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In 2005, the Sea Around Us described a website (www.seaaroundus.org) which presented, for all maritime
countries and large marine ecosystems in the world, one of the most basic information items required by
policy makers and ﬁsheries managers: what catch was taken within their jurisdictional boundaries, and
which countries took it. Surprisingly, for many countries this kind of jurisdictionally and/or ecologically
assigned data had not been readily available before then. Since the release of these spatialized data, this
material has had major inﬂuence on how ﬁsheries are perceived by policy makers in various countries
and by the global scientiﬁc community, as well as by a growing list of other stakeholders such as nongovernmental environmental organizations and the general public. Here, the Sea Around Us updates the
ﬁsheries science, policy, conservation and management audience on the extensively modiﬁed spatial
allocation method and a substantially improved new website. Also, this contribution points to and describes the much improved catch data underlying this website. These data now account for catches for all
countries in the world by ﬁsheries sectors (industrial, artisanal, subsistence, recreational), after augmenting the ofﬁcially reported landings data through the inclusion of comprehensively reconstructed
data of previously unreported catches and major discards, for every maritime country or territory in the
world, and their Exclusive Economic Zone (EEZ). Also presented are the extensively improved spatial
allocation procedures which assign global catch data to the 180,000 half degree spatial cells used by the
Sea Around Us to subdivide the global ocean. The reconstructed data for 1950–2010 for all countries in the
world and the High Seas, freely accessible and downloadable through the Sea Around Us web portal, will
be updated regularly. It is hoped that these revised data and the substantially improved web utility will
invigorate and assist the debate about the role of ﬁsheries in a global framework as well as in national
food security settings.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
As part of the drive for ʻinternationalization’ and global cooperation after WWII, the then developing intergovernmental
United Nations system intended to ʻquantify the world’ [1] as a
mean of assisting in the development and optimization of policies
and socio-economic development. This included the efforts of the
Food and Agriculture Organization (FAO) to assemble and
n
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maintain a global dataset on the catches of ﬁsheries reported by
every country in the world. While local ﬁsheries management
agencies, and their associated stock assessment teams (at least in
developed countries) often have access to local and national data
that are detailed and spatialized to their assessment needs (e.g.,
local stock ranges or ecosystems), the same cannot be said for
stocks/species that are not primary, assessed stocks, or for most
developing countries, or overarching regional and global data.
At the global scale, the only database in existence that covers
ﬁsheries is that assembled and harmonized by the FAO. FAO
should be recognized and commended for the difﬁcult task of
maintaining, on an annual basis since 1950, this database despite
many countries not readily providing the requested data [2]. Unfortunately, the basic structure of the global dataset presented by
FAO on behalf of its member countries suffers from relatively
coarse spatial assignment (e.g., global marine ﬁsheries catches are

http://dx.doi.org/10.1016/j.marpol.2016.04.046
0308-597X/& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

146

D. Zeller et al. / Marine Policy 70 (2016) 145–152

reported at the scale of 19 large maritime statistical areas, Fig. 1)1
which have quite limited alignment with spatial ﬁsheries policy
(these days largely conducted at the level of national EEZs, or
Regional Fisheries Management Organizations [RFMO]) or ecosystem considerations [e.g., LMEs, [3,4]]. Data reported to FAO by
countries also suffer from taxonomic over-aggregation, with resultant loss of valuable ecological information. However, recent
efforts by FAO and some countries to improve taxonomic details of
catch data are beginning to take hold. Finally, in today's environment of increasingly wide-spread acceptance of the need for
ecosystem-based considerations in ﬁsheries policy and management [5], data that exclude discards and are not reported by
ﬁsheries sectors have limited utility. Furthermore, the separation
of data by large-scale versus small-scale sectors [6] with their
strongly differing ecological impacts and socio-economic characteristics [7–9] can bestow substantial policy relevance.
Evaluating the impacts of ﬁshing on the marine environment
requires, at the minimum, time-series of catch data [10–15] with a
spatial resolution suitable for either policy application (e.g., by
EEZ) or ecological analyses [16–18]. At the very least, interested
parties and stakeholders, including civil society, should be able to
readily see what catch has been taken by which country's ﬂeet
from a given country's Exclusive Economic Zone. In addition, stakeholders need to know which ﬁshing sector (large- versus smallscale) takes how much, in order to make informed decisions as to
the substantially differing impacts these two main sectors have on
both the environment and our socio-economic structure [7,8].
Global catch data, catch maps and related products that are
spatially meaningful in terms of ecology as well as policy are one
of the major outputs of the Sea Around Us research initiative. As
the improved spatial catch allocation process of the Sea Around Us
is closely tied to the new catch data reconstructions, the underlying catch database, the associated spatial allocation process and
the new website services are summarized here, and described in
detail in the Supplementary Materials.

2. The catch challenge
Starting in the mid-2000s, the Sea Around Us engaged in a
decade long project to re-estimate total ﬁsheries catches (i.e.,
‘reported’ catches þ best estimates of ‘unreported’ catches) in the
Exclusive Economic Zones (EEZs, Fig. 1) of all countries in the
world, as well as the High Seas [7]. For this, a ‘catch reconstruction’
approach was utilized whose rationale was conceptualized by
Pauly [19] and whose methodological approach was operationalized by Zeller et al. [20] and reﬁned by Zeller et al. [21]. In
essence, this approach determines what the ofﬁcially reported
catch data for each country (e.g., national data and/or data as reported by FAO on behalf of countries)2 include and what these
data did not include, i.e., missing ﬁshing sectors, under-estimated
time periods, catches from certain ﬁshing gears etc. (Fig. 2). Reconstructions then derive comprehensive catch time series for all
‘missing’ (i.e., unreported) ﬁsheries components based on all
publicly available information sources and conservatively applied
assumptions, by ﬁshing sector, year and taxon, for all countries.
Previous work by Pitcher et al. [22], as part of the initial phase of
1
Although for some of the 19 FAO maritime statistical areas, data or subsets of
data are available by ﬁner resolution statistical sub-areas.
2
We would like to point out that we believe that FAO does an admirable job of
annually assembling the reported catch data for every country in the world, given
the mandate restrictions and ﬁnancial constraints under which FAO operates, and
also given the often poor support and response it gets from countries [2] Garibaldi
L. The FAO global capture production database: A six-decade effort to catch the
trend. Mar Policy. 2012; 36:760–8.

the Sea Around Us, also proposed ways to estimate unreported
catches, as did others [23]. The catch reconstruction initiative,
whose major outcomes are now being widely documented
[7,21,24] allows accounting for ﬁsheries catches in a far more
comprehensive and detailed manner than ever before.
The country-speciﬁc catch data reconstructions summarized in
Pauly and Zeller [7] and Pauly and Zeller [25] are all either published in the peer-reviewed literature [e.g., [20, 21, 26, 27–35]] or
are available online as technical reports (see publications at www.
seaaroundus.org). The taxonomically disaggregated time series of
catch data they contain, currently covering 61 years (1950–2010),
4 ﬁshing sectors (industrial, artisanal, subsistence and recreational), 2 catch types (landed versus discarded catch) and 2 types
of reporting status (reported versus unreported) for the EEZ areas
of all maritime countries and territories of the world (n 4270), as
well as for the global industrial tuna ﬁsheries heavily conducted in
High Seas waters, are too big to be presented as ﬂat tables
in papers, however detailed. Thus, the catch data generated
by the reconstruction process of the Sea Around Us (combining
reported and estimated unreported catches including discards) are
stored in a dedicated catch reconstruction database, which interacts with the other databases held by the Sea Around Us to generate various data products. Foremost among these products are
ﬁsheries catches spatially allocated to the 180,000 ½ degree latitude by ½ degree longitude cell grid system used by the Sea
Around Us to represent the world oceans. These data are also
freely accessible and downloadable via the new Sea Around Us
website (www.seaaroundus.org) for any spatial entity we presently consider.

3. The spatial challenge
The spatial allocation procedure for catch data - although it
relies on the same global Sea Around Us grid of ½x½ degree cells
that was used previously - is different from the approach used in
the early phase of the Sea Around Us as described in Watson,
Kitchingman [36]. In the earlier allocations, catches pertaining to
large reporting areas (e.g., FAO Areas, see Fig. 1) were allocated
directly to the half-degree cells, subject only to constraints provided by derived distributions for the various taxa [37], and an
initial ﬁshing access database granting foreign ﬂeets differential
access to the EEZs of various countries [36]. Following this allocation, the catch taken by a given ﬁshing country in a given EEZ
was obtained by summing the catch that had been allocated to the
cells (or fraction thereof) making up the EEZ of that country [36].
This process made the large-scale spatial assignment of catch data
overly sensitive to the precise shape and probabilities of the taxon
distribution maps [37], and the precision of sometimes problematic EEZ access rules for different countries. It occasionally resulted in sudden and unrealistic shifts of allocated catches into and
out of given EEZs purely due to the lifting or imposing of EEZ access constraints. Attempts to improve the allocation procedure
with more programmatically imposed internal allocation rules
made the allocation process increasingly unwieldy, fragile and
extremely time consuming, and thus the Sea Around Us abandoned
this approach after 2006.
The more structured allocation procedure that was devised as a
replacement (for details see the Supplementary Materials) relies
on catch data that are spatially pre-assigned through comprehensive, country-by-country catch reconstructions. Catch reconstructions pre-assign catches to the EEZ or EEZ-equivalent
waters (for years pre-dating the declaration of individual EEZs) of
a given maritime country or territory, and, in the case of smallscale ﬁsheries (i.e., the artisanal, subsistence and recreational
sectors), to the Inshore Fishing Areas [IFA, [38]] within each
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Fig. 1. Extent of countries’ Exclusive Economic Zones (EEZs), as declared by individual countries, or as deﬁned by the Sea Around Us based on the fundamental principles
outlined in UNCLOS (i.e., 200 nautical miles or mid-line rules), and the 19 maritime FAO statistical areas by which global marine ﬁsheries catch statistics are reported. Note
that for several FAO areas some data exist by sub-areas as provided through regional organizations (e.g., ICES for FAO Area 27). Also indicated are the 13 High Seas enclaves
(or ‘donuts’) that are fully surrounded by EEZ waters. Numbers refer to entries in Supplementary Table S8, which should also be consulted for details on how these areas
were treated by the Sea Around Us for the spatial allocation of catches. Map modiﬁed from Pauly and Zeller [7].

Fig. 2. Flowchart illustrating the 7-step ﬁsheries catch data reconstruction approach as ﬁrst described in Zeller et al. [20] and reﬁned in Zeller et al. [21]. For details see the
Supplementary Materials.

country's EEZ. IFAs are deﬁned as the waters within 50 km from
shore or waters up to 200 m depth, whichever comes ﬁrst. The Sea
Around Us adds to this deﬁnition that only territory that has a
permanent human population, and thus the potential for local
small-scale ﬂeets, should have an IFA. Thus, uninhabited islands do
not have this feature (Fig. 3). This radically reduces the number of
access rules and constraints that the allocation procedure must
consider, avoids domestic catches showing up in the EEZs of the
wrong country, and dramatically reduces the processing times of
the allocation procedure from several months to a few days or
even hours.
At the same time as the catch database was revised and improved through spatially detailed reconstructed catch data, the Sea
Around Us also revised the database of ﬁshing access agreements
and observed foreign ﬁshing from 1950 to the present. This database, which had its origin in a smaller database kindly made
available by FAO [39], documents ﬁshing access agreements that

control the formal access of ﬁshing ﬂeets to the waters of other
countries. The observations of such activities were enriched even
when no agreement is known (i.e., “observed access” as conﬁrmed
by experts, or other carefully vetted documents, with source material listed on our website), or when foreign ﬁshing occurred in
the EEZ-equivalent waters of a country before the EEZ had been
established (see Supplementary Materials).
High Seas areas (also called Areas Beyond National Jurisdiction), as well as EEZ-equivalent waters prior to the year of EEZ
declaration by a country have historically been open access with
regards to ﬁsheries, and are generally treated as such by the Sea
Around Us. We recognise that several RFMOs are engaged in trying
to control and manage ﬁsheries in High Seas areas under their
mandate, albeit country compliance is usually on a voluntary basis.
There are several relatively small High Seas areas that are enclosed
by EEZs, and which are generally termed High Seas enclaves (also
called ‘High Seas donuts’, Fig. 1). We try and tread these areas as
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Fig. 3. Map illustrating the Inshore Fishing Area concept [38] used by the Sea Around Us to spatially deﬁne small-scale ﬁsheries to waters within 50 km from shore or waters
up to 200 m depth, whichever comes ﬁrst. To this concept the provision was added that only (A) areas with permanent human populations (e.g., Tanzania), and thus possibly
small-scale ﬂeets, should have an IFA; while (B) islands without permanent human populations (e.g., Kerguelen Islands) should not.

realistically as possible in our spatial catch allocation with regards
to ﬁshing access (see Supplementary Table S8 for decision rules for
each enclave). The naming of most enclave areas was derived
based on geographic location, while the major high seas enclaves
in the tropical Paciﬁc were named based on [40]. At present, these
considerations are in the process of being implemented in our
data.
Finally, the Sea Around Us re-invigorated and streamlined the
procedure used to derive taxon distributions, thereby updating
and modifying the approach originally described by Close, Cheung
[37], with the new version now described in Palomares, Cheung
[41]. Besides embedding a regular and detailed biodiversity and
distribution data feedback procedure with the globally leading
online databases on ﬁshes (FishBase, www.ﬁshbase.org) and nonﬁsh marine life (SeaLifeBase, www.sealifebase.org), the new procedure also incorporates several improvements, including longitudinal limits on distributions based on biodiversity data and
range maps from expert reviewed sources, e.g., the IUCN Red List
and FAO species catalogs. Furthermore, the previous heavy reliance on manual input and data processing has been revised into
a streamlined procedural algorithm. Since the reﬁned and expanded catch reconstruction database emphasizes improved
taxonomic accounting of catches as part of the reconstruction
process, the number of taxa for which distributions are required
was also expanded to currently over 2500 taxa. The revision of the
taxon distribution database is an ongoing process, with improvements and new distributions feeding automatically into each new
round of catch data allocation (see Supplementary Materials).
These three databases, namely one comprehensively quantifying the catches taken by all ﬁsheries of a country in its own waters,
other countries’ waters or the High Seas (i.e., the catch reconstruction database, itself consisting of three data layers, see
Supplementary Materials), the second database describing where
taxa caught by ﬁsheries can be found with what probabilities (i.e.,
revised taxon distributions), and the third database documenting
where ﬁshing countries actually ﬁshed (i.e., updated access database), allow catch data to be spatially ‘reverse engineered’. Taken
together, these three databases project a comprehensive picture of
global as well as national ﬁsheries over a 60þ year period.

4. Output
The ﬁnal results of this decade-long process are global time
series of catches (currently from 1950 to 2010, to be updated
regularly) by ½ degree cells that are ecologically relevant (i.e., taxa
are caught where they occur, and in relation to their relative
abundance) and politically viable (i.e., by ﬁshing country and
within EEZ waters where they have explicit or observed access).
This allows the presentation of more accurate and comprehensive
time series of catches within the waters of speciﬁc countries [e.g.,
Senegal, [24]] as well as regional assessments [e.g., Paciﬁc small
island states and territories, [21]]. Of particular importance also
are the new parameters the revised Sea Around Us data now
contain, i.e., (besides taxonomic resolution, Fig. 4(a)) catches by
four ﬁshing sectors (industrial, artisanal, subsistence or recreational, Fig. 4(b)), two catch types (landings or discards, Fig. 4(c)), as
well as whether or not a given catch is deemed reported or unreported (Fig. 4(d)). In addition, the spatial allocation procedure,
by utilizing the updated ﬁshing access database, enables presentation of catches within EEZs by ﬁshing country (Fig. 4(e)).
Thus, these new features add substantial utility to the spatialized
data of the Sea Around Us, as they allow for the ﬁrst time to
compare, among others, the contribution of large- and small-scale
sectors to the catch in each country. This should be of great interest to the global community as it moves forward with the implementation of the recently adopted ‘Voluntary Guidelines for Securing Sustainable Small-scale Fisheries in the Context of Food Security and Poverty Eradication’ [6,42].
Furthermore, the revised and improved data and allocation
process allows more accurate spatio-temporal maps of catches and
associated data to be generated. Here, this is illustrated as annual
average catches (t km  2) for the 2000–2010 time period for global
large pelagic catches, dominated by tuna (Fig. 5(a)), or the catches
by all ﬁshing countries as allocated to the waters off north-west
Africa [Fig. 5(b), [24,35]]. The revised website of the Sea Around Us
also features web-based global data mapping that displays the
data for selected sets of parameters.
In addition, based on the long-standing partnership with the
Fisheries Economics Research Unit at the University of British Columbia, the Sea Around Us continues to update and improve ancillary databases, such as the global ex-vessel price database
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Fig. 4. Catch time series of reconstructed total catches, as derived and spatially allocated by the Sea Around Us for every country in the world, by (A) taxonomic composition
[e.g., top 5 taxa in the Bahamas, with the rest pooled into ‘Others’; [45]]; (B) four ﬁshing sectors [e.g., illustrating the importance of recreational ﬁsheries in the Bahamas,
[45]]; (C) two catch types [e.g., documenting the scale of discarded catches in Senegal, [24]]; (D) reporting status [e.g., illustrating the extent of unreported catches in
Senegal’s waters, [24]]; and (E) ﬁshing country [e.g., documenting the extensive distant-water ﬂeet access to Senegalese waters, [24]].

[43,44], which allows the above mentioned reconstructed catch
data sets (i.e., Fig. 4) to be presented as landed values (in 2005 US
dollars). Country-speciﬁc data, such as ﬁsheries subsidies, are also
updated [45] and incorporated, now making subsidies data available for two time periods, i.e., the early 2000s (labelled ‘2003’) and
late 2000s (labelled ‘2009’).
Besides EEZs, all reconstructed data and the associated parameters can also be displayed and downloaded by other spatial
entities, such as Large Marine Ecosystems (LMEs), High Seas areas,
Regional Fisheries Management Organizations (RFMOs), FAO statistical areas (allowing a direct comparison between the data reported by FAO on behalf of countries, which however do not include discards, and our reconstructed data), and the global ocean.
Non-spatial features for presenting our data include presenting
reconstructed data by ﬁshing countries globally. In all cases, reconstructed total catches (including discards) can be differentiated
from reported landings data as allocated to the entities being examined, through the simple overlay of a reported catch line on all
our data web pages.
A further feature that is new to the Sea Around Us web portal is
the inclusion of increasingly more customizable data queries.
Options include the grouping of numerous EEZ or LME datasets for
viewing and data access, and additional custom options are being
developed. Given the Sea Around Us’ extensive connection to developing countries with often limited bandwidth of internet

services and the wide-spread use of older browser versions in
these regions, the new web portal also includes a ‘basic’ search site
which strips bandwidth-heavy graphics and other features from
the site to allow easier direct access to the data. Switching to the
basic site is achieved automatically when the user's browser has
‘disabled’ JavaScript and/or early browser versions are being used.
Options to enable smartphone optimized access to key web products are also being developed. It is hoped that these enhanced
service utilities will increase the usability of these data to other
researchers, NGOs and the policy community.
The improved spatialized form of Sea Around Us catch data
provides a more powerful tool than previously available [e.g., for
Large Marine Ecosystems, [3,4]] for illustrating trends that cannot
be seen in the context of standard catch statistics reported by
large, ecologically and politically less meaningful statistical areas
(Fig. 1), or which extend beyond the geographic scales that restrict
the interest or mandate of most ﬁsheries agencies (e.g., Fig. 5). The
Sea Around Us has been able to show, for example, that total global
ﬁsheries catches were 50% higher than ofﬁcially reported data
suggest over the six decades from 1950 to 2010, and, importantly,
that total global catches have been declining strongly since catches
peaked in the mid-1990s [7]. This suggests that society has far
more to lose than currently thought by not addressing overﬁshing,
but also, that the global community has more to gain by turning
ﬁsheries into sustainable activities. Interestingly, the decline in
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Fig. 5. The global databases and spatial allocation procedure of the Sea Around Us allows the mapping of catches in space and time, e.g., of (A) the global average annual
catches (t km  2) of large pelagic species (mainly tuna and billﬁshes) for 2000–2010 as derived from various sources; and (B) the average catches by all ﬁshing countries in
and around the EEZs of Senegal and The Gambia and neighboring areas for 2000–2010 [24,35].

global catches are driven mainly by declining industrial catches
[7], which currently are largely taken by distant-water ﬂeets from
developed countries ﬁshing in developing countries [e.g., [35]]. In
contrast, small-scale ﬁsheries, including non-commercial subsistence ﬁsheries [21] have stable or gradually increasing catches
[7]. Such small-scale ﬁsheries beneﬁt more people directly, support more livelihoods and generally have fewer negative environmental or socio-economic side-effects.
The Sea Around Us is making their data available for viewing
and downloading via the revised and improved website (www.
seaaroundus.org). The research team of the Sea Around Us encourages and welcomes collaborations and constructive feedback
on all the country catch reconstructions, and invites all interested
parties to utilize the data and indicators assembled and presented.
It is hoped that the added value generated by the decade long

catch reconstruction project will assist countries in their ongoing
process of improving their national data collection and reporting
systems, which is of beneﬁt to everyone.
Finally, experts in all countries are hereby being asked for their
help in reviewing, improving and updating the existing reconstruction coverage of their countries’ marine ﬁsheries and
ecosystems. Usually, such exchanges and feedback lead to improvements of data and visualization products, and improvement
of their delivery, which is gratifying because local experts often
admit that they themselves would otherwise not have access to
much of the information now freely available via the Sea Around Us
pages. Thus, the efforts of the Sea Around Us have been well received over the last 15 þ years by a global research, conservation
and policy constituency that needs information to assess what has
been going on in their ocean. We appreciate that aspects of our
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work is being critically examined [46], but also see [47] and
challenged [48], but also see [49]. While bringing the issue of
global ﬁsheries to the attention of a global audience has been a
success [e.g., [50–52], work continues as an ongoing contribution
to supporting change, hopefully leading humanity to a sustainable
ﬁsheries future in a period of global change [53–57].

[18]

[19]
[20]

Acknowledgements
This is a contribution of the Sea Around Us, funded by The Paul
G. Allen Family Foundation, whose executive arm, Vulcan Inc.,
undertook the redesign and reprogramming of the Sea Around Us
website. We thank The Pew Charitable Trusts for 15 years of
support, trust and collaboration, and the MAVA Foundation for
additional funding. We also thank the hundreds of individuals all
around the world who have collaborated with us on catch reconstructions, and the many hundreds more that were patiently
willing to answer our often annoyingly detailed questions about
their country's ﬁsheries. Finally, we thank the FAO and their ﬁsheries statistical team for their dedication to maintaining the only
global database of capture ﬁsheries.

[21]
[22]

[23]

[24]
[25]

[26]
[27]

[28]

Appendix A. Supporting information
Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.marpol.2016.04.
046.

[29]

[30]

[31]

References

[32]

[1] M. Ward, Quantifying the World: UN Ideas and Statistics, Indiana University
Press; Bloomington, 2004.
[2] L. Garibaldi, The FAO global capture production database: A six-decade effort
to catch the trend, Mar. Policy 36 (2012) 760–768.
[3] K. Sherman, G. Hempel, The UNEP Large Marine Ecosystem report: a Perspective on Changing Conditions in LMEs of the World’s Regional Seas. Nairobi: UNEP Regional Seas Reports and Studies No. 182, United Nations Environment Programme; 2008. p. 852.
[4] D. Pauly, J. Alder, S. Booth, W.W.L. Cheung, V. Christensen, C. Close, et al.
Fisheries in Large Marine Ecosystems: Descriptions and Diagnoses. In: Sherman K, Hempel G, editors. The UNEP Large Marine Ecosystem Report: A Perspective on Changing Conditions in LMEs of the World's Regional Seas. Nairobi: UNEP Regional Seas Reports and Studies No. 182; 2008. p. 23–40.
[5] E.K. Pikitch, C. Santora, E.A. Babcock, A. Bakun, R. Bonﬁl, D.O. Conover, et al.,
Ecosystem-based ﬁshery management, Science 305 (2004) 346–347.
[6] D. Pauly, T. Charles, Counting on small-scale ﬁsheries, Science 347 (2015)
242–243.
[7] D. Pauly, D. Zeller, Catch reconstructions reveal that global marine ﬁsheries
catches are higher than reported and declining, Nat. Commun. 7 (2016) 10244.
[8] D. Pauly, Major trends in small-scale marine ﬁsheries, with emphasis on developing countries, and some implications for the social sciences, Marit. Stud.
4 (2006) 7–22.
[9] D. Pauly, Rejoinder: Towards consilience in small-scale ﬁsheries research,
Marit. Stud. 4 (2006) 47–51.
[10] R. Froese, D. Zeller, K. Kleisner, D. Pauly, What catch data can tell us about the
status of global ﬁsheries, Mar. Biol. 159 (2012) 1283–1292.
[11] R. Froese, D. Zeller, K. Kleisner, D. Pauly, Worrisome trends in global stock
status continue unabated: a response to a comment by R.M. Cook on “What
catch data can tell us about the status of global ﬁsheries”, Mar. Biol. 160 (2013)
2531–2533.
[12] K. Kleisner, D. Zeller, R. Froese, D. Pauly, Using global catch data for inferences
on the world's marine ﬁsheries, Fish Fish. 14 (2013) 293–311.
[13] S. Martell, R. Froese, A simple method for estimating MSY from catch and
resilience, Fish Fish. 14 (2013) 504–514.
[14] D. Pauly, D. Zeller, Accurate catches and the sustainability of coral reef ﬁsheries, Curr. Opin. Environ. Sustain. 7 (2014) 44–51.
[15] D. Pauly, Does catch reﬂect abundance? Yes, it is a crucial signal, Nature 494
(2013) 303–306.
[16] V. Christensen, C. Walters, R. Ahrens, J. Alder, J. Buszowski, L. Christensen,
et al., Database-driven models of the world's large marine ecosystems, Ecol.
Model. 220 (2009) 1984–1996.
[17] V. Christensen, C. Piroddi, M. Coll, J. Steenbeek, J. Buszowski, D. Pauly, A

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

151

century of ﬁsh biomass decline in the ocean, Mar. Ecol. Prog. Ser. 512 (2014)
155–166.
M. Colléter, A. Valls, J. Guitton, L. Morissette, F. Arreguín-Sánchez,
V. Christensen, et al., EcoBase: a repository solution to gather and communicate information from EwE models Fisheries Centre Research Reports, University of British Columbia; Vancouver 2013, p. 56.
D. Pauly, Rationale for reconstructing catch time series, EC Fish. Coop. Bull. 11
(1998) 4–10.
D. Zeller, S. Booth, G. Davis, D. Pauly, Re-estimation of small-scale ﬁshery
catches for U.S. ﬂag-associated island areas in the western Paciﬁc: the last 50
years, Fish. Bull. 105 (2007) 266–277.
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.
T. Pitcher, R. Watson, R. Forrest, H. Valtýsson, S. Guénette, Estimating illegal
and unreported catches from marine ecosystems: a basis for change, Fish Fish.
3 (2002) 317–339.
D.J. Agnew, J. Pearce, G. Pramod, T. Peatman, R. Watson, J. Beddington, et al.,
Estimating the worldwide extent of illegal ﬁshing, Plos ONE 4 (2009) e4570,
http://dx.doi.org/10.1371/journal.pone.0004570.
D. Belhabib, V. Koutob, A. Sall, V. Lam, D. Pauly, Fisheries catch misreporting
and its implications: The case of Senegal, Fish. Res. 151 (2014) 1–11.
D. Pauly, D. Zeller, Global Atlas of Marine Fisheries: A critical appraisal of
catches and ecosystem impacts ([in press]), Island Press, Washington, D.C,
2016.
D. Zeller, S. Booth, P. Craig, D. Pauly, Reconstruction of coral reef ﬁsheries
catches in American Samoa, 1950–2002, Coral Reefs. 25 (2006) 144–152.
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.
F. Le Manach, C. Gough, A. Harris, F. Humber, S. Harper, D. Zeller, Unreported
ﬁshing, hungry people and political turmoil: the recipe for a food security
crisis in Madagascar? Mar. Policy 36 (2012) 218–225.
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.
D. Edelist, A. Scheinin, O. Sonin, J. Shapiro, P. Salameh, R. Gil, et al., Israel:
Reconstructed estimates of total ﬁsheries removals in the Mediterranean,
1950–2010, Acta Adriat. 54 (2013) 253–46.
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.
F. Leitão, V. Baptista, D. Zeller, K. Erzini, Reconstructed catches and trends for
mainland Portugal ﬁsheries between 1938 and 2009: implications for sustainability, domestic ﬁsh supply and imports, Fish. Res. 155 (2014) 33–50.
D. Zeller, P. Rossing, S. Harper, L. Persson, S. Booth, D. Pauly, The Baltic Sea:
estimates of total ﬁsheries removals 1950–2007, Fish. Res. 108 (2011)
356–363.
D. Zeller, S. Booth, E. Pakhomov, W. Swartz, D. Pauly, Arctic ﬁsheries catches in
Russia, USA and Canada: baselines for neglected ecosystems, Polar Biol. 34
(2011) 955–973.
D. Belhabib, A. Mendy, Y. Subah, N.T. Broh, A.S. Jueseah, N. Nipey, et al.,
Fisheries catch under-reporting in The Gambia, Liberia and Namibia, and the
three large marine ecosystems which they represent, Environ. Dev. 17 (2016)
157–174, http://dx.doi.org/10.1016/j.envdev.2015.08.004.
R. Watson, A. Kitchingman, A. Gelchu, D. Pauly, Mapping global ﬁsheries:
sharpening our focus, Fish Fish. 5 (2004) 168–177.
C. Close, W.W.L. Cheung, S. Hodgson, V. Lam, R. Watson, D. Pauly, Distribution
ranges of commercial ﬁshes and invertebrates, in: M.L.D. Palomares, K.I.
Stergiou, D. Pauly (Eds.), Fishes in Databases and Ecosystems, Fisheries Centre
Research Reports, University of British Columbia, Vancouver, 2006, 14 (4). pp.
27–37.
R. Chuenpagdee, L. Liguori, M.D. Palomares, D. Pauly, Bottom-up, global estimes of small-scale marine ﬁsheries catches Fisheries Centre Research Reports 14(8), University Of British Columbia; Vancouver 2006, p. 112.
F.A.O. FAO’s ﬁsheries agreement register (FARISIS). Rome: Committee on
Fisheries, 23rd Session, 15–19 February 1999, Food and Agriculture Organization, COFI/99/Inf9E; 1998. p. 4.
Greenpeace. High Seas Paciﬁc Marine Reserves: a case study for the high seas
enclaves. A brieﬁng to the CBD's Expert workshop on scientiﬁc and technical
guidance on the use of biogeographic classiﬁcation systems and identiﬁcation
of marine areas beyond national jurisdiction in need of protection. Ottawa: A
report for Greenpeace International by Eleanor Partridge. (Available at):
〈http://www.greenpeace.to/publications/Paciﬁc-CBD-report-August-2009.pdf〉
2009. p. 34.
M.L.D. Palomares, W.W.L. Cheung, W.W.L. Lam, D. Pauly, Distribution of biodiversity in the seas around us, with emphasis on exploited ﬁsh and invertebrate species, in: D. Pauly, D. Zeller (Eds.), Global Atlas of Marine Fisheries: Ecosystem Impacts and Analysis, Island Press, Washington, D.C, 2016.
FAO. Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in
the Context of Food Security and Poverty Eradication. Rome: Food and Agriculture Organization of the United Nations; 2015. p. xii þ18.
W. Swartz, U.R. Sumaila, R. Watson, Global ex-vessel ﬁsh price database revisited: A new approach for estimating ‘missing’ prices, Environ. Resour. Econ.
56 (2013) 467–480.
U.R. Sumaila, A.D. Marsden, R. Watson, D. Pauly, A global ex-vessel ﬁsh price
database: construction and applications, J. Bioecon. 9 (2007) 39–51.

152

D. Zeller et al. / Marine Policy 70 (2016) 145–152

[45] U.R. Sumaila, A. Khan, A. Dyck, R. Watson, R. Munro, P. Tydemers, et al., A
bottom-up re-estimation of global ﬁsheries subsidies, J. Bioecon. 12 (2010)
201–225.
[46] 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 Al-Abdulrazzak and Pauly, ICES J. Mar. Sci. 71 (2014) 1921–1926.
[47] 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.
[48] 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.
[49] 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. 164 (2015) 325–328.
[50] D. Pauly, V. Christensen, S. Guénette, T.J. Pitcher, U.R. Sumaila, C.J. Walters,
et al., Towards sustainability in world ﬁsheries, Nature 418 (2002) 689–695.
[51] D. Pauly, J. Alder, E. Bennett, V. Christensen, P. Tyedmers, R. Watson, The future

of ﬁsheries, Science 302 (2003) 1359–1361.
[52] U.R. Sumaila, V.W.Y. Lam, D. Miller, L. Teh, R. Watson, D. Zeller, et al., Winners
and losers in a world where the high seas is closed to ﬁshing, Nat. Sci. Rep. 5
(2015) 8481, http://dx.doi.org/10.1038/srep08481.
[53] W.W.L. Cheung, V. Lam, J. Sarmiento, K. Kearney, R. Watson, D. Pauly, Projecting global marine biodiversity impacts under climate change scenarios,
Fish. Fish. 10 (2009) 235–251.
[54] W.W.L. Cheung, V. Lam, J. Sarmiento, K. Kearney, R. Watson, D. Zeller, et al.,
Large-scale redistribution of maximum ﬁsheries catch potential in the global
ocean under climate change, Glob. Change Biol. 16 (2010) 24–35.
[55] U.R. Sumaila, W.W.L. Cheung, V. Lam, D. Pauly, S. Herrick, Climate change
impacts on the biophysics and economics of world ﬁsheries, Nat. Clim. Change
1 (2011) 449–456, http://dx.doi.org/10.1038/nclimate301.
[56] W.W.L. Cheung, J.L. Sarmiento, J. Dunne, T.L. Frölicher, V. Lam, M.L.
D. Palomares, et al., Shrinking of ﬁshes exacerbates impacts of global ocean
changes on marine ecosystems, Nat. Clim. Change 3 (2013) 254–258, http://dx.
doi.org/10.1038/nclimate1691.
[57] W.W.L. Cheung, R. Watson, D. Pauly, Signature of ocean warming in global
ﬁsheries catches, Nature 497 (2013) 365–368.

