
INTRODUCTION

The growth of human population and the consequent
increasing anthropogenic impact on terrestrial and aquatic
ecosystems are today societal problems perceived
globally and no longer of interest for the sole scientific
community. Indeed, the intensive use of the hydrosphere
and of non-renewable resources, the globalization of
markets and maritime transport, and other socio-
ecological issues, are changing the structure and functions
of aquatic ecosystems and their ability to produce goods
and services that are useful to humans.

Inland waters contribute to the supply of clean water
by absorbing or filtering pollutants such as heavy metals,
excess nutrients, and pesticides and storing water that
could otherwise lead to floods (Postel and Carpenter,
1997). These ecosystems are vulnerable to climate
change, land-use reclamation, pollution, salinization and,
ultimately, biological invasions (Williams, 2001; Likens,
2009; Vilà et al., 2010). The coastal and deep marine

environments are major providers of goods and services
(https://ec.europa.eu/maritimeaffairs/policy/blue_growth_
en), such as food, fossil fuels, construction material,
transport and recreation (Pauli, 2010; Silver et al., 2015).
They also host invaluable biodiversity that shapes
complex ecosystems and play a fundamental role in
planetary biogeochemical cycles (e.g. Boero et al., 2007;
Howarth et al., 2011; Gamfeldt et al., 2015; D’Alelio et
al., 2016). Altogether, marine ecosystems are exposed to
a plethora of threats (Crain et al 2008).

Collectively, all kinds of aquatic systems are
threatened by demographic and economic growth via
multiple human activities, such as agriculture, fisheries,
aquaculture, shipping, urbanization and tourism
(Dornburg et al., 2008; Bogdan et al., 2014).

Water issues represent an increasing societal
challenge, since the 70% of Planet Earth is covered by
water, and only less than 3% of this amount is freshwater.
Nevertheless, the two thirds of the 35×106 km3 of
freshwater resources of the planet are trapped at the ice
caps and glaciers, whereas only one third is present in
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ABSTRACT
Water issues represent an increasing societal challenge, since the 70% of Planet Earth is covered by water. The intensive use of

the hydrosphere is changing the structure and functions of aquatic ecosystems and their ability to produce goods and services that are
useful to humans. It is therefore necessary that the scientific community makes citizens aware of the results of scientific research on
these issues and informs them about the need to intensify the study of the mechanisms that underlie the ongoing changes in aquatic
ecosystems. To help meet this need, within the 23rd Congress of the Italian Association of Oceanology and Limnology (AIOL;
http://www.aiol.info/), entitled “Functioning, alteration and recovery of aquatic ecosystems: the aquatic sciences to understand global
change and to make the citizens aware of it” (Cagliari, Italy, 26-29 September 2017), all participants, among which some renown experts
in the field of aquatic sciences, were invited to give their contribution, via a shared and bottom-up built questionnaire, in assessing a set
of actions needed to achieve an adaptive and proactive management of changes that the aquatic sciences are going to face in the next
five years. The results of this survey allowed us to identify a set of priorities that funding agencies should include in their economic and
financial planning in the next future. Among all, we pinpoint that there is an urgent need in: (i) promoting sustainable food production
by exploiting aquatic systems; (ii) diffusing an opportune spatial planning integrating ecosystem-based management approaches; (iii)
developing recovery/remediation plans for contaminated sites; iv) promoting conservation of ecosystems by assessing their conservation
status, first of all the water/ecosystem quality; (v) fostering the technological development of sustainable and integrated tools and
procedures for environmental monitoring; (vi) developing a better forecasting capacity, particularly of extreme events, by implementing
long-term research networks; and, ultimately, (vii) supporting a wider society learning processes and a more effective transfer of
knowledge from science to society.
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liquid form. The largest part of this vital resource is stored
in the rocky slopes and underground water basins, with
the result that only 0.2 ×106 km3 is available at the Earth’s
surface (Pearce, 2006). In the European Union, water
scarcity and droughts already affect one third of the
territory, while 44% out of the total abstraction of
freshwater is used to cool thermal power plants, and 24%
for irrigation. As water scarcity and droughts regularly
affect large parts of the European territory, water
availability and its efficient use are also issues that need
to be addressed in Europe (Alpine Convention, 2009;
https://ec.europa.eu/jrc/en/research-topic/water). In
addition, chemical compounds used in our daily activities
can travel along rivers and lakes and end up in coastal and
marine environments, where they can potentially threaten
the health of aquatic ecosystems, and therefore, humans
(Glassmeyer et al., 2017). Finally, intensive agriculture is
responsible for the degradation of the quality of surface-
and groundwater, including contamination from pesticides
and nitrates (Di Guardo and Finizio, 2016; Di Guardo et
al., 2017).

The degradation or even disappearance of aquatic
environments put at extreme risk a wide range of important
ecosystem services, negatively affecting our well-being and
threating our economies. In this context, EU policies
promote an integrated framework for water resource
management, drawing on European experience of managing
river basins and transboundary rivers, and a whole range of
European approaches to water and sanitation services. In the
past decades, the increasing water contamination levels led
the European Commission to adopt a series of directives to
regulate the over-exploitation of water resources and water
pollution (i.e., the EU ‘Water Framework Directive’, or
WFD, released on 23 October 2000 - http://ec.europa.
eu/environment/water/water-framework/index_en. html; the
EU ‘Marine Strategy Framework Directive’, or ‘MSFW’,
released on 17 June 2008 - https://water.europa.eu/marine/
policy/marine-strategy-framework-directive; the EU
‘Maritime Spatial Planning Directive’, or MSPD, released
on 16 January 2015 https://ec.europa.eu/maritimeaffairs/
publications/maritime-spatial-planning-directive_en/). With
these Directives, the EU has developed an integrated
modelling framework that links environment-use,
hydrological and resource-efficiency models to evaluate
different scenarios and policy options in terms of efficiency
and cost-effectiveness. However, scientists are being more
and more frequently questioning the opportunity to update
these above-mentioned strategies to keep pace with the
continuous conceptual, methodological and technological
advancements involving water research, starting from high-
frequency monitoring itself (Brack et al., 2017; Cianelli et
al., 2017; Ruggiero et al., 2018; Buttigieg et al., 2018).

In consequence of the present climatic changes driven
by carbon dioxide accumulation in the atmosphere, the

transition to a low-carbon economy is also one of the key
priorities of the European Union. Essential to achieving
this goal is the large-scale deployment of energy
technologies with a low carbon-footprint. As for
temperate geographical regions, while relatively scanty
water quantities, in respect to the overall freshwater
budget of these areas, are consumed in renewable energy
operations, carbon sequestration and storage practices
would require higher amounts of water for cooling and
other processes than conventional fossil fuel plants of
similar capacities (Lal, 2004). Measuring the impact of
such technologies on water resources is one of the major
contribution from The Joint Research Center of the
European Commission (https://ec.europa.eu/info/
departments/joint-research-centre_en) to the EU’s
Blueprint to Safeguard Europe’s Water Resources and the
European Energy Roadmap to 2050. Moreover, extreme
climate-change-driven water-related events, such as
droughts and floods, can have enormous environmental,
social and economic impacts (Easterling et al., 2000;
Neniston et al., 2007). The EU JRC is being developing
early warning, monitoring and damage assessment
systems for weather-driven natural hazards, since local
and transnational disasters have demonstrated that
efficient risk management is of paramount importance.
JRC also develops tools for assessing the effects of
climate and land-use change, risk mapping and adaptation
to increasingly frequent extreme events across Europe and
worldwide (JRC, 2014; Thielen del Pozo et al., 2015).

In light of the deep integration between aquatic
science and socio-economic-political issues, it is therefore
necessary that the scientific community makes the whole
society aware of the results of scientific research on these
issues and of the need to intensify the study of the
mechanisms that underlie the ongoing changes in aquatic
ecosystems (Buytaert et al., 2014; Albrecht, 2016; Hall et
al., 2016; Jacobs et al., 2016). To help meeting this need,
within the 23rd Congress of the Italian Association of
Oceanology and Limnology (AIOL; http://www.
aiol.info/), entitled “Functioning, alteration and recovery
of aquatic ecosystems: the aquatic sciences to understand
global change and to make the citizens aware of it”
(Cagliari, Italy, 26-29 September 2017), all participants,
among which some of the leading national experts in the
field of aquatic sciences, were invited to give their
contribution in assessing a set of actions needed to
achieve an adaptive and proactive management of
changes that the aquatic sciences are going to face in the
next five years, in order to match societal needs.

The 2017 AIOL Congress was organized to take stock
of the most recent research results on structure and
functions of terrestrial and marine aquatic ecosystems and
on the importance of recovering their functions and
biodiversity. The results presented during the Congress
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aimed providing inputs to implement ecosystem
conservation practices, to develop virtuous and
sustainable mechanisms to adapt the exploitation of
natural resources to environmental and climatic changes,
and to plan active recovery actions. During the Congress,
to bring out the different sensitivities, experiences and
competences, a specific workshop was organized where
a first general discussion about the future of aquatic
sciences in Italy was started. Then, to involve as many
AIOL members as possible, at the end of the workshop, a
questionnaire consisting of 12 questions organized in four
thematic clusters was subsequently circulated online
among the whole AIOL community. 

In this paper, the results of the survey are presented
and discussed as a contribution to the identification of the
main research areas and topics that will require financial
investments in the next coming years.

METHODS

The questionnaire (Tab. 1) was designed as to allow
AIOL members to participate, regardless of the specific
disciplines or fields of interest they dealt with, and to
provide their own point of view regarding different aspects
of the science-society relationship. Furthermore, the survey
aimed at understanding the perception that scientists have
of themselves, i.e., about their role within the society and
how they would like to be envisioned by it. 

The survey was composed of four clusters of questions
(Tab. 1). The first one aimed at identifying the main and
most current themes of scientific research related to the
study of aquatic ecosystems, both marine and freshwater
(Tab. 1; Cluster 1). A maximum of five possible answers
was allowed for each question. The all set of given
answers to this cluster is available in the Supplementary
Tab. 1. The objective of the second cluster was to evaluate
how the scientific community saw the role of its research

within the society (Tab. 1; Cluster 2). Eight possible
strengths and eight possible weaknesses of scientific
knowledge, and their evaluation in terms of relative
importance, i.e. fundamental/important/not important/
insignificant, were proposed (Supplementary Tab. 2). The
third cluster aimed at evaluating the perception of the
scientific community on social and economic challenges
fueled by the current environmental changes stemming
from the increasing vulnerability of aquatic environments
(Tab. 1; Cluster 3). A series of possible answers has been
proposed, eventually adding an empty field for free
answers (Supplementary Tab. 3). The fourth cluster was
used to identify the main research fields that should
deserve more attention by the society, according to the
AIOL community, and the motivation for the given
choices. (Tab. 1; Cluster 4). For each question, a
maximum of five possible answers were allowed
(Supplementary Tab. 4). 

The answers received for Clusters 1, 3 and 4 were
grouped into sub-groups with a thematic affinity to give
a synthetic view of them and to be able to make
comparisons among them. Since some answers dealt with
topics that were across two or more issues, we chose to
assign them to the group it looked like to us more coherent
with the given answer, and the results of each question
were represented by a different pie chart. Thirty research
scientists attended the congress workshop in Cagliari and
the completed online questionnaires were thirty, too.

RESULTS AND DISCUSSION

Cluster 1. Where are aquatic sciences today?

The answers to this first group of questions were very
numerous and varied in terms of highlighted issues. Some
of them were very general (e.g., “climate change”) other
more detailed (e.g., “the ecological stoichiometry theory

Tab. 1. Structure of the survey submitted to the AIOL scientific community.

Cluster 1             Question 1           What are nowadays the main scientific research topics related to the study of aquatic ecosystems?
                           Question 2          Which topics, if any, specifically concern marine ecosystems?
                           Question 3           Which concern only transitional ecosystems?
                          Question 4           And which concern freshwater environment?

Cluster 2             Question 5           Which are the strengths of scientific knowledge on these issues, and how do you evaluate their relative importance?
                           Question 6           Which instead are its weaknesses?
Cluster 3             Question 7           Which are the social challenges, among those listed below, that will derive from the increasing vulnerability of
                                                       European and global aquatic environments?
                          Question 8           Which instead are the economic challenges?

Cluster 4             Question 9           In which fields of basic scientific research should economic and financial resources be invested in the next 5 years?
                           Question 10         In which fields of applied scientific research?
                           Question 11         In which other specific fields of research linked to land management?
                          Question 12         Can you list the reasons why, according to you, all these research fields should be funded?

For all the questions except for n. 5 and 6, we asked to list or choose a maximum of five topics/items.
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bridging food webs, ecosystem metabolism and
biogeochemistry”) or complex (e.g., “the study of hydro-
morphological and chemical modifications of lake
environments at high altitudes as indicators of climate
changes”). Therefore, to compare them among each other
and with the subsequent questions/clusters, we grouped
answers in the following nine subjects (Fig. 1a-d):

i) Life sciences, including Biodiversity and Ecology
issues; ii) Climatic sciences and iii) Earth sciences,
concerning mainly basic research fields and some applied
sciences; (iv) Toxicology was chosen for answers dealing
with environmental health; v) Sustainable development,
vi) Recovery and Restoration, vii) Protection and
Conservation included answers specifically addressed to
these topics; viii) Spatial planning included specific
mentions to it as well as the development of useful
applications such as modelling, monitoring and shared
databases; ix) Innovation grouped only answers
specifically addressed to it.

A huge set of answers mainly concerned the
characterization and quantification of the physical,
chemical and ecological effects of global changes, in
particular the effects of climate change (e.g., global
warming, desertification) on aquatic ecosystems and
biological communities, as well as on biodiversity and
functioning of aquatic ecosystems, and the extent of
impacts in terms of ecosystem responses to such changes,
the impact on the water cycle and on water resources (e.g.,
loss of resources, impoverishment and degradation of
water quality, changes in the water cycle), and the study
of water bodies as environmental indicators of these
changes (e.g., water level fluctuation, coastal erosion, salt
intrusion, etc.).

A second set of answers dealt with the study of
biodiversity of aquatic environments and its
modifications. It was suggested as a crucial present issue
with a focus on its progressive impoverishment due to the
strong global anthropogenic pressure in land use and
resource exploitation, which led to the decrease or even
disappearance of habitats and species of great ecological
value. The global scale of these phenomena as well as
their acceleration arose a strong interest of the scientific
community: as the AIOL scientists suggest, attention to
the study of the impact of global changes on the species
of commercial value (including overfished stocks), the
availability of fisheries resources and the possible answers
in terms of production to meet the demands of global
markets (e.g. aquaculture, fish and mussel farming, etc.)
must be paid.

Moreover, the appearance or reappearance of
potentially invasive alien species due to poorly managed
introductions and fish restocking, and the increasingly
frequent appearance or spread of toxic or harmful species
(e.g, dangerous algal blooms, jellyfish), as a result of

physical, chemical and ecological alterations of terrestrial
and marine water bodies, have become themes of strong
scientific and socio-economic interest (Boero et al., 2016;
Hamilton et al., 2014; Meriluoto et al., 2017a; Wells and
Bengt, 2018). This was confirmed by our survey’s
answers. At the same time, the AIOL community also
suggested the need to know more and better the
morphology and the geological characteristics of the basin
floor of both marine (transitional, coastal and deep) and
terrestrial (lakes and rivers) water bodies, as a crucial
knowledge needed to better link abiotic and biotic factors
in a holistic approach to the comprehension of aquatic
ecosystem functioning.

Moreover, traditional fields of research more closely
related to the assessment of water quality and of lasting
changes induced by water use in production processes and
in urban and civil environments (e.g., wastewater,
industrial discharges, dispersed sources, groundwater
pollution) were also pointed out. These issues have been
gradually integrated by studies focused on understanding
old and new phenomena related with them, such as
eutrophication (e.g., use of fertilizers, sewage discharges;
Schindler, 2006), acidification (e.g., increase in CO2 in
atmosphere; Verspagen et al., 2014), pollution (e.g.,
microplastics and marine litter; Duis and Coors, 2016)
and contamination (e.g., Contaminants of Emerging
Concern = CECs). As suggested by our survey, the
assessment of the effects of these severe and widespread
alterations (e.g., toxicology studies) has proven to be
increasingly necessary and crucial to respond effectively
and incisively to the increase in diseases and allergies and
other threads on human and environmental health.

According to our respondents, the aquatic science
community recently began to focus also on more
transversal aspects that put the system, its functioning and
relations with other neighboring systems at the center of
interests. These latter issues include i) scaling of
connectivity in marine and freshwater populations, ii)
conservation ecology and spatial planning, iii) ecology,
recovery/restoration of degraded habitats (restoration
ecology), iv) integration between ecology and economic
and social sciences, v) blue economy, and vi)
quantification of ecosystem services. The shift towards a
so-called “systems-ecology” has led to the design and
development of new and increasingly sophisticated tools
and technologies for the detection of early impacts, the
implementation of interoperable observing systems, the
increasingly widespread use of modeling, and the
construction of interactive databases.

Survey results highlighted other increasingly specific
and often innovative fields that recently begun to find
space and interest:
- the study of the relationship between biodiversity and

ecosystem functioning;
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- the microbial diversity in the deep sea and deep lakes;
- the study of viral diversity in the aquatic environment;
- biological interactions and microbial symbioses;
- ‘classic’ biogeochemistry, and that modeled with

emerging trait-based genomics;
- ecological stoichiometry theory bridging food webs,

ecosystem metabolism and biogeochemistry;
- the development of strategies to guarantee

environmental sustainability (bioprospecting, circular
economy, bioremediation);

- the blue biotechnology, or, the discovery and use of
molecules produced by aquatic organisms that contain
commercially-exploitable chemically-reactive biom-
olecules.
After comparing general research fields (Fig. 1a) with

those specifically addressed to marine (Fig. 1b),
transitional (Fig, 1c) or freshwater (Fig. 1d) aquatic
ecosystems suggested by our community, we notice that
(Fig. 2):
1) as for Climate and Life sciences, with emphasis on the

biodiversity theme and related issues (see above), the
answers are mostly homogeneous and concern all the
territorial contexts suggesting the great attention of
research scientists to themes pertaining climate change
and its impacts on all ecosystems;

2) as for Earth sciences, a lower percentage of the general
topics emerged if compared to the importance of those
specifically regarding transitional environments,
which underlines the need for a better understanding
of the sensitivity of these latter environments to
climate and environmental changes;

3) great attention is also paid to toxicology and
environmental health, in particular for marine and
lacustrine aquatic environments, rather than for
transitional ones, which suggests the strong link between
water quality and the quality of derived resources (e.g.
fishery, aquaculture, drinking water, tourism, etc.);

4) a general minor interest by aquatic scientists can be
seen for the other categories compared to the previous
ones and even for the innovation issue, which suggests
that the aquatic science community is still strongly
oriented to basic scientific themes, though, at the same
time, needing a greater integration and interaction with
other societal subjects to improve its applicative and
managerial attitude.
In this new cultural context, even the figure of the

aquatic scientist is changing and is assuming
multidisciplinary facets and approaches that span from
sociology to biology, from physics to chemistry, from
engineering to economy. The strong and driven

Fig. 1. Main research fields in the present scientific aquatic sciences community: a) general, b) marine, c) transitional, d) freshwater,
according to AIOL community. Values are in % of received answers.
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specialization typical of researchers involved in the
various disciplines of aquatic sciences, which remains
necessary to understand the single steps of complex
ecological processes and environmental phenomena,
could clash with the need to have a holistic vision, a
capacity for synthesis that would allow addressing the
various scientific challenges with an eye always focused
on socio-economic disciplines and on the global context.
This is fostering new needs and approaches converging
towards the design of multi- and interdisciplinary projects
for water monitoring and management (Dickey, 2009;
Tyler et al., 2009; Buttigieg et al. 2018).

Cluster 2. Strengths and weaknesses of scientific
knowledge

The second survey cluster was aimed at assessing the
researchers’ perception about the importance of what they
do. So, the questions were concerning what the actual
strength points of the scientific knowledge on current
aquatic science issues are and how do scientists evaluate
their relative importance. The obtained answers (Fig. 3)
give us the idea that most of the proposed items (Fig. 3 a-
f) were judged important/fundamental up to 90-93% of
the community, except for the last two (Fig. 3 g-h) that
recorded a slightly lower (73-77%) consensus. The   
scientific knowledge was considered as the main tool (Fig.
3a: fundamental = 70%) to acquire and improve basic
knowledge on aquatic systems. 

An important point was also about the applied

knowledge (Fig. 3b: important = 60%) seen as a tool to deal
with either environmental problems or challenges.
Nevertheless, the results of the survey suggest that both
basic and applied research should be coupled to
communication skills (Fig. 3d): half of our responding
group considered communication as fundamental (47%) to
allow sharing aquatic knowledge and expertise with
stakeholders aquatic knowledge and expertise, and then to
translate these latter in usable, recognizable and exploitable
information for the society. Equally important (60%), even
if judged as not fundamental (34%), are the ability to
network inside and outside the scientific community (Fig.
3c), the management approach (Fig. 3e: 63% and 27%,
respectively) as well as the forecasting capacity (Fig. 3f:
64% and 30%, respectively). 

When moving on to socio-economic issues, the
perception of the importance of scientific knowledge
regarding the general well-being of the society (Fig. 3g:
60% and 13%, respectively) and its economic
development (Fig. 3h: 54% and 23%, respectively) turns
out to be even weaker. This suggests that it is not always
possible tackling these aspects with the society or that the
interconnection between science and society is not
straightforward. We can interpret all results pertaining the
above-mentioned questions as a sign that scientists’ self-
perception is more as being a ‘carrier and transmitter of
knowledge’ rather than as an ‘authoritative interlocutor
for the society regarding prediction, management and
resolution of environmental problems or challenges’.

Fig. 2. Comparison among answers received for different environmental contexts. Values are in % of received answers.
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When, in turn, we asked about the perception about
scientific-knowledge weaknesses (Fig. 4), the proposed
items were all judged fundamental/important, with up to
97% of consensus given to the lack of adequate policies
about public research (Fig. 4f). For about one third of the
interviews, gaps in knowledge (Fig. 4a) and paucity of skills
(Fig. 4b) were fundamental (33% and 30%, respectively)

and for more than a half (53% and 54%, respectively) these
were important points of weakness, but there were also 13-
17% of the respondents who considered these items not
important. We can interpret these results as the common and
fixed feeling by which scientists assume that new disciplines
and new attitudes are always and anyway required to face
new scientific challenges and topics.

Fig. 3. Perceived strengths of the scientific knowledge on aquatic science issues and rating of their relative importance. Values are in
% of received answers.
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The results of the survey also indicate that for the
development of scientific knowledge the lack of scientific
tools (Fig. 4c) or infrastructures (Fig. 4d) are perceived
as important (70% and 67% respectively), though not so
fundamental as the lack of funding (Fig. 4e) and adequate
policies about research (Fig. 4f). Finally, there is a clear
perception of a weak connection between science and

society, partially due to the low awareness of citizens
about the ‘world’ of research (Fig. 4g), as well as to the
self-referentiality of researchers (Fig. 4h).

These answers point out the presence of two
apparently opposing views on the role of the scientists,
which conceal a perennial conflict. On the one hand, some
researchers think they are an integral part of society,

Fig. 4. Perceived weaknesses of the scientific knowledge on aquatic science issues and rating of their relative importance. Values are
in % of received answers.
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contributing with their work to increase human
communities’ well-being and wealth, and recognize the
importance of communication skills and the value of
knowledge, but also of networking and managerial skills.
At the same time, they are critically aware about the
tendency of scientists to be self-referent. Conversely,
some other researchers think that scientific work must be
only focused on acquiring specific knowledge and skills,
and that citizen and society should be more interested in
research, finance it more and better, to recognize its value
and usefulness. Paradoxically, this group of scientists does
not seem to take into full consideration their citizenship.
This condition might derive from the prolonged absence
of a clear research policy at national level that would
cause a weakening of affinity between scientists and
modern societies.

Cluster 3. Perception of socio-economic challenges in
a changing scenario

To assess whether the scientists can catch the closely
approaching social and economic challenges that society
is going to meet in the next few years, as well as those
predicted in the medium to long-term, we posed two
questions concerning challenges potentially linked to the
increasing vulnerability of aquatic environments at
European and global levels (Cluster 3; Tab. 1).

As for social challenges, the obtained preferences

(Figs. 5 and 6) pertained some purely objective aspects,
with a focus on the shortage of water resources (18%) and
drought (5%), and on their direct impacts on land, such
as a general environmental degradation (e.g., land and
ecosystem degradation =15%; hydrogeological instability
=15%, desertification =7%). Nevertheless, some of the
main social aspects strictly linked to water shortage, such
as ensuring health and well-being (e.g., urban settlements
development, coastal and internal areas habitability,
tourist-flows management, migratory-flows increase),
were pointed out as equally important (29%, Fig. 6).
Lower preferences (Fig. 6) were granted to the challenges
connected with the protection of natural and cultural
heritage (7%) and to the need of more Research and
Development (R&D) (4%).

Even if these results were partially affected by the
number and nature of proposed answers (see groups of
Fig. 5), they testify scientists’ clear perception that land
degradation is the main social challenge we must face,
since its effects are increasingly affecting the citizens’
well-being and health. In particular, the ability to manage
large flows of people caused by global environmental
changes, the so-called ‘environmental migrants’, is
already now, and will increasingly constitute a crucial
challenge to ensure political stability, social equity and
economic sustainability at national and international level
(Science for Environment Policy, 2015).

Fig. 5. Social challenges that will result from the increasing vulnerability of European and global aquatic environments and rating of
their relative importance. Colors refer to groups shown in Fig. 6. Values are in % of received answers.
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Concerning the perception of the link between the
increasing vulnerability of aquatic environments and
derived economic challenges, the answers highlighted the
need to adopt a diffuse sustainable approach to all the
main economic issues (Figs. 7 and 8), such as food
production (16%), clean energy (10%), raw material
(10%), fishing (6%) and agriculture (5%), as well as a
general intervention to cope with climatic changes (13%)
(Fig. 7).

Health and wellness of citizens and society as a whole
(24%; Fig. 8) have been again identified as crucial targets
for the next years, including the direct management of
health and wellness (10%), demographic changes (7%),
food security (5%), and supportive, innovative and safe
communities (2%) aspects (Fig. 7). As seen for social
challenges, also in this case specific knowledge or skills
challenges appear to be embedded one inside the other
more than seen as separate issues (Fig. 8: R&D = 1.4%).
This last result suggests that the AIOL community seems
to be self-confident that what has already being done or
could be done soon in terms of R&D (0.7%), and
coordination and collaboration between national and
international bodies (0.7%), does not represent a
challenge, but rather an established practice which only
needs greater acknowledgement by means of economic
and political support, as previously stated above.

Cluster 4. Which aquatic science topics to finance over
the next five years and why?

To understand what, among the many disciplines of
aquatic sciences, the research priority fields to invest in
should be in the next few years, we submitted two questions
aimed at distinguishing among basic and applied research
funding priorities, and a further one specifically addressed
to land management issues (Tab. 1).

Fig. 6. Social challenges grouped by main topic and relative
preferences. Values are in % of received answers.

Fig. 7. Economic challenges that will result from the increasing vulnerability of European and global aquatic environments and relative
preferences. Colors refer to groups shown in Figure 8. Values are in % of received answers.
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Among basic research topics, life sciences have
obtained 43% of the preferences, followed by Earth (12%)
and climate sciences (9%), with a specific emphasis about
protection and conservation (3%), but without any
mention about recovery and restoration (0%) (Fig. 9). In
addition to them, a request for a special attention to
environmental health, and more properly to water
toxicology, was expressed by the 12% of the sample, as
well as the need to see a widespread development of a
better spatial planning (9%) with a special attention to
economic/ecological/ecosystem efficiency and
sustainability (8%) (Fig. 9).

To give an idea of the complexity and variety of basic
research topics that were proposed for short-term funding
within the survey, we report the following items, among
others, declared by the respondent. 

As concerning Life sciences, the main mentioned topics
were: marine and freshwater habitat characterization,
biodiversity and ecology of marine and freshwater
organisms, bio-ecology of commercial species, biodiversity
assessment and conservation, alien species, (microbial)
ecology, ecological and ecosystem processes, ecosystem
functioning, relationship between biodiversity and
ecosystem functioning, mechanisms of ecosystem changes
over time, biomimicry, the relationship between ecology
and evolution, taxonomy, genetics, metagenomics,
metabolomics, altogether accounting for the 43%.

In the Earth sciences sector, topics to be financed
should be, among others: the response to global changes
in terms of hydrological alterations, connectivity and
continuity of freshwater systems, water quantity and
quality, biogeochemical cycles, and a general better
knowledge of lacustrine/marine geological history and
evolution.

As for Climate sciences were concerned, specific
funds should be dedicated to deepen our understanding

Fig. 8. Economic challenges grouped by main topic and relative
preferences. Values are in % of received answers.

Fig. 9. Main basic research issues where to invest in in the next five years, according to AIOL community. Values are in % of received
answers.
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about climate changes and on their impact on ecosystems,
and to develop new approaches and strategies in order to
counteract such changes (e.g., blue carbon sequestration). 

As concerning the environmental management, some
specific topics to be financed should be devoted to a
widespread monitoring of environmental quality, with the
collection of high-frequency data, building of permanent
infrastructures for the observation of aquatic systems,
shared and interoperable databases. The aim is to develop
a better spatial planning, by including protection and
management of ecosystems, but also sustainable use of
biotic and abiotic resources, by improving the efficiency
of water use, by promoting a closer connection with
sociology and new economy, and by investing in natural
capital.

A great concern was also expressed about the need to
concentrate research funding on a general improvement
of water quality, such as focusing on the relationships
between health and pollution, on the reduction of
contamination and marine litter, on the effects of pollution
on the trophic webs, on the effects of CECs on structure
and composition of aquatic biocoenosis, on the role of
antibiotic substances, on the development of rapid micro-
toxin analysis to evaluate risks and effects of toxic algal
blooms, etc.

Concerning applied-research topics to be funded over

the next 5 years, the results of the survey (Fig. 10) clearly
point out to a wider concern on the need to financially
support a transition towards a sustainable development
approach (26%). We would like to point out that in the
group “Sustainable development” (Fig. 10) we included
only the survey answers that contained specific
indications about “sustainability”. However, most of the
given answers, grouped in the other sub-clusters of Figure
10, contained references and links to it, suggesting that
this is felt as a major issue.

Applied research, according to the AIOL community,
should be carried forward by means of a widespread use
of spatial planning (14%), based on monitoring and
modelling of ecosystems characteristics, processes and
functioning, run by permanent infrastructures for the
observation of aquatic systems, in order to build shared
and interoperable databases through the identification of
reliable indicators and a common language to allow a
more effective and efficient integration of ecology within
economic and social sciences. Dedicated studies on
recovery and restoration (13%), as well as protection and
conservation (5%) of aquatic ecosystems, are fundamental
pillars of this approach (Fig. 10), which should take
advantage of innovative methods and techniques (14%).
An increasingly deeper and widespread connection
between research and productive sectors that should be

Fig. 10. Priority fields to invest in the next five years across the applied disciplines of aquatic sciences according to AIOL community.
Values are in % of received answers.

Non
-co

mmerc
ial

 us
e o

nly



Present and future of aquatic sciences according to AIOL community 31

funded within the framework of R&D collaboration
projects is therefore highly desirable.

In addition, the Recovery and Restoration group (Fig.
10) included mainly: species responses in terms of
production of secondary metabolites toxic and/or useful
for humans, reduction of chemical and physical
pollution/contamination in aquatic ecosystems, surface
and groundwater depollution/depuration, containment of
(micro)plastics and of emerging pollutant (CECs)
diffusion, increase of treatment plants, ecotoxicology vs.
oncology studies.

As for Protection and Conservation (Fig. 10), among
the survey answers, we found issues such as the
establishment of a network of protected areas, actions for
biodiversity conservation, applied ecology and evolution,
modeling of biogeochemical cycles, definition of
ecological standard for water quality and quantity, effect
of biodiversity loss on ecosystem functioning,
microbiology, astrobiology.

Other examples of “hot” topics that should deserve the
attention of national and international funding agencies,
according to survey answers were: adaptation vs.
mitigation measures to climate change, use of aquatic
environments for the development of clean energy,
process of reuse of natural resources and their protection,
improved use of water in food and goods production,

sustainable agriculture, aquaculture and fisheries,
measures and technologies to preserve human and animal
wellbeing, development of new technologies and
platforms with low environmental impact, study of the
impact on the environmental and architectural quality of
cities by the widespread application of green techniques.

The number and complexity of the given answers
confirms the multidisciplinary and interdisciplinary nature
of aquatic science and the difficulty to focus on few key
issues. The subsequent question we asked, about research
topics addressed only to environmental management (Tab.
1), was therefore aimed at encouraging the AIOL
community to deeply focus on this multidisciplinary and
interdisciplinary nature of aquatic science to find
connections and interactions among basic and applied
research. The answers they provided (Fig. 11), grouped as
the previous ones to allow a more precise comparison,
suggest that the AIOL community has clear in mind the need
to move toward a widespread sustainable approach
(Sustainable development 18%), that must be based on a
better and severe scientific approach to land management
(Earth sciences 18%) and improvement of environmental
quality (Toxicology = 8%). The aim is to adopt a wise
Spatial planning strategy (18%), as a diffused and shared
management tool, by also taking into consideration
Recovery and Restoration (10%) as well as Preservation and

Fig. 11. Priority fields to invest in the next five years across the disciplines of aquatic sciences applied to environmental management,
according to AIOL community (% value of received answers).
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Conservation (6%) actions. All this can and must be a strong
push towards Innovation (16%), not only in terms of
instrumentations and technology, but also and above all in
the way of thinking about the management of the territory
and natural resources.

Given all that, why will civil society finance all this?
What are the possible risks if we do not adopt this strategy
or delay these interventions in favor of a more widespread
and efficient research applied to land management? We
provided a series of possible answers and an empty field
for free answers. Survey answers (Fig. 12) suggested an
awareness about the urgency to prevent a further
deterioration of aquatic and terrestrial ecosystems and
wetlands (15%). But they were also focused on the need
for a medium- to long-term vision (12%), in which both
critical approach and scientific knowledge are at the basis
of the elaboration of sustainable management plans (11%)
to improve the status of aquatic ecosystems (10%).

As a final remark, from the list of given answers (Fig.
12) we notice that they are often coupled twofold: one of
them reflects a purely scientific motivation while the other
contains a social implication, as if to testify the
‘professional vs. personal’ dual nature of each research
scientist, who has to express her/himself on issues in
which emotional involvement can play a fundamental role

too. Some examples are (Fig. 12): i) to involve local
communities in land participatory management (9%) vs.
to advance scientific knowledge on these topics (9%); ii)
to protect the status of aquatic and terrestrial ecosystems
and wetlands (6%) vs. to contribute to the construction of
a shared system of rules based on the results of scientific
research (6%); iii) to promote and contribute to training
new professionals (5%) vs. to contribute to a widespread
cultural growth of society (5%).

CONCLUSIONS

The results of this survey allowed us to set the basis
for a potential list of the priorities that funding agencies
should include in their economic and financial planning
of the next five years:
1) to promote and support sustainable food production

(e.g., agriculture, aquaculture and fish farming),
develop integrated and sustainable systems in
aquaculture, boost the control of the food supply-
chain, etc.;

2) to promote and diffuse the spatial planning and
integrated ecosystem-based management approach of
maritime and terrestrial space by adopting and

Fig. 12. Some reasons why the society should invest economic and financial resources in the next five years in these research fields,
according to survey results. Values are in % of received answers.
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supporting positive actions for i) participatory
democracy, ii) environmental control of urban
settlements and landscape, iii) green and blue
economy including energy, food supply and use of
water resources, etc.;

3) to develop recovery/remediation plans for
contaminated sites (e.g., by means of bio-
remediation), as well as intervention plans to i)
counteract environmental degradation (terrestrial and
marine) and hydrogeological instability, ii) assess
CECs impact on ecosystems, iii) promote biological
control of organisms harmful to agriculture and forest
ecosystems, iv) limit the spread of ballast waters, etc.;

4) to promote conservation of ecosystems by i) assessing
their conservation status, first of all the water quality,
ii) evaluating and quantifying their ecosystem
services, iii) applying a watershed ecology, iv)
identifying of areas to be protected, even in deep
marine environments, etc.;

5) to foster the technological development of sustainable
and integrated tools and procedures for environmental
monitoring aimed at i) ensuring ecosystem
functionality, ii) identifying and minimizing the
impact of anthropogenic pressures on aquatic systems,
iii) developing recovering techniques for
compromised aquatic environments in order to
recover their ecosystem services, iv) applying real-
time monitoring techniques (e.g., remote sensing) to
water bodies in urban and peri-urban areas (e.g.,
mega-cities), etc.;

6) to develop a better forecasting capacity, particularly
of extreme events, by i) implementing long-term
research networks, ii) improving reliable predictive
techniques of pressures entities, iii) developing
modeling-methods based on geo-referenced systems
in order to plan management and restoration actions
of ecological quality, iv) implementing early warning
systems, etc.;

7) to support training courses for professionals and a
learning processes extended to a wider society, in
order to i) promote new jobs, ii) further encourage
interdisciplinary and multidisciplinary research, iii)
achieve a more effective transfer of knowledge, iv)
involve citizens in research (i.e., citizen science), v)
promote social inclusion and culture, vi) evaluate
ecosystem health, and finally vii) gain mutual
understanding and interoperability between science
and society.
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