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This story 
started in 
1998 



The methods were simple:

• Key equation (for each year k): 
mTLk = Σi catchik*TLi/Σi catchik

• ‘Catches’ were FAO landings, by FAO 
Area, for 1950-1996;

• TL were obtained for over 200 taxa from 
FishBase and Ecopath models; 



Global trends of 
mean trophic level of 
fisheries landings, 
1950-1994. 
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Key findings (I)

• There were widespread declines of TLmean, 
suggesting a ‘fishing down’ effect;

• The decline was 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 was  
considered alarming; 

• This was even more alarming when considering 
that these TL declines occur in an age of 
stagnating world catches. 



But there
were critics…



Caddy et al. (Science, 1998)

They recomputed various things …



… who challenged us on four points:

1. The FAO data  are not good enough for this kind of 
analysis. Particularly, to are too over-aggregated 
taxonomically;

2. Landing data are not representative of the 
abundance in the ecosystem;

3. Trophic levels ‘change’ during ontogeny;
4. The analysis does not account for bottom-up effect 

(e.g., primary production increase leading to small 
pelagic increase in catches, and thus will induce a 
decline in mean trophic levels.   

Chapter 2 of my book ‘5 Easy Pieces’ deal with these 
points in details; here I give only a summary: 



Taxonomic over-aggregation (1):

Data from FAO Area 37 (~ ICES area); Pauly 
& Palomares (2001 In: Waters in Peril)



However, spatial over-aggregation is a big 
issue, as we later realized…

A. Absence of ‘Fishing 
down in FAO area 
31 (Central Western 
Atlantic);

B. The same (FAO) 
data, after their 
separation into USA 
(bottom) and the rest 
or Area 31 (top)

Pauly and Palomares (Bull. Mar. Sci. 2005)



Our response also included trend data from the 
Gulf of Thailand, which dealt with the issue of 
mTLs in catches vs. mTLs in survey (item 2) …

Pauly et al. (Science, 1998b)



Relationships between trophic level and body length of fish.

Trophic level vs. max length in 1143 spp. Trophic level level vs. body length

Ontogenic ‘changes’ in TL generally consist of 
increases in TL, and hence TL decreases with fishing 
intensity. This makes the fishing down effect 
stronger, which dealt with point (3).

Pauly et al. (Science, 1998b)



Finally, point (4), the bottom-up effects:
Catch (A) and mean trophic level 
(B) along the coast of India. In B, 
the upper dots represent mean 
trophic levels excluding organisms 
with trophic levels > 3.25, while the 
lower dots include all  fish (except 
tuna) and invertebrates. This 
analysis, (which can be reproduced 
for all Indian States), provides 
strong evidence of ‘Fishing Down’ 
in India, and confirm that lower 
trophic-level organisms are best 
deleted from such analyses. 

This also deals invalidates the 
notion that we are only ‘fishing    
…… through’ the food web.

Bhathal & Pauly (2008, Fisheries Research)



Overall: 

• The critique of Caddy et al. (1998) led to a 
research program which strengthened the 
evidence for what is now widely known as 
‘Fishing down marine food webs’; 

• In the following, I present some of this evidence, 
published in the almost 2 decades since this 
exchange.  



Pauly et al (2001. Can. J. F.Aquat. Sci. 58:51-62)

Canada, West Coast

1873-1996,  with (solid circles) and without Pacific 
herring (open circles) or Pacific hake (open squares).



Pauly et al. (2001; Can. J. Fish. Aquat. Sci. 58:51-62)

Canada, East Coast

• Relationships between F and the 
mean TL of organisms in 
Canadian East Coast fisheries 
landings: (A) landings-weighted 
mean fishing mortality of 
demersal fishes (thick line, open 
circles) estimated for each year  
(B) changes in mean TL of cod 
predicted by eq.8 (C) original and 
corrected time series of mean TL, 
i.e., considering the effects of cod 
size reduction, a similar effect on 
other demersal fishes, and no 
effect for pelagic fishes and 
invertebrates.



Trends in mean trophic level of the landings in three nested areas of 
the Western Atlantic (i.e., the US ‘Mid-Atlantic’)

Chuenpagdee et al. (2006. Ecosystems 9: 463-473)

U.S., Mid-Atlantic Coast



Baisre, J.A.(2000) FAO Fisheries Technical Paper 394

Cuba, too

Note similar trend in mean 
maximum length 

Trend of the mean trophic level of 
Cuban catches within the Cuban 
EEZ



Change through time in 
mean trophic level of reef 
fishes  from each of 5 sites 
in 5 Caribbean islands.

Wing, S.R., Wing, E.S. (2010, Coral Reefs 20: 1-8).

Prehistoric fisheries in the Caribbean



Uruguay

Milessi et al. (2005; Fisheries Research 74: 223-231)

Mean trophic level  of landings in Uruguayan waters, without (black 
dots) and with (clear circle) scallop and red crab (r=Spearman rank 
correlations), 1990-2001.



Chile

Arancibia, H and Neira, S. (2005) Scientia Marina 69(2): 295-300

Mean trophic level of fishery landings in 
Central Chile (33-390 South):
a)  Total landings;
b)  Same, but excl. landings of 

(oceanic) horse mackerel;
c)   Same, but excl. landings of 

horse mackerel and El Niño years.



Peru, with and without anchoveta

Matias Campbell (2010) Thesis de Bac. Univ. Nac. Agrar., Lima, Peru.



India (by State)
Trends in mean trophic level 
and cutoff mean trophic level 
(3.25 MTL) of landings in 
Indian States and Union 
Territories, from 1950 to 2000
(open circles represent data 
points not included in the 
analysis). (A) Gujarat, (B) 
Daman and Diu, (C) Goa, (D) 
Maha- rashtra, (E) Karnataka, 
(F) Kerala, (G) Lakshadweep, 
(H) West Bengal, (I) Orissa, (J) 
Andhra Pradesh, (K) 
Pondicherry, (L) Tamil Nadu, 
and (M) Andaman and Nicobar 
Islands.

Bhathal, B. and Pauly, D (2008) Fisheries Research 91: 26-34



Average trophic level
Of the demersal fisheries
In the Gulf of Thailand
As a function of catch level 
(1963, 1966-1981). Data are 
based on fisheries-independent 
trawl surveys and trophic 
levels estimated from Ecopath 
models of the Gulf.  

Gulf of 
Thailand

Christensen (1998; Journal of Fish Biology 53: 128-142)



China

Pang, L. and D. Pauly (2001) Fisheries Centre 
Research Report 9(2)

A. Nominal catch (from FAO) and 
mean trophic level of catch;

B. Mean maximum length of 
species in the catch;

C. FIB index, whose increasing 
value suggests that catches since 
the mid-1980s are too high, 
given their trophic level.



Willemse & Pauly (2004, Proc. Dakar Symp.)

Namibia
Trend in the mean trophic level
of fish and invertebrates caught 
in Namibian waters, 1950-2000. 
Note general decline since 1970, 
and inter-annual oscillations.

Trend of the ‘Fishing in Balance’
(FiB) index for fisheries catches
from Namibian waters, 1950-2000. 
Note decline since the early 1970s,
indicating that the drop in mean 

trophic level is not compensated for
by increasing catches. 



Senegal
Trend in the mean 
trophic level (MTL)
estimated from 
landings in Senegal (1) 
w/out small pelagic fishes; 
(2) w/ all fishes included 

Trend of the mean trophic 
level of the biomass of the 
demersal fish community in 
Senegal, as estimated from 
survey data

Laurans et al.(2004 Aquatic Living Resources 17: 163-173).



Time series of mean TL of all fisheries in Icelandic waters, with 
and without correction for declining cod size.

Valtysson & Pauly (2003; Proc. Conf. Akureyri, Iceland, April 6-7, 2000

Iceland



Indeed, it is the demonstrated wide occurrence of fishing down 
is what motivated the Convention on Biological Diversity (CBD) 
to uses mean trophic levels as an index of the biodiversity of 
large fish,  the “Marine Trophic Index”. 

Trophic level change (1950-2000)

>1 0.5 to 1.0 no change /no data

Map from Pauly & 
Watson (Trans Phil. Soc. 
Lond. B, 2005 )



Even FAO was getting into the action, though this 
being FAO, they called it “assemblage overfishing”, 
here illustrated for Cambodia

FAO (2010), State of Fisheries and Aquaculture. Rome, p. 188





“The worth of the meant trophic index 
depends upon an  arrogance which is 
not upheld by the accessible data,  
says Ray Hilborn”, 

Source: Science Control (December 21 2010) http://www.sciencecontrol.com/how-
to-measure-commercial-fishings-impact-on-ocean-biodiversity.html

Some notable quotes: 

but see www.fishingdown.org for accessible data…



"The [mean trophic level] only declines if 
fisheries aimed for top predators first, but 
for the Gulf of Thailand the measure fails 
because fisheries first targeted mussels 
and shrimps near the bottom of the food 
web, before shifting to predators higher 
up in the food web," Branch said.

Some notable quotes: 

Source: Sandra Hines (November 17, 2010).  University of Washington 
News. http://www.washington.edu/news/archive/61283



This is what 
happened in the real 
Gulf of Thailand (and 
not along its coastal 
fringes, where 
mussels and shrimps 
thrive) after trawling 
was introduced.

Boonyubol & Pramokchutima (1984; ICLARM Translations (4), 12 p. 



The result has been a 
reduction of the size of 
fish in the catch  and 
the ecosystem, with 
corresponding declines 
in trophic level.  

Pauly & Chuenpagdee (2003; LME vol. 12, 337-354



“ The widespread notion that fishermen  
generally sequentially deplete food webs 
(Pauly et al. 1998) – Starting with the 
predators and working their way down – is 
simply not supported by data.”

Ray Hilborn. The Science Chronicles, November 2010, p.7.

Some notable quotes: 



Steneck et al. (2003; Ecosystems 7: 323-332). 

Gulf of Maine

Phase 1 went back 
went 5,000 years; 

Phase 2 provides an 
excellent example of 
scraping the bottom 
of the barrel (to 
avoid the term 
‘fishing down’) 



“Declining trophic level of fishery landings 
is just as often a result of new fisheries 
developing rather than old ones collapsing 
(Essington et al. 2006).”

Ray Hilborn. The Science Chronicles, November 2010, p.7.

Some notable quotes: 



Greece, refuting Essington et al.’s ‘fishing through’. 



Mike Orcutt. Scientific American, December 21 2010.

“But a study published in Nature November 17,  
by Trevor Branch and colleagues, found that the 
decline in the mean trophic index Pauly had 
observed in 1998 is no longer present in the 
global catch data”. 

Some notable quotes: 



But it is still present !

Figure 2 of Branch et al. (2010)

The mean trophic level of 
worldwide fish catches TL 
>3.5 declines steadily, just 
as fishing down predicts it 
should. The rest is due to 
geographic expansion of the 
fisheries ….



A. Mean trophic levels (from 1985 to 2005) tend downward in inshore 
areas of the Northern Hemisphere (blue, negative slopes) where 
industrial fisheries originated, and increase in their newly accessed, 
offshore and more southward fishing grounds (red, positive slopes). 

B. The blue areas (with ‘fishing down’) expand to cover the entire graph 
when fishes with TL > 3.5 only are considered, which is the same as the 
straight downward trend on the top of Fig. 2 in Branch et al. (2010)

B

Graphs by Wilf Swartz, in Kleisner et al. (2014, MEPS)

A



Finally, we developed a routine which computes time 
series of mean trophic levels while accounting for spatial 
expansion (see below and www.seaaroundus.org)

Kleisner, K., H. Mansour and D. Pauly. 2014. Region-based MTI: resolving geographic 
expansion in the Marine Trophic Index. Marine Ecology Progress Series, 512: 185-199.





The effect of accounting for declining sizes 



Another 
implementation 
of the RMTI 
approach



The effect of accounting for expansion



Comparing the impacts of the masking factors 



This is the output of this routine for the (reconstructed) marine 
catch of the world, available from www.seaaroundus.org

See also www.fishingdown.org



A discovery or scientific advance should: 

• Present and/or explain facts or observations that 
had not been explained before, and also, quite 
importantly: 

• Explain ‘better’ (more elegantly, rigorously or 
parsimoniously) facts or observations that had 
been covered before by an earlier explanation;

• Be ‘consilient’ with the body of knowledge in its 
own and related disciplines.

I didn’t make this up; check any book on the 
History or Philosophy of Science



Now ask yourself: 
• What did Branch et al. (2010) discover and/or newly explain 

about biological or other processes in their paper?

• Did they explain what process, if not ‘fishing down’, 
generates observable patterns of declining trophic levels in 
the waters of various countries and ecosystems? 

• What is their alternative explanation for the occurrence of 
these patterns? 

• Is the their notion that we are not fishing down compatible 
with the body of knowledge we have on the functioning of 
aquatic ecosystems, historical ecology, and the history of 
fisheries? 

Finis!
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