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Figure 1.2.6b. Biotope of the eel in the Netherlands, including in blue
the type water-lines (i.e. streams, rivers, canals, etc.). The total length
is about 10,000km. The biotope types M3, M30, M6, M10 and M7
(WFD-codes) contribute 88% of the total (Kroese et al., 2008).



1

%

% %

# #HoH#

%

@  sluis (2278)
L stuw (8488)
® gemaal (4671)

| | Waterschappen

productie: drs. MWL, Brevé, Sportvisserij Nederland
bron: 2001, RWS Meetkundige Dienst (WIS-BORIS)

#
C

# #5# & % !
75 )% , 666%
9 ) = % % %
R $!
| >
B # A
) @ 8
C #
% B#

#Ill %

#)+

%

# 116#



))$S"S(I IS (%)

-5 $%
$$ #3%H#H& ) )$
! 8 #'
% #' I ' !
#
I %
# * 4+ I |
1 % 3
D # < #
? D #= #
D # < #%
! ] s D %
FO/# % s . !
) I #@= %A A "
% % | #& .
% A ! Lo
% ) #
! %$ > b
= #&$
% % 2 e
% 2% # > D be
! ! D I % !
A # ? D o
! #
#
I )I '1##&) -#- # ) *)
!
# &% 1o %
DB, FE
:&7?78) ?: + #
3
< @ )% $"G(11#&) | e
<*=:H ) ) (| ’G
< ! ) ! G

)

#

%
%



<" I 8 ! ? 8 8
WHIT#& ) 2 1 ') ,G
< /= = ! ) ( rr#
% % %
3
! -1 = F F#
? 1?2 % #' ##
% Il ) , #
8! I'H = J% %
/IK ! FF#
% ! J ! FF HH#H
D 1 #& F7/# !
= L ' 8! HHt#H
! ! ?1
% ) =, I G !
K % %% % # ?1 !
% % % ! I # *=H ?1 %
% #
! ! #: /I</I5 9
@ ? M > $ !
), A ? !
) !
* 2
#
% <
= #: %
#
100— . o® ®
N 102 1163105
E_ movina averaae ¢
<_E_ moving average .
3 annual index
=
]
Q. ° L] L]
g 507 ° * . 0 -
» . 2000 2005 2010
(%) ° °
© . o ® .
=) . 5
E ° * o ®
s . . .
o ° o ©® o0
€ o ° 0
) L]
c o...' °
0 T T T T
1940 1950 1960 1970 1980 1990 2000
HH#t# I # < % !
#8 3 == # ll6#

)



% % !

%

1000 F
I Neorthern
i compartment
100 ¢
.
= [ -
3 Lo P T g \\\\
= AN S 3 - ! e,
= \\/, ) \
=0 + Southern \
© F compartment A f_f' Y /
C N/ SN '
- AW \. !
\/ \ \
I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 II
1990 2()\%),“_ 2010
###DB % H = FF/ #
—#& | < = /I6 #
! % # 1) ##,



%

# % C
%

DB< !

/<0 <F6/ ! )

[\ 9] B

Survey CPUE (Nr/ha)

—

\
N ~
¥

N4
45N T >
AP VA S e S

T T

%

O# #

—Wadden Sea
—Coastal area
-~-Eastern Scheldt
~~ Western Scheldt

<
PN

N

0

1970 1975 1980 1985
' #H#H#DB< L

% )
, 3 *$ - # #& ) &) $%
4 1 "] "G - # #&)
% #H# |
% %
% >

1990 1995

2000 2005 2010

'8! # !
== # 116,#

%

%



Yellow eel Rhine Meuse Scheldt Ems TOTAL
coastal 37 75 3 115
1Jsselmeer 240 240
Large rivers 46 4 50
Other inland waters 222 4 9 235
Total 545 83 12 640
Silver eel
coastal
1Jsselmeer 40 40
Large rivers 91 9 100
Other inland waters 133 2 5 140
Total 264 11 5 280
TOTAL EEL total # of
companies
coastal 70 37 75 3 115
1Jsselmeer 70 * 280 280
Large rivers 23 137 13 150
Other inland waters 58 555 6 14 375
Total 237 809 94 17 920

Table 2.3.1. Total estimated landings (tonnes) of professional eel fisheries in The Netherlands, per river catchment. This

table is a rearrangement from Dekker, 2008. [* see text below]
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1Jsselmeer rivers coastal other inland coastal Total
Markermeer waters, waters waters,
professionals recreational
Gear

large fykes 1,579 155 - + >1,734
cage fykes 163 574 + > 737
shooting fykes 3193 2,433 273 + > 9,052
small fykes 51 + > 2,007
pots&traps 7415 551 + > 7,966
longlines 11 + +
electric scooping nets + - + +
other “eel-gear” + +
# of fishing units 70 28 48 around 100 978 | around 1228
Area surface (ha) 169,150 | 20,867 354,959 134,966 354,959 679,942

Table 2.3.2. Gear-types used in the eel fisheries in the Netherlands, with estimates of the numbers used for each gear type.
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Aalkaart 2008

Legenda
Top 30
() Bamriere met migratievoorziening

‘ Barriere zoncer migratievaarziening

Knelpunten met/zonder gerealiseerde of geplande migratievoorziening

@ migratievoarziening aanwezig
@ w2010
® w2
@ nazns
L]

onbekend

KRW typen aalkaart

K123

02

Rb5,6 7,8 16

M3, 6, 7, 10, 14,20, 21, 27, 30, 31, 32

(c) 2008 Sportvisserij Nederland, Deltares en Wanningen Water Consult
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Review of management policy:

DECISION BOX I

* analysis of objectives
¢ analysis of alternative strategies

1. Are the objectives of stocking acceptable?
2. Is stocking necessary to achieve the management
objectives set?

I ACCEPT

|

Review of ecological considerations:
* environmental factors
* interspecific interaction

DECISION BOX II
1. Are the ecological conditions favourable?
2. Are there any negative impacts of natural fish

= stocking material and season of
operation e

*» genetics and diseases

* environmental impact of stocking

stocks?
3. Are there any negative impacts on other species?
4. Are there any genetic and disease risks?

ACCEPT

i

NO
REJECT

YES
REJECT

Review of fisheries considerations:
» yield potential T

DECISION BOX III
1. Are the effects on the quality and quantity of fish

* effects on target fish stocks
* effects on fishery in general :
* distribution of catch by fisher groups

positive?
2. Are the effects on the stability of the catch positive?

3. Are the effects on the total yield positive?

NO
REJECT

!

Review of socio-economic factors:

ACCEPT

DECISION BOX IV

& moneiary costs;: and benefits.
* social benefits and constraints

1. Are the costs of the stocking programme justified

NO
REJECT

_[LQ[WQLQLIQE_@ perspective?

Il

ACCEPT

|Review of ilhp]emventation‘constmints:_-__
* availability of stocking material
* transportation

DECISION BOX V
1. Are the quality and quantity of fish required for
stocking available?

* institutional support
*  credit :
* ownership

2. Is appropriate expertise and institutional support
available?

3. Is appropriate financial support available?

4. Have the access rights being defined?

NO
REJECT

|

]

Review of the available information
and methods:

ACCEPT

DECISION BOX VI
1. Can ecological uncertainty be managed?

* ecological uncertainty
* economic uncertainty
* social uncertainty

2. Is the economic uncertainty acceptable?

3. Is the social uncertainty acceptable?

NO
REJECT

ACCEPT

Figure 2. Scheme for planning stocking programmes. The review boxes on the left illustrate the different levels of
data collection and processing, and the decision boxes on the right show the respective decision levels with some
relevant question. Stocking should be rejected if any answers to the questions are unacceptable (adapted from EIFAC

1994).
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The Netherlands has sent its Eel Management Plan (EMP) to the European Commission on
December 15 2008 (MinLNV, 2008) and a revision of the plan, due to a debate in the Dutch
Parliament, on April 1 2009. Comments and additional questions to be answered on the EMP have
been formulated by the International Council for the Exploration of the Sea (ICES). These imply:

1. The methods used and assumptions made at the calculation of effects of measures in Table
5.3 of the EMP are not clear. These should be elucidated concisely.
The estimates of the effects of pumping stations/barriers (measure 1 in Table 5.3) are
relatively high. The calculation method and assumptions should be given more specifically.
2. The suggested time scale of recovery of the European eel stock in Table 5.3 is much shorter
than expected by international eel scientists. Could this be motivated and is it possible to

calculate the effects of the measures given under the assumption of a full recovery of
recruitment in 80 years?

This report deals with these two questions in Chapters 2 and 3 respectively.
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The effects of measures on silver eel escapement from The Netherlands to the sea in 2012, 2027 and
2050 have been estimated in Table 5.3 of the EMP. These are based on assumptions and calculations
by Klein Breteler (2008). The objective of these calculations was to enable comparison of the effects,
costs and risks and uncertainties of different measures and to support decision making with regard to
these measures. It was expected that effects, costs, risks and uncertainties would change in time, but
not in a similar way or to similar levels for different measures. As an example: yearly stockings of fixed
amounts of glass eels may result in a stable output of silver eels in time, but yearly efforts/investments
in substituting high-mortality pumping stations by low-mortality pumping stations will result in
increasing escapement of silver eels in time. Therefore it was considered important to compare the
effects etc. not only in a short term but also on a medium and longer term.

A basic line and starting point in these calculations is that the quantitative effect of measures on the
silver eel escapement (in MT/year) not only depend on these measures themselves but also on the
biomass of the population.

As an example: a reduction in fishing effort of 50% e.g. may result in a 50% reduction of fishing
mortality F and in an effect of for instance 10 MT/year in a population with Spawning Stock Biomass
SSB=100 MT. But in a population with SSB=1000 MT the same measure will then result in an effect of
100 MT/year.

Therefore effects of measures in MT/year can only be estimated, as was asked for by the Dutch
Ministry of Agriculture, Nature Management and Food Quality, if SSB is known.

The EU-Eel Regulation uses biomasses, not mortalities. To comply with that, The Netherlands also
worked with biomasses.

The biomass of the silver eel population SSB in The Netherlands is a result of (1) recruitment of glass
eels 1 generation time earlier, (2) growth, mortalities (natural and anthropogenic) and immigration and
emigration between recruitment and escapement of silver eels and (3) measures taken to influence
the processes in (1) and (2). Silver eel output from The Netherlands therefore partly depends on
recruitment.

As recruitment is determined on the European stock level and probably depends on the combined
efforts of EU-memberstates (because of the status of the stock in the stock-recruitment relation), the
effects of Dutch measures on spawner escapement therefore also depend on the efforts of other EU-
memberstates. There is one exception to this: stocking glass eels or pre-grown eel fingerlings. In
theory it would be possible to buy and stock enough glass eels to compensate for existing
anthropogenic mortalities and produce 40% of the historic SSB in one generation time (approximately
15 years). But the quantity needed in The Netherlands is not available in Europe in the near future
(EIFAC/ICES, 2008) and cannot be financed with Dutch and European funds. Recovery of natural
recruitment is essential therefore, but (re)stocking of glass eels in smaller quantities is one of the
measures distinguished in Klein Breteler (2008) and below.

As these combined efforts of EU-memberstates and the recruitment in the future were not known
when drafting the EMP, but decisions were needed on the measures to be taken by The Netherlands,
assumptions were needed on the recovery of the recruitment of the stock and on the recovery of the
Dutch silver eel population.

It was firstly assumed that the EU-memberstates are ambitious enough to take firm measures,
allowing for a fast recovery of the eel stock. Secondly that the Dutch silver eel population would



recover from 2% of historic levels (years 1950-1960) now to 10% in 2030 and to 30% in 2050, so a
five-fold increase in 2030 and 15-fold increase in 2050. And thirdly that the recovery of the Dutch silver
eel population will occur with the same rate as the recovery of the recruitment of the stock on a
European level.

An increase of the SSB from 2% to 10% in 2030 would imply a five-fold recruitment 1 generation
earlier. At an assumed generation time of 15 years this would be in 2015. A five-fold recruitment in
2015 implies on its turn a five-fold silver eel escapement about 1 year earlier. A five-fold increase of
escapement of silver eels in 2014 does not seem impossible if very rigid measures are taken by all
countries in increasing the silver eel escapement with priority. It may not be expected from a 50%
reduction of the eel fisheries, as made possible by the EU-Eel Regulation.

This supposed increase of the eel population in The Netherlands has been interpreted as a partly
externally driven (by implementation of EMP’s of all EU-memberstates) and autonomous process (see
above). And it has been used in Klein Breteler (2008) and in the EMP in the calculation of the effects
of different measures. These have been questioned by ICES and are discussed extensively in Chapter
3 of this report.

Below we continue with a concise description of the methods and assumptions underlying specific
measures described in the Dutch EMP (MinLNV 2008, 2009). In 2.b the effects of measures at
pumping stations have been treated in more detail.

Measure 1: Pumping stations/barriers
See 2.b.

Measure 2: Hydro-electric stations

There are only a few hydropower stations in The Netherlands (MinLNV, 2009) and the current effect on
the silver eel population on a countrywide scale is relatively low (15.5 MT/year) when compared with
other anthropogenic factors (Vriese et al., 2008). Proven effective fish- or eelguidance systems
(including bypass) are currently not existing (worldwide) and only experimental. But for smaller scale
hydropower stations (< 2 MW, about 0.5% of total hydropower production in The Netherlands) there
are. Relatively “fishfriendly” turbines are existing, but expensive, and may be installed after
depreciation of investments.

The assumptions made implied: no increase in number of hydropower stations, “fishfriendly” turbines
in small hydropower stations in 2027, fish guidance systems according to the Best Available
Technology in large hydropower stations from 2015 onwards, “eelfriendly” turbine management
combined with catch and release of silver eels above respectively below the dam until 2015.

The effect of the measures at small hydropower stations in 2012 was calculated from the 0.5% share
of total hydropower production, 15.5 MT total silver eel mortalities and reduction of mortality from 50%
to 10% at eel passage. The effect of the measures at large hydropower stations was calculated in a
comparable way but with a supposed reduction of mortality by 50% at eel passage. Five-fold and 15-
fold increases of effects were expected in 2030 and 2050 respectively.

Measure 3: fishery-free zones

Obstacles in migration routes increase mortality risks for the migrating species. This is known by many
predator species but, with regard to the eel, also known by fishermen. Such migration obstacles for
eels are dams, weirs, sluices, hydropower stations, shiplocks and pumping stations. The lakes and
canals in The Netherlands are much better fishable than the large rivers. The commercial catch in
recent years was 100 MT silver eel per year in the large rivers and 180 MT /year in other inland waters
(Dekker et al., 2008). By closing fisheries in fishery-free zones it was assumed that a 20% reduction of
fisheries mortality in the large rivers and 50% reduction in other inland water would be obtained. This
would result in an immediate effect of 110 MT and five-fold and 15-fold increases in 2030 and 2050
respectively.




Measure 4, 5, 9: Angling and recreational

The total catch by angling in recent years amounted to 93-317 MT/year (Table 2.3.3 in EMP). Silver
eels are seldom caught by anglers; they mostly catch yellow eels. The sportfisheries organizations in
The Netherlands have voluntarily decided to oblige anglers to release caught eels immediately. As the
age- or length distribution of the eel population on a countrywide scale is unknown, it was assumed
that 50% on a weight basis would recruit to the silver eel stage in 2012. Assuming a total catch of 200
MT/year, the effect in 2012 would be 100 MT and 5-fold and 15-fold increases would be expected in
2030 and 2050 respectively.

Measure 6: Transport of silver eel

This measure occurs in the last version of the EMP (MinLNV, 2009), not in the earlier EMP (MinLNV,
2008). It is an inverse quotum of silver eels caught that first should be released into the sea before
commercial fishermen are allowed to sell silver eels. It is a fixed quantity of 157 MT/year continuing
during the years as long as the organisations of commercial fishermen are able to carry this out
properly. If not, the measure is replaced by closure of eel fisheries in the months September and
October (see below).

Measure 7: Sniggling

The total catch by sniggling in 2007 amounted to 10 MT/year (Table 2.3.3 in EMP). Silver eels are
never caught by snigglers; they only catch yellow eels. The sportfisheries organizations in The
Netherlands have voluntarily decided to oblige snigglers to release caught eels immediately. As the
age- or length distribution of the eel population on a countrywide scale is unknown, it was assumed
that 50% on a weight basis would recruit to the silver eel stage in 2012. The measure would result
then in an effect of about 5 MT in 2012 and 5-fold and 15-fold increases would be expected in 2030
and 2050 respectively.

Measure 8: (Re)stocking

(Re)stocking will be carried out in The Netherlands, as a measure in the EMP, according to the
(re)stocking protocol in Klein Breteler (2008). The protocol has a format of a decision tree of conditions
to be fulfilled on a national level and on a regional/local level and is supported by all currently available
knowledge on stocking of eels. The information in the protocol has also been used partly in drafting
the chapter on (re)stocking in the EIFAC/ICES (2008) report. Key elements of the decision trees are
considerations on management policy, ecology, fisheries, socio-economics, implementation constraints
and ecological, economic and social uncertainties (Figure 3.2.1 in the EMP). The structure of the
decision tree is supported by EIFAC.

The use of the protocol will be enforced by in the adjudgement of subsidies for (re)stocking.

There are many conditions in the protocol. One of the ecological conditions is that the eels are to be
stocked only in waterbodies from where free and safe migration is possible to the sea or when
provisions have been made at migration obstacles in the migration routes to the sea. Such
waterbodies have not been chosen at the moment, but the conditions for subsidization of (re)stocking
will guaranty that the eels will be stocked in waters with open access to the sea or with provisions (fish
passes, fish guidance systems , trap-and-transport) to facilitate silver eel migration to the sea.

Measure 6 in MinLNV (2008): Closed season

The total commercial catch of silver eels in The Netherlands in recent years was 280 MT/year and the
catch of yellow eels amounted to 640 MT/year. A closed season in September and October will
decrease the silver eel catch by 73% and the yellow eel catch by 23% (Hoefnagel & Dekker, 2005).

As the age- or length distribution of the eel population on a countrywide scale is unknown, it was
assumed that 50% of the yellow eel population on a weight basis would recruit to the silver eel stage in
2012. The calculated effect in 2012 would then be 278 MT and 5-fold and 15-fold increases would be
expected in 2030 and 2050 respectively.




Measure: Waterguality

This measure has not been included in Table 5.3 of the EMP, but has been mentioned in the text
beneath. The geographical distribution of the eel in The Netherlands is given in Figure 1.2.6b of the
EMP. Most of this area (polders) is at or below sea level and consequently dammed. These polders
are drained by pumping stations (Figure 1.2.7 EMP) and ditches and predominantly have an
agricultural function. Risks in these habitats are mainly oxygen deficits, but also ammonia from
agricultural sources can be mentioned. At a supposed lifetime of 25 years (female eels) and a risk of
such mortal event of 1% per year (once in 100 years) this would result in 10% mortality on a lifetime
basis. There are only anecdotical data to support such mortalities. It was assumed that all current
measures and measures already foreseen in the near future will result in an effect on 50% of the total
area of water and of 90% of the eels in that area (as quantified by the estimated effect of closure all
fisheries). The calculated effect will then be 317 MT in 2012 and 5-fold and 15-fold increases would be
expected in 2030 and 2050 respectively.
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Large parts of The Netherlands are lying at or below sea level and are kept dry by pumping stations.
The lakes, canals and ditches in these polders are considered suitable habitat for the eel (Fig. 1.2.6b
and 1.2.7 in the EMP) and are known for a high occurrence of eels in the past (Van Drimmelen, 1952;
1953).

According to the EMP there are 4671 pumping stations in The Netherlands. Pumping stations actually
function as inversed hydropower stations (input is energy, output is waterflow). Designs of turbines
and pumps are comparable and the effects of pumps with regard to fish injuries and mortalities are
comparable with the effects of hydroturbines. The problem with pumping stations with regard to
migrating silver eels in The Netherlands is comparable therefore with the problem with hydropower
stations in hilly and mountainous areas elsewhere. It is substantial and is to be qualified as an
important anthropogenic mortality factor for the eel. Total mortality of silver eels on a weight basis due
to pumping stations in The Netherlands in recent years is estimated 15-65 MT/year and of yellow eels
27-83 MT/year. The higher estimates are for the case of low fishing mortality, as these mortalities are
competing.

If fisheries mortality would be reduced and the eel populations increase, it is expected therefore that
mortalities in pumping stations increase, reducing the effects of measures on fisheries.

Pumping stations are only one element of the obstacles for migration of eels. Other types of migration
obstacles are weirs and sluices in The Netherlands. The EMP describes that the program that is in
operation on solving these migration barriers. Of the 2700 identified barriers, 1800 are considered of
particular importance for the migration of eels. A ‘top-30’ has recently been made (Buijse et al., 2009).
A map has been constructed ( Fig. 2.5.1 in the EMP) from which can be read which barriers are to be
solved before 2015, after 2015 and for which a solution has not yet been scheduled.

The effects of measures on pumping stations in the EMP were calculated as follows.

It was supposed that after depreciation time, or at large renovations, the pumps would be replaced by
‘fishfriendly’ pumps according to the Best Available Technology in a total of 3000 pumping stations.
‘Fishfriendly’ designs for pumps are available and have proven effectiveness. At an assumed
depreciation time of 50 years this would result in 60 pumps per year during 50 years.

It was also assumed that in 2027 fish guidance systems are installed at those pumping stations in
prioritary migration routes of silver eels that had not been provided with ‘fishfriendly’ pumps by that
time. And it was assumed that, until 2027, 25% of the pumps that have not been provided with
‘fishfriendly’ pumps or fish guidance systems will be turned off during 100 days per year during the

00



nocturnal hours in September — November. Besides it was assumed that at the remaining 75% of the
pumping stations where no ‘fishfriendly’ pumps or fish guidance systems are in operation, 50% of the
silver eels are caught below the pumping station by professional fishermen and released above.
Furthermore it was assumed that the mortality rate during passage of a pump is reduced from 50% in
a ‘normal’ pump to 10% (silver eels) or 0% (yellow eels) in a ‘fishfriendly’ pump. And that, by the
choice of the pumping stations to be provided with fish guidance systems, 80% of the migration needs
of eels are covered and that 90% of the eels survive passage through such guidance systems.

The measures are supposed to act on the whole population that is not effected by fisheries (and that
are assumed to increase 5-fold in 2027 and 15-fold in 2050: see 2.a) and the calculated effect in 2012
is 265 MT in 2012 with an approximate 5-fold increase in 2027 and 15-fold in 2050.
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In the EMP of The Netherlands the estimated effects of measures on the silver eel escapement from
The Netherlands in 2012, 2027 and 2050 have been given in Tabel 5.3 (MinLNV, 2008, 2009). The
original objective of these estimates in Klein Breteler (2008) was to facilitate comparison of effects,
costs and risks of different Dutch measures on a short, medium and longer term; not to make
assumptions about time scale of recovery of the stock. And the intention was to facilitate decision
making on the measures to be taken. The time scale in Klein Breteler (2008) has been arbitrarily set
therefore to approximately 3 generations (2050), as was done by STECF (2006). It was believed that
the differences in effects, costs and risks would become clear by that way, irrespective of the time
scale of recovery. ICES commented on the latter and questioned the effects calculated, if the time
scale of recovery would have been set on a more ‘realistic’ longer time scale.

The data given in Table 5.3 of the EMP also seem to suggest that 40% of the historical spawning stock
biomass of eels in The Netherlands seems to be reached earlier than 2050. But such a ‘total effect’ in
Table 5.3 cannot be calculated by summing the effects of the different measures to a total because of
dependencies (Klein Breteler, 2008; and see 2.a). A basic assumption in the calculations has been
that, once an eel was ‘saved’ by a measure, it was also saved from other anthropogenic factors. In
that way, the calculated effects of the measures can be used for comparison of effectiveness, not for
estimation of a total effect of all measures combined.

When 40% of the historical spawning stock biomass of eels in The Netherlands will be reached in the
future is unknown. It depends on recovery of recruitment on an European level, and hence on the
contents and implementation of the EMP’s of the EU-member states (see 2.a). It is possible to set a
time schedule of recovery of recruitment on the level of the European eel stock, as Astrom & Dekker
(2007) have done (see below). With the assumptions that (1) this also holds for recruitment in The
Netherlands, (2) the anthropogenic mortality on an European level is reduces to zero and (3) the
implementation of the Dutch EMP is still convenient by that time, the moment of recovery of 40% of
the historical spawning stock biomass of eels in The Netherlands will be one generation time later.
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Figure 3-1 Expected eel recruitment after a complete closure of fishing at j = 0 (eels are assumed to mature over

a range of eight different ages) according to Astrém & Dekker (2007) and Dekker et al. (2008).

Astrom & Dekker (2007) and Dekker et al. (2008) modeled the recovery of the European eel stock
(Figure 3.1) under the condition of complete absence of fisheries (fisheries mortality F; = 0) and ages
at maturity ranging 14-21 (modal 15) years. They focused on fisheries only, not on other
anthropogenic factors (F,), that should also be mentioned (but that will not change the figure, provided
that F; + F, = 0).

The heavy oscillations are generated by the decreasing stock in the years before the measures are
taken. These are believed to be inherent to the specific population dynamics of the eel, given the
decrease in the past (Astrom & Dekker, 2007).

It is concluded by these authors that, once the EU-memberstates have implemented their EMP’s and
the recovery process of the eel stock occurs according to Figure 3.1, it will take at least 80 years (5
generations) until full recovery of recruitment (100%). So, starting in 2010 that point might be reached
in 2090. With that full recruitment in 2090 it would be possible to get to the point of a Spawning Stock
Biomass (SSB) of 40% of pristine levels in one generation (approximately in 2105).

As can be seen from the figure, such a recovery in 80 years is only possible if recruitment is observed
at the peaks of oscillations R/Ryg;. It then runs along the peaks of oscillations at t = 45, 60 and 78. At t
< 45 it crosses the oscillations and at t= 0 it is approximately R/Ryt = 0.02. The associated values for
R/Rnist , as read by eye from the figure, are given in Table 3.1.
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Table 3-1 Proportion of historical recruitment of eel R/Rnst on a stock level and proportion of historical
escapement of eel SSB/SSByist from t = 0 (2012) onwards, if full recovery of recruitment occurs in 80 years in
complete absence of anthropogenic mortality. Data for R/Ryist from Figure 3.1. Data for SSB/SSBs: calculated
from R/Rnist 15 years (1 generation) earlier (see text).

Year European NL population
Stock SSB/SSBst
R/Ruist

2012 0.02 0.05

2027 0.14 0.05

2035 0.20 -

2050 0.34 0.11

2075 0.70 -

2090 1.00 0.29

2105 1.00 0.40

An estimate of the current silver eel escapement from The Netherlands is 400 MT/year and total
anthropogenic mortality of silver eel is approximately 350 MT (MinLNV, 2009). Therefore the current
SSB for The Netherlands amounts to 750 MT/year.

A conservative estimate of the historic SSB of eels from The Netherlands (SSBys), amounts to 10,000
- 15,000 MT, depending on the status (dammed or not) of Lake IJsselmeer, (Klein Breteler, 2008). This
results in a targeted 40% SSB of 4,000 — 6,000 MT (MinLNV, 2009). Eijsackers et al. (2009) concluded
that it is impossible to determine a ‘correct’ estimate of the 40% SSB, suggested a wider range of
2,600 — 8,100 MT and a most probable lower estimate than 4,000 — 6,000 MT. Because of this
impossibility of making a ‘correct’ estimate, and because of the overlapping intervals, and mainly for
reasons of comparison with the calculations in the EMP, the estimate of SSBy,s = 15,000 MT is again
used in the calculations below. The latter might be an overestimate therefore.

The current status of the ‘Dutch’ spawning population of eels (SSB/SSBys;) amounts then to
750/15000= 0.05, or 5%. This is slightly higher than the current recruitment level (European scale) and
lags 1 generation time behind the downward trend of recruitment in the last decennia.

As stated above the fastest way to reach the targeted 40% SSB is according to Table 3.1 and that
point will be reached in 2105 when SSB/SSBy,st = 0.4. The values for SSB/SSBy; between 2012 and
2105 have been calculated here by fitting the curve R/Ry in the time period between 2012 and 2090
to SSB/SSByst between 2027 and 2105, so 1 generation time (assumed to be 15 years) later. This has
been done (‘quick and dirty’) by using the relative increments  of R/Rpt.

The increase  SSB/SSByg from t=2027 to t=i (2027 i was calculated in Table 3.1 from
the increase R/Rys from t=2012 onwards, assuming a generation time of 15 years, and according to
the formula (1):

(SSB/SSBhist)i = {(R/Rhist)-15) — (R/Rhis) 2012} {(SSB/SSBhist) (2105) — (SSB/SSBhist)2012}  at t=i (1)
And as (SSB/SSBhisi)2105) — (SSB/SSBhist)2012 = 0.40 — 0.05 = 0.35 (see above), (1) results in:
(SSB/SSBhis)i = 0.35 * {(R/Rnist)-15 — (R/Rnist)2012}  at t=i 2
(SSB/SSByg); at t=i is then obtained from:

(SSB/SSBhis)i = SSB2012/SSBhist +  (SSB/SSBrist)i = 0.05 +  (SSB{SSBhis):
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As a consequence, the SSB/SSByg at t=2027 equals SSB/SSBy;s; at t=2012. This seems realistic
because only minor improvements (at best) in recruitment are to be expected on a short term (2012),
and the resulting SSB 15 years later also will show not more than minor improvements.

The calculation of the effects of measures at the t=40 scenario was done according to Klein Breteler
(2008) and as described in 2.a. Identical calculations have been made here for the t=80 scenario,
using similar assumptions. Underlying both scenario’s was an historic spawner biomass (silver eels) in
The Netherlands of 15,000 MT and a generation time of eels in The Netherlands of 15 years.
Specific assumptions with regard to the recovery of the eel stock in 80 years were:

1. Anthropogenic mortality of the eel is zero on a lifetime base: Fi+ F, = 0

2. Recovery of stock-wide recruitment and recovery of the SSB in The Netherlands occurs

according to Table 3.1.
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The effects of measures in The Netherlands were calculated for the same measures as in Klein
Breteler (2008). Those for the t=40 and t=80 scenario’s are given in Table 3.2 and Table 3.3. Table 3.4
gives the effects of measures selected in the EMP.

The conclusion that can be drawn from the tables is that the estimated effects of the measures build
up more slowly in time and reach a lower level in the t=80 scenario than in the t=40 scenario. But the
differences between the measures remain. The basis for decision making on the measures to be
chosen has not been changed therefore by the scenario choice.

Table 3-2 Effects of measures on silver eel escapement (MT/year) in different years and at different scenarios for
recovery times of recruitment (year) at t = 40 and t=80. The effects for t=40 are described by Klein Breteler
(2008) and also in MinLNV (2009) (the Dutch EMP). The data for the t=40 scenario in this table are given to
facilitate comparison with the scenario at t=80.

Immigration
Restocking
Fisheries
Translocation silver eel to sea
Eel diseases
Pumping stations
Hydropower
Predation
Cooling water
Water quality
Silver eel quality
Growth
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Table 3-3 Effects of specific fishery measures on silver eel escapement (MT/year) in different years and at
different scenarios for recovery times of recruitment (year) at t = 40 and t=80. The effects for t=40 are described
by Klein Breteler (2008) and also in MinLNV (2009) (the Dutch EMP). The data for that scenario in this table are
given to facilitate comparison with the scenario at t=80.

Quotum silver eel
Angling

Sniggling

Fisheries silver eel
Fisheries yellow eel

Eel fishing rights

Comm. fish. arrangement
Licenses

Eel fishing gear

Minimum size 37 cm
Mesh size ~ 37 cm
Minimum size 32 cm
Closed season sep+oct
Closed season sep
Closed season 50%
Fishery-free zone 50%
Fish. free zone hotspots
Fisheries Lake IJsselmeer

Table 3-4 Effects of selected measures on silver eel escapement (MT/year) in different years and at different
scenarios for recovery times of recruitment (year) at t = 40 and t=80. The selection has been made in MinLNV
(2009, 2008) The effects for t=40 are described by Klein Breteler (2008) and also in MinLNV (2009) (the Dutch
EMP). The data for that scenario in this table are given to facilitate comparison with the scenario at t=80.

The measure ‘Closed season’ is mentioned in MinLNV (2008) only and ‘Transport of silver eel’ in MinLNV (2009)
only. The ‘Closed season’ measure from the earlier version of the EMP (MinLNV, 2008) has been included to
show the differences between the ‘old’ measure 6 and the ‘new’ measure 6 on the longer term. Note that measure
6 results in 157 MT/year on the longer term, not in >157 MT/year as suggested in MinLNV (2009).
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