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Background

Synchronization

Reproductive Cycle of Pelagic Fish
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Case study: Anchovy (Engraulis
ringens)

Humboldt Current System

Main peak: winter—spring

Evidence of a second peak in summer
Period: 1997-2022

Data source: IFOP monitoring program
(industrial purse seine fleet)

Knowledge gap

Studies focused on the main peak

e Limited understanding of: Recurrence
of the secondary peak

e Environmental forcing factors

e Role of size structure

Study system

Background

Hypothesis

We hypothesize that
local environmental
conditions influence
the reproductive
phenology anchovy,
generating variable
phenotypic patterns
across years.




Materials and Methods

~~r How was it analyzed?

IFOP

N’ Data analysis

Time series analysis (BFAST)
Trend, seasonality,
breakpoints

ENVIRONMENT

o SST, Chl-a, Upwelling)
Comparison across periods:

l Pre/post size-structure
[ Plankton productivity shifts

(Bottom-up)

Modeling approach

GAMs (mgcv, R)
Response: Spawning activity (SI)

[ SPAWNING (SI) ]

’; Predictors:
Female body size — 55T, Chl-a
(size, condition) <& TK, PK, SEI
{ / Female size & condition
> Female body size Seasonal + interannual
(size, condition)
structure

“"Model selection:
AIC + residual diagnostics




(i) Interannual and seasonal changes in fertilization levels

Seasonality by periods

_ Upwelling (Standardized Ekman index (SEI)

eFour environmental periods were
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(ii) Decrease in anchovy size (1989-2024)

Progressive decline since
2002 with lower values after

2015

GAM Model

* Explanatory variables:

* Year

* Fishing zone

* Ekman pumping

e Sea surface temperature

Explain 70% of the variability.
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Results

(iii) Transition from one spawning peak (winter-spring) to two peaks

(winter-spring and summer)
NFOEn Reproductive phenology
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(iv) Spawning controllers

Sl=BO+B1* Season +B2*Year +S1(SSTti)+ S2(chl_ati) + S3(TK_ati) + S4(PK_ati) + S5(Wg_ati) + S6(Sz_ati) + S7(Kn_ati) + €_i

TR
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_~ Implications & hypotheses
N\

KEY QUESTION

5. ® B How do two spawning peaks coexist?

4

< HYPOTHESES

® Adaptive strategy
(risk spreading)
@ Metapopulation structure




—~ CONCLUSIONS

N\

-
4
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©: Change in the environmental — modulates the reproduction

-

@ Phenological change — bimodality of spawning

Mo & reproductive intensity + |, body size

Greater population vulnerability

e ¢ Implications

* Need for:

€ Ecosystem approach

« @ Precautionary measures

« @ U Protection of breeding stock




~r Take-home message

Anchovy reproductive dynamics are shifting and
changing environment.

Key points

* Environmental changes - alter fertilization regime
* Spawning phenology - unimodal - bimodal

* Reduced spawning intensity - main season

* Declining body size = increased vulnerability

Implication

Need for precautionary, ecosystem-based
management
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