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Sustainable Development Goal 14 of the United Nations aims to “conserve and 
sustainably use the oceans, seas and marine resources for sustainable development”. 
Achieving this goal will require rebuilding the marine life-support systems that deliver 
the many bene!ts that society receives from a healthy ocean. Here we document the 
recovery of marine populations, habitats and ecosystems following past conservation 
interventions. Recovery rates across studies suggest that substantial recovery of the 
abundance, structure and function of marine life could be achieved by 2050, if major 
pressures—including climate change—are mitigated. Rebuilding marine life 
represents a doable Grand Challenge for humanity, an ethical obligation and a smart 
economic objective to achieve a sustainable future.

The ability of the ocean to support human wellbeing is at a crossroads. 
The ocean currently contributes 2.5% of global gross domestic prod-
uct (GDP) and provides employment to 1.5% of the global workforce1, 
with an estimated output of US$1.5 trillion in 2010, which is expected 
to double by 20301. Furthermore, there is increased attention on the 
ocean as a source of food and water2, clean energy1 and as a means to 
mitigate climate change3,4. However, many marine species, habitats and 
ecosystems have suffered catastrophic declines5–8, and climate change 
is further undermining ocean productivity and biodiversity9–14 (Fig. 1).

The conflict between the growing dependence of humans on ocean 
resources and the decline in marine life under human pressures (Fig. 1) is 
focusing the attention on the connection between ocean conservation 
and human wellbeing15. The United Nations Sustainable Development 
Goal 14 (UN SDG 14 or ‘life below water’) aims to “conserve and sustain-
ably use the oceans, seas and marine resources for sustainable develop-
ment” (https://sustainabledevelopment.un.org/sdg14). Achieving this 
goal will require rebuilding marine life, defined in the context of SDG 14 
as the life-support systems (populations, habitats and ecosystems) that 
deliver the many benefits that society receives from a healthy ocean16,17. 
Here we show that, in addition to being a necessary goal, substantially 
rebuilding marine life within a human generation is largely achievable, 
if the required actions—including, notably, the mitigation of climate 
change—are deployed at scale.

Reversing the decline of marine life
By the time the general public admired life below water through the 
television series ‘The Undersea World of Jacques Cousteau’ (1968–1976), 
the abundance of large marine animals was already greatly reduced5–7,18. 
Since the first frameworks to conserve and sustain marine life were 

introduced in the 1980s, the abundance of marine animals and habitats 
that provide essential ecosystems services has shrunk even further5,6,19,20 
(Fig. 1). Currently, at least one-third of fish stocks are overfished21, one-
third to half of vulnerable marine habitats have been lost8, a substantial 
fraction of the coastal ocean suffers from pollution, eutrophication, 
oxygen depletion and is stressed by ocean warming22,23, and many 
marine species are threatened with extinction7,24,25. Nevertheless, biodi-
versity losses in the ocean are less pronounced than on land7 and many 
marine species are capable of recovery once pressures are reduced or 
removed (Figs. 2, 3). Substantial areas of wilderness remain in remote 
regions26 and large populations of marine animals are still found, for 
example, in mesopelagic (200–1,000 m depth) ocean waters27.

Regional examples of impressive resilience include the rebound of 
fish stocks during World War I and World War II following a marked 
reduction in fishing pressure28, the recovery since 1958 of coral reefs 
in the Marshall Islands from 76 megatons of nuclear tests29 and the 
improved health of the Black Sea30 and Adriatic Sea31 following a sudden 
reduction in the application of fertilizers after the collapse of the Soviet 
Union. Although these rapid recoveries were unrelated to conservation 
actions, they helped to inform subsequent interventions that have been 
deployed in response to widespread ocean degradation7,32,33. These 
interventions include a suite of initiatives to save threatened species, 
protect and restore vulnerable habitats, constrain fishing, reduce pol-
lution and mitigate climate change (Fig. 1 and Table 1).

Impactful interventions
The regulation of hunting. The protection of species through the 
Convention on International Trade of Endangered Species (CITES, 
1975, https://cites.org/) and the global Moratorium on Commercial 
Whaling (1982, https://iwc.int/home) are prominent examples of inter-
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Global marine biodiversity loss

• 20 species extinct in historic times 
• 830 species of conservation concern 
• 89% decline in exploited marine megafauna 
• 1/3 of fisheries overexploited 
• 2/3 of fisheries below targets 
• 42-66% loss of biomass of exploited fish stocks 
• >35% of mangrove area lost 
• >29% of seagrass area lost 
• >16% of tidal flats lost 
• >85% of oyster reefs lost 
• >2/3 of salt-marshes lost 
• 40% of coral reefs lost or degraded

r = 0.96, P < 0.0001). The data further revealed
that despite large increases in global fishing
effort, cumulative yields across all species and
LMEs had declined by 13% (or 10.6 million
metric tons) since passing a maximum in 1994.

Consistent with the results from estuaries and
coastal seas (Fig. 2B), we observed that these
collapses of LME fisheries occurred at a higher
rate in species-poor ecosystems, as compared
with species-rich ones (Fig. 3A). Fish diversity

varied widely across LMEs, ranging from ~20 to
4000 species (Fig. 3B), and influenced fishery-
related services in several ways. First, the
proportion of collapsed fisheries decayed expo-
nentially with increasing species richness (Fig.
3C). Furthermore, the average catches of non-
collapsed fisheries were higher in species-rich
systems (Fig. 3D). Diversity also seemed to
increase robustness to overexploitation. Rates of
recovery, here defined as any post-collapse
increase above the 10% threshold, were positive-
ly correlated with fish diversity (Fig. 3E). This
positive relationship between diversity and recov-
ery became stronger with time after a collapse
(5 years, r = 0.10; 10 years, r = 0.39; 15 years, r =
0.48). Higher taxonomic units (genus and family)
produced very similar relationships as species
richness in Fig. 3; typically, relationships became
stronger with increased taxonomic aggregation.
This may suggest that taxonomically related
species play complementary functional roles in
supporting fisheries productivity and recovery.

A mechanism that may explain enhanced
recovery at high diversity is that fishers can
switch more readily among target species,
potentially providing overfished taxa with a
chance to recover. Indeed, the number of fished
taxa was a log-linear function of species richness
(Fig. 3F). Fished taxa richness was negatively
related to the variation in catch from year to year
(Fig. 3G) and positively correlated with the total
production of catch per year (Fig. 3H). This
increased stability and productivity are likely due
to the portfolio effect (24, 25), whereby a more
diverse array of species provides a larger number
of ecological functions and economic opportu-
nities, leading to a more stable trajectory and
better performance over time. This portfolio
effect has independently been confirmed by eco-
nomic studies of multispecies harvesting rela-
tionships in marine ecosystems (26, 27). Linear
(or log-linear) relationships indicate steady in-
creases in services up to the highest levels of
biodiversity. This means that proportional species
losses are predicted to have similar effects at low
and high levels of native biodiversity.

Marine reserves and fishery closures. A
pressing question for management is whether
the loss of services can be reversed, once it has
occurred. To address this question, we analyzed
available data from 44 fully protected marine
reserves and four large-scale fisheries closures
(15). Reserves and closures have been used to
reverse the decline of marine biodiversity on
local and regional scales (28, 29). As such, they
can be viewed as replicated large-scale ex-
periments. We used meta-analytic techniques
(15) to test for consistent trends in biodiversity
and services across all studies (Fig. 4).

We found that reserves and fisheries closures
showed increased species diversity of target and
nontarget species, averaging a 23% increase in
species richness (Fig. 4A). These increases in
biodiversity were associated with large in-
creases in fisheries productivity, as seen in the
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Fig. 3. Global loss of species from LMEs. (A) Trajectories of collapsed fish and invertebrate taxa over
the past 50 years (diamonds, collapses by year; triangles, cumulative collapses). Data are shown for all
(black), species-poor (<500 species, blue), and species-rich (>500 species, red) LMEs. Regression lines
are best-fit power models corrected for temporal autocorrelation. (B) Map of all 64 LMEs, color-coded
according to their total fish species richness. (C) Proportion of collapsed fish and invertebrate taxa, (D)
average productivity of noncollapsed taxa (in percent of maximum catch), and (E) average recovery of
catches (in percent of maximum catch) 15 years after a collapse in relation to LME total fish species
richness. (F) Number of fished taxa as a function of total species richness. (G) Coefficient of variation in
total catch and (H) total catch per year as a function of the number of fished taxa per LME.
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Depletion of whales

Humpback whales: from pre-exploitation  population 
sizes of more than 50,000 to a few hundred in 1970

Whale hunting, thousands of individuals across species 
hunted per year in Antarctica (peak 50,000 per year)

Smetacek (2007)



Pessimistic views of the ocean abound
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auley et al (2015)
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Recovery: whales
Globally > 50%above 1940 estimates; IUCN down-listed from 
Vulnerable to Least Concern

Out of 92 marine mammal 
populations (Roman et al. 2015): 

• 42% increasing 
• 10% decreasing 
• remainder: no change  



Recovery: Restoration Mekong Delta mangrove forest

The reforestation of the Mekong Delta, the largest mangrove forest 
in the world, 15 years after its destruction by the US Air Force is the 
largest-scale ecosystem restoration ever undertaken (Duarte et al., 
2008) 
 

1972 1997 • 1964 and 1970: 57% of all Mekong Delta 
Mangrove Forest destroyed 

• 1978-1998: 2700 km2 planted 
• Carbon storage (Nam et al., 2016): 

• restored mangrove: 889 ± 111 MgC ha−1  
• natural mangrove: 844 ± 58 MgC ha−1  



Recovery: salt marsh restoration

• Salt marsh restoration is well 
proven and can often be achieved 
by restoring tidal flows 

• Restored breached levee salt 
marshes in San Francisco Bay 
Estuary 

• Recovery in one decade 

Williams and Orr (2002)



Recovery: European seagrass
• 1/3 of European seagrass area 

lost, loss peaking in the 1970s and 
1980s 

• Loss rates slowed down for most 
of the species and fast-growing 
species recovered in some 
locations 

• Net rate of change reversed in 
the 2000s 

• Density metrics improved or 
remained stable in most sites 

• In contrast with global 
assessments, seagrass decline is 
no longer a generalised state in 
Europe 

• Deceleration and reversal of 
declining trends is possible

1990s, the number of sites, within each decade, experiencing an
improvement in the area trajectory was always lower than those
worsening, but this pattern changed in 2000s, when the number
of sites improving surpassed the number of those worsening
(Fig. 4d). In terms of density metrics and depth limits, there was
an increase of sites improving and in steady state (not improve-
ment, not worsening) from the 1980s to the 2000s, even though
there was also an increase of sites getting worst (Fig. 4e, f).

Causes of change in European seagrasses. The causes for decline
or increase of European seagrass meadows were reported for 31%
and 7% of the compiled seagrass sites, respectively. Most of the
declines were attributed to water quality degradation (26%) and
wasting disease (25%), followed by coastal modification (16%),
mechanical damage (14%), and multiple causes (12%, Fig. 5a).
Whereas the wasting disease caused by Labyrinthula sp. was the
dominant driver for losses of Z. marina, losses of other seagrass
species were dominated by water quality degradation (P. oceanica
and Z. noltei) and coastal modification (C. nodosa) (Fig. 5a).
Seagrass recovery was mostly (68%) attributed to management
actions (Fig. 5a), which included improvement of water quality,
reduction of industrial sewage, and anchoring and trawl-
ing regulation. The rest of cases were attributed to natural colo-
nization that could not be directly associated with any human
intervention (Fig. 5a), which included the recovery from wasting
disease in the 1950s, recovery after drastic losses in coastal
lagoons caused by floods. Water quality degradation was the
major loss factor in the 1970s, whereas losses due to extreme
events became the most important cause of decline during the
2000s (Fig. 5b, c). Management intervention along with natural
colonization emerged as drivers of recovery in the 1990s and
2000s (Fig. 5d).

Discussion
From 1869 to 2016, about one third of the area of European
seagrasses was lost in relation to the maximum compiled area,
due to several causes including wasting disease, water quality
degradation, coastal development, mechanical disturbance, and
the combination of them. However, and contrary to other global
reports on seagrass losses4,5, this work reveals for the first time
since the 1950s a trend reversal for declining European seagrass
meadows at the end of the 20th century that continued through
the 2000s. Whereas losses occurred in all regional seas and spe-
cies, seagrass gains were concentrated in fewer locations and were
mostly due to the recovery of Zostera species.

The predominant seagrass trajectory of our compilation was
decline, revealed mostly by area and depth limit changes rather
than density metrics. This does not mean that those are the best
indicators of seagrass loss but rather the consequence of the fact
that area and depth limits have been reported more often, since
the beginning of seagrass studies in Europe. Density metrics were
mainly introduced in the past decades after the highest seagrass
losses of the 1970s had occurred, mostly in 2000s because of the
broad geographical monitoring imposed by the WFD. Loss of
seagrass area was mostly attributed to the species Z. marina and
C. nodosa. The wasting disease outbreak during the 1930s deci-
mated large pristine Z. marina areas along the Atlantic coast27–29.
Other causes behind the seagrass losses in Europe included water
quality degradation, coastal modification, and mechanical
impacts, in accordance to those previously identified at the global
scale4,5. Seagrass declines in Europe during the 20th century were
reported elsewhere for P. oceanica16,17, with an estimated area
loss of 13–50%, and for Z. marina in Nordic countries30. For Z.
noltei and C. nodosa, this is the first assessment revealing both
losses and gains at the continental scale.

Loss rates of European seagrasses peaked in the 1970s and
1980s and started to slowdown in magnitude toward the end of
century, when it reached the loss rate of the 1950s (Fig. 3).
Decadal rates before the 1950s were not possible to assess due to
the data deficiency. The combination of this deceleration with the
area gains observed during the 1990s and 2000s, mainly due to
large expansions of Z. noltei and Z. marina along the Atlantic
coasts (79% and 9% of total gains, respectively), led to the recent
reversal of the negative decadal rate of net change during the
2000s. The improvement of the seagrass trajectory in Europe was
also evident in density metrics, which become stable or improved
during the 1990s and 2000s. Most of the sites reporting gains in
seagrass area during the 2000s did not include the causes for
those gains. The available information indicates that the largest
increase in seagrass area during the 2000s, of Z. noltei in the
Northern Wadden Sea (9017 ha), was due to the reduction of
nutrient loads19,31. The second biggest contribution was the
recovery of 913 ha of Z. noltei at the Vaccarès lagoon, France, due
to the natural restoration of water clarity and salinity, which had
been drastically reduced by two consecutive river floods32.
Another contribution to area gains, the recovery of Z. marina in
Puck Bay, Poland, was ascribed to an improvement in water
quality following management actions to reduce water pollu-
tion33. Thus a combination of natural recovery of seagrasses after
environmental improvement related or not to management
actions may explain the recent positive trajectory of European
seagrasses.

The effects of management actions to improve water quality on
seagrass recovery are well documented at the national and sub-
national scales: nutrient input reduction to fjords in Denmark
resulted in an increase of the depth limit of eelgrass34, decreased
nitrogen inputs in a Portuguese estuary in 1998 reversed the
declining trajectory of Z. noltei after severe eutrophication events
during the 1980s and early 1990s35, and the increase of wastewater
treatment plants from 2003 to 2010 along the Catalonia coasts in
Spain resulted in significant improvements of water quality and of
the biochemical indicators of P. oceanica36. These cases add up to
success stories reported outside of Europe, such as the recovery of
seagrasses in Chesapeake Bay37, Tampa Bay38, and in Mumford
Cove39, following water quality improvement.

Even though the structure of the data compiled here do not
allow us to relate European seagrass recovery to specific manage-
ment actions, seagrass meadows in Europe may have benefited
from policies and management initiatives adopted in the 1990s to
reduce nutrient loading from urban waters40 and from agricultural
sources41. The subsequent identification of seagrasses as key
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Recovery: coral reefs following nuclear tests
• 76.3 megatons (TNT equivalent) were 

conducted across seven test sites  (1946 
to 1958) 

• Five craters were created 

• Surface seawater temperatures raised by 
55,000 °C after air-borne tests 

• Blast waves with speeds of up to 8 m/s; 
and shock and surface waves up to 30 m 
high with blast columns reaching the floor 
of the lagoon (approximately 70 m depth) 

• Coral reefs in the Bikini Atoll recovered 
40 years after the end of tests, although 
with some biodiversity changes 
(Richards et al. 2008) 

• “While nuclear testing is devastating on an 
acute timescale, it may prove to be 
beneficial to the local ecosystem over a 
more chronic duration through human 
exclusion” (Lawrence et al. 2015)
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MPAs and restoration projects
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Fig. 2 | Global growth of restoration interventions. Distribution and growth 
of MPAs (a) and ecosystem restoration projects for coral and oyster reefs (b), 
saltmarshes and mangroves (c), and kelps and seagrasses (d); and the growth of 
MPAs as per cent of the total ocean area (e) and reported restoration projects 
(f) over time. NA, date not available. Numbers within symbols represent 

aggregated restoration projects for which the location was not provided  
(see Supplementary Information 1 for detailed examples, Supplementary 
Information 2 for data sources and Supplementary Videos 1, 2 for the animation 
of growth over time).
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Fig. 2 | Global growth of restoration interventions. Distribution and growth 
of MPAs (a) and ecosystem restoration projects for coral and oyster reefs (b), 
saltmarshes and mangroves (c), and kelps and seagrasses (d); and the growth of 
MPAs as per cent of the total ocean area (e) and reported restoration projects 
(f) over time. NA, date not available. Numbers within symbols represent 

aggregated restoration projects for which the location was not provided  
(see Supplementary Information 1 for detailed examples, Supplementary 
Information 2 for data sources and Supplementary Videos 1, 2 for the animation 
of growth over time).
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selective, low impact, recreational, commercial, or subsistence
fishing gears, could deliver ecological benefits.13 Protection
levels are therefore a good indicator of MPA performance.

In this study, we focused on the Mediterranean Sea, which is
both a global hotspot for biodiversity and for human pres-
sure,18–20 and is an area that features an extensive system of
MPAs.21 Our assessment took a critical look at whether conser-
vation efforts are appropriately strategized to deliver ecological
benefits.

RESULTS AND DISCUSSION

We exctracted the list of MPAs fromMAPAMED,22 themost com-
plete database for MPAs in the Mediterranean. For multiple-zone
MPAs, we worked at the zone level and compiled and reviewed
the management plans and legal texts for the 1,062 existing
MPAs (or 1,346 zones) to classify themusing the regulation-based
classification system.17 All 1,062 MPAs included in our study are
approved by countries or focal points of the Barcelona
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Figure 2. Distribution of the Different Levels of Protection in the Mediterranean Sea
The proportion and distribution of the different levels of protection are displayed at different scales: (A) the entire Mediterranean Sea, European Union, and non-

European Union countries (percentages below the progress bars indicate the overall percentage cover of protection in the corresponding grouping, percentages

in the colored pie charts show how the different levels of protection are distributed in the corresponding grouping); (B) at the country level (gray bars on the left

show the percentage cover of the country’s coastal and marine areas under protection for all cumulated levels of protection, percentages inside brackets show

the percentage cover of only full and high levels of protection, colored bars on the right show how the levels of protection are distributed inside each country’s

coastal and marine areas); and (C) at the ecoregion level (colored pie charts show the distribution of the levels of protection inside each ecoregion and per-

centages indicate the percentage cover of the ecoregion under protection).
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in 1880 to more than 200,000 today50, and grey seal populations have 
increased by 1,410% in eastern Canada51 and 823% in the Baltic Sea41 
since 1977. Southern sea otters have grown from about 50 individuals 
in 1911 to several thousand at present35. While still endangered, most 
sea turtle populations for which trends are available are increasing in 
size52, with increases in green turtle nesting populations ranging from 
4 to 14% per year52.

Recovery of fish stocks. Using a comprehensive stock-assessment 
database53, we find that fish stocks with available scientific assessments 
are increasingly managed for sustainability. The proportion of stocks 
with fishing mortality estimates (F) below the level that would produce 
a maximum sustainable yield (F < FMSY) has increased from 60% in 2000 
to 68% in 2012. Many fish stocks that are subject to such management 
interventions display positive trends (Fig. 3a), and globally aggregated 
stock assessments suggest a slowing down of the depletion of fish 
stocks21,36,39, although this trend cannot be verified for the majority of 
stocks, which lack scientific assessments36. The most recent report of 
the Food and Agriculture Organization on global fisheries21 also sug-
gests that two thirds of large-scale commercial fish stocks are exploited 
at sustainable rates—although, again, this figure does also not account 
for smaller stocks or non-target bycatch species, which are often not 

assessed and in poor condition36,54. Available data suggests that scien-
tifically assessed stocks generally have a better likelihood of recovery 
owing to improved management and regulatory status compared with 
unassessed stocks36, which still represent the majority of exploited fish 
stocks, especially in developing countries.

Reduction in pollution. Time-series analyses show that legacy persis-
tent organic pollutants have declined even in marine environments 
that tend to accumulate them (for example, the Arctic55). The transition 
towards unleaded gasoline since the 1980s has reduced lead concen-
trations to concentrations comparable to baseline levels across the 
global ocean by 2010–201156. Similarly, the total ban in 2008 of the anti-
fouling chemical tributyltin (TBT) has led to rapid declines of imposex 
(females that develop male sexual organs)—a TBT-specific symptom—in 
an indicator gastropod57. Improved safety regulations have also led to 
a 14-fold reduction in large oil spills from oil tankers from 24.7 events 
per year in the 1970s to 1.7 events per year in 2010–201958. Whereas 
evidence of improved coastal water quality following nutrient reduc-
tions was equivocal a decade ago59, multiple success stories have now 
been confirmed41,60, with positive ecosystem effects such as the net 
recovery of seagrass meadows in the United States61 (Fig. 1), Europe62, 
the Baltic Sea41 and Japan63.
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Fig. 3 | Recovery trends of marine populations. a, Current population trends 
in scientifically assessed fish stocks based on the ratio of the annual biomass  
B relative to the biomass that produces the maximum sustainable yield (BMSY). 
b, Percentage of assessed marine mammal populations that showed increasing 
or decreasing population trends or showed no change. c, Sample trajectories of 
recovering species and habitats from different parts of the world. Units were 
adjusted to a common scale by multiplying or dividing as indicated in the 

legend (n×), numbers at the end of the legends indicate the initial count at the 
beginning of time series. d, Range of recovery times for marine populations 
and habitats, and mean ± 95% confidence limits recovery times for marine 
ecosystems. Lines indicate the reported range; where extending to 60 years, 
the maximum recovery time is 60 years or longer. See Supplementary 
Information 2 for details on data sources and methods, and Supplementary 
Table 3 for data sources for data shown in d.



Recovery wedges
• No single solution for achieving substantial (50-90% of 

past metrics) recovery of marine life by 2050
• Recovery requires the strategic stacking of a number of 

complementary actions, here termed recovery wedges:
• protecting vulnerable habitats and species
• adopting cautionary harvesting strategies
• restoring habitats
• reducing pollution
• mitigating climate change 

• The strength of the contribution of each of these wedges 
vary across species and ecosystems

• For instance, mitigating climate change is the critical wedge 
to set coral reefs on a recovery trajectory, whereas 
improved habitat protection and fisheries management are 
the critical wedges for the recovery of marine vertebrates 
and deep-sea habitats



Roadblocks
• A number of roadblocks may delay or prevent 

recovery of some of the critical components:
• Climate change is the critical backdrop 

against which all rebuilding efforts will play 
out. Much stronger efforts to reduce the 
gap between target and projected 
emissions under the present voluntary 
NDCs is a challenging but not impossible 
task

• Need to consider unavoidable impacts 
brought about by ocean warming, 
acidification and sea-level rise already 
committed by past emissions, even if the 
climate mitigation wedge, represented by 
the Paris Agreement, is fully implemented.

• Natural variability and intensification of 
environmental extremes 

• failure to reduce pressures other than 
climate change mitigation

• unexpected natural or social events
• growing human population will create 

additional demands for seafood, coastal 
space and other ocean resources

• Substantial to complete recovery (60-100% 
increase relative to the present) appears 
realistic and achievable for most components

• Partial to substantial recovery (10 to >50%) 
can be targeted for deep-sea habitats, where 
slow recovery rates lead to a modest 
rebuilding scope by 2050, and for coral reefs, 
where existing and projected climate change 
severely limits the rebuilding prospects



Necessary investments and expected returns

• Substantial rebuilding of marine life by 2050 
requires sustained effort and financial support:
• at least US$10–20 billion per year to reach 

protection of 50% of the ocean space plus 
substantial additional funds for restoration

• Benefits: considerable economic return (x10) and 
in excess of one million new jobs:
• Rebuilding fish stocks can be achieved by 

market-based instruments, such as 
rationalizing global fishing subsidies, taxes 
and catch shares, to end perverse incentives 
and by the growth of truly sustainable 
aquaculture to reduce pressure on wild 
stocks

• Whereas most regulatory measures focus on 
commercial fisheries, subsistence and 
recreational fishing are also globally 
relevant and need to be aligned with 
rebuilding efforts to achieve sustainability

• Rebuilt fisheries alone could increase the 
annual profits of the global seafood 
industry by US$53 billion

• A global rebuilding of exploited fish stocks 
could increase fishing yields by 15% and 
profits by about 80% while reducing bycatch 
mortality

• Conserving coastal wetlands could save the 
insurance industry US$52 billion annually  
while providing additional benefits of carbon 
sequestration, income and subsistence from 
harvesting, and from fisheries

• Ecotourism in protected areas provides 4-12 
times greater economic returns than fishing 
without reserves (for example, AUS$5.5 billion 
annually and 53,800 full time jobs in the Great 
Barrier Reef Marine Park)
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national actions to protect marine life34 (Fig. 1). These actions have been  
supplemented by national initiatives to reduce hunting pressure on 
endangered species and protect their breeding habitat34,35.

Management of fisheries. Successful rebuilding of depleted fish 
populations has been achieved at local and regional scales through  
well-proven management actions, including catch and effort restric-
tions, closed areas, regulation of fishing capacity and gear, catch shares 
and co-management arrangements35–39 (Supplementary Information 1). 
These interventions require detailed consideration of socio-economic 
circumstances, with solutions being tailored to the local context37. 
Persistent challenges include harmful subsidies, poverty and lack of 
alternative employment, illegal, unregulated and unreported fishing, 
and the disruptive ecological impacts of many fisheries36–39.

Water-quality improvement. Policies to lower inputs of nutrients 
and sewage to reduce coastal eutrophication and hypoxia were initi-
ated four decades ago in the United States and European Union (EU), 
leading to major improvements today40–42. Many hazardous pollutants 
have been regulated or phased out through the Stockholm Convention 
(http://www.pops.int/) and, specifically in the ocean, by the MARPOL 
Convention (http://www.imo.org/), often reinforced by national and 
regional policies. Recent attention has focused on reducing and pre-
venting plastic pollution from entering the ocean, which remains a 
growing problem; inputs of plastic are currently estimated at between 
4.8 to 12.7 million metric tons per year43.

Habitat protection and restoration. The need to better protect sen-
sitive habitats, including non-target species, has inspired the use of 
Marine Protected Areas (MPAs) as a comprehensive management 
tool3,15,19,44. In 2000, only 3.2 million km2 (0.9%) of the ocean was pro-
tected, but MPAs now cover 26.9 million km2 (7.4% of ocean area, or 

5.3% if only considering fully implemented MPAs (http://mpatlas.org/, 
accessed 6 March 2020). MPA coverage continues to grow at about 8% 
per year19 (Fig. 2 and Supplementary Video 1).

The twenty-first century has also seen a global surge of active habitat 
protection and restoration initiatives (Fig. 2, Supplementary Informa-
tion 1 and Supplementary Videos 1, 2), even in challenging environ-
ments adjoining coastal megacities (Supplementary Information 1). 
These efforts have delivered benefits, such as improved water quality 
following oyster reef restoration. Additionally, Blue Carbon strategies, 
submitted within the nationally determined contributions (NDCs) of 
more than 50 nations—at the heart of the Paris Agreement—are being 
used to mitigate climate change and improve coastal protection by 
restoring seagrass, saltmarsh and mangrove habitats45–47 (Supplemen-
tary Information 1).

Recovery to date
Reductions to the risk of extinction. The proportion of marine species 
assessed by the IUCN (International Union for Conservation of Nature) 
Red List as threatened with global extinction (Supplementary Informa-
tion 2) has decreased from 18.0% in 2000 to 11.4% in 2019 (s.d. = 1.7%, 
n = 1,743), with trends being relatively uniform across ocean basins 
and guilds (Supplementary Fig. 2.1). In part, this reflects the growing 
number of species that have been assessed. However, many assessed 
species have improved their threat status over the past decade48–51. 
For marine mammals, 47% of 124 well-assessed populations34 showed 
a significant increase over the past decades, with 40% unchanged and 
only 13% decreasing (Fig. 3b and Supplementary Table 2). Some large 
marine species have exhibited particularly notable rebounds, even from 
the brink of extinction (Fig. 3c). Humpback whales migrating from Ant-
arctica to eastern Australia have been increasing at 10% to 13% per year, 
from a few hundred animals in 1968 to more than 40,000 currently49. 
Northern elephant seals recovered from about 20 breeding individuals 
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Fig. 1 | Global pressures on marine life. Many human pressures commenced 
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notable exceptions of pollution and climate change. Initially, hunting and 
fishing were followed by deforestation, leading to excess sediment export and 
the direct destruction of coastal habitats. Pollution (synthetic fertilizers, 
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fishing is now progressing towards more-sustainable harvests in many regions, 
and regulatory frameworks are reducing some forms of pollution. Climate 
change—caused by greenhouse gas emissions that have accumulated since the 
onset of the industrial revolution—became considerable compared with 
background variability in the 1960s, and is escalating as greenhouse gases 
continue to accumulate. As a net result of these cumulative human pressures, 
marine biodiversity experienced a major decline by the end of the twentieth 
century.
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national actions to protect marine life34 (Fig. 1). These actions have been  
supplemented by national initiatives to reduce hunting pressure on 
endangered species and protect their breeding habitat34,35.

Management of fisheries. Successful rebuilding of depleted fish 
populations has been achieved at local and regional scales through  
well-proven management actions, including catch and effort restric-
tions, closed areas, regulation of fishing capacity and gear, catch shares 
and co-management arrangements35–39 (Supplementary Information 1). 
These interventions require detailed consideration of socio-economic 
circumstances, with solutions being tailored to the local context37. 
Persistent challenges include harmful subsidies, poverty and lack of 
alternative employment, illegal, unregulated and unreported fishing, 
and the disruptive ecological impacts of many fisheries36–39.

Water-quality improvement. Policies to lower inputs of nutrients 
and sewage to reduce coastal eutrophication and hypoxia were initi-
ated four decades ago in the United States and European Union (EU), 
leading to major improvements today40–42. Many hazardous pollutants 
have been regulated or phased out through the Stockholm Convention 
(http://www.pops.int/) and, specifically in the ocean, by the MARPOL 
Convention (http://www.imo.org/), often reinforced by national and 
regional policies. Recent attention has focused on reducing and pre-
venting plastic pollution from entering the ocean, which remains a 
growing problem; inputs of plastic are currently estimated at between 
4.8 to 12.7 million metric tons per year43.

Habitat protection and restoration. The need to better protect sen-
sitive habitats, including non-target species, has inspired the use of 
Marine Protected Areas (MPAs) as a comprehensive management 
tool3,15,19,44. In 2000, only 3.2 million km2 (0.9%) of the ocean was pro-
tected, but MPAs now cover 26.9 million km2 (7.4% of ocean area, or 

5.3% if only considering fully implemented MPAs (http://mpatlas.org/, 
accessed 6 March 2020). MPA coverage continues to grow at about 8% 
per year19 (Fig. 2 and Supplementary Video 1).

The twenty-first century has also seen a global surge of active habitat 
protection and restoration initiatives (Fig. 2, Supplementary Informa-
tion 1 and Supplementary Videos 1, 2), even in challenging environ-
ments adjoining coastal megacities (Supplementary Information 1). 
These efforts have delivered benefits, such as improved water quality 
following oyster reef restoration. Additionally, Blue Carbon strategies, 
submitted within the nationally determined contributions (NDCs) of 
more than 50 nations—at the heart of the Paris Agreement—are being 
used to mitigate climate change and improve coastal protection by 
restoring seagrass, saltmarsh and mangrove habitats45–47 (Supplemen-
tary Information 1).

Recovery to date
Reductions to the risk of extinction. The proportion of marine species 
assessed by the IUCN (International Union for Conservation of Nature) 
Red List as threatened with global extinction (Supplementary Informa-
tion 2) has decreased from 18.0% in 2000 to 11.4% in 2019 (s.d. = 1.7%, 
n = 1,743), with trends being relatively uniform across ocean basins 
and guilds (Supplementary Fig. 2.1). In part, this reflects the growing 
number of species that have been assessed. However, many assessed 
species have improved their threat status over the past decade48–51. 
For marine mammals, 47% of 124 well-assessed populations34 showed 
a significant increase over the past decades, with 40% unchanged and 
only 13% decreasing (Fig. 3b and Supplementary Table 2). Some large 
marine species have exhibited particularly notable rebounds, even from 
the brink of extinction (Fig. 3c). Humpback whales migrating from Ant-
arctica to eastern Australia have been increasing at 10% to 13% per year, 
from a few hundred animals in 1968 to more than 40,000 currently49. 
Northern elephant seals recovered from about 20 breeding individuals 

Climate change

Fertilizer, plastic and synthetic chemicals

Onset of large-scale 
industrial production
of fertilizer, plastic and 
synthetic chemicals

1890 1920 1950 1980 2020

Petroleum industry develops Climate dynamics can 
no longer be reproduced 
without invoking human 
perturbation 

Warming-induced 
global coral-bleaching 
events

Sharp increase in pressures on and decline in marine life
Efforts to slow down pressures 

Opportunity to rebuild marine life

Hunting

Fishing

Habitat loss

Deforestation

CITES (1975)
IWC Whaling 
Moratorium 
(1982)
UNCLOS (1982)

UN Conference on 
Environment and 
Development (1992) 
UNCBD (1993) 

UN SDGs (2015) and 
Paris Agreement of 
UNFCC (2016) adopted 

Steam engines 
applied to 
!shing boats

1860

Low

Maximum

High

Medium

P
re

ss
ur

e 
sc

al
e

International Convention 
for the Prevention of 
Pollution from Ships 
(MARPOL, 1973) 

IPCC established
(1988)

Debate on whether industrialized 
!shing could lead to permanent 
exhaustion of !sh stocks 
(International Fisheries Exhibition, 
London, 1883)

Electric and gas 
street lights reduced 
hunting for animal oil

Geneva Convention on 
the Law of the Sea (1958)

1890 1920 1950 1980 20201860

Rebuilding
marine life

Pressures on
marine life

Fig. 1 | Global pressures on marine life. Many human pressures commenced 
well before the industrial revolution; a number of those pressures peaked in the 
1980s and are slowing down at present (with great regional variation), with the 
notable exceptions of pollution and climate change. Initially, hunting and 
fishing were followed by deforestation, leading to excess sediment export and 
the direct destruction of coastal habitats. Pollution (synthetic fertilizers, 
plastic and industrial chemicals) and climate change represent more-recent 
threats. Hunting of megafauna has been heavily regulated or banned and 

fishing is now progressing towards more-sustainable harvests in many regions, 
and regulatory frameworks are reducing some forms of pollution. Climate 
change—caused by greenhouse gas emissions that have accumulated since the 
onset of the industrial revolution—became considerable compared with 
background variability in the 1960s, and is escalating as greenhouse gases 
continue to accumulate. As a net result of these cumulative human pressures, 
marine biodiversity experienced a major decline by the end of the twentieth 
century.
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Key messages
• Conserve and sustain what is left: no longer 

acceptable  
• Sustainable Development Goal 14 of the United 

Nations aims to “conserve and sustainably use the 
oceans, seas and marine resources for sustainable 
development” 

• Here we document the recovery of marine 
populations, habitats and ecosystems following past 
conservation interventions 

• Recovery rates across studies suggest that 
substantial recovery of the abundance, structure 
and function of marine life could be achieved by 
2050, if major pressures—including climate change—
are mitigated 

• Rebuilding marine life represents a doable Grand 
Challenge for humanity, an ethical obligation and a 
smart economic objective to achieve a sustainable 
future
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Rebuilding marine life

Carlos M. Duarte1,2,3ಞᅒ, Susana Agusti1, Edward Barbier4, Gregory L. Britten5,  
Juan Carlos Castilla6, Jean-Pierre Gattuso7,8,9, Robinson W. Fulweiler10,11, Terry P. Hughes12, 
Nancy Knowlton13, Catherine E. Lovelock14, Heike K. Lotze15, Milica Predragovic1,  
Elvira Poloczanska16, Callum Roberts17 & Boris Worm15

Sustainable Development Goal 14 of the United Nations aims to “conserve and 
sustainably use the oceans, seas and marine resources for sustainable development”. 
Achieving this goal will require rebuilding the marine life-support systems that deliver 
the many bene!ts that society receives from a healthy ocean. Here we document the 
recovery of marine populations, habitats and ecosystems following past conservation 
interventions. Recovery rates across studies suggest that substantial recovery of the 
abundance, structure and function of marine life could be achieved by 2050, if major 
pressures—including climate change—are mitigated. Rebuilding marine life 
represents a doable Grand Challenge for humanity, an ethical obligation and a smart 
economic objective to achieve a sustainable future.

The ability of the ocean to support human wellbeing is at a crossroads. 
The ocean currently contributes 2.5% of global gross domestic prod-
uct (GDP) and provides employment to 1.5% of the global workforce1, 
with an estimated output of US$1.5 trillion in 2010, which is expected 
to double by 20301. Furthermore, there is increased attention on the 
ocean as a source of food and water2, clean energy1 and as a means to 
mitigate climate change3,4. However, many marine species, habitats and 
ecosystems have suffered catastrophic declines5–8, and climate change 
is further undermining ocean productivity and biodiversity9–14 (Fig. 1).

The conflict between the growing dependence of humans on ocean 
resources and the decline in marine life under human pressures (Fig. 1) is 
focusing the attention on the connection between ocean conservation 
and human wellbeing15. The United Nations Sustainable Development 
Goal 14 (UN SDG 14 or ‘life below water’) aims to “conserve and sustain-
ably use the oceans, seas and marine resources for sustainable develop-
ment” (https://sustainabledevelopment.un.org/sdg14). Achieving this 
goal will require rebuilding marine life, defined in the context of SDG 14 
as the life-support systems (populations, habitats and ecosystems) that 
deliver the many benefits that society receives from a healthy ocean16,17. 
Here we show that, in addition to being a necessary goal, substantially 
rebuilding marine life within a human generation is largely achievable, 
if the required actions—including, notably, the mitigation of climate 
change—are deployed at scale.

Reversing the decline of marine life
By the time the general public admired life below water through the 
television series ‘The Undersea World of Jacques Cousteau’ (1968–1976), 
the abundance of large marine animals was already greatly reduced5–7,18. 
Since the first frameworks to conserve and sustain marine life were 

introduced in the 1980s, the abundance of marine animals and habitats 
that provide essential ecosystems services has shrunk even further5,6,19,20 
(Fig. 1). Currently, at least one-third of fish stocks are overfished21, one-
third to half of vulnerable marine habitats have been lost8, a substantial 
fraction of the coastal ocean suffers from pollution, eutrophication, 
oxygen depletion and is stressed by ocean warming22,23, and many 
marine species are threatened with extinction7,24,25. Nevertheless, biodi-
versity losses in the ocean are less pronounced than on land7 and many 
marine species are capable of recovery once pressures are reduced or 
removed (Figs. 2, 3). Substantial areas of wilderness remain in remote 
regions26 and large populations of marine animals are still found, for 
example, in mesopelagic (200–1,000 m depth) ocean waters27.

Regional examples of impressive resilience include the rebound of 
fish stocks during World War I and World War II following a marked 
reduction in fishing pressure28, the recovery since 1958 of coral reefs 
in the Marshall Islands from 76 megatons of nuclear tests29 and the 
improved health of the Black Sea30 and Adriatic Sea31 following a sudden 
reduction in the application of fertilizers after the collapse of the Soviet 
Union. Although these rapid recoveries were unrelated to conservation 
actions, they helped to inform subsequent interventions that have been 
deployed in response to widespread ocean degradation7,32,33. These 
interventions include a suite of initiatives to save threatened species, 
protect and restore vulnerable habitats, constrain fishing, reduce pol-
lution and mitigate climate change (Fig. 1 and Table 1).

Impactful interventions
The regulation of hunting. The protection of species through the 
Convention on International Trade of Endangered Species (CITES, 
1975, https://cites.org/) and the global Moratorium on Commercial 
Whaling (1982, https://iwc.int/home) are prominent examples of inter-
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