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Presentation 
• Climate change in the world oceans 
• Variability of the Southern PAcific Coastal 

Ecosystems (SPACE) 
• Results about biological responses to OA of 

selected species models/resources 
• Describe ongoing ecological studies and 

research projects 
• Other efforts to disseminate the message 

 



Economy increase atmospheric CO2  

1% per year 

3,4 % 

Peters et al. 2012 Nat Clim Change 



Chile in the global scenario 

HDI Income satisfaction 

Life expectancy 

Education 
health 

School years 

Research 
investment 

Ecological 
Footprint 

CO2 per capita emissions at year 2006 



Option: Termolectric (carbon) 
power plants 

Chile need energy to do work 





In this moment: extreme events 

AR5 IPCC 





The Humboldt current system 

Oxygen (µmol/kg) at 50 m 
(modified from Conkright et al, 2002) 

pH 
(modified from Key et al., 2004) 

Chávez et al. 2008 



Upwelling ecosystems 

Modified by L. Jewett 



IGBP, IOC, SCOR (2013) Ocean Acidification 
Summary for Policy Makers 
 

1850 

Upwelling areas are vulnerable 
to ocean acidification 2100  



2007 water 
saw this 
atmospher
e. 

2009 water 
saw this 
atmosphere. 

2030 
water 
will see 
this 

Doney et al 2009; IPCC (2013) WG I, Summary for Policymakers, 
modified by B. Hales (OSU);   

The progressive OA 



Northern Humboldt Current System (Perú) 

Friederich et al 2008 PIO, Libro de Oro de IMARPE 2014, J. Ledesma, M. Graco 

pCO2 pH O2 (< 0,5 ml/L)  



The SPACE is a region of intense variability  
in temperature, CO2 fluxes, freshwater inputs 

Ramajo et al. 2013 
Lardies et al. 2014 
Navarrete et al. 2014 

Torres et al. 2011 



The ocean is changing 
to more CO2 - less Oxygen conditions 

Mayol et al. 2012 

Surface waters 

aerobic respiration 
does not occur 

limit for aerobic 
respiration 

Aerobic stress 
zone 

Respiration Index 
 
 
 
Brewer & Peltzer(2009) 



Compromising marine life  

Mayol et al. 2012, Biogeosciences 

Calcification and respiration 

Only Calcification  compromised 

No compromises 



The system sustain high diversity and coastal 
productivity (the biggest in the world oceans) 



Now these fisheries are vulnerable  

H: High (47%) 
M: Moderate (22%) 
L: Low (30%) 

Alarcón et al. Proyecto FIP Nº 2014-26 
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Which are the impacts of OA in the 
region? 

• Selection the species models = the canary in 
the coalmine 



THE APROACHES TO UNDERSTAND OA IMPACTS 



Keystone predator 



Human impacts  



TURFs Open access 

The main targeted 
resource is “el 
loco” 

Thiel et al. 2008 



Territorial User Right Fisheries (TURFs) to registered 
‘associations/ unions’ of artisanal fishers along the 

Chilean coast 

Gelcich et al. 2011  

• Empowered by creating a sense of ownership that motivate 
for sustainable extraction 
 



Network of 
Reserves (blue), 
TURFs (red) 
Marine Protected 
Areas (arrows) 

Gelcich et al. 2011 
Broitman et al. 2008 

Gelcich et al. 2011 

TURFs and “el loco” fishery are located in 
progressives OA upwelling  areas 



Others species ? 

Results indicate that “el loco” is sensitive to 
ocean acidification 



 A reduction of Early Larval 
Survival of up to 30%,  

 annual losses of ~0.8 x  103 t of 
landings 

 5.1 x 103 US$ per exported ton 
of C. Concholepas.  

Manríquez et al. 2014a,b. MEPS 
Lardies et al. 2014. J. Sea Res. 
Vargas et al. 2014. Est & Coasts 



380 ppm CO2 

750 ppm CO2 

1200 ppm CO2 

Manriquez et al. unpublished 

C. concholepas: loss the ability to restoring the shell 



Exposure to corrosive 
Upwelling in north-

central Chile 
Exposure to acidic input 
and CO2 sequestration 

in Patagonia 

Mussels culture in 
northern Patagonia 

(Chiloe island) 



Recent concerns 



Mussel farming is an important socio-economic 
activity in northern Patagonia 



mussels farming in Chiloe island is part of the 
cultural heritage 



Mussels are sensitive to OA and may impact 
coastal communities 

Navarro et al. 2013 
Duarte et al. 2013, 2014 



Is There Anybody Out There? 





 From 1990, increased ~20%. 
 
 Shellfish farming accounted ca. 
350,000 tons, or 16 % of total 
biomass. 

 
 Chile is the third and second 
largest producer of scallops and 
mussels in the world. 

 
 Employment generation (only 
mussels industry ~14.000), socio-
cultural aspects. 



VARIABILITY IN CALCIMASS of MUSSELS 

MARINE 

ESTUARINE 



200x 

1000x 

690.949 um 

500x 500x 

35x 

200x 

1000x 

First growth period at origin site  
(Mancera)  

2nd growth period at the destination  
site (Metri)  

35x 

1 cm 

(a) (b) 
(c) 

35x 35x 

TRANSLOCATION: ESTUARINE TO MARINE 



First growth period at origin site  
(Metri)  

2nd growth period at the destination  
site (Mancera)  
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200x 
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TRANSLOCATION: MARINE TO ESTUARINE 
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35x 

35x 35x 

500xl 

520 μm 

513 μm 

1 cm 

(a) 
(b) 

(c) 

ESTUARINE TO ESTUARINE 
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378 μm 367 μm 
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1 cm 

MARINE TO MARINE 



Some preliminar conclusions  

• Mussels calcification and carbonate 
production varies locally 

• Marine conditions stimulate periostracum 
production 

• Estuarine (corrosive) conditions stimulate 
increased shell thickness 

• Trade-offs: shell vs periostracum thickness   



Plasticity and trade-offs in physiological traits of intertidal mussels when 

confronting freshwater-induced environmental variation 

Other species model: intertidal mussels 
• Perumytilus purpuratus 
• Reciprocal transplant experiment 



Plasticity in the organic composition of the 
Periostracum 



Scallops as study model: 3 food treatment x 2 pH treatments 

Multiple stressors 



Growth and calcification rates in juveniles scallops 



Metabolic rate  
(oxygen consumption) 



Cleareance rates 



Protein expression 



Crecimiento y tasas netas de calcificación 



Medición de las Tasas metabólicas 
(FIBOX 4 canales) 



Medición de las tasas de filtración  



Extracción de tejidos para análisis de expresión de proteínas 
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Juvenile scallops are resilient to OA if food provided  



Organic composition of the periostracum (FTIR analyses)  



Expression of calcification-related genes 
CHITIN SYNTHASE (CHS) 



But adults scallops are sensitive to OA  

Synergistic 



 The aquaculture in the Humboldt current system is already 
experiencing effects of multiple environmental stressors. 
 

 We demonstrate negative but variable effects of OA in species 
used in aquaculture along the Chilean coast. 

 The role of organic layer in shell growth 
 
 We provide insights about the potential consequences 

of OA on aquaculture species which may affect the 
economic revenues provided by this species and add 
uncertainty to the future of seafood production in 
South Pacific.



 
• Exploring patterns of variability in carbonate 

standing stock and production in benthic 
habitats 

• Population, community and ecosystems 
implications 

• Taking advantages of the natural variability 
to test working hypothesis 
 



Carbonate budget, secondary production and CO2 fluxes in intertidal 
barnacles experiencing natural variability in Temperature and Ocean 

Acidification along the Southeastern Pacific Coastal Ecosystems 
 

Lagos N.A. (FONDECYT 1040938; 2014-2017) 

Topics: 
- Carbonate production  and shell cycling in upwelling ecosystems  
- Benthic ecosystems as CO2 sources. 
- Intertidal carbon budget and cycling 



Determinants of marine biogeographic breaks: the 
underestimated relevance of pH variation 

 
Lardies M.A., Lagos N.A., Broitman B. (FONDECYT 1140092; 2014-2018) 

A 

B 

C 



Education and dissemination 



Conclusions 

• Is important to promote in OA research 
– Reduce emissions 
– To study regionally important species, ecologically, 

socio-economically (avoiding to rediscover the 
wheel) 

– Using natural variability to make prediction and 
design field experiments 

– To be integrative, measuring severals biological 
traits as possible and enviromental stressor 

– disseminate 
 



Many thanks… 
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