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Species-based + size-spectrum model = species interactions

Latitudinal shifts 20% slower when considering species interactions (Fernandes et al., 2013)

Physiology

= Horse mackerel ™ Plaice Herring

® Haddock ™ Saithe Megrin

= Cod ™ Sardine ™ Whiting

® Sprat Blue whiting
® Spurdog

®m Mackerel

Trophic Efficiency
Predator-Prey Mass Ratio

Abundance

Population dynamics Body mass
Species distribution

1250 Concentration - CO-eq- (incl. all forcing agents) Without competition (1891) With competition (1991) Fernandes JA,
928109 Cheung WWL,

Source: Wikipedia.org
C{/§ qﬁ Jennings S, Barange
4.1e+08 M, et al. (2013)

% % Modelling the effects
of climate change on
%tj 528407 %O the distribution and

production of marine
L fishes: accounting for
trophic interactions in
L . a dynamic bioclimate
T 632408 envelope model.
Global change

2000 2005 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 biology 19(8) 2596_
) .

——MESSAGE - RCP 8.5 —m—AIM - RCP 6.0 —&—MiniCAM - RCP 4.5 —»— IMAGE - RCP3-PD (2.6) — 0.0e+00 2607

1150

1050

950

850

750

COyeq. (ppm)

650

550

450

350

KIIHIEIEIA] [=leH+




/

\

F

—
L

T

MEMBER OF
BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

% change between present (1990-2000) and future (2090-2099)

a) Demersal fish species
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Queirds A., Fernandes J.A., Faulwetter S., Nunes J., Rastrick S.P.S., Mieszkowska N., Artioli Y., Yool A., Calosi P., Arvanitidis C., Findlay H.S., Barange M., Cheung W.W.L.,
Widdicombe S. (2015) Scaling up experimental ocean acidification and warming research: from individuals to the ecosystem. Global Change Biology 21:130-143.

Fernandes, J. A., Papathanasopoulou E., Queirés A.M., Cheung W.W.W.L., Yool A., Artioli Y., Pope E.C., Flynn K.J., Merino G., Calosi P., Beaumont N., Austen M., Widdicombe S.,
Hattam C., Barange M. (2016). Estimating the ecological, economic and social impacts of ocean acidification and warming on UK fisheries.

10.1111/faf.12183.

Fish and Fisheries, DOI:
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With ocean acidification experiments
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Fernandes J.A., Frolicher, T. L., Rutterford, L. A., Erauskin-Extramiana, M., & Cheung, W. W. (2020). Changes
of potential catches for North-East Atlantic small pelagic fisheries under climate change scenarios. Regional
environmental change, 20, 1-16.

Fernandes, J. A., Rutterford, L., Simpson, S. D., Butenschén, M., Frolicher, T. L., Yool, A, ... & Grant, A.
(2020). Can we project changes in fish abundance and distribution in response to climate?. Global change
biology, 26(7), 3891-3905.
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ClimeFish
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Northern species

Megrim Decrease

Horse mackerel
Anchovy

Southern species

-~

Norway Pout
Cod i i
i Change in spatial occurence
Pollack
Plaice Increase <0.05
Whiting <0.01
1% White anglerfish <0.001
ICES area == Blue whiting Signif. No change
R Mackerel <0.001
Sprat <0.01
Spurdog <0.05

Baudron, A. R., Brunel, T., Blanchet, M. A., Hidalgo, M., Chust, G., Brown, E. J., Kleisner, K.M., Millar, C., Mackenzie, B.R., Nikolioudake, N., Fernandes, J.A.,

Fernandes, P. G. (2020). Changing fish distributions challenge the effective management of European fisheries. Ecography, 43(4), 494-505.
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Projected LFI' for the North West of the North Sea

AZTi Projections of changes in sizes
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cesst J. A. (2023). Implications for the global tuna fishing industry of climate change-driven alterations in productivity and
body sizes. Global and Planetary Change, 222, 104055.
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Improved management as mitigation measure with tuna

Global fishing

Global population-level

mortality

Red List Index

A Arobust linked set of indicators for
addressing sustainability and biodiversity
loss in oceanic ecosystems
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of oceanic predatory fishes

B Trajectory of the extinction risk in oceanic
predatory fishes since 1950 for tracking
progress towards global sustainability and
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FISHERIES & MARINE ECOSYSTEM

MODEL INTERCOMPARISON PROJECT

AZTi Global wild fish production FISH-MIP
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Global ensemble projections reveal trophic
amplification of ocean biomass declines
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Original Article
Global fishing capacity and fishing effort from 1950 to 2012

Justin D Bell, Reg A Watson, Yimin Ye

Article | Published: 02 April 2018

Fuel use and greenhouse gas emissions of
world fisheries

Robert W. R. Parker [~], Julia L. Blanchard, Caleb Gardner, Bridget 5. Green, Klaas Hartmann,
Peter H. Tyedmers & Reg A Watson

First published: 19 September 2016 | https://doi.org/10.1111/faf.12187 | Cited by: 23

Europe 1 MNorth America Oceania

Nature Climate Change 8, 333337 (2018) | Download Citation & w0 s
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Abstract 15

Food production is responsible for a quarter of anthropogenic greenhouse 2

gas (GHG) emissions globally. Marine fisheries are typically excluded from 1 4

global assessments of GHGs or are generalized based on a limited number of

case studies. Here we quantify fuel inputs and GHG emissions for the global 1960 1980 2000 1960 1980 2000

fishing fleet from 1990-2011 and compare emissions from fisheries to those Africa South America 0 fea

from agriculture and livestock production. We estimate that fisheries

&

consumed 40 billion litres of fuel in 2011 and generated a total of 179 million = 200

g

tonnes of CO:-equivalent GHGs (4% of global food production). Emissions
from the global fishing industry grew by 28% between 1990 and 2011, with

little coinciding increase in productiorf (average emissions per tonne landed

el

25

Capacity (watts x 10%)

grew by 21%). [Growth in emissions was driven primarily by increased

harvests from fuel-intensive crustacean fisheries. The environmental benefit

Figure 2 Regional lishing capacity from 1950 to 2012 Eror bars nepresent %5% oonfidence intervals

of low-carbon fisheries could be further realized if a greater proportion of
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o FADs can help to reduce

emissions

BUsqueda de pescado es donde

va el mayor consumo de fuel

FUEL CONSUMPTION

380.7 t/trip

o But, they can also lead to longer

AZTi FADs use can help to reduce fuel consumption?

routes (emissions)if fishers

perceive potential higher
cafches.
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INACTIVE AT SEA (3.7%)
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0.2 t/trip 5.7 t/trip

Fig. 3. Energy pattern of Vessel A, including fuel consumption in cruising, fishing, inactivity at sea and in port: values are presented in total, and per engine type.

Basurko, O. C., Gabina, G., Lopez, J., Granado, I., Murua, H., Fernandes, J. A., ... & Uriondo, Z. (2022). Fuel consumption of free-

swimming school versus FAD strategies in fropical tuna purse seine fishing. Fisheries Research, 245, 106139.
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. ENVIRONMENTAL LAYER

Provides the metocean information
needed to model the problem

e DSS
ROUTING LAYER
This layer is the core of the DSS and
according to the objectives, R
constraints and optimization algorithm I Provides the fisheries data. such as
Large-scale the optimal route is computed | the target specie distribuﬂc;n
I 1

pelagic fleet | management regulations etc.

SHIP MODELLING LAYER

Predicts the ship performance
under different weather conditions Large-scale

demersal fleet

. DECISION LAYER

S I | It is the graphical component that
mall-scale interacts with the final user by
coastal fleet selecting the final route.

Distant-water
fleet

-

|
I FISHERIES LAYER
|

Granado, I., Hernando, L., Galparsoro, |., Gabina, G., Groba, C., Prellezo, R., & Fernandes, J. A. (2021). Towards a framework for fishing
route optimization decision support systems: Review of the state-of-the-art and challenges. Journal of Cleaner Production, 320, 128661.
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High captures
probability
maps for
adaptation to
distribution
shifts

Reduce
bycatch risk

Goikoetxea, N,, Goienetxea, |.,, Goni, N., Granado, |I.,
Ibaibarriaga, L., IAaki Quincoces, Ruiz, J.,, Murua, H,,
Fernandes-Salvador, J.A. (2022). Machine learning aiding
sustainable tuna purse seine fishery in contributing towards
reduced CO2 emission and bycatch. Ecological Informatics.
Under major review.
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Route
optimization
to mitigate
emissions
and reduce
fuel costs

(®) SusTunTech

Granado, |., Hernando, L., Galparsoro, l., Gabifia, G., Groba, C., Prellezo, R., & Fernandes, J. A. (2021). Towards a
framework for fishing route optimization decision support systems: Review of the state-of-the-art and challenges.

Journal of Cleaner Production, 320, 128661.

Granado, |, Hernando, L., Uriondo, U., Fernandes-Salvador, J.A. (2022). The tuna purse seiner Fishing Route
Optimization Decision Support System (FROODS). European Journal of Operational Research. Under minor review.
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