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Abstract
Individual fisheries are generally perceived as
one fleet exploiting one or several target species. Their welfare then depends on the relation
between the size of each fishery relative to the
size of population(s) it exploits, which ‘stock assessments’ are supposed to evaluate and ‘fisheries
management’ is supposed to adjust. The vision of
fisheries that will be presented here, however, is
that of a global system spanning all oceans. It is
the result of an expansion which began in Europe,
North America and Japan over a century ago, and
which is now being completed by largely uncontrolled industrial fleets operating in the deepest
waters of the Southern Oceans.
The major consumer countries, mainly the
EU, the United States and Japan, are largely unaffected by the local depletions these fleets induce, in spite of globally declining catches, buffered as they are by an integrated global market
that causes a large and increasing fraction of world
fish catches to be consumed in countries other
than those where the catches are being made.
This global fishery, fed by enormous subsidies in
developed countries and ‘subsidized’ by the need
for foreign exchange in developing countries, has

a substantial impact on marine ecosystems, with
the biomasses of large and mid-sized target species and associated organisms generally reduced
by one order of magnitude a few decades after
a fishery opens. This effect can be detected by
declining trends of the mean trophic level of
fisheries landings, a process now known as ‘fishing down food webs’. We briefly review, in the
context of Large Marine Ecosystems (LMEs),
the work documenting this global phenomenon,
which implies that fisheries gradually ‘spread’
from a few targeted species contributing the bulk
of the catch to a situation where essentially all
palatable taxa are targeted, with each taxon (‘diversity’) contributing a small part (‘evenness’) of
the total catch. This is demonstrated through the
application of an indicator (‘BA-DAP index’), derived from work by R.M. Warwick, applied here
for the first time to the time series of LME catch
data for 1950 to 2004. It can be anticipated that
the form of interaction with marine megafauna
and their supportive ecosystems demonstrated
here will lead in the next decades to a succession
of local extirpation, followed potentially by global extinctions, just as early hunters exterminated
the megafauna of newly accessed continents or

1. This chapter is updated from material presented at the 5th ICEF: Environmental Future of Aquatic Ecosystems Conference, Zürich, 23–29 March 2003;
and Pauly et al. (2008).
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islands. Confronting the ecosystem impact of
this exploitation system will require a new mode
of thinking on how humans and marine wildlife
can co-exist on Earth.

Yes, we can and do exterminate
our prey
Notwithstanding humans’ alleged ‘biophilia’
(Wilson 1993), it is now well established that
hunters, given the means and the opportunity, will exterminate the animals they hunt.
Understanding the underlying processes is important, as they provide a framework for understanding the war of extermination presently
waged against smaller and mid-size mammals
in Africa (‘bushmeat’; Bowen-Jones 1998) and
against large fishes in the world ocean, the latter
process being commonly known as ‘fishing’.
Perhaps the best studied, and most illustrative
of these wars of extermination, was conducted
13,000–12,000 years ago by ‘Clovis’ hunters in
North America, so named after the site where
the first of their magnificent fluted arrow and
spear points were found. Notwithstanding a
long tradition stating the contrary, the Clovis
hunters were probably not the ‘First Americans’,
these probably having been coastal people, who
may have relied on fishing for their subsistence
(Dalton 2003). The Clovis people, on the other
hand, were apparently the first to tackle the large
mammals of the interior. Both archaeology and
model studies confirm that their expansion and
population growth, and their decimation of 30
species of large and slow-reproducing mammals
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of North America (mastodon, giant ground sloth,
giant armadillo, western camels, etc.), proceeded
in the form of a wave lasting from 800 to 1,600
years (Alroy 2001). Given the human live span,
and the difficulty of all societies, but especially
of preliterate ones, to convey quantitative information on past animal abundances across generations (Pauly 1995), this time span was sufficient
for the Clovis hunters living past the crest of this
wave to fail to realize what their ancestors had
done and lost (Alroy 2001).
The full realization and understanding of this
event is prevented by those who, contrary to the
rather strong evidence provided by a multitude of
Clovis points embedded in fossil bones, still argue that this megafauna extinction was driven by
climate change. Can we truly deny events which
happened to coincide precisely with the arrival
of the Clovis hunters and which are supposed to
have eliminated, in a few centuries, species that
had endured millions of years of environmental change, including glaciations that entombed
North America under two kilometers of ice? We
shall return to this theme of denial, as it also
precludes informed debate about the impact of
industrial fisheries.
There is good evidence of a similar hecatomb
about 46,000 years ago in Australia, in this case
associated with the very first arrival of Homo sapiens, and which exterminated the larger representatives of the marsupial fauna that had evolved
on that continent, again over millions of years
(Roberts et al. 2001). Need we stress that there
are, here as well, those who say it is some environmental fluctuation that is to blame?
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Then there is the extermination of the large,
ostrich-like moa in what is now New Zealand,
by Polynesians, the ancestors of the present day
Maori, who arrived in the late 13th Century, and
who took approximately 100 years to exterminate
11 species that required millions of years to evolve (Holdaway and Jacomb 2000). In this case, it
seems, few are claiming it is the ‘environment’
that did it.
In Africa, on the other hand, where humans
co-evolved with large mammals, the latter survived until recently, by being wary of bipedal primates carrying sticks. Indeed, it is only recently
that guns, globalization and human population
growth have combined to disrupt this evolved
balance, and that the hunting of mammals of
all sizes, and the local and international trade of
‘bushmeat’ are now emptying African terrestrial
ecosystems of all but the smallest rodents and
insectivores (Bowen-Jones 1998, Brashares et al.
2004). Here again, the events are too close and
easy to trace to their causes for the ‘environment’
to be blamed.
Why all this in a contribution devoted to fisheries, i.e., the killing of fish from waters, rather
than mammals on land? One reason is obviously
to pre-empt ultimately sterile debates about
the recent, massive biomass declines in various
large marine ecosystems (see e.g. Christensen
et al. 2003 for the North Atlantic) being due
to anything but overfishing (see also Jackson et
al. 2001 and Worm et al. 2006). Thus, we shall
ignore those who deny that fishing impacts on
the underlying resources, and that observation of
low fish biomass are due either to scientists being
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incompetent at detecting or catching the fish in
question (as in the ‘Trawlgate’ case described by
Malakoff 2002), or the fish having moved elsewhere (Bigot 2002), or because of some regime
shift (Steele 1998).
The other reason for using hunting to frame
a discussion of world fisheries is to suggest that
the very approach we use to define fisheries may
in fact be misleading. We are used to discussing
fisheries in terms of their target species, e.g.,
the ‘North Sea cod fishery’, or the ‘Greenland
shrimp fishery’, but these labels, which seemingly
package distinct, separable set of attributes, are
as misleading as identifying giant armadillo, or
mastodon hunts by the Clovis hunters. Fact is,
these hunters killed all large, slow moving targets they encountered, and ended up, once these
were gone, with a species assemblage composed
mainly of small mammals (with the large bison,
moose and bears among the few exceptions),
and whose components were much harder to get
close to, and less rewarding to hunt. In fact, given these hunting patterns, Alroy (2001) found
that in his simulations, “the only way to prevent
a size-selective mass extinction is to assume that
humans strongly prefer to hunt small game”.
Similarly, when fishing starts in a new area, it
is the large fishes that go first, given that they can
be readily caught in the first place. Large fishes
are relatively easier to catch than small fishes, and
tend to provide a better return on energy expanded, be it in form of muscle power (rowing boats,
reeling hooked fish), or in terms of financial return on fuel costs (large fish usually fetch higher
prices than an equivalent weight of small fish, the
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latter being often used only for fishmeal, when
not discarded, Pauly et al. 2002). Large fish, with
their low natural mortalities and relatively high
age at first maturity (Pauly 1980, Froese and
Binohlan 2000), cannot sustain much fishing
pressure and they decline (Denney et al. 2002,
Cheung et al. 2007), forcing the fishers to either
move on to smaller fishes, and/or to other, previously unexploited areas. As larger fish tend to
have higher trophic levels than smaller fish – indeed, the latter are usually the prey of the former
– this process, now called ‘fishing down marine
food webs’, invariably leads to declining trends in
the mean trophic level of fisheries landings (Pauly
et al. 1998a).

This suggestion was initially challenged
(Caddy et al. 1998), but subsequent work, summarized in Table 1, shows the ‘fishing down’
phenomenon to be ubiquitous. For the various
countries/areas covered in that table, ‘fishing
down’ implies a transition from fisheries targeting large fish (e.g. northern cod) to fisheries
targeting smaller fishes (e.g. capelin), or invertebrates (e.g., deep water prawn [Pandalus borealis] and crab [Chionoceters opilio]). However, the
broad pattern is that of the fishers in a country
or area targeting a succession of species (just as
the Clovis hunter did), until the residual species
mix ceases to support a fishing (or hunting) economy (unless artificially maintained via subsidies,
Sumaila et al. 2007).

Table 1. Contributions demonstrating the occurence of ’fishing down marine food webs’ using local/detailed datasets, following the
original presentation of this phenomenon by Pauly et al. (1998a), based on the global FAO landings dataset.
Country/area
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Years

Decline

Source and remarks

Iceland

1900–1999

1918–1999

Valtysson and Pauly (2003), based on comprehensive catch database of Valtysson
(2001).

Celtic Sea

1945–2000

1946–2000

Pinnegar et al. (2002), based on trophic levels estimated from stable isotopes of
Nitrogen.

India

1950–2000

1970–2000

Bhathal (2005), Bhathal and Pauly (2008).

Gulf of Thailand

1963–1982;
1963–1997

1965–1982;
1965–1997

Christensen (1998); Pauly and Chuenpagdee (2003).

Eastern Canada

1950–1997

1957–1997

Pauly et al. (2001), based on data submitted to FAO by Fisheries and Oceans Canada
(DFO).

Western Canada

1873–1996

1910–1996

Pauly et al. (2001), based on comprehensive dataset assembled by Wallace (1999).

Cuban EEZ

1960–1995

1960–1995

Pauly et al. (1998), Baisre (2000).

East Coast, USA

1950–2000

1950–2000

Chuenpagdee et al. (2003); emphasis on Chesapeake Bay.

Chinese EEZ

1950–1998

1970–1998

Pang and Pauly (2001).

West Central Atlantic

1950–2000

1950–2000

Pauly and Palomares (2005), based on FAO data (Statistical Area 41, see Ackefors this
volume), disaggregated into USA (North) and other countries (South).

World, all fishes

1950–2000

1950–2000

Pauly and Watson (2003), based on spatially disaggregated data.

				

FISH, SUSTAINABILITY AND DEVELOPMENT

Figure 1. Global fisheries catches by major
groupings (invertebrates, groundfish, pelagic
fish and Peruvian anchoveta [Engraulis ringens])
adjusted for over-reporting by China (Watson
and Pauly 2001), and estimates of global discards (based on Zeller and Pauly 2005) and IUU
catches (Illegal, Unreported and Unregulated,
based on Pauly et al. 2002).
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It is our contention that, given a continuation of effective fishing effort increases driven by
the provision of damaging subsidies (Clark and
Munro 2002, Clark et al. 2005, Sumaila et al.
2007) in the face of globally declining catches
(Watson and Pauly 2001), and in the absence of a
global network of relatively large marine reserves
(Russ and Zeller 2003, Wood et al. 2008), similar
in scope to the national parks that now protect
the large mammals of Africa, large marine fishes,
both pelagic (some tuna, many sharks and billfishes), and demersal (groupers, large croakers,
etc.) may likely be fished into extinction in the
next decades. Sadovy and Cheung (2003), and
Dulvy et al. (2003) provide strong support for this
view. The fisheries targeting these species will obviously go bankrupt in the process, though they
may continue to last for a while if propped up by
sufficient subsidies (Sumaila et al. 2007).
Globally, marine fisheries catches, as reported by countries to the United Nations Food and

Agriculture Organization (FAO), increased from
less than 20 million t∙year-1 in the early 1950s to a
peak around 80 million t∙year-1 in the mid 1990s
(Figure 1, adjusted for over-reporting by China,
see Watson and Pauly 2001). Important, however, is that these numbers are only ‘reported’ landings, and do not include catches taken by fishing
gears, but not landed and used (i.e., discards), nor
do these figures address Illegal, Unreported and
Unregulated fisheries sectors (IUU). Especially
unreported and unregulated sectors can be significant, and contribute, particularly in the form
of developing countries’ small-scale subsistence
fisheries, often far more to total catches than
the commercial catches these countries officially
account for in their national and international
(FAO) reporting (e.g Zeller et al. 2007, Zeller and
Pauly 2007). Considering current best estimates
of these components, suggests that total global
marine fisheries catches likely peaked around 120
million t∙year-1 (see Figure 1).

IUU
Discards
Peruvian anchoveta

Pelagic fish

Groundfish
Invertebrates
Year
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More reasons for pessimism
The pessimistic outlook for fisheries outlined
above has antecedents, notably in Ludwig et al.
(1993), who pointed at the ease with which, in
the absence of a clear experimental context, field
data from collapsed fisheries can forever be contested by the fishing industry, a point developed
further by Rosenberg (2003), and which, given
the capture of management bodies by that same
industry (see e.g., Okey 2003), leads to paralysis
at best, and to continued erosion of the resource
base at worst. This problem, which is very real in
developed countries, many of which pride themselves of the way they incorporated science-based
advice into policy making, appears largely insurmountable in developing countries, where science
is a fragile import. In these countries, the great
needs for food and incomes by large human populations, which should lead to more careful use of
natural resources, in fact provide decision-maker
with a ready excuse for what is, in fact, the wholesale destruction of food production systems.
Indeed, exports have become a major issue in
fisheries, with marine products being amongst
the most heavily traded commodities (Pauly et
al. 2002, Alder and Sumaila 2004). The general
trend is that the shortfall of products from traditional fishing grounds in the EEZ of developed
countries is being compensated for by exploitation (often via distant water fleets) of developing
countries (Pauly and Watson 2003). This implies,
given the ‘debts’ that most developing countries
have run with respect to international lenders,
that marine resources and their underlying eco-
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systems suffer from increased pressure. Examples
are provided by the countries of West Africa,
whose dependence on financial support from the
European Union forces them to agree to fisheries
agreements providing access to European fishing
fleets under terms that appear rather unfair to
these countries (Kaczynski and Fluharty 2002).
Similar developments appear to be underway off
East Africa (Jacquet and Zeller 2007a, 2007b).
Another example is Argentina, whose demersal
resources, in the early 1980s among the few that
were both large and underexploited, have now
collapsed under the pressure of both national and
international fleets, licensed for their ability to
generate foreign exchange (Sánchez 2002).
Also important is the absence of international
institutions (i.e., set of rules) capable of action that
would reverse, or at least halt, in international
waters, trends such as presented above, and impacting on large pelagic fishes (see e.g., Pauly and
Maclean 2003 for the case of the North Atlantic,
where such institutions and organizations had a
long time to develop, but didn’t). An exception
could possibly be the World Trade Organization
(WTO), as it is the only international body with
the ability to enforce its rules. As of this writing,
WTO members are considering proposals to reduce or eventually even eliminate subsidies for
fisheries (Sumaila et al. 2007). The current, ‘Doha
round’ of negotiations may fail, but the issue will
remain until it is resolved.
Parrish (1995, 1998) developed rather pessimistic scenarios for the future of fisheries, arguing that, given present trends and pressures,

FISH, SUSTAINABILITY AND DEVELOPMENT

and their apparent irreversibility, it is mainly
small, non-palatable, non-schooling fish species
that will be able to survive the present onslaught.
Conversely, he argued that the species that fisheries presently target (Table 2) will not survive
what he called the “late Holocene”, and which
many others refer to as the 6th Extinction (see e.g.
Eldredge 2001).
Table 2. Marine fish that are unlikely to survive, given continuation of present fisheries trends (adapted from Parrish 1995, 1998,
and Pauly 2000).
Major features

Representative groups

Large- to moderate-sized,
predaceous, territorial reef
fishes and rockfishes with late
age at maturity, very low
natural mortality rates and
low recruitment rates vs. adult
stock size.

Snappers, sea basses, emperors, rockfishes, sea breams.

Large- to moderate-sized shelf
dwelling, soft bottom predators
susceptible to bottom trawling.

Cods, flounders, soles, rockfishes, croakers, skates.

Large- to moderate-sized
schooling midwater fishes
susceptible to midwater trawling.

Hakes, rockfishes, armorheads,
rougheyes.

Large- to moderate-sized shelf
dwelling, schooling, pelagic
fishes.

Bonitos, sierras, capelin, eulachon, salmon, sharks.

Any species with exceptionally
high monetary value.

Bluefin tuna, red snappers,
halibuts, medicinal fishes,
aquarium fishes, groupers,
salmon, red mullets, billfishes.

Whether or not Parrish’ scenarios will come
to pass, there will be a need to monitor the impact of fisheries on their supporting ecosystems,
a task for which appropriate indicators are required. Indicators, beyond the catches themselves, which can be used for this purpose include:

1. The taxonomic resolution of the reported catch
over time (which however, has an inherent, if
unknown bias, see Figure 2);
2. The Marine Trophic Index (MTI), i.e. mean
trophic level of the catch (see Table 1 and text
below), and the related Fishing-in-Balance
(FiB) index (Pauly et al. 2000); and
3. Stock-Catch Status Plots, based on catch time
series (Pauly et al. 2008).
These indices are relatively easy to apply, as they
require only catch time series (e.g., in the form
of the global FAO catch dataset; see below) and
estimates of trophic levels, available for essentially all fish species in the world (from FishBase;
Froese and Pauly 2000) and for all commercially
exploited groups (from the database of the Sea
Around Us Project; see www.seaaroundus.org).
These indices are here applied to Large Marine
Ecosystems (LMEs), of which 64 are now defined (Sherman and Hempel in press)2, and which
are gradually emerging as convenient entities to
report fisheries trends (Pauly et al. in press).

The ‘Biomass-Abundance-Difference
in Area in Percent’ index (BA-DAP) –
an indicator based on the taxonomic
resolution of the reported catch
As mentioned above, fishers, like hunters, tend to
concentrate preferably on large organisms. Thus,
their catch initially consists of few species, with
even fewer individuals contributing the bulk of
that catch. As the initial target species become
scarce, more species are targeted and contribute

2. The currently defined 64 LMEs are likely to be re-defined into 66 LMEs through splitting of the previously large and poorly defined Arctic LME,
see www.seaaroundus.org.
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Figure 2. Example of an Abundance-Biomass Curve based on
Warwick (1986) presenting community structure data in the form
of k-dominance curves, here adapted to fisheries catch data for
a single year. These curves consist of a logarithmic x-axis with
the ranks of species by declining abundance or biomass, and a
y-axis with the cumulative percent abundance and biomass by
species. The resultant BA-DAP index as presented here (modified
from McManus and Pauly 1990) is calculated by comparing the
areas underneath the two curves for each year, standardized by
the number of taxa reported in that year, as BA-DAP = (Biomass
curve area – abundance curve area)/loge number of species. It is
worth noting, however, that, especially with regards to fisheries
catch times series, this approach and the resultant index is
sensitive to changes in taxonomic reporting quality, which is a
well known historical problem with catch data, and results in
currently untested biases.
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abundance and biomass, and a y-axis along which
the cumulative percent abundance and biomass
by species are plotted (Figure 2). An ‘unstressed’
community is generally dominated by species
that are large in biomass but small in abundance
(i.e. the biomass curve is above the abundance
curve). Conversely, in a ‘stressed’ community,
species with small biomass and high abundance
become dominant, i.e. the biomass curve is under
the abundance curve (Warwick 1986). Similarly,
in the context of catch composition, a fishery may
initially be dominated by high biomass (large) fish
that are relatively low in number. As the fishery
develops, catch may be increasingly dominated by
species with high abundance but smaller biomass
(e.g. small pelagic fishes). The relative position
of the abundance and biomass curves can be expressed by a variant of the DAP index originally
developed by McManus and Pauly (1990) (here
termed the ‘Biomass-Abundance-DAP’ or ‘BADAP’ index), calculated from the difference in
areas between the two curves, or:

Catch in number
100

Cumulative dominance (%)

to the overall catch, until at the end, the fisheries
‘spreads’ to all catchable and marketable components of the ecosystem, with none contributing
much, the catch having become taxonomically
‘even’. Given such trends, an index is needed
which captures the elements of this ‘spread’: i.e.
the increasing dominance of catch by species that
are large in total number but small in individual
biomass (i.e. catch ‘evenness’).
Moreover, the index must be normalized such
that it can be used to compare changes in areas
with different species richness (and/or with statistical reporting systems considering different
levels of taxonomic aggregation).
Here, we propose a Biomass-AbundanceDifference in Area in Percent (BA-DAP) index to
express the changing contribution of catch from
the exploited species. Essentially, Warwick (1986)
developed the Abundance-Biomass Curve that
presents community structure data in the form of
k-dominance curves, and consists of a logarithmic x-axis with the ranks of species by declining
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s–1

Area = Σ
[Ci + (0.5 ∙ Yi+1)] ∙ [ln(i+1) – ln(i)]
i=1
BA – DAP = (AreaBiomass – AreaAbundance)/ln s
where C and Y is the cumulative and individual percentage of abundance or biomass of
the species at abundance or biomass rank i, respectively; s is the number of reported taxonomic groups (species, genus, family or grouping).
Thus, the BA-DAP index scales between -1 and
+1, with negative values indicating an abundance
dominated system.
The BA-DAP index was calculated for each
year from 1950 to 2004 for each LME. As the
index is normalized by the number of taxa, the
index can be readily compared between different
LMEs (or other spatial entities) and time. Since
catch records by the number of individuals (C)
is not available for the majority of fisheries, we
obtained a conservative estimate of C by assuming a power relationship between body length

(using maximum size data from the Sea Around
Us Project and FishBase databases) and weight of
each species. This, in practise, amounted to dividing the catch (tonnage) by the maximum length
(in centimetres) raised to the third power. To
avoid the large number of tiny invertebrates such
as Acetes shrimp being caught in some LMEs
from over-dominating the catch time-series, species with maximum body length of less than 10
centimetres were not included in the analysis.
Figure 3 shows an application by the Sea
Around Us Project of the BA-DAP index to the
catch statistics assembled for 53 of the world’s 64
defined LMEs3, based mainly on data submitted to the FAO by member countries (Watson et
al. 2004). The BA-DAP declined sharply from
the mid-1950s to the early 1960s, indicating that
the catch from the 53 LMEs quickly became
dominated by small-bodied species. In 1950,
Atlantic cod (Gadus morhua) contributed the largest biomass of catch, but less than 0.01 percent
of individuals. By 1962, the catch (in weight) of

0.05

Figure 3. BA-DAP index (Biomass-Abundance-Difference in Area
by Percent) based on fisheries catches (species <10 cm maximum
length excluded) for 53 of the world’s 64 currently defined Large
Marine Ecosystems (LME) combined. Eleven LMEs did not have
sufficient data to calculate the index and were excluded here. A
negative index implies abundance dominance, while a positive
value suggests biomass dominance. Index modified from
McManus and Pauly (1990).
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3. The LMEs not included here are the data poor Arctic and Antarctic LMEs.
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Peruvian anchoveta (Engraulis ringens) became
twice that catch of cod and contributed 11 percent of the catch in individuals. The BA-DAP
index increased moderately in the 1980s but
reduced again after 1990. The large increase in
Alaska Pollack (Theragra chalcogramma) increased
the dominance of species with larger body weight
between 1980 and 1990. However, the decline
of Pollack catches contributed to the subsequent
fall of the index. Overall, the average decline in
the BA-DAP index can be interpreted as an indication of the increasing ‘stress’ in the reported
fisheries catches of the 53 LMEs.
Here, and in the subsequent two sections, we
present results for three LMEs as examples, i.e.
the Newfoundland-Labrador Shelf LME, the
North Sea LME and the Baltic Sea LME.
The Newfoundland-Labrador Shelf LME
extends a considerable distance off the eastern
coast of Canada, encompassing the areas of the
Labrador Current and the Grand Banks. As in
some other LMEs, overexploitation is the princi-

pal driver of changes within this LME (Sherman
and Hempel in press), although fluctuations in
the ocean climate have also been implicated. A
description of the changing conditions of the fish
and fisheries of this LME is given in Rice (2002).
Commercially exploited fish species in this LME
include Atlantic cod, haddock (Melanogrammus
aeglefinus), American plaice (Hippoglossoides platessoides), redfish (Sebastes spp.), and more recently, snow crab (Chionoecetes opilio) and deep water
prawn (Pandalus borealis).The BA-DAP index for
this LME indicates a virtually continuous decline over the 50+ year time period, with two brief
reversals in the second half of the 1960s and early
1980s, driven by temporary increases in Atlantic
cod catches (Figure 4). The complete collapse of
the cod stocks in the early 1990s precipitated another strong decline in the index. Overall, the
index illustrates a clear move from a biomass
dominated (positive BA-DAP) to an abundance
dominated (negative BA-DAP) fisheries system
(Figure 4).

0.20

NL

0.15
0.10

BS

BA-DAP

0.05

Figure 4. BA-DAP index (Biomass-Abundance-Difference in Area
by Percent) based on fisheries catches (species <10 cm maximum
length excluded) for three example Large Marine Ecosystems
(LME): Newfoundland-Labrador Shelf LME (NL), North Sea LME
(NS), and Baltic Sea LME (BS). A negative index implies abundance dominance, while a positive value suggests biomass
dominance. Index modified from McManus and Pauly (1990).
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The North Sea LME is relatively shallow, and
is situated on the continental shelf of north-western Europe. The LME includes one of the most
diverse coastal regions in the world, with a great
variety of habitats (fjords, estuaries, deltas, banks,
beaches, sandbanks and mudflats, marshes, rocks
and islands). Among its many river systems and
estuaries are the Thames, Rhine, Elbe and Ems.
A temperate climate and four seasons characterize this LME, with climate being an important
driving force (after fishing) of biomass change
in the LME. Great Britain, Norway, Sweden,
Denmark, Germany, the Netherlands, Belgium
and France are the countries bordering the North
Sea (Sherman and Hempel 2008). Fishing is a
long-established activity in the North Sea LME
and there is a wealth of fisheries data (Froese and
Pauly 2003). The most important species for human consumption represented in the catch are
Atlantic cod, saithe (Pollachius virens), Atlantic
herring (Clupea harengus), European sprat
(Sprattus sprattus) and flatfishes. Landings from
the industrial fishmeal reduction fishery consist
mainly of sandlances (sandeels Ammodytes spp.)
Norway pout (Trisopterus esmarkii) and sprat.
There are several commercially important shellfish species of molluscs and crustaceans. The
BA-DAP for the North Sea LME indicates a
steady decline in indicator in the early years, followed by a sudden, steep decline in 1970 towards
strongly abundance dominated fisheries (Figure
4). The index has remained steady ever since. It
is worth noting that throughout the time period
considered here (1950–2004), the index was negative, suggesting that the fisheries in this LME
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have been abundance dominated for the entire
time period, as illustrated by the predominance
of relatively small, yet abundant species such as,
e.g., herring (Clupea harengus) and sandlances
(Ammodytes).
The Baltic Sea LME is the world’s largest
brackish water body, and its catchment area is four
times larger than its surface area (Sherman and
Hempel 2008), nearly 93 percent of which belongs
to nine riparian countries: Denmark, Estonia,
Finland, Germany, Latvia, Lithuania, Poland,
Russia and Sweden. The non-coastal countries in
the catchment area include Belarus, the Czech
Republic, Slovakia and Ukraine. Atlantic cod,
herring and European sprat dominate the fish
community as well as catches in terms of numbers
and biomass. The Baltic Sea LME shows an interesting BA-DAP pattern (Figure 4). It initially
was marginally positive, suggesting a slight biomass dominance in catches, before declining to
an abundance dominated catch pattern until the
early 1970s (negative BA-DAP, Figure 4). This
was followed by a return to a positive, biomass
dominance in the early 1980s, and a subsequent
steady decline to an abundance dominance pattern which is maintained today (Figure 4). The
decline in index in the 1960s and early 1970s was
driven by the increase in catches of herring and
sprat, while the 1980 biomass dominance was the
result of a brief resurgence of cod catches, with a
concomitant substantial decline in sprat catches.
The subsequent collapse of the cod stocks and
resurgence of sprat catches resulted in the most
recent decline in the index (Figure 4). The predominance of three taxa in the Baltic Sea catches,
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namely herring, European sprat (both abundance
dominant) versus cod (biomass dominant), clearly
illustrates the response behaviour of this new index.
This illustrates the versatility of this new
BA-DAP index, which integrates the change in
contribution of each species in the catches and
the ‘stress’ level of the faunal community (as expressed in reported catches) in a single, standardized manner, and illustrates in yet another way
the effects of fishing on marine ecosystems.

The Marine Trophic Index and
the FiB index
Pauly et al. (1998a) identified a worldwide decline
in the trophic level of fish landings by assigning a
trophic level to each species in the FAO landings
data. This pattern, now known as ‘fishing down
marine food webs’, has been shown to be relatively wide-spread, especially when investigated on
a smaller scale (Table 1). The ubiquity of ‘fishing
down marine food webs’ is one of the reasons why
the Convention on Biological Diversity (CBD)
adopted the mean trophic level of fisheries catch,
renamed as Marine Trophic Index (MTI) as one of
eight biodiversity indicators for “immediate testing” (CBD 2004, Pauly and Watson 2005).
However, diagnosing ‘fishing down’ from
the mean trophic level of landings is problematic, as landings only crudely reflect abundances.
Furthermore, as fisheries overexploit their local
resource bases, e.g. in inshore waters, they will
tend to move further offshore to outer shelf waters and beyond (Morato et al. 2006). During this
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spatial expansion, fisheries access previously unexploited stocks, resulting in the MTI calculated
for the whole shelf, which may have declined at
first, increasing again, especially if the ‘new’ landings are high. Thus, at the scale of an LME, a
trend reversal of the MTI may occur when fisheries expand geographically. This is the reason why
the diagnosis as to whether fishing down occurs
or not, now performed for many LMEs (Sherman
and Hempel in 2008), generally depends on the
species composition of the landings, which may
indicate whether a geographic expansion of the
fishery has taken place.
To facilitate such evaluations, a Fishing-inBalance (FiB) index has been developed (Pauly
et al. 2000). This index is defined such that its
value remains the same when a downward trend
in mean trophic level is compensated for by an
increase in the volume of ‘catch’. This is based on
the pyramidal nature of ecosystems and a average transfer efficiency of ten percent between
trophic levels (Pauly et al. 2000). Obviously, the
FiB index will decline when both the MTI and
landings decline, which is to be the case in many
LMEs (Sherman and Hempel 2008). In contrast,
the FiB index will increase if landings increases
more than compensate for a declining MTI. In
such cases (and also when landings increase and
the MTI is stable or increases), a geographic expansion of the fishery has likely taken place, i.e.
another part of an ecosystem is being exploited
(Bhathal and Pauly 2008). This index has been
designed such that its absolute value is of no
concern, i.e. that the change of the index can be
assessed from any baseline. Generally, it is stand-
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ardized to have a value of zero in 1950.
Figure 5 (based on Pauly et al. 2008) presents
the MTI and FiB index for 53 LMEs combined,
but with two groups of fishes excluded: Peruvian
anchoveta (Engraulis ringens) and large pelagic
fishes (large tunas and billfishes). The very localized South American fishery for Peruvian
anchoveta, which is a low trophic level species, is
the largest single-species fishery in the world, and
it exhibits very large fluctuations in catches (see
Figure 1). This extreme variation masks the comparatively more subtle patterns in trophic level
changes by the other fisheries of the world. We
excluded large tunas and billfishes because much
of their catch is taken in pelagic waters outside
of the currently defined LMEs. Thus, including
these landings from only part of their stockexploitation ranges would

artificially inflate patterns of trophic levels, especially for recent decade, when tuna fisheries
expanded substantially (Pauly and Palomares
2005). The trend in MTI for all LMEs combined (Figure 5, top) indicates a decline from
a peak in the 1950s to a low in the mid 1980s.
This can be attributed to ‘fishing down marine
food webs’ (Pauly et al. 1998a, Pauly and Watson
2005), partly masked by an offshore expansion of
the fisheries as indicated by the increasing FiB
index (Figure 5, bottom). In the mid 1980s, the
continued offshore expansion, combined with declining inshore catches has resulted in a trend reversal in the MTI, i.e. to the fishing down effect
being completely occulted. Analyses at smaller
scales (e.g., at the level of individual LMEs, see
Sherman and Hempel 2008) confirm this.
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Figure 5. Two indicators based on
the trophic levels (TL) of exploited
fish, here used to characterize the
fisheries in all LMEs of the world
combined. Top: Marine Trophic
Index (MTI), being the trend of mean
TLs; and bottom: corresponding
trend of the Fishing-in-Balance (FiB)
index, which is defined such that its
increase in the face of stagnating
or increasing MTI suggests a geographic expansion of the fisheries.
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Considering the individual LMEs presented
as examples, the Mean Trophic Index of the reported landings for the Newfoundland-Labrador
Shelf LME remained high until the 1990s, when
the cod stock began to collapse (Figure 6, top),
a clear case of rapid ‘fishing down’ the food web
in the LME (Pauly et al. 1998a). The FiB index

shows a similar trend (Figure 6, bottom), indicating that the reported landings did not compensate for the decline in the MTI over that period.
However, these landings do not account for the
discarded bycatch from the shrimp fishery, which
now accounts for half of the value of the landings
(Sherman and Hempel 2008).

4.0

Trophic level

3.8
3.6
3.4
3.2
3.0
2.8
2.6

1950

1955

1960

1965

1970

1975

1980

1985

1990

1995

2000

2.0
1.0

FiB Index

0.0
-1.0
-2.0
-3.0
-4.0

1950

1955

1960

1965

1970

1975

1980

1985

Year

The Mean Trophic Index of the reported landings for the North Sea LME has shown a steady
decline since 1970 (Figure 7, top), an indication
of a steady ‘fishing down’ of the food web in the
LME (Pauly et al. 1998a). The FiB index has been
on a similar decline over the past three decades
(Figure 7, bottom). Both indices thus correspond
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1990

1995

2000

Figure 6. Mean trophic level (i.e.
Marine Trophic Index) (top) and
Fishing-in-Balance Index (bottom) in
the Newfoundland-Labrador Shelf
LME.

with the detailed analysis by Froese and Pauly
(2003), which was based on catch data starting
in 1903.
The Mean Trophic Index of the reported
land-ings for the Baltic Sea LME shows a distinct decline from the mid 1980s to 2004 (Figure
8, top), driven by the increased sprat landings.
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However, the simultaneous decline in Atlantic
cod landings combines to create a case of ‘fishing
down’ of the local food webs (Pauly et al. 1998a).

The rapid decline in the FiB index also supports
this interpretation (Figure 8, bottom).
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Figure 8: Mean Trophic Index (top) and
Fishing-in-Balance Index (bottom) in
the Baltic Sea LME.
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Stock-Catch Status Plots
This graphical approach has its origin in the work
of Grainger and Garcia (1996), who fitted time
series of landings of the most important species
in the FAO landings database with high-order
polynomials, and evaluated from their slopes
whether the fisheries were in their ‘developing’,
‘fully utilized’ or ‘senescent’ phases. Froese and
Kesner-Reyes (2002) simplified these graphs by
defining for any time series (taken as representing
‘stocks’4), five phases relative to the maximum reported landing in that time series:
1. Undeveloped: Year of landing is before the
year of maximum landing, and landing is less
than 10 percent of maximum landing;
2. Developing: Year of landing is before the year
of maximum landing, and landing is between
10 and 50 percent of maximum landing;
3. Fully exploited: Landing is greater than 50
percent of maximum year’s landing;
4. Overexploited: Year of landing is after year
of maximum landing, and landing is between
10 and 50 percent of maximum landing; and
5. Collapsed: Year of landing is after the year
of maximum landing, and landing is below 10
percent of maximum landing.
Fisheries in a given area (e.g. LMEs) can
therefore be diagnosed by plotting time series of
the fraction of ‘stocks’ in any of these categories
(Froese and Kesner-Reyes 2002). Such ‘stock
number by status plots’ were used to document
the state of the North Sea LME by Froese and
Pauly (2004) and, more recently have been ap-

plied to all LMEs of the world (Pauly et al. 2008,
Sherman and Hempel 2008).
Pauly et al. (2008) also proposed a variant of
the above ‘stock number by status plots’ in the
form of a ‘stock catch by status plot’, defined such
that it presents the fraction of the reported landings ‘biomass’ (i.e. catch) that is derived from
stocks in various phases of development (as opposed to the number of such stocks). Such a plot
of relative ‘catch’ by status can present quite a
different picture from the stock number by status plots. The combination of these two plots is
now termed ‘Stock-Catch Status Plots’ (Pauly et al.
2008).
Figure 9 illustrates the dual nature of the
newly derived Stock-Catch Status Plots, for the
53 LMEs combined. Overall, it suggests that
70 percent of global stocks within LMEs can
be considered overexploited or collapsed (Figure
9, top). Nevertheless, these overexploited and
collapsed stocks still provide 50 percent of the
globally reported landings biomass, with the
rest contributed by fully exploited stocks (Figure
9, bottom). This confirms the observation (e.g.
Worm et al. 2006) that fisheries tend to affect
biodiversity even more strongly than they affect
biomass.
Turning to individual LMEs, the Stock-Catch
Status Plots for the Newfoundland-Labrador
Shelf LME show that over 60 percent of commercially exploited stocks in the LME are
deemed collapsed with an additional 20 percent
overexploited (Figure 10, top). Over 50 percent of
the reported landings biomass is now supplied by
fully exploited stocks (Figure 10, bottom).

4. Here, a ‘stock’ is defined as a time series of one species, genus or family for which the first and last reported landings are at least ten years apart, for which there are at
least five years of consecutive catches and for which the catch per spatial entity (e.g. LME) is at least 1,000 tons (Pauly et al. 2008).
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Figure 10. Stock-Catch Status Plots for the NewfoundlandLabrador Shelf LME, showing the proportion of developing
(green), fully exploited (yellow), overexploited (orange) and collapsed (purple) fisheries by number of stocks (top) and by catch
biomass (bottom) from 1950 to 2004.
Note that (n), the number of ‘stocks’, i.e. individual landings
time series, only include taxonomic entities at species, genus or
family level, i.e. higher and pooled groups have been excluded
(see Pauly et al. in press for definitions).

Developing

Number of stocks by status (%)

Figure 9. Paired Stock-Catch-Status Plots for all LMEs in the world
combined, wherein the status of stocks, i.e., species with a time
series of landings in an LME, is assessed using the following
criteria (all referring to the maximum catch in the species time
series): Developing (catches < 50 %); Fully exploited (catches
> = 50 %); Overexploited (catches between 50 % and 10 %);
Collapsed (catches < 10 %).
Top: Percentage of stocks of a given status, by year, showing
a rapid increase of the number of overexploited and collapsed
stocks.
Bottom: Percentage of catches extracted from stocks of a
given status, by year, showing a slower increase of the percentage of catches that originate from overexploited and collapsed
stocks. Note that ‘stocks’, i.e. individual landings time series, only
include taxonomic entities at species, genus or family level, i.e.
higher and pooled groups have been excluded.

(n=2341)
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The Stock-Catch Status Plots for the North Sea
LME, based on the first analysis of an LME
using such plots (Froese and Pauly 2003), indicate that the number of collapsed and overexploited
stocks have been increasing, accounting for close
to 80 percent of all commercially exploited stocks
in the North Sea (Figure 11, top). A majority of
the reported landings biomass, particularly in

recent years, is supplied by overexploited stocks
(Figure 11, bottom).
The Stock-Catch Status Plots for the Baltic Sea
LME indicate that over 60 percent of the fished
stocks in the LME have collapsed (Figure 12,
top), but that the majority of the catch is supplied by fully exploited stocks (Figure 12, bottom),
likely due to the large European sprat catches.

Number of stocks by status (%)

Number of stocks by status (%)
Over-exploited

(n=4539)
Collapsed

(n=4539)

Figure 11: Stock-Catch Status Plots for the North Sea LME,
showing the proportion of developing (green), fully exploited
(yellow), overexploited (orange) and collapsed (purple) fisheries
by number of stocks (top) and by catch biomass (bottom) from
1950 to 2004.
Note that (n), the number of ‘stocks’, i.e. individual landings
time series, only include taxonomic entities at species, genus or
family level, i.e. higher and pooled groups have been excluded
(see Pauly et al. in press for definitions).
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Over-exploited
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Collapsed

Catch by stock status (%)
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Developing

(n=4539)
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Figure 12: Stock-Catch Status Plots for the Baltic Sea LME, showing
the proportion of developing (green), fully exploited (yellow),
overexploited (orange) and collapsed (purple) fisheries by
number of stocks (top) and by catch biomass (bottom) from 1950
to 2004.
Note that (n), the number of ‘stocks’, i.e. individual landings
time series, only include taxonomic entities at species, genus or
family level, i.e. higher and pooled groups have been excluded
(see Pauly et al. in press for definitions).
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Conclusions
Indices such as those presented here, or others,
usually cannot be used to manage fisheries (or
fleets) on a year to year (or tactical) basis. They
can be used, however, to indicate broad, ecosystem- or indeed planet-wide trends, similar to e.g.
atmospheric carbon dioxide concentration used
to monitor our success – or lack thereof – in combating global warming. They indicate trends that
must be addressed by humanity as a whole if we
are to continue extracting benefits from – in this
case – marine ecosystems.
The fishing industry is, on its own, incapable of turning around the trends demonstrated
above. In fact, many industry representatives and
their supporting cast in academia deny or fail to
recognize that there is a global problem (see e.g.
Bigot 2002, Lomborg 2001). There are other social forces, however, which can and will play an
increasing role in the international debates on
fisheries, foremost among those the community
of Non-Governmental Organizations devoted to
maintaining or re-establishing ‘healthy’ marine
ecosystems, and to push toward ecosystem-based
fisheries management (Pikitch et al. 2004), irrespective of how these terms may end up being
implemented in practice. Hence the public debate about fisheries, unheard of two decades ago,
and hence the need for conservation biologists
to debunk those who deny the need for action.
One of these is the above-cited Lomborg, who in
his Sceptical Environmentalist, inferred from increasing global catch figures reported by the FAO
that the underlying ecosystems must be in good
shape. However, we now know that the apparent
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increases of global fisheries catches in the 1990s
were due to China massively over-reporting its
catches to the FAO, and global catches are in fact
declining (Watson and Pauly 2001, Pauly 2002).
And we also know that catches can remain high
(and in fact usually do) when stocks collapse, as illustrated by the northern cod off Eastern Canada,
which yielded good catches until the fishery had
to be closed because there were literally no fish
left (Myers et al. 1997).
Lomborg (2001), here representing a large
number of ill-informed commentators, also suggested that ‘aquaculture’ could help compensate
for overfishing. He believes “it appears of minor importance whether the consumer’s salmon
stems from the Atlantic Ocean or a fish farm”.
The problem here is that ‘aquaculture’ covers two
fundamentally different kinds of operations; let’s
call them Aquaculture A and B. Aquaculture A,
devoted to the farming of bivalves such as oysters
or mussels, or to freshwater fish such as carp or
tilapia, relies on plant matter (phytoplankton in
the sea or in ponds, sometimes supplemented by
agricultural by-products in the case of freshwater
fishes), to generate a net addition to the fish food
supply available to consumers. Moreover, because
Aquaculture A is based predominantly in developing countries (mainly in China, but also in
countries such as the Philippines, or Bangladesh),
it supplies cheap animal protein right where it is
needed (New 2002).
Aquaculture B is the farming of carnivorous
fish such as salmon or seabass, and increasingly,
the fattening of wild caught bluefin tuna, e.g. in
the Mediterranean. In nature, salmon, seabass
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and bluefin tuna have high trophic levels, ranging from 3.5 to 4.5 (see references in Table 1,
and www.fishbase.org). When fed only vegetable
matter, e.g. soy meal, salmon do not grow well,
and end up looking and tasting like tofu. As for
tuna, there is no point even trying to feed them
with anything but fish. What this implies is that
the more aquaculture B is undertaken, the less
cheap yet healthy (high omega-3 oils) fish such
as sardine, herring, mackerel and anchovies there
will be for humans to buy and eat. Aquaculture
B does not reduce the pressure on wild fish
stocks: it increases it (Naylor et al. 2000). It has
led to massive imports, by developed countries,
where Aquaculture B predominates, of fish-meal
from fishes caught and ground up in developing
countries, thus exacerbating fishing pressures
in these countries. We will not elaborate on the
coastal pollution and diseases emanating from
the uneaten food and feces of these marine feedlot operations, which responsible practitioners see
as a major constraint to the development of the
industry (New 2002).
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One reason why the practitioners of aquaculture B can get away with all this is that the public at large assumes their operations to be similar
to those of Aquaculture A, and that they add to
the global fish supply. The continued growth of
Aquaculture B will be more difficult once the
distinction becomes clear to the public.
There is still time for fisheries, but only if they
are reinvented not as the source of an endlessly
growing supply of fish for an endlessly growing
human population, but as provider of a healthy
complement to predominantly grain-based diets.
Particularly, fisheries cannot remain a free-for-all
for pillaging distant water fleets; they can however, become a regular source of income for communities whose members act in accord with the
finite nature of marine resources (Pitcher 2001).
Two key elements of such reinvented fisheries
will be their considerably smaller size, and their
reliance on fish biomass being exported from
numerous, large marine reserves, the protected
ocean areas that we must establish and enforce if
we are to allow marine ecosystems and the species
therein to rebuild some of their past abundance,
and to share this with us.

FISH, SUSTAINABILITY AND DEVELOPMENT

References

Alder, J. and Sumaila, U.R. 2004. Western Africa: the fish basket of Europe past
and present. The Journal of Environment and Development 13: 156–178.
Alroy, J. 2001. A multispecies overkill simulation of the End-Pleistocene megafaunal mass extinction. Science 292: 1893–1896.
Baisre, J. 2000. Chronicles of Cuban marine fisheries. 1935–1995. Trend analysis
and fisheries potential. FAO Fish. Tech. Pap. No. 394. Rome, FAO, 26 p.
Bhathal, B. 2005. Historical reconstruction of Indian marine fisheries catches,
1950–2000, as a basis for testing the Marine Trophic Index. Fisheries Centre
Research Reports 13 (5) 122 p.
Bhathal, B. and Pauly, D. 2008. ‘Fishing down marine food webs’ and spatial expansion of coastal fisheries in India, 1950–2000. Fisheries Research 91: 26–34
Bigot, J. 2002. Les stocks ne diminuent pas, ils se déplacent. L’Industrie Nouvelle
(2851, Dec. 12): 10. (Translation: ‘The [fish] stocks are not declining, they are
shifting location.’)
Bowen-Jones, E. 1998. A review of the commercial bushmeat trade, with emphasis
on Central/West Africa and the Great Apes. Ape Alliance/Flora International,
Cambridge, UK. P. 47. Available online at www.4apes.com/bushmeat/report/
bushmeat.pdf.
Brashares, J.S. et al. 2004. Bushmeat hunting, wildlife decline, and fish supply in
West Africa. Science 306: 1180–1183.
Caddy J., Csirke, J., Garcia, S., and Grainger, R. 1998. How pervasive is ‘Fishing
down marine food webs’. Science 282: 183. Full text (p. ‘1383a’) on www.
sciencemag.org/cgi/content/full/282/5393/1383.
CBD. 2004. Annex I, decision VII/30. The 2020 biodiversity target: a framework
for implementation, p. 351. Decisions from the Seventh Meeting of the
Conference of the Parties of the Convention on Biological Diversity, Kuala
Lumpur, 9–10 and 27 February 2004. Montreal: Secretariat of the CBD.
Cheung, W.W.L. et al. 2007. Intrinsic vulnerability in the global fish catch.
Marine Ecology Progress Series 333: 1–12.
Christensen, V. 1998. Fishery-induced changes in the marine ecosystem: insights
from models of the Gulf of Thailand. J. Fish Biol. 53 (Suppl. A): 128–142.
Christensen, V. et al. 2003. Hundred-year decline of North Atlantic predatory
fishes. Fish and Fisheries 4: 1–24
Chuenpagdee, R., Preikshot, D., Liguori, L. and Pauly, D. 2006. A public sentiment index for ecosystem management. Ecosystems 9: 463–473.
Clark, C. and Munro, G.R. 2002. The problem of overcapacity. Bulletin of Marine
Science 70: 473–483.
Clark, C.W., Munro, G. and Sumaila, U.R. 2005. Subsidies, buybacks, and
sustainable fisheries. Journal of Environmental Economics and Management 50:
47–58.
Dalton, R. 2003. The coast road. Nature 422 (March 6): 10–12.
Denney, N.H., Jennings, S. and Reynolds, J.D. 2002. Life history correlates
of maximum population growth rate in marine fishes. Proc. R. Soc. Lond. B:
2229–2237.
Dulvy, N.K., Sadovy, Y. and Reynolds, J.D. 2003. Extinction vulnerability in
marine populations. Fish and Fisheries 4:25–64.
Eldredge, N. 2001. The 6th Extinction. Available online at www.actionbioscience.
org/newfrontiers /eldredge2.html.

Trends in global marine fisheries – a critical view

Froese, R. and Binohlan, C. 2000. Empirical relationships to estimate asymptotic
length, length at first maturity, and length at maximum yield per recruit in
fishes, with a simple method to evaluate length-frequency data. J. Fish Biol.
56: 758–773.
Froese, R. and Kesner-Reyes, K. 2002. Impact of Fishing on the Abundance of
Marine Species. ICES CM 2002/L:12, 15 p.
Froese, R. and Pauly, D. (editors). 2000. FishBase 2000: Concepts, Design and Data
Sources. ICLARM, Los Baños, Philippines, 346 p. Distributed with 4 CDROMs; updates in www.fishbase.org.
Froese, R. and Pauly, D. 2003. Dynamik der Überfischung. p. 288–295. In:
Lozán, J.L., Rachor, E., Reise, K., Sündermann, J. and von Westernhagen, H.
(editors). Warnsignale aus Nordsee und Wattenmeer – eine aktuelle Umweltbilanz.
GEO, Hamburg.
Grainger, R.J.R. and Garcia, S. 1996. Chronicles of marine fisheries landings
(1950–1994): trend analysis and fisheries potential. FAO Fish. Tech. Pap. 359,
51 p.
Holdaway, R.N., and Jacomb, C. 2000. Rapid extinction of the moas (Aves:
Dinornithiformes): model, test, and implications. Science 287 (5461):
2250–2254.
Jackson, J.B.C. et al. 2001. Historical overfishing and the recent collapse of
coastal ecosystems. Science 293: 629–638.
Jacquet, J.L. and Zeller, D. 2007a. National conflict and fisheries: reconstructing
marine fisheries catches for Mozambique. p. 35–47 In: Zeller, D. and Pauly,
D. (editors). Reconstruction of marine fisheries catches for key countries and
regions (1950–2005). Fisheries Centre Research Reports 15 (2). University of
British Columbia Fisheries Centre, Vancouver.
Jacquet, J.L. and Zeller, D. 2007b. Putting the ‘United’ in the United Republic
of Tanzania: Reconstructing marine fisheries catches. p. 49–60 In: Zeller,
D. and Pauly, D. (editors). Reconstruction of marine fisheries catches for key
countries and regions (1950–2005). Fisheries Centre Research Reports 15 (2).
University of British Columbia Fisheries Centre, Vancouver.
Kaczynski, V. M., and Fluharty, D. L. 2002. European policies in West Africa:
who benefits from fisheries agreements? Marine Policy 26: 75–93.
Lomborg, B. 2001. The Sceptical Environmentalist: measuring the real state of the
world. Cambridge University Press, Cambridge, p. 515.
Ludwig, D. Hilborn, R. and Walters, C. 1993. Uncertainty, resource exploitation
and conservation: lessons from history. Science 260: 17 & 36.
Malakoff, D. 2002. Miscue raises doubt about survey data. Science 298 (5593):
515.
McManus, J.W. and Pauly, D. 1990. Measuring ecological stress: variations on a
theme by R.M. Warwick. Marine Biology 106: 305–308.
Morato, T., Watson, R., Pitcher, T.J. and Pauly, D. 2006. Fishing down the deep.
Fish and Fisheries 7: 24–34.
Myers, R.A., Hutchings, J.H. and Barrowman, N.J. 1997. Why do fish stock collapse? The example of cod in Atlantic Canada. Ecological Application 7: 91–106.
Naylor, R.L., Goldberg, J., Primavera, J.H., Kautsky, N., Beveridge, M.C.M,
Clay, J., Folke, C., Lubchenco, J., Mooney, H., and Troell, M. 2000. Effect of
aquaculture on world fish supplies. Nature 405: 1017–1024.

75

New, M. 2002. Trends in freshwater and marine production systems, pp. 21– 27
In: Pauly, D. and Palomares, M.L. (editors). Production Systems in Fishery
Management. Fisheries Centre Research Reports 10 (8). Available online at
www.fisheries.ubc.ca.
Okey, T. 2003. Membership of the eight Regional Fishery Management Councils
in the United States: are special interests over-represented? Marine Policy 27:
193–206
Pang, L. and Pauly, D. 2001. Part 1 Chinese marine capture fisheries from 1950
to the late 1990s: the hopes, the plans and the data, pp. 1–27. In: Watson,
R. L. Pang and Pauly, D. The marine fisheries of China: development and
reported catches. Fisheries Centre Research Report 9 (2). Available online at
www.fisheries.ubc.ca.
Parrish, R.H. 1995. Lanternfish heaven: the future of world fisheries? Naga,
ICLARM Q. 18 (3): 7–9.
Parrish, R.H. 1998. Life history strategies for marine fishes in the late Holocene,
pp. 524–535. In: Durand, M. H., Cury, P., Mendelssohn, R., Bakun, A., Roy,
C. and Pauly, D. (editors). Global versus global change in upwelling areas.
Séries Colloques et Séminaires. ORSTOM, Paris.
Pauly, D. 1980. On the interrelationships between natural mortality, growth
parameters and mean environmental temperature in 175 fish stocks. J. CIEM
39 (3): 175–192.
Pauly, D. 1995. Anecdotes and the shifting baseline syndrome of fisheries. Trends
in Ecology and Evolution 10 (10): 430.
Pauly, D. 2000. Global change, fisheries and the integrity of marine ecosystems:
the future has already begun, pp. 227–239 In: Pimentel, D., Westra, L. and
Ross, R.F. (editors). Ecological integrity: integrating environment, conservation
and health. Island Press, Washington, D.C.
Pauly, D. 2002. Review of “The sceptical environmentalist: measuring the real
state of the world.” by B. Lomborg. Fish and Fisheries. 3: 3–4.
Pauly, D. and Chuenpagdee, R. 2003. Development of Fisheries in the Gulf of
Thailand Large Marine Ecosystem: Analysis of an Unplanned Experiment.
337–354. In: Hempel, G. and Sherman, K. (editors.) Large Marine Ecosystems
of the World 12: Change and Sustainability. Elsevier Science, Amsterdam.
Pauly, D. and Watson, R. 2005. Background and interpretation of the ‘Marine
Trophic Index’ as a measure of biodiversity. Philosophical Transactions of the
Royal Society: Biological Sciences 360: 415–423.
Pauly, D. et al. 2008. Fisheries in Large Marine Ecosystems: Descriptions and
Diagnoses, pp. 23–40. In: Sherman, K. and Hempel, G. (editors). The UNEP
Large Marine Ecosystem Report: a Perspective on Changing Conditions in
LMEs of the World’s Regional Seas. UNEP Regional Seas Reports and Studies
No. 182, Nairobi.
Pauly, D., Christensen, V., Dalsgaard, J., Froese, R, and Torres Jr., F.C. 1998a.
Fishing down marine food webs. Science 279: 860–863.
Pauly, D., Christensen, V. and Walters, C. 2000. Ecopath, Ecosim and Ecospace
as tools for evaluating ecosystem impact of fisheries. ICES Journal of Marine
Science 57: 697–706.
Pauly, D., Froese, R. and Christensen, V. 1998b. How pervasive is ’Fishing down
marine food webs’: response to Caddy et al. Science 282: 183. Full text (p.
‘1383a’) on www.sciencemag.org/cgi/content/full/282/5393/1383.
Pauly, D., Christensen, V. and Walters, C. 2000. Ecopath, Ecosim and Ecospace
as tools for evaluating ecosystem impact of fisheries. ICES Journal of Marine
Science 57: 697–706.

76

				

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.J., Sumaila, U.R., Walters,
C.J., Watson, R. and Zeller, D. 2002. Towards sustainability in world fisheries. Nature 418: 689–695.
Pauly, D. et al. 2002. Toward sustainability in world fisheries. Nature 418:
689–695.
Pauly, D. and Maclean, J. 2003. In a Perfect Ocean: fisheries and ecosystem in the
North Atlantic ocean. Island Press, Washington, D.C. xxx + 175 p.
Pauly, D. and Palomares, M.L. 2005. Fishing down marine food webs: it is far
more pervasive than we thought. Bulletin of Marine Science 76 (2): 197–211.
Pauly, D., Palomares, M.L., Froese, R., Sa-a, P., Vakily, M, Preikshot, D., and
Wallace, S. 2001. Fishing down Canadian aquatic food webs. Canadian
Journal of Fisheries and Aquatic Sciences 58: 51–62.
Pauly, D. and Watson, R. 2003. Counting the last fish. Scientific American 2003
(July): 42–47
Pikitch, E. K. et al. 2004. Ecosystem-Based Fishery Management. Science 305
(5682): 346 – 347
Pinnegar, J.K, Jenning, S., O’Brien, C.M. and Polunin, N.V.C. 2002. Long-term
changes in the trophic level of the Celtic Sea fish community and fish market
price distribution. Journal of Applied Ecology 39: 377–390.
Pitcher, T. 2001. Fisheries managed to rebuild ecosystems? Reconstructing the
past to salvage the future. Ecological Applications 11: 601–617.
Rice, J. 2002. Changes to the Large Marine Ecosystem of the NewfoundlandLabrador Shelf, pp. 51–104. In: Sherman, K. and Skjoldal, H.R. (editors),
Large Marine Ecosystems of the North Atlantic – Changing States and
Sustainability. Elsevier Science, Amsterdam, The Netherlands.
Roberts, R.G. et al. 2001. New ages for the last Australian megafauna: continental-wide extinction about 46,000 years ago. Science 292: 1888–1892.
Rosenberg, A. 2003. Managing to the margins: the overexploitation of marine
fisheries. Frontiers in Ecology and the Environment 1 (2): 102–106.
Russ, G.R. and Zeller, D. 2003. From Mare Liberum to Mare Reservarum.
Marine Policy 27, 75–78.
Sánchez, R. 2002. The role of science in an unsteady, market–driven fishery: the
Patagonian case, p. 114–116 In: J.G. Field, Hempel, G. and Summerayes, C.P.
(editors). Oceans 2020: Science for future needs. Island Press, Washington, D.C.
Sadovy, Y. and Cheung, W.L. 2003. Near extinction of a highly fecund fish:
trouble among the croakers. Fish and Fisheries 4: 86–99.
Sherman, K. and Hempel, G. (editors). 2008. The UNEP Large Marine
Ecosystem report: a perspective on changing conditions in LMEs of the
World’s Regional Seas. UNEP Regional Seas Reports and Studies No. 182,
Nairobi.
Steele, J. 1998. Regime shifts in marine ecosystems. Ecological Applications, suppl.
1: S33–S36.
Sumaila, U.R. et al. (2007) The World Trade Organization and global fisheries
sustainability. Fisheries Research 88: 1–4.
Valtysson H. 2001. The sea around Icelanders: Catch history and discards in
Icelandic waters. p. 52–87 In: D. Zeller, Watson, R. and Pauly, D. (editors.).
Fisheries Impacts on North Atlantic Ecosystems: Catch, Effort and National/
Regional Data Sets. Fisheries Centre Research Reports 9 (3). Available from
www.fisheries.ubc.ca.

FISH, SUSTAINABILITY AND DEVELOPMENT

Valtysson, H.Þ. and Pauly, D. 2003. Fishing down the food web: an Icelandic
case study, pp. 12–24 In: Guðmundsson, E. and Valtysson, H.Þ. (editors).
Competitiveness within the Global Fisheries. Proceedings of a Conference
held in Akureyri, Iceland, on April 6–7th 2000. University of Akureyri,
Akureyri, Iceland.
Wallace, S. 1999. Fisheries impacts on marine ecosystems and biological diversity:
the role of marine protected areas in British Columbia. University of British
Columbia, Vancouver, PhD thesis. 198 p.
Warwick, R.M. 1986. A new method for detecting pollution effects on marine
macrobenthic communities. Marine Biology 92: 557–563
Watson, R., Kitchingman, A., Gelchu, A. and Pauly, D. 2004. Mapping global
fisheries: sharpening our focus. Fish and Fisheries 5: 168–177.
Watson, R. and Pauly, D. 2001. Systematic distortions in world fisheries catch
trends. Nature 414: 534–536.
Wilson, E.O. 1993. Biophilia and the conservation ethic. Chapter 1, p. 31– 69 In:
Kettert, S.R. and Wilson, E.O. (editors). The Biophilia Hypothesis. Shearwater/
Island Press, Washington, D.C.
Wood, L., Fish, L., Laughren, J. and Pauly, D. 2008. Assessing progress towards
global marine protection targets: shortfalls in information and action. Oryx
42: 340–351
Worm, B. et al. 2006. Impacts of biodiversity loss on ocean ecosystem services.
Science 314: 787–790.
Zeller, D. et al. 2007. Re-estimation of small-scale fisheries catches for U.S. flag
island areas in the Western Pacific: The last 50 years. Fisheries Bulletin 105:
266–277.
Zeller, D. and Pauly, D. 2005. Good news, bad news: Global fisheries discards are
declining, but so are total catches. Fish and Fisheries 6: 156–159.
Zeller, D. and Pauly, D. (editors). 2007. Reconstruction of marine fisheries
catches for key countries and regions (1950–2005). Fisheries Centre Research
Reports 15 (2), University of British Columbia Fisheries Centre, Vancouver,
163 p.

Trends in global marine fisheries – a critical view

77

