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1.  INTRODUCTION

During the last days of 2019 and through 2020 (and
still at the time of writing), humanity has been
immersed in an unprecedented situation due to the
2019−2020 SARS-CoV-2 coronavirus pandemic. This
pandemic, also referred to as the COVID-19 pan-
demic, has forced humanity to face one of its most
challenging periods in recent history, with a global
reach causing an acute human health crisis with
tragic consequences.

In response, governments implemented drastic
policies to reduce infections and flatten the curve of

infection outbreaks. As a result, human activity was
considerably reduced in many regions of the world
for several consecutive weeks to months. These
human confinements may be the largest ‘experi-
ment’ of abrupt and intense cessations of anthro-
pogenic activities to date, providing a historic snap-
shot of the effects not only on human well-being but
also on the environment and wildlife, including the
oceans.

This article aims to highlight observed effects that
the COVID-19 pandemic had on the natural environ-
ment during the first months of the outbreak, with
emphasis on the marine environment, and reflect on
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the lessons learned from this unprecedented situa-
tion. These effects can give us an idea of the magni-
tude and direction of change that is needed to trigger
sustained positive responses from nature. Also, the
abrupt nature of the lockdowns provides valuable
insights into the negative socio-economic and eco-
logical impacts of such unplanned changes.

Up until 2020, available forecasts and assessments
of potential effects of radical cessation of human
activities causing large environmental impacts were
mostly based on local, or at most regional, case stud-
ies or modelling simulations. The COVID-19 pan-
demic provides a unique opportunity to observe and
learn from a real global ‘experiment’. Lessons from
such an event can be used to evaluate what it should
take to face the grandest challenge of our time: adapt
and transform our socio-economic systems to be bet-
ter aligned with our biophysical reality.

2.  THE WORLDWIDE CUMULATIVE EFFECTS 
OF HUMANS

During the first weeks of the COVID-19 pandemic,
many analyses from well-known scholars appeared,
linking the unprecedented event with prior global
degradation of nature, which undermines human
health and increases the risk of zoonosis (Bates et al.
2020, Corlett et al. 2020, Pearson et al. 2020). In fact,
it is globally recognised that human activities have
reached a new level of destruction of natural capital,
with negative impacts being noticeable worldwide
and a large interconnectedness between human sec-
tors and regions (Díaz et al. 2020). These global im -
pacts can be observed on land and at sea (e.g. Estes
et al. 2011, Tittensor et al. 2014, Halpern et al. 2015,
McCauley et al. 2015, Ceballos et al. 2020).

Human impacts on nature are of such magnitude
that the scientific community has established a new
geological era to characterise the widespread impact
of humans on Earth: the Anthropocene (Lewis &
Maslin 2015). An important element of this new era is
the concurrent ‘twin environmental crises of our time’
(Corlett et al. 2020): a clear change of the Earth's cli-
mate and an unprecedented rate of biodiversity loss
(Díaz et al. 2019, IPCC 2019), each the focus of the
Intergovernmental Panel on Climate Change (IPCC)
and the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES), re -
spectively, under the auspices of the United Nations.
These global and interconnected environmental
emergencies pose immense problems to the sustain-
ability of life as we know it, causing unprecedented

ecological but also social and economic impacts on
human societies and their well-being (Díaz et al.
2019).

Both the climate and the biodiversity crises high-
light the fundamental problem of our times: the ex-
ploitation of natural resources and the use of ecosys-
tem services is too high and too quick to be
sustainable. The global human population has tres-
passed the boundaries of the global ecosystem and
biophysical processes, causing unprecedented short-
term environmental change and increasing the risks
of environmental disasters (Rockström et al. 2009a,b).
According to the most comprehensive evaluation of
human impacts on Earth released in 2019, these im-
pacts have been sharply increasing since the 1970s,
with complex and interconnected drivers of eco -
nomic, social, cultural, demographic, political, institu-
tional and technological origin (Díaz et al. 2019).

Marine ecosystems are not being spared here.
Direct drivers that change the marine realm include
intense pressure of fishing and aquaculture, loss of
coastal and marine habitat, increasing pollution,
alien species invasions, and climate change impacts
such as rising water temperatures, acidification and
declining oxygen (Sala et al. 2000, Pauly et al. 2003,
Lotze et al. 2006, Worm et al. 2006, Poloczanska et al.
2013, Mengerink et al. 2014, Levin & Le Bris 2015,
McCauley et al. 2015, Ramírez et al. 2017, Halpern et
al. 2019, FAO 2020b). These direct drivers are tightly
linked to how human activities are managed and
how regulations are socially accepted, enforced and
complied with (Mora et al. 2009, Coll et al. 2013,
Bundy et al. 2017).

Heterodox currents of economic theory have been
warning about the dislodgement of economics and
socio-ecologic dynamics as underpinned by main-
stream economic theory, and have singled out the re-
lentless pursuit of unlimited growth, production and
consumption as being at the base of global environ-
mental problems (Leach et al. 2013, Raworth 2017,
Otero et al. 2020). Many international organizations
and renowned experts have expressed their concern
that unchecked continuation of ‘business as usual’
may lead to unacceptable risks for present and future
generations (IPCC 2018, Díaz et al. 2020, Trisos et al.
2020). Biodiversity loss and ecosystem degradation,
both terrestrial and marine, are identified as 2 of the
top 5 risks to the global economy, according to the
World Economic Forum (WEF) and the IPBES Global
Assessment Report (Diaz et al. 2019). Recent global
ensemble projections of marine ecosystem models
have predicted important declines of marine animal
biomass under future scenarios of climate change
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(Lotze et al. 2019) in agreement with historical obser-
vations (Free et al. 2019), while the observed increase
in frequency and magnitude of extreme events, such
as marine heatwaves, are a matter of growing
concern (Schewe et al. 2019, Smale et al. 2019).

The impacts of current environmental degradation
are widely heterogenic (Halpern et al. 2008, 2012,
Dodds et al. 2013, Krausmann et al. 2013) and
notably impact the most vulnerable societies (Dear-
ing et al. 2014, O’Neill et al. 2018). This means that
those human populations who are most exposed to
environmental crises, and that may suffer the most in
the future, are not necessarily those who contributed
the greatest to their causation (Díaz et al. 2019).

3.  THE SARS-COV-2 PANDEMIC AND ITS
SOCIO-ECONOMIC IMPACTS

The pandemic caused by the new coronavirus
SARS-CoV-2 has put entire countries and regions in
lockdown, with a first assessment of 4.6 billion peo-
ple confined by early April 2020 (Bates et al. 2020,
Diffenbaugh et al. 2020). The SARS-CoV-2 virus was
officially detected in December 2019 in Wuhan,
China, and on 30 January 2020, the World Health
Organization (WHO) declared the outbreak as a
‘Public Health Emergency of International Concern’.
Six months later, more than 10 000 000 cases of
COVID-19 were officially reported in 216 countries
and territories, resulting in more than 500 000 human
deaths (WHO, https://covid19.who.int/). As of Sep-
tember 2020, the human cost of the pandemic contin-
ues to mount, with more than 29 000 000 cases con-
firmed globally and approximately 920 000 people
known to have died.

The exact origin of the SARS-CoV-2 is still un -
known, despite increasing evidence that points to an
origin in wildlife (Cyranoski 2020, Wei 2020, Zhang
et al. 2020). Experts in emerging infectious diseases
have previously warned that habitat fragmentation
and degradation, live animal markets, the global
trade in wildlife and the degradation of biodiversity
all contribute to the increasing risk of diseases
spilling over from wildlife into human populations
due to shortened connectivity pathways (Sokolow et
al. 2019, Doughty et al. 2020, Huong et al. 2020).
According to the World Organization for Animal
Health, 60% of known human diseases have origi-
nated in animals (https://www.oie.int/). The emer-
gence of new viral diseases in recent time — HIV,
Ebola, Nipah, SARS, H5N1 and others — have been
attributed, at least in part, to increased human

impacts on natural systems (Corlett et al. 2020). A
recent study suggested that reduced pathogen dis-
persal following megafauna extinctions may have
increased the emergence of zoonotic pathogens mov-
ing into human populations (Doughty et al. 2020).

The lockdowns of entire populations for a sus-
tained period of time, ranging from weeks to months,
implied cancellation of most industrial, educational,
political, cultural, religious and sporting activities,
and a widespread reduction in human movement.
The economic impacts of the global coronavirus
expansion and virulence are evident worldwide, with
losses in jobs, incomes and markets (WEF 2020), pro-
voking the greatest global recession since the Great
Depression of the 1930s, even larger than the Great
Recession of the early 2000s. According to the Inter-
national Energy Agency (IEA), the pandemic is ‘a
macroeconomic shock that is unprecedented in peace -
time’ (https:// www. iea. org/ reports/ global-energy-
review-2020/ context-a-world-in-lockdown). One of
the main indicators of societal standstill was the
abrupt decline in energy demands. Globally, de -
mand for electricity declined in the first quarter of
2020 by 20−30%, road transport activity declined by
75%, and the number of flights de creased globally
by 60% from January to April 2020 when compared
with the same period in 2019, according to the IEA
(https:// www.iea.org/ reports/ global-energy-review-
2020). Changes were recorded in many countries and
for different types of activities (Le Quéré et al. 2020).
While the full social, economic and physiological
impacts are still to be quantified, monetary impact on
key sectors such as travel, trade and production
industries is likely to be in the billions of USD.

Changes in human activities were also observed at
sea, affecting the majority of economic activities
based on the ocean. Maritime traffic was strongly
reduced, with large economic consequences as more
than 80% of the world’s trade goods are transported
by sea (IMO, https://business.un.org/en/entities/13).
Around 46% of scheduled departures between Asia
and Europe were cancelled during the first months of
the Chinese lockdown (February−March), resulting
in a significant drop in shipping traffic (European
Parliament 2020). The global fishing activity of
industrial fleets was down by 6.5% at the end of
April 2020 compared to the same period in 2019
(Global Fishing Watch 2020), which can be corrected
to 10% if calculated from the date that the pandemic
was declared. Regionally, fishing activity reductions
have varied. As of early April 2020, cumulative fish-
ing activity in China’s EEZ was down by nearly 40%
since the Chinese New Year, with approximately
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1.2 million fewer fishing hours. Chinese fishing ac -
tivity has since recovered (Global Fishing Watch
2020). In Peru, having the world’s largest commercial
fishery, fishing activity dropped by 80% (Global
Fishing Watch 2020), while Indonesian shark trade
was reported to have declined by 70% (Mongabay
2020). In European waters, many countries with
heavy fishing activity (e.g. Spain, Italy) saw their
fishing substantially reduced during the lockdown,
with reductions up to 50% or more until late May
2020 when compared to preceding years (Global
Fishing Watch 2020, Ortega & Mascarell 2020). Fig. 1
provides an example of this reduction with a compar-
ative image of fishing activity monitored with the
automatic identification system (AIS) from an area
located in the northwestern Mediterranean Sea (FAO-
GFCM Geographical Sub-area GSA06, Spain) dur-
ing one week in February and in April 2020.

The lockdown resulted in an interruption of local
and global demand for seafood (Knight et al. 2020,
Ortega & Mascarell 2020), the most traded food com-
modity in the world. The low demand due to restau-
rants and fresh markets closing lowered local prices
with a supply that surpassed demand (Ortega & Mas-
carell 2020). The impacts of COVID-19 were espe-
cially important for small-scale fishing activities
(Knight et al. 2020, Ortega & Mascarell 2020, WWF

2020), which supply half of the demand for seafood
and employ 90% of world’s fishers (FAO 2020b).
Small-scale fisheries directly rely on local fresh mar-
kets and trade activities, which collapsed immedi-
ately when the COVID-19 pandemic emerged (FAO
2020a). Despite a noticeable increase in direct sales
via the internet, high uncertainties in the food supply
and interruptions in the traditional value chain
meant that fisheries recoveries depended on the re -
opening of the HORECA (hotels, restaurants and
catering) channel, trade routes and other large-scale
activities associated with the consumption of sea -
food, such as tourism (Ortega & Mascarell 2020,
WWF 2020). Before the pandemic, global fisheries
supplied society with ~96.4 million tons of fish, ~88%
of which was used for direct consumption. With 38.89
million people engaged in the primary fisheries sec-
tor and ~4.56 million fishing vessels in operation, the
industry exported annually USD 164.1 billion (FAO
2020b). Although the full consequences of the reduc-
tion in fishing effort during the lockdown are still to
be quantified, disrupted local and global value
chains of seafood production provide a unique
opportunity to understand fisheries interdependen-
cies with other sectors (e.g. tourism, trade, HORECA)
ranging from the extraction of seafood to its final con-
sumption, and the direct and indirect impacts of
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Fig. 1. Comparison of fishing activity in an exploited area of the northwestern Mediterranean coast (Spain) including the
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these interdependencies on marine ecosystems and
resources. This understanding can be used to pro-
mote market diversification alternatives that may
ensure fisheries resilience and sustainability (Knight
et al. 2020, Ortega & Mascarell 2020).

4.  EFFECTS OF THE PANDEMIC ON THE 
(MARINE) ENVIRONMENT

There is also increasing evidence that the reduc-
tions in human activities have had impacts on the
environment (e.g. Saadat et al. 2020). Calls for global
collaborative efforts are emerging to provide a com-
prehensive understanding and quantification of these
effects (Bates et al. 2020, Diffenbaugh et al. 2020,
Rutz et al. 2020). The first studies mainly reported
improved air and water quality, triggered by near-
absence of industrial activity and transportation.
Next, news and articles in the media started report-
ing numerous unusual sightings of wildlife.

Interestingly, one of the first forecasts for the envi-
ronmental effects of COVID-19 related to the world’s
CO2 emissions, expected to fall by a maximum of
7−8% in 2020 depending on the duration of the con-
finement (Le Quéré et al. 2020). This decline is
roughly the equivalent of the annual emission reduc-
tions needed to limit global warming to 1.5°C above
pre-industrial temperatures, in alignment with the
Paris Agreements (UN Environmental Programme
2019, Le Quéré et al. 2020). Satellite images also
showed dramatic improvements in air quality in
countries affected by the pandemic (Corlett et al.
2020, Diffenbaugh et al. 2020). Satellite imagery of
nitrogen dioxide concentrations across eastern China
between 1−20 January 2020 (before the COVID-19
lockdown) and 10−25 February (during the lockdown)
provided some of the first evidence of greenhouse
gas reductions. These declines were especially rele-
vant in polluted areas such as big cities (e.g. https://
contaminacio.barcelona/). Another interesting set of
seismologic observations reported lower vibrations
from ‘cultural noise’ in big cities during the pandemic
(The Guardian 2020a). Reductions in surface trans-
portation not only significantly reduced CO2 emissions
and concentrations of nitrogen dioxide, they also
caused a measurable drop in seismic vibrations.

A few weeks into the confinement, worldwide
media broadcasted sightings of a large variety of
wildlife animals that were easier to spot during the
COVID-19 pandemic. A preliminary analysis of media
releases (n = 121) available across the internet from
17 March to 11 June 2020 shows that sightings were

most frequently reported in May 2020, followed by
April, March and June 2020 (Fig. 2A). Wildlife sight-
ings were widely distributed in many countries
(Fig. 2B) and were observed in terrestrial, marine
and freshwater ecosystems, with a higher frequency
of ob servations in terrestrial and marine ecosystems
(Fig. 2C). Wildlife sightings covered a wide variety of
animals, including mammals, birds, reptiles, finfishes
and elasmobranchs, invertebrates and plants (Fig. 2D).

Available data show that the consequences of the
COVID-19 pandemic lockdown have benefitted mar-
ine ecosystems too. Within a few weeks into the con-
finement, media worldwide broadcasted news re -
lated to higher water quality in watersheds, canals,
lakes, bays and harbours (Braga et al. 2020). Media
reports about wildlife sightings also included marine
ecosystems, and preliminary analyses suggest that
these reports were of similar frequency to those from
terrestrial ecosystems (Figs. 2C & 3). The sightings
were mostly related to highly visible and iconic large
marine animals, such as marine mammals including
baleen whales, dugongs and manatees, and toothed
whales such as orcas and dolphins that appeared in
unexpected areas (Figs. 2D & 3). Seabirds and shore-
line birds, elasmobranches and marine turtles fol-
lowed in importance of reported wildlife sightings.
Even smaller organisms such as finfish and inverte-
brates (with crabs, cephalopods and gastropods men-
tioned) featured in media highlights (Fig. 3).

The growing interest in wildlife sightings during
the core months of the lockdown was clear when
analysing Google’s search keywords counter (Google
Trends, https://trends.google.com/) from 15 Decem-
ber 2019 to 15 June 2020. Keyword trends showed
that Google web searches tagged with ‘coronavirus
and wildlife’, ‘coronavirus and sighting’ and ‘coron-
avirus and animal’ started to appear during the third
week of January with a peak in popularity in early
April 2020 (Fig. 4A). This peak coincides with the
highest number of humans under global confinement
(Bates et al. 2020, Diffenbaugh et al. 2020). The topic
‘coronavirus and sighting’ was most popular in the
third week of May 2020.

According to Google Trends, the growing interest
in marine animal sightings during the COVID-19 pan-
demic followed those of more general wildlife sight-
ings. Google web searches tagged with ‘coronavirus
and marine’ from the same period appeared during
the third week of January 2020 and were most popu-
lar from March to late April 2020 (Fig. 4B). The topic
‘coronavirus and fishing’ followed 2 wk later, and
peaked in popularity by early April 2020 (Fig. 4B). By
mid-June 2020, both topics were down.
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Although some wildlife sighting reports may have
been fabricated or exaggerated, they indicate that
many types of wild organism benefitted from the
reduced exposure to people during the pandemic,
with field data confirming increases in species rich-
ness in temporarily less-disturbed habitats (e.g.
Manenti et al. 2020). Similar benefits from reductions
in human activities were previously observed in large
protected areas or during prolonged episodes of war
(Lotze et al. 2011, Duarte et al. 2020), as well as in
specific areas such as in the exclusion zones around
the Chernobyl and Fukushima nuclear plants and
the Demilitarized Zone between North and South
Korea (e.g. Lyons et al. 2020, Main 2020). Future
studies based on data collected during the lock-
down will provide important quantitative insights
into human− wildlife interactions and the specific
mechanisms behind them (Bates et al. 2020, Rutz et
al. 2020).

While the sightings of wildlife during the COVID-19
pandemic do not necessarily mean that there was an
absolute increase of wildlife populations, they can be
related to a change of distribution and behaviour of

animals due to reduced human activity (Bates et al.
2020, Rutz et al. 2020). Plausible explanations for the
marine sightings include the reduction in accidental
deaths or injuries due to collisions with boats, a
reduction in underwater noise and maritime traffic,
and the availability of a larger habitat in which to
feed or nest. According to the Florida Fish and
Wildlife Conservation Commission, by 10 April 2020,
the deaths of manatees caused by collisions with
boats were down by almost 50% compared to regis-
trations for the same period in 2019 (FWC 2020). At
sea, fishing activities are one of the most important in
terms of negative impacts on natural resources, mar-
ine biodiversity and ecosystems (Worm et al. 2006,
Costello et al. 2012, Coll et al. 2020). The large reduc-
tions in fishing effort during the COVID-19 pan-
demic could be translated into lower fishing mortal-
ity for targeted and by-catch organisms, with likely
positive (but short-term) consequences on re cruitment
success, especially for animals with shorter life spans
and higher capacity for growth. The ecological effects
of such a large reduction in fishing effort in the ocean
are still to be fully analysed.
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Despite the positive environmental effects, there is
much uncertainty about the long-term benefits of the
COVID-19 pandemic for the environment (e.g. Bates
et al. 2020, Corlett et al. 2020, Diffenbaugh et al. 2020,
Freire-González & Font Vivanco 2020, Gardner 2020,
Saadat et al. 2020). For example, while CO2 build-up
will be slightly slower than previously expected (IPCC
2019), the reduction is probably not enough to substan-
tially slow global warming (Diffenbaugh et al. 2020).

At the same time, negative environmental impacts of
the COVID-19 pandemic clearly emerged. For example,
there is growing concern about the surge in consump-
tion and disposal of single-use plastics for individual
protection, which poses environmental challenges
(Klemeš et al. 2020, Saadat et al. 2020), including in
marine ecosystems (Canning-Clode et al. 2020), and
there is a risk that governments may lift plastic bans
and reduction measures (e.g. Euro news 2020, The

47

A B

C D

E F

Fig. 3. Examples of marine wildlife sightings in online media between March and June 2020. (A) Horseshoe crab (Limulidae),
Delaware Bay, New Jersey, USA. (B) Birds flock in Agua Dulce beach, Lima, Peru. (C) Olive ridley turtles (Lepidochelys oli-
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https: //  www. forbes. com/sites/nishandegnarain/20; (B) https://abcnews.go.com/International/photos-wildlife-roams-planets-
human- population - isolates/story?id=70213431; (E) https://www.clickorlando.com/news/local/2020/05/06/whale-of-a-tale- giant-
whale-shark-spotted-off-florida-coast/; and (F) https://www.civilbeat.org/2020/04/the-coronavirus-has-been-good-for-hanauma- 

bay/)
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Guardian 2020b, The New York Times 2020). Further-
more, private transport may outpace public transporta-
tion out of fear of contagion, which may raise CO2

emissions above pre-pandemic levels (Cohen 2020).

In addition, many environmental enforcement pro-
grams, observer programs and monitoring surveys
had to be postponed or suspended during the lock-
down, on land as well as at sea. This can hamper the
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collection of continuous time series of observations
from natural systems, which in turn are fundamental
for ecosystem assessment, management and, ulti-
mately, conservation (Bates et al. 2020, Corlett et
al. 2020, Manenti et al. 2020). Governments and
conservation organizations faced challenges to en -
sure surveillance, enforcement and management of
national parks and natural protected areas during
the lockdown, with a reported increase in illegal
hunting and poaching (Buckley 2020, Corlett et al.
2020, Gardner 2020, Manenti et al. 2020). In the future,
conservation organizations, environmental charities
and research institutions may face important losses
of income and funding, which may have impacts on
their ability to tackle climate change and to halt de -
clines in biodiversity. Furthermore, disproportionally
high impacts on early-career scientists are of concern
(Pardo et al. 2020), especially from underrepresented
or disadvantaged communities, or those discriminated
against (Bates et al. 2020, Maas et al. 2020).

5.  KEY LESSONS OF COVID-19 FOR 
A RESILIENT FUTURE

The COVID-19 pandemic is the largest ‘experi-
ment’ of a drastic, global reduction in cumulative
human impacts on natural ecosystems in modern his-
tory, with very relevant outcomes related to both the
climate change and biodiversity loss crises. Although
research results and detailed quantifications of direct
and indirect socio-economic and ecological impacts
are still to come, a few preliminary key points for
reflection can be identified.

First, environmental recovery starts quickly. Nature,
on land and at sea, reacted notably and quickly to the
global reduction in human activities during the first
months of the pandemic. The long-term environmental
effects and their magnitude will depend on the sever-
ity and duration of particular lockdowns and manage-
ment responses. Future scientific analyses will confirm
or dispute the ‘coronavirus conservation effects’,
which will provide invaluable insights into the magni-
tude and direction of environmental change in re-
sponse to (temporarily) changed human behaviour.

Second, noticeable recoveries need intense efforts.
Noticeable environmental change does not come
easy. Major reductions of polluting industrial and
transportation activities, combined with a severe
reduction of human mobility, were needed earlier in
2020 to have a noticeable impact on nature. This
underlines the generalised magnitude and perva-
siveness of every-day anthropogenic impacts on the

environment and the magnitude of the action needed
to curb the negative impacts that humans have on
nature worldwide.

Third, a new environmental baseline is available.
The effects on nature of the slow-downs or lock-
downs that have followed the onset of the COVID-19
pandemic help set a new environmental baseline,
and have allowed some people to appreciate vital
ecosystem services such as clean air and water. This
new environmental baseline may contribute to build-
ing a stronger case for behavioural change and to
shape new policies that can deliver greener and
more sustainable lifestyles. Several studies have
already pointed out that many human activities must
be transformed to achieve sustainability; the COVID-
19 pandemic has provided humanity with a first-
hand experience of some beneficial consequences of
such transformation. This may popularise the realisa-
tion that recoveries are possible and can be achieved
globally with benefits for many, thus providing addi-
tional incentives to instigate societal change towards
sustainability.

Fourth, acute social-economic problems follow un -
planned cessation of human activities. The abrupt,
intense and unplanned cessation of human activities
in efforts to curb the COVID-19 pandemic caused a
deep economic crisis with devastating impacts on
jobs, social interactions and general human well-
being. While some activities have recovered after the
easing of lockdowns, many aspects of our societies
that rely on complex and globalised value chains,
such as seafood trade, may take longer. Future stud-
ies will quantify the total magnitude of these impacts
and their lasting direct and indirect effects. In partic-
ular, efforts to choose and build a more sustainable
future will benefit from in-depth analyses on how
responses from different countries, across different
political and belief systems, have impacted local pop-
ulations, recoveries and ecosystems.

Fifth, the socio-economic systems are interlinked
with environmental dynamics. The effects of the
COVID-19 pandemic on human societies and eco -
nomies have so far confirmed the need to recognise
that thriving human activities are linked and depend-
ent on the health of ecological systems. Reductions in
human activities to positively affect natural systems
may bring large negative social and economic im -
pacts if they are abrupt, intense and un planned, as
they can deeply disrupt well-established value chains
without alternative options.

Sixth, large adaptations and transformations of hu -
man activities are needed. Adaptation and trans -
formation of human activities during the COVID-19
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pande mic have occurred worldwide, including far-
reaching  actions at the individual, local, regional and
global scales. The pandemic has provided invaluable
in sights into development of future pathways to
adapt and transform human mobility, surface trans-
portation, energy production, global trade and con-
sumption. The mass ‘experiment’ of COVID-19 pro-
vides empirical insights into determining alternative
and complementary activities that can be fostered to
define a sustainable future while averting or mitigat-
ing socio-economic losses, and will enable us to learn
from the indirect long-term impacts on the socio- eco-
logical system.

Overall, the current environmental crisis, and the
COVID-19 pandemic in particular, underscores the
urge to rethink the rate and intensity at which humans
exploit natural resources, and how to re shape civili-
sation, from habits ranging from the individual, local
and national to international levels, to urgently
achieve sustainable, healthy and fair human societies
(Raworth 2017, Díaz et al. 2019). This is definitively a
grand challenge for humanity, which has become
more urgent than ever. The COVID-19 pandemic,
with its exceptionally abrupt and numerous impacts,
has brought an unmissable opportunity to take action.
Important conclusions can be drawn from the many
human activities and management systems that had
to adapt or were transformed during the slow-downs
and lockdowns. To succeed, humans will need to rec-
oncile the conservation of nature with its rational use
and profitability while preventing further environ-
mental degradation. This will necessitate the redefi-
nition of human values and priorities, the identifica-
tion of trade-offs, and the fair distribution of benefits
and costs (Díaz et al. 2019). Clear room for improve-
ment is evident worldwide, where humans face the
challenge of achieving a good quality of life for more
than 7 billion people without further compromising
the biophysical boundaries of our planet (O’Neill et
al. 2018, O’Neill 2020, Otero et al. 2020).

In this context, it is fundamental to understand,
recognise and communicate the dependencies be -
tween interlinked human activities and the natural
world to achieve the United Nations (UN) Sustain-
able Development Goals (SDGs) (Griggs et al. 2013,
UN 2016). It is essential to recognise that the success
of achieving the SDGs related to society (SDGs 1−5,
7 and 11) and the economy (SDGs 8−10 and 12)
depends largely on the success of achieving the goals
directly linked to the biosphere (SDGs 6 and 13−15)
while ensuring peaceful, just and inclusive societies
with strong institutions and global partnerships for
sustainable development (SDGs 16 and 17) (Fig. 5).

The year 2020 is set for making large decisions
about tackling biodiversity conservation and cli-
mate-change mitigation over the next decade, which
brings a range of opportunities to implement lessons
learnt from the COVID-19 pandemic and its impacts.
Many current discussions mention the opportunity to
‘Build Back Better’ or move towards a ‘Healthy Re -
covery’ and ensure resilience and resistance of the
socio-ecological systems against future crises (Pear-
son et al. 2020), including the climate change crisis.
National and international initiatives calling for a
‘green re covery’ are widespread and should serve to
push for the changes that are needed. The ‘European
Green Deal’ to make the EU’s economy more sustain-
able and the new post-2020 targets of the Convention
on Biological Diversity are examples of such emerg-
ing initiatives. Future policies should, for example,
promote the sustainable and circular economy, push
for efficient and innovative technologies, and foster
the change of consumption patterns by humans.

Within this context, the role the oceans play in
maintaining the functioning of natural systems is
exceptionally relevant (Fig. 5). Ocean life plays a
crucial role in regulating the Earth’s climate and bio-
geochemical cycles of carbon and other essential ele-
ments, contributes to food security and coastal pro-
tection, and provides many other goods and services
of socio-economical and cultural value to humans.
The ocean covers 70% of planet Earth, produces
50−80% of the oxygen and contains 97% of the water
available on Earth. Preserving a resilient living
ocean is thus a fundamental condition and insurance
for a healthy planet, interconnected with healthy
land, freshwater and climate systems (Fig. 5), and is
the grand marine challenge of the next decade
(Claudet et al. 2020). The sustainable use of marine
life is essential for the well-being of present and
future human generations, as it is clearly recognised
by the UN SDG 14 ‘Life below water’ with the state-
ment ‘that the world’s oceans — their temperature,
chemistry, currents and life — drive global sys tems
that make the Earth habitable for humankind (Vis-
beck et al. 2014). New initiatives such as the 2021−
2030 UN Decade of Ocean Science for Sustain -
able Development (Claudet et al. 2020) and the
UN Decade of Ecosystems Restoration (Young &
Schwartz 2019) are not-to-miss key opportunities to
add the ‘Blue Recovery’ to the international agenda.
This is especially necessary after the realization
that, as 2020 is coming to an end, it is now clear
that the ‘good environmental status’ envisaged by
the EU Marine Strategy Framework Directive will
not be achieved (EU 2008), and the Aichi Biodiversity
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Targets will not be met. Specifically, Target 11 (about
achieving a 10% of coastal and marine areas that are
well protected) and Target 6 (about achieving sus-
tainable fisheries and harvesting in marine and
aquatic ecosystems) will be largely missed in many
regions of the ocean.

6.  MARINE ECOLOGISTS AS KEY ACTORS 
OF CHANGE

Many of the new international initiatives that aim
to shape human societies for a sustainable future are,
at least in part, based on scientific advice. Ecologi-
cal, societal and political lessons learnt during the
COVID-19 pandemic have highlighted that new poli-

cies should be primarily based on the best available
science (Pearson et al. 2020). A recognition of this
role of science for policy brings a unique opportunity
to marine scientists in general, and marine ecologists
in particular, who can contribute to achieving sus-
tainable ocean use and set efficient and effective
goals within the UN SDG context (Claudet et al.
2020, Friedman et al. 2020) (Fig. 5).

The relationships between marine living organ-
isms, including humans, and their shared physical
environment lie at the core of the discipline of marine
ecology, which seeks to understand the vital connec-
tions between organisms and the world around them
(Kaiser et al. 2011, Borja et al. 2020). Ecologists’ pur-
suit of a systemic understanding of the diversity of
life, including trait and functional diversity, the pro-
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Fig. 5. The interdependency and relationships of the 17 UN Sustainable Development Goals (SDGss) (UN 2016, Diffenbaugh
et al. 2020) organized by society (SDGs 1−5, 7, 11), economy (8−10, 12), and biosphere goals (SDGs 6, 13−15), integrated
within ‘the safe and just space for humanity’ (in dark grey) according to the Doughnut Economics framework (Raworth 2017).
The biosphere SDGs represent the ‘biophysical boundaries’ of the doughnut, while peaceful, just and inclusive societies with
strong institutions and global partnerships for sustainable development (SDGs 16, 17) represent the ‘social thresholds’ needed 

for the human socio-economic space to thrive
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cesses that maintain it, and the impacts that affect it,
can play an essential role in turning the current
multi-faceted crisis into an opportunity. Marine ecol-
ogists can be key actors to find real-world solutions
towards balancing conservation with the use of
marine ecosystems while integrating the health of
the natural ecosystems and humans and consider-
ing their interconnectedness. Marine ecology as a
diverse discipline has contributed essential knowl-
edge needed to achieve a sustainable ocean, with
information on the role of marine biodiversity and the
key processes that maintain the functioning of mar-
ine ecosystems. Research to identify which system
elements can maximise resilience, redundancy and
resistance; how to set thresholds and directions of
change for new societal targets within system think-
ing; and how to integrate the value of diverse ecosys-
tem services that sustain and benefit human societies
are just some examples of potentially relevant contri-
butions to redefining our relationship with nature
(Borja et al. 2020).

However, large scientific and technological gaps
remain regarding marine science, and the new de -
cade to come presents a great opportunity to push the
boundaries (European Marine Board 2019, Fulton et
al. 2019, Friedman et al. 2020, Heymans et al. 2020).
New hot topics related to the 4 dimensions (3D and
temporal) of the ocean, the role of multiple stressors
and of extreme events, and the future impact of inva-
sive species remain to be fully investigated, and
ocean technologies, data collection, modelling and
the new analytical capabilities of artificial intelli-
gence need to be fully developed to achieve a more
sustainable use of the ocean (European Marine
Board 2019).

In the context of the COVID-19 pandemic and the
urgency to act, there are several key topics where
marine ecologists can offer a crucial contribution.
These include the following:

First, embrace complexity and interdependency of
the socio-ecological systems. Marine ecologists are
uniquely positioned to develop their science, acknowl-
edging the complexity of the socio-ecological reality
of the oceans, where many species interact, where
multiple and cumulative activities of humans can
have an impact, and where the dynamics between
land−ocean−atmospheric processes have an increas-
ing relevance (Claudet et al. 2020, Katsanevakis et
al. 2020). This implies that, aside from highly spe-
cialised studies that are essential to increasing the
depth of scientific topics, marine scientists need to
bridge disciplines and methods, create dialogues with
complementary views, and incorporate the voice of

multiple stakeholders into integrated assessments
(Fulton et al. 2015, Katsanevakis et al. 2020).

Second, move from quantifying problems to evaluat-
ing solutions. Marine scientists have thoroughly docu-
mented the degradation of the oceans, and large ef-
forts have been put into identifying drivers of change,
looking both back and into the future. In the next
decade, research will need to focus as well on identify-
ing solutions and quantifying options for prevention,
mitigation, adaptation and transformation of harmful
human activities. Rigorous studies that ex plore plausi-
ble trajectories of change using scenarios and counter-
factual outcomes of climate change ef fects, and iden-
tify possible pathways to ensure sustainability, are
urgently needed to inform policy and management.
The identification and distillation of key aspects of
scalable real-world applications of ocean-based solu-
tions will become essential information in future scien-
tific studies (Duarte et al. 2020), while risk assessments
and uncertainty analyses should be the bone of such
future work (Stelzenmüller et al. 2020).

Third, make scientific outputs operational. New
contributions of marine science that prioritise opera-
tional solutions to urgent environmental problems
and the fair use of the ocean are a high priority (Gat-
tuso et al. 2018). Technological developments that
allow screening, processing and integrating large
amounts of information, and methodologies and ap -
plications that efficiently contribute to protect, miti-
gate, recover, restore and sustainably use the natural
capital are real needs.

Fourth, prioritise communicating and sharing sci-
entific knowledge. The (marine) scientific commu-
nity has the moral obligation to make scientific data
and products fully available to promote global col-
laborations and ensure open access to knowledge.
Open Access should become a widely applied prac-
tice in marine sciences. Communication of scientific
achievements, failures and unknowns is key to in -
volve society in future transformations, and as such,
this activity should become a priority for marine scien-
tists and their institutions (e.g. Steenbeek et al. 2020).
Communicating positive outcomes of successful use
of the oceans and promoting ocean literacy can pop-
ularise the realisation that a healthy and sustainable
ocean is desirable, possible and feasible, with wide
benefits to societies that can willingly push for a much
needed collective behavioural change (Bearzi 2020).
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