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ARISING FROM: E. Sala et al. Nature https://doi.org/10.1038/s41586-021-03371-z (2021)

Sala et al.' propose that a global network of marine protected areas
(MPAs) could have positive impacts. Their analysis suggests that such
anetwork could improve global biodiversity, reduce carbon released
by trawling and increase yields from the world’s fisheries. However,
Sala et al." made inconsistent assumptions about how fishing fleets
would respondto closed areas, they did not have dataon many impor-
tant fish stocks and fishing efforts in South and Southeast Asia, and
their models did not include the enormous uncertainty in the effects
of trawling on CO, flux in sediments. We suggest that such an analysis
should be done at regional scales for which good data are available,
that it is recognized that when areas are closed, fishing effort moves
butdoesnotdisappear, and that models should explicitly consider the
wide range of uncertainties.

The proposalsby Salaetal.!,if true, would mean that they have found
asingle management strategy that would be amuch-needed win-win-
winsituation for biodiversity conservation, CO,emissionsreductions
and food security. But as C. Sagan said, “extraordinary claims require
extraordinary evidence™. In this case, many claims are unsupported
because of anumber of weaknesses in the underpinning assumptions
or presentation of the analyses. The objective of the paperisadmirable,
timely and the calculations complex. The objective of our Comment is
to pointthe authors and future studies towards an analysis thatismore
robust and provides a basis for sound advice to fisheries managers
and policy-makers.

The implementation of MPAs results in the closure of areas of the
oceanto fishing. The paper by Sala et al.' addresses the effects of MPAs
on: (1) fisheries harvest; (2) biodiversity and (3) carbon released by the
disturbance of marine sediments by bottom trawling. The mostimpor-
tant weakness in their analysis is the inconsistent accounting of what
happensto the fishing effort once an MPAis established in their baseline
scenario. Vessels fishingin the area that isimplemented as an MPA can
either stop fishing alltogether—thereby leading to a decrease in fishing
effort—or they can move and fish outside the MPA, which is well docu-
mented®® and would certainly be the logical default assumption. In their
calculations of biodiversity conserved and CO, emissions reduced, the
authors assume that fishing effort disappears, which would decrease
the total harvest at the point when the MPAs are established. How-
ever, in the baseline scenario for the fisheries harvest section, the
authors assume that fishing effort moves to areas open to fishing,
keeping fishing harvests high. In supplementary figure 14 of ref.’,
amapisshownthatallow for effort relocation for all three impacts, but
this supplementary figure is only briefly referred to in the main text of
the paper, and not discussed.

Ifeffort does relocate, thenthe benefits to biodiversity and emissions
would be less, completely nullified or worse. If the effects are simply

shifted fromthe closed areato areas that are open, some of which may
not have been fished previously and for which greater fishing activity
may be required to achieve the same amount of harvest, the net effects
couldincrease. Fishing effort generally goes to places with high catch
rates, and ifforced to fish elsewhere, more effortis required to achieve
the same catch. For each topic in the baseline scenario, the authors
have made assumptions about vessel movement that maximizes the
benefits of MPAs, but they cannot have it both ways. To fully support
their analysis, they must use the same assumption about effort displace-
ment; either the effort disappears, or it does not.

The second weakness is the omission of one-third of the world’s
fish catch from the analysis’, much of which comes from the Indian
Ocean and Asia. Thisis because of the exclusion of data on fish landings
reported at taxonomic groups above species level, which constitute
one-third of the global catch and 84% of these landings are from the
Indian Ocean and the rest of Asia. This means that their ‘global’ analysis
is not truly global, but instead heavily focused on places for which
fisheries data collection is most intense. Some of the largest trawl
fisheriesinthe world arein South and Southeast Asia®, yet for bottom
trawling, Sala et al.' rely on satellite data from automatic identifica-
tionsystems tolocate bottomtrawlers, and there s little coverage by
automaticidentification systemsin South and Southeast Asia. This is
probably why their map showing proposed MPA networks that would
have benefits for biodiversity conservation, CO, emissions reductions
and food security shows few priority areasin South and Southeast Asia
or theIndian Ocean; the areas of the world where there are major chal-
lenges and potential benefits of improvement management. Rather
than attempting a global analysis when global data are not available,
the authors should have done an analysis of the specific region or
regions for which adequate datais available to support their models.
There is no reason their approach needs to be global, when almost
all fisheries problems can be addressed regionally, an approach we
used previously’.

Lastly, not only do the calculations of the carbon impact of bottom
trawling made by Sala et al.' assume that fishing effort disappears when
areas are closed, but also their methods use a single model and set of
parametersinan area of science that is highly uncertain®’. The authors
acknowledge that this is a preliminary analysis, added after the paper
was first submitted. AlImost every assumption and parameter in their
model is highly uncertain, and their estimates are often at odds with
other studies that the authors do not cite'®, whereas the presentation
of the results appears highly certain about the carbon benefits that
MPAs could bring to world fisheries. Sala et al.' show results for highly
specific parameter estimates and assumptions that undermine the
multi-objective conclusions of their paper.
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Certainly, protection of the oceans is needed, but the paper by
Salaetal.'suggests that protection can be achieved primarily by using
no-take MPAs, and does not include a suite of strategies and tools that
have proved to be effective. Almost all the large-scale successes in
rebuilding fish stocks and protecting biodiversity have resulted from
fisheries management measures such aslimits on how many fishcanbe
caught, restrictions of when and where fisheries can operate, and gear
limitations™, not from no-take MPAs. Put simply, sustainable fisheries
are managed, informed by science and have enforcement. The same
cannot be said for most of the world’s MPAs.

Their overall approach certainly has merits and further work
with this approach would be valuable if (1) effort displacement was
included in all calculations; (2) the analysis was done regionally
and highlighted potential differences between regions; and (3) the
modelling included structural and parameter uncertainties in the
calculations.
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We appreciate the recommendations from Hilborn and Kaiser to further
our analysis', and although we agree with some of the suggestions in
their Comment? as a basis for future work, they do oversimplify and
mischaracterize several of our conclusions. First, Hilborn and Kaiser?
comment onour assumptions about effort redistribution once marine
protected areas (MPAs) are created. They suggest that we wereincon-
sistentin our treatment of effort redistribution and that the benefits to
biodiversity and carbon would be nullified under a full-effort transfer
scenario; however, we disagree with this suggestion.

The objective of our analysis was to identify the most beneficial areas
to place MPAs, which are acommonly used tool to conserve biodiver-
sity, help to recover fish stocks and can mitigate climate change®”.
We tested how the location of the most beneficial places would change
under two different assumptions of how fishing effort relocates out-
side the MPA afterimplementation: (1) no effortisrelocated and (2) all
effortisrelocated. The firstassumptionimplies an overall reductionin
total fishing effort as areas of the ocean get protected and we applied it
consistently across the three objectives. We find that under this assump-
tion, protecting 24% of the ocean would maximize benefits across all
objectivesifbiodiversity and food provision are set to be equally impor-
tant (figure 3 and supplementary figures 10 and 13 of ref.”).

The alternative assumptionimplies that all fishing effort frominside
the MPA gets displaced to the remaining fishable areas, so that total
fishing effort remains constant. In this scenario, we assume that dis-
placed effort redistributes to unprotected pixels in proportion to the
effort before protection. Although we did not quantify the magnitude
of the biodiversity and carbon impacts outside the MPA, our analysis
doesaccount for fishing effort displacement in the ranking of locations
for MPA placement. Hilborn and Kaiser? suggest that the benefits to
biodiversity and carbon would be nullified if these effects were quan-
tified; our results provide a more nuanced picture in line with previ-
ous assessments of the ecological effects of effort displacement®’.
For biodiversity, the benefit curvesin our prioritization analysis show

steep gains after protecting the first pixels (see figures 1and 2 of ref.?),
suggesting that the top priority areas disproportionately contribute
to species persistence. Therefore, we propose that a full redistribu-
tion of fishing effort would not considerably diminish the overall bio-
diversity conservation benefit of MPAs; the empirical magnitude of
this effect would be interesting to explore in future studies. For car-
bon, we acknowledge that relocating bottom trawling effort would
reduce potential benefits, particularly if relocated to areas with little
or no previous trawling. Therefore, one of our conclusions was that,
to achieve climate benefits from MPAs, effort displacement must be
constrained, underscoring the importance of improved gear-specific
fishery management.

Second, Hilborn and Kaiser? point out that because of current gaps
infisheries data, our analysis probably underestimated the benefits
of future MPAs in Southeast Asia and the Indian Ocean. We agree that
MPAs in those regions would probably generate more regional and
global catches and carbon benefits than what we originally reported
and that this could lead to more global priority areasin these regions.

Third, we agree with Hilborn and Kaiser? that there are assumptions
and uncertain parameters in our models; as there are in any complex
analysis. Although we attempted to use the most scientifically defen-
sible estimates, surely other assumptions would lead to different
conclusions, some with greater benefits than we estimated and some
with smaller. We agree that further analyses that elucidate the impli-
cations and validity of alternative assumptions would be helpful and
instructive.

Finally, we disagree with Hilborn and Kaiser’s claim? that our original
Article! assumes that the only form of protection is no-take MPAs. Like
nearly every published paper on fishery science or conservation, our
Article does not aim to assess the consequences of all possible strate-
gies and interventions. Instead, we focus on a particular tool (MPAs
inwhich fishing is banned) and evaluate its potential to deliver on the
three objectives identified in our original Article’.
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To the extent that our study also enabled us to compare synergies
between MPAs and fishery management interventions, we have noted
theimportance of pursuing bothin concert. Infact, in quantifying the
biodiversity effects of MPAs, we select only the species that can be
influenced by MPAs and carefully categorize threats as abatable and
unabatable by MPAs. For instance, we do not expect MPAs to solve pol-
lution problems. However, our framework is general enough to accom-
modate other management tools that can address different biodiversity
threats that can be examined by further research. Furthermore, fishing
isonly one use of the ocean, andinour Article we noted that “MPAs and
responsible fisheries management are not mutually exclusive; rather,
they are complementary”. We firmly support the need for abroad suite
of measures, including responsible fishery management and MPAs,
to rebuild depleted stocks, protect biodiversity and help to mitigate
climate change. We focused on fully protected MPAs, which have a
track record in helping to achieve these goals®”° and we found that
large efficiency gains can be achieved if global conservation efforts
are carefully planned, coordinated and executed.
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