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Abstract
A brief history of marine fisheries is presented which

emphasizes the geographic expansion of industrial fleets in
the 20th century, their inherent lack of sustainability and
their dependence on government subsidies. In contrast,
small-scale fisheries, i.e. artisanal, subsistence and recre‐
ational fisheries could become part of a sustainable use of
marine resources. However, they usually receive little atten‐
tion from policy makers, as reflected by their almost com‐
plete absence from the catch data submitted by member
countries to the United Nations Food and Agriculture Orga‐
nization. Indeed, some governments, including Canada’s,
favour industrial fisheries as a matter of deliberate policy, be‐
sides encouraging the development of a form of aquacul‐
ture, exemplified by salmon farming, which because of its
feed requirements, intensifies, rather than reduce the fishing
pressure on marine ecosystems. Moreover, attention will also
have to be given to the effects ocean warming and deoxy‐
genation, which will intensify in the next decades – including
along the coast of British Columbia - even if global CO2

emissions are stabilized. Y
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Introduction

Fishing is a very old activity. There is numerous docu‐
mentation of fishing by early modern humans, for
example, over 100,000 years ago along the coast of

modern Eritrea (Walter et al. 2000) and in the Congo 90,000
years ago (Yellen et al. 1995).

Marine fishing is also well documented from Antiquity
(Corcoran, 1964; Powell 1996) and in European medieval
sources (Barret et al. 2004; Pauly 2004). In fact, Christianism
in Europe encouraged fishing through its prohibition to eat‐
ing the meat of land animals during the Lent season and re‐
ligious festivities

While European (i.e., Basque) fishing may have ex‐
panded to the Americas even before 1492, when America
was ‘discovered’ (Kurlansky 1999), it is the emergence of in‐
dustrial fishing, heavily relying on the use of fossil fuels,
which gradually turned fisheries into the global, ever-ex‐
panding enterprise it has now become. Indeed, this essay is
mainly devoted to presenting how we can overcome the
damage that this continuous expansion has wrought.

The first coal-driven steam trawlers were deployed along
the English coast in the 1880s (Roberts 2010). While ineffi‐
cient by modern standards, these behemoths were far supe‐

rior to the rowed and sailed boats of the time, and they made
short shrift of the accumulated coastal fish along the coasts
of the British Isles. There are numerous photos of the time
attesting to the huge number and size of the fish that were
then caught, e.g., giant halibut.

Within a decade, however, it became necessary, for these
trawlers to maintain their catch rates, to expand their reach
into the central North Sea and later into the broader North
Atlantic, all the way to Iceland and beyond (Bonfil et al. 1998;
Pauly et al. 2002). This evolution was similar in other indus‐
trialized countries, e.g., France, Germany and Russia, which
saw their coastal resources depleted after a few years of
trawling. The First World War (1914-1918) provided a
respite to the North Atlantic fisheries resources, but four
years later, when the young men and fishing vessels returned
from the war, the trend picked up again. Similar develop‐
ments occurred on the East Coast of northern North Amer‐
ica, i.e., in New England and Canadian Maritimes, and
around newly industrialized Japan. Efforts to control the
growth of industrial fishing fleets between the two world
wars failed, but the Second World War succeeded in this,
through young men and fishing vessels being again drafted
into war.

In the two decades following WWII, the creation of
United Nations and their system of ‘technical organizations,’
especially the Food and Agriculture Organization (FAO),
provided fora for the rational discussion about the gover‐
nance of fisheries, which by then were thoroughly interna‐
tionalized. Some countries wanted to maintain the old
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concept of ‘freedom of the seas.’ Other countries, especially
in Latin America, began to claim large swaths of marine
space, which some called ‘Patriotic Seas,’ the conceptual an‐
cestors of Exclusive Economic Zones (EEZ). Some coun‐
tries took intermediate positions, especially the United
States, which used the newly invented, convenient concept
of maximum sustainable yield to simultaneously claim ac‐
cess to the ‘underexploited’ stocks of tuna in the eastern
Central Pacific and to deny Japan access to the ‘overex‐
ploited’ salmon in Alaska waters (Finley 2011).

In Europe, a theory of fishing emerged which empha‐
sized the rational exploitation of stocks based on optimal
fishing mortality and mesh sizes given unpredictably variable
recruitment (Beverton and Holt 1957), but it failed to con‐
strain the increase in fishing pressure. In Africa and Asia,
where numerous countries were still European colonies,
efforts were undertaken to introduce trawling and other
forms of industrialized fishing, but except for a few coun‐
tries, notably Thailand, they failed to initiate a self-sustained
development.

The subsequent period, from the mid-1960s, saw
tremendous increases in catches, mainly due to the geo‐
graphic expansion of fishing, but also saw massive collapses
that were often attributed to environmental conditions, but
in which excessive fishing had, in most cases, played a major
role. Examples are the Peruvian anchoveta, whose first col‐
lapse occurred in 1972 (see contributions in Pauly and
Tsukayama 1987), the Norwegian herring (Sandberg 2010)
and Atlantic menhaden (Henry 1971). The crowning

‘achievement’ here, however, was the 1992 collapse of the
Canadian fishery for Northern cod.

Some of the collapsed stocks were consciously allowed to
rebuild—as in the case of the Norwegian herring—while
others continued to be overexploited, such Northern cod, or
Atlantic menhaden, of which only a small population within
Chesapeake and its environs continue to be occur in ex‐
ploitable amounts (Franklin 2007).

The main response of fisheries, when viewed as a global
system, however, was to expand (Bonfil et al. 1998; Swartz et
al. 2010). European countries began fishing all around
Africa (e.g., Spain, also operating in the Pacific), and along
Canadian coastlines, where they devastated the cod popula‐
tion off Newfoundland and Labrador, and even off British
Columbia, where they fished Pacific hake. In the mid-1980s,
China joined the fray, and it now dominates distant-water
fishing (Pauly et al. 2014). This expansion without stock re‐
building in the waters of nearly all industrialized countries
(the US and Norway are among the few exceptions) suc‐
ceeded at first in increasing global landings. Since the mid-
1990s, however, global fisheries catches have been declining
because new stocks are being discovered and exploited at a
rate that no longer compensates for the losses due to the col‐
lapse of traditional stocks (Pauly and Zeller 2016). This
trend, extrapolated to the mid-21st century is what is behind
the projection (by Worm et al. 2006) that all fish stock in the
world would collapse by 2048, which was misleading only
because it gave a date that was too precise. For doubters, one
might mention that the tendency toward increasing stock
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collapses is documented in the last volume of the State of the
World’s Fisheries and Aquaculture, or SOFIA (FAO 2018).

The UN Convention on the Law of the SEA (UNC‐
LOS), signed in 1982 and ratified in 1994, did affect the ex‐
pansion of the fishing fleets of industrialized countries in
that it became necessary for them to obtain access rights to
operate in the 200-mile Exclusive Economic Zone (EEZ)
that UNCLOS allowed countries to claim. This brought a
certain degree of control over where distant-water fleets
could operate. However, this is limited by the power imbal‐
ance between the rich countries that purchased access from
often-impoverished African coastal countries or small island
states in the Pacific. In addition, UNCLOS left 60% of the
oceans beyond national, and in fact anyone’s jurisdiction
(i.e., outside of EEZs), as Regional Fisheries Management
Organizations (RFMOs) exert the most tenuous of controls
on fisheries in the high sea (Cullis-Suzuki and Pauly 2010,
2016).

Lately, as resources declined, industrial fisheries, espe‐
cially distant-water and and/or deep-sea fisheries became
ever more dependent on government subsidies, currently of
about 35 billion USD per year (Sumaila et al. 2016) for a
global ex-vessel value of about 140 billion USD, i.e., 25% of
the ex-vessel value of the global marine fisheries catch. To
this, one could add the subsidy-like contributions provided to
fleet owner by illegal fishing (Sumaila et al. 2006) and by
thousands of underpaid and mistreated crew working under
inhumane condition; see e.g., Simmons and Stringer (2014).

The massive depletion of fish populations brought about
—in the entire world—by industrial fishing are not perceived
as such due to a form of collective amnesia now known as
‘shifting baseline’ (Pauly 1995, 2019a), wherein each genera‐
tion perceives the changes that occurred during the adult
lives, but does not consider the changes witnessed by previ‐
ous generations. Y
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The roles of small-scale
fisheries

Given this bleak portrait of international fisheries,
how can we expect fishing to become sustainable,
i.e., compatible with an economy that would trash

the planet? Actually, the above portrait omitted a major sec‐
tor of fisheries, i.e., the small-scale sector, consisting of arti‐
sanal, subsistence and recreational fisheries, which strongly
differ from the highly mobile industrial fisheries.

Artisanal fisheries consist of locally-based operations
that catch fish exclusively destined for human consumption
(as opposed to industrial fisheries, 25% of whose catch is des‐
tined for reduction to fish meal and other animal feed (Cash‐
ion et al. 2017). Artisanal fisheries, which use less fuel that
industrial fisheries per tonne of fish landed, are more selec‐
tive than industrial fisheries (which often rely on fuel-guz‐
zling trawlers; Tyedmers et al. 2005; Greer et al. 2019a,
2019b) because they often use traps and other passive gear
whose deployment rely on a deep knowledge of fish behav‐
ior, and which allow fish to literally catch themselves. Arti‐
sanal fisheries moreover, can both provide animal protein
and micronutrients to local markets in rural areas, where it is
most needed (Hicks et al. 2019; Pauly 2019b), when encour‐

aged to do so, can also sell to international markets, where
they can connect to niche markets for high-quality seafood
products.

To a large extent, artisanal fisheries compete with indus‐
trial fleets, i.e., exploit the same coastal stock as foreign in‐
dustrial trawlers and purse seiners, e.g., in West Africa and
Asia, but also in North America, including British Columbia.
However, decision-making in fisheries usually gives scant at‐
tention to artisanal fisheries to the extent that the majority of
FAO member countries do not record their catch. In fact,
fully accounting, by way of catch reconstructions (Pauly and
Zeller 2016) for artisanal fisheries, as well as for subsistence
fisheries (see below), for discarding of fish (Kelleher 2005),
and for illegal and other illegal catches added 50% to the
sum of the marine fisheries catch reported by member coun‐
tries to the FAO. The catch reconstruction by Ainsworth
(2016), for the fisheries, and which is currently being updated
is a case in point.

Subsistence fisheries, i.e., the catching of fish and aquatic
vertebrates (often by women) for the consumption of one’s
own family and friends, even though they are much smaller
than artisanal fisheries, contribute to the food security of a
vast swath of countries in the developing world, notably in
the South Pacific (Chapman 1987). With the exception of a
few countries, notably the Solomon Islands (Doyle et al.
2012), subsistence fisheries are not reported to the FAO
(Zeller et al. 2011, 2015), not even by the US and Canada,
who fail to report the subsistence catches of the Inuit popu‐
lation along their Arctic coast, i.e., FAO Area 18 (Zeller et al.
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2011). This is also important along the B.C. coast, where
First Nation fisheries are often overlooked, despite their eco‐
nomic and cultural importance (Moody and Pitcher 2010;
Cisneros et al. 2016).

Similarly, the catch of recreational fisheries, with the ex‐
ception of Finland, is not reported to the FAO, even though
it forms a very significant part of the fisheries catches of
some countries such as the Bahamas (Smith and Zeller
2016). Indeed, along West Africa, from Morocco to
Namibia, the rapidly growing recreational fishery sector is
becoming an important source of foreign exchange, with ev‐
ery fish caught by tourist anglers worth seven times its value
in a commercial fishery (Belhabib et al. 2016). This likely ap‐
plies to the B.C. coast as well, where individual salmon
caught by recreational anglers benefit our economy far more
than the fish caught in bulk by Jim Pattisson’s purse seiners.

Small-scale fisheries, however, are limited to the present
role and in the current catches by the resource competition
imposed on them by industrial fisheries (notably trawlers and
purse seiners) operating close inshore (Pauly 2006), and by
the negligible development subsidies they usually receive
from government that often ignore their existence (Jacquet
and Pauly 2008). This neglect of small-scale fisheries, in‐
deed, can lead to pathological development and resources
and habitat destruction when they are used as ‘social dumps’
for landless farmers and other marginalized groups, a glob‐
ally widespread process described as ‘Malthusian overfishing
(Pauly 2006), but not pursued here, as it does not occur in
B.C. Y

For an equitable access to
marine fisheries resources

What would sustainable marine fisheries look
like? One mental block frequently occurring
when dealing with marine fisheries is that we

need to fish far offshore, on the high seas, to be able to ex‐
ploit tuna and other large pelagic fish, and hence that we
need to maintain industrial fishing (since artisanal fishers
cannot be expected beyond the 200-mile limit of an EEZ).
Actually, the tuna and tuna-like fish that occur in the high sea
usually undertake large migrations that take them into the
coastal waters of various countries. Because these fishes tend
to be overexploited, it turns out that we would catch more of
tuna overall if we caught the only in the EEZs and use the
high seas as replenishment areas (White and Costello 2014).
Thus, closing the high seas to all fishing, which would allow
the suppression of the various unsavory activities of uncon‐
trolled high sea fishing fleets, would likely lead to increased
tuna catches globally. Moreover, as shown by Sumaila et al.
(2015), limiting the exploitation of tuna and other large
pelagics within EEZs would lead more equity between coun‐
tries, as the fisheries resources currently being ‘oligopolized’
by a few countries with specialized (and heavily subsidized)
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distant-water fleets such as Japan, France, Spain, etc. would
be shared among by the many coastal countries of the world.

[As an aside, it would be wonderful if Canada
—which has almost no fishing vessels operat‐
ing outside our EEZ—were to become the
champion of closing the high sea to all fish‐
ing. Indeed, I have recently written to the
Federal Minister of Fisheries about this, and
encouraged by his response, a small group of
fisheries scientists at UBC has initiated dis‐
cussions with various stakeholders to follow
up. But, don’t hold your breath about it: such
things take time.]

Besides requiring a sharp curtailing of industrial fishing,
especially of habitat-destructive trawling, largely achievable
by a phasing out of the subsidies they currently enjoy, an em‐
phasis on artisanal fisheries would require that they are
granted privileged access to coastal resources. This could
take the form of community quotas, or TURFs, such as exist
along the Chilean coast (Castilla et al. 2007; Afflerbach et al.
2014), from which trawlers have been banned. For B.C., and
Canada as a whole, it would require that we manage to have
the current policy of the Department of Fisheries and
Oceans (DFO) rescinded, whose explicit goal it is to limit ac‐
cess to coastal fisheries resources to a few industrial fleet
owners.

Overall, in many countries, well-monitored artisanal
fisheries could, at least partly replace the industrial fisheries
with which they currently compete. This would lead to a

higher fraction of the global catch being consumed directly
by people (instead of being turned into animal feed, or dis‐
carded). Also, it would lead to fish stock being exploited by
fishers with an interest in the continued existence of the
coastal stock to which they would have privileged access, in
harmony with other sectors, such as, e.g., ecotourism. Y
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Dealing with
Global Warming

The oceans are warming, and we should be thankful
for it: if they has not absorbed over 90% of the ex‐
cess heat caused by the intensification of the green‐

house effect due to our emission of CO2, methane and other
heat-trapping gases, the atmosphere of the Earth would
have already ceased to be livable.

However, we can already see what ocean warming does
to fish and other marine animals, and to fisheries, and it is
bleak. Ocean warming has several effects on fish and marine
invertebrates:
• They move poleward (Cheung et al. 2016),which is the

reason why we see increasingly see along the B.C. coast
species that normally occur off California, including
Baja California (e.g., Humboldt or ‘giant’ squid);

• They remain smaller (Cheung et al. 2017) because they
require more oxygen in warmer water, which however,
contains less oxygen (Pauly and Cheung 2017; Pauly
2019b);

• They cannot handle the respiratory and other stress
brought about by global change (ocean deoxygenation
and acidification, food scarcity and plastics), and their

local populations go extinct, one after the other, until
the last population also goes, and the species is extinct.
This process is under way with some B.C. fish species,
notably eulachon (Moody and Pitcher 2010) and our
Pacific salmon, the various species of which are losing
one run after the other.

We can mitigate some of these effects by rebuilding fish
populations and by creating large marine reserves where ma‐
rine ecosystems can recover from our depredations. How‐
ever, even if successful, mitigating measures would only win
us some time, while we reduce our greenhouse gas emission.
If we don’t, all will be in vain. Y
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Conclusions

Canada has recently passed legislation mandating
the rebuilding of depleted stocks; until recently,
only the U.S. had such legislation (the Magnuson-

Stevens Act), which mandates the rebuilding of stocks to pro‐
ductive levels within 10 years, and which has been so far suc‐
cessfully implemented. If the new Canadian legislation is
seriously implemented, and is gradually complemented by
the banning of destructive fishing methods such as trawling,
and the establishment of a network of representative marine
reserves, we should be able to put on fisheries on a sustain‐
able trajectory, and even to serve as a model for other coun‐
tries. However, we will not be able to have sustainable
fisheries, in Canada or anywhere else, if we do not rapidly
reduce our emission of greenhouse gases. Y
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