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Here we reply to a commentary by Ye et al. (Mar. Policy 2017; Ye et al.) on our article (Pauly and Zeller, 2017
[2]) commenting on FAO's interpretation of current ﬁsheries trends in SOFIA 2016 (The State of World Fisheries
and Aquaculture). We show how arguments such as FAO's catch statistics being “the best they can possibly be”,
and other manifestations of FAO's diﬃculties in constructively engaging with comments compromises FAO's
stated goal to engage with academia and civil society. This is particularly serious in an age where the value of an
open scientiﬁc discourse is increasingly under threat, as is the food security of many poor countries in which ﬁsh
supplied by domestic ﬁsheries constitutes a strong component of local diets.

1. Introduction
We agree with many points in the response of Ye, Barange [1] to our
recent comments [2] on FAO's 2016 edition of SOFIA [3]. Firstly, we
would like to unambiguously re-emphasize here our long-standing
position that FAO does an exemplary job of the diﬃcult task of
annually assembling, harmonizing and archiving global reported landings statistics provided to FAO by member countries and other sources,
especially given the mandate constraints under which FAO operates,
and given the often poor responses FAO receives from member
countries on their annual data requests [4]. Secondly, as we also point
out in Pauly and Zeller [5], FAO ought to be provided with more
resources to “…more intensively assist member countries in submitting
better and more comprehensive ﬁshery statistics…”.
2. Comments
Particularly, we agree with Ye, Barange [1] that whatever corrections third parties (e.g., university-based research groups such as the
Sea Around Us) may suggest for the global ﬁsheries catch data curated
by the FAO, these corrections need to, ultimately, come from member
countries that submit annually revised catch time series. This is
contrary to the assertion by Ye, Barange [1] that we “… criticized
FAO for not using [our] catch reconstruction…”. We never once argued

that FAO should use our data (we have been fully aware for a very long
time that FAO is not permitted to do so under their data mandate), but
rather suggested in Pauly and Zeller [2] that FAO could have used
SOFIA 2016 to simply acknowledge the existence of the catch reconstructions covering all countries in the world. Given the wide-spread
popularity of SOFIA 2016, as indicated by Ye, Barange [1], this simple
step would have contributed directly to FAO's stated goal “…that FAO
recognizes the potential value of catch reconstructions. Such exercises may
… help identify ﬁsheries’ sub-sectors that are not well covered in national
data collection systems (e.g. recreational catches), and help countries revise
their submissions”. Furthermore, FAO could use the information and
knowledge derived from the individual country catch reconstructions to
encourage and work with countries to (a) improve their historic catch
data back to 1950 (retroactive time-series corrections, which is at the
core of catch reconstructions) that are required to eliminate the
occurrence of what we may call ‘presentist bias’1 in oﬃcial reported
landings datasets [2, Mozambique is a prime but not unique example of
this 7], as well as (b) improve data collection systems going forward
(which is at the core of the highly welcome and extremely beneﬁcial
ongoing FAO engagements with countries for statistical data system
improvements). Note that both are required to improve global data sets
to allow reliable and comprehensive global ﬁsheries trend analyses such
as emphasized in FAO's SOFIA. As we have said repeatedly, the Sea
Around Us welcomes any engagement with countries that wish to
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consider or review reconstructions in the context of their national data
improvements.
Furthermore, while Ye, Barange [1] suggest that the catch reconstruction methodology has attracted criticism [8,9], they fail to
acknowledge that these criticisms have been debunked [10,11]. Note
that we do not argue that the data emanating from reconstructions are
error free or may not contain mistakes (see below), rather the speciﬁc
criticisms that have, so far, been levied in the scientiﬁc literature at
some of the basic principles and details of the methodology and
approach have been shown to be incorrect.
We fully recognize, as does FAO, the value of countries revising
their catch estimates based on comments and studies by third parties,
as, e.g., China did in the years following comments on the overreporting of their domestic marine catches [[12], i.e., a study commissioned and funded by FAO] and as Myanmar seems in the process of
doing, perhaps partly based on the comments in Booth and Pauly [13].
Thus, we are pleased that “FAO recognizes the potential value of [such]
reconstruction”. In fact, when we wrote that FAO pretends “that catch
reconstructions don’t exist”, it was mainly because the absence of any
brief statement of the former sort in SOFIA surprised us.
All this is to say that, in principle, it should be easy for academics
and other scientists to help FAO in its crucial mission to provide the
world with solid information on the state and trend of ﬁsheries and
aquaculture. However, unfortunately it is not, as illustrated by the fact
that after assuring us that FAO “will continue to work closely with member
states, IGOs, NGOs, academia and civil society”, they also assert that their
“datasets are the best they can possibly be” [1].
We obviously cannot speak for member states, IGOs and other
partners of FAO, but we are academic scientists, and as such we reject
such absolutist statements from authority. Rather, because we know
from direct experience how many countries assemble the ﬁsheries catch
data they forward to FAO, we know that these data are generally
uncertain estimates of often poorly known or even unknown quantities
[see [14] for a satirical account on data reporting to FAO by someone
who knew the process in great detail from extensive ﬁrst hand
experience]. That the ‘oﬃcial’ data should therefore have error bars
(i.e., are uncertain) is obvious, but this is never mentioned or acknowledged by governments, nor implemented by country-level agencies or
by FAO. On the other hand, much is made by Ye, Barange [1] of the
error bars around reconstructed catches, about which more below.
In fact, country catch reports, besides being catch estimates, can be
viewed as hypotheses about the ﬁsheries from which they emanated.
Therefore, like all scientiﬁc hypotheses, they: 1) must be refutable in
principle (hence no appeal to the authority, e.g., government sources,
can make them immune to refutation); and 2) can never be veriﬁed
(from veritas = “truth”), but can only be corroborated, i.e., they are
accepted, but can still be falsiﬁed later [see e.g., [15]]. And this is, in
fact, what happens in reality. Thus, Ye, Barange [1], who informed us
that the FAO datasets “are the best they can possibly be” also informed us
that their data will soon be corrected for the fact that the “catch” data
from Myanmar, which increased even in the year that cyclone Nargis
destroyed the bulk of its ﬁshing ﬂeet [13], were not catch data at all,
but the goals of annual or other plans. We suggest, as well, that the FAO
data be corrected (via working with national or other relevant
authorities), e.g., for the catch from the Gaza Strip being reported as
catch from Israel in the years that Israel occupied Gaza [16,17], and for
the changed catch baseline of the island of Cyprus, which after the
Turkish invasion of 1974 became split with nearly half the country's
ﬁsheries data no longer reported [18]. Further corrections could be
undertaken, e.g., with the countries of Mozambique for years prior to
2000 [7,19,20], and Tanzania about data for Zanzibar missing for years
prior to 2000 [7,21,22]. The list of such data improvements is as along
as the list of countries in the world…. Hence the utility of the national
catch reconstructions for providing insights and impetus for improvements.
We could here cite dozens of other instances where the FAO datasets

Fig. 1. Global marine ﬁsheries catch as reported by the FAO based on the submission of
its member countries (without conﬁdence intervals and excluding plants, corals, sponges,
reptiles and marine mammals), and as based on the sum of the national catch
reconstructions performed or inspired by the Sea Around Us [5]. The conﬁdence intervals
for the latter time series (updated to cover 1950–2013), as estimated by combining for
each year, using the Monte Carlo method, the uncertainty associated with each sector in
each national reconstruction into an overall 95% conﬁdence interval [grey 'Real CI'; see
also Figure 14.1 in [25]]. The dashed lines (‘Imposed CI’), ﬁnally, show the meaningless
intervals that are obtained when applying the average relative uncertainty of the national
reconstructions to the global catch. That procedure was imposed on us by an anonymous
reviewer and an editor of Nature Communications (see text), and we regret having acceded
to their demands, which ignores a key tenet of parametric statistics, i.e., the Central Limit
Theorem.

are not the best that they could possibly be, but this would be
counterproductive, especially because the Sea Around Us data set also
includes errors, which are unavoidable (whenever pointed out to us, we
strive to correct these as rapidly as possible based on best available
supporting data).
Instead, the point here is that cooperation with academia implies
admitting that errors can occur everywhere, and that working only with
or through “member countries” does not preclude errors creeping into a
database. Moreover, the Sea Around Us explicitly relies on FAO data as
the starting point for reconstructions. Thus, it does beneﬁt from all the
validation procedures that Ye, Barange [1] describe, and we appreciate
their dedication and eﬀort. All the Sea Around Us really does is add data
for “ﬁsheries subsectors that are not well covered in national collection
systems (e.g., recreational catches)” which should and can help countries
revise their data submissions. We welcome such collaboration opportunities. As a matter of fact, such catch reconstruction-driven corrections and updates are already underway, e.g., in The Bahamas and in
parts of West Africa, with the full knowledge of, and hopefully countrylevel support of FAO. So, why object to the conclusions and suggestions
our work and the associated data generate? Why can’t we get along?
After all, both parties want the same thing: to ensure the world has
access to better and better global datasets for each country.
3. Four technical points
We conclude our response to Ye, Barange [1] by addressing 4
technical questions which will hopefully resolve some residual misunderstandings:
1. The catch reconstructions performed over the last 15 years by Sea
Around Us staﬀ or by our collaborators throughout the world were as
independent of each other as we could possibly make them. Thus,
except for the fact that each reconstruction had to cover the same
time period (1950–2010, updated since), the same sectors
(Industrial, Artisanal, Subsistence and Recreational), and include
discards whenever they occurred, each set of authors was encouraged to use local/national data and information, notably to infer
ratios used to compare various estimates (e.g., retained vs. discarded
catch; or reported versus unreported artisanal catches).
407
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Fig. 2. A modiﬁed version of Fig. 1B in Worm, Hilborn [31] showing that 59 case studies from developed countries in North America, Europe and Oceania, against 7 from Asia, Africa and
South America (i.e., continents with immense ﬁsheries) were used to infer that ﬁsheries stocks “globally” were in relatively good shape. A subsequent study [36], in which Asia, Africa and
South America were far more adequately represented, correctly reported a globally declining trend of exploited biomass, which, if not reversed, will lead to the collapse also projected by
Worm, Barbier [30]. This demonstrates clearly that global studies on the status of ﬁsheries must be based on proper representation of the world ﬁsheries, and not be based on an arbitrary,
and likely biased set of cases studies from richer and likely well managed countries.

quantities in nature, which usually approximate known distributions (Gaussian, as required by the Central Limit Theorem, or
exceptionally log-normal, Zipf, etc.), without such distributions
having been used to generate the underlying dataset.
2. This brings us to the wide “conﬁdence intervals” in Figure 1 of Ye,
Barange [1], redrawn from Figure 1 in Pauly and Zeller [5]. These
“conﬁdence intervals” are not the rigorous conﬁdence intervals we
originally submitted to Nature Communications. The conﬁdence
intervals in our original submission were estimated by a rigorous
application of the Monte Carlo method and were much narrower
[see 'Real CI' in present Figure 1, and also Figure 14.1 in 25].
The reason for this is that if you add, for every year, over 200
estimates of independently derived conﬁdence scores, the conﬁdence interval of the sum will be much narrower than the
conﬁdence intervals of the independent estimates, for the simple
reason that it is improbable that they were all under- or overestimated [i.e., the Central Limit Theorem comes into play,
[26–28]].
Our original submission had a reviewer who, for reasons
unknown to us, did not agree with the Central Limit Theorem,
and an editor at Nature Communications who agreed with the
reviewer. They insisted we use, instead of what we believed was
the correct statistical procedure, the mean (relative) upper and
lower conﬁdence bounds of the individual reconstructions, which
indeed are huge (see ‘Imposed CI’ in Fig. 1), and included the sum of
the landings reported to FAO, thus unfortunately leading Ye,
Barange [1] to the mistaken conclusion that our estimates were so
uncertain as to invalidate any inference.
Even worse, we went along with the reviewer’s erroneous
request, eager to see our paper published, and anticipated that the
readers would ignore these absurd conﬁdence intervals. Most readers appear to have done that, but some have not, which helped them
ignore our conclusions. We now realize that we should not have
accepted what amounts to the probably unethical and statistically
erroneous imposition of a misleading graph component as the price
for being published in Nature Communications. The upshot is that the
current Figure 1 [and Figure 14.1 in [25]] more appropriately (and
statistically correct) presents the range of uncertainty around the
global summary estimate of reconstructed data (‘Real CI’, Fig. 1).
3. Our third technical point deals with the issue raised by Ye, Barange
[1] that “overﬁshing of top predators could reduce natural predation,
increase ﬁshable biomass of prey species at lower trophic levels, and
subsequent total landings. This has indeed been demonstrated by
Szuwalski, Burgess [29], consistent with the ﬁshing down the food web
theory […..]. Based on FAO’s analysis of assessed commercial stocks,

Fig. 3. Showing that “ﬁshing down marine food webs” occurs on a global basis, in
combination with a globally declining catch, which is contrary to the optimistic
expectations as suggested in Ye, Barange [1]. A: Marine Trophic Index (MTI) of global
ﬁsheries, i.e., unmodiﬁed, catch weighted mean trophic level trend of the world marine
catch; B: Trend of the FiB index, suggesting [as shown in [37]] a spatial expansion of
operations of the world's ﬁshing ﬂeets [38]; C: Application to the data in A of the routine
of Kleisner, Mansour [39], enabling the separation of ﬁshing down occurring inshore
(lower trend line) from its occurrence further oﬀshore (upper trend lines).

Additionally, to prevent any “top down” advice (even subconsciously) biasing country-level results, we did not combine the
reconstructed country-level catches to examine global-level catch
trends before all national catch reconstructions were completed.
Thus, any regularity between the global reconstructed catch and the
global (FAO) reported landings is an emergent property, not evidence
of “guiding” parameters. Figure 3 in Ye, barange [1] is therefore
irrelevant to any argument that may be made about individual
reconstructions: some diﬀered widely over time from oﬃcial data
[e.g., Mozambique, [7,20,23]], while some were very close, for
example, the Japanese Main Islands [24]].
Overall, once combined, the reconstructions generate what
appears to be regular ratios between unreported and reported
catches. This is similar to any independent measure of related
408
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the share of ﬁsh stocks within biological sustainable levels decreased
from 90% in 1974 to 68.6% in 2013”.
Perhaps we should not worry about the decline of the share of
sustainably exploited stocks suggested by the numbers above, since,
assuming linearity and all else being equal, sustainably ﬁshed stocks
will cease to exist in 125 years, much later than the 2048 date
suggested in a much and unjustiﬁably viliﬁed paper [30]. Indeed,
Worm, Barbier [30] which pointed at worrisome trends, was not at
all refuted by a subsequent analysis [31] as suggested by Ye,
Barange [1], as Worm, Hilborn [31] omitted the bulk of the world’s
ﬁsheries (see Fig. 2), and hence should not have included the word
“global” in its title or interpretation.2
As for ﬁshing down leading to increased catches, we should not
count on this as a generally useable principle for ﬁsheries policy or
management going forward, because the world catch is decreasing
(Fig. 1), while the mean trophic level of catches is also on a longterm decreasing trend (Fig. 3).
With regards to the apparent increase in total landings reported
from China, readers should also be informed of (a) the potential
confounding of locally caught (i.e., within the FAO statistical areas
that encompass Chinese waters) versus distant-water ﬂeet catches
that might be spatially misreported [32,33]; and (b) the nature of
the local landings increasingly consisting of a jellyﬁsh/zooplankton/
small ﬁsh sludge [see photo in [34], and Figure 1 in [35]], which Ye,
Barange [1] do not mention. Such catches are ﬁt only as feed to
farmed ﬁsh, not as food for humans. This brings us to our last
technical point.
4. Inserting a step (i.e., farmed ﬁsh fed by wild caught ﬁsh/ﬁshmeal)
between ﬁsheries catch and human consumption largely negates the
gains from increasing catches, a point completely overlooked in the
reference that Ye, Barange [1] cite. Thus, we maintain our concern
that aquaculture is not the panacea that many think or hope it is, at
least as far as the faming of carnivorous ﬁsh is concerned. Finally,
while FAO’s SOFIA indeed presents ﬁshmeal data separately from
catches for direct human consumption in Table 1 of FAO [3], its
high level summary Figure 1 in SOFIA [3] (which is what attracted
global media attention) does not seem to exclude ﬁsh catches
destined for ﬁshmeal when combining wild capture ﬁsheries catches
with aquaculture production.

References
[1] Y. Ye, M. Barange, M. Beveridge, L. Garabaldi, N. Gutierrez, A. Anganuzzi, M.
Taconet, FAO’s statistic data and sustainability of ﬁsheries and aquaculture:
Comments on Pauly and Zeller. Mar Policy. 2017; in press, 2017.
[2] D. Pauly, D. Zeller, Comments on FAOs State of World Fisheries and Aquaculture
(SOFIA 2016), Mar. Policy 77 (2017) 176–181.
[3] FAO. The State of World Fisheries and Aquaculture 2016 (SOFIA): Contributing to
food security and nutrition for all. Rome: Food and Agriculture Organization; 2016.
p. 200.
[4] L. Garibaldi, The FAO global capture production database: a six-decade eﬀort to
catch the trend, Mar. Policy 36 (2012) 760–768.
[5] D. Pauly, D. Zeller, Catch reconstructions reveal that global marine ﬁsheries catches
are higher than reported and declining, Nat. Commun. 7 (2016) 10244.
[6] D. Zeller, S. Harper, K. Zylich, D. Pauly, Synthesis of under-reported small-scale
ﬁsheries catch in Paciﬁc-island waters, Coral Reefs. 34 (2015) 25–39.
[7] J.L. Jacquet, H. Fox, H. Motta, A. Ngusaru, D. Zeller, Few data but many ﬁsh:
marine small-scale ﬁsheries catches for Mozambique and Tanzania, Afr. J. Mar. Sci.
32 (2010) 197–206.
[8] L. Garibaldi, J. Gee, S. Tsuji, P. Mannini, D. Currie, Comment on: “managing
ﬁsheries from space: Google Earth improves estimates of distant ﬁsh catches” by AlAbdulrazzak and Pauly, ICES J. Mar. Sci. 71 (2014) 1921–1926.
[9] C. Chaboud, M. Fall, J. Ferraris, A. Fontana, A. Fonteneau, F. Laloë, et al., Comment
on “Fisheries catch misreporting and its implications: the case of Senegal”, Fish.
Res. 164 (2015) 322–324.
[10] D. Al-Abdulrazzak, D. Pauly, Ground-truthing the ground-truth: reply to Garibaldi
et al.’s comment on “Managing ﬁsheries from space: Google Earth improves
estimates of distant ﬁsh catches”, ICES J. Mar. Sci. 71 (2014) 1927–1931.
[11] D. Belhabib, V. Koutob, A. Sall, V.W.Y. Lam, D. Zeller, D. Pauly, Counting pirogues
and missing the boat: reply to Chaboud et al.’s comment on Belhabib et al.
“Fisheries catch misreporting and its implications: the case of Senegal”, Fish. Res.
(2015) 325–328.
[12] R. Watson, D. Pauly, Systematic distortions in world ﬁsheries catch trends, Nature
414 (2001) 534–536.
[13] S. Booth, D. Pauly, Myanmar's marine capture ﬁsheries 1950-2008: Expansion from
the coast to the deep waters. In: Harper S, O'Meara D, Booth S, Zeller D, Pauly D,
editors. Fisheries catches for the Bay of Bengal Large Marine Ecosystem since 1950.
Phuket: Report prepared by the Sea Around Us for the Bay of Bengal Large Marine
Ecosystem Project, BOBLME-2011-Ecology-16, 2011. p. 101–134.
[14] S.P. Marriott, Appendix: Notes on the completion of FAO Form Fishstat NS1
(National Summary). In: Zylich K, Zeller D, Ang M, Pauly D, editors. Fisheries catch
reconstructions: Islands, Part IV. Vancouver. [Originally published in FishByteNewsletter of the Network of Tropical Fisheries Scientists, 2(2):7–8 (1984), then
edited by the late J.L. Munro]: Fisheries Centre Research Reports 22(2), University
of British Columbia; 2014. p. 157.
[15] K. Popper, The logic of scientiﬁc discovery. London and New York. First published
in 1935 as "Logik der Forschung" by Verlag von Julius Springer, Routledge Classics,
Vienna, Austria, 2005.
[16] M. Abudaya, S. Harper, A. Ulman, D. Zeller, Correcting mis- and under-reported
marine ﬁsheries catches for the Gaza strip: 1950–2010, Acta Adriat. 54 (2013)
241–252.
[17] D. Edelist, A. Scheinin, O. Sonin, J. Shapiro, P. Salameh, G. Rilov, et al., Israel:
reconstructed estimates of total ﬁsheries removals in the Mediterranean,
1950–2010, Acta Adriat. 54 (2013) (253-46).
[18] A. Ulman, B. Çiçek, I. Salihoglu, A. Petrou, M. Patsalidou, D. Pauly, et al., Unifying
the catch data of a divided island: Cyprus's marine ﬁsheries catches, 1950–2010,
Environ. Dev. Sustain. 17 (2015) 801–821.
[19] J.L. Jaquet, D. Zeller, National conﬂict and ﬁsheries: Reconstructing marine
ﬁsheries catches for Mozambique. In: Zeller D, Pauly D, editors. Reconstruction of
marine ﬁsheries catches for key countries and regions (1950-2005) Fisheries Centre
Research Reports 15(2). Vancouver: Fisheries Centre, University of British
Columbia, 2007. p. 35-47.
[20] B. Doherty, M.M. McBride, A.J. Brito, F. Le Manach, L. Sousa, I. Chauca, et al.,
Marine ﬁsheries in Mozambique: catches updated to 2010 and taxonomic disaggregation. In: Le Manach F, Pauly D, editors. Fisheries catch reconstructions in the
Western Indian Ocean, 1950-2010. Vancouver: Fisheries Centre Research Reports
23(2), University of British Columbia, 2015. p. 67–81.
[21] J.L. Jacquet, D. Zeller, Putting the 'United' in the United Republic of Tanzania:
Reconstructing marine ﬁsheries catches. In: Zeller D, Pauly D, editors.
Reconstruction of marine ﬁsheries catches for key countries and regions (19502005). Vancouver: Fisheries Centre Research Reports 15(2). University of British
Columbia Fisheries Centre, 2007. p. 49–60.
[22] E. Bultel, B. Doherty, A. Herman, F. Le Manach, D. Zeller, An update of the
reconstructed marine ﬁsheries catches of Tanzania with taxonomic breakdown. In:
Le Manach, F., Pauly, D., (eds). Fisheries catch reconstructions in the Western
Indian Ocean, 1950-2010. Vancouver: Fisheries Centre Research Reports 23(2),
University of British Columbia, 2015. p. 151–61.
[23] M.M. McBride, B. Doherty, A.J. Brito, F. Le Manach, L. Sousa, I. Chauca, et al.,
Taxonomic disaggregation and update to 2010 for marine ﬁsheries catches in
Mozambique. Vancouver: Fisheries Centre Working Papers #2013-02, Univ. Br.
Columbia (2013) 26.
[24] W. Swartz, G. Ishimuar, Baseline assessment of total ﬁsheries-related biomass
removal from Japan's Exclusive Economic Zones: 1950–2010, Fish. Sci. 80 (2014)
643–651.
[25] D. Pauly, D. Zeller, Towards a comprehensive estimate of global marine ﬁsheries

4. Conclusion
Overall, we regret that Ye, Barange [1] did not really engage
constructively with the main points in Pauly and Zeller [2], and rather
chose to suggest that we engaged in “mixing up statistical metrics and
using simple normative explanations to interpret complex data sets”, which
is a complicated way of saying “trust us, because we know”, which in
science (as in politics) is a questionable position to take. We repeat here
our long-standing oﬀer to collaborate with FAO and any country that
wishes to use data or information gained through catch reconstructions
in order to improve their national (and ultimately FAO) datasets.

Acknowledgements
The authors are supported by the Sea Around Us, funded by the Paul
G. Allen Family Foundation. The funder had no part in or inﬂuence on
study design, analysis and interpretation of data, in the writing of the
manuscript or in the decision to submit the article for publication. We
thank the entire past and present Sea Around Us team for their tireless
and dedicated work. We also thank Ms. Evelyn Liu for preparing the
ﬁgures.
2
One of us (DZ) was a co-author of the paper in question, but his objections to the
claim that the analysis was “global” in scope was overruled.

409

Marine Policy 81 (2017) 406–410

D. Pauly, D. Zeller

[26]
[27]
[28]
[29]
[30]
[31]
[32]

Columbia, Vancouver, 2015, p. 16.
[33] D. Pauly, D. Belhabib, R. Blomeyer, W.W.L. Cheung, A. Cisneros-Montemayor,
D. Copeland, et al., China's distant water ﬁsheries in the 21st century, Fish Fish 15
(2014) 474–488.
[34] L. Cao, R. Naylor, P. Hendriksson, D. Leadbitter, M. Metian, M. Troell, et al., China's
aquaculture and the world's wild ﬁsheries, Science 347 (2015) 133–135.
[35] D. Pauly, R. Froese, S.J. Holt, Balanced harvesting: the insitutional incompatibilities, Mar. Policy 69 (2016) 121–123.
[36] C. Costello, D. Ovando, T. Clavelle, C.K. Strauss, R. Hilborn, M.C. Melnychuk, et al.,
Global ﬁshery prospects under contrasting management regimes, Proc. Natl. Acad.
Sci. USA 113 (2016) 5125–5129.
[37] B. Bhathal, D. Pauly, 'Fishing down marine food webs' and spatial expansion of
coastal ﬁsheries in India, 1950–2000, Fish. Res. 91 (2008) 26–34.
[38] W. Swartz, E. Sala, S. Tracey, R. Watson, D. Pauly, The spatial expansion and
ecological footprint of ﬁsheries (1950 to present), PLoS One 5 (2010) e15143.
[39] K. Kleisner, H. Mansour, D. Pauly, Region-based MTI: resolving geographic
expansion in the Marine Trophic Index, Mar. Ecol. Prog. Ser. 512 (2014) 185–199.

catches, in: D. Pauly, D. Zeller (Eds.), Global Atlas of Marine Fisheries: A critical
appraisal of catches and ecosystem impacts. Island Press, Washington, D.C, 2016,
pp. 171–181.
R.R. Sokal, F.J. Rohlf, Biometry. The principles and practice of statistics in
biological research, 2nd ed., Freeman & Company, New York, 1981.
B.J. Winer, Statistical Principles in Experimental Design, McGraw-Hill, New York,
1971.
W. Feller, An Introduction to Probability Theory and its Applications I Wiley
Interscience, New York, 1968.
C.S. Szuwalski, M.G. Burgess, C. Costello, S.D. Gaines, High ﬁshery catches through
trophic cascades in China, PNAS 114 (2017) 717–721.
B. Worm, E.B. Barbier, N. Beaumont, J.E. Duﬀy, C. Folke, B. Halpern, et al., Impacts
of biodiversity loss on ocean ecosystem services, Science 314 (2006) 787–790.
B. Worm, R. Hilborn, J.K. Baum, T.A. Branch, J.S. Collie, C. Costello, et al.,
Rebuilding global ﬁsheries, Science 325 (2009) 578–585.
D. Pauly, F. Le Manach, Tentative adjustments of China's marine ﬁsheries catches
(1950–2010), Fisheries Centre Working Paper #2015-28, University of British

410

