
INTRODUCTION

The need of systematic scientifically based monitoring
programs is central for the management of the marine en-
vironment, which is facing salient alterations due to in-
creasing and cumulative human impacts and the changing
global climate (Bax et al., 2018; Miloslavich et al., 2018;
McQuatters-Gollop et al., 2019). The establishment and
implementation of integrated, harmonized and extended
monitoring systems and infrastructures have been also
recognized as crucial for the achievement of the United
Nation Sustainable Development Goals (SDGs), espe-
cially the UN SDG 14 “Life below water” (Biermann et
al., 2017) and the effective protection and restoration of
the marine environment (Mack et al., 2020). 

Stemming from these emerging needs, Marine Ob-
serving systems (MOs) have spread globally as integrated
observing and experimenting infrastructures able to mon-
itor oceanographic variables and to collect high-resolution
data in selected marine regions to assess their state both
in coastal and offshore areas (Crise et al., 2018; Rayner
et al., 2019). MOs, although essential for generating
knowledge and supporting evidence-based decisions
(GOOS, 2019), do not provide a truly holistic view of the
marine ecosystems, since they mostly address the oceano-
graphic processes and barely include the ecological ones.
Marine Ecological Observatories (MEOs) represent a fur-
ther advancement of the MOs perspective, since they
broaden the spectrum of observing actions to embrace

ecological research and monitoring (Carr et al., 2011;
Benedetti Cecchi et al., 2018; Manea et al., 2020), recog-
nizing ecological connectivity as one of the main driving
forces of marine ecosystems’ functioning. Ecological con-
nectivity represents “the degree to which landscapes and
seascapes allow species to move freely and ecological
processes to function unimpeded” (UNEP, 2019). Due to
the intrinsic dynamism that characterizes the marine
realm, ecological connectivity is a crucial element, em-
bracing the complex interconnections among the natural
processes, the species, their life cycles and the environ-
ment (Carr et al., 2003 and 2011; Maxwell et al., 2015;
Manea et al., 2019). Within this broad perspective, coher-
ent and operative MEOs are recommended at the Euro-
pean and global level (Benedetti Cecchi et al., 2018; Carr
et al., 2011; Duffy et al., 2013; Muelbert et al., 2019).
MEOs can deliver great benefits to enhance both the un-
derstanding of the marine ecosystems and the assessment
of their state and changes over time and space, and the
monitoring of the sea for protection and conservation pur-
poses. This can be partly done by integrating data derived
from monitoring practices routinely carried out to comply
with policy requirements, from long-term ecological re-
search (e.g., LTER data, Acri et al., 2020), from ecological
research projects and MPAs monitoring plans, and from
enlarging the set of variables measured by observing in-
frastructures to include biodiversity (e.g., species distri-
bution data through video imagery, Aguzzi et al., 2020).

Among the many attributes and uses MEOs should in-
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ABSTRACT
The design and establishment of Marine Ecological Observatories (MEOs) are fostered at the European level. MEOs should

adopt a holistic view, integrating and harmonizing long-term oceanographic and ecological research and monitoring, and increasing
conservation strategies effectiveness according to the ecological connectivity concept. The data and knowledge collected and made
available through MEOs should inform policies dealing with conservation and management of the marine environment. We present
and discuss these issues in the Adriatic Sea context, where the transnational ecological observatory “ECOAdS” is under development
in the framework of the Interreg Italy-Croatia project ECOSS (Observing System in the Adriatic Sea: oceanographic observations
for biodiversity), which aims to support Natura 2000 network implementation and cross-border coordination of multiple monitoring
initiatives. We analyse the main EU directives that deal with marine conservation, notably the Habitats and Birds directives, the
Water Framework Directive, and the Marine Strategy Framework Directive, as they are the primary instruments that can guide the
development of the observatory while strengthening cooperation at the basin scale. We bring out the synergies and discrepancies
among these legal instruments and build on them ECOAdS as a monitoring platform that may respond and contribute to their re-
quirements, boosting the synergies and overcoming the weaknesses. Finally, we provide some hints for the further development of
this transnational MEO as a collector of the existing monitoring efforts aimed at harmonizing their approaches and incorporating
the ecological connectivity to foster an ecosystem-based approach to conservation management.
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corporate (Benedetti Cecchi et al., 2018; Manea et al.,
2020), in this paper we focus on the role they should cover
to inform marine conservation strategies and to feed Eu-
ropean Union (EU) policies and strategies that deal with
coastal and marine management. Different jurisdictional
instruments are in force in Europe to these purposes,
which could take advantages from and contribute to
MEOs, in particular the Habitats and Birds directives
(EEC 1992 and EC 2009; HD and BD, respectively), the
Water Framework Directive (EC 2000; WFD), and the
Marine Strategy Framework Directive (EC 2008; MSFD).
The European Commission developed in 2017 an action
plan (COM(2017) 198 final) to improve the implementa-
tion of the Nature directives (HD and BD, respectively)
and the related Natura 2000 (N2K) network, which is the
main conservation instrument put in place to accelerate
the achievement of EU 2020 conservation goals. Among
the diverse priorities and related actions to be taken, the
plan highlights the need of enhanced and efficient moni-
toring, as well as of completing the N2K network by fill-
ing knowledge gaps to feed the required conservation
measures. The WFD and the MSFD were also established
to provide legal instruments able to support the conserva-
tion and sustainable management of the coastal and ma-
rine environment (Kallis and Butler, 2001; Borja et al.,
2010; Long 2011), and they strongly rely on monitoring
programs proposing operational frameworks and ap-
proaches. 

Commonalities and synergies among the above-men-
tioned EU directives are expected, since they all tend to
support the achievement of declared conservation goals,
and they have been partly analysed from the policy and
management perspectives (Rouillard et al., 2018). MEOs,
by harmonizing different monitoring frameworks and by
collecting and transferring oceanographic and ecological
data, can be key knowledge sharing platforms to support
the directives and their monitoring plans, enhancing the
benefits they could mutually provide to achieve environ-
mental goals. 

We present and discuss these issues in the context of
the Adriatic Sea, where the ecological observatory
“ECOAdS” is under design and development in the
framework of the Interreg Italy-Croatia project ECOSS
(Observing System in the Adriatic Sea: oceanographic ob-
servations for biodiversity; https://www.italy-
croatia.eu/web/ecoss). Indeed, ECOAdS pilot case will
integrate the existing ecological and oceanographic re-
search monitoring with N2K conservation strategies, to
boost Nature directives and the implementation of N2K
network in the marine area of interest for Italy and Croa-
tia. Here we analyse the above-mentioned EU directives,
critical instruments able to guide the development of the
observatory while supporting the strengthening of
transnational cooperation at the basin scale. We bring out

the synergies and discrepancies among these legal instru-
ments and build on them ECOAdS as a monitoring plat-
form that may respond and contribute to their
requirements, boosting the synergies and overcoming the
weaknesses. The main aim is to compare their monitoring
approaches to start harmonizing a set of oceanographic
and ecological variables to be monitored at the adequate
spatial and temporal scales, able to assess the environ-
mental state and the N2K sites’ effectiveness, with the ad-
ditional intent to support the globally recognized Essential
Biodiversity Variables (EBVs) and Essential Ocean Vari-
ables (EOVs) frameworks (Pereira et al., 2013; Muller-
Karger et al., 2018). We provide some hints regarding the
on-going and future activities that are accompanying the
development of this transnational MEO. The proposed ap-
proach will incorporate ecological connectivity across
spatial and temporal scales to inform the future expansion
of N2K network and to support the application of an
ecosystem-based approach to conservation (UNEP, 2011).

ECOADS, THE MARINE ECOLOGICAL
OBSERVATORY (MEO) OF THE ADRIATIC SEA 

The need of a MEO in the Adriatic 

ECOAdS focuses on the area covered by the Interreg
Italy-Croatia program and the adjacent Adriatic Sea,
which hosts an outstanding biodiversity and unique envi-
ronmental conditions, thus delivering multiple ecosystem
services and benefits. These include provisioning of food
(the Adriatic is among the main fish areas of the Mediter-
ranean Sea, Scarcella et al., 2014) and material, carbon
sequestration, water quality regulation and coastal protec-
tion, as well as opportunities of leisure and spiritual ben-
efits to people (Depellegrin et al., 2017; Cossarini et al.,
2015). However, this marine area is barely covered by
Marine Protected Areas (MPAs; Bastari et al., 2016,
Manea et al., 2019). Furthermore, it is strongly affected
by a huge variety of human activities that have found fer-
tile ground on which to develop, among which fishery,
aquaculture, maritime traffic, and land-based activities
that affect nutrients and contaminants load reaching the
marine environment (Farella et al., 2020; Milliman et al.,
2016). For this reason, the Adriatic Sea has been recog-
nized as one of the most impacted area of the Mediter-
ranean Sea (Micheli et al., 2013). The implementation of
N2K network in the basin is on track with some delay,
and it mostly lacks suitable and fulfilled management
plans and adequate monitoring programs (Claudet et al.,
2020). Nevertheless, several fixed-point observing sys-
tems (i.e., pylons, buoys, tide gauges, oceanographic plat-
forms; Fig. 1) are active (Ravaioli et al., 2016; Šepić and
Vilibic, 2011; Šepić et al., 2017), providing multidiscipli-
nary data and information automatically and continuously
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Fig.1. Natura 2000 network, National Marine Protected Areas, sites and fixed point observing systems in the Adriatic Sea. Part of these
observing systems is managed by ECOSS project’s partners. Data sources: MAPAMED, 2017 (https://www.rac-spa.org/mapamed);
Veneto Region web portal (https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=426153); Emilia Romagna Region
web portal (https://bur.regione.emilia-romagna.it/dettaglio-inserzione?i=dc40e3d31e384e718b81c23cad7946e9); Ravaioli et al., 2016;
Meteo-tsunami network (http://jadran.izor.hr/hazadr/index_eng.htm); Tide gauges network (https://www.hhi.hr/en; https://www.mare-
ografico.it); LTER-Italy website (http://www.lteritalia.it/).
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over time. Different monitoring initiatives are also ongo-
ing, as well as specific programs, such as the Italian Long-
Term Ecological Research network (LTER-Italy), but at
the moment none of these initiatives has a cross-border
nature shared between Italy and Croatia. Furthermore,
only few of these are operatively supporting the monitor-
ing observations linked to the fulfilment of the EU obli-
gations, despite the wide and varied array of data
collected, ranging from those related to the quality of tran-
sitional, coastal and marine waters, to the monitoring of
target species and habitats (e.g., dolphins, sea turtles, sea-
grass meadows, coralligenous outcrops). These observing
platforms and monitoring schemes operate at various
scales, with different aims and maturity levels, lacking an
adequate coordination among them, which should connect
the local, the regional, up to the whole Adriatic basin
scale, in an integrated and coherent observatory.

In this context, ECOAdS gives the opportunity to de-
fine and adopt an agreed conceptual framework, to har-
monize existing environmental observations, monitoring
schemes, and descriptive indicators (Manea et al., 2020;
Fig. 2), thus contributing at providing a complete picture
of the state of the marine environment, and at supporting
transnational cooperation between Italy and Croatia in the
Adriatic Sea.

The directives in the design of ECOAdS 

The design phase of ECOAdS entails, as a first crucial
step, an accurate comparative analysis among the main
EU legal instruments focused on coastal and marine en-
vironment protection, namely the WFD, the MSFD, the
HD and BD. For the HB and BD, which act on both ter-
restrial and aquatic environments, the analysis considers

Fig. 2. Schematic view of the essential attributes of ECOAdS to support monitoring programs harmonization. ECOAdS embraces all
the observing systems and monitoring programs managed by Italy and Croatia in the Adriatic Sea, by integrating an open science ap-
proach and the ecological connectivity concept and providing a harmonized set of monitoring indicators to support transnational coop-
eration in conservation management. ECOAdS addresses the requirements of the main European directives by linking their monitoring
programs to those already existing in the area covered by the Interreg Italy-Croatia program, and to Natura 2000 sites. 
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exclusively coastal and marine conservation objectives
and targets. The primary aim of such analysis is to identify
how ECOAdS could contribute to support the directives’
implementation and to overcome possible limitations for
the effective monitoring of the aquatic environment. To
achieve this, we ascertain the main directives’ synergies
and commonalities, assessing and highlighting the oppor-
tunities that could emerge if synergies would be under-
pinned, and we individuate potential weaknesses and
inconsistencies that should be overcome to support con-
servation strategies. 

Firstly, a short review of the directives is conducted
considering key features characterizing them using mul-
tiple knowledge sources, mainly coming from official
documentation, such as Commission directives, reports
and guidelines. The key features are (Tab. 1): i) conser-
vation objectives and targets; ii) approaches adopted to
foster conservation initiatives; iii) spatial application; iv)
reporting period that guides the evaluation of conservation
objectives and targets achievement and of conservation
measures effectiveness; v) considerations related to the
human uses, the human-derived pressures, and the provi-
sion of marine ecosystem services; vi) the criteria and in-
dicators adopted to evaluate conservation objectives and
targets achievement; and vii) the indications related to the
monitoring strategies. The comparative analysis is firstly
built to allow the explicit emergence of the synergies and
weaknesses among the legal instruments. Then, the analy-
sis is zoomed in on the monitoring framework entailed
within each directive. Finally, the main elements deriving
from the analysis are discussed in the context of the future
development of ECOAdS. 

EU DIRECTIVES FOR MARINE CONSERVATION:
DESCRIPTION, COMPARISON AND
MONITORING FRAMEWORK 

In Tab. 1 a comparison between the four directives is
performed, hinging on the seven features described above.
Related insights on synergies, weaknesses and monitoring
approaches are presented in the following sections.

Synergies among directives

Good quality of ecological and environmental state is
central for all the directives as they express the need of
establishing conservation measures. The HD and BD, by
supporting the implementation of the N2K network, are
more focused on the in situ protection (Grodzińska-Jur-
czak et al., 2012; Evans, 2012), while the WFD and
MSFD address a broader scale and extend their conserva-
tion strategies also beyond the establishment of areas ded-
icated to conservation. Although not specifically
designated for conservation, the WFD shows some rele-

vant connections with nature conservation issues. Indeed,
it mentions the protection of terrestrial ecosystems and
wetlands directly depending on the aquatic ones, clearly
referring to the management objectives of N2K sites. The
MSFD recognizes the important contribution that the es-
tablishment of MPAs, including N2K sites, delivers to the
achievement of Good Environmental Status (GEnS).
Thus, the MSFD promotes the designation of MPAs with
the aim of contributing, together with the N2K network,
to the achievement of the conservation targets. If the HD
and BD focus on the conservation of target species and
habitats, the WFD and the MSFD expand their action by
including additionally functional aspects and considering
the ecosystems as a conservation unit. 

These directives can be considered complementary to
each other as together provide an overall normative con-
text for conservation priority objectives at different spatial
and ecological levels. The WFD and the MSFD apply
within different jurisdictional boundaries, the first being
focused on internal and coastal waters (up to 1 nm), and
the second extending from the coast to offshore areas.
Consequently, if appropriately coordinated, they cover the
entire water territories supporting the implementation of
N2K network also in offshore areas, not leaving gaps
amidst aquatic domains. Indeed, N2K sites are spread
from the coast to the offshore, and the sites can include a
mix of habitats and species being composed by terrestrial,
freshwater and marine ecosystems, even crossing the
land-sea interface (Kati et al., 2015). 

All these legal instruments address the need to ensure a
sustainable management of natural resources, by balancing
the societal economic needs and the conservation priorities
and highlighting the tight interconnections between nature
and humans. Explicitly or implicitly, the four directives
consider the ecosystem-based approach (Rouillard et al.,
2018), they mention natural goods and services, recogniz-
ing the critical need of preserving and managing them.
While the HD, the BD and the WFD only generically men-
tion the human activities, the MSFD makes an ad hoc
analysis of the human-derived pressures and impacts that
can negatively affect the marine environment, highlighting
the need of addressing all of them through ecosystem-based
management measures. Taking advantage of the analysis
made by the MSFD, the N2K network managers can be
better supported in setting adequate monitoring programs
for an improved N2K sites management. 

Finally, all the directives require monitoring practices
to track their goals achievement. The reporting periods of
the four directives mainly overlap, except for the WFD
that reports every three years instead of six. The provided
information entailed within all reporting periods poten-
tially furnishes a complete and comprehensive knowledge
framework to inform management and conservation
strategies. 
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Weaknesses among directives

The comparative analysis of the four directives evi-
dences some weaknesses related to different aspects of
their implementation. The absence of precise guidelines
for their implementation hampers the possibility of setting
up a coherent regional-based ecological network of N2K
sites. In addition, management plans related to N2K sites
are not mandatory and they are often absent (Claudet et
al., 2020): this greatly affects the conservation effective-
ness, since adequate monitoring activities are not set up,
thus leaving the sites often unmanaged and unmonitored,
without the possibility to assess the achievement of the
conservation objectives they were set for. 

Nature directives may anyway fail in achieving their
aims, if they focus only on specific habitats and species,
overlooking the overall environmental complexity and eco-
logical connectivity. As for the WFD, the deconstructing and
structural approach (see Tab. 1; Borja et al., 2010) might
also weaken the possibility of thoroughly assessing the eco-
logical status of the aquatic environment, by not adequately
addressing connectivity aspects. This is something that the
MSFD tries to avoid by proposing a fully holistic and
ecosystem-based approach. However, an effective opera-
tionalization of such an approach within all the here consid-
ered legislative frameworks is still weak (O’Hagan, 2020),
despite it would be greatly beneficial to underpin a better
protection of the marine environment at the ecosystem level. 

The MSFD and WFD, despite presenting detailed
monitoring requirements, do not give indication to Mem-
ber States (MS) on threshold values or baselines to be
considered when assessing the level of GEnS and Good
Ecological Status (GEcS), respectively. Difficulties in es-
tablishing current extent and quality of habitats and pop-
ulations, and in setting acceptable limits to degradation
against unknown levels of natural variation, may strongly
affect directives’ implementation and lead to incoherency
among MS assessment results (Dodds et al., 2010). 

Within the diverse monitoring frameworks covered by
the four directives there is a noticeable heterogeneity in
the terminology used that may create confusion to MS and
N2K sites’ managers to define and setting up coherent
monitoring strategies. Therefore, we highlight the need to
harmonize terminology on criteria, quality elements and
parameters (see Tab. 1). With ECOAdS, we make a first
attempt to define coherent relationships among the con-
sidered directives (Tables S2-S5). 

Monitoring approaches

The HD and BD address the conservation of target
species and habitats, thus the parameters they consider
for site selection and monitoring are related to the conser-
vation status of these targets, comprising quantitative
(range, area, population size) as well as qualitative (struc-

ture and functions) criteria plus a forecast for the future
(‘future prospects’ parameter) (European Commission,
2016a). However, no guidance on how to monitor species
and habitats is provided. Only guidelines for the reporting
of the necessary information for the assessment of sites’
state were delivered (DG Environment, 2017). The WFD,
differently from the Nature directives, provides specific
guidelines for monitoring the quality status of water bod-
ies. Indeed, it presents very detailed monitoring require-
ments for both surface and groundwater and lists several
steps to carry out for effective monitoring: design of sur-
veillance, operational and investigative monitoring, fre-
quency of monitoring, additional monitoring requirements
for protected areas, standards for monitoring of quality el-
ements. The WFD labels the parameters to be adopted for
monitoring as quality elements (biological, hydro-mor-
phological, and physico-chemical). This directive asks for
a systematic “review of the impact of human activity on
the status of surface waters and groundwater”. However,
similarly to the Nature directives, it does not specifically
list the human activities and related pressures to be con-
sidered and managed. The MSFD articulates the GEnS in
eleven descriptors (Table S1) and associated criteria by
addressing both species and habitats of priority for con-
servation. The European Commission, in 2017, laid down
criteria and methodological standards to give common
guidelines to MS to monitor advances towards the
achievement of GEnS through the EU 2017/848. Another
document was delivered concurrently, the EU 2017/845,
to better guide the MS during the second cycle of imple-
mentation of their marine strategies. MS should take into
account pressures or impacts of human activities in each
marine region or subregion, having regard to the indica-
tive lists set out in Annex III.

Tables S2-S5 report the comparative analysis focal-
ized on the descriptive indicators of the four directives.
We use the term descriptive indicators as a common term
to refer to the HD and BD parameters, the quality ele-
ments of the WFD, and the MSFD criteria. Since the
MSFD is the most recent directive and adopts the most
holistic approach to monitoring, the comparison of the in-
dicators is developed starting from its criteria. Criteria
are compared with the descriptive indicators of the other
directives to find coherent matches to make a first harmo-
nization attempt. 

It is noticeable that there is not a complete and specific
correspondence between the diverse descriptive indica-
tors, which differ among directives as each jurisdictional
instrument addresses specific conservation targets despite
their overall shared objectives. Indeed, they are aggre-
gated differently: the MSFD criteria are articulated upon
its descriptors, which identify specific environmental per-
formances (descriptors 1-4) explicitly considering also the
human-induced pressures sphere (descriptors 5-11). Inter-
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estingly, the MSFD is the only directive that reflects, even
if indirectly, on species interactions through descriptor 4,
related to the food web and the elements from which this
is composed. Indeed, criteria related to D4 find almost no
correspondence with the descriptive indicators of the
other directives. 

The WFD presents a rich set of specific quality ele-
ments related to the water bodies’ characteristics, includ-
ing also inland (e.g., lakes and rivers) and transitional
water ecosystems (e.g., lagoons), which are not covered
by the MSFD. The WFD specifically addresses only some
target communities, i.e., macrophytes, phytobenthos, phy-
toplankton, invertebrates, and fish. It does not include
pelagic population beyond phytoplankton and fish com-
ponents (e.g., cephalopods, reptiles and marine mam-
mals). However, some WFD quality elements find a good
correspondence with different MSFD criteria, as for ex-
ample those related to the phytoplankton component and
linked to D5. Also several WFD chemical and physical
elements closely match (e.g., all elements related to the
hydrographical conditions) with MSFD criteria, even
though the terminology and the level of specificity of the
indicators are different.

Regarding the HD and BD, it is possible to observe a
stronger correspondence of their parameters with criteria
related to MSFD Descriptor 1 “Biodiversity is maintained”.
For instance, both Nature directives find correspondence
with three criteria related to D1: D1C2 population abun-
dance, D1C3 demographic characteristics, and D1C4 dis-
tributional range and pattern. The corresponding parameter
in HD is “population dynamics of animal and plant
species”, while in BD is “trends and variations in popula-
tion for species”. Both Nature directives do not consider
the set of chemical and physical indicators included in the
other two directives (MSFD and WFD), being mainly fo-
calized on target species and habitats preservation.

Although the HD does not look at all species occurring
in water bodies (i.e., the aquatic community as a whole),
being mainly focused on the conservation status of selected
species and habitats, there are some quality elements de-
fined by the WFD and some criteria defined by the MSFD
that - if jointly monitored - can be shared and beneficial for
N2K sites monitoring, in particular for those monitoring
activities that require standardized methodological ap-
proaches (e.g., chl-a measurements and nutrient analysis). 

FUTURE PERSPECTIVE FOR ECOADS
AS TRANSNATIONAL MEO 

Cross-border cooperation to monitor the marine envi-
ronment has been highlighted as crucial to support com-
prehensive monitoring and effective conservation and
management (Stelzenmüller et al., 2013; Azzurro et al.,
2014). The need of such an approach has become greater

with time since EU member states have been called to in-
tegrate the planning and management of their territorial
waters into a transboundary approach by year 2020 (Eu-
ropean Commission 2014). Cross-border conservation ini-
tiatives have been suggested as powerful tools to foster a
balance between conservation and exploitation of natural
resources, as well as to reflect the ecological boundaries
dictated by marine connectivity (Mackelworth, 2012;
Costello and Molina, 2021). In the Adriatic Sea, where
N2K network is under further implementation, several
studies have been developed to guide marine conservation
initiatives and ecosystem-based management, also in
transboundary contexts (Gissi et al., 2018; Manea et al.,
2019; Drius et al., 2019; Farella et al., 2020 among oth-
ers). The establishment of the transnational MEO
ECOAdS, shared between Italy and Croatia, represents an
opportunity for setting up a common platform where to
implement the harmonization and integration of marine
environment monitoring to inform both the local and
basin-scale conservation strategies that are underway
(Bax et al., 2018). Indeed, in this area an integrated sys-
tem that coordinates the diverse monitoring efforts is ab-
sent (Manea et al., 2020). 

Here we focus on the monitoring frameworks entailed
within the Nature directives and the WFD and MSFD car-
ried out in the area. We bring into light many synergies
among them as a base for a comprehensive monitoring of
the marine environment through space and time to inform
the development of ECOAdS. These synergies are crucial
since the monitoring under the Nature directives is weakly
implemented, often for shortcomings of dedicated funds.
We indicate as key the WFD and MSFD monitoring pro-
grams to investigate N2K sites environmental state, also
considering that (as evidenced in section “ECOAdS”),
most of HD and BD target species and habitats are mon-
itored under the MSFD. Thus, wherever possible, joint
monitoring programs should be arranged to include pri-
ority conservation sites within their spatial footprints, also
to avoid neglecting some marine areas, especially at the
interfaces (e.g., land-sea, coastal-offshore waters). This
would be particularly relevant to integrate ecological con-
nectivity information in monitoring strategies, even be-
yond conservation sites to fit a transboundary context
(Portman and Teff-Seker, 2017). ECOAdS is conceived
as an instrument able to boost such coordination, thus
favouring the integration of these monitoring efforts at
multiple scales and the availability of observatory data to
inform management and conservation strategies at the
Adriatic Sea region. 

As a key principle, ECOAdS addresses the incorpora-
tion of ecological connectivity to support the adoption of
an ecosystem-based approach to management (Jonsson et
al., 2021). The legal documentation considered in this study
supports this necessity, despite directives barely entail eco-
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logical connectivity aspects, thus orienting the implemen-
tation of this approach only weakly (O’Hagan, 2020). For
instance, our analysis points out that the trophic webs in the
marine environment are extremely poorly characterized by
the existing monitoring programs, even though they are an
integral part of the connectivity concept (Dias et al., 2016),
in combination with the state of the species and the whole
oceanographic context. To address such weakness,
ECOAdS aims at developing a shared set of monitoring in-
dicators entailing both ecological and oceanographic data,
giving relevance to connectivity aspects. Indeed, only a
monitoring strategy implemented and coordinated at the
basin scale, and addressing processes like larvae dispersal
and genetic flow, nutrient fluxes, migration patterns and
movement in response to environmental variability and cli-
mate change and human-induced pressures (Toonen et al.,
2011; She et al., 2016) can support the incorporation of eco-
logical connectivity in marine monitoring. Furthermore,
starting from the MSFD indications, ECOAdS will entail
the monitoring of anthropogenic pressures’ sources and
footprint. Indeed, human pressure monitoring is essential
to inform management and measure conservation outcomes
(Dunham et al., 2020).

The harmonization of the terminology used to indicate
monitored parameters and variables is an additional pur-
pose of ECOAdS, since the heterogeneous use of terms
can severely hamper an effective coordination between
monitoring schemes also linked to the fulfilment of the
different EU obligations. This effort is grounded on the
awareness that the absence of harmonized terminology
leads to obstacles in data integration and interpretation,
thus inducing redundant research and monitoring efforts
and slowing down the scientific cooperation and progress
(Berners-Lee et al., 1999). The adoption of a shared and
agreed set of terms to refer to monitoring indicators,
linked together in a hierarchical and relational network –
within the so called “thesauri” (ISO, 2011, 2013) - can
help overcome the ambiguities associated with data
markup and allow digital interpretation and information
storage of records (IOC UNESCO, 2019), thus improving
the interoperability and data exchange. As an outcome, in
ECOAdS a harmonized set of monitoring indicators will
be distilled starting from those proposed by the discussed
directives (Tables S1-S5), and it will be integrated in an
interactive web application to support the setting up of the
monitoring activities needed in selected Adriatic N2K
sites. The indicators will be further elaborated according
to selection criteria, such as their policy relevance, sensi-
tivity to change and feasibility, to evaluate their suitability
and priority level for monitoring (Schmeller et al., 2018).
This set of indicators will also support the EBV and EOV
frameworks, which have been developed to address the
need to track progress towards SDGs and conservation
goals (Reyers et al., 2017).

ECOAdS, playing the role of collector of different
monitoring data sources, can contribute to the ongoing
building of long-term datasets to inform the definition of
reliable threshold values useful to map and assess the state
of the marine environment. Moreover, the adoption of the
open science approach and the FAIR principles (European
Commission 2016b) are addressed to boost transnational
data sharing through the implementation of a web portal
(Manea et al. 2020) acting as a unique access point to the
data collected by the observatory.

ECOAdS represents a real opportunity to better opera-
tionalize the ecosystem-based approach, since it contributes
to implement a holistic approach to marine monitoring and
conservation. Indeed, within its framework, a core part is
taken by the engagement of stakeholders and right holders
who might contribute to co-produce knowledge related to
the marine environment and the use of its resources.
ECOAdS is not only at the interface between scientific re-
search and environmental management, but also between
the scientific world and the civil society. Community-based
monitoring has been highlighted as a possible effective ap-
proach to engage in future monitoring practices (Turricchia
et al., 2020). Running a multi-level participatory process is
at the base of the development of ECOAdS, to design its
structure and nourish its conceptual framework. In addition,
this process can be of great benefit for the implementation
of EU directives, since stakeholders’ contribution is crucial
to put into practice environmental policies and to achieve
marine conservation goals.
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