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Willemm Dekker [2004] Slipping through our hands - Population dynamics of the European eel 

AA conceptua l managemen t frame -

wor kk fo r the restoratio n of the 

declinin gg Europea n eel stoc k 
ProceedingsProceedings of the International Eel Symposium, Quebec, Canada, August 2003 (submitted) 

Thee stock of the European eel (Anguilla anguilla) is in a critical state. A prolonged downward trend in landings 
sincee 1960 suggests a steady decline of the continental stock, while incoming recruitment fell to record low lev-
elss in the 1980s over almost all of Europe. Although the effect of oceanic factors cannot be ruled out, continental 
processess depleting the spawning stock are the more likely cause. An innovative management scheme preserv-
ingg adequate spawner production is urgently required. Setting objectives and post-evaluating effects typically 
constitutee the roles for the global level; implementation via specific management measures and monitoring of 
thee stock must be performed locally, coordinated over all management levels. Eels are long-lived animals, and 
researchh and management are slow processes. Analysis of the population dynamics indicates the stock has been 
inn slow transition in the past two decades, from a stable and high abundance towards a secondary stable state, 
nearr extinction. It has taken considerable time to recognise the decline; it wil l take further time to develop and 
implementt an appropriate management framework. The longer we wait, the lower the odds for reversing the 
downwardd trends. One must act. Now! 

Thee stock of the European eel (Anguilla anguilla (L.)) has 
shownn a marked decline over the last decades. 
Recruitmentt to (Moriarty 1986; Dekker 2000a) and yield 
fromm (Dekker 2003d) the continental stock have been well 
beloww average for two or more decades. Several authors 
havee speculated on possible causes of the decline 
(Castonguayy et al. 1994a; Moriarty and Dekker 1997; ICES 
2002a),, but none of the hypotheses so far explains the 
observedd decline adequately (Dekker 2003b). A stock pro-
tectionn and recovery plan is urgently needed (ICES 1999), 
butt no substantial progress in managing the stock has been 
accomplishedd (ICES 2004) while the decline continued 
(ibid.).. Scientific advice to restrict fisheries to prevailing 
levelss (ICES 1997a), to re-distribute recruitment of glasseel 
towardss the outskirts of the distribution area (Moriarty 
andd Dekker 1997), or to reduce all human impacts on the 
stockk to as close to zero as possible for some time to come 
(ICESS 2002b), has not yet been followed, despite the inten-
tionn to secure sustainable development of eel fisheries. 

Inn the past decades, substantial effort has been invest-
edd in the formulation of a precautionary approach to 
exploitationn of fish resources (United Nations 1983; FAO 
1995)) and the derivation of quantitative reference points 
forr fisheries management (Caddy and Mahon 1995; ICES 
1997b).. This framework is now routinely applied for scien-
tifi cc advice on the exploitation of typical (marine) fish 

stockss in Europe (ICES 1997b), and has been the basis for 
thee advice on eel (ICES 1999, 2002b). However, despite the 
alarmingg state of the eel stock, few actual management 
measuress have been taken (ICES 2004). 

Inn this paper, existing evidence on the decline of the 
stockk wil l be summarised, potential causes reviewed, and 
aa conceptual framework for management of the stock pre-
sented.. In this article, I wil l use the word eel (without qual-
ification)) to indicate the European eel, although the pre-
sentedd ideas wil l probably apply to management of other 
(temperate)) eel species too. 

Managingg the stock: an impossible bargain? 

Managementt strategies readily applied to many other fish 
stockss might not work as well for eel (Feunteun 2002). 
Complicationss arise from the eel's biology, fisheries and 
management. . 

Thee eel stock in Europe, northern Africa and 
Mediterraneann Asia (Dekker 2003a) constitutes an (almost) 
panmicticc population (Wirth and Bernatchez 2001; Avise 
2003).. Reproduction has not been observed in the wild, but 
alll  evidence supports the view of a semelparous reproduc-
tion,, in or near the Sargasso Sea, at 3000-7000 km from the 
continent.. The fisheries, in contrast, are scattered all over 
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Figuree 1 Recruitment of glasseel of the European eel to the continent during the 20th century. Individual data series 
givenn in grey; common trend (geometric mean of the four longest data series) in black. Data from Dekker (2002). 

thee continental distribution area, in an estimated number 
off  >10,000 waters (Dekker 2000a). Managing the stock 
engagess fisheries, scattered over more than 30 countries, 
off  which 10 are regularly involved in international 
researchh and management (unpublished data from the 
author).. The commercial fisheries are rarely and only 
weaklyy organised, whereas national or regional authori-
tiess generally have minimised their involvement. 
Legislationn of fisheries often considers typical marine and 
freshh water environments, with the possible addition of a 
separatee heading for salmonids, none of which fits the 
peculiaritiess of the eel. 

Thee continental lif e stage lasts for 5 to 15 years. During 
thiss phase, the stock is exploited in the migratory lif e 
stagess (glasseel and silver eel), and the resident lif e stage 
(yelloww eel). Concentrated in space during migration, or 
vulnerablee to exploitation over many years, the eel is a 
preferredd target for exploitation, yielding more than dou-
blee the price (FAO 2000) of other fish (except sturgeons, at 
doublee the price of eel). The long migration routes require 
accessiblee routes from the sea towards inland waters. 
Additionally,, the occurrence in up to the smallest water 
systemss maximises the vulnerability to anthropogenic 
impacts,, such as pollution, habitat loss and poaching. 
Highestt stock densities are found in lowland river stretch-
es,, around which human populations reach peak densi-
ties.. Managing the eel comes down to managing anthro-
pogenicc impacts that often affect the eel only indirectly. 

Typicall  fish stock management relies heavily upon sci-
entificc information on the status of the stock, and the 

impactt of exploitation, as well as upon opportunities to 
steerr the exploitation pressure. For the eel, neither the 
knowledgee nor the management opportunities satisfy the 
currentt needs adequately, while conflicting anthro-
pogenicc interests complicate the matter. Rather then giv-
ingg in to this seemingly impossible bargain, I wil l analyse 
thee problem below and assemble a suggestion for a solu-
tionn from existing nuts and bolts of fish stock manage-
ment. . 

Statuss of the stock 

Thee overall status of the eel stock is hardly known 
(Moriartyy and Dekker 1997). Neither the absolute size, nor 
thee overall impact of exploitation and other anthro-
pogenicc factors have been assessed with any accuracy 
(Dekkerr 2000b). Local monitoring series have been run 
becausee of local application, but posterior meta-analyses 
havee shown common downward trends in large parts of 
thee distribution area, in recruitment (Dekker 2000a) and 
fishingg yield (Dekker 2003d). 

Recruitmentt from the ocean 

Inn southwestern parts of the distribution area, commercial 
fisheriess are found in estuaries and river mouths, target-
ingg glasseel freshly recruiting from the sea (Moriarty and 
Dekkerr 1997; Dekker 2003a,d). For a number of river sys-
tems,, landing statistics of the fisheries have been record-
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Figuree 2 Landings from the European eel stock during the 20th century. Statistics on eel landings have been recorded by 
aa total of 37 countries. Some of these data series run for more than a century, while others show a few recent records 
only;; administrative regions have changed over the years and resulted sometimes in double counting; (indoor) aquacul-
turee production is ultimately derived from the natural stock, and is sometimes erroneously included in (outdoor) fish-
ingg yield. Consequently, the raw FAO statistics (FAO 2000) falsely suggests a non-decreasing trend, while reconstruc-
tionn of the total landings indicates a continuous decline since the mid 1960s (Dekker 2003d). 

ed,, for periods up to several decades. Although variation 
inn fishing effort might have occurred, the trend in land-
ingss wil l also reflect those of the incoming recruitment. 
Northh of 50°N, glasseel fisheries are carried out on a non-
commerciall  basis (major exception on the British West 
coast,, commercial fishery in the Bristol Channel, at 
51°36N)) for re-stocking inland waters, while north of 
55°N,, glasseel have transformed into yellow eel before 
enteringg fresh waters, and are trapped on their way into a 
riverr for re-stocking. Statistics have been recorded for a 
periodd of decades up to a century. Finally, scientific 
glasseell  monitoring has been operated in the Netherlands 
sincee 1938. 

Eachh of these data series has been recorded 
becausee of its relevance for local management. In the 
midd 1980s it was realised that several of the data 
seriess showed a common, downward evolut ion 
(Figuree 1; EIFAC 1985; Moriarty 1986) and subse-
quentt analysis of data series from all over Europe 
(Dekkerr 2000a) indicated high correlations between 
alll  stat ions, with minor exceptions in the Baltic 
(wheree the decline might have started earlier) and the 
Britishh Isles (where the decline was less severe). 
Apparent ly,, local moni tor ing p rogrammes were 
trackingg a global development throughout the distri-
butionn area. 

Yieldd from continental waters 

Fisheriess for yellow and/or silver eel are found through-
outt the distribution area of the species (Dekker 2003a,c). 
Statisticss on total landings are notoriously incomplete. 
ICESS (1988) and Moriarty (1997) have shown that official 
statisticss often comprise only about half the true catches. 
However,, reported data series display a common trend in 
mostt of the 20th century (Figure 2; Dekker 2003d), show-
ingg a peak in the 1960s, corresponding to a total yield of 
47,0000 t, to decline slowly to a historic low of less than 
15,0000 t in 2000. 

Thiss trend in yield parallels a seeming trend in the 
stock,, detected in various sources of circumstantial 
(Moriartyy and Dekker 1997) and direct (Dekker 2003b) 
evidence.. Thus, the trend in yield is apparently due to a 
changee in stock abundance, rather than to variation in 
fishingg pressure. For Lake IJsselmeer (the Netherlands), 
researchh surveys have directly evidenced a declining 
trendd in the stock since 1960 (Dekker 2003b). 

Causess of the decline 

Thee decline in recruitment was first noticed in 1985 
(EIFACC 1985). The prolonged decline in yield has been 
mentionedd as early as 1975 (ICES 1976), but has received 

117 7 



ChapterChapter 10 

rr \ 
Management t 

objectives s 

Biologicall  concepts 

J J 

r r 

L L 

Referencee points 

Technicall  model 

J J 

Implementationn of 
maa nag. measures 

A A 

Reference e 
variablee & value 

Compliance e 
monitoring g 

Monitoringg of stock 
&&  fisheries 

Management t 
evaluation n 

Assessmentt and 
evaluation n 

Figuree 3 A framework of conceptual and technical steps in the implementation of a management scheme for fisheries 
(afterr Caddy and Mahon, 1995; strongly modified). Arrows indicate the flow of concepts, information and data. 

considerablee less attention than that in recruitment. 
Severall  hypotheses for the decline in recruitment have 
beenn suggested (Castonguay et al. 1994a; Moriarty and 
Dekkerr 1997; ICES 2002a), but without proper evidence, 
noo definite causes can be identified, and a parallel effect of 
severall  of the proposed causative factors is most plausible 
(Dekkerr 2003c). 

Thee suggested hypotheses categorise into two distinct 
groups.. On one side, one has suggested some process in 
thee ocean might have reduced larval survival and/or 
growthh (Castonguay et al. 1994b; Desaunay and Guerault 
1997;; Dekker 1998), which process might possibly be relat-
edd to the North Atlantic Oscillation (ICES 2001a; Knights 
2003).. This process is unlikely to be anthropogenic, and 
wil ll  not be related to the size of the spawning stock. 
Recoveryy of the original climate conditions is expected to 
leadd to restoration of the abundant recruitment almost 
immediately.. The observed spatial correlation in the 
declinee in recruitment, as well as the assumed impact on 
thee (nearly) panmictic oceanic life stages indicate, that 
oceanicc processes operate on the stock as a whole. 

Onn the other side, a range of continental factors has 
beenn suggested, including pollution, habitat loss due to 
barragess and dams, overexploitation of either glasseel or 
yelloww and silver eel, and man-made transfers of parasites 
andd diseases (Castonguay et al. 1994a; Moriarty and 
Dekkerr 1997; ICES 2002a; Robinet and Feunteun 2002). All 
off  these factors are anthropogenic, operate primarily in 
thee continental life stages and affect the abundance of 
recruitmentt only through their effect on the size or quali-
tyy of the spawning stock. When a fatal reduction in the 
sizee or quality of the spawning stock occurs, an abrupt 
dropp in recruitment is expected. This wil l be hard to 
reverse,, since lower recruitment in turn wil l reduce the 
spawningg stock. Each of the processes impacts a local sub-
stockk on the continent, but it is their combined effect on 
thee shared spawning stock that wil l have caused the 
recruitmentt decline, ultimately. 

Althoughh tentative analyses indicate, that the latter 
groupp of hypotheses (continental factors) fits available 
dataa better (Dekker 2003d,e), no evident and ultimately 

convincingg proof exists. A stock restoration plan must be 
developedd in the absence of fully adequate scientific infor-
mationn (FAO 1995). However, excessive anthropogenic 
impactss on the stock must be curtailed irrespective of the 
ultimatee cause of the decline. Whether these impacts have 
summedd up to cause the global decline of the stock or not, 
hardlyy affects the need to take conservation measures. 

AA framework for  the management process 

Inn the past decades, a precautionary approach to exploita-
tionn of fisheries resources has been developed (United 
Nationss 1983; FAO 1995). This framework is routinely 
appliedd for scientific advice on fisheries (ICES 1997b), 
includingg advice on the European eel stock (ICES 1999, 
2002b).. Caddy and Mahon (1995), in their discussion of 
quantitativee reference points, outline the conceptual steps 
inn the development of quantified reference points for fish-
eriess management. The current discussion wil l extend 
theirr ideas, distinguishing between the management 
processs proper (Figure 3, top row) and the development 
off  scientific advice (bottom row) and elaborating on the 
speciall  case of eel fisheries in Europe. 

Recentt scientific advice and the current discussion 
weree triggered by the decline in recruitment observed 
sincee 1980. In the preceding decades, management 
focusedd on the development of stock and fisheries, as wit-
nessedd by the execution of large-scale re-stocking pro-
grammess (Dekker 2003c), but this has been replaced 
recentlyy by a focus on stock protection. The coincidence of 
thee decline in recruitment during the 1980s and 1990s with 
thee upsurge in discussions on stock protection implies, 
thatt the current collapse of the stock goes beyond limits 
acceptablee for management. If possible, the stock should 
bee sustained at levels above those currently pertaining. 

Thee biology of the eel has been described as incom-
pletelyy and poorly known, providing only a weak basis 
forr management and restoration (ICES 1976, 1999; 
Moriartyy and Dekker 1997; Tesch 1999). In its general 
form,, this claim embraces two aspects: qualitatively 
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speaking,, processes operating on the stock might be 
unidentified;; on the quantitative side, parameters of the 
processess and the state of the stock might be inadequate-
lyy known. In the 1970s and early 1980s, attention was 
focusedd on quantification, on the compilation of an inter-
nationall  database on stocks and fisheries, but in the 1990s, 
focuss shifted to possible causes of the observed recruit-
mentt decline. All suggested hypotheses fit in the general 
frameworkk of fish population dynamics, that is: if more 
dataa had been available, a straightforward selection and 
eliminationn procedure could easily have shown which 
processs caused the observed decline. But neither the data, 
norr a shared analysis exists. Twenty years after the onset 
off  the recruitment decline, the scientific community work-
ingg on eel still lacks a comprehensive technical model for 
thee dynamics of the population. Analysis of the (potential) 
processess causing the current stock decline is still in a pri-
mordiall  phase, tracing true and spurious correlations. 
Thus,, the derivation of preliminary reference variables 
andd values for stock management (ICES 2001b) hinges on 
thee assumed parallel to quite unrelated fish species and 
doess not relate to existing management practices. 

Managementt and monitoring of eel stocks have a long 
tradition,, related to regulation of local exploitation, but 
theree is a marked regional variation in approaches, reflect-
ingg the widely differing traditions in eel fishing and con-
sumption.. Local monitoring activities have been shown to 
providee reliable information on the overall status of 
glasseell  recruitment (Dekker 2000a, 2002), but assessment 
off  fisheries and escapement has not been tried. 
Managementt measures have been listed (Moriarty and 
Dekkerr 1997; ICES 2001a, b), but have not been related 
quantitativelyy to objectives or stock status. Clearly, there 
iss an intention to protect and restore the declining stock, 
theree is a list of tools available, but the connection 
betweenn implementation of management measures and 
fullyy detailed scientific advice is still lacking completely. 

Temporall  and spatial scales of stock 
dynamics s 

Management,, monitoring and fundamental research of 
eell  stock and fisheries have been carried out at the nation-
alal level, almost without co-ordination between the indi-
viduall  countries. The spatial distribution of the stock 
exhibitss fractal characteristics, showing large-scale as well 
ass small-scale variation (Dekker 2000b); the temporal 
structuree shows comparable fractal patterns. In setting up 
aa management system for the stock and fisheries, these 
patternss should be considered and an appropriate spatial 
andd temporal scale for management actions must be 
selected.. In this section, the major processes in the dynam-

icss of the stock wil l be characterised in time and space 
(Figuree 4), setting the scene for a corresponding manage-
mentt scheme, developed later. 

Thee European eel is distributed in almost all continen-
tall  waters of Europe, along the coast of northern Africa 
andd the Mediterranean parts of Asia. That is probably the 
mostt widely distributed exploited single fish stock, but 
individualss in inland waters are confined to single rivers 
orr lakes, of less than 10 km2 on average (Dekker 2000a). In 
comparisonn to many other exploited fish species, the eel 
showss an extreme longevity, related to the slow growth 
andd late maturation. Age at maturation for female eel 
rangess from 5 in the Mediterranean to 15 years in the 
Balticc (Vollestad 1992). In contrast to this small-scale and 
long-durationn character of the continental half of the life 
cycle,, the oceanic life phases cross thousands of kilome-
tress (Van Ginneken and Van den Thillart 2000), in a most 
likelyy time frame of approximately two years (McCleave 
ett al. 1998). In this life phase, individuals from different 
continentall  origin contribute to a common spawning 
stockk (Avise 2003). The ocean phase thus characterises as 
aa short-duration and large-scale phenomenon. 

Anthropogenicc impacts on the stock, including fish-
eries,, range from instantaneous (e.g. pollution incidents, 
glasss and silver eel fisheries) to long-term effects (e.g. 
graduall  land reclamation, yellow eel fisheries). However, 
mostt of the anthropogenic impacts affect only a minor 
partt of the population directly. Spatially significant effects 
onlyy occur where local impacts are driven by a common 
force,, such as the worldwide demand for glasseel, or the 

1000 -i 
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10 0 1000 0 10000 0 100 0 

Spacee (km) 
Figuree 4 Temporal and spatial scale of observed trends, 
majorr processes and anthropogenic impacts on the stock. 
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Figuree 5 A revised framework for management of eel fisheries, taking into account the spatial differentiation of the eel 
stockk and fisheries. For the sake of readability, items with a limited number of instances are shown in triplicate, while 
thee thousands of waters in which management measures must be implemented is shown as just five. 

continent-widee industrialisation. Incidents such as pollu-
tionn spills seldom cover more than an isolated area, and 
aree hardly of influence on the stock. Significant anthro-
pogenicc impacts operate on small spatial, but prolonged 
temporall  scale. Stock-wide effects only occur because of 
externall  synchronisation between impacts on isolated and 
smalll  waters. 

Thee glasseel decline has been described as a prolonged 
stock-widee recruitment failure (Dekker 2000a). But as 
earlyy as in 1985 (EIFAC 1985), it was realised that the 
recruitmentt of the European eel was in decline in the 
majorr part of the distribution area, that is: within five 
years,, a widespread regime shift was noted. The gradual 
declinee in fishing yield, in contrast, began in the mid 1960s 
andd has continued almost consistently, that is: it has an 
inherentlyy prolonged temporal scale. Like the recruitment 
failure,, it occurred throughout the distribution area. 

Theree is a sharp contrast in temporal and spatial scale 
betweenn the oceanic (wide-spread, short time frame) and 
continentall  lif e stages (localised, long-lived); anthro-
pogenicc impacts predominantly fit the patterns of the con-
tinentall  phase, but the widespread and gradual decline in 
fishingg yields suggests a causatory process of a different 
temporall  and spatial scale: wide-spread and gradually 
developing. . 

Crackingg the management problem 

Thee contrast in spatial and temporal scale in major 
processess and anthropogenic impacts, sketched above, 
posess serious problems for management of the stock. 
Long-termm global objectives must be achieved by small-
scalee and immediate actions in rural areas all over the con-
tinent.. Neither central managers without direct influence 
onn rural fisheries all over Europe, nor national or regional 
managerss bereft of opportunities to influence the overall 
stock,, wil l be able to solve the problem, unless a dedicat-
edd framework is developed. In this section, I wil l propose 

elementss of a management scheme (Figure 5) that might 
achievee this goal. 

Objectivee and target 

Implicitt in the development of a precautionary approach 
iss the assumption that there is a relationship between 
spawningg stock and recruitment. The precautionary 
approachh dictates that, unless proven otherwise, such a 
relationshipp between stock and recruitment should also 
bee assumed to exist for the eel and available evidence 
seemss to corroborate the relation (Dekker 2003d). Current 
scientificc knowledge is inadequate to derive spawning 
stockk size targets specific for eel. Under data poor condi-
tions,, exploitation securing 30% of the virgin spawning 
stockk biomass is generally considered a reasonable provi-
sionall  reference target. This rule is conventionally labelled 
ass %SPR, for Percentage Spawner Production per Recruit, 
whichh presupposes spawner production is proportional to 
recruitment.. In southwestern Europe, with overabundant 
recruitmentt (Dekker 2003a), silver eel production is more 
likelyy to be proportional to (accessible) habitat, disabling 
thee per recruit basis. However, the notion of a targeted 
spawningg stock size relative to pristine conditions stands 
ass it is. Considering the many uncertainties in eel manage-
mentt and biology and the uniqueness of the eel stock (one 
singlee stock, spawning only once in their lifetime), a pre-
cautionaryy reference point for eel must be stricter than the 
universall  reasonable target of 30%. A value of 50% has 
beenn suggested (ICES 2001b). 

Referencee points and proxies 

Forr the eel, the concept of protection of the spawning 
stockk is hypothetical: spawning has never been observed 
inn the wild. The escapement of spawners from the conti-
nentall  stock, however, is thought to be a good indicator of 
thee supposed spawning stock size, for which management 
targetss can be derived (ICES 2001a). The number of case 
studiess actually measuring silver eel escapement is 
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extremelyy limited (Ask and Erichsen 1976; Westin 1990; 
Serss et al. 1993; Pedersen and Dieperink 2000) and not like-
lyy to be extended considerably because of the research 
effortt required. Cascading one step further, an assessment 
off  the continental stock producing silver eels on the conti-
nentt (Dekker 2000c) suffers from the same high research 
requirements. . 

Lesss demanding approaches, focusing on the yellow 
eell  stock, such as the average size in the catch (Francis and 
Jellymann 1999), though not adequate for year-to-year 
management,, might be suitable for long-term purposes 
(Figuree 6). In my view, there is considerable scope for 
developmentt of more low-demanding approximations to 
escapementt targets. Management schemes for local situa-
tionss can be built upon easy-to-grasp local targets, if these 
proxyy targets correspond to their ultimate counterparts 
theoretically,, and monitoring corroborates the net effect. 
Forr the glasseel fisheries, the concepts of stock abundance, 
habitatt availability and carrying capacity still need to be 
workedd out (ICES 2002a), but for this case too, a simplifi-
cationn in proxies wil l be required for implementation in 
anyy practical management situation. 
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Effortt in yellow eel fisheries, relative to current situation 

Figuree 6 Mean length in yellow eel fishery in Lake 
IJsselmeerr (the Netherlands) provides a proximate indica-
torr for the level of female silver eel production under 
varyingg fishing effort. Dashed reference lines indicate 30 
%SPR,, the corresponding effort and mean length, based 
onn current gear selectivity and the minimum legal size of 
288 cm. (Unpublished results from Dekker 2000c). 

Subsidiarityy and orchestration 

Managementt of local fisheries interacts with the common 
(oceanic)) stock only through the immigration of glasseel 
andd the escapement of silver eel. Intervention of interna-
tionall  management in local fisheries need only concern 
thee inputs (glasseel) and outputs (silver eel) of national 
systems.. Global evaluation of local management consid-
erss the (relative) impact of local actions on spawner 
escapementt and need not concern local means and local 
consequences.. In particular, there is no basis for a conti-
nent-widee ban on either glasseel fisheries or silver eel fish-
eries,, as proposed by opposing stakeholders. 

Takingg the subsidiarity one step further, the responsi-
bilit yy for management of national fisheries might be 
sharedd by governments and fisheries organisations, open-
ingg up the whole suite of co-management opportunities 
andd tools (e.g. Pinkerton 1994). In particular, this might 
avoidd the need to monitor and manage a multitude of 
waterr bodies, if monitoring samples only a small but rep-
resentativee number of the multitude of waters (random or 
stratified,, but not fixed), and results are used to manage 
thee fishery in the whole population of waters. 

Whilee the implementation (and monitoring) can only 
bee executed at the lowest management level, objectives, 
referencee points and evaluation necessarily refer to the 
wholee population, at international level. Local managers 
hardlyy have any opportunity to influence the overall sta-
tuss of the stock, and have no natural incentive for imple-
mentingg sustainable management. International man-
agers,, in contrast, cannot reasonably influence the stock 
directly,, but do have an option to enforce a common 
objectivee through lower management levels, and to eval-
uatee the global effect on the basis of local and widespread 
monitoring.. Subsidiarity and orchestration of lower man-
agementt levels constitute the global managers' tools to 
achievee the overall objectives. 

Adaptivee management 

Att the national or regional level, global objectives and tar-
getss must be translated into actual management meas-
ures,, that is: required escapement levels, mortality rates or 
stockk abundances must be matched to a corresponding 
fishingg effort, fishing season, mesh size, closed area etc. 
Thee quantitative effect of specific measures is generally 
unknown,, and local experiments do not extrapolate well 
too other water bodies, because of differences in size, mor-
phology,, physical and chemical characteristics, exploita-
tionn patterns and ecosystem characteristics between near-
byy waters. Assuming the net effect of a specific set of 
measuress on the stock and fishery is adequately moni-
tored,, an adaptive management scheme might realise the 
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appropriatee rigour of the measures. That is: monitoring 
resultss can be used to tune management measures, estab-
lishingg a short-term negative feedback in the management 
systemm (Figure 10, leftward pointing arrow). 

Inn its initial definition (Walters and Hilborn 1976), 
adaptivee management was introduced as an active exper-
imentingg with alternative (extreme) management 
regimes,, to gain insight into the biological processes. For 
managementt of eel stocks in scattered waters all over 
Europe,, only a self-regulating feedback in establishing 
locall  management measures is required. Since the overall 
dynamicss of the stock wil l hardly respond to local actions, 
locall  experimenting wil l not gain any insight in the global 
processes.. Local adaptive management requires, apart 
fromm correct implementation and monitoring, that meas-
uress are strengthened or weakened at short order when 
monitoringg indicates so, in moderate steps. Big steps 
mightt overshoot the target, creating oscillations or jitter, 
butt too small steps or delayed implementation jeopardis-
ess a convincing effect. Applying a somewhat stricter rule 
forr weakening of restrictive measures than for strengthen-
ingg creates a reference zone rather than a reference point, 
ensuringg greater stability in the feedback system, and 
allowingg for somewhat more severe initial measures. 

Tit-for-ta t t 

AA major advantage of a continuous feedback system is its 
abilityy to correct for external perturbations. Adverse con-
ditionss (e.g. immigration of cormorants) or favourable 
improvementss (e.g. habitat restoration) automatically 
translatee into an optimal management regime for the pre-
vailingg conditions eventually, avoiding the need to assess 
locall  conditions for each and every water body. If, in a co-
managementt set-up, the adaptive management considers 
onlyy one easy to implement and easy to control measure 
(e.g.. season closure), while all other potential measures 
(e.g.. fishing effort, closed areas, etc.) are left to the fishery 
ass voluntary options to improve their business, a concep-
tuallyy very simple management model results. For the 
adaptivee management scheme, all the voluntary options 
constitutee external perturbations, to which the feedback 
wil ll  respond appropriately. For example, an overexploit-
edd state might gradually shorten the open season, while a 
subsequentt (voluntary) reduction in fishing effort results 
inn a longer season, only after the fish stock has restored to 
aa sustainable level. This arrangement between govern-
mentt and fisheries conforms to the set-up known as tit-
for-tatt in game theory (Axelrod and Hamilton 1981), in 
whichh voluntary co-operation has been shown to be an 
optimall  and stable strategy for both players. 
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Targetss and tools 

Thee exploitation of the eel encompasses three well-sepa-
ratedd metiers: fishery for glasseel, for yellow eel and for 
silverr eel, operated predominantly at high, medium and 
loww stock densities (Dekker 2003a). Additionally, loss of 
habitatt and installation of hydropower generation plants 
constitutee common phenomena. Rather than developing 
andd establishing a separate management scheme for each 
riverr system in all countries (ICES 1997a), a small set of 
referencee situations might be considered, tackling the 
majorr processes and concepts in the typical settings. In my 
opinion,, half a dozen model systems wil l suffice to 
analysee management approaches for almost all eel fish-
eriess in Europe, while the use of such a small set of com-
monn methodologies will greatly enhance the opportuni-
tiess for monitoring, assessment and evaluation at the glob-
all  level. 

Habitatt  loss 

Habitatt loss might have contributed to the decline of the 
stockk significantly, but its restoration is probably not the 
mostt urgent issue in major parts of the distribution area. 
Thee gradual decline in habitat has impacted the continen-
tall  population, resulting in steadily decreasing spawner 
escapement.. In the 1980s, recruitment suddenly failed. 
Althoughh loss of (accessible) habitat might ultimately 
havee caused this collapse (through a stock-recruitment 
relation),, cause and effect are definitely not in proportion: 
thee declining spawning stock has switched recruitment to 
aa much lower state. Recruitment has declined to 1-10% of 
formerr levels, which requires only 1-10% of the former 
habitat,, until the stock-recruitment-relation switches back 
too its abundant state. Re-stocking and (local) trap and 
transportt programmes have been shown to contribute to 
fishingg yield. Where increased recruitment benefits pro-
duction,, available habitat cannot be the limiting factor. 

InIn contrast to the rest of Europe, southwestern France 
andd the Iberian Peninsula receive abundant recruitment 
(Dekkerr 2000b, 2003a), and here, the amount of (accessi-
ble)) habitat is of paramount significance. Since the highest 
losss of habitat (Moriarty and Dekker 1997) has occurred 
exactlyy in the areas of highest recruitment (Dekker 2003a), 
locall  restoration projects in the Bay of Biscay and the 
Iberiann Peninsula might have significance for the global 
stock.. However, unlike management of fisheries, in which 
long-termm gains are balanced to short-term profits for a 
singlee stakeholder, setting targets for habitat restoration 
requiress Solomonian judgements between stakeholders, 
betweenn fish conservation and, for instance, agricultural 
irrigation.. In this case, reference points cannot be derived 
rationally,, and agreed targets express the political willing-
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nesss to invest in sustainable management. A pragmatic 
rankingg of management options on the basis of their fea-
sibility,, as ICES (2002a) proposed (i.e. full use of existing 
habitat;; restore habitat where easily done; full use of exist-
ingg recruitment; restore historical habitat; restore pristine 
conditions),, supports the Solomonian decision process, 
butt does in no way relate to sustainable management tar-
getss or stock status. 

Glasseell  fisheries 

Forr glasseel fisheries, it is generally assumed that fishery 
exploitss surplus recruitment that would have experienced 
intensee density dependent mortality if not harvested 
(Moriartyy and Dekker 1997; ICES 2000). Although not yet 
explicitlyy evidenced, this implies a limited carrying capac-
ityy of inland habitats. Management targets relate to the 
abundancee of the yellow eel stock, rather than the mortal-
ityy rates exerted by the fishery on the immigrating 
glasseel.. The 30 or 50 %SPR-rule allows for some reduc-
tionn of the stock below carrying capacity, but doing so wil l 
yieldd only slightly more. Restricting glasseel exploitation 
progressivelyy until no further rise in the abundance of the 
yelloww eel stock in the hinterland occurs determines a 
realisticc target for an adaptive management scheme. 
Managementt of glasseel fisheries thus requires monitor-
ingg of the yellow eel stock. None of the conventional fish-
eriess regulation tools (effort restrictions, closed areas or 
seasons,, gear controls) establishes a constant compliance 
underr time-varying glasseel abundance. Following a sub-
stantiall  decline in catches, a considerably lower fishing 
effortt in the glasseel fishery wil l be required to keep the 
yelloww eel abundance at target level. 

Yelloww eel fisheries 

Yelloww eel fishery in inland waters yields between 1.6 and 
800 (max. 400) kg^yr'^ha"1 of water surface (Dekker 
2003a).. Since re-stocking generally has a positive effect on 
yieldd (Wickström 2001), the wide range in stock density 
andd yield is predominantly related to variation in stock 
abundance,, and not to carrying capacity and production 
potential.. Management targets related to potential pro-
ductionn (in terms of biomass states) differ considerably 
fromm those related to actual abundance (in terms of mor-
talityy rates). Because of the very unequal distribution of 
recruitmentt amongst countries (Dekker 2003a), the choice 
betweenn these two options requires political back-up. 
However,, due to its disproportionate protection of the 
outskirtss of the distribution area and its time-varying 
restrictionss on fisheries under temporal recruitment fluc-
tuation,, I doubt the approach based on (potential) bio-
mass.. Additionally, applying a mortality rate approach 

bringss the major part of eel fisheries management in line 
withh that of most other exploited fish species. Unlike the 
glasseell  fisheries, all conventional fisheries regulation 
measuress apply, including effort restrictions, closed areas 
orr seasons, gear controls including minimal mesh size, 
andd minimal legal sizes. However, setting (proxies for) 
managementt targets in terms of the average fish length 
excludess the use of size restrictions. 

Silverr eel fisheries and hydropower plants 

Duringg the silver eel descent from inland waters to the 
sea,, mortality occurs due to fisheries (directed on silver 
eel)) and hydropower generation plants (unwanted side-
effect).. Control of their impact on the stock is mandatory 
too sustain adequate spawner escapement. In both situa-
tions,, the absolute amount of silver eel affected is relative-
lyy easily determined, but the relative impact on the silver 
eell  run is hard to assess, due to the absence of direct infor-
mationn on the escapees. Estimation of the total number of 
silverr eel running, based on yellow eel production esti-
matess or mark-recapture programmes, is generally not 
accuratee enough to warrant adaptive management. 
Therefore,, anthropogenic silver eel mortality is probably 
bestt treated as a fixed mortality, not involved in adaptive 
feedback.. Management measures (closed areas, closed 
seasonn or periods, effort control; for fisheries as well as for 
hydropowerr generation) will be required to establish an 
acceptablee mortality level and to keep it fixed. 

Temporall  and spatial scales of the man-
agementagement process 

Thee stock and fisheries for the European eel have shown a 
prolongedd and wide-spread decline, for which the devel-
opmentt of a stock-wide restoration plan has been advised, 
requiringg 5-20 years to become effective due to the 
longevityy of the species. In the foregoing discussion, 
stock-widee management objectives have been discussed, 
essentiall  concepts for a management strategy proposed 
andd targets and tools for pertinent implementation in 
small-scalee fisheries have been proposed. The question 
arises,, whether these together constitute a viable manage-
mentt scheme (Figure 7). 

Managementt of eel stocks and fisheries have been car-
riedd out for centuries on a local (national or regional) 
scale,, aiming at various local objectives. Following the 
continent-widee decline in stock and recruitment, most 
fishermenn and managers are painfully aware of the alarm-
ingg state of the stock. Although views on causes and con-
sequencess may vary substantially, the willingness to 
amalgamatee into a population-wide management net-
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Figur ee 7 Temporal and spatial scale of the proposed 
frameworkk for management of the stock and fisheries. 
Implementat ionn of local management of eel stocks, 
togetherr with the global development of reference points 
(andd their proxies) related to global evaluation, constitute 
ann overall framework establishing a sustainable manage-
mentt of the stock and fisheries. Arrows indicate the flow 
off  concepts, information and data. 

workk aiming at restoration of the stock has been expressed 
byy many stakeholders. 

Too implement the proposed framework, further devel-
opmentt is required of proxy targets and of global moni-
toringg and assessment programmes. Following a pro-
longedd period of bottom-up data collection and status and 
trendd assessment (ICES 1988-2004), strengthening the cen-
trall  level and imposing objective-driven, top-down man-
agementt is first priority. The development of (proxy) tar-
getss is a long-term process, requiring strict coordination to 
acquiree spatial consistency, preceding the implementation 
inn local management. As an alternative to provisional 
stringentt emergency measures (closure of fishery), as pro-
posedd by ICES (2002b), one might consider initiating local 
managementt aiming at the final objective, using provi-
sionall  (somewhat over-restrictive) proxy targets, that is: 
initiatee the local short-term management process immedi-
ately,, rather than installing an intermediate regime all 
overr Europe. This would also produce a start for a stock-
widee monitoring and assessment programme, based on 
co-ordinatedd (but not necessarily standardised) local data 
seriess (cf. Dekker 2002). 

Thee objective of sustainable management is a long-
termm widespread aim, which must be accomplished by 
short-termm local actions. The substitution of proximate tar-
getss allows managers to implement a local management 
scheme,, including monitoring and adaptive feedback. 
Becausee of the adaptive feedback, it wil l require several 
yearss before any proxy target is set and met. Additionally, 
thee proxy targets might turn out to be rather poor repre-
sentationss of the ultimate goals, which necessitates inten-
sifiedd monitoring and assessment initially . However, due 
too the longevity and widespread distribution of the eel, 
locall  management can be off-target for a considerable 
period,, as long as many local situations sum up to a glob-
all  pattern meeting the global target at a temporal scale of 
aa lifetime. If systematic bias is avoided, considerable scat-
teringg in management achievements wil l not jeopardise 
thee global management objective. 

Thee decline in yield has lasted for four decades. 
Subsequently,, in the early 1980s, a failure in recruitment 
developedd over a few years, but it was only in 1993 
(EIFACC 1993), that the effect upon stock and fisheries was 
firstt considered, and only in 1998 (ICES 1999), that ade-
quatee management advice was formulated, while no sub-
stantiall  action has been undertaken yet to restore the stock 
(ICESS 2004). In my view (Dekker 2004), the recruitment 
failuree was a secondary consequence of the (spawning) 
stockk decline. In turn, reduced recruitment induces a 
declinee of the stock, and thereby establishes a very much 
unwantedd negative feedback in the dynamics of the stock. 
Restorationn measures wil l have to compensate for the ulti-
matee causes of the decline, and to escape from the nega-
tivee feedback. The longer we wait, the smaller the remain-
ingg stock size, and the lower the odds for reversing the 
downwardd trends. Current yield is about half that of 1980, 
whenn the recruitment failure began. Reckoning the trend 
inn spawning stock developed in parallel, any manage-
mentt measure with an effect less than doubling the silver 
eell  escapement wil l be fully in vain. Establishing an ulti-
matelyy sustainable management scheme might not do 
anymoree for the current depleted situation. Immediate 
andd widespread restoration measures are required. Now! 
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