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Relation between 
 exploitation rate and recruitment 

ωEstimations during the fishing seasons 1999 
to 2006 on the Adour river (France) 

ωModels based on natural mortality which is 
ƴƻǘΧ ƴŀǘǳǊŀƭΗ 

ωNotions of exploitable surplus & Maximum 
Sustainable Yield 
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From Bru N., Prouzet P. and M. Lejeune, ALR 2009   

Estimations of exploitation rate and recruiment of glass eel  during            
the fishing seasons : 1999 to 2006 on the Adour river (France) 

The majority of scientific models used set a random 
natural mortality rate, pooling mortality caused directly 
or indirectly by different factors (disappearance or 
spread of growth areas, contamination, parasitism, 
predation, accidental death, etc.).  
 
These models take natural mortality as constant and 
genuinely natural. This is evidently not the case for 
species such as the eel, gizzard shad or salmon as there 
has been clear damage to ecosystems in the last fifty 
years. These models are therefore very far removed 
from reality. 
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Glass eel landings cannot be considered as the sole 
ǊŜŦƭŜŎǘƛƻƴ ƻŦ άǊŜŎǊǳƛǘƳŜƴǘέ ŀǎ ǘƘŜȅ ŀǊŜ ǎǘǊƻƴƎƭȅ 
influenced by environmental and market conditions. 
 

However, during the summer of 2009, the CITES 
authorities decided to halve the French quota for 
exports outside of Europe, set several months earlier, 
given the low production recorded during the 2008-
нллф ǎŜŀǎƻƴΣ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘƛǎ ŀǎ άŀ ŎƭŜŀǊ ǎƛƎƴ ƻŦ ǘƘŜ 
ŎƻƭƭŀǇǎŜ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎέΦ  
 

This decision was not based on any new, 
substantiated scientific information.  
 
 
 

> Low landings (32 T, down by 40% to 60% on previous 
season) can be explained by combination of factors:  
 

- particularly harsh hydro-climatic conditions the 
  previous winter which strongly affected mobility,  
 
- survival rate & difficulty in catching fingerlings 
 

- very low international market price (average of ϵ220/kg) 
& strong influence of market prices on survival or not of 
fishing activities according to the possibility or not for 
fishermen to adapt themselves 
 
In this context, the more fishermen report to managers, 
the more trouble they make for themselves as the real 
causes of the eel decline are never taken into account.  
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 MARINE AREA    MIXED AREA 

Maritime 

public 

domain 

    Riverine public domain 

    « Inland fishery » regulation     « Marine fishery » regulation 

  SEA       RIVER 

Inland fishers 
Marine fishers 

Transversal 
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sea 
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water 

salinity 

First obstacle to 

marine sailing: limit 

of registration for 

marine fishermen  

 
« Natural mortality η ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘǎ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴΩǎ 
productivity: when this productivity is low, there is 
little surplus to be exploited. 
 

The size of a population depends on the surface area 
of the habitat and the density of the population 
colonising it, in the same way as the quantity of wheat 
is linked to the size of the field and the density of ears 
per hectare.  
 

It also should be noted that the surface area of the 
ŜŜƭΩǎ Ƙŀōƛǘŀǘ ǳƴǘƛƭ ǘƘŜ ƳƛŘ-20th century cannot be fully 
restored.  
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Consequently, we will no longer see the same population 
size as in the first half of the 20th century, unless we 
significantly increase the density of individuals per hectare. 
 

Just as a large field can produce a lower yield than a small 
one if the soil is less fertile, in an aquatic ecosystem the 
quantity of fish is linked to the size of the habitat but also 
to the capacity of juveniles (wheat in the blade) to survive 
and thrive even in high density. 

 

We will also see that this productivity has nothing to do 
with the intensity of fishing (just as the yield of wheat in 
no way affects the fertility of the soil), but is linked to: 
 

- the good condition of larvae, 
 

- reduced interaction between species or individuals   
  within the same species, 
 

- the quantity of available food, 
 

- the oxygen level of the water, 
 

- the quality of the water, namely the absence or low 
  concentrations of contaminants which harm the fertility 
  of spawners and the quality of their eggs... 
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In other words, the more productive the area (and by 
extension a population of fish), the more spawn will be 
born. Hence the notion of exploitable surplus, which 
corresponds to the annual maximal rate of exploitation 
that a population can take ("Maximum Sustainable 
Yield").  
 
This rate may be high if the area is fertile, but low or 
zero if the environment is excessively damaged. 
 
Moreover MSY objectives are only quantitative: they do 
not take into account how we reach the results (and so 
what are the social impacts) but only the results 
themselves. 

 
 
 

Reasons for restocking 
 

Place of good glass eel fishing 
practices in management and 

restoration objectives:  
a need for a systemic approach 
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Source: INDICANG                                   Eel tree 

/ƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ŜŜƭΩǎ ōƛƻƭƻƎƛŎŀƭ ŎȅŎƭŜ ƛƳǇƭƛŜǎ 
that this species is impacted everywhere, both by climate 
change and anthropogenic effects. 
 

Principle of restocking based on optimal participation in 
production of silver eels by as many fisheries as possible 
from Portuguese catchments to Baltic Sea.  
 

Assuming that glass eels removed from the central area of 
the distribution range will not affect production of yellow 
eel in this area, rapid increase in yellow eel prodn expected 
to occur in « density deficient » areas in good ecological 
conditions located in northern part of distribution area 
where glass eels will have been transfered.  
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Restocking = currently only means to offset the failure to 
apply regulatory requirements which should have been 
complied with in order to conserve eel habitats 
(protection of wetlands, preservation of the quality of 
habitats, the campaign against pollution caused by PCBs, 
etc.) and sustain ecological continuity (compliance with 
regulations by the owners of facilities, including 
hydropower producers).  
 

Therefore, restocking of eels cannot be the only measure 
to rectify persistent damage to aquatic habitats and the 
failure to restore biological balances. It can only be a 
stopgap measure set to be followed by better escapement 
to the sea of spawning fish, and constitutes just one 
aspect of management among many. 
 
 

While effectiveness of such a management measure is 
subject of debate within the scientific community, 
generally due to lack of data, several countries (Poland, 
Germany, Great Britain, Ireland and Denmark) have 
been using it for decades to increase their eel 
production in natural environments.  
 
First record of migrating silver American eels (Anguilla 
rostrata) in St. Lawrence estuary originating from a 
stocking programme (see works of Verreault et al, 2010) 
 
In any case, restocking = Community requirement which 
must take place on a sufficiently broad scale for its 
effect to be clearly detected. 
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Implementing a pan-European restocking programme 
means taking the following 3 points as the basic scenario: 
 
1.By catching glass eels, fishing must contribute to 
repopulate areas which are currently not colonised 
and/or in better ecological conditions than those 
originally inhabited by the glass eels for restocking 
  
2.   Social and economic sustainability can only be 
conserved insofar as the French glass eel fishing activity 
is not limited both in terms of quantity and price of 
landed products 
 

3. The restocking of glass eels outside their original 
management unit must be conducted so as to generate 
a benefit for the species, in terms of the production of 
healthy spawners (silver eels), which exceeds the 
benefit of a simple transfer to upstream areas of the 
capture catchment area (1. fingerlings survival rate 
when fattening in holding tanks > survival rate if 
optimal conditions in nature ; 2. Impact of pollution on 
subadult and adult stages).  
 
This implies from Member States guarantees that this 
transplantation has no other aim than to increase the 
production of healthy silver eels leaving their restocked 

catchment areas (as stipulated by EU Regulation No.1100/2007). 
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25 novembre 2009  

PCB 

PCB concentrations 
in  sediments, 2009 

About 300 points 

of sediment 

analysis 

 

Data BNDE 2000-2005 

(sediments, PCB indicators) 

Swim bladder parasitised 

by Anguillicola crassus 

Conditions for setting-up good fishing practices have 
been defined in the framework of the European 
programme INDICANG involving 4 Member States 
(Portugal, Spain, France and UK) and 13 catchment 
areas from the Minho to the Tamel rivers.  
 
They have been drawn up on the basis of traditional 
knowledge and techniques described and used by 
stakeholders directly involved in the exploitation, 
management and study of the species and its aquatic 
habitats. 
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 1 - 5ŜǘŜǊƳƛƴŜ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀΩǎ ǎǇŜŎƛŦƛŎ 
environmental and fishing context in order to 
assess the level of fishing effort exerted on the 
flow of glass eels: 

 

 - estuarine environment 

 - gear used  

 - power of vessels  

  (< or > to 100 hp)         © JL. Malpertu 

 - ratio between filtered  

         and flowing volume 

2 ς Determine the quality of glass eels caught for 
restocking (reduction of the mortality risks before 
transportation): speed of the vessel, duration of 
the trawl, configuration of the net 
 
3 ς Minimise the impact on other species 
 
4 ς Optimise storage and fattening of glass eels in 
the holding tank 
 
 
 
 
 

© T. Nielsen  
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5 ς Guarantee optimal transport conditions 

> packaging in transport boxes and truck holding tank 
equipped with oxygenation system  

(© T. Nielsen)  

 6 ς Regulate the use of products for restocking in 
Europe > eel restocking programme must be based 
on fishing activities & call on aquacultural skills (fish 
farm stocking) 

  

 
- choice of sites & stages of capture in the natural 

environment 

- sanitary inspections 

-   choice of the stage and area of release (guarantees 
of low contamination, good recipient capacities of 
habitats, absence of sources of excessive direct 
human-induced mortality, etc) 
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7 ς Monitor the effectiveness of the system and establish 
management rules: 

 

- short term restoration objectives for the ecological waterways 
(including setting-up of fishways) 

 

- work based on inventory and analysis of the quality of settings and 
ecological continuity 

 

- monitoring of restocking actions (glass eel marking by immersion 
before release) 

 
 
 
 
 
           © ARA France  

- implementation of a system to ensure the traceability of 
professional fishing products  (already fully operational in France in 
2011) and regulation of the environmental sector 

 

ÅIf we want to save the European eel: 
 

- long term effort to be shared by all stakeholders 
 

- professional fishermen contribute to scientific 
knowledge and monitoring of eel stocks > have to be 
seen as links of the restoration chain, in particular for 
restocking (no restocking possible without them) 

 

- there must be a clear economic basis for making this 
restoration objectives possible 

 

 

Conclusion 



15/11/2011 

14 

- necessity to agree on maintenance of fisheries and their 
cultural heritage through the search of an optimal 
economic valorization of glass eel fishing through good 
quality products and best practices 

 

- restocking to be seen as a transitional measure and its 
general aim not able to be met as long as the quality of 
aquatic habitats (water, sediment, etc.) is not improved, 
as the future survival of spawners and the viability of their 
progeny depend on it 

 

-   fishing sector-based approach not sufficient to save Eel 
from extinction, except if this species reaches a new state 
of balance with its habitat 

ÅTo know more about INDICANG : 
http://www.ifremer.fr/indicang/version_anglaise/introdu
ction.htm (free download of documents) 

 

ÅContacts: 

 CONAPPED: philippe.boisneau@wanadoo.fr 

 CNPMEM: nmichelet@comite-peches.fr 

 ARA France: repeuplementanguille.france@gmail.com 

 WWF-France: dmoreau@wwf.fr or cdeshayes@wwf.fr 

 

 

 

 

http://www.ifremer.fr/indicang/version_anglaise/introduction.htm
http://www.ifremer.fr/indicang/version_anglaise/introduction.htm
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mailto:nmichelet@comite-peches.fr
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APPENDIX - Management 
units & glass eel quotas 
(2010-2011) 

C: 13938kg 
R: 9292kg 

  C: 6700kg 
  R: 4466kg 

C: 2676kg 
R: 1784kg 

Total quota = 44,6 T 
(C = 26,8 T ; R = 17,8 T) 
 
Total catches = 34,8 T 
(C = 29,4 T ; R = 5,4 T) 


