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Introduction

Military technologies accelerated the ability to navigate
and find fish, leading to widespread overfishing and
some rapid stock declines (Pauly et al. 2002). These
technologies evolved into radar-based systems that en-
able near real-time observation of fishing vessels. Harvest
rates increased dramatically with these technologies, but
lack of basic monitoring and surveillance remains a major
problem for global fisheries management (Beddington
et al. 2007; Anticamara et al. 2011). Much knowledge
of global fishing effort is still derived from handwritten
logbooks. Vessels equipped with transponders can hide
their location or purpose, and prosecution success for
most fishing misdemeanors is very low (Gross 2018).
Consequently, illegal, unreported, and unregulated (IUU)
fishing has hindered effective management of marine
ecosystems, while one-third of assessed marine fish
stocks are fished at biologically unsustainable levels (FAO
2016) and many more unassessed species and stocks are
almost certainly overharvested (Pitcher & Cheung 2013).

Information on maritime activity is freely available or
can be purchased from data vendors (e.g., MarineTraffic
and Global Fishing Watch). Most providers harvest infor-
mation transmitted from vessels’ automatic identification
systems (AISs) or vessel monitoring systems (VMSs).
Despite limitations of data derived from these systems,
there are near real-time databases of fishing effort that
provide opportunities to combat IUU fishing, better
understand where and what fleets need management
attention, illuminate key drivers of fishing behaviors, and
identify overlap with marine resources and vulnerable
species (Cabral et al. 2018; Kroodsma et al. 2018). But
not all countries require transponders, especially for
small vessels; therefore, even with these advances much
of the world’s fishing remains undetected.

Information Gaps

Gillnets (anchored or drifting) often generate high by-
catch rates, particularly for vulnerable megafauna (e.g.,
marine mammals) (Lewison et al. 2004). Gillnets are sim-
ple and relatively cheap to operate and, thus, commonly
used in coastal waters around the world, particularly in
developing countries (Northridge et al. 2017).

Tuna gillnet fisheries in the Indian Ocean have
expanded since 2003. Nations, such as Iran, India, and
Sri Lanka, each operate thousands of boats (Aranda
2017). Large-scale illegal gillnetting is rampant, despite
a 1992 UN Resolution banning drift gillnets over 2.5 km
in international waters (Ardill et al. 2013). There are
multiple reports of illegal high-seas gillnet fishing by
Chinese longline vessels (Cutlip 2016), and Pakistani
gillnetters reportedly set 26-km-long nets in the high
seas (Moazzam 2012).

Equally problematic are legal but unmonitored
fisheries. Indian Ocean countries must submit catch and
effort data by cell degree for purse seines and longlines
for their industrial tuna sectors to the Indian Ocean Tuna
Commission (IOTC), whereas no spatial information is
required for gillnet vessels, which rarely have logbooks,
observers, or AIS (Ardill et al. 2013). Gillnets are absent
from open-source satellite maps because most of the
>60,000 estimated vessels are considered artisanal or
coastal, even though some are as large and fish the same
areas as the industrial vessels (Aranda 2017).

Monitoring and Surveillance

Inconsistent monitoring of fisheries at national and
regional scales threatens food security and marine
biodiversity. Missing catch and effort information leads
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to an inaccurate understanding of stock status and likely
contributes to unsustainable catch allowances and stock
collapses (Beddington et al. 2007). Effective monitoring
of fishing effort and surveillance of vessel compliance
leads to better-managed fisheries that are more profitable
over the long term (Sumaila et al. 2012; Pons et al.
2017). Indonesia recently reported a decrease in illegal
fishing activity and increased profits for fishers after a
multifaceted initiative, which included publicizing their
VMS information to improve transparency, monitoring,
and enforcement (Cabral et al. 2018). Better management
of target stocks also has important spillover benefits for
bycatch species (Burgess et al. 2018).

Taking Responsibility

The International Maritime Organization mandates AIS
on large vessels, and regional fisheries management or-
ganizations, such as the IOTC, have requested better
monitoring data from their member countries, but these
standards must be implemented at the national level. It is,
therefore, essential that developing nations receive finan-
cial and technical support and developed nations show
leadership by strictly enforcing standards. This must be
seen not as a sunken cost but as better prioritization of
budgets to improve management and longer-term stock
viability. For instance, implementing some basic monitor-
ing and surveillance costs less than subsidizing unprof-
itable fisheries. Global high-seas fishing fleets received
$4.2 billion in government subsidies in 2014, far exceed-
ing the estimated $1.4 billion net economic benefit of
those fisheries (Sala et al. 2018). The largest subsidies
are given by governments of developed countries (Japan,
China, European Union), but many of these countries are
underperforming in their monitoring and surveillance,
especially of distant-water fleets (Bellmann et al. 2016;
Sumaila et al. 2016; Tickler et al. 2018).

Developing countries face more obstacles in balancing
food provision and economic needs with marine biodi-
versity and ecosystem health. At the extreme is Yemen,
which is believed to have several thousand gillnetters
without transponders and, understandably, is yet to sub-
mit a report to the IOTC (Allison et al. 2009; Moreno &
Herrera 2013). India is much more developed but also
faces depleted coastal fisheries. In response, the govern-
ment promoted the growth and mechanization of off-
shore and deep-water fleets with subsidies for engines
and fish finders (Bhat & Bhatta 2006). India now ranks
seventh in global seafood exports (FAO 2018), operates
the region’s second largest tuna gillnet sector after Iran
(Aranda 2017), and is the ninth largest subsidizer among
developing nations, providing approximately half a bil-
lion (U.S. $) in subsidies in 2009, mostly to enhance fish-
ing capacity (Sumaila et al. 2016). The government has
not provided for adequate monitoring of fleet expansion,
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even though AIS also provides safety benefits (its original
purpose) such as preventing ship collisions.

Effective monitoring requires more than a few pieces
of electronics and software. The government must have
the infrastructure to manage the data, analyze the out-
puts, and respond with appropriate enforcement actions.
Assuming better surveillance is necessary for successful
management in the long term, investing in monitoring
and surveillance is a better choice than expanding fishing
capacity. However, long-term visions are supplanted by
shorter-term livelihood needs unless there is a political
will to improve fishing practices and tangible rewards
for greater transparency (e.g., higher-value seafood prod-
ucts). Thus, the responsibility for improvement of fish-
eries monitoring also lies with seafood corporations and
consuming nations. In 2012, 13 corporations controlled
about 40% of the catch of the world’s largest and most
valuable stocks (Osterblom et al. 2015), and Japan, the
United States, China, and the European Union account
for over two-thirds of global seafood imports (FAO 2018).
Governments of fishing countries are often shamed for
their poor practices, but less public attention has focused
on consumer nations or the corporations directly respon-
sible for fishing. Concerted efforts have forced the Thai
government to invest in better fisheries governance and
Thai Union, one of the world’s largest seafood produc-
ers, to commit to better practices (Lewis & Boyle 2017).
Another example is U.S. legislation requiring imported
seafood to meet stricter management standards (Williams
etal. 2016). Public awareness of seafood sustainability has
increased but more direct action is needed, and costs of
these actions must be spread more equitably across the
participators and beneficiaries of marine fisheries.

The necessary restructuring of the seafood supply
chain is daunting, and monitoring and surveillance are
only 2 pieces of the puzzle. However, they are essen-
tial because making marine activities more visible makes
them more governable (Toonen & Bush 2018). Because
information on fishing activity and especially fishing loca-
tions is kept tightly guarded by management agencies and
by vessel owners, stronger leadership from major non-
governmental organizations, UN Food and Agriculture
Organisation, regional management bodies, and seafood
consumers is necessary to allow for improved monitoring
and surveillance.

Future Science Needs

Without demonizing developing countries or unfairly
assigning blame, technological advances should be used
to determine which fisheries are underperforming in
monitoring and surveillance and the reasons behind this
underperformance. The status of global fisheries is too
urgent to continue ad hoc monitoring and surveillance,
which keeps less profitable or less visible sectors (e.g.,
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tuna drift gillnets) free of real regulatory or commercial
pressure to improve. Targeting gillnet sectors in places
such as India, is an opportunity for gains, while countries
such as Yemen, require immediate and more extensive
financial assistance. Although the need is particularly
urgent in unobserved fisheries in developing countries,
all parties to the global fishing fleet must be pressured
to make smart investments and honest commitments to
improve seafood sustainability.
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