation of environmental 

information generated by the industry. Field campaigns are in collaboration with the industry, allowing us 

to evaluate their capabilities and the quality of the available information. It has allowed us to derive 

realistic ranges of environmental variability (or different scenarios) that clarify and define key forcing’s 

or environmental stressors for experiments during year 3 of MUSELS (RL2) to examine the adaptive 

capacity of the socio-economic system such scenarios (RL3). RL2 has reached its peak in activity 

involving ecophysiology, molecular genetics and experimental biology and is actively using the 

information being collected by RL1. We have implemented factorial experiments involving a large 

number of researchers and students using identified stressors (i.e. temperature and pH/pCO2) and 

experimental individuals from our partners in the industry, allowing us to work with the natural biological 

stock. During the third year these experiments will incorporate earlier lifestages (i.e. larval and juveniles) 

using the environmental ranges and scenarios defined by RL1. These experimental and observational 

results will focus on detecting biological responses that are relevant for adaptive capacity and, 

importantly they were established by RL3 as primary concerns for the socio-ecological system. RL3 

integrates ecology, sociology, psychology, and economy of natural resources to understand how decision-

making and the preferences of people participating of the aquaculture industry provides opportunities and 

barriers to generate adaptive capacity to face multiple environmental (RL1), physiological (RL2), 

economic and social stressors. Survey information from a range of actors has been complemented with 

secondary data and fed back to RL1 and RL2. The preliminary results have broadened the range of 

parameters estimated for RL2 and have provided local ecological insights to orient the field campaigns 

from RL1. Thus, the information flow between research lines operationalized our interdisciplinary 

character and has caused a significant impact on how the three research lines generate science. 

During 2015, MUSELS involved 5 associate researchers, 3 assistant researchers, 2 senior researchers, 2 

young researchers, 6 post-doctorate fellows, 4 PhD students, 4 master students, 5 undergraduate students, 
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6 research assistants and 1 administrative manager, consolidating a team of 38 people. In this way, we 

have supported academic training of 13 students, including undergraduate and graduates, incorporated 

three new postdocs, with one of our former postdocs now associated as a young researcher following his 

successful insertion in academia (UdeC). Different researchers organized multiple activities for each 

research line, coordinating the manpower; infrastructure and funding allocated that were required to 

accomplish our multiple objectives. To encourage interaction, cooperation and transdiscipline, we 

organized several meetings involving all or part of part of the core members that were complemented 

with visits and training courses for students and technicians in different partner laboratories. We also have 

an important interaction with other ICM initiatives with three core researchers, including the director, the 

deputy and one PI being part of other initiatives (IMO and CMC), thus generating interesting synergies 

such as joint workshops, use of equipment and co-authored publications. Major outreach activity has 

taken place with 9 presentations in national and 17 in international conferences, the organization of 9 

events such as symposia or workshops and 7 different awards or nominations to members of MUSELS. 

National and international collaboration networks have been central as the study of the impacts of climate 

change on the ocean and its marine resources is a global endeavour. A sustained collaboration is related to 

joint activities supported by the OA-ICC (Ocean Acidification International Coordination Centre), where 

one of our adjunct researchers participates as a member of the scientific advisory board since its founding 

in 2013. OAICC is based at the IAEA Environmental Laboratories (Monaco), receive the scientific 

support from SOLAS-IMBER Working Group on Ocean Acidification (SIOA WG), and brings together 

scientists in order to promote, facilitate and communicate research on the topic of ocean acidification. 

MUSELS has consolidated our collaborative effort with the Chilean shellfish farming industry and related 

socio-ecological actor through research and outreach activities. During the Calbuco volcano eruption, on 

early 2015, the volcanic fallout entered the ocean in one of the main areas of mussel seed collection in 

southern Chile (Reloncaví fjord). In the face of this environmental emergency, we implemented a public-

private partnership to assess the potential impact on water quality in the fjord, as volcanic processes are 

well known to impact local acidification processes. Scientific reports, available to all stakeholders, 

resulted in an enormous interest in continuing the flow of information, culminating in an industry-

sponsored scientific campaign to understand the effects of the volcano. A very similar case took place in 

northern Chile, where MUSELS supported the scallop aquaculture with environmental forecasts and 

analyses during the evolution of the 2015 ENSO event and has implemented a system to continuously 

report to the industry environmental conditions in the bay and in shared lab facilities. Dissemination of 

our scientific work has brought science to the wider community and those who are directly related to 

bivalve aquaculture industry. This linking has taken place through our website and presence in social 

networks, and we were mentioned in more than 51 news articles, including on-line news, newspapers, 

magazines, interview and local TV channels. The media activity was supported by seminars, participation 

in science fairs, the publication of a high-end outreach book, radio capsules and activities with 

schoolchildren. At this stage, it is worth stating that we are well on our way to meet our 3-year objectives: 

scientific and social achievements are excellent as evidenced above. Our initial objective involved 

developing a risky and complex network of relationships between government, private and social actors; 

perhaps the recipe for our reported success over the first two years is to have established this network, 

which has allowed our scientific results to be enriched by the socio-ecological system through trust-

building among partners. In this way, collaboration with scientists was part of the adaptive capacity that 

the industry demonstrated by successfully navigating through the multiple environmental disasters that 

besieged Chile during 2015. This is astounding and truly pioneering. Its continued progress will no doubt 

provide the basis for a world-class, sustainable shellfish aquaculture industry in the country. Probably the 

only real threat to continue this successful path is the continued lack of a scientific agenda at the national 

level. This scatter shot vision of science funding is a very real limitation to research agendas, where great 

results come from careful planning, which must be laid down through a long-term vision. 
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1.2 Resumen Ejecutivo  
Existe una creciente preocupación a nivel global por los efectos de nuevos y múltiples estresores sobre la 

vida marina, particularmente la acidificación del océano, el calentamiento global, la desoxigenación y la 

contaminación. Estos interactúan con la industria acuícola y se enmarcan dentro de un sistema socio-

ecológico. De este modo, la variabilidad ambiental, la biología de las especies, las fuerzas del mercado y 

las instituciones sociales contribuyen de forma conjunta a proveer cerca de la mitad de toda la proteína 

animal de alta calidad consumida por los humanos durante el 2015, con Chile dentro de los cinco 

primeros productores mundiales de moluscos. La acuicultura debe ser desarrollada de forma sustentable 

para seguir suministrando estos elementos nutricionales claves, construyendo al bienestar social y 

resguardando las funciones de los ecosistemas costeros: no tiene sentido entender los efectos del medio 

ambiente en los organismos sin considerar interacciones con agentes sociales y económicos. MUSELS 

pretende generar información científica pionera para entender las bases de la sustentabilidad de la 

industria acuícola de bivalvos en Chile y en otras partes del mundo. Nuestra dirección es la investigación 

interdisciplinaria sobre los efectos de múltiples estresores en el sistema socio-ecológico de la acuicultura 

utilizando la gran diversidad de escenarios ambientales y actividades que ocurren a lo largo de la costa de 

Chile. El principal desafío es llevar a cabo un proceso de descubrimiento de frontera, en cercanía con la 

sociedad y la industria, estableciendo capacidades científicas, redes colaborativas nacionales e 

internacionales y contribuyendo a desarrollar un nuevo ecosistema de I+D para desenmascarar las bases 

de la capacidad adaptativa del sistema. MUSELS incorpora tres Líneas de Investigación (LI). La primera 

está dedicada a entender la variabilidad ambiental en las áreas donde se lleva a cabo el cultivo de 

bivalvos (LI1), la segunda prueba a través de experimentos las respuestas biológicas a múltiples 

estresores ambientales (LI2) y la tercera estudia la dimensión humana que dirige el sistema socio-

ecológico en el cual se desarrolla la industria acuícola (LI3). LI1  se encuentra en pleno desarrollo e 

incluye disciplinas como la oceanografía biológica, química y física, toxicología y biogeoquímica. Ha 

caracterizado la heterogeneidad espacial y temporal de la temperatura, pH, pCO2 y salinidad a través de 

campañas de muestreo específicas, la instalación de sensores y la recopilación de la información 

ambiental generada por la industria. Las campañas en terreno ocurren con la colaboración de la industria, 

lo cual ha permitido evaluar sus capacidades y la calidad de la información disponible. Esta interacción 

también nos ha permitido derivar rangos de variabilidad ambiental realistas (o escenarios) que clarifican y 

definen las forzantes o estresores ambientales claves para experimentos durante el año 3 (LI2) los que nos 

permitirán examinar la capacidad adaptativa del sistema socio-económico ante tales escenarios (RL3). 

LI2 ha alcanzado su máxima actividad incorporando ecofisiología, genética molecular y biología 

experimental haciendo uso activo de la información obtenida por la LI1. Hemos implementado 

experimentos factoriales involucrando un gran número de investigadores y estudiantes, utilizando 

estresores ya identificados (i.e. temperatura y pH/pCO2) en individuos experimentales de nuestros socios 

en la industria, lo que nos ha permitido trabajar con el stock biológico natural. Durante el tercer año estos 

experimentos van a incorporar etapas de vida tempranas (i.e. larvas y juveniles) utilizando los rangos 

ambientales y escenarios definidos por la LI1. Estos resultados experimentales y observacionales van a 

detectar respuestas biológicas relevantes para la capacidad adaptativa, definidas por la LI3 como una 

preocupación primordial del sistema socio-ecológico. LI3 integra ecología, sociología, psicología y 

economía de recursos naturales para entender como la toma de decisiones y las preferencias de la gente 

que participa de la industria acuícola entrega oportunidades o barreras para generar capacidad adaptativa 

frente a múltiples estresores ambientales (LI1), fisiológicos (LI2), económicos y sociales. Información de 

encuestas a una variedad de actores ha sido complementada con información secundaria y retro-

alimentada a LI1 y LI2. Estos resultados preliminares han contribuido a ampliar el rango de parámetros 

estimados por LI2 y entregado antecedentes ecológicos locales para las campañas de terreno de LI1. De 

esta forma, el flujo de información entre las líneas de investigación ha operacionalizado nuestro carácter 

interdisciplinario y ha provocado un impacto significativo en la forma que las tres líneas de investigación 
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generan ciencia. Durante el 2015, MUSELS involucró 5 investigadores asociados, 3 adjuntos, 2 senior y 2 

jóvenes, 6 postdocs, 4 estudiantes de PhD, 4 de MSc, 5 de pregrado, 6 asistentes y un administrativo, 

consolidando un equipo de 38 personas. De este modo, hemos apoyado un grupo de 13 estudiantes 

incluyendo pre y postgrado, incorporando 3 postdocs, con uno de estos exitosamente incorporando en la 

academia (UdeC) y ahora investigador joven del núcleo. Distintos investigadores han organizado 

múltiples actividades para cada línea de investigación, coordinando capacidad humana, infraestructura y 

financiamiento dedicado a cumplir nuestros diversos objetivos. Hemos promovido la integración, 

cooperación y transdisciplina con reuniones con todos o parte del grupo central que han sido 

complementadas con visitas y cursos para estudiantes y técnicos en nuestros distintos laboratorios. 

También tenemos una interacción importante con otras iniciativas ICM con tres investigadores asociados, 

incluyendo, el director y el alterno como parte de otras iniciativas (IMO y CMC), lo cual genera sinergias 

interesantes como talleres conjuntos, acceso a equipos y publicaciones en coautoría. Hemos llevado a 

cabo muchas actividades de difusión con 9 presentaciones en conferencias nacionales y 17 

internacionales, 9 eventos como simposios o talleres y 7 premios a diferentes miembros de MUSELS. Las 

redes nacionales e internacionales han sido centrales ya que el estudio del impacto del cambio climático 

en el océano y sus recursos es de carácter global. Tenemos una colaboración sostenida en actividades 

conjuntas a cargo de la OA-ICC (Ocean Acidification International Coordination Centre), donde uno de 

nuestros investigadores adjuntos participa en el comité consejero desde su inicio el 2013. El OAICC está 

basado en los IAEA Environmental Laboratories (Monaco), y recibe apoyo científico del SOLAS-IMBER 

Working Group on Ocean Acidification (SIOA WG), reuniendo científicos para promover, facilitar y 

comunicar investigación sobre la acidificación de los océanos. MUSELS ha consolidado nuestro esfuerzo 

colaborativo con la industria acuicultora de bivalvos en Chile y su sistema socio-ecológico a través de 

investigación y difusión. La erupción del volcán Calbuco a principios del 2015, afectó una de las 

principales áreas de colecta de larvas de mitílidos en el sur de Chile (fiordo Reloncaví). Frente a la 

emergencia ambiental implementamos una alianza pública-privada para evaluar potenciales impactos en 

la calidad de agua del fiordo, ya que conocíamos que los procesos volcánicos generan acidificación local 

en el océano. Generamos informes científicos que fueron de enorme interés en la continuidad de este flujo 

de información, lo cual culminó en una campaña científica, financiada por la industria, enfocada en 

evaluar los efectos del volcán. Un caso similar ocurrió en el norte de Chile, donde MUSELS apoyó a la 

industria del Ostión de Norte con pronósticos ambientales y análisis durante la evolución del evento de El 

Niño 2015 (ENSO), lo cual se ha complementado con informes continuos de las condiciones en la bahía y 

el uso compartido de espacios de trabajo. La diseminación de nuestro trabajo científico ha llevado la 

ciencia a la comunidad en general y a los directamente relacionados con la actividad acuícola. Esto ha 

ocurrido a través de nuestro sitio web y redes sociales, y además hemos sido mencionados en más de 51 

artículos de prensa incluyendo medios digitales, periódicos, revistas y entrevistas en TV local. Esta 

actividad fue apoyada por seminarios, ferias científicas, la publicación de un libro de difusión de alto 

nivel, cápsulas radiales y actividades con escolares. Nos encontramos encaminados hacia nuestros 

objetivos a tres años: lo descrito arriba evidencia nuestros logros sociales y científicos. Nuestro objetivo 

inicial involucraba desarrollar una compleja red de relaciones entre actores del gobierno, privados y 

sociales; la posible clave del éxito de estos dos primeros años es haber consolidado esa red lo cual ha 

permitido al sistema socio-ecológico enriquecer nuestros resultados científicos a través de la construcción 

de confianza. Así, la colaboración con científicos fue parte de la capacidad adaptativa con que la industria 

sorteó los múltiples desastres ambientales que afectaron el país durante el 2015. Esto es un resultado 

sorprendente y legítimamente pionero. Su progreso sostenido dará las bases para una industria acuícola 

sustentable y de clase mundial en el país. Probablemente la única amenaza real para esta exitosa senda es 

la continua ausencia de una agenda científica nacional. Esta visión dispersa del financiamiento de la 

ciencia es una limitación real a las agendas de investigación, donde los grandes resultados vienen de la 

planificación cuidadosa establecida en base a una visión de largo plazo. 



MUSELS Annual Report – 2015 

 
 

                                             6 
 

Introduction  

a) Description of the Nucleus 
There is growing global concern regarding the effects and possible interactions, both synergistic and 

antagonistic, of the multiple and new sources of environmental stress (e.g. ocean acidification, global 

warming, deoxygenation or pollution) that marine biota faces today. MUSELS aims to generate scientific 

information of the environmental and ecosystem services from which the industry depends and employ 

interdisciplinary research approaches to test hypotheses associated to how multiple stressors could alter 

coastal resources, society and farmed shellfish species. MUSELS main challenge is to develop a frontier 

scientific process in close proximity with the industry, transmitting, and installing scientific capabilities 

through the establishment of scientists and R&D networks within them. The scientific and management 

achievements of the year provide a basis to map out the impact of MUSELS in the aquaculture industry. 

We have generated pioneering information regarding regimes of environmental variability in areas where 

the Chilean industry develops, implementing experimental methodologies to test the biological response 

of the farmed species and we have been working to identify the main agents of the socio-economic 

system including their capabilities and preferences. This last activity is key because our scientific 

approach is shaped and oriented to implement an interdisciplinary approach as the key for adaptation. In 

this way, we are aiming to increase the expected impact of results by keeping in mind that one of the 

overall objectives is the installment of R&D capability within the industry. 
  

b) Research Lines  
MUSELS has three scientific lines dedicated to understand environmental variability in the areas where 

bivalve farming takes place (RL1), to carry out experiments that will allows us to characterize the 

biological responses to multiple environmental stressors (RL2) and to study the human dimension and the 

socio-ecological system where the aquaculture industry takes place (RL3). 

RL1-Environmental Variability, which includes physical, biological and chemical oceanography, 

toxicology and biogeochemistry, has the main goal of characterizing the spatial and temporal 

heterogeneity of environmental conditions (such as temperature, pH, pCO2 or salinity) that aquaculture 

farms are exposed to. This research line is in full development and includes the collection of observations 

through specific field campaigns, deployment of sensors and the compilation and validation of 

environmental information generated by the industry. The field campaigns happen in collaboration with 

farmers and/or companies, allowing us to evaluate their capabilities and the quality of the available 

information. For the first time, we have been able to establish a baseline of the environmental conditions 

in the areas where bivalve farming takes place, allowing us to derive realistic ranges of environmental 

variability (or different scenarios). These results will clarify and define key forcing’s or environmental 

stressors that will be used to carry out experiments during year 3 of MUSELS, define biological 

responses for the target species (RL2) and examine the adaptive capacity of the socio- system in relation 

to such scenarios (RL3).  

RL2-Experiments and Biological Response, which involves ecophysiology, molecular genetics and 

experimental biology; concentrates its activities during years 2 and 3 using the information from RL1. 

The activities during the first year concentrated in the development of protocols for extensive factorial 

experiments implemented with the collaboration of a large number of researchers and students using 

identified stressors (i.e. temperature and pH/pCO2) in the juvenile and adult lifestages of the farmed 

species. The individuals used in the experiments were obtained directly from our partners in the industry, 

allowing us to work with the natural biological stock. During the third year these experiments will 

incorporate earlier lifestages (i.e. larval and juveniles) using the environmental ranges and scenarios 

defined by RL1. These experimental and observational results will focus on detecting biological 

responses that are relevant for the adaptive capacity of the aquaculture industry,. Importantly, these 

responses were determined by RL3 as primary concerns for the socio-ecological system and represent an 

enormous and innovative departure from our traditional experimental approach. 
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RL3-Human Dimension and Social-Ecological Systems, which integrates ecology, sociology, 

psychology, and economy of natural resources, has the aim of understanding how decision-making and 

the preferences of people participating of the aquaculture industry, provides opportunities and barriers to 

generate adaptive capacity to face multiple environmental (RL1), physiological (RL2), economic and 

social stressors. The scientific activity of the second year consisted on studying the perception of civil 

society towards different anthropogenic impacts by surveying the key actors of the industry and the 

diverse productive sectors united around it. We also started an analysis of regulatory coherence regarding 

aquaculture in Chile. This information has been complemented with secondary data from state 

institutions, associated civil entities and networking with other national research institutions. Surveys 

results were promptly communicated to RL1 and RL2, and the preliminary results determined a 

broadening of the range of parameters estimated for RL2 and have provided local ecological insights to 

orient the field campaigns from RL1. Thus, the information flow between research lines operationalized 

our interdisciplinary character and has caused a significant impact on how the three research lines 

generate science. 
 

c) Organization of researcher’s team 
During 2015, MUSELS involved 5 associate researchers, 3 assistant researchers, 2 senior 

researchers, 2 young researchers, 6 post-doctorate fellows, 4 PhD students, 4 master students, 5 

undergraduate students, 6 research assistants and 1 administrative manager, consolidating a team of 

38 people. Different researchers organized multiple activities for each research line, coordinating the 

manpower; infrastructure and funding allocated that were required to accomplish our multiple objectives. 

To encourage interaction, cooperation and transdiscipline, we organized several meetings involving all or 

part of part of the core members that were complemented with visits and training courses for students and 

technicians in different partner laboratories. Additionally, each Associated Researcher has been 

responsible for reviewing and evaluating new applications from students and postdocs, organizing 

fieldwork, analyzing databases and promoting collaborative networks and scientific events together with 

our administration office. Interacting with other ICM initiatives, the MUSELS’ Director is also part of 

IMO as an associate researcher. Other core researchers (S. Gelcich, B. Broitman) are also associated to 

the CMC initiative, which has produced interesting synergies as joint workshops, use of equipment and 

some co-authored publications. 
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Scientific and technological research 

a) Current status of research lines:  

RL1. Environmental Variability: During the second year, RL1 expanded our understanding of spatio-

temporal patterns of environmental variability in the main geographic areas involved in MUSELS. 

Progress has been achieved using three complementary approaches: field campaigns, in-situ moorings 

and satellite imagery, all around the main shellfish farming areas. In this regard, one of the milestones for 

RL1 during this year was the implementation of two oceanographic moorings located inside mussel 

farming areas in Chiloé, which complement the operational platform already established in Tongoy. These 

moorings, operated with the active support of the industry, they are equipped with high-precision sensors 

that record environmental information. We have been visiting these areas regularly both to download the 

information recorded by the sensors and to collect water samples for other parameters, such as nutrients, 

alkalinity, and pollutants (e.g. pyrethroids in Chiloé). Monitoring through the moorings is complemented 

with field campaigns that allowed us to characterize spatial variability in the time series collected at the 

moorings, thus deepening our knowledge about the environmental conditions that mussels and scallops 

are exposed in farming areas. We have confirmed observations from our first year indicating the 

persistent presence of high-pCO2/low pH waters along several locations of the coastline, including key 

shellfish farming areas, where pH/pCO2 levels correspond with scenarios of ocean acidification (OA) for 

2100. For example, in Aguilera et al. (2015) we showed high pCO2 conditions in estuarine ecosystems 

where small-scale mussel farming takes place, is in corrosive waters (> 1200 μatm of pCO2, and Ω< 0.5). 

Similarly, our postdoc Dr. Luisa Saavedra, found interesting preliminary results in another small-scale 

mussel farming area on the open coast, where river discharge during winter months and spring/summer 

coastal upwelling not only inject in the surface layers high pCO2 corrosive waters, but also very low O2 

waters (< 2 mL L-1). Finally, our newly minted PhD, Dr. Claudia Pérez, first-authored an article in JGR 

showing the strong influence of river plumes on the carbonate system (e.g. pH, pCO2) and providing 

evidence that land uses in the catchment might influence the nearshore ocean chemistry (Perez et al. 

2015). These results motivated a synthesis of field information collected as baseline data from the 

publications described above and elsewhere over the past 3-4 years. The synthesis suggests that local 

adaptations to high pCO2 levels may exist in specific geographic regions characterized by quasi-

permanent exposure to corrosive waters. It also indicates that natural environmental variability along 

coastal Chile corresponds to the conditions employed in most OA experiments in the literature regarding 

coastal systems worldwide, which have used future scenarios for the open ocean (e.g. 1000 μatm pCO2). 

Even more importantly, some of these global scenarios did not include changes in temperature (global 

warming) in their estimations. This striking finding, showing that OA experiments to date appear to have 

tested only responses to natural variability in the present, will be presented in an article to be submitted to 

Nature Climate Change, which is being prepared in collaboration with other colleagues from Sweden and 

UK (Vargas et al. in preparation). This synthesis of information from RL1 and RL2 is highly relevant to 

realistically establish the tolerance of individuals from different farming areas to a changing ocean. 

Food supply is an important environmental variable for mollusk growth. In this regard, one of our PhD 

students (Carlos Lara, RL1) has focused on the variability in phytoplankton biomass (i.e. measured as 

satellite Chl-a concentration) in the inner sea of Chiloé. We found that although nutrients are not depleted 

in this area, the Nitrate/Silicic acid ratio is clearly influenced phytoplankton biomass, composition, and 

spatial structure, especially during winter conditions (Martínez et al. 2015). Similarly, using remotely-

sensed ocean temperature and Chl-a, a paper first-authored by the same PhD student (Lara et al. 2016) 

showed that a marked change in temporal variability in Chl-a was associated to a large drop in the 

abundance of wild mussel larvae used as seed stock by the industry. This crash in larval supply resulted in 

steep economic losses due to forgone adult production. As a relevant result of RL1, our retrospective 

work using satellite data highlighted the value of long-term observations of environmental variability as a 

key for the resilience of the socio-ecological sector (RL3). Long-term monitoring and data sharing are 
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now central to the industry (see below). The Institute for Fisheries Development (IFOP) is in charge of 

monitoring mussel larval abundance and we are currently implementing a capacity-building process using 

the multiproxy environmental information obtained by MUSELS RL1 to understand the processes behind 

variability in larval supply. Similarly, MUSELS has established cooperation programs with research 

groups in Chile (COPAS Sur Austral, INCAR) and abroad (CEFAS and PML (UK), OAICC-IAEA 

(Monaco), and public and private institutions to jointly characterize environmental variability in areas of 

interest for aquaculture production. Overall, we are very satisfied with the performance of RL1. During 

the next year we will gain a more refined insight on the main environmental drivers and how we can 

better define our experimental designs, in order to make them more realistic and based on the knowledge 

about the environmental history of our biological models collected from different geographic sites (RL2). 

This will allow us to obtain more realistic biological responses s to advance in the development and 

establishment of the adaptive capacity of the shellfish farming socio-ecological system (RL3). 

RL2. Experiments and Biological Responses: During this second year we have moved forward 

materializing several experiments regarding multiple stressors linked to global environmental change, but 

this time using realistic scenarios derived from environmental records (RL1) in the main areas where 

aquaculture is carried out (i.e. Chiloé and Tongoy). Our experimental designs have now also incorporated 

geographic/genetic population variability among the species farmed by the aquaculture industry and we 

have also deepened our focus towards environmental effects on the lifestages that are more visible to the 

industry, which is juveniles and adults, and we consider different biological response that are relevant for 

the socio-ecological system (RL3). We have started with basic issues that are highly relevant for the 

industry, such as determining the genetic population structure of mussels from the genus Mytilus in 

central-southern Chile and South America. Our showed that, along the Chilean coastline, the industry is 

producing a commodity (mussel meat) that has at least two species from the mussel genus Mytilus, with 

Mytilus chilensis produced from the IX region towards the south and Mytilus galloprovincialis in the VIII 

region (Astorga et al. 2015). This finding also proposes a new classification for Mytilus chilensis, the 

species putatively produced by the industry, which is something that only new studies can confirm. On 

the other hand, following studies of shell mineralization and metabolism of mollusk species along the 

coast of Chile, we have supported results from RL1 showing large variability in the seawater carbonate 

system and large impacts from this environmental variability on the different populations (Ramajo et al. 

2015a). Experimental results evaluating multiple stressors (i.e. temperature and pH) in juvenile scallops 

from commercial hatcheries have indicated that OA does not generate a negative impact on some 

physiologic rates, such calcification, growth and metabolism of individuals. Instead, temperature does 

generate significant response in all these variables. Moreover, the interaction of temperature with two 

experimental levels of pH was also non-significant (Lagos et al. accepted). This interesting result has 

been supported by other studies in juvenile scallops were pH and food levels (i.e. phytoplankton) were 

experimentally manipulated and where only food levels had significant effects in physiological rates 

(Ramajo et al. 2015b). Both publications are have global relevance, reaffirmed by a recent study with 

collaborators from around the world showing that food levels confers calcifying organisms resistance to 

OA (Ramajo et al. 2015c), thus providing the industry with the first elements to create adaptive capacity 

towards this environmental stressor. Reviewing recent experimental results of the effects of multiple-

stressor with mussels reveals striking differences with similar experiments with scallops, suggesting that 

Ocean Acidification and global warming may have differential impacts in aquaculture farms. Mussel 

responses to multiple stressors (i.e. temperature and pH) indicate that temperature confers them resistance 

to Ocean Acidification by having a positive impact in the processes involved in energy collection. Despite 

this result, low pH levels reduce growth potential independent of temperature (Navarro et al. 2016). 

Field experimental studies with mussels using reciprocal transplants showed high between-population 

variability, demonstrating that individuals from natural populations from estuarine zones were more 

resistant to low pH than individuals from marine populations, but that resistance seemed to arose 
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following an energetic compromise evidenced through lowered growth rates and higher metabolic costs 

(Osores et al. in review).  Over 2015, we have also carried multiple stressor experiments with using the 

interaction of global (acidification) and local (e.g. cadmium concentration) stressors. Experiments with 

larval stages obtained from adults collected on Chiloé and exposed for ca. 20 days to two levels of pCO2 

(550 and 110 μatm) (MSci thesis, Rosario Díaz), do not show significant differences between both pCO2 

levels. However, when larvae were exposed to cadmium concentrations above 10 μg L-1, we observed a 

significant reduction (> 80%) in ingestion rates, highlighting the importance of multiple sources of stress 

as drivers of larval survival. One of our undergraduate students (Thesis Nicole Castillo) carried out 

experiments to evaluate the expression of genes associated to oxidative stress (Ferritin y Catalase), 

heat/shock proteins (HSP70 y HSP90) and innate immune response (PGRP, Defensine, Myticin A, Mytilin 

B, y Lectine C) in M. chilensis when faced to multiple stressors. Results showed that M. chilensis shows a 

lowered response when confronted to a pathogen (Vibrio anguillarum), and in genes associated to growth, 

such as Ferritine, under high pCO2 conditions. It worth noting that the work of this young student was 

carried out in the framework of collaborative work with INCAR, a large CONICYT-funded aquaculture 

research center. The two studies carried out by our students show that OA could have major consequences 

in growth and immune responses in more acid environments and it is worth noting that both experiments 

considered basal pCO2 values of 550 μatm, which is radically different from the 380 or 400 μatm utilized 

by earlier OA experiment. This departure was decided following the average pCO2 values we have 

consistently registered in the Chiloé region in southern Chile (RL1), from were adults’ individuals were 

collected, which are commonly subject to freshwater influxes and low pH waters. In this way, and 

through tight collaboration between research lines, our experiments are pioneering experimental 

assessments of ocean acidification effects as we are considering the slightly acidified conditions prevalent 

in the coastal zone. Our experimental work with bivalves is a compelling complement for studies of 

natural populations of economically important mollusks that have revealed their genetic diversity 

(Cárdenas et al. 2015) and variable responses to stressors such as ocean warming and acidification 

(Duarte et al. in prep.). Similarly, food-web studies have shown significant effects of changes in pH on 

primary producers and the species that act as forage for different herbivorous species along the coast of 

Chile (Aguilera et al. 2015; Duarte et al. 2015). Hence, it is key for the socio-ecological system to 

establish the underlying patterns of intraspecific variability of the native species that are currently farmed 

to establish the basis for adaptation to the multiple stressors that will impinge on the socio-ecological 

system (RL3). To this end the third year of the proposal will see significant work directed to establish 

connections between physiological responses and genomic expression patterns together with deepening 

our understanding of such responses to more local stressors, such as microplastics and chemicals derived 

from the extensive fish aquaculture industry (e.g. pyretroids) ubiquitous around southern Chile. To this 

end, we are currently deploying an experimental mesocosm system inside facilities of our industry 

partners and we have committed the involvement of graduate students, postdocs and at least for four 

MUSELS PI's in future laboratory and field experiments. Our newly incorporated postdoc, Dr. Araceli 

Rodriguez (PhD Universidad de Cádiz, Spain) will lead the work examining the interaction between 

global (OA) and local (e.g. microplastics and pyretroids) stressors. 

RL3. Human Dimension and Socio-Ecological System: Societies have adapted to climate and 

environmental variability throughout history. But projected climate change poses multiple risks to 

aquaculture because of the increased frequency of extreme events that lie outside the realm of present day 

experience. Adaptive capacity is a latent characteristic that would reflect the ability of the aquaculture 

industry to anticipate and respond to these changes, minimize, cope, recover from its consequences and 

take advantage of new opportunities arising from such changes. During this second year, research RL3 

has drawn on a survey to 90 mussel aquaculture companies in Chiloé to characterize the way the industry 

has adapted and recovered from specific stressors to the productive capacity, namely reduced growth rates 

and reduced larval supply (Gelcich et al., submitted). We additionally assessed the determinants of the 
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willingness to invest in building capacity to anticipate changes by analyzing companies assets to draw 

upon in times of need (capital; access to credit), their flexibility to change strategies, the companies 

perception of their social organization to act collectively as an industry (social capital) and their response 

to hypothetical scenarios regarding shocks in productive capacity (Gelcich et al., in prep). Overall 

results show heterogeneity in production decisions when facing environmental stressors. Results also 

show the industry adapts in heterogeneous ways and that financial assets and social capital drive 

willingness to invest in adaptive capacity. Understanding past adaptation strategies and the willingness of 

the industry to invest in anticipating stressors allowed us to begin exploring and generating hypothesis of 

the consequences of new stressors, such as ocean acidification, over the mussel aquaculture industry. In 

addition to exploring the mussel industry responses to stressors, RL3 has contributed to the theoretical 

understanding of adaptive capacity in coastal zones. Marín et al. (2015) showed the importance of social 

capital in determining recovery trajectories of coastal communities after shocks, while Oyanedel et al. 

(2015) showed the importance of reciprocity in social relations as an important component of determining 

collective action. In addition, Rivera et al. (2015) investigated how the type of co-management 

arrangement can effectively generate specific adaptive capacity.  RL3 developed and implemented a new 

survey during 2015. This survey assessed stakeholders’ perceptions regarding new challenges, progress 

and important gaps the industry is facing. Four different groups of stakeholders were interviewed, seed 

collectors, growing centers, processing plants and service providers. Interviewees were consulted on three 

subjects: (1) general perceptions on the challenges faced by the mussel aquaculture industry, (2) 

challenges and progress and, (3) constraints and opportunities. A total of 86 stakeholders distributed 

among the 4 user groups were surveyed. Results show important gaps between expected and realized 

innovation developments for all stakeholders and challenge categories. We found significant differences 

among user groups where seed collectors faced gaps in the human resources, knowledge and management 

categories while growing centers perceived important challenges for most of the categories but the 

progresses were not highly ranked, leading to the highest gaps. Processing plants perceived the most 

progress of all stakeholder groups, only displaying gaps in the human resources category. Service 

providers displayed gaps for human resources training, knowledge and management categories. 

Understanding current progress and the gaps which the industry perceive as important for innovation and 

development can help scientist and policymakers become more knowledgeable about how to trigger and 

support individual and collective action towards sustainability (Rivera et al., in prep).  RL3 has also 

begun to explore the role of markets influencing small-scale marine producers. As such, it has proposed a 

typology of interactions between global market drivers and local seafood production (Crona et al. 2015). 

This research theme is gaining traction and during year 3, RL3 will develop a large scale survey in Chile 

which aims at understanding local demand for mussels and the consequences that ocean acidification 

could have over future consumption patterns. Importantly, during 2015 research line 3 published a 

conceptual business model for the development of combined management and biodiversity conservation 

of coastal areas (Gelcich and Donlan 2015, Gelcich et al. 2015). This study provides a basic input to 

develop a section of the future survey focusing on BIO+seafood —products that have associated and 

verified biodiversity benefits created by the same fishers or in the same areas where the seafood is 

extracted. Finally it is important to highlight that RL3 is anticipating a future challenge associated with 

marine management by synthesizing and empirically testing the use of participatory multi-stakeholder 

analysis in coastal zone management (Estévez and Gelcich 2015). 
 

b) Publications:  
During 2015, MUSELS researchers participated collectively in more than 26 scientific publications, 

including a highly commented Nature correspondence, with a total of 36 scientific papers published 

during these first two years of our research project: 

1. Navarro J.M.; Duarte C.; Manríquez P.H.; Lardies M.A.; Torres R.; Acuña K.; Vargas C.A.; Lagos 

N.A. (2016) This study is focused on the combined effect of ocean warming and ocean acidification 
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on juvenile mussels in southern Chile. Results evidence a positive effect of increasing temperature, 

within the range experienced by mussels in this region. 

2. Pérez C.; DeGrandpre M.D.; Lagos N.A.; Saldías G.S.; Cascales E.-K.; Vargas C.A. (2015) Results 

from this paper evidence the influence of land uses in river basin on the biogeochemistry and CO2 

system of the adjacent coastal ocean with implications for marine organisms. 

3. Aguilera V.M.; Vargas C.A.; Lardies M.A.; Poupin M.J. (2015) This paper reports the carbonate 

system and the impact of future ocean acidification scenarios on small plankton organisms in 

estuarine ecosystem in southern Chile where small-scale mussel farming is carried out.  

4. Ramajo L.; Marvà N.; Prado L.; Peron S.; Lardies M.A.; Rodriguez-Navarro, B.; Vargas C.A.; 

Lagos N.A.; Duarte C.M. (2015) In this paper, the authors evidence that food supply might enhance 

the resistance to low pH/high pCO2 conditions on juvenile scallops.  

5. Valdivia N.; Aguilera M.A.; Navarrete S.A.; Broitman B.R. (2015) Using a multivariate approach we 

analyzed a large dataset of benthic biodiversity across ~400 km of coastline and showed that larval 

supply and environmental variability are key drivers of community structure.  

6. Aguilera M.A.; Valdivia N.; Broitman B.R. (2015) Using a field experiment we showed that 

consumer-resource interactions not only channel succesional pathways, but also determine patch 

scales in the community by modifying local species composition. 

7. Aswani S.; Flores C.F.; Broitman B.R. (2015) This paper evaluates the effects of considering local 

religious practices in the design and management of shellfish marine reserves. 

8. Rivera A.; Gelich S.; García-Florez L.; Acuña J.L. (2015). This paper advances our understanding of 

adaptive capacity by testing the role of co-management governance arrangements in withstanding 

external economic and environmental shocks.   

9. Oyanedel R.; Marín A.; Castilla J.C.; Gelcich S. (2015). This paper explores the role of social capital 

and reciprocity in triggering collective action for management and conservation of marine resources.   

10. Gelcich S.  & Donlan J.C. (2015). This paper presents a business model to incentivize conservation in 

productive marine environments.  

11. Marín A.; Bodina Ö; Gelcich S.; Crona, B. (2015). This paper addresses the role of social capital in 

determining post-disaster recovery trajectories.  

12. Estévez R. & Gelcich S. (2015). This paper reviews the literature on marine and coastal uses of 

participatory multi-stakeholder analysis. It highlights research needs and applications for 

conservation, fisheries and aquaculture.  

13. Gelcich S.; Peralta L.; Donlan C.J.; Ortiz V.; Tapia-Lweing S.; Vargas C.; Kein A.; Castilla J.C.; 

Fernandez M.; Godoy F. (2015). This paper presents a review of marine management and 

Conservation in Chile as a way to initiate discussions about alternative ways to incentivize 

cooperation of productive sectors. 

14. Crona B.I.; Basurto X.; Suires D.; Gelcich S.; Daw T.M.; Kahn A.; Havice E.; Chomo V.; Troell M.; 

Buchary E.A.; Allison E.H. (2015). This paper establishes a typology of interactions between fisheries 

and global markets.  

15. Hurd C.L., Cornwall C.E., Dupont S., Gattuso J.-P., Hoegh-Guldberg O., Gao K., Lagos N.A. (2015) 

This is a letter to "Nature correspondence" refuting criticisms performed to ocean acidification 

experimental procedures worldwide. 

16. Ramajo L.; Rodríguez-Navarro A.B.; Duarte C.M.; Lardies M.; Lagos, N.A. This paper addressed 

the role of environmental variability along the Chilean coast and organismal metabolism on the 

biomineralization of shell carbonates (calcite and aragonite) in a mollusk.  

17. Ramajo L.; Pérez-León E.; Hendriks I.E.; Marbà N.; Krause-Jensen, D.; Sejr M.K.; Blicher M.E.; 

Lagos N.A.; Olsen Y.S.; Duarte C.M. (2015). Using a metanalysis, this study improves our 

understanding about the relevance of food availability in the assessment of biological responses of 

marine calcifiers to ocean acidification impacts.  
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18. Steckbauer A.; Ramajo L.; Hendriks I.E.; Fernández M.; Lagos, N.A; Prado L.; Duarte C.M. (2015). 

This study addressed the compromises in metabolic performance of several Chilean taxa (mollusca, 

crustaceans, anthozoans) when exposed to the interaction of hypoxia and ocean acidification 

19. Astorga M.P.; Cárdenas L.; Vargas J. (2015). This study evaluated the actual number of Mytilus 

species in South America. Using a phylogeographical approach we shown strong evidence of an 

unique genetic lineage in Chile distant from other Northern hemisphere species. 

20. López Z.; Cárdenas L.; Runil F.; González M.T. (2015). This study explored the effect of the host 

species in the genetic diversity of marine parasites along the Chilean coast. The results highlight the 

effect of the host species and its life cycle. 

21. Cárdenas L.; Castilla J.C. & Viard F. (2015). the study tested if the genetic homogeneity of a highly 

dispersive species is maintained throughout its total geographic range in spite of environmental 

heterogeneity.  

22. Duarte C.; López C.; Benitez S.; Manríquez P.H.; Navarro J.M.; Bonta C.C.; Torres R.; Quijón P. 

(2015). The study showed that changes in the nutritive characteristics of the food, produced by Ocean 

Acidification, affects the feeding behavior and fitness of a herbivore amphipod 

23. Munroe D.M.; Narváez D.A.; Hennenc D.; Jacobsonc L.; Mannd R.; Hofmannb E.E.; Powelle E.N.; 

Linck J.M. (2016) This paper used a modelling approach to evaluate the role of increasing fishing 

pressure and changes in bottom water temperature on the decreasing trend observed in the Atlantic 

surfclams populations in USA. 

24. Ben-Horin T.; Bidegain G.; Huey L.; Narváez D.; Bushek, D. (2015) This paper presents a review of 

the mechanisms for parasite transmission in suspension-feeding bivalve molluscs that inhabit coastal 

and estuarine ecosystems.    

25. Martínez V.; Lara C.; Silva N.; Gudiño V.; Montecinos V. (2015) This article examined the 

environmental heterogeneity in the inner sea of Chiloé, in relation to the spatial distribution, 

abundance and size composition of phytoplankton biomass. 

26. Saavedra L.M.; Quiñones R.; González-Saldía R.R.; Niklitschek E.J. (2015). This paper evaluates 

the enzymatic adaptations of two bathypelagic fishes to hypoxic conditions present in the Minimum 

Oxygen Zone.  
 

Summary table  

Category of Publication MSI Center Members 
Number of Publications 

coauthored by students 

Total Number of 

Publications 

ISI Publications or Similar to 

ISI Standard 
Associate Researchers 1 15 

 Others 1 11 

SCIELO Publications or 

Similar to SCIELO Standard 
Associate Researchers 0 0 

 Others 0 0 

Books & Chapters of Books Associate Researchers 0 0 

 Others 0 0 

Other Publications Associate Researchers 0 0 

 Others 0 0 

Total  2 26 
 

Other achievements:  

Á Patents: no patents reported 

Á Intellectual property: no intellectual property reported 

Á Congress Presentations:  
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During 2015, MUSELS participated in many national and international activities. Researchers, assistants 

and postdocs participated actively covering a wide range of academics, policy makers and the general 

community interest group, e.g.: 

1. Third International Symposium: Effects of Climate Change on the World's Oceans. 21 to 27th 

March, Santos, Brazil. The Director and Dr. Lagos, adjunct researcher, participated as invited keynote 

speakers for a wide spectrum of the international scientific community working on different issues 

related with the impact of climate change. 

2. 1rst Seminar of Applied Research for stakeholders associated to the Mussel Farming Industry. 

May 7th, Castro, Chiloé Island. This event was organized by MUSELS and the Technological Institute 

for Mussel Farming Industry (INTEMIT) and focused on the analysis and discussion of major 

scientific findings in this region. 

3. XXXV National Congress in Marine Sciences. 25 to 29th May, Coquimbo. Researchers participated 

organizing a mini-symposium entitled: "Multifactorial processes that determine the state of the Socio-

Ecological Marine Systems in times of Global Change".  

4. Annual Meeting of the Working Group SOLAS-IMBER on Ocean Acidification and Advisory 

Board of the Center for International Coordination on Ocean Acidification. 28 to 30th May 

Villefrance-sur-Mer, France. This event was organized by the International Atomic Energy Agency 

(IAEA) and involved 18 scientists from 12 countries, and our adjunct researcher, Dr. Nelson Lagos 

led the discussion about the progress in research about OA. 

5. "Thinking Our Ocean": 5 and 6th October, Viña del Mar. This roundtable was carried out in the 

framework of the 2th World Conference Our Oceans, where Dr. Cristian Duarte was invited. 

6. XVI Latin American Meeting in Marine Sciences: 17 to 22th October, Santa Marta, Colombia. Nine 

MUSELS’ members participated in this event, including researchers, postdocs, students, and research 

assistants, who presented the major results obtained by MUSELS during these two years. 

7. IV Congress of Physical Oceanography, Meteorology and Climate: 18 to 20th December 

Valparaiso, Chile. Our PhD student Carlos Lara, presented the progress in the investigation of his 

doctoral thesis. 

8. 1rst National Workshop “Jóvenes Consciencia”: 26 – 27th December, Concon, Chile. The activity 

organized by ICM was attended by three young MUSELS’ members, our post-doc, Dra. Luisa 

Saavedra, Rosario Diaz, an MSc student, and Nicole Castillo, an undergraduate student.  

 

Summary Table  

Type of Researcher Type of presentation National Events 
International 

Events 

Associate Researchers 
Conferences, oral communications,poster 

communications, others (Specify) 
4 9 

 
Invited presentations (not included in above 

row) 
1 2 

Other researchers  
Conferences, oral communications,poster 

communications, others (Specify) 
0 4 

 
Invited presentations (not included in above 

row) 
4 2 

 

Á Organization of Scientific Events:  

1. Symposium “Sustainable aquaculture in a Time of Global Change: Implications for Socio-

Ecological System Bivalve Aquaculture in Chile”. January 23th, Concepcion. Researchers, students 

and special guests, presented to an audience, mostly from the productive and governmental level the 

progresses and findings from MUSELS research during our first year. 

2. MUSELS Working Group: “Multiple-stressors and socio-ecological systems in a Changing 

ocean”. January 19 to 22th, Las Trancas, Chile. We focused on different aspects of the adaptive 
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capacity of shellfish farming industry from a multidisciplinary perspective. Two of our senior 

researchers, Dr. Ben Halpern (USA), and Dr. Steve Widdicombe took part in the working group. 

3. Conference “An overview of ocean acidification and multiple stressors in Chile”. August 19th. 

Part of the activities carried out by the Director and Deputy Director during a research stay at the 

Centre for Environment, Fisheries, and Aquaculture Sciences in Lowestoft, UK.   

4. Conference “Innovation and participation: key to scale marine conservation in Chile”. 

September 22th. Seminar presented by Dr. Stefan Gelcich in the framework of the Seminar Series of 

the PhD Program in Environmental Sciences at the Universidad de Concepcion. 

5. Symposium “Climate Change”. October 1th Iquique, Chile. Seminar presented by Dr. Nelson 

Lagos, “Climatic change and Ocean Acidification” at Universidad Santo Tomás, Iquique, Chile. 

6. Conference “Differential responses in physiological traits of marine organisms upon Ocean 

Acidification scenarios”. November 4th, UdeC. Dr. Vargas was invited to the “Doctoral Seminar 

Series” organized by the PhD Program in Systematics and Biodiversity at the Faculty of Natural and 

Oceanographic Sciences at the Universidad de Concepcion. 

7. Symposium for students and Postdoc’s MUSELS. November 6th, Santiago de Chile. This activity 

involved almost whole MUSELS’ team (students, postdoc, main researchers, etc). The main aim it 

was enhance the cooperation among the three research lines in MUSELS. 

8. II Postgraduate Conference UCN: December 10th, Coquimbo, Chile. The activity involved the 

presentation of different posters with main results from postgraduate research activities. Our postdoc 

Dr. Luisa Saavedra and the Deputy Director participated as evaluators during this event. 

9. 1rst Regional Workshop of the Latin American Ocean Acidification Network (LAOCA). 14-15th 

December, Concepción. The activity involved 25 scientists from seven Latin American countries, 

focused on establishing the first acidification scientific network in Latin America. 
 

Á Scientific Editorial Boards:  

1. Bernardo Broitman, Deputy Director, is editor of Revista Chilena de Historia Natural and Frontiers 

in Ecology and Evolution. 

2. Marco Lardies, was editor of Revista Chilena de Historia Natural during 2015. 

3. Stefan Gelcich, is editor of Ecology and Society and Aquatic Conservation: Marine and Freshwater 

Ecosystems.  
 

Á Awards:  

1. Nelson Alejandro Lagos Suarez, adjunct researcher. Dr. Lagos was nominated as member of the 

Scientific Commitee for the International Symposium “The Ocean in a High-CO2 world”  

2. Cristian Antonio Vargas Gálvez, Director was nominated as member of the Executive Council for 

the Global Ocean Acidification Observing Network (GOA-ON).  

3. Cristian Antonio Vargas Gálvez, Director was nominated as Member of the Executive Council of 

the International Ocean Carbon Coordination Project (IOCCP).  

4. Leyla Cristina Cárdenas Tavie, Adjunct researcher. Dr. Cárdenas was rewarded as young researcher 

for the Faculty of Sciences at the Universidad Austral de Chile, Valdivia, Chile 

5. Lidia Antonella Rivera Peñalva, Postdoctoral researcher, she was awarded for Best Presentation as 

Young Researcher by the Steering Committee of the FSU Mote Symposium. 

6. Ricardo Orlando Barra Ríos, Adjunct researcher, he was nominated as Coordinator for Latin 

America for the Report Perspectives for the Environment, GEO-6 United Nations Environment 

Programme, UNEP 

7. Stefan Gelcich Crossley, Associate researcher., he was nominated as a member of the International 

Scientific Committee for the Program of Ecosystem Change and Society (PECS) for the Future 

Earth - Program on Ecosystem Change and Society. 
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Education and Capacity Building  

a) Education and Capacity Building: 
During 2015, MUSELS supported academic training of 13 students, including undergraduate and 

graduates, and incorporated three new postdocs. Thus, MUSELS allocated approximately 44 million CH$ 

to finance directly related to payment of fees, fellowships, and expenses arising from the formation of 

young researchers. Students who obtained a contract with MUSELS could make use of laboratories, 

funding for materials and consumables, field campaigns, courses and/or internships in Chile or abroad. 

Funding was also allocated for the participation of students in scientific activities and meetings organized 

by researchers and MUSELS’ staff. Finally, monthly or semi-annual scholarships were granted, 

depending on the conditions of contract. 

Each student is embedded in undergraduate and postgraduate programs related to MUSELS research 

lines. MUSELS is supporting the development of five undergraduate thesis: 4 marine biologist (UACh, 

and UAI) and 1 engineer in marine biotechnology and aquaculture (UdeC); 4 Msc thesis, 1 in the MSc 

Program “Integrated Management: Environment, Corporate Social Responsibility and Labor Risks 

(UdeC)”, one in the Msc Program in Oceanography (UdeC), one in MSc Program “Sustainability 

Management (UDD)”, and another one in the MSc Program “Economy of Natural Resources and 

Environment (UdeC)”; and 4 PhD thesis, two students in “Biology and Applied Ecology (UCN-CEAZA)”, 

one student in the PhD Program in Environmental Sciences (UdeC)”, and another one in the “PhD 

Program of Complex Systems Engineering (UAI)”. The interesting advantage of our model, is that each of 

these undergraduate master’s and PhD thesis, are co-guided by different associates and/or assistants, or 

postdocs from our Millennium Nucleus, which allows our students have a multidisciplinary approach in 

their respective specific research, which gives them comparative advantages compared to their peers, and 

enable them to address scientific issues with holistic approach, integrating different disciplines involving 

MUSELS. 

During 2015, five students obtained their title or academic degree. Matias Gaete, an undergraduate 

student received his degree in Environmental Engineering, under the guidance of Dr. Ricardo Barra, co-

sponsored by our Director, Dr. Cristian Vargas. Four MSc students finished their thesis during 2015; 

Leticia Serramalera, under the sponsorship of Dr. Stefan Gelcich; Yerko Yutronich, under the 

sponsorship of Dr. Ricardo Barra and co-sponsorship by Dr. Cristian Vargas, and finally, Felipe Hidalgo 

Montealegre and Carolina Hidalgo, both sponsored by Dr. Felipe Vasquez, research associate at 

MUSELS. 

During this second year, we have incorporated to our staff three new postdoctoral associates: (1) Dr. Luis 

Cuevas Landaeta, PhD Biology, associated to RL1, working in direct collaboration with Dr. Vargas, is 

responsible for determining the environmental variability in the scallop and mussel farming areas by 

taking a quality control to all data set recorded by our oceanographic equipment. Dr. Cuevas is also 

working in close collaboration with other international observation and monitoring programs (e.g. GOA-

ON, LAOCA Network); (2) Dr. Antonella Rivera Peñalba, PhD in Marine Ecology, associated to RL3, 

and sponsored by Dr. Stefan Gelcich and Dr. Felipe Vásquez, she is evaluating the socio-ecological 

drivers for the sustainability of shellfish aquaculture and for developing strategies promoting the 

industry's adaptive capacity, and (3) Dr. Laura Ramajo Gallardo, PhD in Global Change, she was 

working for two months associated to RL2, in direct collaboration with Dr. Marco Lardies and Dr. Nelson 

Lagos. Her research was focused on how natural environmental variability in carbonate chemistry of 

coastal ecosystems might affect the biological and mineralogical responses of calcifying coastal species. 

It is worth noting that Dr. Cuevas was incorporated following the hiring of our earlier postdoc, Dr. Diego 

Narváez as an assistant Professor at the Department of Oceanography at Universidad de Concepción, 

where he will continue linked to MUSELS, but now as a young researcher. 
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During 2015, MUSELS incorporated new undergraduate and graduate students, as well as supporting the 

continuity of those students in process: 

Á Undergraduate students: 

1. Nicole Castillo – Aquaculture and Marine Biotechnology Engineering student at the University of 

Concepción, who develops her undergraduate thesis under the guidance of Dr. Cristian A. Vargas and 

in cooperation with Dr. Cristian Gallardo from the FONDAP INCAR Center (Interdisciplinary Center 

for Aquaculture Research). Her thesis focuses on the study of the expression of stress proteins 

(HSP70) and gene expression associated with stressors such as acidification in mussels from shellfish 

farming area in Chiloé, southern Chile. 

2. Carolina Fernández - Marine Biology student at the University of Valparaíso, who develops her 

thesis under the guidance of Dr. Marco A. Lardies. Her thesis focuses on the effect of multiple 

stressors (i.e. temperature and ocean acidification) in shaping the physiological and morphological 

variability of different shellfish populations in northern Chile. 

3. Valeria Prieto – Marine Biology student from Universidad Austral de Chile, who is guided in her 

undergraduate dissertation by Dr. Leyla Cárdenas. Her work is focused on the spatial and temporal 

variation of the genetic diversity of Mytilus chilensis in natural and cultivated population in central 

and southern Chile. 

4. Pia León - Marine Biology student from Universidad de Valparaiso. In there present is performing 

her research seminary under the supervision of Dr. Nelson Lagos. She is focused in assessing impacts 

of natural variability in carbonate systems parameters upon the shell characteristic of Mytilus chilensis 

cultivated in the Reloncavi Fjord (Northern Patagonia). Soon will start her undergraduate thesis aimed 

to understand the impacts of multiple environmental stressor on the physiological responses of 

mollusks cultivated in the Chilean coast. 
 

Á Postgraduate Students 

1. Rosario Díaz – Aquaculture Engineer from the Universidad Católica del Norte. She started in 2014 

the MSc Program in Oceanography at the University of Concepción. She is under the guidance of Dr. 

Cristian A. Vargas. Rosario examines the potential combined effect of cadmium and carbonate 

saturation in calcification of mussels of commercial interest and their adaptability to different 

conditions of global change. 

2. Tania Opitz - Marine biologist at the Universidad Austral de Chile. Currently she is studiyng in the 

program of Master of Environmental Management and Planning, Faculty of Forestry and Nature 

Conservation, Universidad de Chile. She is under the guidance of Dr. Marco Lardies and her research 

focuses on impacts of ocean pollution of synthetic polymers (plastics), and their effect on the 

physiological performance of the aquaculture bivalves 

3. Avia González – She has a degree in Biological Sciences from the Universidad Austral de Chile, and 

is currently part of the PhD Program in Biology and Applied Ecology at the the Universidad Católica 

del Norte under the supervision of Dr. B. Broitman. Avia is developing her doctoral thesis studying 

the ecophysiology of bivalves, particularly on effect of environmental stressors on the persistence of 

populations in farming conditions and strategies of individuals to cope with these changes. 

4. Valeska San Martin – Marine Biologist from the University of Concepción, and is currently part of 

the PhD Program in Environmental Sciences at the University of Concepción, under the supervision 

of Dr. CA Vargas, S. Gelcich and F. Vásquez. Her thesis focuses on properties to determine market on 

mussels, such as color, texture, flavor, and fatty acid content and how multiple stressors, such as 

temperature and acidification, and their subsequent socio-economic implications, can impact them. 

5. Carlos Lara – Marine Biologist and Master of Science in Agriculture from the Pontificia Universidad 

Católica. He is currently part of the PhD Program in Biology and Applied Ecology at the Universidad 

Católica del Norte, under Dr. Bernardo Broitman guidance. His research interest is focused on the 
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effects of environmental variables on patterns of spatio-temporal variability in coastal eecosystems, 

and ocean optics using satellite data. 

6. Sebastian Osores – Marine biologist and PhD candidate at the PhD program in Complex Systems 

Engineering, under the guidance of Dr. Marco A. Lardies. His PhD thesis project entitle "Partnership 

Models Using Predictive effects of Climate Change on Ectotherms Animals: Physiology and 

Evolution", where he uses different marine ectotherms as models to evaluates the effect of changes in 

distribution and species traits along the Chilean coast using machine learning techniques. 
 

b) Achievements and results:  
During 2015, five students, one undergraduate and four graduate (MSci), obtained their academic 

degrees. 
 

Á Undergraduate 

1. Matías Germán Gaete Mundaca – Advisor: Dr. Ricardo Barra 

Thesis: Estimation of the concentration of the pyrethroids Azametifós and Deltametrina, used in the 

salmon farming industry.  
 

Á MSc 

2. Leticia Serramalera Feduchi – Advisor: Dr. Stefan Gelcich 

Thesis: Adaptative capacity of aquaculture: insights from the Chilean mussels industry 

3. Yerko Alejandro Yutronich Briceño – Advisor: Dr. Ricardo Barra 

Thesis: Proposal for an integrated management plan for small-scale mussel farming in Chiloe Island 

4. Felipe Montealegre – Advisor: Dr. Felipe Vasquez 

Thesis: The role of information in changing tourists’ behavioral preferences at the Humboldt Penguin 

Reserve in northern Chile. 

5. Carolina Hidalgo – Advisor: Dr. Felipe Vasquez 

Thesis: Valuation of ecosystem services in the Territorial Use Rights Fisheries (TURFs) based on an 

economics valuation of marine reserves environmental services. 
 

During 2015 two PhD students’ carried out internships abroad.  

1. Valeska Andrea San Martín Montoya – Sponsor: Dra. Silvana Birchenough (CEFAS, UK) 

Traineeship held at the Marine Climate Change Centre (MC3), at the Centre for Environment 

Fisheries & Aquaculture Science, Lowestoft. UK. The student was involved in the Project PLACID 

(Placing Ocean Acidification into a Wider Fisheries Context), a project focused in improving the 

existing evidences about the potential effects of ocean acidification for commercially important 

species in the United Kingdom, before the next assessment of risks of climate change in the UK for 

the year 2017. 

2. Carlos Cristian Lara Peña – Advisor: Dr. Michael Beherenfeld (Oregon State University, USA) 

Traineeship at Oregon State University, Corvallis, USA. The student was involved in the research 

project “Spatio temporal validation in satellite measurements for monitoring phytoplankton dynamics 

in northern Chilean Patagonia”. This project is focused in the use of high resolution satellite imagery 

as complement for an integrated study of phytoplankton dynamics, from synoptic to interannual 

scales. 
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Networking and other collaborative work  

a) Networking  
During 2015, the Millennium Nucleus MUSELS participated in national and international collaboration 

networks for studying the impacts of climate change on the ocean and its marine resources. A sustained 

collaboration is related to joint activities supported by the OA-ICC (Ocean Acidification International 

Coordination Centre), where Dr. Nelson Lagos (MUSELS’ adjunct researchers) participates as a member 

of the scientific advisory board from its founding in 2013. OAICC is based at the IAEA Environmental 

Laboratories (Monaco), receive the scientific support from SOLAS-IMBER Working Group on Ocean 

Acidification (SIOA WG), and brings together scientists in order to promote, facilitate and communicate 

research on the topic of ocean acidification. For that it tries to influence and support the implementation 

of key activities to be developed globally to make an effective use of investment in marine sciences. For 

instance, during 2015 the OAICC members coordinate to refute criticism to OA experiments appearing in 

the global media trough an editor letter to Nature, and jointly with IMAS and CSIRO organized the 

international 4th Symposium “The Oceans in a High-CO2 world (Hobart, Tasmania, May 2016), were 

MUSELS researchers Drs. N.A. Lagos and S. Gelcich collaborate in the international steering committee 

and as keynote speaker about human dimension of the ocean acidification impacts, respectively. 

MUSELS’ researchers, Drs. C.A. Vargas, M.A. Lardies, C. Duarte and N.A. Lagos also participated in 

this OA-ICC network through the Latin American Ocean Acidification Network (LAOCA), officially 

launched in December 2015 in a regional meeting involving 27 scientists from 7 Latin-American 

countries. The LAOCA launch was promoted by MUSELS (US$ 7,350) researchers with the support of 

OAICC (US$15,000), IOC/UNESCO (US$8000) and other national oceanographic programs in Chile 

(IMO-ICM, US$ 2,500). Drs. Vargas and Lagos were nominated as co-chair of the LAOCA executive 

committee.  

The human dimension component of the Millennium Nucleus MUSELS is also present at the OAiRUG 

(Ocean Acidification International Reference User Group) one of the action lines of the OAICC. This 

OAiRUG started in 2008 as part of the European Project in Ocean Acidification (EPOCA), but 

internationally launched in 2013 with the strong support of the Prince Albert II of Monaco and if focused 

in to bring together scientists and stakeholders from various backgrounds such as industry and 

governmental and non-governmental organizations, to facilitate networking and the presentation of key 

findings to interested non-scientific parties. Dr. S Gelcich and N. Lagos collaborate in the OAiRUG 

elaborating the executive summary of “Acting on Ocean Acidification”, were needs and planning ahead 

about the OA impacts are described. This document was distributed in the “Our Oceans Conference” 

organized in 2015 by the Ministry of Foreign Affairs Chile and the State Department US (Valparaiso, 

Chile).  

In addition, the OA monitoring component of MUSELS researchers (Drs. C.A. Vargas and N.A. Lagos) 

have already participating in the Global Ocean Acidification Observation network (GOA-ON) from its 

launch in 2012. Currently, scientists from 30 countries and from national and international programs and 

organization (e.g., NOAA, CSIRO, UKOA, IOCCP, IOC-UNESCO) are collaborating in supporting the 

GOA-OAN goals, which involve understanding the global OA conditions, the ecosystems responses to 

OA, and to acquire and exchange knowledge to optimize modelling OA and its impacts. During 2015, 

MUSELS’ Director, Dr. C. Vargas was nominated as member of the Executive Council of the GOA-ON 

and of the Executive Council of the International Ocean Carbon Coordination Program (IOCCP1) The 

IOCCP promotes the development of a global network of ocean carbon observations for research through 

technical coordination and communication services, international agreements on standards and methods, 

and advocacy and links to the global observing systems. The IOCCP is co-sponsored by the Scientific 

                                                 

2 
  http://www.ioccp.org/contacts#Dr_Cristian_A._Vargas. 

http://www.ioccp.org/contacts#Dr_Cristian_A._Vargas
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Committee on Oceanic Research (SCOR) and the IOC/UNESCO. Dr. Vargas will support the connection 

between structure of the Latin American community working on Ocean Acidification (e.g. MUSELS, 

IMO, LAOCA) and global (GOA-ON and IOCCP) network programs, as well as data management in 

South America for the production of global syntheses and data products.  
 

b) Other collaborative activities:  
Networking is central to MUSELS activities. We have continued to host in Chile international researchers 

working on the effects of multiple stressors on fisheries and aquaculture, establishing links with Dr. 

Silvana Birchenaugh (Centre for Environment, Fisheries and Aquaculture Science, CEFAS, UK) and with 

Dr. Alejandro Rodriguez-Navarro (Univ. Granada Spain). In matching activities, MUSELS researchers 

have visited their institutions in UK (C.A. Vargas & B. Broitman) and Spain (N.A. Lagos). These 

collaboration already resulted in a publication co-authored by Dr. Rodriguez-Navarro and MUSELS 

reearchers about the impact of OA on scallop aquaculture, and the drafting of a proposal with the 

MUSELS researchers Drs. N.A. Lagos, M.A. Lardies, L. Cardenas, “CarboNatLab”, to be submitted for 

the ERANet/LAC 2016, which attempt to provide mechanistic understanding about the resilience of 

scallops -and other shell-carbonate producers- when confronted to OA in natural conditions. This -

CarboNatLab has the in-kind support of the scallops industry from Chile (INVERTEC Ostimar, Santa 

Maria SPA) and Perú (APEMAR). In addition, Dr. Birchenough, jointly to MUSELS researchers 

collaborate in a manuscript in progress (Drs. B Broitman, C.A. Vargas) and in the collaborative proposal 

“CENTINEL” submitted to the NERC call, and aimed to understand the Current El Niño impacts on 

coastal fisheries in Northern Chile (Drs. B. Broitman, N.A. Lagos). In addition, both links also fostered 

the exchange of PhD and post doc MUSELS (Valeska San Martin at CEFAS and Laura Ramajo at U. 

Granada). MUSELS has also established itself as a host institution for foreign PhD students, who wish to 

conduct research internships, learning fieldwork techniques and experimental work. During October 

2015, the MSci student, Stephanie Mangan, from Exeter University (UK), conducted a research 

internship of 1 month at the Dr. Vargas Lab. performing OA experiments, gave seminars, and processing 

the information of an MS in progress. 

MUSELS was also committed with the collaborative work with the Chilean shellfish farming industry 

and related socio-ecological actor performing research and outreach activities. During the Calbuco 

volcano eruption, on early 2015, the volcanic fallout entered the ocean in one of the main areas of mussel 

seed collection in southern Chile (Reloncaví fjord). Then, we have implemented a strong collaborative 

work with the public (Instituto de Fomento Pesquero, IFOP) and private sector (i.e. mussel farming 

companies, e.g. ORIZON), in order to asses the potential impact on water quality in the fjord, as volcanic 

processes are well known to impact local acidification processes. Scientific reports, available to all 

stakeholders, resulted in an enormous interest in continuing the flow of information, which turned into 

several field campaigns fully funded by the industry (USD$ 4,000). A very similar case of collaborative 

work with the private sector took place in northern Chile, where MUSELS supported the scallop farming 

company INVERTEC with forecasts and analyses during the full evolution of the 2015 ENSO event. 

Additionally, the adjunct researcher, Dr. Nelson Lagos, organized the outreach event “Tasting the climate 

change: impacts of Ocean Acidification on the marine gastronomy” (Pto. Montt, Nov 14, 2015), which 

participate journalists, chefs, managers of the industry and academic. This meeting allowed expanding the 

link of MUSELS toward the chefs and shellfish gastronomy and collaborate in performing standardized 

organoleptic test using oyster and mussels exposed to OA conditions. 2 theses (PhD and undergraduate) 

are engaged in to assess the impact of the OA upon the taste and appearance that may have impact on the 

shellfish marketing. Finally, Dra. Luisa Saavedra, postdoc MUSELS, as become responsible for the 

internal organization of scientific events during 2015, such as students’ scientific meetings, seminars, and 

workshops on specific research topics in MUSELS. This nomination resulted in the successful completion 

of at two scientific events involving much of the MUSELS’ community, young researchers and 

collaborators. 
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Outreach and connections with other sectors  

a) Outreach:  
During 2015 MUSELS proposed disseminate scientific work related to the center, bringing science to the 

wider community and those who are directly related to bivalve aquaculture industry. During this year we 

have achieved an important link between companies, producers and scientific activities, contributing to 

the knowledge of the factors affecting the socio-ecological systems of the Chilean coastal areas and 

transferring this knowledge in a simple and pleasant way to the community. All activities were spreading 

through the MUSELS’ website(1)  and social network, such as Facebook (2). 

Main outreach activities carried out in the framework of the PME program during past 2015 included: 

Á Seminar-Wotkshop MUSELS “Impact of global change on mussel farming socio-ecological 

system”. 19 to 23th January, Las Trancas - Concepción. This event was attended by representatives of 

the aquaculture industry, government, as well as social and academic guests. We have designed two 

participation instances: i) the Workshop "Multiple-stressors and socioecological systems in a 

changing ocean" and the ii) Symposium "Sustainable Aquaculture in an Era of Global Change: 

Implications for Socio-Ecological shellfish farming system”.  

Scope: This last activity involved around 36 participants, including MUSELS’ senior researchers. It 

was mentioned in at least, four websites related to aquaculture issues. 

Á Interactive/Educational Stand “Ocean acidification and adaptation”. From May to December 

2015; Santiago-Coquimbo-Concepción. An interactive/educational stand was implemented and 

reported in different school fairs and scientific events along the country. The main content involved 

different issues related with the impact of ocean acidification on marine resources.  

Scope: Ca. 32.000 visitors. 

Á Scholar guided tour “From the Mountain to the Sea”. 27th August and 10th September, Dichato, 

Chile. The activity consists of mobilizing schoolchildren from mountain villages to the Marine 

Biology Station in Dichato to see the rockyshore ecosystem and the scientific work by the MUSELS’ 

team. The activity was carried out in close collaboration with PAR EXPLORA Bio-Bío and DAEM 

Alto Bio-Bío and Coihueco. There was a wide diffusion of this activity both in newspaper, internet 

websites and local TV channels. Scope: 74 visitors, mostly schoolchildren from mountain villages. 

Á Mini-book “Recipes with History”. December, 200 copies.  

Last year, the outreach team in MUSELS was working in the direction and production of a book 

aimed at collecting the culinary history of the sectors related to shellfish aquaculture in small 

localities in southern Chile, X Region. This book has been distributed among municipalities, schools 

and social centers of the Tenth, Eighth and Fourth Regions in Chile. 

Á Scientific capsules “BreveeeMUSELS”. From July to December 2015, Los Lagos (X) and Aysén 

District (XI) in Chile.  

This activity consists of the redaction and dissemination of scientific contingent notes, with 

information related to global change, pollution, and local environmental forcing’s that interact with 

the farming and shellfish production.  

Scope: More than 400.000 people as target audience. 

During 2015, MUSELS was mentioned in more than 51 news articles, including on-line news, 

newspapers, magazines, interview, local TV channels, websites, etc. Among all those activities we can 

highlight 5 press releases in the newspaper EL SUR, Diario Austral de Osorno and La Estrella de Chiloé. 

2 interviews in radio programs in Santiago de Chile (i.e. Dr. C. Duarte and Dr. N. Lagos), and 1 interview 

in a local radio in southern Chile, Radio Nahuel (i.e. Dr. D. Narváez). In addition, MUSELS published 

more than 15 news articles in aquaculture related media such as Aqua.cl and mundoacuicola.cl. These 

target the industry directly.  

____________________________________________________________________________________ 

(1)http://www.eula.cl/musels/.    

(2)https://www.facebook.com/pages/N%C3%BAcleoMilenioMUSELS/459030377542489?ref=bookmars 

http://www.eula.cl/musels/
https://www.facebook.com/pages/NúcleoMilenioMUSELS/459030377542489?ref=bookmarks
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b) Connections with other sectors:  
During the second year of the proposal we have moved a long way in consolidating our relationship with 

our industry partners. A large fraction of PI's, postdocs, students and technical staff now interact 

constantly with industry partners in two mussel-growing facilities in Chiloé plus the executive staff of the 

mussel aquaculture industry technological association, INTEMIT, in southern Chile. Simultaneously, in 

northern Chile we are in constant contact with the chiefs of production and operations of INVERTEC-

Ostimar, the largest scallop producing company in the country. With both INTEMIT and INVERTEC, this 

last one in association with CEAZA, we have MoU's detailing the extent of the collaboration, which has 

proven useful to keep stable branch into other initiatives (see below). In the case of Chiloé, the two 

MUSELS sensor arrays are deployed into maritime concession of two different mussel production areas, 

who are also in charge of guarding these oceanographic instruments. A similar case happens in Tongoy, 

where our oceanographic instruments are deployed in a maritime concession of INVERTEC. In the 

Tongoy case, the company provides the full support for all the at-sea operations, including boats, fuel, 

permissions and the regular use of professional divers to inspect offline underwater sensors. In both cases, 

the costs are hard to gauge but they are significant, as in Chiloé it will involve paying for two 24/7 guards 

for the moorings (e.g. <$10.000 USD/year) and in the case of Tongoy it will ascend to several million 

CLP a year because the cost of the at-sea guard must include the just boat time, fuel and skipper that we 

access at least for a day every month and for several days during the spatial monitoring cruisies. Also in 

Tongoy, we have invested ~ $1.000 USD adapting lab space in the INVERTEC hatchery, where a 

benchtop high-quality pHmeter is currently installed and used to measure the pH of the seawater entering 

the facility. In addition, this same facility will host a mesocosm setup for which we have scheduled an 

investment from MUSELS in excess of $10.000 USD. An interesting success story is the service contract 

that we signed with the industry following the volcanic eruption of the Calbuco volcano during late April, 

2015. In this case, the strong links that MUSELS has developed with INTEMIT allowed our field team to 

be quickly deployed in the area impacted by the eruption and to provide an state-of-the-art scientific 

assessment of the eruption's effect in the Reloncaví fjord, which is immediately adjacent to the volcano. 

The Reloncaví fjord is the main source of mussel larvae for the industry and volcanic eruptions are 

known to alter ocean chemistry, for example lowering the pH, thus the fallout of the eruption posed a 

tangible threat for aquaculture. The successful first sampling campaign which took place during the final 

eruptive pulse (see press release) was a fundamental in building trust in the importance of scientific 

results. This prompted the industry (ORIZON Company) to contract MUSELS for ca. USD$ 5,000 to 

carry out two additional surveys during the rest of 2015. Beyond the amounts involved, this events 

crystallized the basis of adaptation for the socio-ecological system and all surveys conducted using 

collaborative framework, with participation of the MUSELS team, boats from the industry, support from 

the Navy and active involvement of different governmental agencies involved.  A similar case took place 

in Tongoy, where we supported the scallop industry with forecasts and analyses during the evolution of 

the 2015 ENSO event and our sensors where the first to inform the scallop industry of the oceanographic 

conditions in the bay following the tsunami that devastated the bay following the 8.3 Mw Illapel 

earthquake on September, 15th, 2015. As in southern Chile, the quick response of our scientific teams has 

built an enormous amount of trust with our industry partners, thus lowering the barriers to engage in 

collaborative activities. 

In 2015, MUSELS continued to work in close connection with the Millennium Institute of Oceanography 

(IMO) (in which our Director, Dr. Cristian A. Vargas participates as a research associate), the Centre for 

Research and Innovation for Climate Change CIICC, and the Center of Advanced Studies in Arid Zones 

CEAZA, all important research centers closely related to the research issues and objectives of MUSELS. 

The best part of the activities organized with other centers focused mostly on the dissemination of 

science, through seminars, open workshops, and the delivery of educational products. 
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Administration and Financial Status  

a) Organization and administration:  
During 2015, the administration office worked in direct relationship with MUSELS’ Director, Dr. Cristian 

A. Vargas. Ms. Haydée Müller Agram served as administrator during 2015. Some of her main activities 

were the implementation of monthly financial reports to the Ministry of Economy, management, logistics 

and diffusion of internal and external activities, as well as proposal preparation and diffusion to Explora 

CONICYT and PME funds, which concluded with six executed projects. She has also been responsible 

for updating social networks and the website of our Millennium Nucleus. 

 

 

Category Female Male TOTAL 

Assistant & Technicians 4 2 6 

Administrative Staff 1 0 1 

TOTAL 5 2 7 

 

 

b) Financial Status:  

 

See anexes 9.1 and 9.2 
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a. Annexes: en esta sección debe presentar las estadísticas que complementan al informe narrativo en las 

tablas dispuestas para ello. Considere que las tablas de los Anexos pueden ser extraídas directamente 

del Sistema de Gestión de Milenio2, con los debidos ajustes de formato y escrito en idioma inglés para 

la correcta interpretación de las tablas.  

 

Además de las tablas de datos, puede incorporar otros materiales adicionales, siempre y cuando sean 

estrictamente relevantes para la evaluación de la Memoria Anual. Si incorpora imágenes o PDF de 

imágenes, deben ser ajustadas a hoja de tamaño carta.  

 

                                                 

2 
   http://gestion.iniciativamilenio.cl ĄReportes Memoria Anual Ą Exportar 
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Annex 1.- Institute / Nucleus Researchers 
 

1.1 Associate Researchers 

Full Name Research Line 
Nacionalit

y 

Gende

r 

Date 

of 

birth 

Profession 
Academic 

Degree 
Affiliation 

Current 

Position 

Relation 

with 

Center 

Bernardo 

Oscar 

Broitman 

Rojas  

RL1 Environmental 

variability. 

 

Chileno  M  
22-03-

1973  

Ecología 

Marina 
D 

Universidad de 

Concepción  

Assistant 

professor 
Part Time  

Cristian 

Antonio 

Vargas 

Gálvez  

RL1 Environmental 

variability. 

 

Chileno  M 
26-12-

1972  

Biología 

Marina  
D 

Centro de Estudios 

Avanzados en 

Zonas Áridas 

Associate 

professor 

Director 
Part Time  

Marco 

Antonio 

Lardies 

Carrasco  

RL2 Experimental and 

biological responses. 

 

Chileno  M 
08-09-

1971  

Biología 

Marina  
D 

Universidad 

Adolfo Ibañez  

Full 

professor 
Part Time  

Stefan 

Gelcich 

Crossley  

RL3 Human 

dimension and social-

ecological systems. 

 

Chileno  M 
11-12-

1973  

Biología 

Marina  
D 

Pontificia 

Universidad 

Católica 

Assistant 

professor 
Part Time  

Felipe 

Antonio 

Vásquez 

Lavín  

RL3 Human 

dimension and social-

ecological systems. 

 

Chileno  M 
07-09-

1972  
Economía  D 

Universidad del 

Desarrollo 

Associate 

proffesor 
Part Time  

 

1.2 Young Researchers 

Full Name Research Line 
Nacionalit

y 

Gende

r 

Date 

of 

birth 

Profession 
Academic 

Degree 
Affiliation 

Current 

Position 

Relation 

with Center 

Cristian Hernán 

Duarte 

RL2 Experimental 

and biological 
Chileno  M 

06-06-

1974  

Biología 

Marina  
D 

 Universidad 

Andrés Bello 

 Assistant 

professor 
Part Time  
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Valenzuela  responses. 

 

Diego Alonso 

Narváez 

Rodriguez  

RL1 Environmental 

variability. 

 

Chileno  M 
28-10-

1974  
Oceanografía  D 

 Universidad de 

Concepción 

 Assistant 

professor 
Part Time  

 

1.3 Senior Researchers 

Full Name Research Line Nacionality Gender 
Date of 

birth 
Profession 

Academic 

Degree 
Affiliation 

Current 

Position 

Relation 

with Center 

Stephen 

Widdicombe  

RL1 

Environmental 

variability. 

 

Inglés  M 
26-11-

1969  
 D 

Plymouth 

University 

Researcher 

Part Time  

Benjamin Scott 

Halpern  

RL1 

Environmental 

variability. 

 

Americano / 

Norteamericano  
M 

17-11-

1973  

Ecología 

Marina  
D 

California 

University 

Director 

Part Time  

 

1.4 Others 

Full Name Research Line 
Nacionalit

y 

Gende

r 

Date 

of 

birth 

Profession 
Academic 

Degree 
Affiliation 

Current 

Position 

Relation 

with 

Center 

Nelson 

Alejandro Lagos 

Suarez  

RL2 Experimental 

and biological 

responses. 

 

Chileno  M 
16-04-

1966  

Biología 

Marina  
D 

Universidad 

Santo Tomás 

Full professor 

Part Time  

Ricardo Orlando 

Barra Ríos  

RL1 Environmental 

variability. 

 

Chileno  M 
03-09-

1963  
Bioquímica  D 

Universidad de 

Concepción 

Full professor 

Part Time  

Leyla Cristina 

Cárdenas Tavie  

RL2 Experimental 

and biological 

responses. 

Chileno  F 
16-01-

1975  

Biología 

Marina  
D 

Universidad 

Austral de 

Chile 

Associate 

professor Part Time  
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Rodrigo Estevez 

Weinstein  

RL3 Human 

dimension and social-

ecological systems. 

 

Chileno  M 
19-08-

1977  
Otra  D 

 Pontificia 

Universidad 

Católica 

 Postdoctoral 

researcher 
Part Time  

Luisa Marie 

Saavedra 

Löwenberger  

RL1 Environmental 

variability. 

 

Chileno  F 
30-06-

1979  

Biología 

Marina  
D 

 Universidad de 

Concepción 

 Postdoctoral 

researcher 
Part Time  

Lidia Antonella 

Rivera Peñalva  

RL3 Human 

dimension and social-

ecological systems. 

 

Hondureño  F  
Biología 

Marina  
D 

 Pontificia 

Universidad 

Católica 

 Postdoctoral 

researcher 
Full Time  

Luis Antonio 

Cuevas Landaeta  

RL1 Environmental 

variability. 

 

Chileno  M  
Biología 

Marina  
D 

 Universidad de 

Concepción 

Postdoctoral 

researcher  
Part Time  

Laura Ramajo 

Gallardo  

RL2 Experimental 

and biological 

responses. 

 

Español  F 
31-12-

1981  
Biología  D 

 Universidad 

Santo Tomás 

Postdoctoral 

researcher  
Full Time 

 

 

NOMENCLATURE: 

  

[Gender] 
[M] Male  [F] Female 

 

 

 

 

 [Academic Degree] 
[U] Undergraduate    [M] Master   

[D] Doctoral 

 

 

 [Relation with Center] 
[1] Full time    [2] Part time 
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Annex 2.- Research Lines 

 

N

° 

Research 

Line 
Research Line Objectives Description of Research Line Researcher 

Research 

Discipline 

Startin

g Date 

Ending 

Date 

1  

RL1 

Environmenta

l variability 

This RL aims interaction of 

physical oceanography, chemical 

and biological, toxicological and 

biogeochemistry with the main 

objective to characterize the spatial 

and temporal heterogeneity in 

environmental conditions such as 

temperature, pH, pCO2 or salinity, 

to which are exposed fish farming 

This RL is characterized by 

developing fieldwork and 

instrumental observational data 

acquired through specific sampling 

campaigns, installing sensors and 

collecting and validating 

environmental information 

generated by industry, implemented 

in collaboration with growers 

associations and / or companies 

allowing us to assess their 

capabilities and the quality of 

information available 

 

Bernardo 

Oscar 

Broitman 

Rojas. 

 

Diego 

Alonso 

Narváez 

Rodriguez. 

 

Stephen 

Widdicombe.  

 

Benjamin 

Scott 

Halpern. 

 

Luisa Marie 

Saavedra 

Löwenberger. 

 

Ricardo 

Orlando 

Barra Ríos. 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

 

 

Oceanography. 

 

Environmental 

Chemistry. 

 

Ecology and 

environmental 

sciences. 

 

Marine 

biology. 

 

01-01-

14  
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Luis Antonio 

Cuevas 

Landaeta. 

 

2  

RL3 Human 

dimension and 

social-

ecological 

systems 

RL whose main objective is to 

involve the ecophysiology, 

molecular genetics and 

experimental biology in juvenile 

and adult stages of the two main 

species under cultivation 

The RL2 working on the 

development of experiementales 

protocols by studying the 

interaction of environmental effects 

on the most visible industry, ie, 

juvenile and adult stages 

experimentally analyzing joint 

effect of environmental stressors to 

exclude variables that are not 

relevant to the aquaculture also 

understand whether these stressors 

interact with each 

Leyla 

Cristina 

Cárdenas 

Tavie. 

 

Marco 

Antonio 

Lardies 

Carrasco. 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Cristian 

Hernán 

Duarte 

Valenzuela. 

 

Laura 

Ramajo 

Gallardo. 

 

 

 

Marine 

Biology. 

 

Developmenta

l Biology. 

 

Population 

biology. 

 

Ecology and 

Environmental 

Sciences. 

01-01-

14  
 

3  

RL3  

Human 

dimension and 

social-

ecological 

systems 

Integrating ecology, sociology, 

psychology and economics of 

environmental resources in order to 

understand how the decisions and 

preferences of the people involved 

in the aquaculture industry offers 

- 1 To assess the vulnerability and 

adaptive capacity of the industry to 

MED’s and global market drivers.  

- 2 To assess attitudes and 

innovation capacity of the shellfish 

aquaculture sector. 

 

Stefan 

Gelcich 

Crossley. 

 

Rodrigo 

 

Economy 

 

Sociology   

 

Sustainability 

01-01-

14  
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opportunities and barriers to 

generate adaptive capacity to the 

multiple stressors to which it faces 

they are environmental (RL1), 

physiological (RL2), economic or 

social 

- 3 To estimate social-economic 

consequences of global and local 

multiple drivers, and evaluate 

alternative management options. 

Estevez 

Weinstein. 

 

Felipe 

Antonio 

Vásquez 

Lavín. 

 

Lidia 

Antonella 

Rivera 

Peñalva. 

 

 

science 

 

Socioecology 
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Annex 3.- Publications (Total or partially financed by MSI) 

3.1.- ISI Publications or Similar to ISI Standard  
 

Category of 

Publication 

MSI Center 

Members 
Reference 

ISI 

Publications 

or Similar to 

ISI Standard 

Associate 

Researchers 

¶ Stefan Gelcich, L. Peralta, C.J. Donlan, N. Godoy, V. Ortiz, S. Tapia-Lewin, C. Vargas, A. Kein, J.C. Castilla, 

M. Fernandez & F. Godoy, (2015),Alternative strategies for scaling up marine coastal biodiversity 

conservation in Chile, Maritime Studies 

¶ Laura Ramajo, A.B. Rodríguez-Navarro C, C.M. Duarte, Marco Lardies & Nelson Lagos, (2015),Shifts in 

shell mineralogy and metabolism of Concholepas concholepas juveniles along the Chilean coast, Marine and 

Freshwater Research 

¶ Laura Ramajo, N. Marbà, L. Prado, S. Peron, Marco Lardies, A.B. Rodriguez-Navarro, Cristian A. Vargas, 

Nelson A. Lagos & C.M. Duarte , (2015),Biomineralization changes with food supply confer juvenile scallops 

(Argopecten purpuratus) resistance to ocean acidification, Global Change Biology 

¶ J.M. Navarro, Cristian Duarte, P.H. Manríquez, Marco A. Lardies, R. Torres, K. Acuña, Cristian A. Vargas, and 

Nelson A. Lagos, (2016),Ocean warming and elevated carbon dioxide: multiple stressor impacts on juvenile 

mussels from southern Chile, Journal of Marine Science 

¶ A. Marín, Ö. Bodina, Stefan Gelcich, B. Cronaa, (2015),Social capital in post-disaster recovery trajectories: 

Insights from a longitudinal study of tsunami-impacted small-scale fisher organizations in Chile, Global 

Environmental Change 

¶ B.I.Crona, X. Basurto, D. Squires, Stefan Gelcich, T.M.Daw, A.Khan, E. Havice, V. Chomo, M. Troell, E.A. 

Buchary, E.H. Allison, (2016),Towards a typology of interactions between small-scale fisheries and global 

seafood trade, Marine Policy 

¶ Sh. Aswani, C.F. Flores, Bernardo Broitman, (2015),Human harvesting impacts on managed areas: ecological 

effects of socially-compatible shellfish reserves, Reviews in Fish Biology and Fisheries 

¶ Antonella Rivera, Stefan Gelcich, L. García-Flórez, J.L. Acuña, (2015),Assessing the sustainability and 

adaptive capacity of the gooseneck barnacle co-management system in Asturias, N. Spain, A Journal of the 
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Human Environment 

¶ Stefan Gelcich & C.J. Donlan, (2015),Incentivizing biodiversity conservation in artisanal fishing communities 

through territorial user rights and business model innovation, Conservation Biology 

¶ Rodrigo Estévez & Stefan Gelcich, (2015),Participative multi- criteria decision analysis in marine 

management and conservation: Research progress and the challenge of integrating value judgments and 

uncertainty, Marine Policy 

¶ R. Oyanedel, A. Marín, J.C. Castilla & Stefan Gelcich, (2015),Establishing marine protected areas through 

bottom-up processes: insights from two contrasting initiatives in Chile, Aquatic Conservation: Marine and 

Freshwater Ecosystems 

¶ Claudia Pérez, M.D. DeGrandpre, Nelson Lagos, G.S. Saldías , E-K Cascales & Cristian Vargas, 

(2015),Influence of climate and land use in carbon biogeochemistry in lower reaches of rivers in central 

southern Chile: Implications for the carbonate system in river-influenced rocky shore environments, Journal of 

Geophysical Research: Biogeosciences 

¶ M.A. Aguilera , N. Valdivia, Bernardo Broitman, (2015),Herbivore-Alga Interaction Strength Influences 

Spatial Heterogeneity in a Kelp-Dominated Intertidal Community, Public Library of Science PLoS ONE 

¶ N. Valdivia, M.A. Aguilera, S.A. Navarrete, Bernardo Broitman, (2015),Disentangling the effects of propagule 

supply and environmental filtering on the spatial structure of a rocky shore metacommunity, MARINE 

ECOLOGY PROGRESS SERIES 

¶ V.M. Aguilera, Cristian A. Vargas, Marco A. Lardies & M.J. Poupin, (2015),Adaptive variability to low-pH 

river discharges in Acartia tonsa and stress responses to high PCO2 conditions, Marine Ecology 

 Others 

¶ Leyla Cárdenas, J.C. Castilla & F. Viard., (2015), Hierarchical analysis of the population genetic structure in 

Concholepas concholepas, a marine mollusk with a long-lived dispersive larva, Marine Ecology 

¶ M.P. Astorga, Leyla Cádenas & J. Vargas, (2015), Philogenetic approaches to delimit genetic lineages of the 

Mytilus complex of South America: how many species are there?, Journal of Shellfish Research 
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¶ T. Ben-Horin, G. Bidegain, L. Huey, Diego Narváez, D. Bushek, (2015), Parasite transmission through 

suspension feeding, Journal of Invertebrate Pathology 

¶ Cristian Duarte, J. López, Samanta Benítez, P.H. Manríquez, J.M. Navarro, C.C. Bonta, R. Torres, P. Quijón, 

(2015), Ocean acidification induces changes in algal palatability and herbivore feeding behavior and 

performance, Oecologia 

¶ Z. López, Leyla Cárdenas, F. Runil, M.T. González, (2015), Contrasting definitive hosts as determinants of the 

genetic structure in a parasite with complex life cycle along the south-eastern Pacific, Molecular Ecology 

¶ A. Steckbauer, Laura Ramajo, I.E. Hendriks, M. Fernandez, Nelson Lagos, L. Prado & C.M. Duarte, (2015), 

Synergistic effects of hypoxia and increasing CO2 on benthic invertebrates of the central Chilean coast, 

Frontiers in Marine Science 

¶ V. Martínez, Carlos Lara, N. Silva, V. Gudiño, V. Montecino, (2015), Variability of environmental 

heterogeneity in northern Patagonia, Chile: effects on the spatial distribution, size structure and abundance of 

chlorophyll-a, Revista de Biología Marina y Oceanografía 

¶ D.M. Munroe, Diego A. Narvaez, D. Hennenc, L. Jacobsonc, R. Mannd, E.E. Hofmannb, E.N. Powelle, J.M. 

Klinck, (2016), Fishing and bottom water temperature as drivers of change inmaximum shell length in Atlantic 

surfclams (Spisula solidissima), Estuarine, Coastal and Shelf Science 

¶ Laura Ramajo, E. Pérez-León, I.E. Hendriks, N. Marbà, D. Krause-Jensen, M.K. Sejr, M.E. Blicher, Nelson A. 

Lagos, Y.S. Olsen & C.M. Duarte, (2016), Food supply confers calcifiers resistance to ocean acidification, 

Scientific Reports  

¶ Luisa M. Saavedra, R.A. Quiñones, R.R. Gonzalez-Saldía, E.J. Niklitschek, (2015), Aerobic and anaerobic 

enzymatic activity of orange roughy (Hoplostethus atlanticus) and alfonsino (Beryx splendens) from the Juan 

Fernandez seamounts area, Fish Physiology and Biochemistry 

¶ Hurd C., Cornwall C.E., Dupont S., Gattuso J.P., Hoegh-Guldberg O., Gao K., Nelson A. LAGOS, (2015), 

Ocean Acidification: Laboratory seawater studies are justified, Nature 
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3.5.- Collaborative publications:  

 

Category of Publication 1 researcher 2 researchers  3 researchers  4 or more 

 N° % N° % N° % N° % 

ISI Publications or Similar to ISI 

Standard  
12 46,15% 3 11,54% 0 0,00% 0 0,00% 

SCIELO Publications or Similar 

to SCIELO Standard 
0 0,00% 0 0,00% 0 0,00% 0 0,00% 

Books and chapters 0 0,00% 0 0,00% 0 0,00% 0 0,00% 

Other Publications 0 0,00% 0 0,00% 0 0,00% 0 0,00% 

Total of publications  12 46,15% 3 11,54% 0 0,00% 0 0,00% 
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Annex 4.- Organization of Scientific Events 

 

 

 

Scope Title 
Type of 

Event 
City Country 

Responsible 

Researcher 

International  
Conference “An overview of ocean acidification and multiple 

stressors in Chile”  
Conference  Lowestoft  Inglaterra  

Cristian Antonio 

Vargas Gálvez  

International  
1rst Regional Workshop of the Latin American Ocean 

Acidification Network (LAOCA).  
Workshop  Concepción  Chile  

Cristian Antonio 

Vargas Gálvez  

International  

Symposium “Sustainable aquaculture in a Time of Global 

Change: Implications for Socio-Ecological System Bivalve 

Aquaculture in Chile”  

Seminary Concepción  Chile  
Cristian Antonio 

Vargas Gálvez  

International  
MUSELS Working Group: “Multiple-stressors and socio-

ecological systems in a Changing ocean”  
Workshop  

Las 

Trancas  
Chile  

Cristian Antonio 

Vargas Gálvez  

National  Symposium “Climate Change” Seminary Iquique Chile 
Nelson Alejandro 

Lagos Suárez 

National 
Conference “Differential responses in physiological traits of 

marine organisms upon Ocean Acidification scenarios”  
Conference  Concepción  Chile  

Cristian Antonio 

Vargas Gálvez  

National II Postgraduate Conference UCN  exhibition  Coquimbo  Chile  
Bernardo Oscar 

Broitman Rojas  

National Symposium for students and Postdoc’s MUSELS  Seminary Santiago  Chile  
Luisa Marie Saavedra 

Löwenberger  

National  
Conference “Innovation and participation: key to scale marine 

conservation in Chile”  
Conference  Concepción  Chile  

Stefan Gelcich 

Crossley 
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Annex 5.- Education and capacity building 

 

5.1 Capacity Building inside MSI Centers 

 

 

Tutor Undergraduated Students Graduated Students 

  Master Doctoral Postdoctoral 

 F M F M F M F M Total 

Cristian Antonio Vargas Gálvez  1  0  1  0  1  0  1 2  6  

Ricardo Orlando Barra Ríos  0  1  0  1  0  0  0  0  2  

Marco Antonio Lardies Carrasco  1  0  0  0  0  1  0  0  2  

Leyla Cristina Cárdenas Tavie  1  0  0  0  0  0  0  0  1  

Bernardo Oscar Broitman Rojas  0  0  0  0  1  1  1 0  3 

Nelson Alejandro Lagos Suarez  1  0  0  0  0  0  0  0  1  

Stefan Gelcich Crossley  0  0  1  0  0  0  1  1  3  

Total 4 1 2 1 2 2 3 3 18 
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Annex 5.2. - Short-term Traineeships of MSI students 
 

 

Student 

Name 
Institution Country Advisor Project Description 

Starting 

Date 

Ending 

Date 

Valeska 

Andrea San 

Martín 

Montoya  

Cefas Marine Climate change 

Centre (MC3), Cefas 

Laboratory. CENTRE FOR 

ENVIRONMENT FISHERIES 

& AQUACULTURE SCIENCE. 

Lowestoft 

Inglaterra  
Dra Silvana 

Birchenough 

A project focused in improving the existing 

evidences about the potential effects of ocean 

acidification for commercially important 

species in the United Kingdom, before the next 

assessment of risks of climate change in the 

UK for the year 2017. 

22-11-

2015  

22-03-

2016  

Carlos 

Cristian 

Lara Peña  

Oregon State University 

Estados 

Unidos de 

America  

Michael 

Beherenfeld 

Due to the high spatio-temporal variability of 

phytoplankton in the region, traditional 

shipboard sampling is highly biased to the 

local conditions in space and time, and 

consequently, the use of high resolution 

satellite imagery is completely necessary for an 

integrated study of phytoplankton dynamics, 

from synoptic to interannual scales  

01-06-

2015  

01-10-

2015 
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Annex 6.- Networking and other collaborative work 

 

6.1 Networking 

 

 

 

Network Name 
Network 

Scope 

Network Participants 

From the Center External 

Researchers 
Postdocs / 

Students 
Researchers 

Postdocs / 

Students 
Institutions 

LAOCA 

Network (Latin 

American 

OCean 

Acidification 

Network)  

Internacional  25  0  21  0  

(Argentina), Universidade Federal do Rio Grande 

(Brasil), Universidade do Estado do Rio de 

Janeiro, Universidade Federal de Santa Catarina 

(Brasil), Universidade Federal da Bahia, 

Universidad de Los Andes (Colombia), Instituto 

de Investigaciones Marinas y Costeras 

(Colombia), Pontificia Universidad Javeriana 

(Colombia), PROMETEO – SENESCYT 

(Ecuador), Universidad Estatal Península de Santa 

Elena (Ecuador), Escuela Superior Politécnica del 

Litoral (Ecuador), Universidad Pedro Ruiz Gallo – 

Universidad Señor de Sipán (Perú), IMARPE – 

Universidad Peruana Cayetano Heredia (Perú), 

Universidad Autónoma de Baja California 

(México), Universidad de Colima (Mexico), 

Universidad de Concepción, Universidad de 

Antofagasta, Universidad Santo Tomás, 

Universidad Adolfo Ibañez, CEAZA, Universidad 

Andrés Bello  

 

 NOMENCLATURE: 

[Network Scope] 
[N] National  [I] International  [LA] Latin American 
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 Annex 6.2.- Other collaborative activities 
 

 

Activity Name Co-Participants Institutions 

Number of 

Research 

from the 

Center 

Number of 

Postdocs/Stude

nts from the 

Center 

Number of 

External 

Research 

Number of 

External 

Postdocs/Students 

Name of the 

Center 

Associate 

Researchers 

Participating in 

the activity 

SOLAS-

IMBER 

WORKING 

GROUP (SIOA 

WG)  

1. LSCE/CEA, Gif-sur-Yvette, 

FR  

2. MBARI, USA  

3. AWI, GE  

4. SKLMS, Xiamen University, 

CHI  

5. NOAA/PMEL, USA  

6. CNRS-UPMC, FR  

7. CSIRO, AUS  

8. CGER/NIES, JP  

9. GEOMAR, Kiel, GE  

10. USGS, FL, UK  

11. PML, Plymouth, UK  

12. Ocean Conservancy, WA, 

USA  

13. IUCN  

14. Universitat Autònoma de 

Barcelona, Spain  

15. CiiCC, U. Santo Tomas, 

Chile  

1  1  15  200  

 

Nelson 

Alejandro Lagos 

Suarez. 

 

Cristian Antonio 

Vargas Gálvez. 
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Global Ocean 

Acidification 

Observation 

Network 

(GOA-ON)  

1. NOAA, USA  

2. CSIRO, AU  

3. ECNU, CHI; NIVA, NO  

4. U. Of Maine, USA  

5. NationalΟ Sun Yet-Sen 

University, TAIWAN  

6. Xiamen University  

7. U. of Gothenborg, SWEDEN 

8. U.Washington/IOOS 

 9. U.of Bergen, NO  

10. UdeC, Chile  

11. UK - UKOA/NERC  

12. OOS/IOC-UNESCO  

13. IAEA/OA-ICC  

14. IOCCP 15. IOC-UNESCO  

2  1  13  200  

 

Nelson 

Alejandro Lagos 

Suarez. 

 

Cristian Antonio 

Vargas Gálvez. 

 

OA-ICC and 

OAiRUG  

1. Centre Scientifique de 

Monaco, Env. Lab. IAEA 

Monaco  

2. MBARI, USA  

3. AWI, GE  

4. Ocean Conservancy, USA  

5. State Key Lab of Marine 

Environmental Science, 

Xiamen University, CHI  

6. University of Gothenburg, 

SW  

7. NOAA/PMEL, USA  

8. CNRS-UPMC, FR  

9. U.of Queensland, AUS  

10. CSIRO, AUS  

11. CiiCC, U. Santo Tomas, 

Chile  

12. CGER/NIES, JP  

2  1 13  200  

 

Nelson 

Alejandro Lagos 

Suarez. 
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13. U.S. Geological Survey, 

USA  

14. IMBER programm  

15. NOAA Ocean Acidification 

Programme, USA  

16. Ocean Acidification 

international Reference User 

Group, UK  

17. BIOACID Project, GE  

18. SOLAS Programm  

19. UK Ocean Acidification 

Programme  

20. MedSea Project 21. UNEP 

22. CIESM, Monaco  

23. Convention on Biological 

Diversity CBD  

24. IUCN  

25. IOC/UNESCO  

26. Fondation Albert Ier, Prince 

de Monaco, MC  

27. Fondation Prince Albert II 

de Monaco, MC  

28. Monaco Foreign Affairs 

Dept, MC  
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Annex 7. - Outreach 
 

7.1. - Outreach activities throughout the period 
 

Event Title 
Type of 

Event 
Scope 

Target 

Audience 
Date Country Region 

N° of 

Studen

t from 

the 

Center 

N° of 

Attendees 

Duratio

n in days 

Participating 

Researchers 

Responsibl

e for the 

activity 

Acidification 

workshop 
exhibition National  

-Elementary 

school 

students 

-High School 

student 

11-05-

2015  
Chile  Bío Bío  0 100 1 

 

Paulina 

Contreras 

A sea of 

curiosities 
Conference  National  

-Elementary 

school 

students 

26-05-

2015  
Chile  Bío Bío  0 77 1 

 

Luisa Marie 

Saavedra 

Löwenberger. 

 

Luisa 

Saavedra 

Ocean 

acidification: 

the other CO2’s 

problem. 

exhibition National 

-Elementary 

school 

students 

-High School 

student 

29-05-

2015  
Chile  

Metropolit

ana de 

Santiago  

2 50 1 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Nelson 

lagos Suarez 

Ocean 

acidification: 

the other CO2’s 

problem. 

exhibition National  

-Elementary 

school 

students 

-High School 

student 

03-06-

2015  
Chile  

Metropolit

ana de 

Santiago  

2 50 1 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Nelson 

Lagos 

Suarez 

Stand of Ocean 

Acidification 
exhibition  National 

-Elementary 

school 

07-10-

2015  
Chile  

Metropolit

ana de 
2 30000 5 

 

Nelson 

Nelson 

Lagos 
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students 

-High School 

student 

-general 

public 

 

Santiago  Alejandro 

Lagos 

Suarez. 

 

Suarez 

The taste of 

Climate 

Change: 

Impacts of 

Ocean 

Acidification 

on the Seafood 

Gastronomy 

exhibition National 

-College 

students 

-general 

public 

 

11-11-

2015  
Chile  

de los 

Lagos  
1 50 1 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Nelson 

Lagos 

Suarez 

Seminar/Wotks

hop MUSELS 

“Impact of 

global change 

on mussel 

farming socio-

ecological 

system” 

Otro  International  

- general 

public 

-college 

teachers 

-Postgraduate 

students 

-College 

students 

-Public 

service 

-Industry / 

services 

 

23-01-

2015  
Chile  Bío Bío  2 36 5 

 

Felipe 

Antonio 

Vásquez 

Lavín. 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Ricardo 

Orlando 

Barra Ríos. 

 

Cristian 

Hernán 

Duarte 

Valenzuela. 

 

Cristan 

Vargas 

Gálvez 
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Bernardo 

Oscar 

Broitman 

Rojas. 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

 

Rodrigo 

Estevez 

Weinstein. 

 

Marco 

Antonio 

Lardies 

Carrasco. 

 

Stefan 

Gelcich 

Crossley. 

 

Leyla 

Cristina 

Cárdenas 

Tavie. 

 

Diego Alonso 

Narváez 

Rodriguez. 

 

Stephen 

Widdicombe 



Guidelines for Annual Reports of MSI Institutes and Nuclei – 2015 

 

 

Benjamin 

Scott Halpern   

 

Luisa Marie 

Saavedra 

Löwenberger. 

 

Scientific 

capsules 

“Breveee 

MUSELS” 

Otro  National 

-Public 

service 

-Industry / 

services 

- general 

public 

 

01-08-

2015  
Chile  

de Los 

Lagos  
2 150000 153 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

 

Bernardo 

Oscar 

Broitman 

Rojas. 

 

Cristian 

Vargas 

Gálvez 

Interactive/Edu

cational Stand 

“Ocean 

acidification 

and adaptation” 

exhibition National 

-Elementary 

school 

students  

-High School 

student 

-college 

students 

- general 

public 

 

01-10-

2015  
Chile  

Metropolit

ana de 

Santiago  

9 10000 365 

 

Nelson 

Alejandro 

Lagos 

Suarez. 

 

Bernardo 

Oscar 

Broitman 

Rojas. 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

Nelson 

lagos Suarez 
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Scholar guided 

tour “From the 

Mountain to the 

Sea” 

Exhibición  National  

-Elementary 

school 

students 

 

28-08-

2015  
Chile  Bío Bío  1 74 2 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

 

Diego Alonso 

Narváez 

Rodriguez. 

 

Luisa Marie 

Saavedra 

Löwenberger. 

 

Cristian 

Vargas 

Gálvez 

Mini-book 

“Recipes with 

History” 

Otro  National  

-Public 

service 

-Industry 

/services 

- general 

public 

 

 

16-12-

2015  
Chile  

de los 

Lagos  
0 200 10 

 

Cristian 

Antonio 

Vargas 

Gálvez. 

 

Bernardo 

Oscar 

Broitman 

Rojas. 

 

Cristian 

Vargas 

Gálvez 
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7.2. - Products of outreach 
 

 

Name of Product Product Objetive Target Public 
Type of 

Product 
Scope 

7 seminary conference  

(Seminar/Wotkshop MUSELS “Impact 

of global change on mussel farming 

socio-ecological system”) 

To show the results of work done by MUSELS during 

2015 

-scientific 

community 

 

-university 

professors 

Other  International  

50 brochures and diffusion material set 

To provide information  about the seminar “Impact of 

global change on mussel farming socio-ecological 

system”  

-scientific 

community 

 

brochure International  

200 books  
Difussion of culinary history of Chiloé Island linked to 

extraction and culture of shellfish products. 

- general 

comunity 
book National  

10 radial scientific capsules “Breveee 

MUSELS” (lasting 2 minutes each 

capsule)  

To provide scientific knowlegment to the community 

by radio messages (capsules) 

- general 

comunity 
Other National  

10 videos of scientific capsules 

“Breveee MUSELS” 

Difussion of scientific capsules (notes) in social 

networks and WEB sites 

-general 

comunity 
Other National  

a news in TVU channel Part of  TVU  central news 
-general 

comunity 
Other  National  

Stand - graphic material (banners, pins, 

Calendar, bookmark, green bag) 

Disclose concepts delivered by the acidification stand 

and teaching material delivered to each participant 

-general 

comunity 

-elementary 

school 

students 

-high School 

Students 

Other National  

3 Interactive Stands 

to didactically explain the concepts associated with 

global change and ocean acidification didactxplain the 

concepts associated wit change and ocean acidification 

-general 

comunity 

-elementary 

Other National  
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 school 

students 

-high School 

Students 

-college 

students 

visit of 75 people, including students 

and teachers 

Move students and teachers of rural schools from pre-

Andeans to the laboratory of marine biology in the 

coast, of the Universidad de Concepción. 

-elementary 

school 

students  

Other National  

75 broadcast set for students and 

teachers 

Deliver didactic scientific material  to the students and 

teachers assistants to the activity "Visitas Guiadas de la 

Montaña al Mar" 

-elementary 

school 

students 

 

Other National  

5 publications online media 
to publicize the activity guided tours from the 

mountain to the sea "to the general public. 

-general 

comunity 
Other National  

2 videos and photographic record 

Graphical register  of activity “Visitas guiadas De La 

Montaña al Mar” to be used in difussion and media 

(youtube MUSELS channel) 

-general 

comunity 
Other National  

Mentions in online media, web 

MUSELS and social networks. 

To inform about the Seminar / Workshop MUSELS in 

print media and on-line 

-general 

comunity 
Article  International 
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7.3.- Articles and Interviews 

 

 

Type of Media 

and Scoupe 

Local / Regional National International 

N° Interviews N° Articles N° Interviews N° Articles N° Interviews N° Articles Total 

Written 1 4 0 2 0 0 7 

Internet 0 2 0 16 1 21 40 

Audiovisual 1 0 2 1 0 0 4 

Total 2 5 2 19 1 21 51 
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Annex 8. - Connections with other sectors: 

Activity and 

Objective 
Expected Impact 

Obtained 

Results 

Type of 

Connection 
[Number] 

Type of 

Activity 

[Number] 

Institution 

Name 

Institution 

City, Region 

& Country 

Agent 

Type 

[Number] 

Economic 

Sector 

Collaborative 

Agreement 

development of 

collaborative skills and 

insertion of scientific 

human capital in the 

industry, thesis 

development, 

acquisition and 

processing of scientific 

data 

Inserting post-

doctoral 

researcher in the 

industry. 

2 1,5,6 

Instituto 

Tecnológico 

de la 

Mitilicultura 

INTEMIT 

Castro, 

Región de Los 

Lagos, Chile 

1 aquaculture 

Collaborative 

Agreement 

development of 

collaborative skills and 

insertion of scientific 

human capital in the 

industry, thesis 

development, 

acquisition and 

processing of scientific 

data 

support in 

obtaining data 

from small 

producers of 

mussels in 

Chiloé 

2 1,2,5 
Fundación 

Chinquihue 

Puerto Montt 

Región de Los 

Lagos, Chile 

2 aquaculture 

Collaborative 

Agreement 

To develop 

collaborative skills and 

insertion of scientific 

human capital in the 

industry, thesis 

development, 

acquisition and 

processing of scientific 

data 

To support data 

collection from 

producers of 

ostión (scallops) 

and Inserting 

doctoral student 

in the industry 

2 1,2,3,5 INVERTEC Tongoy 1 aquaculture 
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NOMENCLATURE: 

[Type of Connection] [1] Services Contract  [2] Cooperation Agreement 

 

[Type of Activity] [1] Development  of Studies [2] Project Implementation  [3] Training  [4] Prospective Activity  [5] Scientific 

Training                                  [6] Installation of Scientists  [7] Others (specify at the table foot other type of activity) 

[Agent Type] [1] Industry and Services  [2] Organizations and Public Services  [3] Educational Sector 
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9.1 Total incomes: 

 

Exchange rate USD: $500 

Funds 
Accumulated 

incomes to 

last year  [$] 

2015 Incomes 
Total incomes 

to 2015 

[$]  
Amount 

[$] 

Percentage of 

resources used by 

the Center [%] 

MSI – NC120086 676.236,00 224.000,00 100% 900.236,00 

MSI-outreach-

NC120086 
23.998,88 1.995,20 100% 25.994,08 

MSI – NetWorking- 

NC120086 
0 10.000,00 100% 10.000,00 

Public funds 1 

FONDECYT 1130254 

(C. Vargas) 

54.000,00 100.000,00 45% 99.000,00 

Public funds 2 Instituto 

Milenio IC120019 (C. 

Vargas) 

400.000,00 2.000.000,00 20% 800.000,00 

Public funds 3 

FONDECYT 1120988 

(B. Broitman) 

9.326,40 92.000,00 10% 18.526,40 

Public funds 4 

FONDECYT 11400929 

(M. Lardies) 

8.176,00 116.000,00 7% 16.296,00 

Public funds 5 

FONDECYT 1040938 

(N. Lagos) 

4.800,00 96.000,00 5% 9.600,00 

Public funds 6 

FONDECYT 3150392 

(L. Saavedra) 

0 46.000,00 80% 36.800,00 

Public funds 7 

FONDECYT 3150380 

(R. Estévez) 

0 47.631,60 15% 7.144,74 

Public funds 8 

FONDECYT 1110719 

(R. Barra) 

12.527,60 0,00 0 12.527,60 

Public funds 7 Fondo de 

Investigación Pesquera 

FIP2014-42 (R. Barra) 

78.400,00 150.000,00 40% 138.400,00 

TOTAL 1.267.464,88 2.883.626,80   2.074.524,82 
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9.2 Outcome structure 

 

ITEM 

Accumulate

d expenses 

to last year 

[$] 

2015 Expenses [$] 

Total 

expenses to 

2015 [$] 

% 

  Operative Networking Outreach Total   

Honoraria 

Researchers 
67.540.000 64.950.000 0 0 64.950.000 132.490.000 30,6 

Honoraria 

students and 

other 

personnel  

20.150.000 45.500.000 0 0 45.500.000 65.650.000 15,2 

Tickets and 

travel 

expenses  
19.384.598 38.369.179 730.452 5.006.562 44.106.193 63.490.791 14,7 

Materials/sup

plies 
8.972.706 21.037.715 3.475.436 3.703.689 28.216.840 37.189.546 8,6 

Goods and 

equipment 
59.512.267 12.877.354 0 0 12.877.354 72.389.621 16,7 

Infrastructure 565.000 0 0 0 0 565.000 0,1 

Administrativ

e expenses 
9.134.539 8.863.078 0 0 8.863.078 17.997.617 4,2 

Publications 

and 

subscriptions 
2.156.560 0 0 0 0 2.156.560 0,5 

Consultancies 1.640.556 21.426.284 500.000 2.770.667 24.696.951 26.337.507 6,1 

Overhead 2.500.000 5.000.000 0 0 5.000.000 7.500.000 1,7 

Insurance 

costs 
5.643.691 1.845.475 0 0 1.845.475 7.489.166 1,7 

Others 0 0 0 0 0 0 0,0 

Total 

Expenses 

($) 

197.199.917 219.869.085 4.705.888 11.480.918 236.055.891 433.255.808 100.0 
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9.3 Financial accounting 
 

ITEM 2015 [$] 
TOTAL TO 

2015 

 Operative Networking Outreach Total [$]  

Balance 2014 140.918.083 0 11.999.440 152.917.523 152.917.523 

Income 2015 112.000.000 5.000.000 997.600 117.997.600 117.997.600 

Outcome 219.869.085 4.705.888 11.480.918 236.055.891 236.055.891 

Annual balance 33.048.998 294.112 1.516.122 34.859.232 
Total balance 

34.859.232 
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9.4 Intercambio 

 

Center researchers traveling abroad. 

Researcher Name Type of 

activity 

Length of 

Stay 

Country Entity that finances 

(Milenio/Externo/M

ixto) 

Associate Cristian 

Vargas 

Gálvez 

collaborative 

work 

7 days United 

Kingdon 

millennium nucleus 

Associate Bernardo 

Broitman 

Rojas 

collaborative 

work 

7 days United 

Kingdon 

millennium nucleus 

 

 

Researchers from abroad travel to the center 

Researcher Name Type of 

activity 

Length of 

Stay 

Country 

from 

traveling 

Entity that 

finances 

(Milenio/Externo

/Mixto) 

Silvana 

Birchenougth 

inglesa Visit to 

signing 

agreement 

for 

collaboration 

with UdeC 

and 

MUSELS 

7 days United 

Kingdon 

millennium 

nucleus 

 

 

 


