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CHAPTER 1 	 Daniel	Pauly,	Reg	Watson	anD	DiRk	ZelleR

Where Fisheries Have Been, and Why They Are Going 1 

intRoDuction:	a	cRisis	of	fisheRies

It was in the 1990s that fisheries emerged from their sectoral backwaters, and became one of the environ-
mental concerns of the public at large – at least in the developed countries of the world. This transition 
in public perception, similar to that involving forestry in the 1980s, was probably due to long-established 
trends suddenly generating media events. An example is the revelation of the enormous quantity of 
‘by-catch’ that is discarded by industrial fisheries – then around 25 million tonnes per year, or one-quarter 
of the world’s marine catch, though it is supposed to have since diminished2 (Figure 1). Other examples 
were the demonstration that fisheries are “fishing-down marine food-webs” (see below), the reporting 
of the collapse of Northern cod in Canada3 and the presentation of first estimates of the subsidies4 that 
contribute to maintaining the global fishing effort at three or more times the optimal level. These reports 
were only the tip of a gigantic iceberg: fisheries, an industry that had long operated beyond public scru-
tiny, emerged, to an amazed public, as worse for ocean health than pollution about which so much is 
written, and fishers, whose daring and ingenuity had for centuries justified the public’s romantic view 
of their profession, have become cogs in the high-tech machine that reduces any stock it touches, almost 
‘instantly’ to a shadow of its former self.

The onset of the 21st century only heightened these concerns. It was demonstrated that present depletions 
are only accelerating trends that started millennia ago5, and that, contrary to official data suggesting conti-
nuous increases, global fisheries catches have been declining since the late 1980s6 (Figure 1).
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Figure 1. 
Trend in the catch of marine fisheries. 
Discards and other forms of IUU (Illegal, 
Unregulated and Unreported) catches 
are usually not included in national and 
international fisheries catch statistics, 
which causes them to underestimate the 
role of fisheries in global food security.

d.zeller
Text Box
Pauly D, Watson R and Zeller D (2012) Where fisheries have been, and why they are going. pp. 15-26 In Soeters K (ed.) Sea the Truth: Essays on Overfishing, Pollution and Climate Change. Nicolaas G. Pierson Foundation, Amsterdam, The Netherlands.



16 17Where Fisheries Have Been, and Why They Are Going

fishing	DoWn,	foRage	fish	anD	fooD	Webs

The phenomenon now known as “Fishing-down marine food-webs7” occurs when fisheries, faced with 
decreasing biomass and catch of large, high trophic level fish (i.e., fish feeding at the top of marine food 
chains), target smaller fish and invertebrates (shrimp, crab, squid), i.e., the prey of the larger fish (Figure 
2; see also www.fishingdown.org). In marine ecosystems these ‘forage’ fish usually consist of species of 
the families Clupeidae (herrings, sardines, anchovies), Scombridae (mackerels) and Osmeridae (capelins 
and other smelts). These species of forage fish are commonly referred to as ‘small pelagics’, because they 
tend to be only 10-30 cm in length and live in open or pelagic waters. Small pelagics tend to form large, 
dense schools, making them easy to catch with a small expenditure of fuel, especially in comparison 
with bottom fish, that are typically caught by bottom trawling. Thus forage fish are usually caught by 
‘reduction fisheries’, so named because they reduce their catch to fishmeal and fish oil, used largely as 
feed in animal husbandry (chicken, pigs, etc.), and in the farming of carnivorous fish, e.g., salmon and 
tuna8. However, small pelagics play a crucial role in most ecosystems because they transfer energy from 
plankton to the larger fish and marine mammals. The direct dependence of small pelagics on plankton, 
itself impacted by environmental fluctuations, often causes their biomass to fluctuate wildly. This has 
led many fisheries scientists to conclude, erroneously, that fisheries have essentially no impact on small 
pelagics, and that their abundance is determined overwhelmingly by environmental factors.

Presently, the global marine catch of small pelagics is about 25-30 million tonnes annually – about one 
third of the global reported marine landings. The expanding aquaculture industry, especially salmon 
farming, is increasing the demand for fishmeal produced from these forage fish. This is met in part, by 
a greater fraction of the mean global fish supply being diverted to aquaculture and away from animal 

husbandry, and in part, by increasing the pressure on small pelagics, including species that were previ-
ously unexploited. The intense pressure on small pelagics has several consequences, one of them being a 
depletion of the food base of marine mammals and seabirds. Indeed, this effect is so strong that in many 
parts of the world it has caused massive declines in seabird and/or marine mammal populations, for 
example, in the Benguela upwelling system off southwestern Africa9, and in the coastal waters of Peru10.

Another worrisome aspect of fishing-down marine food-webs is that it involves a reduction in the number 
and length of the pathways linking food fish and primary producers, and hence causes simplification 
of food-webs. Diversified food-webs allow predators to switch between different types of prey as their 
abundance fluctuates11. Given a global decline in the trophic level of catches of 0.05-0.10 per decade, 
demonstrating ecosystem-level shortening in highly variable food-webs is sometimes difficult and hence 
controversial12. This does not mean, however, that the process is not taking place – a situation similar to 
the demonstration of global climate change effects.

As the food-webs are simplified by the removal/reduction of mid-trophic level components, the large 
predators find themselves at the top of shorter, more linear food chains that are less able to buffer envi-
ronmental fluctuations. This effect, combined with the drastic reduction in the number of year classes in 
exploited predator populations, makes their overall biomass strongly dependent on annual recruitment. 
This contributes to increasing variability, and to a lack of predictability in population sizes and hence in 
catch predictions. The net effect is ironic: it will increasingly look like environmental fluctuations drive 
fisheries, even where they originally did not.

fisheRies	science	anD	the	cRisis	

Among professional fisheries scientists, the crisis of fisheries is still often denied. Despite frequent and 
fashionable references to the need for a methodological ‘paradigm shift’, many believe, for example, 
that rigorous quantification of the uncertainties involved in stock assessment, and the communication of 
the results to fisheries managers in the form of risk assessments, would be largely sufficient to resolve 
the above-mentioned problems. Our key problem however, is not ‘uncertainty’, or lack of knowledge by 
fisheries managers.  Indeed, the problem is not even one of management, but one of public policy13. This 
refers to the excessive role played, in allocation debates, by the users of fisheries resources (fishing indu-
stry) vis-à-vis the true owners of these resources: the citizens of the various countries whose fish stocks 
are exploited. Resolving this allocation issue requires public involvement, as occurred, for example, with 
the reclaiming of public waters, long perceived to ‘belong’ to those who used such waters to cheaply 
dispose of toxic effluents.  Indeed, reclaiming the sea from its abusers will be a key task for the 21st 
century, second only to avoiding the massive climatic change that will result from the increasing emission 
of greenhouse gases.

Another issue is that fisheries science has until recently been locale- and species-specific (i.e., investiga-
ting one species, e.g., sole at a specific location- say the southern North Sea), and thus has largely missed 

Figure 2. 
Illustrating the fishing down process: 
The exploitation of marine ecosystems 
generally affects the larger, longer-lived 
high-trophic level species more strongly 
than the smaller, shorter-lived low-trophic 
level species, a phenomenon which 
can often be demonstrated through the 
changing composition of fisheries catches 
(see text and www.fishingdown.org). 
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the larger, indeed global dimension of fisheries.  This global dimension explains why key markets, e.g., 
the European Union, continue to enjoy a steady supply of fish14, while the stocks of most European fish 
are depleted, and not allowed to reconstitute themselves.

the	exPansion	of	fisheRies

The initial expansion of marine fisheries, from the coastal fringe accessible by beachcombing – as prac-
ticed by humans throughout the world – to nearshore waters accessible to simple crafts is well docu-
mented from archaeological and historical records, and need not concern us here. Rather, the key transi-
tion occurred in the mid-1880s, when the first steam trawlers were deployed along the coast of Britain.  
This transition rendered the use of sail, which had hitherto powered fishing vessels, instantly obsolete, as 
steam- powered trawlers packed a punch far more powerful than the largest sail-powered vessels.

Consequently, the inshore stocks of bottom fish - flatfish, cod, and also the inshore herrings - were 
depleted within a few years, and the trawlers found themselves forced to move further offshore.  There, 
they encountered almost pristine stocks - imagine their concentration in the then untrawled central North 
Sea - but this bonanza, too, fizzled after a few years. Within a few decades, British trawlers found them-
selves fishing off Iceland. A similar, if somehow later development occurred along the coast of other 
European countries, off New England, and Japan.  This expansion continued after World War I, with 
new larger vessels, capable of operating further afield, thanks to new technology developed from marine 
warfare (e.g., diesel engines).

World War II brought a temporary halt to this expansion, and many fish stocks recovered, at least partly, 
as they had during WW I. After WW II, however, fishing took off again, with fishing vessels now 
equipped with even newer technology, notably the echo-sounding devices just developed for submarine 
warfare, now used for a one-sided war on fish. This war was quickly won, at least in the North Atlantic, 
where catches peaked as early as 1975. However, with an increasing appetite for fish, fuelled by rising 
incomes, the fisheries initially confined to northern latitudes expanded into more southern latitudes, 
with Northwest Africa and later Southwest Africa being ‘opened up’ for industrial fishing from Europe.  
Similar developments occurred in Asia, with Japan, (South) Korea and Taiwan fielding large distant-
water fleets that roamed the oceans.

This post WW II expansion unfolded in three dimensions:

• The geographic dimension, briefly described above, and to which we shall return;
• A bathymetric dimension, notably due to trawlers operating at ever-increasing depth, now down to 

depths of kilometers15;
• A taxonomic expansion, i.e., the catching, processing and marketing of previously spurned species of 

fish and invertebrates, due to the increased scarcity of traditionally exploited species.

Here we illustrate the geographic dimension, the most spectacular of these three expansions.  The 
geographic expansion of fisheries could be documented by mapping catches onto the global ocean, which 
would show major catches being made increasingly offshore and in southern latitudes. 

However, catching one tonne of tuna is ecologically not equivalent to catching one tonne of sardine, and 
thus, to represent correctly the expansion of fisheries, we use here the ‘seafood print’ concept, which 
is based on estimating the phytoplankton (i.e., the microscopic algae at the basis of marine food webs) 

Figure 3. Geographic expansion of the EU and the global industrial fishing fleet, 1950 to 2000. Note that high catches, requiring 
very high levels of primary productivity to sustain, were in the 1950s limited to the waters around strongly industrialized coun-
tries in the Northern Hemisphere, while they have now expanded to the Southern Hemisphere. Note also that the overwhelming 
majority of the world ocean is now fished (light grey shading; PPR > 10%), usually strongly (medium grey; PPR < 20%), and 
mostly very strongly (dark grey, PPR> 30%). 
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required to produce a tonne of tuna, or a tonne of sardine. We then add these amounts, for all fisheries, and 
call this the ‘Primary Production Required’ by fisheries (or PPR), but re-express the PPR at a given place 
as a fraction of the Primary Production (PP) of that place16. This technique, which is now well established, 
yields the maps of Figure 3 when applied to catch maps.

Figure 3 illustrates the development and expansion of global fisheries exploitation. Not surprisingly, in 
1950 (when FAO began publishing annual global fisheries landing data), although most of the maps were 
white, i.e., the ratio of PPR to local primary productivity <10%, there were already many areas where 
exploitation was such that this ratio exceeded 30% (black in Figure 3). Thus, fishing in many parts of 
the world began long before the 1950s and was already intense by 1950. Since then, the spatial expan-
sion of fishing fleets was necessitated by declining inshore fish populations, and made possible through 
improved technology (greater speed, endurance, safety and better navigation) and government subsides.  
In general, all global fleets moved to exploit more distant waters, increasingly in the waters of the sout-
hern hemisphere17.

Figure 3 uses three threshold ratio levels to demonstrate the levels of exploitation in a manner easier to 
interpret. It was found earlier16 that the shelf areas in heavily exploited seas reached or exceeded 30% 
PPR, i.e., starting to approach the 40% levels found in agriculture and other forms of land-based primary 
production appropriation, e.g., road and house construction, etc.18 While there is no direct connection 
yet published between PPR threshold levels and fisheries sustainability, we believe therefore that 30% 
should be considered a ‘high level’ of appropriation and hence exploitation. For convenience, we have 
also shown the more arbitrary 10% and 20% intermediate levels so that the trend in PPR ratios can be 
better appreciated. 

Generally the area fished by all global fleets separated by PPR threshold categories increased since 1950, 
as illustrated by the area fished separated by the PPR ratio threshold levels of the fishing locations (Figure 
4A). Note that ‘threshold’ level implies that once an area has reached a given threshold, it remains in 
that category until a higher threshold level is reached. This expansion and PPR trends of global fleets 
were described earlier17, and here we focus, therefore on European fleets, which contrast with the global 
patterns of fleet expansion, especially in recent decades (Figure 4B). Unlike global fleets, the European 
fleets seemed to appropriate less primary production after the 1980s. Note that here we are considering 
areas whose threshold levels are defined by the combined demands of all fleets fishing in each area. 
Thus, European fleets, compared to global fleets, appear to fish more in less-fished areas. Global fleets 
increased fishing in all situations and notably in areas with PPR threshold ratios that have exceeded 
30% - that is those most heavily fished already. It is likely that European fleets are more mobile and fish 
newer areas more frequently. These are likely to be waters within the Exclusive Economic Zone (EEZ) of 
other countries where access arrangements have been negotiated. Indeed, the evidence suggests that the 
more lightly fished grounds (PPR threshold >10%) used by European fleets includes the remote edges of 
more exploited areas in the Atlantic, some areas in the Mediterranean and along the outer shelf of South 
America, and a large area in the Indian Ocean.

These patterns suggest that unlike most global fleets, those of Europe have moved to new, more lightly 
exploited fishing grounds post 1980. However, there is also some evidence that in recent times these 
areas are becoming more exploited. Unless European fleets could expand to new, relatively unexploited 
areas, it is likely that they will be fishing areas that are more heavily exploited in the future, in a manner 
similar to most global fleets. The general pattern suggests that, until very recently, European fleets have 
been more mobile than most global fleets and better able to be the first to exploit new areas. Access 
arrangements negotiated for European fleets since the declaration of EEZ areas in coastal waters in the 
1970s may have facilitated this19, 20. As for most global fleets, however, finding relatively un-fished areas 
is becoming increasingly difficult (Figure 4A).

Though the declaration of Exclusive Economic Zones starting in the 1970s imposed restrictions on distant 
water fleets, in many cases, access arrangements were negotiated, and/or companies sought arrangements 
whereby fleets were effectively reflagged to appear as national fleets of the EEZ-country. Reflagging 
causes additional difficulties in tracking the activities of fleets. This is particularly so for vessels from 
European countries where this appears to be poorly documented.

Figure 4. 
Quantifying the geographic expan-
sion of industrial fisheries in millions of 
square kilometers. (A): all global fleets 
and (B): European fleets, both expressed 
in terms of the thresholds defined by 
the ratio of local PPR to local Primary 
Production, i.e.,  ≥ 10%, ≥ 20% and ≥ 
30% (see also Figure 3). Note that the 
black lines represent values which are 
not additive, i.e., each higher category 
includes the lower PPR thresholds.
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As fleets expand their ranges, they experience increased costs; notably, travelling time is increased, as 
is fuel use. Fuel costs are already significant for global fishing fleets21 and might ultimately restrict their 
scope22 if it were not for the huge subsides which allow non-profitable operations to persist .

The expansion and intensification of exploitation levels are not only of concern to the future supply of 
marine-sourced protein and industry profitability, but to global marine biodiversity and impacts on all 
aspects of the marine environment, ranging from critical habitats such as coral reefs to vulnerable popu-
lations of marine mammals and seabirds. Particularly vulnerable are the deeper, less productive areas, 
which are often outside of currently managed areas and EEZ claims. The High Seas fisheries also include 
the tunas and billfishes, whose life-strategy makes them very vulnerable to over-exploitation. Last, but 
not least, climate change will introduce additional challenges, bringing benefits to some but reductions in 
ocean productivity to other areas23.

The expansion of European fleets to new fishing areas over the last 60 years has provided landings from 
comparatively lightly exploited areas (often below a 10% PPR threshold). It is, however, expected that 
these areas will also attract greater interest from other global fleets, notably Chinese24. Some of these 
areas are on the high seas and have comparatively weak protection from overexploitation. Changes in 
effective management, particularly on the high seas will be essential if the expansion of global fleets is to 
avoid putting future fisheries and the marine environments supporting them in jeopardy.  

the	hiDDen	stoRy:	unRePoRteD	catches	

Many, if not most, decisions about fisheries, at both the national as well as global level, are generally 
made with reference to fisheries catches, i.e., using sources such as national fisheries agencies or FAO (as 
an aside, do not blame FAO for poor data, they can only report what countries send them as their data). 
However, such actions ignore an important aspect, namely the incomplete nature of national catch data, 
which, besides excluding illegally caught fish, generally miss small-scale and recreational fisheries as 
well as catch discarded at sea (Figure 5). This results in often substantial misperceptions about the impact 
of fisheries on marine ecosystems and biodiversity. Furthermore, if the differences between reported and 
actual total catches change over time, this may lead to overall different trends in actual catches over time, 
with potentially significant implications to required policy responses.

While the over reporting by China had distorted global catch trends since the late 1980s6, under-reporting 
by all other countries around the world has significant ramifications. In order to address this issue, we 
have, over the last few years, systematically reviewed and adjusted the reported catch data for every 
country in the world through a process called ‘catch reconstructions’25 (see Figure 5 for an example). 

During such reconstructions, we assess the officially reported data of each country, determine what is 
missing from the official reporting system, and then develop country-wide estimates of these missing 
components back to 1950 using available national and international information sources. Results often 

suggest dramatic differences in catch volumes as well as trends over time, such as a 17 fold difference 
between reconstructed total catches and reported statistics for American Samoa, which combined with 
a 75% decline in catches since 1950 suggests the local waters around American Samoa are depleting at 
a rapid rate26. Larger countries, too, have such issues. Mozambique, an impoverished country in East 
Africa, has total marine catches 6 times higher than their reported statistics would suggest, despite efforts 
to implement a data recording system for the under-represented small-scale fisheries27. 

While differences between reported and total catches are generally largest in developing countries – 
which have fewer technical and financial resources for the complexities of statistical reporting systems 
– not even the richest and most developed countries in the world are immune to such underreporting. 
European countries around the Baltic Sea underreport their actual fisheries catches by 35% and more28. 
These missing data were dominated by unreported commercial catches (essentially industry cheating to 
circumvent management quotas) as well as discards and recreational catches. 

Recreational fishing is increasingly becoming a major sector in fisheries, as also shown for Hawaiian 
bottom-fish fisheries where unreported recreational catches are two times higher than reported commer-
cial catches29. Yet, with the exception of Finland, such recreational catches do not seem to be accounted 
for in countries’ internationally reported statistics28. 

However, even more fundamental fisheries are numerically ignored by developed countries. Take the case 
of the arctic peoples of Canada, USA and Russia, whose historic and nutritional dependence and cultural 
connections to fishing is well known. Yet, surprisingly, total catches by these predominantly small-scale 
fisheries are 75 times higher than the very limited data these countries report to the international commu-
nity would suggest30. Surprisingly, only Russia reported any catches from the Arctic waters since 1950, 

Figure 5. 
A typical example of catch under-
reporting: the FAO database presents 
negligible catches in 1950s and 1960s for 
the Pacific islands of Wallis & Futuna, 
suggesting the people in this small insular 
country consumed no domestically caught 
seafood. In fact, they had (and still have) 
a per capita seafood consumption rate of 
40-60 kg∙person-1∙year-1, consisting mostly 
of locally caught reef fish, with very few 
imports  (see text for other examples).33   
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while the USA and Canada claimed (as far as their statistics were concerned) no fishing was occurring in 
their arctic waters.

Unfortunately, often management and data agencies seem more concerned with improving statistical data 
collection for the present and future, which although a worthy and necessary goal, misses the signifi-
cance of history. If the past is neglected or minimized, in terms of scale and trend of fisheries catches, it 
will contribute to misinterpretations about the developments in fisheries and their associated ecosystem 
impacts. Hence, in order to better understand our fisheries, we need to know about their past.

ePilog:	foR	an	infoRmeD	Public

Informing the public and the law-makers who represent them, of the true status of the impact of fisheries 
on ocean health is difficult, because a strong lobby exists which, like the former Tobacco Institute with 
regards to the effects of cigarettes, denies the obvious to maintain the unacceptable. A similar situation 
prevailed in the 1950s with regards to the indiscriminate use of pesticides. This was challenged by a 
compelling case, articulated in Rachel Carson’s Silent Spring, which affected public policy via its public 
impact.

This was the reason why in 1999 the USA-based Pew Charitable Trusts initiated the Sea Around Us 
Project, based at the Fisheries Centre, University of British Columbia, Vancouver, Canada. The project 
is named after one of Rachel Carson’s other books31 and is devoted to documenting, both for scientific 
and for lay audiences, the global impact of fisheries on marine ecosystems, and to contribute to policy 
debates on how to help mitigate those impacts. The project differs from many other fisheries projects in 
that it has a global scope and a long time-scale – most of the time series produced range from 1950 to the 
present – with the result that long-term fisheries trends at basin and global scales can be documented.  For 
example, the project re-evaluated world fisheries catch trends to establish that fisheries catches have been 
declining since the late 1980s, contrary to statistics published by the Food and Agriculture Organization 
of the United Nations32. The various results and outputs of the Sea Around Us Project are documented at 
www.seaaroundus.org.
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1	cuRRent	knoWleDge

1.1	introduction
Over the past fifty years, European scientists have been engaged in numerous research initiatives and 
projects at the national, European and International level, which have contributed significantly to the 
understanding of human-induced climate change and associated changes in the marine environment. Over 
the past fifteen years, the European Union has increasingly supported pan-European research collabora-
tions in this area, which has resulted in a wealth of new data, information and knowledge.

The synthesis of results of EU-funded projects on climate change presented in this report demonstrates 
beyond reasonable doubt, that climate change has already impacted all oceans and seas of Europe and 
beyond. During the past 25 years, seawater temperatures from the surface to the deep sea have increased, 
with enclosed seas such as the Baltic, the Mediterranean and the Black Sea warming more rapidly than 
the open ocean. In the Arctic, warmer waters have resulted in a decrease in the area and thickness of 
sea-ice. Warming waters, together with mass additions from melting ice-sheets and increased landward 
winds at several locations, have also contributed to sea-level rise. The combination of sea-level rise and 
increased winds, have contributed to the erosion of 15 % of the European coasts. Many marine species, 
including zooplankton, benthos and fish, have migrated Northwards, resulting in local increases in biodi-
versity and changes in the marine food web. Some marine organisms have even been able to cross from 
the Pacific to the Atlantic via seasonal ice-free passages through the Arctic.

Although large climate changes also occurred in the geological past, the present rates of change are 
unprecedented. The warming has been speeding up, especially during the past 25 years during which it 
has been about ten times faster than the average rate of increase during the previous century. Synthesizing 
the findings of European research on the impacts of climate change on marine environments reveals that 
the marine environment is also changing rapidly. Many of the observed changes that are thought to be 
predominantly a consequence of climate change (IPCC, 2007; this report and references herein) can be 
grouped as follows: (I) changes in the physical properties and motions of the sea; (II) melting of the Arctic 
sea-ice; (III) Northward movements of marine organisms; (IV) shifts in timing of life-cycle events; (V) 
cumulative effects of multiple stressors; and (VI) the socio-economic consequences of all these changes.




