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ARTICLE INFO ABSTRACT

Article history: An ecological niche modelling (ENM) approach was developed to model the suitable habitat for the
Received 22 May 2014 0-group European hake, Merluccius merluecius L, 1758, in the Mediterranean Sea. The ENM was built
Received in revised form 13 November 2014 combining knowledge on biological traits of hake recruits (e.g. growth, settlement, mobility and feeding

Accepted 13 November 2014

Available online 23 November 2014 strategy ) with patterns of selected ecological variables (chlorophyll-a fronts and concentration, bottom

depth, sea bottom current and temperature) to highlight favourable nursery habitats. The results
show that hake nurseries require stable bottom temperature (11.8=15.0°C), low bottom currents
(<0.034ms~') and a frequent occurrence of productive fronts in low chlorophyll-a areas (0.1=
0.9 mg m—*) to support a successful recruitment. These conditions mostly occur recurrently in outer shelf
and shelf break areas. The prediction explains the relative balance between biotic and abiotic drivers of
hake recruitment in the Mediterranean Sea and the primary role of unfavourable environmental condi=
tions on low recruitment in specific years (i.e. 2011). The ENM outputs particularly agree spatially with
biomass data of recruits, although processes such as fishing and natural mortality are not accounted for.
The seasonal mapping of suitable habitats provides information on potential nurseries and recruitment
«carrying capacity which are relevant for spatial fisheries management of hake in the Mediterranean Sea.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http:f/creativecommons.org/licenses fby/3.0/).
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Stages of year-0 hake

Data frequency for HAKE in med area
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1 - i The Ecological Niche
Species Model approach

ecological analysis

v

2 - Data collection
& processing

3 - Statlsfucal ‘ Environmental envelop
anaIyS|s (relevant thresholds)

4 - Ecological ‘ Deterministic model

Niche Model (Back projection of

species-environment links)

Nurseries = f(CHL fronts+CHL+SBT+SBC+depth))
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Environmental envelop

Daily

preferred
habitat /

Sea
Bottom
Current

Temperature

=> Deterministic model
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Chl-a fronts are
continuous producers of
organic matter

Y
Moving few km/day Re “

for weeks or months// IT1E.

Particulate organic
matter
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[— |

Si, N, P
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Deeper ocean
or sea bed
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Small zooplankton
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Productive fronts can be daily tracked by satellite sensors
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Daily satellite ocean colour
MODIS-Agqua (4 km)
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Potential habitat of year-0 hake in the Mediterranean:

(2003-2015)
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=>Yellow is where the bottom trawling avoidance index will
most frequently show areas to avoid
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Potential habitat of year-0 hake in the Mediterranean:

Monthly and inter-annual variability (2003-2011)
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=>Poor recruitment in 2010 and 2011 likely due to poor
environmental conditions (in addition to fishing mortality in

nurseries).
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Potential habitat of year-0 hake in the Mediterranean
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Stability and robustness of
the bottom trawling
avoidance index

/\

7-day floating composite Persistence index
of hake nursery in NRT

A
> Few weeks nurseries are
not viable,
> A minimum of 3-4 months
continuous favorable Mean of the last 4-years of
conditions are necessary. nursery habitat

» Sufficiently long to represent
the main nurseries,

» Sufficiently recent to take into
account the influence of climate
change.
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EN - Bottom trawling avoidance areas derived from hake nurseries potential distribution (0-1000 m)

SP - Zonas de arrastre de fondo a evitar derivadas de la distribucién potencial de las areas de cria de merluza (0-1000 m)
FR. - Zones de chalutage de fond a éviter établies depuis la distribution potentielle des nourriceries de merlu (0-1000 m)
IT - Zone a strascico di fondo da evitare stabilite dalla distribuzione potenziale dei giovanili di nasello (0-1000 m)

GR - Tleproyés ai'roqzﬁv'yng aleiag pnyavdrparas, pe faon Ta Tidavd vnriakd Tedia Tov prakalidpov (0 1000 m)
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Reuse is authorized, provided the source is acknowledged
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Data source:

Satellite chlorophyll data from NASA Ocean Biology (OB.DAAC)

Physical ocean model data from E.U. Copernicus Marine Service Information
__ Hake data from MEDITS - International Bottom Trawl Survey in the Mediterranean N

42N SNSRI, JOVF .S SO '

s W

39°N

36°N et

Disclaimer:
EN - Fishing restricted areas are not shown _
SP " Las zonas de’ pesca Testringidas 1o se muestran N
FR. - Les zones d@ péche réglementée ne sont pas représentées
IT - Le zone di restrizione della pesca non sono rappresentate
GR - O TTEPLXE’Ci anaydpevons adeiag :Sev epparilorTar

]
— .
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REAL TIME AVOIDANCE MAP
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AVOIDANCE MAP - fast animation 2015-2016 (seasonal change)
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Mediterranean 1}

Perspectives for management:

. | LEN - Fishing restricted areas are not shown
3FNITYP - Las zonas de pesca restringidas no se muest
FR - Les zones de péche réglementée ne sont représent

Use of real time habitat mapping: _ [&eigmmmnmmey |

e : e

» To inform fishers on where to limit mortality of juveniles as an
incentive,

» To raise fishers’ awareness on the seasonal and inter-annual
variability of nurseries,

» To favour fishers-scientists collaboration and mutual trust,

» To promote the dynamic and responsible management of fisheries,

What are the interactions with the other species’ nurseries?

YOUR FEEDBACK IS ESSENTIAL!

More information: http://fishreg.jrc.ec.europa.eu/fish-habitat

jean-noel.druon@jrc.ec.europa.eu European

Commission




. - « CHL fronts intensity and frequency
Ocean Productivity index . CHL < 10 mg/m3

(2003'2015) (excludes potentially eutrophicated areas)
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