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There are two basic modes for fisheries 
science to be conducted:
1) Tactically, i.e., to answer applied, short-term questions such as 

what next year’s TAC should be;
2) Strategically, i.e., to explore scenarios how the fisheries of, e.g., a 

given country, should be. 

The first of these mode concerns over 90% of  what fisheries science is 
(and fisheries scientists do). The second is less familiar; however, if 
fisheries scientists don’t ask strategic questions, who will?

The second mode connects fisheries science with other (global) system 
science, such as oceanography and climate change science, or in the 
social sphere, with issues of demography and global development, and, 
as well, macro-economics, and issues of global governance.    

We will use a book published in 2010 as leitmotif… 



This is the 
book, based on 
five papers in 
Nature and 
Science, from 
1995 to 2003.



Five Easy Pieces 
• The five chapters of 5 Easy Pieces are based on 

five papers previously published in Nature (3) 
and Science (2) between 1995 and 2003; 

• The book presents these five papers, then 
comments on their scientific and public impacts, 
if any – as will also be done here;

• These five papers were part of the realization 
that we have a global crisis of fisheries, which 
strongly impacts all marine ecosystems and the 
biodiversity therein;

• Addressing these issues implies that scientists 
must engage with the public, and the book 
helped with this. 



The 1st Piece



Recall that ecosystem fluxes move up ‘trophic 
pyramids’…
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and that each species tends to have its own trophic level…



We can 
get trophic 
levels from 
FishBase, 



Question, Method and Data

• How much of the observed primary production of 
the ocean is required by the fisheries (‘PPR’);

• Key equation: PPR = Σicatchi *(1/TE)TL
i
-1;

• Catch must be taxonomically dissaggregated (as 
many i as possible);

• The data we used were FAO landings data for 1988-
1991, split into 40 categories, plus discards, the 
whole split into 6 spatial strata;

• The  transfer efficiency (TE) we used was 10%, an 
estimate and not a guess (see next slide).  



Then we can estimate the primary production 
requirements (PPR) to sustain the catches of 
a given ecosystem.



Transfer efficiencies were computed from ‘Ecopath-type’ 
ecosystem models by dividing, for every box, what goes out 
by what goes out, and averaging for all boxes, as shown 
below.   

Out

In

See also www.ecopath.org



Transfer efficiencies, in 
marine ecosystems, appear 
to cluster around 10%

Also, they do not vary much with trophic level.



Key findings

• On average, PPR for fisheries in the world 
ocean is 8%, not 2% as previously estimated;

• PPR for fisheries varies from 2% in the open 
ocean to 25-35% on shelves;

• Results depend on the transfer efficiency 
between trophic levels that is used for 
computations. 



We used PPR to illustrate how the footprint of fishing on the 
ocean has spread, as shown the fraction of marine ‘primary 
production’ required by officially reported fishery catches in 
the 1950s…

1950

0% 30%



2005

0% 30%

…and in the 2000s



In fact, we are running of space to expand into, as 
illustrated here by the increase, since 1950, of the fraction 
of the ocean that is exploited by fisheries…

Swartz, Sala, Watson and Pauly (PLoS ONE, 2010)



Main Points of Chapter One

• Trophic levels are an extremely useful, and 
quantifiable concept in fisheries research;

• We are having a huge impact on marine ecosystems;
• The media did a reasonable job of communicating this 

story, though we did not help them, e.g., by giving 
interviews;

• Subsequent work, e.g. with National Geographic re-
interpreted PPR as ‘Seafoodprint’ (see Oct. 2010 issue 
of NatGeo Magazine).



We can also map the footprint (or the National Geographic’s 
‘seafoodprint’) of reconstructed catches, here for the 1950s… 

see www.searoundus.org 



…and in the 2000s…

see www.searoundus.org 



TEDx Talk in Sydney, May 21, 2015





The 2nd Piece



Question, Method and Data

• What is the main effect of fisheries on 
exploited fish communities?

• Key equation (for year k): 
TLmean = Σi catchik*TLi;/Σi catchik

• Catch must be taxonomically dissaggregated 
(as many i as possible);

• Results (time series of TLmean) are plotted by 
FAO Area, for 1950-1996. 



We previous 
lecture established 
that  ‘fishing down’ 

occurs virtually 
everywhere  



Thus overall:

• There are widespread declines of TLmean, implying 
a ‘fishing down’ effect;

• The decline is of the order of 0.05-0.10 TL per 
decade; given that the fish we consume are mostly 
confined between TL 3.0 and 4.5, this is alarming; 

• This is even more alarming if we consider that 
these TL declines occur in an age of declining 
world catches. 

See www.fishingdown.org



The 3rd piece



The problem: we had an explanation for the 
high catches in Peru (and Europe), but China?



Question, Method and Data
• Why is that China’s catches, as reported to FAO, were 

increasing tremendously during the 1990s, while 
everybody else’s catches were stagnating or 
declining?

• Key equation: A General Linear Model (GLM), with 
annual catch per ½ degree cells vs. 30 + predictor 
variables;

• Annual GLMs applied to the 180,000 spatial cells 
defining the global catch (mainly from FAO), 1970 to 
2000; 

• Additionally: thorough analysis of economic and 
political drivers of fisheries in China.  



Result of the 
GLM for 1998: 
differences in 
southeast and 
northeast Asia 
between the 
catches reported 
and those 
predicted by the 
model

The result were unequivocal; about 40% of the unexplained 
variance of the GLM originated from 1% of the spatial cells. 
Guess where…



Thus, we felt we 
could confidently infer 
that China was over-
reporting its catches 
(as verified by 
numerous other lines 
of inquiries), and 
published this finding.   

Which unleashed a media storm…



The press release for this paper included this 
alarming graph of fisheries catch per person…

Sources: Watson & Pauly  (2001, Nature 414:534 – 536) 
& U.S. Bureau of the Census (International database).



Main Points of Chapter Three

• China over-reported its catch data, but FAO claims 
to have always known of it (but from 2002, FAO 
started to present global statistics with and without 
China, which caused a row with China);

• The media made a big story out of this, to which we 
actively contributed;

• However, we could not control the message, and 
different media attacked whomever they did not like 
previously (especially FAO, attacked by The 
Economist, and China, by Taiwan’s media).  



Later, the EU parliament asked us to report 
on the Chinese distant-water fisheries

Exclusive Economic Zones of countries or territories where Chinese vessels were reported to operate 
(legally or not) in 2000-2011, based on over 450 accounts reports in the scientific literature and media 
reports in 15 languages gathered by the Sea Around Us.

THE ROLE OF CHINA IN WORLD 
FISHERIES 32

…and the paper based on these data caused another media storm 



The 4th piece



Now it gets easier (this review was solicited by the 
editor of Nature); we used the opportunity to make 
the following (main) points (there were others): 

1. The world catch includes a huge amount of 
unreported catches (in addition to the FAO 
landings);

2. We almost never fish sustainably (i.e., we 
simply expanded when we could), and we will 
have to learn what ‘sustainability’ means;

3. We need way more marine protected areas 
than we have now. 



Estimated global fish catch 1950-1999.

The world catch that we estimated then 
definitely broke the 100 million tonnes limit…



This first, crude estimate turned out to be similar to a precise 
estimate based on the addition of hundreds of bottom-up 
reconstructions, whose uncertainty was assessed by a Monte-
Carlo method (see www.seaaroundus.org)

Pauly & Zeller (Nature Comm. 2016)



Fisheries, both 
marine and 
freshwater, are 
characterized by a 
decline of the 
mean trophic level 
in the landings, 
implying an 
increased reliance 
on organisms low 
in foodwebs.  The 
trend is inverted in 
non-Asian 
aquaculture.

We used ‘Fishing down’ and ‘Farming up’ 
as indicators of non-sustainability

Pauly et al. (2002, Nature)



We also used simple logic to explain why we need 
marine protected areas, even (or rather especially) if 
the fish populations to be protected vary due to 
environmental fluctuations… 

Now, obviously, marine protected areas and 
especially large marine reserves are all the rage…



The 5th piece



This was an easy piece as well: this contribution 
was solicited by the editor of Science, who wanted 
to assemble features on The Future of the Planet
i.e., 2050. We did our piece by:

1. Asking how fisheries would fare under the four GEO 4 
scenarios (Markets First, Security First; Policy First 
and Sustainability First) run using the Ecopath with 
Ecosim software; 

2. Projecting existing trends, especially geographic 
expansion and depth expansion;

3. Discussing some implications of Hubbert’s Peak (i.e., 
global oil supplies declining after 2010) for fisheries. 



Fraction of the sea bottom and adjacent waters contributing to the 
world fisheries from 1950-2000 and projected to 2050 by depth.  Note 
the strong reversal of trends required for 20% of the waters down to 
100 m depth to be protected by fishing by 2020. The amazing thing is 
that this reversal may be taking place, thanks to large marine reserves

Skipping the results of the scenarios: here is (2)



Historical patterns and near-future projections of global oil 
production and fish catches (1900-2050).  Like all prediction, 
this  one had problems…

...and Hubbert’s Peak is in A; it suggests fisheries (B) 
will have problems in the future



Epilog:
• The 5 easy pieces were really ‘easy’ in term of the 

equations involved (though a few required some 
heavy-duty data processing); also, while some 
presented novel ideas, they built upon each 
others, and none required a big conceptual leap;

• The ideas in these contributions are now largely 
part of the mainstream, at attested both by the 
number of citations they receive, and the fact that 
they are increasingly used without attribution. This 
is called ‘incorporation by obliteration’.

Finis!
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