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Peruvian anchoveta is a keystone species in the HCS and sustains one of the most
successful fisheries worldwide
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The NHCS is the Eastern Boundary Upwelling
System with the highest secondary fish
production
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Anchoveta comprises ca. 80% of the annual landings off Peru and near 30% of those off Chile (Gutiérrez et al., 2017)



Dynamics and productivity of the

HCS and Peruvian anchoveta vary at

multiple time-scales driven by
climate variability

Evidences from sediment records of
paleoclimatic proxies and fish bones

and fish scales support
glacial/interglacial, millennial,
centennial and multidecadal

variations of the biomass of anchovy
and other fish species (e.g. sardine,
jack mackerel, etc)

Changes in 3-D habitat driven by
water mass & oxygenation changes
lead to variations in pelagic
ecosystem functioning / prey
availability and habitat suitability for
the Peruvian anchoveta
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Landings of anchoveta from the Humboldt Current System and El Nifno events
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Key biological traits of Peruvian anchoveta to
cope with environmental variability

o Small fish (max L~ 20 cm). High fecundity

o Forage species (main preys euphausiiids and
large copepods)

o Short life-span (~ 3 years
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Habitat preferences with ontogenia

Life stage

Variable

Minimum

Maximum

Pre-recruits SST 11,7 °C 18,0 °C
Adults 12,2 °C 25,7 °C
Pre-recruits SSS 34,80 35,15
Adults 34,50 35,20
Pre-recruits Chlorophyll-a 0,5 mg/L 12,9 mg/L
Adults 0,4 mg/L 28,9 mg/L
Pre-recruits Depth of 1,2 m 57,5 m
Adults oxycline 1,0 m 107,2 m
pre-recruits recruits adults
4.5-8cm 8.1-11.5cm 11.6 - 20 cm
4°S 4°S 4°S B
6°S 6°S 6°S
8°S 8°S 8°S
10°S 10°S 0°S
12°S 12°S 2°S
14°S 14°S 4°S
16°S 16°S 6°S
18°S . 18°S _ , [ 8°S .
100°W 70°  100°W 85°\W 70°wy  100°W 85°W 70°W

85°W

An ecological niche model
bases on presence/absence
data of nearly 50 years (from
fisheries and research surveys)
indicate ontogenetic changes
of potential habitat (Lujan,
2016, 2022).

SST is the key limiting factor
for pre-recruits, oxygen and
SSS are the ones for recruits
(not shown) and Chlorophyll-a
and SSS are the key factors for
adults, with spatial and
seasonal patterns.



Fisheries management components

Legal Base ormation gathering
Institutional-Base esource
Planni Ishery
Goals and objectives Ecosystem

| Fisheries management

Decision-making

Information analysis
Management Measures y

Stock assessment

(Garcia et al. 2003, Hindson et al. 2005, Cochrane & Garcia 2009)
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= First landings of Peruvian anchoveta
reported in Peru in 1950 (500 tons) and
statistics exist since then. .

sssssssss

= First regulation measure dates back to dec-
1956, in which permissions to build new fish
meal factories were halted in order to
protect the resource as a precautionary
measure.

12 5 - Humboldt CE
’ e Total Peru

= Asupreme decree was issued on 1958 with === North Central Peru
first regulations concerning fishing areas,
mesh size, provisioing to fish meal factories,
law enforcement rules, etc.

Catch (Millions t)

" From 1958 to 1959, landings passed from <
0.8 million tons to 2 million tons.




The Management

Legal Basis

Primary Legislation - Fisheries Acts

1971
(Decree Law 18810)

1. Basic norms
2. The fishing sector
3. The fishing process
4. Fishing rights
5. Fishing incentives
6. Foreign capital
7. Fishing communities
8. Licenses
9. Sanctions
10. Contracts & records
11. Final provisions

1987
(Law 24790)

1. Basic norms
2. The fishing sector
3. Aquaculture
4. Fishing practices
5. Fishing rights
6. Procedures
7. Sanctions
8. Contracts & records
9. Incentives
10. Final provisions

1992
(Decree Law 25977)

1. Basic rules
2. Fisheries management
3. Fisheries practices
4. Artisanal fishing
5. Aquaculture
6. Licenses
7. Foreign Fishing
8. Fishing records
9. Incentives
10. Institutional coordination
11. Sanctions
12. Final provisions




The Management: Institutional basis and scientific basis

Year Institution in charge of Fisheries Management

1946 Directorate of Fisheries - Ministry of Agriculture

1949 Hunting and Fishing Directorate - Ministry of Agriculture

1961 Fisheries Service - Ministry of Agriculture

1969 Ministry of Fisheries

2002 Vice-Ministry of Fisheries - Ministry of Production
Year Institution in charge of Scientific Research

1954 Scientific Advisory Committee of the Hydrobiological Research Council
1960 Marine Resources Research Institute (IREMAR)
1964 Marine Research Institute of Peru (IMARPE)




Threats and risks for the management

Goals and objectives

| Fisheries management

Decision-making

Information analysis
Stock assessment




History of Peruvian anchoveta fishery

» Stock assessments were

VQ

implementation

implemented in the 1960s, but lack 15 :

of control on the fishing effort - chglt:::il:gss
aggravated by the occurrence of an 125 7 7 Held capacly
El Niflo event lead to the collapse of

the Peruvian stocks by 1972. § .
. | Explosive
» Adverse environmental conditions é growth
contributed to a low-anchovy period % 5 | '
that lasted 20 years. /
2.5
» Since the recovery of the resource

collapse

in 1993, until present, reproductive 0 e
closed seasons were applied.
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Current management
procedures

Quotas

(global and Individual)

 Acoustic surveys, twice a year
 Estimate the biomass, age structure, reproduction, condition

* Projection of biomass under different exploitation scenarios

U]
Sal
alara
Pa'lta
r )
f—Pta. La Negra
/;’ Dimentel
i Malabrigo
hat alaverry
/'- himbote
asma
A uarmey
/}a‘- pe
R / uahc;ho
[« £ta. La Negra Chancay
q; / allao
“Q:’( Pimentel ._ mmmm
). =
p ' S\SZMalabri g Pacific Ocean 4' o Azul
34‘ )P-.& alave 2 2Pisco
: .77 ABania Independenc

g
e W
W e W “
g WS s,
e




Current management
procedures

Protection of

juveniles

Mesh size 13 mm
Tolerance

Space-time closures

Quota of juveniles

In practice
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Current management . . |n practlce
orocedures * Spawning twice a year, protected by closed seasons
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Stock assessment and ecological modelling through time

| Direct methods

‘ Monospecific models |

| Ecological models

Acoustics Egg PM EUREKAS Holistic Structured Bioeconomic Ecotrophics Ecosystem
o H Diaz et al.,
p= (2021)
< IMARPE (2014) [Stochastic SPM] Oliveros-Ramos
[Acoustics (2014)
18, 32, 70, 120 y 200 kHz] [End to end]
Oliveros-Ramos | | oo ToTooTTmTTo
et al., (2010)
[integrated model]
Diaz et al., (2010)
[Catch at age
o model]
S
o~ IMARPE (2008) Guevara-Carrasco Tam et al., (2008)
' [Acoustics (2008) [Ecopath with
§ 32, 120 y 200 kHz] [Cohort analysis] ecosim]
o~ Christensen &
Walters (2004)
[Ecopath with
= ecosim]
Niquén et al.,
(2000)
[VPA]
g Csirke et al., Csirke & Gumy
P29 (1996) (1996) =
F. [Cohort analysis] [Bioeconomic CFI,l:jlt:l(l“sse;lz)&
S Model] [Ecopath 1]
b= Jarre et al., (1991)
[Ecopath]
o Pauly &
[==]
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> IMARPE (1974)
‘T IMARPE (1973) IMARPE (1973) [Cohort analysis]
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2 Commercial vessels Schaefer (1970) Burd & Valdivia
vessels [SPM] (1970)
[Cohort analysis]
Schaefer(1969) | 0T TTmmmTmmT
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Gulland (1968) Gulland (1968)
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=] Saeterdal et al.,
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[Effortand CPUE
analysis]
IREMAR (1961)
[Bio-oceanographic
surveys]




Biomass estimations (NC stock)

20 —e— Total Biomass

= Stochastic surplus production model in continuous-

time (SPiCT) (Diaz, 2022; based on Pedersen and
Berg 2016)

Biomass (Millions t)

= Three periods are defined at interdecadal scales:

1953-1971 (high biomass), 1972-1993 (low
biomass), 1994-2021 (medium biomass).

14

-
o
|

= Interdecadal changes of mean biomasses match
with interdecadal Pacific oscillations. Warmer
period was characterized by a deeper oxycline near |
the coast, and lower abundances of large o
zooplankton.

Sp Biomass (million t)

1954 1960 1966 1972 1978 1984 1990 1996 2002 2008 2014 2020

1954 1961 1968 1975 1982 1989 1996 2003 2010 2017
LU L

= Contrary to catches, biomass values in the latest
period remain stable.
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Biomass estimations (NC stock)

= A new length-based model adapted to the
population dynamics of anchoveta has also been

developed by Oliveros-Ramos (EBUS Conference,
2022), based on:

= Partial spawning: time and duration of
spawning peak is modeled interannually to
improve the recruitment representation.

= Environmental variability of life history:
mortality (estimated), growth, condition factor
(forcing)

= Decadal variability: explicit estimation of

regime shifts and its impact on population
dynamics.

The three periods are also distinguishable. First
period exhibit an upward trend since the 1950s to
1970). The latest regime starts in the early 1990s as
well, exhibiting intermediate recruits’ numbers as
compared with the two previous periods.
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ENSO vs anchoveta biomass (NC stock, 1994-2021)
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Latest developments

» In the last 5-7 years, an increase in the proportion of
juveniles (and a diminution of adults’ abundances)
have been observed in the shared stock of Peruvian
anchoveta between Peru and Chile.

» There are evidences of demographic changes in the
Chilean part (workshop IFOP-IMARPE in early 2022);
not conclusive off Southern Peru.

» When present, Peruvian anchoveta juveniles off
southern Peru are restricted very close to the coast.

» Fishing activity has declined since there are not
sufficient adults

» Other potential explanations: good recruitments but
lack of detection of adults (offshore? migration?);
increased predation of adults? A natural predator of
Peruvian Anchoveta has increased its abundance
mainly off Southern Peru, where subtropical surface
waters are closer to the coast (Marin et al., 2022 EBUS
Conference).
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Distribution of the fishing
areas obtained by the
artisanal fleet aimed at
capturing bonito Sarda
chiliensis chiliensis,
according to the moments of
change observed in monthly
landings in 2006-2014 and
2015-2020. The color
densities of the fishing effort
are relativized from O to 1
and were generated using
Gaussian kernels.



Challenges under trends and future scenarios

Present (2006-2015) Future RCP8.5 (2091-2100)
» Current projections of climate models indicate SST 50N 5°N 32
would increase in 2 to 4.5 C by the end of the century

off Peru, accompanied by stronger stratification and
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less-efficient coastal upwelling (Echevin et al., 2020). | 20
10°s 10°s 24
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» Observed trends indicate a subsurface deoxygenation 159 15"5] 0
in the Peru upwelling, moving upward the oxycline, 2005 2005] 18

BUT... future scenarios are still uncertain (strong
disagreements among models).
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Challenges under trends and future scenarios

» Comparison between 30-year climatologies of
SST and SSS off Peru (1991-2020 vs 1961-1990)
indicate:

» During summers, warmer and fresher
waters off Northern Peru (increased
presence of low-productive Equatorial
waters). Off Central Peru, high-salinity
Subtropical Surface waters (SSW) approach
to the coast.

» During winters, warming pattern off the

north continues, but also off Southern Peru.

SSW approach to the coast off Central and
Southern Peru

» Taken together these observations (TSO)
suggest a shrinking trend of the potential
habitat for the Peruvian anchoveta
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Summary and perspectives

» The history of the Peruvian anchoveta industrial fishery started in 1950 and its fishery
management, as defined by the activities of monitoring, stock assessment and decision-making,
were proggresively implemented during the development phase (1950-1963).

» The collapse of the 1970s left major lessons for the management, which led to more
protective/precautionary measures that have permitted the sustainability of the industrial
fishing since its recovery.

» Implementation of individual quotas have decreased the fishing pressure for the resource.
Downward trends of anchoveta landings off Peru do not reflect the stability of the biomass.

» Current trends and some projections indicate a risk for the habitat suitability and hence carrying
capacity of the system for anchoveta production, particularly under more pessimistic scenarios.
However it is expected that climate variability (e.g. ENSO) will still be the main environmental
forcing until the mid-XXI century (Gutiérrez et al., 2019).

» The new scenarios demand further adaptation measures both in the management but also from
the stakeholders. These measures should aim to maximize the added value for fish production,
promote the direct human consumption, and make a responsible use of the potential new
fishery resources.

» Challenges are also for research in order to improve science-based decision making: ontogenia,
bioenergetic modelling and genetic diversity are some of the fields that deserve stronger efforts.
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