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Since the 1980s, Geographical Information Systems (GIS) have been integrated
into animal farming technologies for purposes such as enhancing production
performances and veterinary epidemiology. In aquaculture, however, there
seems to be limited application of GIS, and its potential is widely overlooked,
especially for aguatic animal health management. This study describes the results
of a world expert opinion elicitation on the current implementation of GIS for
surveillance and disease response in the aquatic animal health domain. An online
survey was submitted in autumn 2023, including both closed and open
questions. With a response rate of 41.2% (21 out of 51), the answer analysis
highlighted that, especially when knowledge and practical skills in geomatics,
information technology and remote sensing are required, a group of advanced
GIS technologies is underutilized (web-based solutions, SDI, citizen science). An
artificial intelligence-based inductive text analysis was performed confirming a
limited exploitation of GIS mainly due to management (financial support, training,
collaboration) and methodology (data suitability, modelling analyses and
integration) constraints. Furthermore, despite acknowledging the importance
of planning in GIS project development, most experts did not follow any written
or unwritten procedures that, according to their answers, should in fact
encompass sustainable principles (integration of GIS solutions into other
applications or processes), and reuse of resources (guidelines and best
practices, data, methods, layouts). Shared guidelines for developing GIS
projects, identifying available data sources, and long-term-maintenance
planning of GIS and related geospatial data, should be pursued for using GIS
technologies more effectively in the aquatic animal health domain.
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expert opinion elicitation, expert survey, GIS, aquatic animal health, veterinary
surveillance, disease response

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2024.1429634/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1429634/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1429634/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1429634/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2024.1429634&domain=pdf&date_stamp=2024-07-23
mailto:giorgia.riuzzi@studenti.unipd.it
mailto:severino.segato@unipd.it
https://doi.org/10.3389/fmars.2024.1429634
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2024.1429634
https://www.frontiersin.org/journals/marine-science

Riuzzi et al.

1 Introduction

Geographical Information Systems (GIS) are computer systems
used for capturing, storing, checking, and displaying georeferenced
data on the Earth’s surface. The field of GIS evolved rapidly in the
late 1980s, providing useful tools to any discipline handling and
exploiting georeferenced data, as well as in surveillance and
monitoring of animal diseases (Norstrom, 2001). As it has
become more sophisticated, permitting more efficient processes
and analyses, it has been deployed on a progressively larger scale
in many different contexts and by many stakeholders (Maguire
et al,, 2008; Aguilar-Manjarrez et al.,, 2017), including in the animal
health domain, for purposes such as epidemiological investigations
(e.g., recording and reporting disease information, epidemiological
data analyses and modelling) and disease monitoring and
surveillance (e.g., planning disease control strategies, early
warning) (Mengistu and Haile, 2017; Jijon et al., 2022). Similarly,
spatiotemporal data analysis, visualization, and mapping have
become essential tools in the domains of epidemiology and public
health also for tackling future pandemics (Alam et al., 2022).

Despite their proven reliability in integrating surveillance systems
for early detection and reduction of exposure of farmed aquatic species
to various diseases (Tavornpanich et al,, 2012; Muniesa et al., 2018;
Bang Jensen et al, 2021; Romero et al,, 2022a), the development of
GIS-based epidemiological models to prevent or promptly respond to
disease outbreaks is still a challenging task (Dorotea et al., 2023). The
current application of GIS technologies and solutions in decision
support systems for controlling infectious diseases, both in
environmentally restricted aquaculture sites and in the wide and
interconnected ecological domain of farmed and wild aquatic
populations, appears to be limited, and is seldom considered for risk
model design and implementation. Apart from a few advanced
applications designed to support information systems in highly
intensive aquaculture systems, and for highly valued food product
areas (Karras et al, 2023; Roh and Kannimuthu, 2023), GIS
capabilities are widely overlooked, especially in terms of novel
technologies, such as remote sensing marine data services, web-
based spatial data infrastructures, and webGIS platforms (McDaid
Kapetsky and Aguilar-Manjarrez, 2007; Dorotea et al,, 2023). In
aquaculture, GIS application appears to be dominated by the
production of choropleth maps to show fisheries distribution for
spatiotemporal monitoring of disease outbreaks and spread, while the
associated infrastructure, technology and training resources are rarely
intended for modelling disease spread and tracking interactions
between fisheries and biota or other environmental parameters
(Falconer et al., 2018; Romero et al., 2022b). Furthermore, only few
examples of geographical services provided to merge and harmonize
heterogeneous data sources seem to exist, improving the quality and
reliability of the available georeferenced information and having
control of the entire data integration systems (Cipolloni et al., 2023).
Furthermore, when implemented in the aquatic domain for animal
health management, the design of GIS applications is hardly in line
with the evolution of the aquaculture industry, and often takes place
within small groups of researchers in single-purpose projects with
specific project-related outputs, such as maps or exploratory spatial
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data analyses (Tomlinson, 2005; Urban and Regional Information
Systems Association, 2013; Falconer et al,, 2020). Additionally, while
there is a plethora of bibliography on the use of GIS for productive and
economic interests of national and private aquaculture enterprises,
such as site selection, control of production key factors (Morro et al,,
2022), or environmental protection measures (Kershaw et al.,, 2019;
Katselis et al., 2022; Bergh et al., 2023; Chentouf et al., 2023) or within
wider environmental planning systems (Gimpel et al., 2015), research
investigations involving GIS for aquatic animal health management
are rare. When compared with its more static terrestrial counterpart,
despite GIS application to aquaculture management being more
challenging due to the highly variable hydrodynamic environments
of offshore and inland fisheries, across vast and sometimes remote
areas of interest (Meaden and Aguilar-Manjarrez, 2013; Adams et al.,
2016), with a delay of 35 to 40 years it is now also functional for the
aquatic environment (Kimothi et al., 2023).

A gap exists between the large and rapid development of
industrialized aquaculture and the early detection and rigorous
control of outbreaks of several emerging diseases, resulting in
economic losses and creating a bottleneck of aquaculture species
diversification, especially in marine farming (Muniesa et al., 2018).
Indeed, the specificity and challenges of this research area and field
of application, which require substantial expertise in both geomatics
and veterinary epidemiology, make it difficult to find supporting
evidence for identifying obstacles to the complete and effective
exploitation of GIS in aquaculture.

Therefore, the present study aims to describe the results of an
elicitation that was conducted to gather international experts’ opinions
and suggestions on the current use of GIS technologies to support
surveillance and disease response in the aquatic animal health domain.
The consultation investigated the experts” applications and routines in
the use of GIS technologies and approaches to GIS project planning. It
was hoped that the responses would allow us to pinpoint current gaps
in the use of GIS technologies, with a particular focus on the latest
generation solutions, and in the approaches to GIS planning. The
experts’ answers were used to identify key planning concepts that could
be turned into the best practice for the GIS project and its application
development, and to collect suggestions on the availability of GIS
technologies and their solutions for application in the aquatic animal
health management.

2 Methods
2.1 Study design and survey procedure

A survey was conducted by means of a questionnaire to
gather international experts’ opinions on GIS technologies to
support surveillance and disease response in the aquatic
animal health domain. The questionnaire was developed through
two pilot testing phases. A first draft of the questionnaire was
assessed and improved for: (i) meaning and relevance of the
content; (ii) reformulating and rewording questions; and (iii)
feasibility of its application (e.g., software, time) (Green and
Thorogood, 2018). The first pilot involved three international
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experts from the Aquae Strength research team', who were
consulted through two online meetings. The second pilot involved
another two Italian GIS and veterinary experts, to whom the
modified questionnaire was submitted by email, requesting
further feedback and suggestions for improvement. The experts
involved in both pilots had been briefed with pre-elicitation
material, including background information and objectives of the
survey. The final questionnaire used both closed and open questions
to obtain quantitative and qualitative data. It comprised four
sections addressing a total of 19 questions. Respectively, the
questions included in the first three sections referred to:

* Demographics.

* Current use of GIS in the aquatic domain as a whole and,
specifically, for surveillance and disease response purposes.

* Approaches for developing GIS projects and planning GIS
applications in the aquatic animal health domain.

A fourth section was dedicated to collecting examples of
relevant (i) GIS applications or projects, (ii) geospatial data
repositories or spatial data infrastructures (SDI), and (iii)
functions, libraries or scripts, which could be used as references
for the application of GIS in aquatic animal health. To ensure that
instructions were clear, questions were easily interpreted, and biases
were minimized, the following strategies were applied:

* The questionnaire had an introductory page clearly
describing the context of the survey and the specific aims
of the different sections, including main differences between
them and instructions for completion: numerous reminders
were distributed throughout the questionnaire.

* Respondents were provided with briefing material as
described above.

» Pilot experts had been specifically asked to highlight any
possible sources of misinterpretation and bias.

 Participants were allowed to add suggestions or comments
if they felt the questionnaire failed to solicit all the necessary
questions and information.

The complete questionnaire is available as Supplementary Material
(GIS survey dataset.xls) through the following DOI: 10.25430/
researchdata.cab.unipd.it.00001277. The study design and the data
collection and analysis were approved by the ethics committee of the
Istituto Zooprofilattico Sperimentale delle Venezie (protocol n.
CE_IZSVE 2/2024). After receiving written information within the
questionnaire, all experts gave their consent for participation and use of
the study outcomes for scientific dissemination activities.

2.1.1 Selection of experts
All participants, including the pilot experts, were required to have
knowledge and understanding of both aquatic animal health

1 Aquae Strength. An international cooperation project as a tool to promote
capacity building in the aquaculture. (2023). https://www.izsvenezie.it/

progetto-aquae-strength/ [Accessed May 7, 2024]
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management and GIS technologies. A first line of experts was
identified by relevance screening among the project members’
professional network, and among authors of the most relevant
literature from recently published reviews on the use of GIS in
aquaculture for surveillance and disease response (Dorotea et al,
2023). Furthermore, the questionnaire call was launched at some
international events concerning the use of GIS for aquatic animal
epidemiology, during late summer and autumn 2023. The inclusion
criteria for experts’ selection were verified on existing citation databases
(e.g, SCOPUS, Web of Science) and through literature and other
Internet searches (e.g., ResearchGate, LinkedIn); these criteria included
factors such as length (years) and type of experience, publications,
academic qualifications and activities. The selection aimed to create a
representative panel in terms of geographical areas and working sector
(i.e., public vs. private) (Green and Thorogood, 2018). We asked first-
line experts to share survey and briefing material with other suitable
colleagues through snowball recruitment in accordance with the
defined criteria. This method for selecting panel members was
especially useful because it allowed increased sample heterogeneity,
and because experts in a specific research field usually know each other
well, allowing more experts to be found within our specific niche area
of research (Green and Thorogood, 2018). Furthermore, experts
seemed to accept participation more readily if invited by colleagues
with whom they were familiar.

2.1.2 Data collection

Questionnaires were implemented using Google Forms, available
between 30" October and 22" December 2023. The questionnaires
were shared via two separate links. The first link provided access to
the first three sections, which were estimated to take about 20 to 30
minutes to fill and had to be completed in one sitting. The second link
allowed access to the fourth section, which could be accessed multiple
times to keep adding examples. To encourage experts to participate in
the survey, three general reminders were sent, together with one
specific reminder for the experts coming from those geographical
areas currently lacking participants. Once the questionnaires were
closed, the responding experts were emailed to advise them that they
could be contacted for further clarification of their answers.

2.2 Data analysis

Demographics, dichotomous (i.e., yes/no) answers across sections
2 and 3, and examples provided in section 4 were analyzed through
descriptive statistics, such as frequencies and percentages. The open
questions on the current use of GIS in aquatic animal health and the
reasons for the related constraints in section 2 were analyzed following
a conventional content analysis approach using ATLAS.ti Web (Trial
Desktop & Web; ATLAS.ti Scientific Software Development GmbH;
https://atlasti.com). The analysis proceeded according to the following
steps: (i) open coding through artificial intelligence (AI) by inductive
strategy (i.e., coding without predefined codes); (ii) editing of Al coding
(e.g., misinterpretation, duplicates); (iii) sorting open codes into code
groups; and (iv) organizing code groups into meaningful themes
and sub-themes (Hsieh and Shannon, 2005; Boeije and Bleijenbergh,
2019). The graphic output of the analysis was generated on
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SankeyMATIC.com. In section 3, two 5-point Likert scales were used
to gather information on the experts’ frequency of use of specific GIS
items and on their level of agreement on statements related to the
development of GIS projects. Median and interquartile range (IQR)
were calculated for the frequency of use of the GIS items, and
percentages were used to describe the experts’ opinions on their
potential use in the aquatic animal health domain. Meanwhile, the
level of agreement among experts on the development of GIS projects
was analyzed by calculating frequencies and percentages of their
answers. From section 1, demographics (i.e., declared education
subject, current role and field of specialization) was used to divide
the experts into two categories on the basis of their prevalent area of
expertise: aquatic animal health (AAH; i.e., epidemiology, veterinary,
biology, aquaculture manager) vs. GIS technologies (GT; i.e., mapping,
geospatial data analysis, geomatics). A non-parametric Mann-Whitney
test (p < 0.05) was conducted to determine whether the expert category
(AAH vs. GT) significantly affected the 5-point Likert scale answers on
both frequency of use of GIS items (question Q_15 of section 3; DOIL:
10.25430/researchdata.cab.unipd.it.00001277).

3 Results

3.1 Participants, enrollment, and
data collection

The main steps followed during this expert opinion elicitation are
illustrated in Figure 1. A total of 51 questionnaires were sent to 34 and
17 experts enrolled as first line and snowball, respectively. From the
first line, 4 experts declined the invitation. The reasons for declining

10.3389/fmars.2024.1429634

were: (i) not considering themselves as an expert on both the requested
domains (1 = 2); (ii) being on long leave (n = 1); (iii) being in a remote
place without a stable internet connection (1 = 1). A total of 21 experts
answered to the first part of the questionnaire (i.e., sections 1 to 3), 10
from the first line and 11 from the snowball group, representing a
response rate of 41.2% (21 out of 51). Among these participants, there
were 16 males and 5 females, responding from 8 (the UK, n = 6; Italy,
n = 4; Norway, n = 3; France, n = 3; Greece, n = 2; Portugal, n = 1;
Chile, n = 1; India, n = 1) of the 18 involved countries spread
worldwide (the UK, n = 11; Italy, n = 8; Norway, n = 5; the USA, n
= 5; France, n = 4; Australia, n = 3; Canada, n = 2; Chile, n = 2; Greece,
L
= 1; Spain, n = 1;

= 1; India, n

n = 2; China, n = 1; Denmark, n = 1; Ethiopia, n
Indonesia, n = 1; Portugal, # = 1; Saudi Arabia, n
Thailand, n = 1). According to their prevalent area of expertise, the
AAH and GT categories were assigned 14 and 7 participants,
respectively. Section 4 received 15 responses from 12 participants, 8
belonging to the first line and 4 to the snowball group, for a total
response rate of 23.5% (12 out of 51); 9 of them were males and 3 were
females, responding from 6 countries (Italy, n = 4; the UK, n = 2;
France, n = 2; Greece, n = 2; Norway, n = 1; Portugal, n = 1). All details
on the participants’ answers and examples provided are available
through the following DOI: 10.25430/researchdata.cab.unipd.
it.00001277.

3.2 Open questions and 5-point
Likert scales

The content analysis of the open answers on the current use of GIS
produced fifty codes organized into five subthemes, as shown in

FIGURE 1
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Flow diagram of the experts’ recruitment and data collection. The complete questionnaire is available through the following DOI:
10.25430/researchdata.cab.unipd.it.00001277.
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Figure 2. 90% of participants thought GIS was not exploited to its full
potential both in the aquatic domain as a whole and for disease
surveillance and disease response, specifically. The analysis of the open
answers on the constraints to the use of GIS produced thirty-five codes
organized into two node columns of subthemes of six and two
elements, respectively, as shown in Figure 3. The results of the
analysis of the experts’ frequency of use of GIS technologies, effect of
the expert category (AAH vs. GT) on their frequency of use, and
experts’ opinions on the potential usefulness of GIS technologies in the
aquatic animal health domain are reported in Table 1. The expert
category had a significant (p < 0.05) effect on the use of enterprise
databases, remote sensing raw data and related services, integration
with SDI data, web GIS solutions and dashboards integrated with them.
For the development of GIS projects associated with the aquatic animal
health domain in which they had been involved, 38% of the
participants had not relied on any GIS managers or analysts, 29%
had not relied on any computer and information systems
administrators, 67% had not followed any written or unwritten
procedures for the GIS development life cycle. Furthermore, the
experts’ level of agreement on sentences regarding the development
of GIS projects was classified as displayed in Figure 4.

Infected farm/disease event mapping:
Surveillance areas:
Restriction zones:
Legislation:
Research:
Disease transmission:
Disease outbreak:
Disease response:
Combat zones:
Infection pressure:
Disease surveillance:
Spatial-temporal analysis:
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Pathogen spread:
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Establishment mapping/planning:
Waterways: 1
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Remote sensing: 2
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Water quality mapping/modelling:
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Aquatic pollutants:
Mapping: 2
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Habitat mapping:
Land use:
Hydrodynamic modelling:
Benthic mapping:
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Wild and farmed mapping:
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Data visualization:
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Food safety:
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3.3 GIS Technologies and Solutions for
Surveillance and Disease Response

The participants responding to section 4 provided a total of 12
different examples of GIS technologies and solutions, three of which
were provided twice, respectively. However, one of the examples
provided was not pertinent to the objectives of the question;
therefore, it was not considered and was identified as not applicable
(N.A.; DOL: 10.25430/researchdata.cab.unipd.it.00001277). The
remaining (n = 11) relevant examples were categorized as
applications or projects (n = 7), repositories or SDI (n = 3), and
functions, libraries or scripts (n = 1).

4 Discussion

The outcomes of the present expert opinion elicitation shed
light on the current actual implementation of GIS technologies and
solutions for disease surveillance and disease response in
aquaculture, and gathered suggestions on their use and project
development approaches.

Animal health: 21

" 1.’
ot GIS Use
“ Aquatic systems: 19
®,

: nvi ,onmenI research: 7

v

GenBial: 3

Public [alth: 2

Made at SankeyMATIC.com

FIGURE 2

Sankey diagram of codes (node column on the left), subthemes (middle node column), and themes (node column on the right) extrapolated from
the experts’ open answers on the current use of GIS in the aquatic domain for disease surveillance and response. The numbers on the right of code
and sub-theme names are the number of times a code was assigned, and the number of codes categorized under a sub-theme, respectively. They
also represent the intensity of the flow, which is reflected in the width of the links among node columns.
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FIGURE 3

Sankey diagram of codes (node column on the left), subthemes (two middle node columns), and themes (node column on the right) extrapolated
from the experts’ open answers on the constraints limiting the full exploitation of GIS in the aquatic domain for disease surveillance and disease
response. The numbers on the right of code and sub-themes names are the number of times a code was assigned, and the number of codes or
sub-theme categorized under the following sub-theme, respectively. They also represent the intensity of the flow, which is reflected in the width of
the links among node columns. The underscores applied to some of the code names (e.g., _Al, _code) were used to differentiate them from the

sub-themes to make the diagram.

As demonstrated by the experts’ answers, GIS serves as an
extremely versatile technological platform to promote real-time (or
near real-time) database collection and interpretation, enabling
various farming measures for animal productive performance and
health management, as well as protection of aquatic systems, with
no specific GIS application prevailing over the others (Table 1;
Figure 2). As reported in recent investigations (Gimpel et al., 2018;
Falconer et al.,, 2020), the results of our explorative survey
confirmed that most experts feel that GIS technologies and
solutions are not fully exploited, either in the whole aquatic/
aquaculture domain, or for disease surveillance and response
across the range of aquatic pathogen species. An inductive text
analysis based on open AI coding generation (Figure 3) suggests
that this limited exploitation of GIS would be due to (a)
management, and (b) methodological, constraints: the first
encompasses a lack of financial support, suitable training, and
collaboration; the second includes a lack of suitable data, valuable
analyses (modelling, integration, validation), and project
development approaches. Improvements in all of these
constraints would lead to a more effective and widely shared body
of knowledge on GIS technologies. Indeed, as already stated in
previous literature (Khashoggi and Murad, 2020), analytical

Frontiers in Marine Science

statistics processes for GIS-based healthcare planning require high
quality and accuracy of data to facilitate scientific collaboration for
building scenarios and outputs of the analysis.

Among the GIS technologies listed in Table 1 (referring to Q_15
in the DOI: 10.25430/researchdata.cab.unipd.it.00001277),
considering enterprise databases, and WebGIS and digital globe
solutions, responses ‘often’ or ‘always’ for frequency of use
indicated that these technologies were the most used by the
experts, likely for geospatial data management and information
visualization purposes, respectively. Considering those technologies
seldom used (responses ‘never’ or ‘rarely’ for frequency of use) the
less popular were cloud servers, remote sensing raw data, dashboard
integrated with WebGIS solutions, and citizen science solutions.
Interestingly, many recent findings demonstrate that the
complexity of these partially unknown technologies, concerns on
data protection, and lack of familiarity and specific professional
knowledge and technological skills discourage the use of such
participatory web-, remote sensing-, and earth observation-based
GIS tools in aquaculture (Falconer et al., 2020; Georgopoulos et al.,
2023). This is despite literature highlighting the increased output
quality and value of citizen participation in these tools (Palmer et al.,
2015; Aschbacher, 2017; Brewin et al., 2017; Stettrup et al., 2018), or
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TABLE 1 Experts’ frequency of use of GIS technologies (lighter grey columns); effect of the expert category on the frequency of use (darker grey
columns); and experts’ opinions on the potential usefulness of GIS technologies (light blue columns).

GIS technologies for aquatic

animal health %

Never

Rarely | Someti

Frequency of use!

Potential
usefulness
%

Effect of expert
category?
median (IQR)

mes Often Always GT AAH P No Yes

Cloud servers 38 14 14 29 5 2.0 1.0 0.127 0 95 5
(3.0) (2.8)

Enterprise databases 33 10 4 29 24 3.0 0.5 0.030 0 76 24
(1.0) (3.0)

Remote sensing raw data 38 14 33 5 10 2.0 0.5 0.031 0 100 0
(20) (20

Services from remote sensing data 33 10 42 10 5 2.0 0.5 0.002 0 81 19
(1.0) (2.0)

Citizen science solutions 43 24 28 5 0 1.0 0.5 0.320 5 62 33
(1.5) (1.8)

Integration with spatial data infrastructure 48 10 4 33 5 3.0 0.0 0.001 0 57 43
(0.0) (0.8)

Integration with digital globe solution 33 14 15 24 14 3.0 1.0 0.170 5 71 24
(3.0) (2.8)

WebGIS solutions 38 5 23 29 5 3.0 0.5 0.020 5 86 9
(0.5) (2.0)

Dashboards integrated with 57 10 19 14 0 2.0 0.0 0.014 0 76 24

WebGIS solutions (2.5) (0.8)

'From never (equal to 0) to always (equal to 4). *GT: mainly expert on GIS technologies (n = 7); AAH: mainly expert on aquatic animal health (n = 14). IQR, interquartile range.

Ina GIS development process, I think that the GIS planning phase deserves as much attention as the technical design and map
lavout phases.
Data shanng 15 one of the GIS outputs, and it has been gaining more and more importance.

When planning a GIS project, I do not organise my GIS data framework, storage, and access in an orderly way to facilitate easy
retneval and shanng of data during and after the proiect.
When I plan a new GIS project, ] always define the degree to which the GIS will be integrated into other applications, data, or
tools fimctions.
When I plan a new GIS project, I always define the scope and extent of GIS applications, including number of users,
tools functions. data schema. and map lavout.
Ttry to reuse available geospatial polices, standards, guidelines, and best practices as much as possible.

My GIS

are developed by 2 the recall and

maps and results.

y of data, metheds, layouts, and ways to publish
I develop a new GIS application every time there 15 the need to create a map or calculate some spatial values.
I plan the GIS m order to “go operational” quickly.

1 develop my projects using readily available resources to obtain the “best possible GIS” outcomes.

™ Srongly disagree Disagree

FIGURE 4

Classification of the experts’ level of agreement on sentences regarding the development of GIS projects. The blue and orange vertical lines indicate

the 30% and 70% of response frequency.

0% 10% 90% 100%

20%

30% 70% 80%

¥ Neutral Agree - Strongly agree

the valuable and prompt source of data provided by the Internet of
Things-enabled devices (Bates et al., 2021), which should encourage
their application in both inland and marine aquatic environments. In
fact, in our study, when aquatic animal health (AAH) was the
prevalent area of expertise, respondents were significantly less
attracted to those GIS technologies, likely because of the higher
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proficiency required in geomatics and information technologies.
Interestingly, the analysis on use of SDI showed polarized
frequencies, also suffering the biggest impact from the expert
categorization (GT, 3.0 vs. AAH, 0.0; p < 0.01). Integration with
SDI as a source of background geospatial data was more likely to be
employed by GT experts, while it was almost unknown to AAH
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experts, among whom this was the least used technology. Indeed,
outside the circle of geomatics experts, there is a limited awareness of
the available GIS-based tools for aquaculture planning and
management (Kane et al,, 2017), especially when based on regional
or national SDI. As shown in Table 1, these results are mirrored by the
fact that experts are unaware of the potential usefulness of some GIS
technologies, especially SDI (43% of “I don’t know”) and citizen science
solutions (33% of “I don’t know”). Furthermore, in the section
dedicated to collecting experts’” suggestions of GIS technologies and
solutions to be applied for disease surveillance and response (section 4),
research projects and experimental applications were most frequently
advised. Meanwhile, only three SDIs or repositories were reported
(Copernicus Marine Service, DIVA-GIS, Marine Regions), which
appeared to be extensive and effective GIS tools to enhance disease
surveillance and response in aquatic animal health (DOL: 10.25430/
researchdata.cab.unipd.it.00001277). On the project management side,
most of the experts claimed that GIS managers or analysts, and
computer or information systems administrators, had been involved
in the development of their GIS projects. However, the scarce adoption
of both written and unwritten frameworks of best practices suggests
room for improvement in professional GIS implementation processes.
Through the 5-point Likert scale asking about their GIS project
development approach (Figure 4), experts acknowledged the
importance of the planning phase and the sharing of project outputs.
On the basis of their answers, we could identify the following principles
to be turned into good practice for GIS planning: (i) integration of GIS
solutions into other applications or processes, (ii) reuse of available
resources, with particular emphasis on policies, standards, guidelines
and best practice, and geospatial data, methods, layouts, and ways to
make maps and results openly available. This is in line with the claims
of other authors, and is a planning approach based on a forward-
thinking vision encompassing the reuse of resources, and the
accessibility and longevity of GIS tools and data (Longley et al., 2015;
Goodspeed et al., 2016; Pfenninger et al.,, 2017). Also, the analysis of
research and technical literature confirms that GIS data and
technologies are still exploited and adapted by scientists to quickly
address specific needs, with attitudes that were defined as one-time
efforts or ad hoc approaches (Tomlinson, 2005; Urban and Regional
Information Systems Association, 2013; Falconer et al., 2020). Once
again, lower professional knowledge and skill standards lead to GIS
implementations that do not maximize environmental readiness (i..,
infrastructures, base data, and resources to support project
development and implementation) and exploitation (i.e., organization
of GIS infrastructure to boost operations, decision making and
customer service) (Jayanthi et al., 2022).

5 Limitations of the study

Overall, two potential limitations to our survey outcomes
seemed to be the level of experts’ engagement and their
geographical working origins. However, the recorded response
rate of 41.2% for sections one to three appeared in line with other
similar web-based expert surveys (Chandra et al., 2019; Hogg et al.,
2023; van der Veer et al., 2024) and, likely, mirrored both the niche
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topic of the questionnaire and the very specific double-faceted
knowledge (AAH and GT) requested of the experts. The lower
response rate to section 4 (23.5%) is likely due to the fact that it
could be accessed multiple times to allow experts to keep adding
examples over time, should new technologies and solutions come to
mind. In fact, this also led to many experts forgetting or neglecting
to complete the second part of the questionnaire. Even if the
localized working areas of the respondents, representing mainly
Western Europe, might be a potential bias, the aquaculture
practiced in this geographical area is representative of the wider
global scenario in terms of reared species and productive farming
systems and environments. Moreover, this potential bias was
probably mitigated by the diverse background of the experts in
terms of professional roles and sectors, and by the recruitment
methodology adopted. In fact, most of the final participants were
recruited through the snowball method, which is known to reduce
researcher bias in recruitment (Butler et al, 2015). Finally, the
comprehensive and clear briefing material and instructions
provided offered guidance that helped minimize the bias coming
from uncertainty and misinterpretation (Kynn, 2008).

6 Conclusions and recommendations
for future perspectives

In summary, the outcomes of the survey suggest that, especially
when both knowledge and practical skills in geomatics, information
technology and remote sensing are required, there is a group of GIS
technologies that appear to be largely underutilized in the aquatic
animal health domain. Provided that final GIS users are made aware
of their existence and potential benefits, and trained in their use, there
is room for expansion in the application of advanced GIS
technologies and solutions for aquatic animal health management,
such as participatory web-, remote sensing-, and earth observation-
based tools in aquaculture. The expert panel highlighted the
importance of establishing GIS as a foundation for project planning
and good practice, and its implementation as a highly desirable
objective to support surveillance and disease response in aquaculture
and the aquatic animal health domain. This could be achieved
through a forward-thinking planning approach based on reuse and
integration principles that would optimize the exploitation of
available resources in the planning, implementation and
operational phases.

The main recommendation lies in further investigations to
produce a shared set of guidelines describing procedures and
methods for developing GIS projects, identifying available data
sources, and planning long-term maintenance of the GIS system
and the related geospatial data, which would be highly beneficial for
the scientific community and for a more effective use of GIS
technologies in the aquatic animal health domain. Furthermore,
the exploration of critical issues challenging large-scale fisheries and
aquatic farms should be embedded in future research investigating
and exploiting the use of GIS for surveillance and disease response,
as well as enhancing the productive performance and economic
interests of these enterprises.
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