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1.

Introduction: On the importance of the Peruvian fishery

Peruvian Anchovy’s amino acid composition of fish protein matches requirements of
human beings. Anchovies have some of the highest levels of omega-3 fatty acids.

Peruvian anchovy fishery yields the world's largest supplier of marine ingredients. 3
billion of USD/year, 2% of Peru’ National Gross Production.

However it suffers high variability reinforced by successive El Nino events: 2010,
2012, 2014, 2015, 2016 and 2017. This last one was totally unexpected.

Then, as part of an IMARPE’s Adaptive Precautionary Management (APM) advice,
the Vice Ministry of Fisheries (PRODUCE) enactled:
1. A complete set of legal regulations (as described by Arias-Schereiber 2001)
2. Precautionary quotas system;
3. Cancelations of three fishing seasons (2010,2012,2014);
4. Many quasi real time closures of fishing grounds, etc

Nevertheless a certain skepticism exist regarding management. Sustainable
Fisheries Partnership (SFP) reduced to B2 level the management of the fishery.

Then, APM must be better explained and promoted.



2. Why is a need the modelling of upwelling systems

* Modelling is intended to supplant the in situ observations. Modeling must be a tool
for management, and must respond to the ecological, social and economic needs of
the sustainable use of the marine goods and services.

e However, modelling, and very specially the end-to-end modelling (E2EM) is still far
from providing efficient answers such as fishing quotas in large ecosystems and
fisheries.

* |t is also necessary to recognize the weaknesses of monospecific modelling. These
consider as constant some parameters (e.g. M) that have strong variability.

e Nevertheless, to support modeling acoustics algorithms and tools have been
developed to estimate fish and macrozooplankton abundance, biovolume plus the
volume, roughness and structure of the epipelagic habitat (internal waves,
convergent and divergent vorticity etc).




3. EBM for fisheries and the Adaptive Precautionary Management (APM)

Ecosystem Based Management (EBM) need of operational approaches to effectively
achieve sustainability of fisheries. APM is actually operational.

Based on a experience of decades advising the managing of Peruvian Anchovy
fishery IMARPE implemented an APM based on the closest possible observation of
the ecosystem:

1. 51 years using fishing vessels as observers (Eureka Program)
2. Over 20 years of on board observers program
3. 19 years of a VMS records (over 1 thousand fishing vessels tracked)

4. Over 30 years of acoustic surveys produced 110 surveys covering the NHCS (2
surveys/year as an average).

As another product trophic ecology of the pelagic community deeply studied over

the past decade, including top predators and VMS algorithms intended to model
the anchovy distribution.




4. How APM works, and related BRP
tools

e At least 3 population regimes have

been observed since the 50’s in
relation to Capture/Fishing
Mortality.

* Based on this knowledge, Biological
Reference points (BRP) have been

proposed (among others):

e (1) an exploitation rate (E) lower
than 0.4, and

e (2) 4 or 5 MT of surplus spawning
biomass (limit and target BRPs
respectively) depending on the
climatic moment.

* Fishing quotas by vessels reduced

the stress on the ecosystem since
20009.
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4. How APM works, and related BRP
and legal tools (2)

In 2006 IMARPE limited to 6 MT
annual anchovy catches.

Then, since 2006 fishmeal prices
tend to increase though variations
are related to changes on
environmental conditions.

The fishing quotas law (DL-1084,
2008) also promoted a new
increase of the prices in 2009.
Reduction by 40% the number of
vessels.

APM is closely related to thermal
anomalies, precautionary measures
are taken when El Nino-like event
occurs.

Fishmeal prices in Peru (USD/mt)
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5. Methods for observing the ecosystem
ROMS ZOOPPLANKTON MODELLING

SURVEYS

Gutierrez 2014 Oliveros 2015

GLM-GAM HABITAT MODELLING REMOTE OBSERVATION

Castillo 2017, Lau 2016 Bertrand et al 2008



5. Methods for observing the ecosystem (2)

HABITAT MODELLING VMS TRACKS
Joo et al 2015
Oliveros 2015
FISHERS AND TOP PREDATORS OBSERVATION QUANTITATIVE ACOUSTICS

Bertrand et al 2012 Ballon et al 2011



6. The role of fishers regarding ecosystem monitoring

Peru has led cooperation between private fishing companies with universities and
NGOs in order to take advantage of the potential of quality data collected by fishing
vessels.

"In a period of climate change and regime shift, the fishing vessels are our only
permanent observers of the marine ecosystem as a whole” (F. Gerlotto, IRD).

Participation is a key ingredient to build an EBM and is its best base. Without it the
social-ecological problems and their solutions can not be defined in its human context.

"In the process of science-based decisions, participation is the interface between
the reality of nature and the fiction of models used to explore solutions.
Participation provides a quota of realism to the models used by scientists in the
effort to represent the real world” (S. Garcia, FAO).



6. The role of fishers regarding ecosystem monitoring (2)

Source: TASA Source: Gestion, 2015
Observations of top predators from fishing vessels by years
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6. The role of fishers regarding
ecosystem monitoring (3)

Source: PRODUCE

Gutierrez & Vargas 2014

First joint Acoustic
Survey IMARPE-

Industry, October 2015
Depth (m) of Zooplankton
upper limit of relative abundance
MOz (NASC, m2/mn2)
IMARPE 2015
Source: SNP



Catches and abundancce (MT)

7. Current situation of the anchovy stock
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7. Current situation of the anchovy
stock (2)

e Capabilities developed for measuring
aspects of the anchovy habitat.

“easily”
is the
nd

* Macrozooplankton is
measured with acoustics, it
main item of the anchovy diet.... a
do not avoid vessels...

 Macrozooplankton abundance and
the volume of the habitat are being
implemented for APM.

e MOZ upper limit can automatically
be detected using acoustics, it let us
calculate variations of the epipelagic
habitat.
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7. Current situation of the anchovy
stock (3)

Acoustic Surveys produce
information for analyzing the
situation of other species (over
10).

Special attention is given to the
relationship between anchovy
and its main _competitor in the
coastal area (the red squat
lobster).

APM will evolve to consider the
management of groups of species
in the long journey toward E2EM.
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8. Conclusions: A Claim for precautionary adaptive management in upwelling systems

e Most of our knowledge is based on short-term time series where ephemeral
correlation can be observed. We should be modest about our knowledge,
particularly in the current context of global change (or regime shift).

e The need of modeling must be supported by an increase of the quantitative
monitoring of the ecosystem. This can only be achieved by using the fishing vessels

as collectors of quality data.

* Meanwhile APM has successfully been applied on the Peruvian Fishery since the
mid 90s and dealt with strong ecosystem changes, demonstrating its efficiency.

e e.g.:The decline of anchovy catches observed in 2010,

2012, 2014, 2015 and 2016 is more the result of the APM
adapted to every specific situation than an actual fishery-
induced biomass decline:

(i) anchovy catches have been far below levels of
standing biomass;

(ii) large natural forcing
recruitment preventing
anchovy virgin biomass;
(iii) APM focusing in the main specie (anchovy) is
also a way to protect the whole ecosystem.

induces changes in
the determination of
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