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From the beginning of March 2020 and for the following two and half months, many European countries
comprising Italy have been forced into an unprecedented lockdown, allowing only the opening of essential
economic activities needed to address the problems created by the pandemic (e.g. sanitary, food provision). Like
many sectors of the Italian economy, aquaculture has also slowed down due to the ongoing emergency and the
consequent closure of business. In our study we provided a ‘snapshot’ of the socio-economic effects of the

lockdown on the aquaculture sector in Italy, immediately following the adoption of the COVID-19 restrictions as
they were perceived by the workers. Although it was surveyed for a short-time period, differences in perception
have been detected both in relation to the type of aquaculture as well as to the geographic locations where farms
were placed, partially reflecting the economic gaps already existing within the northern and the southern part of
the country before the lockdown.

1. Introduction

The year 2020 will be remembered as a turnaround point in human
history, destabilizing our daily lives so much that this period has
deserved the appellative of anthropause (Rutz et al., 2022). Indeed, with
over 100 countries having gone into lockdown, the COVID-19 pandemic
triggered the third and greatest economic, financial and social shock of
the 21st century after 2011 and the global crisis of 2008 (OECD, 2020).
Italy was the first country in Europe to be hit by the pandemic (later
revealed also one of the countries most affected in Europe with almost
30,000 deaths following the lockdown period; data from https
://covid19.who.int/ updated to 4th May 2020) and as such is one of
the first to have implemented restrictive measures. Thus, as a main
consequence the lockdown produced a significant and transitory mod-
ulation or decrease of the anthropogenic impact on the environment,
including the marine coastal systems, where this was most relevant
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before the lockdown. For Italy alone, positive effects have been reported
for the Venice lagoon and the numerous channels crossing the city where
waters have cleared for the first time in years (Braga et al., 2020; Khan
et al., 2020); an improvement in air quality have been described for the
northern part of the country probably as a result of the reduction of air
pollution and (Donzelli et al., 2020; https://atmosphere.copernicus.eu/;
https://www.esa.int). the reappearance of species has been reportedin
spaces vacated by people both in terrestrial and aquatic environments
(Manenti et al., 2020; Silva-Rodriguez et al., 2021; https://www.forbes.
com/; www.thesun.co.uk).

If on the one hand scientists have found scientific evidence of nature
benefited globally from the lockdown, from an anthropocentric point of
view the pandemic has led to an unprecedented health and socio-
economic emergency. In fact, not only the measures of social re-
strictions such as distancing and limiting mobility, but above all the
closure of most business has caused an economic crisis which in Italy
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will account for a GDP loss of 8.9% (https://www.istat.it/it/archivio/
pil; data updated to December 2020). Such a crisis concerned mainly
industries, commercial and transportation activities with workers
employed in manufacturing (about 60% would be affected; OECD
Trento Centre for Local Development, 2020), construction, tourism
(there was a decrease in internal flights of about 75% and of more 90%
in restaurant reservations; https://lab24.ilsole24ore.com/economia-ita
liana-post-covid/) and retail suffered the most (Barbieri et al., 2020;
Sanfelici, 2020).

Among the productive activities, aquaculture - like all sectors crucial
to ensure the sustainability of supply chain worldwide - is sensitive to
limitations imposed by the pandemic. In Italy, aquaculture has a long
history dating back to the Roman and Etruscan period, and it grew as a
widely diversified activity thanks to the high heterogeneity of Italian
coasts (Cataudella and Spagnolo, 2011). To date, the total Italian aquatic
production amounted to 143,300 t in 2018 (FAO, 2018), corresponding
to 14% of the total European production and ranking the country in the
3rd position in Europe, after Spain (21%) and France (15%; Scientific,
Technical and Economic Committee for Fisheries (STECF), 2018).
However, the expected economic consequences of pandemic on aqua-
culture sector will be highly variable in relation to geographic zones
being directly linked to other cultural and societal aspects (FAO, 2018).
In this context the opportunity to survey and analyse how the COVID-19
pandemic is likely to affect key stakeholder perceptions among aqua-
culture systems become an important opportunity to provide a snapshot
of the response of the aquaculture sector to socio-economic pressures
increase.

The purpose of this work, which originates from a larger project that
has involved stakeholders worldwide (Sara et al., 2021), is to investigate
the impacts generated by the crisis due to COVID-19 pandemic as they
have been perceived by stakeholders involved in production at the farm
site or within the company, also evaluating whether these differences
are also linked to a distribution of activities on a national scale where
known socio-economic differences exist (e.g. D’Agostino and Scarlato,
2013; Dunford, 2008).

2. Materials and methods

To investigate the perceptions of COVID-19 effects on stakeholders
operating in the aquaculture sector (both land- and sea-based), a semi-
structured questionnaire was designed (Sara et al., 2021; study
approved by the Ethical Committee at the University of Palermo,
UNIPA-183-Prot. 767-05/05/2020 n. 1/2020 29/04/2020) and circu-
lated by means of a web survey (by using Qualtrics platform https:
//www.qualtrics.com) that has been sent to aquaculture companies at
different geographical locations and of different sizes across the country.
Together with the questionnaire, contacted companies received infor-
mation about the purpose of the survey and were encouraged to share it
with any other company that was directly concerned. Questions have
been designed to rapidly assess the perceptions of aquaculture stake-
holders of the direct or indirect economic loss associated to COVID-19
and of which reasons could have mainly perceived as responsible of
that loss. The reported economic impact due to COVID-19 was divided
into four categories: no loss, low (2-4); moderate (5-7) and high (8-10)
while the possible causes included: loss of usual customers and retailers,
loss of buyers, loss of markets due to the absence of consumers, loss of
international markets, decrease in prices, difficulties of suppliers col-
lecting seafood, logistical restrictions on transportation, difficult to
trade juvenile and fry supply, reduction of raw material, increase in
prices of transportation, insolvency/abandonment by insurance com-
panies, missing infrastructures, loss of jobs, difficulty finding farmers.
Respondents were also asked to report and specify any other encoun-
tered reason of economic loss. To be sure that we reflected the imme-
diate perceptions of the emerging COVID-19 crisis, the survey
distribution started at the beginning of the so-called Phase-2 of coro-
navirus disease in Italy, with the reopening of manufacturing activities,
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and it had a duration of three weeks (5th - 29th May 2020).

Replies have been grouped as a function of the typology of aqua-
culture (land intensive (L-INT), sea-based intensive (S-INT), sea-based
extensive (S-EXT)) and in order to investigate potential relations with
the geographic area where farms were located, we adopted the partition
of Italian Peninsula into two geographical divisions (Northern-Central
Italy and Southern Italy including the two main islands, Sicily and
Sardinia), which is widely used in official statistics (www.demo.istat.it)
and follow the same subdivisions of the Italian First level NUTS of the
European Union to reflects the long-established disparities still observed
in the country (e.g. Musolino, 2018).

2.1. Statistical analysis

To test differences of the perceptions of aquaculture stakeholders of
the direct or indirect economic losses associated to COVID-19 and
related control measures (i.e. lockdown and social distancing), a
Permutational Multivariate analysis of variance (PERMANOVA,
Anderson, 2001) was used to test significant differences between our
multivariate response data, represented by the possible causes are
believed as main responsible and two different explanatory variables:
“Type of aquaculture” and “Location”. PERMANOVAs were based on
Bray—Curtis similarity matrices after presence/absence transformation
of the data using 9999 permutations under unrestricted permutations of
the raw data with a Type III (partial) sum of squares (Anderson, 2001).
Because of the restricted number of unique permutations, p values were
obtained from Monte Carlo samplings (Anderson and Robinson, 2003).
“Type of aquaculture” (TAQ, 3 levels, L-INT, S-INT, S-EXT) and “Loca-
tion (LOC, 2 levels, CENTRE-NORTH, SOUTH AND ISLANDS) were
treated as fixed factors, separately, in the experimental design. PER-
MANOVAs were carried out by using the PRIMER software (version 6.0).

3. Results and discussions

While long-term trends in the aquaculture industry have been esti-
mated as increasing in the next future, the looming, global economic
downturn due to the pandemic has created a pervasive sense of uncer-
tainty that may well persist in the short to medium term (OECD, 2020).
Our study, although performed at a national scale level, allowed to
provide a timely and indicative overview of the impacts of COVID-19
aquaculture and to catch such a feeling among Italian aquaculture
farmers, by also identifying other reasons that may have driven the
socio-economic impact suffered due to the pandemic.

Over a total of almost 100 questionnaires supplied, only 25% (n =
24) have been fully filled and then considered for the analysis. About the
60% of respondents worked in sea-based intensive and extensive sys-
tems, and the rest practiced land-based intensive aquaculture.

As expected almost all stakeholders reported an economic loss due to
the COVID-19 pandemic (Fig. 1), the 87.5% (n = 21) of respondents
having estimated an average percentage of loss from 50 to 100% (cor-
responding to moderate and high levels Fig. 2).

On national scale, our analysis suggested that land-based

I Economic loss
I No loss

Fig. 1. Percentage of aquaculture stakeholders reporting an economic loss due
to the COVID-19 pandemic.
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Fig. 2. Percentage of reported economic impact due to COVID-19 pandemic
grouped into four categories: null, low, moderate, high.

aquaculture farmers reported higher impact than colleagues working in
marine open waters, both in intensive and extensive farming systems (p
< 0.05; Table 1). Indeed, as reported in Fig. 2, different pressures among
those we have included in the questionnaire have been recognized by
workers as damaging and specifically, farmers on land were badly
affected by economic and logistic concerns as those related to the loss of
usual customers and retailers such as schools and restaurants (with
37.5% of replies) and to the reduction of raw material or of trans-
portation (each representing more than 30% of replies). The same
problems have been reported by farmers of extensive marine farms (S-
EXT, Fig. 3) together with loss of market due to the absence of con-
sumers (16.67% of replies) and to the loss of jobs (20.83%). Concerning
intensive systems one third of interviewees reported difficulties related
to the impossibility of selling at auction and a quarter of them difficulties
among suppliers to collect seafood.

Such a trend is in line with the estimates resulted by the FAO’s Initial
assessment (FAO, 2020a) reporting the magnitude of impacts of COVID-
19 on aquaculture from the perspective of the 12 secretariats of
important organizations worldwide and with the most recent literature
showing that significant issues raise at different levels across the supply
chain worldwide (Belton et al., 2021; Jamwal and Phulia, 2021; Love
et al., 2021; Trottet et al., 2021; White et al., 2021; Yusoff et al., 2021).
Wide-ranging impacts have been reported along the four segments of the
chain, i.e. demand-side (Azra et al., 2021; Godoy et al., 2021; Lebel
et al., 2021; Wright, 2020), supply-side (Ragasa et al., 2022; Kiruba-
Sankar et al., 2022; Kumaran et al., 2021. Mandal et al., 2021, van
Senten et al., 2021), management/operation (Kiruba-Sankar et al.,
2022; Murray et al., 2021; Ragasa et al., 2022) and logistics/infra-
structure (Azra et al., 2021; Lebel et al., 2021; Murray et al., 2021),
which differ between countries and the nature of farming (Borsellino
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et al., 2020; White et al., 2021).

Among them, land-based aquaculture farming seems to suffer sever
impacts due to COVID-19 pandemic; indeed similarly to what observed
by Mangano et al. (2022) on a global scale, as a main result of re-
strictions on transportation and marketing infrastructure, they have
been make inoperable due to lockdowns and fears of virus transmission.
Such a fact have triggered a cascade of effects, resulting in increase of
economic costs due to market delay and to the need for continued
feeding at least at maintenance (i.e. not growth rate) to keep fish alive
(FAO, 2021). Moreover the risk for aquaculture production dying
increased because fish farmers were not able to harvest on time and also
could not start a new production cycle, having for example the latest
harvest gone waste or being fingerlings low available at the time of
seeding (FAO, 2020b;; Krishnan and Babu, 2022; Manlosa et al., 2021;
Mohanty, 2020; Moriarty et al., 2020).

When analyzed in relation to the geographic area where they were
located, as expected, our results well reproduced the existing economic
gaps between the northern and the southern regions of Italian Peninsula
which is characterized by a sharp North-South gradient on many eco-
nomic and labor market variables (Accetturo et al., 2019). Indeed, as
showed in Table 1 significant differences among perceptions of farmers
working within the Centre and the North of Italy and those coming from
the south and from insular regions (p < 0.05; Table 1) have been
detected. In particular, in the central-northern regions the main causes
are to be found in the consequences due to the lockdown restrictions
such as the closure of many activities affecting the supply chain and
logistical difficulties related to both the supply of raw materials and
limitations in incoming and outgoing transport. Southern regions causes
have been attributed mainly to the loss of the worker’s figure, both in
terms of seasonal recruitment failure as well as difficulty of finding
farmers (Fig. 4).

Apparently, several differences between locations emerged also
when we asked to the companies to list the other causes believed to be
responsible for the economic crisis due to COVID-19; once again in fact
while northern regions manifested problems mainly concerning the
market reduction as a result of restaurant and local market closure; the
southern counterparts claimed for a lack of coordination among the
aquaculture sector and local/national positing focus particularly on
aspect such us the protection policies of Made in Italy and the supply
chain and the lack coordination of access to credit and management of
the ‘unsold’ before and at the beginning of PHASE 2.

Lastly, while the COVID-19 crisis has increased the existing in-
equalities, other environmental emergencies such as the occurrence of
extreme climatic events loom large and were perceived as much
damaging for the aquaculture Italian sector. Indeed, although not
strictly related to the main aims of this study, an important role played
by other important stressors emerged as one of important reasons has
worsening the socio-economic crisis (Sanchez-Jerez et al., 2022; Sara
et al., 2021), in some cases more than Covid pandemic (i.e. 67% of re-
plies). We observed that extreme weather events and in particular
storms, heatwaves, diseases of farmed species, such as parasitosis, zoo-
noses, virosis and flooding and erosive phenomena, have been reported

Table 1

PERMANOVA results.
Source df SS MS Pseudo-F P(perm) perms P(MC)
Locality 1 4888.6 4888.6 27.637 0.0255 9711 0.0335 *
Residuals 22 38,916 1768.9
Total 23 43,804
Type of aquaculture 2 8906.2 4453.1 26.797 0.0051 9934 0.0172*
Residuals 21 34,898 1661.8
Total 23 43,804

SS = sum of squares; MS = mean squares; P = probability; perms = number of permutations; P(MC) = Monte Carlo probability) (ns = no significant difference; * =

difference at p < 0.05; ** = difference at p < 0.01; *** = difference at p < 0.001.
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Fig. 3. Replies reporting the different “pressures” perceived as more damaging by farmers working in different regions of the country (grouped in South and Islands,
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Fig. 4. Replies reporting the different “pressures” perceived as more damaging by farmers working on sea-based (intensive and extensive) and land-based
aquaculture.
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