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Species and study zone

(Engraulis ringens) 

(Strangomera bentincki)





Variables; Total weight (TW), Gonad weight (GoW),

Gutted weight (GuW), Maturity (Mat) and Total

length (TL)

Variables; Chlorophyll-a (Chl-a), Primary production

(PP), Biomass zooplankton (ZooC), Sea Surface

temperature (SST) and Mean Sea Level (MSL)

23 years (2001-2023) of biological sampling (IFOP)

Coastal stations

Variables; Sea Surface Temperature (SST) and

Mean Sea Level (MSL)



Biological variables; 

Total weight (TW), 

Gonad weight (GoW), 

Gutted weight (GuW

Total length (TL),

Matirity (Mat)

Oceanographic Variables; 

Chlorophyll-a (Chl-a), 

Primary production (PP), 

Biomass zooplankton (ZooC), 

Sea Surface temperature (SST)

Mean Sea Level (MSL)

Generalized Lineal Models (GLM)



Annual effects of GLMs

- Mainphase changes around
2015- 2016,years of oneof 
the mostimportantEl Niño –
ENSO events

- After 2015, drastic dropin 
Chl- a, PP and ZooC

- As resilience response: 
lower gonadic levels (GoW), 
increases in length, and 
maintenance of maturity



Main environmental drivers on biological traits (Pearson’s correlation

coefficient)

Sardine Anchovy

MSL has the greatest influence on most 

biological traits, primarily on maturity and 

TL. Maturity increases with MSL at the same 

time TL drops.

PP, Chl-a and ZooC have great influence on 

most biological traits, mainly both maturity 

and GuW. Maturity drops at the same time 

PP increases.



Zone 1: Higher SST and Zooplankton concentration. Lower

Chl-a, primary productivity (PP) and Mean Sea Level (MSL), 

related to smaller fish with larger maturity and body weight

Zone 2: Transition zone. The productivity epicenter, 

máximum of Chl-a and PP. Bigger anchovy fish and médium-

sized sardines

Zone 3: Colder environment and lower oceanographic 

conditions, related to larger fish with low maturity and less

body weight

Spatial effects: 



Similar maturity at-length

only in anchovy



Potential implications for fishery management

- Substantial differences in 
maximum tolerable fishing 
mortality by zone (Fmsy)

- Zone 2 tolerates the highest 
fishing mortality, while Zone 
1 is a precautionary area

- Maximum fishing yield is 
obtained at intermediate 
fishing effort (Zone 3)

Sardine

Anchovy





Potential overfishing 

risk: fishing mortality 

exceeds its reference 

level

Potential recruitment 

overfishing risk (fishing 

on immature fish)



1. Integrate

environmental

variables in 

stock 

assessment

models

2. Determine 

tolerable 

fishing

mortality by

zones (BRP)

3. Adjust catch 

regulations by

zone

Ignoring spatial heterogeneity overestimates the regional diagnosis and 

underestimates the risk of local overfishing. Sustainability in the face of 

climate change requires fisheries policy to be as dynamic as the ocean itself
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