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What are the effects of Ocean acidification (OA) on 
benthic communities functioning using natural analogs ?

Question
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Functioning

What does “functioning” mean ?

02



Functioning

What does “functioning” mean ?

“Function refers to the flow of energy or material within an 
ecosystem, and therefore, functioning of a complex system 
of interactions can be defined as the sum of processes or 
functions that sustain the system (Jax 2005).”
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Functioning

-CaCO3 production, Growth, 
biomass changes 
- Photosynthesis and 
Respiration activities 
- Nutrient cycling  

- Complexity (indirect driver) 
- Coverage (indirect driver)

Which functions did we target ?
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Functioning

1st study looking at functioning in the marine systems 
It was in 2013!
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Natural analogs

“An environment that shows the same characteristics as 
the future environment”

CO2 vents Tides Rainfall events 05



Natural analogs

“An environment that shows the same characteristics as 
the future environment”

It is also a very powerful way to study the effect of OA: 
- At the ecosystem level, and in situ 
- With a long term exposure (100 years or more) 
- And to determine species winners  
- And to look for potential adaptation
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Natural analogs

1st study using natural analogs to study OA 
It was in 2008!
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Question

What are the effects of Ocean acidification (OA) on 
benthic communities functioning using natural analogs ?
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Query

PECO = Population, Exposure,  
                                       Comparator, and Outcomes

Fully- 
reproducible 
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Domain_where_focusing  = "TS=(" 

Population_of_interest = "(\"benthos\" OR \"benthic communit*\" OR \"benthic organism$\" OR \"invertebrate$\" OR \"kelp$\" OR 
\"alga*\" OR \"reef\" OR \"calcified alga*\" OR \"fleshy alga*\" OR \"coralline alga*\" OR \"turf alga*\" OR \"macroalga*\" OR 
\"nematode$\" OR \"seagrass\" OR \"Posidonia\" OR \"echinoderm$*\" OR \"calcifying species\" OR \"calcareous\" OR \"bivalve$\" OR 
\"annelid$\" OR \"mollus*\" OR \"coral$\" OR \"polychaete$\" OR \"gastropod*\" OR \"seaweed$\" OR \"calcareous species\")" 

Geographic_Population = "(\"Dominica\" OR \"Greece\" OR \"Italy\" OR \"Japan\" OR \"Mexico\" OR \"New Zealand\" OR \"Northern 
Mariana Island$\" OR \"Palau\" OR \"Papua New*Guinea\” OR \"Portugal\" OR \"Russia\" OR \"Spain\" OR \"Taiwan\" OR 
\"Mediterranean\" OR \"natural analog*\" OR \"CO2 vent*\" OR \"CO2 seep$*\" OR \"natural CO2\" OR \"vent*\" OR \"naturally acidified 
ecosystem$\" OR \"natural lab*\" OR \"Caribbean\" OR \"model ecosystem\")" 

Query

PECO = Population, Exposure,  
                                       Comparator, and Outcomes

Fully- 
reproducible 
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\"pH variation*\" OR \"pH reduction\" OR \"elevated CO2\" OR \”high* pCO2\")" 

Query

PECO = Population, Exposure,  
                                       Comparator, and Outcomes

Fully- 
reproducible 

09



Domain_where_focusing  = "TS=(" 

Population_of_interest = "(\"benthos\" OR \"benthic communit*\" OR \"benthic organism$\" OR \"invertebrate$\" OR \"kelp$\" OR 
\"alga*\" OR \"reef\" OR \"calcified alga*\" OR \"fleshy alga*\" OR \"coralline alga*\" OR \"turf alga*\" OR \"macroalga*\" OR 
\"nematode$\" OR \"seagrass\" OR \"Posidonia\" OR \"echinoderm$*\" OR \"calcifying species\" OR \"calcareous\" OR \"bivalve$\" OR 
\"annelid$\" OR \"mollus*\" OR \"coral$\" OR \"polychaete$\" OR \"gastropod*\" OR \"seaweed$\" OR \"calcareous species\")" 

Geographic_Population = "(\"Dominica\" OR \"Greece\" OR \"Italy\" OR \"Japan\" OR \"Mexico\" OR \"New Zealand\" OR \"Northern 
Mariana Island$\" OR \"Palau\" OR \"Papua New*Guinea\” OR \"Portugal\" OR \"Russia\" OR \"Spain\" OR \"Taiwan\" OR 
\"Mediterranean\" OR \"natural analog*\" OR \"CO2 vent*\" OR \"CO2 seep$*\" OR \"natural CO2\" OR \"vent*\" OR \"naturally acidified 
ecosystem$\" OR \"natural lab*\" OR \"Caribbean\" OR \"model ecosystem\")" 

Exposure = "(\"ocean acidification\" OR \"CO2 enrichment\" OR \"low* pH\" OR \"acid*\" OR \"pH decreas*\" OR \"CO2 increas*\" OR 
\"pH variation*\" OR \"pH reduction\" OR \"elevated CO2\" OR \”high* pCO2\")" 
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uptake$\" OR \"nutrient absorption\" OR \"carbon stockage\" OR \"growth\" OR \"biomass\" OR \"filtration\" OR \"complexity\" OR 
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Fully- 
reproducible 
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Test-List

24 studies

Hall-Spencer et al. (2008) 
Agostini et al. (2010) 
Kroeker et al. (2011) 
Fabricius et al. (2011) 
Jonhson et al. (2012) 
Uthicke & Fabricius (2012) 
Kroeker et al. (2012) 
Kroeker et al. (2013)

Crook et al. (2013) 
Inoue et al. (2013) 
Russel et al. (2013) 
Apostolaki et al. (2014) 
Linares et al. (2015) 
Echons et al. (2015) 
Vogel et al. (2015) 
Harvey et al. (2016)

Kamenos et al. (2016) 
Vizzini et al. (2017) 
Sunday et al. (2017) 
Agostini et al. (2018) 
Connell et al. (2018) 
Teixido et al. (2018) 
Milazzo et al. (2019) 
Harvey et al. (2021)

Fully- 
reproducible 
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Flow diagram 

Records identified using WoS 
database (n= 2334) Fully- 

reproducible 
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Flow diagram 

Records identified using WoS 
database (n= 2334)

Records after title and abstract 
screening (n= 460)

Excluded records after title and 
abstract screening (n= 1874)

Fully- 
reproducible 
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Flow diagram 

Records identified using WoS 
database (n= 2334)
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Flow diagram 

Records identified using WoS 
database (n= 2334)

Records after title and abstract 
screening (n= 460)

Excluded records after title and 
abstract screening (n= 1874)

Records after full text screening 
(n= 303)

Excluded records after full text 
screening (n= 157)

Records with available extracted 
data (n= 71)

   Excluded full text (n= 232) 

-No in situ experiments (n= 89) 
-No quantifiable outcomes (n= 64) 
-No data (e.g., opinion papers) (n= 52) 
-No access (n = 28)

Fully- 
reproducible 
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Collecting data

Fully- 
reproducible 
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https://youtu.be/tiL-gZgN9Qk?t=180 

https://www.youtube.com/watch?v=tiL-gZgN9Qk
https://youtu.be/tiL-gZgN9Qk?t=180


Collecting data

Fully- 
reproducible 
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https://youtu.be/tiL-gZgN9Qk?t=180 

https://www.youtube.com/watch?v=tiL-gZgN9Qk
https://youtu.be/tiL-gZgN9Qk?t=180


Final dataset  

- 1013 observations 
- 15 countries 
- > 73 species 
- CaCO3 information collection 
- 5 mains natural analogs (i.e., CO2 vents, rainfall, 
submarine springs, tides, upwellings) 
- > 5 processes (i.e., respiration, photosynthesis, 
calcification, growth, nutrient cycling)

Outcomes
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Outcomes
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Most of the studies are located in Japan,  
New-Papua and Italy

Systematic map

Outcomes
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Outcomes

Most of the 
studies focus on 
photosynthesis & 
respiration rates, 
calcification rates 
and biomass

Functions
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Next steps

- Unit homogenization  
- Meta-analysis (Forest plots) 
- Look for potential trends according to the natural 
analogs, or to the studied taxon
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Team mates working on this project

Núria Teixidó 
Sr. Research Scientist

Romane Torchy 
Master student
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Thank you for your attention! 
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