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Responsibility

Protection and conservation of
seafood security, marine biodiversity
and threatened species

4 April 2022
By Tamlin Jefferson, MSc. , Maria L.D. Palomares, Ph.D.  and Carolyn J. Lundquist, Ph.D.

Study shows the need for a globally coordinated approach
to marine conservation and food security

(https://www.globalseafood.org)
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The world’s oceans help to regulate the temperature of the planet, sequester an estimated 2.4 billion of
tons of atmospheric carbon (https://doi.org/10.1038/s41467-020-18203-3) each year, and provide a
myriad of provisions, services and cultural bene�ts vital to human health.

Perhaps the most important are �sheries, which are integral to global food security, nutrition and
economic well-being (https://doi.org/10.1038/s41586-019-1592-6). However, global catch peaked in
1996 and over�shing continues (https://doi.org/10.1073/pnas.2108532118) throughout the world’s
oceans.

Due to the overexploitation of marine resources, predominantly from �shing, marine biodiversity is
declining, negatively affecting trophic structures, ecosystems and the ecosystem services necessary for
human health. The decline of marine species and habitats has led to large reductions in species
populations, and many species that were once numerous are now threatened with extinction
(https://doi.org/10.1126/sciadv.abb6026).

Previous research has sought to identify conservation priorities for marine protection based on varying
measures of biodiversity (https://doi.org/10.1038/s41559-016-0040). Such studies provide an
ecological solution to addressing global marine biodiversity loss, but prioritizing areas based primarily
on ecological criteria is problematic. The �rst global scale analysis was by Sala, et al.

The yellow�n tuna (Thunnus albacares) is one of the exploited species
highlighted in this study, consistently caught in areas of high
conservation importance (photo by Shemlongakit, via Wikimedia
Commons). Authors showed that a globally coordinated approach to
marine conservation and food security is necessary, as regional-scale
strategies are shown to be less e�cient and may result in con�ict
between food security and conservation objectives. Their results add
support for calls to protect 30 percent of the ocean by 2030 and show
where protection would best shield food security and conserve
biodiversity and threatened species.

https://doi.org/10.1038/s41467-020-18203-3
https://doi.org/10.1038/s41586-019-1592-6
https://doi.org/10.1073/pnas.2108532118
https://doi.org/10.1126/sciadv.abb6026
https://doi.org/10.1038/s41559-016-0040
https://doi.org/10.1038/s41586-021-03371-z
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(https://doi.org/10.1038/s41586-021-03371-z), who provided a multi-objective solution to biodiversity
protection, food provisioning and carbon storage. Their results showed that achieving multiple
objectives was possible, dependent on the assumption that prioritized areas would improve �sheries
yields in areas of over�shing through stock recovery.

(http://info.globalseafood.org/goal-2022-save-the-date)

This article – adapted and summarized from the original publication
(https://doi.org/10.3389/fmars.2022.826587) (Jefferson, T. 2022. Safeguarding Seafood Security,
Marine Biodiversity and Threatened Species: Can We Have Our Fish and Eat It too? Front. Mar. Sci., 17
February 2022) – reports on a recent study, based on a precautionary approach, which investigated
whether assuring food security, conserving biodiversity and protecting threatened species is possible
without stock recovery assumptions. 

Study setup
We carried out spatial prioritization of the ocean to protect biodiversity, threatened species and food
security. Food security was quanti�ed using catch in tons per square kilometer, per 0.5-degree cell of the
ocean, using data from the Sea Around Us (https://www.seaaroundus.org/), a global database of

Advancing the ecosystem services of
aquaculture

The Nature Conservancy was inactive in aquaculture until new program
leader Robert Jones joined. His focus is on the positive outcomes of
responsible aquaculture.
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industrial, artisanal, subsistence and recreational �shing catches.

We also included the spatial data layer of Representative Biodiversity Areas, RBAs (the top 30 percent
of the ocean based on holistic measures of biodiversity) from Zhao, et al.
(https://doi.org/10.1016/j.biocon.2020.108536), to de�ne biodiversity priorities within the world’s
oceans. These authors quantitatively prioritized the top 30 percent of the marine environment using
seven ecosystems, four biomes, seabed rugosity and species richness within each biogeographic realm
using AquaMaps species distribution maps (https://www.fao.org/land-water/databases-and-
software/aquamaps/en/) of 24,904 species.

With the data collected, we developed and considered the following scenarios in our analyses:

1. Prioritizing Food Security Above Conservation.
2. Protecting Food Security, Biodiversity and Threatened Species.
3. Balancing Objectives While Addressing Spatial Bias Using Administrative Regions.
4. Protecting Biodiversity and Threatened Species in the High Seas vs. Exclusive Economic Zones.

For detailed information on the study design; biodiversity and threatened species data; �shing catch
data; analyses and spatial planning scenarios, refer to the original publication.

Results and discussion
Overall, our study determined optimal solutions for scenarios that �rstly prioritize food security above
conservation, balanced both food security and conservation objectives, incorporated regional balancing
to compare global and regional scale trade-off e�ciencies, and determine d the conservation potential
of protecting the High Seas and compare this with protecting exclusive economic zones, EEZs [where
nations have jurisdiction over natural resources].

Our analyses considered food security, biodiversity protection (RBAs) and threatened species
conservation as contrasting objectives. Yet, our results show that when using a global approach to
marine spatial management (Scenarios 1 and 2), all objectives are achievable without signi�cant
compromise (Fig. 1).

https://doi.org/10.1016/j.biocon.2020.108536
https://www.fao.org/land-water/databases-and-software/aquamaps/en/
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Using such an approach, conservation and food security objectives are only con�icting when protecting
more than 85 percent of the ocean, due to current distribution patterns of biodiversity, threatened
species and catch. Thus, expanding marine protection to 30 percent of the global ocean could provide a
win-win for multiple marine management objectives.

Fig. 1: Priority areas for protection covering 30 percent of the ocean.
Color bars show areas of increasing priority per scenario (green to
red), white cells were not selected as priority areas. All displayed
priority areas within each scenario were required for protection to
achieve any associated bene�ts. Panel (A–C) denotes Zonation
scenario (A) Scenario 1, prioritizing food security above conservation,
(B) Scenario 2, protecting food security, biodiversity and threatened
species, (C) Scenario 3, balancing objectives while addressing spatial
bias using administrative regions. Adapted from the original.
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In line with recent calls for increased marine protection, our models suggest that protecting 30 percent
of the ocean will not lead to food insecurity, as the majority of catch can be maintained alongside
marine conservation. Moreover, given that global catch peaked in 1996 and has continuously declined
since by 1.2 million tons per year, and a third of �sheries are overexploited, future catch reductions
(https://doi.org/10.1016/j.ecss.2020.106896) are inevitable. Any short-term losses caused by catch
reductions may serve to provide long-term bene�ts, as research has shown that catch restrictions will
likely result in reduced �shing effort and increased catch volumes, making �shing more pro�table and
sustainable (https://doi.org/10.1073/pnas.1520420113).

Our multi-objective solution (Scenario 2), which achieves 89 percent of each objective, provides a broad
proposal of where marine protection should be prioritized, and is of particular importance as �sheries
sustainability hinges upon maintaining the biodiversity of our oceans, a key objective of Scenario 2.
While Scenario 2 uses a global approach to ocean management, it still accounts for resource access
for small-scale �sheries due to global patterns of catch.

Since 2009, more than 90 percent of catch has come from inshore and continental shelf areas. Such
areas are crucial to food security and were largely unselected as conservation priorities in our results.
Continued access for small-scale �sheries is vital as they are typically more sustainable than larger
�shing operations, use less destructive and energy-intensive �shing gear, use less fuel as they �sh
closer to shore, and discard less �sh (https://doi.org/10.1111/j.1523-1739.2008.00978.x). Additionally,
small-scale �sheries account for around half of all wild-capture seafood and employ 90 percent of
�shers and �sh workers.

Scenarios 1 and 2 provide less favorable outcomes for nations with exceptional biodiversity or high
numbers of threatened species throughout their waters, as to achieve conservation objectives �shing
must be displaced from such places. Our research assumes that all �shing, regardless of gear type,
would have the same detrimental effect on biodiversity and threatened species. In practice, more
sustainable �shing methods with high selectivity, or those that avoid benthic habitat damage such as
pole-and-line or trolling, may allow continued access for neighboring communities dependent on �shing
for their economic wellbeing. However, it is unlikely to result in long-term food security bene�ts, as
sustainable �sheries ultimately rely on healthy, complex and productive trophic structures and
biodiversity. Further research incorporating the economic value of catch alongside food security and
conservation objectives may provide an interesting comparison with our study, though such data is not
yet available.

Our most e�cient spatial solution (Scenario 2) showed similarities with the recent work of Visalli, et al.
(https://doi.org/10.1016/j.marpol.2020.103927) They found that protecting key biodiversity in the High
Seas required 24 percent High Seas protection, which compared closely with the 22 percent prioritized
by our multi-objective solution (Scenario 2). Unlike these authors, we did not consider future climatic
in�uences on species distributions. Nonetheless, our spatial solution showed congruence with their
priority areas within the Atlantic and Paci�c.

Fishing is increasing in the High Seas and expanding research has served to highlight the importance
of the High Seas to biodiversity conservation (https://doi.org/10.1016/j.marpol.2020.103927). Here,
our analysis compared the effectiveness of protecting threatened species and biodiversity in the High
Seas with EEZs (Fig. 2). While 888 threatened species have ≥ 30 percent of their range only within EEZs,
a further 32 threatened species had at least 70 percent of their range only within the High Seas.

https://doi.org/10.1016/j.ecss.2020.106896
https://doi.org/10.1073/pnas.1520420113
https://doi.org/10.1111/j.1523-1739.2008.00978.x
https://doi.org/10.1016/j.marpol.2020.103927
https://doi.org/10.1016/j.marpol.2020.103927
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The spatial solutions presented here could only be successful if those who currently �sh in areas
prioritized for conservation could �nd alternative sources of food and income. While adapting global
import and export markets to provide food security to those who depend on locally caught seafood
could be actioned, it is also worthwhile considering that any apparent loss of food security to coastal
communities may be lower than our results indicate.

Many nearshore areas, which provide a combined 5 percent of catch by weight, were not included in our
analysis, as due to the scale of our study (55 km × 55 km), cells in such areas were often predominantly
terrestrial. Consequently, they were excluded from the Zonation analysis extent and were not prioritized
as closed areas (areas with no �shing). Further research using �ner-scale analysis would better
incorporate such areas, but due to the available scale of other data layers used here, was beyond the
scope of this study.

Our analyses assumed that closing areas of the ocean to �shing would not increase food provisions, as
our aim was to determine overlaps and co-bene�ts across multiple objectives including minimizing
displacement of �sheries from their current distributions. Consequently, our results provide a
conservative estimate of food security bene�ts. Research has shown MPAs can make �shing more

Fig. 2: Priority areas for protection covering 30 percent of the ocean in
the High Seas and EEZs. Color bars show areas of increasing priority
per scenario (green to red). Panel (A,B) denotes (A) Scenario 4,
protecting biodiversity and threatened species in the High Seas, and
(B) Scenario 5, in EEZs. Adapted from the original.
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sustainable through the recovery of �sh stocks, as well as associated bene�ts from spillover and
reproduction (https://doi.org/10.1038/s41598-021-82371-5). Hence, any displaced catch in Scenarios
1, 2, and 3 may represent a short-term cost for long-term �sheries sustainability.

We also assumed that protecting threatened species by 30 percent of their range would be su�cient for
their survival. In reality, some species may require increased range protection or the conservation of
areas important for their life history stages to safeguard their survival.

And we assumed there would be no changes in species distributions due to climate change for
exploited species, threatened species, or other aspects of biodiversity. Though species distributions are
likely to change due to climate-related environmental impacts, there are many uncertainties in both
climate projections for our oceans, as well as what species responses will be.

Protected areas face multiple challenges if they are to be implemented successfully and achieve
conservation objectives. As well as optimizing the design of MPAs for biodiversity protection, of crucial
importance to conservation success are enforcement and stakeholder engagement, support and
acceptance, particularly from local �shing communities
(https://doi.org/10.1016/j.biocon.2018.09.033). Catch from illegal, unreported and unregulated (IUU)
�shing (https://doi.org/10.1126/sciadv.aaz3801) is estimated at 8 to 14 million tons annually, but
community supported protected areas have shown increased compliance and reduced poaching, and
thus have a higher chance of success.

Therefore, the expansion of protected areas we recommend should focus on locally designed and
implemented protection, in addition to well-enforced larger, more isolated marine protected areas
(MPAs) and marine reserves (MRs).

Perspectives
To date, only 11 percent of our multi-objective solution (Scenario 2) is under some form of ocean
protection. Due to the overlap of important areas for biodiversity, threatened species and food security,
increasing the use of sustainable �shing practices that mitigate bycatch is an urgent priority, along with
expanding the current Marine Protected Areas, MPA, network to better represent and conserve
biodiversity and threatened species.

Our results add further support for calls to protect 30 percent of the world’s oceans by 2030 and show
where protection could be best placed to conserve marine biodiversity, avoid species extinctions and
maintain food security from wild capture �sheries.
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