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Marija Despalatović 14, Antonio Di Franco15, Charalampos Dimitriadis16,
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BACKGROUND

Under the effects of global warming, many animals and plants
are undergoing rapid distribution shifts. These changes can be
particularly rapid in marine fishes, and many species have
responded markedly to recent increases in sea temperature.
ClimateFish is an open-access database, which collates
abundance data for 7 Mediterranean indigenous and 8 non-
indigenous fishes, proposed as candidate indicators of climate
change. These species have been selected by a network of
Mediterranean scientists based on their wide distribution,
responsiveness to temperature conditions and easy
identification. Data are periodically collected according to a
standard visual census protocol in four different depth layers.
At present, the database collates data on a total number of
101'771 observed individuals belonging to the 15 target species.
Counts were realized along 3142 transects carried out in 7
Mediterranean countries between 2009 and 2021. This
database, associated with climate data, offers new opportunities
to investigate spatiotemporal effects of climate change and to test
the effectiveness of each selected indicator. Data are available at
https://doi.org/10.17882/86784.

The Mediterranean Sea is warming faster than any other marine
region in the world (Pastor et al., 2020; Pisano et al., 2020), with
increasingly drastic consequences on marine ecosystems (Albano
et al., 2021; Garrabou et al., 2021) and on the services they provide
to our societies. These changes can be particularly rapid in fish
species, which are globally responding with marked shifts in latitude
or depth or both (Perry et al., 2005; Chaikin et al., 2022). Climate
change is indeed driving species ranges toward the poles and
increasing the risks of extinction when dispersal capabilities are
limited, such as in the semi-enclosedMediterranean basin (Ben Rais
Lasram et al., 2010). During the last decades, several warm water
species have expanded their geographical distribution and increased
their abundance in the Mediterranean Sea. This phenomenon, often
indicated as “meridionalization” - i.e., meridional, or southern,
species moving northward - (Bianchi and Morri, 1993; Riera
et al., 1995) involves several warm-adapted coastal fishes
(Azzurro, 2008; Azzurro et al., 2019), such as Sparisoma cretense
(Ventura et al., 2019), and Thalassoma pavo (Vacchi et al., 2001),
that have been recorded northward with respect to their original
geographical distribution. Other visible changes are related to non-
indigenous fishes of tropical origin, which are predicted to become
increasingly successful and widely distributed under warming
conditions (D’Amen and Azzurro, 2020; Golani et al., 2021). This
phenomenon is often cited under the name of “tropicalization”
(Bianchi and Morri, 2003).

At the same time, cold adapted and temperate native species,
such as Sarpa salpa are rapidly losing their preferred climatic
habitats and shrinking their distribution and abundance (Marras
et al., 2015). Documenting climate-related changes is a key task to
support current adaptation policies (O’Regan et al., 2021) and to
evaluate the impact of such policies toward international
biodiversity goals. However, in marine ecosystems, this goal is
often challenged by the complexity of ecological transformation
along with the pragmatic challenge of performing large scale studies
with limited financial resources (Tiralongo et al., 2020).
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This stimulates efforts to identify and test essential biodiversity
components and appropriate indicators (Jetz et al., 2019) to enable
effective biodiversity monitoring, under a common and unified
framework. Thus, the aim of this database is to collate information
on a selected number of coastal fish species, which could serve as
effective indicators of climate change effects in the
Mediterranean Sea.
METHODS

Data gathering for this database began in 2009, within a network
of Mediterranean scientists engaged in the monitoring of
meridionalization and tropicalization dynamics (sensu Bianchi
and Morri, 1993; > Bianchi and Morri, 2003; Riera et al., 1995;
Azzurro et al., 2008). This international team, organised within
the CIESM Programme ‘Tropical Signals’ https://www.ciesm.
org/marine/programs/tropicalization.htm (Azzurro et al.,
2011), originally aimed to track and evaluate the biotic
responses to climate change in the Mediterranean Sea using
reliable and representative biological macro-descriptors. To
achieve this goal, a simplified visual census protocol was
conceived to be applied over large temporal and geographical
scales and across the different Mediterranean countries.

The protocol, later described in Garrabou et al. (2018), is
currently available from the MPA Engage website https://mpa-
engage.interreg-med.eu. Its sampling units are linear transects of 5
minutes, approximatively corresponding to a surface of 5x50m, to
be performed over rocky bottoms with a moderate slope. It is
suggested to identify at least three permanent monitoring locations
(separated by a minimum distance of 0.5 km) nested in each study
area. Four depth ranges can be considered: 1-3 m, 5-10 m, 11-20 m,
21-30 m. At each location and for each depth layer, each diver is
invited to perform 4 consecutive replicate transects.

The protocol focuses on a group of target species chosen on the
basis of their responsiveness to temperature conditions, widespread
distribution and easy identification. These criteria were discussed
within a large network of Mediterranean scientists. We originally
included shallow and easy to recognize indigenous species, widely
distributed along the Mediterranean coasts and characterized by a
different thermal affinity: Epinephelus marginatus, Thalassoma pavo,
Sparisoma cretense - warm affinity species with documented
northward expansions (CIESM, 2008; Milazzo et al., 2016); Coris
julis and Sarpa salpa - temperate species, for which there is evidence
of shrinking of their preferred habitat (Milazzo et al., 2016). We also
included the native Serranus scriba and S. cabrilla, because of their
ecological similarity and taxonomic relatedness, associated with a
different thermal affinity (Froese & Pauly, 2002). Later on, and
thanks to the feedback received from several Marine Protected
Areas that implemented the protocol within the framework of the
EU funded projects, MPA-ADAPT https://mpa-adapt.interreg-
med.eu, and MPA Engage https://mpa-engage.interreg-med.eu, we
included eight Lessepsian fishes (which entered the Mediterranean
through the Suez Canal) namely: Fistularia commersonii, Siganus
luridus, Siganus rivulatus, Pterois miles, Stephanolopis diaspros,
Parupeneus forskali, Pempheris rhomboidea and Torquigener
flavimaculosus. Considering the trend of an increase of these
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species in the Mediterranean Sea (Golani et al., 2021) and their
climate affinity (D’Amen and Azzurro, 2020), more data on these
tropical invaders are expected to come in the future implementation
of the study, especially in the eastern sectors of the Mediterranean.

Data gathering was carried by technical personnel of Marine
Protected Areas (MPA staff), individual researchers and research
groups. The process followed a precise workflow, which started with
the training on monitoring protocols, developed in periodical
training sessions funded by several national and international
projects and based on a series of training tools, now freely
available from the project website https://mpa-engage.interreg-
med.eu.

Data collected by trained scientific divers were gathered through
individual excel files and underwent four different quality checks
before reaching the final database (Figure 1). A first control was
requested to the data providers before data submission. Then, a
restricted team of researchers checked the occurrence of species and
their numerical counts to spot possible errors or misidentifications
and contacted the data provider in case of doubts, inconsistencies,
empty cells or missing data (e.g. coordinates, date etc.). A third
control was performed on the assembled database, outliers were
manually removed and data formatted. Finally, the data were
manually examined again after the technical validation process for
quality to detect any remaining errors, such as inconsistencies
in geolocation.

The ClimateFish database is composed by 25 fields that include a
unique record identification number (record ID), three fields for the
date of the census (year, month, day), two fields for the geographical
coordinates (decimal latitude and longitude), one field for the
country where the record occurred, one for the depth at which
the census was carried out, one field that indicates the replicate
Frontiers in Marine Science | www.frontiersin.org 3
transect at each census event, the source and finally 15 fields for the
scientific name of fish species.
THE CLIMATEFISH DATABASE

The ClimateFish database currently consists of 3142 underwater
observations, where fish counts were performed along standard
visual census transects of 5 minutes at a standard speed of 10m/min
(corresponding to an approximate area of 5 x 50 m). The
geographical distribution of these surveys is illustrated in Figure 1
and it covers a time period of 13 years. Censuses were carried out for
9 consecutive years in the three locations Cirkewa, Dwejra and
Gnejna in Malta, and in the three locations Ciovo Jug, Ciovo Punta,
and Marjan in Split (Croatia); for 9 non-consecutive years in the
three locations Faraglioni, Mannarazza, and Pozzolana in Linosa
(Pelagie islands, Sicily, Italy); for 6 years in the locations Les Cliques,
Punta Tees Frares, and Sarnella, at Cap de Creus (Spain); 5 years at
Capu di Fora, La Vardiola, and Punta Arasu in SE Corse; and for a
fewer number of years in the several Mediterranean locations, as
reported in Figure 1. The majority (44.68%) of the transects were
carried out at the depth layer of 1-3 m, followed by the depths 5-
10 m depth (20.31%), 11-20 m depth (18.56%), and 21-30 m depth
(16.45%) (Figure 2).

Overall, 101’771 individuals belonging to the 15 target species
were counted. The most represented species were S. salpa
(38’201), C. julis (26’620), and T. pavo (12’718) (Figure 2).
The database also contains observations on 8 non indigenous
species (NIS). These species, mostly distributed in the eastern
sectors of the Mediterranean, are currently underrepresented in
the database, but counts of NIS are expected to grow along with
FIGURE 1 | ClimateFish workflow. Visual representation of the data curation, formatting, technical validation, and quality control process of the database: (A)
Training sessions/materials were delivered to both MPA staff and collaborating researchers; (B) Data were collected by trained scientists and technicians, according
to the protocol described in Garrabou et al. (2018) and checked before submission; (D) Formatted data were then examined for possible errors and underwent the
technical validation process. The data providers were contacted in case of doubts or errors; (C) Data were gathered and formatted to meet Darwin Core archive
standards (https://www.tdwg.org/standards/dwc/) and reports which did not meet inclusion criteria were removed (see Technical Validation section); (E) After the
technical validation process, data were manually examined to detect any remaining error. The final database was published at the end of this repeated validation and
quality check process and is freely accessible at: https://doi.org/10.17882/86784.
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the future implementation of the ClimateFish protocol in the
eastern sector of the Mediterranean.
REFERENCE TO DIGITAL REPOSITORY
OF THE DATABASE

The final database is available, under CC-BY license (v. 4.0), on the
SEANOE data repository as a.csv file. https://doi.org/10.17882/86784.
USAGE NOTES

The ClimateFish database includes spatio-temporal information
on the abundance of 15 coastal fishes, proposed as candidate
indicators of climate change in the Mediterranean Sea. This
information could be coupled with temperature data to better
understand how the abundance and distribution of these species
is linked to climate change. This would allow testing the
effectiveness of selected taxa to track the variation of
temperature and other geophysical, biotic and climate layers,
which can be easily downloaded from public sources such as the
open-access BIO-ORACLE database https://www.bio-oracle.org.
Other potential applications of the ClimateFish data include
setting a baseline against which to evaluate future changes. The
resulting outputs could have several benefits for single MPAs,
with possible integrations at the level of both IMAP
(UNEP/MAP, 2006) and MSFD (MSFD; Directive 2008/56/EC)
(EC 2008), since these initiatives do not specifically consider
climate change impacts. Finally, ClimateFish should be
considered as a living database, which will keep being updated
in the future, also with the support of the T-Mednet platform
https://t-mednet.org, which is devoted to track climate change
effects in the Mediterranean Sea. T-Mednet is currently being
implemented to return the information to users, in the form of
simple and interactive data visualization and exploration. We
also foresee possible integrations with data provided by trained
recreational divers under the framework of existing citizen
science initiatives. These data are currently not included in the
Frontiers in Marine Science | www.frontiersin.org 4
‘ClimateFish’ database but are presently stored on the online
platform www.observadoresdelmar.es under the homonym
project ‘ClimateFish’ that includes training materials and tools
for data reporting. We believe that this beneficial partnership
between research bodies and MPA managers, with the potential
inclusion of the recreational diving industry, could increase our
potential for integrated monitoring and conservation planning
and contribute to set an effective strategy to monitor climate
related impacts in the Mediterranean region.
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