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Outline

• 1- The productivity available to fish is decreasing in the 

warming Indian Ocean,

• 2- Links between the annual catch rates of skipjack tuna and 

size of feeding habitat,

• 3- The skipjack tuna feeding habitat is more and more 

affected by unsuitable sea surface temperature.

Sentinel 3 esa.int
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REGIONAL changes in 

evaporation and precipitations

REGIONAL 

increase in density-

driven currents

REGIONAL increase in 

vertical resurgence or mixing

REGIONAL 

increase in wind 

stress

REGIONAL 

solar heating

Regionally MORE 

productivity

fronts

Regionally LESS 

productivity

fronts

Competitive

processes

REGIONAL PRODUCTIVITY INCREASE OR DECREASE 

FOLLOWING CLIMATE CHANGE



5

Productive fronts at mesoscale can be daily tracked by satellite ocean color sensors

… and they are key to zooplankton production

Horizontal gradient of Chl-a in NRT from Marine Copernicus Viewer 

https://marine.copernicus.eu/access-data/myocean-viewer

Newly produced since November 2024!

Small zooplankton

Sentinel 3A-3B 

February 10, 2025

https://data.marine.copernicus.eu/viewer/expert?view=viewer&crs=epsg%3A4326&t=1736899200000&z=0&center=47.43484536780122%2C-11.846389520751101&zoom=12.578706269765727&layers=H4sIAA4VkmcAA43PzarCMBAF4HeZdctNqpvbnbdXVAhW.FmJDDEJJThNJI3iD767VReCIrgdznDOtzwDyaMJIw05lEW.Ny5KUS6m2JsL.BsUKDo4ns6RsV.knP_o2tQN_nWTeoUyEq4rlW5Juk30Dl2ISJ3Uk7Ip39Q44f_YsazbPhZDgVWQ2hoXIYHTyGlzgJyzBOytG4m1Z.LVTEkykMewMwkoTz7Ucnuft7fBatu0MdsMrdbGPWKX5BNiIMo3BHtBVOQ.I7pfIbIngr8hLqsrVQv1sWQBAAA-&basemap=dark
https://marine.copernicus.eu/access-data/myocean-viewer
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What are the trends of potential fish production 

after the current effect of climate change?

OPFish 2003-2024

(relative units – seasonal maximum is 100)

What is the distribution of 

potential fish production?

MEAN RELATIVE ANNUAL TREND 2003-2024 (%/yr) 

Regional relative trends are up to ±20% per decade

Ocean Productivity available to Fish 

(OPFish) 2003-2024 [MODIS-Aqua sensor]



7

What are the trends of potential fish production 

after the current effect of climate change?

OPFish 2003-2024

(relative units – seasonal maximum is 100)

What is the distribution of 

potential fish production?

MEAN RELATIVE ANNUAL TREND 2003-2024 (%/yr) 

Regional relative trends are up to ±20% per decade

Ocean Productivity available to Fish 

(OPFish) 2003-2024 [MODIS-Aqua sensor]

USING SENTINEL 3A OLCI SENSOR 

since 2017
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Ocean Productivity available to Fish (OPFish) 2003-2024 [MODIS-Aqua sensor]

What are the trends of potential fish production 

after the current effect of climate change?

OPFish 2003-2024 

(relative units – seasonal maximum is 100)

What is the distribution of 

potential fish production?

MEAN RELATIVE TREND 2003-2024 (%/yr) 

Regional relative trends in the range -5% to -15% 

per decade
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SKJ presence data

9

French and Spanish purse seine data.
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Environmental envelop

10

CHL
CHL 

front

SST

SSHa SSC

Daily 

habitat

A selected range for the physical variables describes the 
physical preference of the habitat.
=> The habitat model is deterministic.

Proxy for 
food 

availability

MLD

SSS
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SKJ – seasonal variability (2012)
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Sept.     

 Mozambique Channel 

is the warmest period
 Off Somalia 

is the most productive period

 Preferred feeding habitats show large seasonal North-South oscillations

April     
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Month

Seasonal habitat size 
vs accessibility

Box width

= number of sets

Size of feeding 

habitat (%)

FADs

Distance to 

closets habitat 

boundary  (km)

=> Maximum vulnerability to purse seine at 

minimum size of habitat,

Free

schools

=> FADs show the highest distances to preferred 

feeding habitat when habitat is at minimum size.

Distance to preferred 
feeding habitat (km)

INDIAN

Free schools

FADs

4%>100km

10%>100km

SKJ

100km

 Free schools are globally closer to feeding 

habitat than FADs (about twice more FADs 

further from 100km than free schools).
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1998             2006         2014

Spearman’s r = 0.80

Annual catch rate (PS)

Mean size of habitat

• SKJ is a fast reproducing species responding quickly to an environmental change (~0-2 years) 

• SKJ is the third most-fished species in the world 

-> High correlation between PS annual catch rate and habitat size:
the size of feeding habitat likely relate to the carrying capacity of the species to grow 

Mean size of habitat
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SKJ habitat 2003-2024 [MODIS-Aqua sensor]

What are the trends of SKJ feeding habitat 

after the current effect of climate change?

SKJ feeding habitat 2003-2024 (%)

(frequency of occurrence)

What is the distribution of SKJ 

feeding habitat?

MEAN RELATIVE TREND 2003-2024 (%/yr) 

Overall a negative trend (-5 to -20% per decade) 

in the relatively productive waters.
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SKJ feeding habitat: 
comparing 2024 with 2012 and 2022

• Monthly SKJ feeding habitat in 2024,

• 30oC SST iso-contour is shown as the warmer areas are avoided by SKJ 
(98th percentile of SKJ presence - value of 29.90C is used in the habitat 
modelling) and unsuitable for SKJ larvae; 

• areas of Sea Surface Height anomaly avoided by SKJ (SSHa > 0.615 m, 
98thpercentile of SKJ presence) are also shown (lower mesoscale 
activity),

• Monthly 2024 habitat is compared to a recent high surface area of 
habitat (2022) and a previous medium year of habitat surface area, 2012). 

• A latitudinal habitat discontinuity by high SST levels was observed in 
2024 North of Madagascar from February to April, and then from May to 
December at a latitude of northern Madagascar by excessive levels of 
SSHa, i.e. high SST levels and low mesoscale activity.

SST at SKJ 

presence

SSHa at SKJ 

presence
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SST > 

30°C

Feb. 2012                                        Feb. 2022                                        Feb. 2024
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SST > 

30°C

April 2012                                       April 2022                                        April 2024

 Spring 2024 conditions are impeding normal SKJ spawning in the northern Mozambique Channel.
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SSHa > 

0.615 m

SST > 30°C

Aug. 2012                                       Aug. 2022                                        Aug. 2024

 Unsuitable conditions (SSHa) occurred more northward in 2024 in autumn.
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SST > 30°C

March 2022                                      March 2024                                     March 2025

 Spring 2025 is not as warm as spring 2024.
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• Climate change is increasing the heat content of the upper Indian Ocean, 

leading to a reduction of the useful ocean productivity for the high trophic 

level feeding,

• A large marine heat wave particularly occurred in 2024 with SST levels 

over 30°C that are unsuitable to SKJ presence,

• This process is likely to intensify in the coming decades following the levels 

of GHG emissions (IPCC),

• The SKJ feeding habitat, and associated carrying capacity of the stock to 

grow, is affected by these unsuitable habitats in the range -5 to -20% per 

decade in the western Indian Ocean,

• The reproduction of skipjack was potentially disturbed in 2024 considering the 

unfavorable conditions in the northern Mozambique Channel in April, resulting 

of a plausible movement southward of the population, prior to moving back 

northward during summer,

• The overall resilience of pelagic ecosystems is likely reduced by climate 

change and fishing pressure,

• The record-high catches in 2020-2023 and the decreased catches in 2024, 

associated to lower habitat suitability for feeding in the long-term (although 

variable) may increase the risk of overfishing,

• The monitoring of suitable feeding habitats in real-time could limit the 

risk of both overfishing and shortage for the fish processing industry. 

Summary

IO SKJ catches
1950-2023

IO SKJ habitat
2003-2024
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Hake nurseries (Druon et al 2015, 2023) Atlantic bluefin tuna (Druon et al 2016)

Skipjack tuna (Druon et al 2017)

Mesozooplankton (Druon et al. 2019, Global 2021)

Blue shark (Druon et al. 2022)
 5 size and sex classes, Global

Ocean Productivity available to Fish 
(OPFish) (Druon et al. 2021)

 European Seas, global
 Algorithm-type product

Chlorophyll-a fronts: the feeding connectivity of pelagic food webs
From habitat to fisheries management

Anchovy & Sardine 
habitat (unpubl.)

 Mediterranean

Fin whale 
(Druon et al 2012, Panigada et al. 2017)

https://sustainable-fisheries.ec.europa.eu/spatial-fish-habitat-and-fishing-effort/fish-habitat_en
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https://www.sciencedirect.com/science/article/pii/S0079661114001803
https://www.sciencedirect.com/science/article/pii/S0079661116000070/pdfft?md5=09e45c850107023d244af54ed8eceaa4&pid=1-s2.0-S0079661116000070-main.pdf
https://www.frontiersin.org/articles/10.3389/fmars.2017.00315/full
https://www.nature.com/articles/s41598-019-41212-2
https://www.nature.com/articles/s41598-019-41212-2
https://www.frontiersin.org/articles/10.3389/fmars.2022.828412/full
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12585
https://www.int-res.com/articles/meps_oa/m464p289.pdf
https://www.nature.com/articles/s41598-017-03560-9
https://sustainable-fisheries.ec.europa.eu/spatial-fish-habitat-and-fishing-effort/fish-habitat_en

