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ð
about 55,000 m

igration obstacles (dam
s, w

eirs)exist in G
erm

any (Anonym
ous 2008)

ð
river regulation detains glass eels from

 their upstream
 m

igration 
ð

re-stocking is essential

Introduction



Pilot project on eel stock enhancem
ent in the Federal State of B

randenburg

O
bjective

Increase silver eel escapem
ent and sustain eel fishery

R
e-stocking volum

e
35 M

ill. glass-& farm
 sourced eel (2006 –

2013)

R
e-stocking value

>7 M
ill. € (2006 –

2013)

Funding
50%

 EFF, 25%
 federal funds, 25%

 fisherm
en/angler



Study area

N
orth Sea

Elbe

Elbe

H
avel R

iver system
:

•
56,300 ha w

ater surface area
•

m
ean discharge: 103 m

³/s 
•

current velocity: 0.1 m
/s

•
> 250 w

eirs



Elbe

Elbe

l

R
ecruitm

ent –
N

atural recruitm
ent

•
stainless steel trap (4 m

m
 #)

•
operated from

 M
ay to O

ctober over 5 years
•

num
ber and total body length of trapped eel 



R
ecruitm

ent –
re-stocking

•
official re-stocking statistics 

•
sam

ples at re-stocking events since 2006



R
ecruitm

ent
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N
atural im

m
igrants

Stocking

Ø
96 –

98 %
 of the respective total annual recruitm

ent are re-stocked eels



A
ge and grow

th

Elbe

Elbe

l

L
0

L
1

L
2

L
3

•
M

ethod after Sim
on (2015)

•
Sagittal otoliths

•
G

row
th back calculation 

(Francis 1990)
•

von Bertalanffy function
(von Bertalanffy 1957)
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Total body length [cm]

fem
ale silver eels

m
ale silver eels

M
ale:

L
t = 473(1 –

e
-0.143(t + 0.931))

Fem
ale: L

t = 1,110(1 –
e

-0.064(t + 1.149))
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Lake study

C
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•
7
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la

te
d

 la
ke
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•
la

ke
s w

e
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n
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cu
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g
 fo

r 7
 ye

a
rs



C
om

parison of estim
ates of cum

ulated m
ortality of re-stocked eels and calculated 

cum
ulated m

ortality percentage from
 Bevacqua et al. (2011) for the H

avel R
iver system

N
atural m

ortality

Ø
C

om
parison based on m

ean eel grow
th and a m

ean w
ater tem

perature of 11.7°C
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M
ortality by corm

orant

Based
on:

•
bird

counts
•
average

tim
e
spentin

the
study

area
•
daily

feed
consum

ption
•
proportion

ofeels
in
the

corm
orantforage

(Bräm
ick
&
Fladung

2006)



M
ortality by com

m
ercial fishery

•
89 m

ixed species com
m

ercial fishing com
panies

•
species-specific catch statistics



M
ortality by recreational fishery

•
≈ 90,000 recreational fishery license holders 

•
logbook survey for eel catches (Fladung et al. 2012)

•
return rate of the logbooks: 48%



M
ortality by hydropow

er stations

ð
M

ean m
ortality of a 

•
H

ydropow
er station 30 %

 (IC
ES 2003)

•
Pum

ping station 0.5 %
(R

auck 1980)



H
Silvereel

escapem
ent

SilverEel
production

G
EM

 3
Standing Stock

Scenario 
tool

N
atural

Stocking

Length frequencies
Glass eel recruitm

ent
Back-calculation 
Silver eel

Study lakes

R
ecruitm

ent
G

row
th

M
F

Corm
orant study

C
om

m
ercial

R
ecreational

Bevaqua 2011

VBG
F

Length-w
eight-relation

H

Study lakes

Sex ratio silver eel

Catch statistics
Angler survey

(O
eberst & Fladung 2012)

The G
erm

an Eel M
odel (G

EM
)

Version 3
of the G

erm
an Eel M

odel



M
odeling results

Stock losses

77%

8%

13%
2%

0,2%

N
atural m

ortality
C

orm
orants

Fishery m
ortality

O
ther anthr. M

ortalities
Silver eel escapem

ent

4 M
ill.



Silver eel escapem
ent
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M
arking w

ith Visible Im
plant Elastom

er tags (VIE)

Anus
ventral tail fin m

argin 

VIE (Identification)
VIE (code)

Silver eel escapem
ent

•
M

onitoring station close to the outlet

•
Special fyke net w

ith w
ings spanning about half of the total river w

idth

•
C

apture-m
ark-recapture study

R
eal silver eel escapem

ent



Silver eel escapem
ent
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Silver eel escapem
ent

Ø
W

ithout stocking, there w
ill be no chance to m

eet the target of the eel 
regulation due to low

 natural im
m

igration num
bers, even if all anthropogenic 

m
ortality factors could be stopped com

pletely.
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Eel re-stocking
ñ

50 %

Fishery
ò

50
%

(re-stocking 10 %
)

Fishery
ò

50
%

(re-stocking constant)

C
orm

orant
ò

50
%

 

H
ydropow

er stations
ò

50
%

M
easure

A
ction

R
esult by silver eel escapem

ent

Scenario tool of the G
erm

an Eel M
odel

M
odelled effects of m

anagem
ent m

easures in the H
avel R

iver system

+ 72 %

+ 7 % + 18 %

+ 6 %

X



C
onsum

ption, 
Illegal export

R
e-stocking in 

Europe

N
o glass eel 

fishing

N
o Silver eels 

N
atural m

ortality in stocked 
inland w

ater bodies
Anthropogenic m

ortality
in 

stocked inland w
ater bodies

Silver eels

N
atural m

ortality in 
in origin w

ater
Anthropogenic m

ortality
in origin w

ater

Silver eels

???

!!!

(from
 W

G
EEL 2016)

Anthropogenic m
ortality

capture, transport, stocking

???

N
et benefit of eel stocking



W
hy stocking?

B
iology:

Ø
panm

ictic species (one large
stock) (A

ls et al. 2011)

Ø
re-stocked eels show

 no differences in upgrow
th (e.g. P

aw
son 2013, 

W
esterberg 2013, W

esterberg et al. 2014) 

Ø
faster grow

th &
 earlier puberty in costal w

aters (e.g. S
im

on et al. 2014)

Ø
sex developm

ent &
survival is density depended (e.g. IC

E
S

 2007, 
Feunteun et al. 2009)

R
easons for stocking inland w

ater bodies:
Ø

com
pensate for habitat losses &

sustain the com
m

on distribution area

Ø
increase of silver eel escapem

ent &
reach the target of the eel 

regulation (e.g. B
räm

ick et al. 2016)

Ø
m

aybe decrease m
ortality in the origin w

aters

Ø
produce higher ratios of fem

ales and
older &

larger fem
ales (e.g. 

M
oriarty 2009)

Ø
extension of generation tim

e (survival strategy)
Ø

sustain eel fishery, eel consum
ption and civil engagem

ent



End

Ø
For m

ore details of ourstudy please read here…
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