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Is restocking worth it?

• Focus on European eel, but some insight on other species

• Historical perspective
• When it started, where, why, … ?

• What

• What can be learned ?

• State of art
• Current knowledge

• Limits
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Historical perspective

Kinsey (2006 ; Environmental History) https://doi.org/10.1093/envhis/11.3.527

https://doi.org/10.3197/096734016X14574329314407
https://doi.org/10.3197/096734016X14574329314407
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Historical perspective - Methods

Critical litterature review

• Mainly available online

• As complete as possible

Compare with nowadays
knowledge :

• on ecology

• on transport (Bahoken et al., 2016 ; wikipedia)

I’m not a historian, any new view / 
information is welcome

Benjamin Smith
Wikimedia Commons

Railway map of France



Emile Blanchard
(1819 – 1900)
President of French 
Academy of Sciences 
(1883)

« Le premier en France, 
qui […] ait sérieusement 
appelé […] des études 
relatives aux moyens de 
multiplier les Poissons est 
le baron de Rivière. »
« First to advocate for 
studying the way to 
multiplicate fish is baron 
de Rivière »

1866



Louis (baron) de Rivière
(1789 – 1871)

© Bertrand 
Dumas de 
Mascarel

(Gervais et al., 1876)

According to one of « his » fisher
in a 200 m² sand trough in < 8 years
300-350 kg from an unknown origin = 15 000 kg/ha

1840

Benjamin Smith
Wikimedia Commons
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Maximum density

Density (kg/ha) Date Reference

Or lagoon 300 1970
(Quignard et al., 
1983)

Pristine biomass 500 Pristine (ICES, 2018)

French Marshes 700 Max production (Guillement 1984)

Eel killing operation < 2000 1960s – 1970s OFB archive

Sand trough 15 000 1840
Baron de Rivière
(1840)



Louis (baron) de Rivière
(1789 – 1871)

© Bertrand 
Dumas de 
Mascarel

1840

Distribution of these colonies (of glass eels)

come spontaneously to provide our needs

Send batches

Everywhere

*bouirons = glass eels

Benjamin Smith
Wikimedia Commons



Louis (baron) de Rivière
(1789 – 1871)

© Bertrand 
Dumas de 
Mascarel

1840

Transport and ecology must be 
studied and, within a few years, 
eels can be multiplied and 
distributed everywhere.

« pisciculture » = 
« science à créer »

« fish farming » = 
« science to be
created »



Charles 
Auguste 
Millet
(1814? –
1884)

1840

Benjamin Smith
Wikimedia Commons

(Millet, 1870)

160 km = 16 h

© Musée national de la Voiture et du Tourisme
www.long80.com

canals dug for peat extraction
2 500 kg big eels (1845)
operation repeated since

1 kg glass eels (1840) 

?
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Maximum productivity

Eel from 1 kg 
glass eel

Survival Eel weight Reference

In natura 10-350 kg 4-10% 100-1000g
(Briand et al., 2008 ; 
Dekker, 2018)

European
aquaculture

400 kg 75% 150g (Kirkegaard, 2010)

Asian
aquaculture

700 kg 65% 300g
(Shiraishi and Crook, 
2015)

Aisne canal 2 500 kg
100%
76%
38%

760g
1000g    "Big eels"
2000 g

(Millet, 1870)



Charles 
Auguste 
Millet
(1814? –
1884)

1840

Benjamin Smith
Wikimedia Commons

Numerous examples in closed area (pond, 
tank), not precise but giving an impression 
of high productivity

(Millet, 1870)



Guillaume Hurault 
marquis de Vibraye 
(1809-1878)

1852

Benjamin Smith
Wikimedia Commons

300 km = 10 h

Figuier / wikimedia

10 months later volume x10
1854 in all waterbodies around

800 kg glass eels (1852) 
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Comacchio as a glorious example

(Millet, 1870)
(Pizzetta, 1880)

(Haime, 1854)

(Coste, 1855 & 1861)
(Koltz, 1858)

… Abbeville/Aisne ex.
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Comacchio as a glorious example

(Aschonitis et al., 2017)
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Comacchio as a glorious example

Artificial area (highly modified)

Very high catch : 300-500 t, but over 50 000 ha  10 kg / ha

(Coste, 1855 ; 1861)

0,5 kg glass eels

3000 kg eels

Commacchio proves it is not exaggerated

(Noel, 1865)

Project of eel aquaculture along the Seine river
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The context

1843: Remy and Géhin discover (again) the artificial reproduction 
of trout

1852 (5 August): Huningue is created to restock the whole
France (and Coste send to Comacchio) 

1854: creation of « Société zoologique d'acclimatation »

• Populate river …  increase and vary deficient food 
resources

General feeling: France need to be restocked (any fish) 
(« empoissonnement », « rempoissonnement », « semer ») 
(de Quatrefages, 1848 ; Milne-Edwards, 1850 ; Millet, 1856 ; Baude, 1861)
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The aim

(Koltz, 1858)

Anonyme, 1856

Feeding the nation
(new industry)
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« piscifacture » (fish factory) 

Huningue

(Braun, 1861)

(Kohl, 1889)

(Braun, 1861)

(Coste, 1953)

1852
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« piscifacture » (fish factory) 

Huningue

(Coste, 1953)

(Coumes, 1862)

country

Loss
Expriment
dispatch

Only for S. trutta, S. salar, S. alpinus

As far as Brasil, Mexico or USA

Restock all waters

1852
eg

gs
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Stocks enhancing

(Millet, 1870)

(Millet, 1870)

Artificial spawning ground
for a better success
(here for salmonids and perch)

(Millet, 1870)

(Figuier, 1869)

(Figuier, 1869)

Artificial reproduction
VS
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(Jacques Marie Cyprien) 
Victor Coste
(1807 – 1873)
President of French 
Academy of Sciences 
(1871)

(Levasseur, 2014)

(Le Gal, 2009)
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(Jacques Marie Cyprien) 
Victor Coste
(1807 – 1873)
President of French 
Academy of Sciences 
(1871)

1853
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(Jacques Marie Cyprien) 
Victor Coste
(1807 – 1873)
President of French 
Academy of Sciences 
(1871)

1850

(Coste, 1853)

Eel = one of the main means of 
feeding people

Glass eel = unlimited resources
In every water

Governement should plan the first try

Everyone would be conviced
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(Figuier, 1869)

(Millet, 1870)

(Millet, 1870)

Trnasporting glass eel

(Coste, 1853)

4-5 000 glass eels



1858

(Cloquet, 1858)
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Known quantities restocked

in France

(Dekker & Beaulaton, 2016)
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Toward a state program

(Fisheries) Civil servant can fish glass eels with any gear
(even those prohibited)

(Fisheries) Civil servants in the estuaries are requested to 
do so.

All (Fisheries) Civil servants are requested to plan 
restocking and fund are made available

1879
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Toward a state program

1884

1884 Practical instructions for restocking

Useful fish = salmon, carp, bream, perch, tench, pike, eel …
Specific instructions for eel
• Restock eel as much as possible
• Fishing gear is described (scoop net)
• Storage, packaging and sending instructions are given
• Restocking protocol is given

water bailiff
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Known quantities restocked in 

France

(Dekker & Beaulaton, 2016)
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International success

(Jacques Marie Cyprien) 
Victor Coste
(1807 – 1873)
President of French 
Academy of Sciences 
(1871)

(Coste, 1853)

(Coste, 1854)

(Coste, 1854) (Duparc, 1854)

1853-4
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International success

(Dekker & Beaulaton, 2016)

1850 – 1900 1900 – 1940 1950 – 2010
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International success

(Dekker & Beaulaton, 
2016 ; ICES, 2021)

Severn
(Epney)

Note that
other life 
stages are 
also
restocked
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Different aims

• Curiosity / experiments

• Feeding the nation

• Compensate for anthropogenic
impact (dams/hydropower)

• Stock recovery (EU regulation)
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• Feeding the nation

• Compensate for anthropogenic
impact (dams/hydropower)

• Stock recovery (EU regulation)

Need to increase local stock
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Different aims

• Curiosity / experiments

• Feeding the nation

• Compensate for anthropogenic
impact (dams/hydropower)

• Stock recovery (EU regulation)

Need to increase local stock

• Large scale experiments since 1856 cost
2220F but produce only 150F (Soubeiran, 1865)

• Restocking often paid by "rich people" / 
government

• Difficulties to post-evaluate several years
after (time to produce harvestable eels)

• Impact on other species
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Different aims

• Curiosity / experiments

• Feeding the nation

• Compensate for anthropogenic
impact (dams/hydropower)

• Stock recovery (EU regulation)

Need to increase local stock

Eel being panmictic – Balance

• loss in donor area + biological
risk

• gain in recipeint area
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Post-evaluation

(ICES, 2016)

(adapted from ICES, 2016)
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Post-evaluation

(ICES, 2016)

(adapted from ICES, 2016)

Need to increase local stock
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Post-evaluation

(ICES, 2016)

(adapted from ICES, 2016)

Stock recovery
"Net benefit"
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Post-evaluation

(ICES, 2016)

(adapted from ICES, 2016)

2-82%

Mortalities

5-30%

3%

15%

cumulated

7-87%

10-88%

23-90%
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Post-evaluation

(adapted from ICES, 2016)

Reserve at
least 60%
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Post-evaluation

(adapted from ICES, 2016)

Country Denmark Denmark Sweden Sweden Sweden

Restocked 3g 9g 3g 4g 0,3g (eq.)

YPR 12g 9,2g 50g 7,5g 60g

Productivity
(kg/kg restocked)

4 1 50 7 200

Time 8 yr 8 yr 14 yr 14 yr

Method
CMR 
fishery

CMR 
fishery

CMR CMR
Model 
based

Reference
Pedersen & 
Rasmussen 
2016

Pedersen & 
Rasmussen 2016

Wickström et al.,
2016

Wickström et al.,
2016

Dekker et al.,
2018

1 kg

1-200 kg
8-14 yr
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Post-evaluation

(adapted from ICES, 2016)

7-90%
Country Denmark Denmark Sweden Sweden Sweden

Restocked 3g 9g 3g 4g 0,3g (eq.)

YPR 12g 9,2g 50g 7,5g 60g

Productivity
(kg/kg restocked)

4 1 50 7 200

Time 8 yr 8 yr 14 yr 14 yr

Method
CMR 
fishery

CMR 
fishery

CMR CMR
Model 
based

Reference
Pedersen & 
Rasmussen 
2016

Pedersen & 
Rasmussen 2016

Wickström et al.,
2016

Wickström et al.,
2016

Dekker et al.,
2018

1 kg

1-200 kg
8-14 yr

>1 kg
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Post-evaluation

(adapted from ICES, 2016)

(Delage et al., 2019)

Restocking = 60% Natural
After 3 month
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Post-evaluation

(ICES, 2016)

Biological risk:

• Change in fitness and genetic
variation

• Spreading of diseases

• Disrupt migration behaviour

(adapted from ICES, 2016)
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Post-evaluation

(ICES, 2016)

Conclusion:

• Restocked eels contribute to the 
production in recipient waters

• lack controls and/or a 
simultaneous assessment of the 
life history of those glass eel left 
in situ an assessment of net 
benefit to the wider eel stock is 
unquantifiable

Countries with
systematic monitoring

(adapted from Beaulaton & Azam, 2018)

(ICES, 2016)
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A quantity problem

• Restocking is based
on glass eel fisheries

• Glass eel fisheries
catch <(<) 100% 
recruitment

• Recipient waters 
should performed
well above donor
waters to have any
net benefit

(Dekker & Beaulaton, 2016)



Emile Blanchard
(1819 – 1900)
President of French 
Academy of Sciences 
(1883)

(Blanchard, 1866)

About salmonids
But applied to eels also@ large scale

Limited number of success

Success evaluated on short term results
(survival of eggs, juveniles restocked, …)

But when long term evaluation:
Fish have died / disappeared

What about the habitat?
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Conclusion (any species) 

• Restocking have a long history learn form it

• Aims not always clearly given  agree on and state them

• Means to properly post-evaluate rarely dedicated  design 
post-evaluation framework in adequation with the aims

• Anthropogenic mortalities reduction and habitat restoration
necessary, if not sufficient?  do not restock without doing
that

• Restocking is attracking major attention and resources while
overoptimistically judged and rarely well post-evaluate 
carefull studies are needed to identify cases where restocking
is worthwhile (and avoid to restock in all other cases)


