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

Introduction n 

Background d 

Thee European eel Anguilla anguilla (L.) is found and 
exploitedd in fresh, brackish and coastal waters in almost 
alll  of Europe and along the Mediterranean coasts of Africa 
andd Asia (Moriarty and Dekker 1997). The life cycle has 
stilll  not been completely resolved, but current evidence 
supportss the view that recruiting eel to continental waters 
originatee from a single spawning stock in the Atlantic 
Ocean.. The continental stock supports small-scale fish-
eriess in rural areas all over the continent, and provides 
mainn incomes for over 25,000 people. Additionally, eel 
oftenn dominates the fish fauna in lower rivers and estuar-
ies,, where it represent a considerable component of the 
aquaticc ecosystem, and constitutes a major component in 
thee diet of many other fish and semi-aquatic predators 
suchh as otters, cormorants, herons, etc. 

InIn August 1984, when my research in IJmuiden began, 
II  didn't know much about eel: there was some unbeliev-
ableable story on their reproduction and I had seen annoying-
lyy abundant swarms of glass eel during my nightly light-
fishingg trips along the Dutch coast. The main question in 
myy research portfolio was to elucidate why the yield of 
Lakee IJsselmeer eel fisheries had gradually declined, and 
didd not recover to expectation after the ban on trawling in 
springg 1970. In the first years of my research, a decline in 
recruitmentt occurred, evidenced by the Den Oever glass 
eell  catches, soon declining to 10% of former levels. Since 
thatt time, swarms of glass eel have never cluttered the 
nightlyy coast anymore. 

Inn the early 1990s, it became clear that the low recruit-
mentt was something real, a lasting and widespread phe-
nomenon.. The decline observed in Den Oever occurred in 
almostt the whole population, and the gradual decline of 
thee fishing yield in Lake IJsselmeer was paralleled in 
manyy other local studies. The spatial and temporal scale 
off  the IJsselmeer problem appeared to be rather irrelevant 
forr its dynamics, and my attention shifted to the dynam-
icss of the whole population, at the European level. 
Followingg my research of Lake IJsselmeer fisheries, this 
thesiss now presents the results of my analyses of the 
dynamicss of the European eel population. 

1 1 
Objective e 

Inn the past decades, the eel population has shown a major 
declinee (EIFAC 1985; Moriarty and Dekker 1997; ICES 
1976,1999).. Urgent management measures to protect and 
restoree the stock have been advised, and emergency meas-
uress are required to reduce exploitation and other anthro-
pogenicc mortalities to as close to zero as possible, until a 
restorationn plan is agreed upon and implemented (ICES 
2002a).. This pragmatic management advice is currently 
basedd on the Precautionary Approach (United Nations 
1983;; FAO 1995), that is: all anthropogenic impacts must 
bee curtailed, which might potentially have contributed to 
thee observed decline. Ultimately, cost-effective restoration 
measuress must focus on the main factors actually causing 
thee current decline. Identification, and quantification, of 
thesee factors constitutes a major scientific challenge, given 
thee incomplete knowledge on the biology of the eel, the 
temporall  and spatial scale at which the decline occurred, 
andd the rate at which the eel disappears. 

Thee dynamics of the European eel population are vir-
tuallyy unknown. Within the continental life stages, the 
populationn is fragmented over a multitude of small-scaled 
inlandd water bodies, and assessments of the local stocks 
havee been accomplished in only a fraction of the overall 
distributionn (Moriarty and Dekker 1997; Moriarty 2003). A 
rangee of hypotheses on the causes of the observed decline 
hass been suggested (EIFAC 1993; Castonguay et al. 1994; 
Moriartyy and Dekker 1997; ICES 2002b), the majority of 
whichh is derived from local studies showing that specific 
factorss had a considerable impact. These include: exploita-
tionn of all continental life stages, habitat loss (land recla-
mation,, migration barriers, increased mortality on emi-
gratingg spawners), and increased predation; locally severe 
pollutionn and parasite infection have limited effects with-
inn the continental life stages, but potentially have a 
delayedd effect on the population dynamics in the oceanic 
phase.. Assessment of the impact of a specific factor on the 
overalll  population requires extension of the spatial and 
temporall  scale of the analysis. For the spatial scale, from 
thee local level at which an effect of a specific factor has 
beenn established, to the continental scale at which the 
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declinee became apparent; and for the temporal scale, from 
aa typical study period of a few years to the decades over 
whichh the decline occurred. 

Thee question arises how to analyse the dynamics of a 
spatiallyy disaggregated population. The small ad-hoc 
selectionn of all spatial subunits analysed so far is presum-
ablyy not representative for the total population. Since nei-
therr the size of the overall population and its quantitative 
distribution,, nor the spatial variation within, were known, 
thee objective of the first section of this thesis is to analyse 
thee distribution, size and spatial structure of the popula-
tion. . 

Thee eel is a long-lived animal, with an average age at 
maturationn of 5-15 years for females, and a maximum 
observedd age of 84 years (Vcllestad 1992; Dekker et al. 
1998).. Dominant trends in the population have occurred 
att a decadal time scale, whereas most field studies have 
coveredd periods of a few years only. Although the decline 
inn the eel population was noted nearly three decades ago 
(ICESS 1976), the declining trends have been documented 
primarilyy by circumstantial evidence (Moriarty and 
Dekkerr 1997). Evaluation of the processes contributing to 
thee historical decline requires that the trend is adequately 
quantified.. The objective of the second section of this the-
siss is to provide retrospective analyses of quantitative 
trendss in recruitment, abundance and fishing yield, over 
thee past decades of decline. 

Thee eel stock being in decline, time for in-depth 
researchh is running out: more and more data series 
becomee discontinued, because of the declining economi-
call  interest in eels, and problems in sampling a sparse 
stock.. The hypotheses on the potential causes (EIFAC 
1993;; Castonguay et al. 1994; Moriarty and Dekker 1997; 
Feunteunn 2002) have been underpinned by evidence on 
locall  effects, and by temporal correlations between the 
assumedd effect and the observed decline in glass eel 
recruitment.. Despite major research efforts in the past 
decade,, the aim of a complete analysis of the population 
dynamicss of the eel is still beyond reach. Urgent manage-
mentt advice to protect and restore the population has 
thereforee been based on a precautionary approach: restrict 
alll  anthropogenic impacts on the population wherever 
theyy exceed sustainable limits (ICES 2002a). The question 
arises,, whether the new information on the status of the 
stockk enables a restriction of the range of hypotheses on 
thee causes of the decline. The objective of the last section 
off  this thesis then is to provide a review on the status of 
thee stock, and to discuss existing hypotheses with refer-
encee to current knowledge. 

Outlinee of this thesis 

Ass discussed above, the aim of this thesis is to analyse the 
dynamicss of the population of the European eel, with ref-
erencee to the decline in abundance observed in the past 
decades.. Nearly all research on population dynamics had 
beenn limited to short temporal scales within a spatially 
restrictedd area, while the observed decline now points to 
prolongedd processes operating over almost the entire 
population.. The main challenge therefore is to widen the 
scopee of the analysis, by relaxing the temporal and spatial 
constraints,, in meta-analyses (spatial aspects) and analy-
sess of historical data sets (temporal aspects). 

Thee first section of this thesis (chapters 2,3 and 4) address-
ess the spatial distribution and the continental scale of the 
population. . 

Inn chapter 2 (On the distribution of the European eel and 
itsits fisheries), the spatial distribution of the eel population is 
analysed.. Schmidt (1909) described the outer limits of the 
continentall  distribution area (North Cape to Canary 
Islands),, but left the quantitative distribution within this 
largee area untouched. A meta-analysis of published 
recordss of fishing yields shows that the prime area of glass 
eell  recruitment is the Bay of Biscay, while the highest 
inlandd production is achieved in the Western 
Mediterranean.. The relation between the life stages 
exploitedd by fisheries and the local stock abundance is 
shown. . 

Givenn our lack of knowledge on the overall popula-
tion,, chapter 3 (A Procrustean assessment of the European eel 
stock)stock) provides an assessment of the stock that is adapted 
too cope the scarcity of data. Although this pragmatic 
approachh severely limits reliability, it results in an esti-
matee of the overall population size by life stage, which is 
laterr used as a benchmark for the overall population 
assessmentt in chapterr 11. 

Thee wide distribution area, analysed in chapter 2, by 
noo means consists of a coherent stock and a continuous 
distribution.. Chapter 4 (The fractal geometry of the European 
eeleel stock) analyses the spatial patterns within the continen-
tall  population, ranging from coherent trends in recruit-
mentt over almost the entire continent, to a completely 
fragmentedd distribution in inland waters, with major vari-
ationss between close-by water-bodies. Fisheries in inland 
waterss are as fragmented as the stock. Although the eel is 
probablyy one of the fish stocks in Europe yielding highest 
employment,, typical eel fisheries consist of a few fisher-
men,, operating a rural and traditional enterprise. 
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Thee second section (chapters 5,6 and 7) addresses decadal 
time-trendstime-trends in the population, in recruitment, abundance 
andd fishing yield. Although declining trends have been 
noticedd decades ago, they have hardly been documented 
beforee and an integrated analysis did not exist. 

Chapterr 5 (Long-term trends in the glass eels immigrating 
atat Den Oever, the Netherlands) provides an analysis of four 
decadess of Dutch glass eel monitoring, in order to pick up 
potentiall  signals of changes in the oceanic lif e stages. The 
declinee in abundance appeared to be paralleled by a 
diminishingg average length of the glass eel, while the tim-
ingg of the immigration season only reflects local factors 
(waterr temperature). The trend in length hints at altered 
conditionss in the preceding, oceanic lif e stage. 

Informationn on eel fisheries is often considered scat-
tered,, incomplete and unreliable. Chapter 6 (Did lack of 
spawnersspawners cause the collapse of the European eel, Anguilla 
anguilla?)) provides a statistical analysis of time-trends in 
publishedd data on yield. Although scattered and incom-
plete,, these data indicate a prolonged decline in fishing 
yield,, starting two or more decades before the drop in 
glasss eel recruitment. Was the recruitment failure in the 
1980ss the result, rather than the cause of a declining stock? 

Thatt raises the question, whether yield dropped 
owingg to diminishing exploitation, or is indicative of a 
declinee in population abundance. For Lake IJsselmeer, 
dataa on the commercial exploitation as well as on scien-
tifictific  stock surveys cover more than half a century, and 
usingg a complex statistical analysis in chapter 7 (What 
causedcaused the decline of the Lake I]sselmeer eel stock after 1960?) 
estimatess of stock trends by size class were obtained. The 
declinee in abundance started in the 1960s, and was more 
pronouncedd in the larger size classes. Since this timing 
doess not coincide with any of the suggested causes, a syn-
ergisticc or parallel effect of several factors seems most 
likely. . 

Chapterr 8 (Impact of yellow eel exploitation on spawner 
productionproduction in Lake IJsselmeer, the Netherlands) focuses on a 
specificc process, the impact of fisheries and stands some-
whatt apart from the remainder of this thesis. Based on a 
length-structuredd equivalent to the Virtual Population 
Analysiss model, Lake IJsselmeer appears to be extremely 
over-exploited.. Consequently, the local production of sil-
verr eel contributing to the spawning stock, is negligible. 
Sustainablee management of eel fisheries requires controls 
onn the exploitation of all lif e stages, including escapement 
off  silver eels. 

Thee last section (chapters 9, 10 and 11) synthesises the 
informationn on the status of the population on a large spa-
tialtial and temporal scale, and reviews processes document-
edd in local studies, or hypothesised to occur in the ocean, 

potentiallyy explaining the dynamics of the population in 
thee past decades. 

Inn chapter 9 (Status of the European eel stock and fish-
eries),eries), preceding results are summarised, focusing on the 
spatiall  distribution, the time trends, and the structure of 
exploitation.. Potential causes and consequences of the 
observedd decline are reviewed. It is concluded that imple-
mentationn of a stock recovery plan and extending man-
agementt and research to appropriate temporal and spatial 
scaless wil l be a major challenge. Subsequently, chapter 10 
(AA  conceptual management framework for the restoration of the 
decliningdeclining European eel stock) addresses this challenge on a 
conceptuall  level. Although the eel problem constitutes an 
exceptionall  case in fish stock management owing to the 
eel'ss longevity and widespread but fragmented occur-
rence,, existing nuts and bolts can be selected and linked to 
constitutee an achievable and sustainable management 
regime. . 

Despitee the clear evidence of a decline in recruitment 
(chapterss 4 and 5), in stock abundance (chapter 7) and 
fishingg yield (chapter 6), the question remains what 
processs caused these trends. Chapter 11 (Synthesis and dis-
cussion:cussion: Population dynamics of the European eel) addresses 
thiss question at the population level. Suggested hypothe-
sess are reviewed, and contrasted with available evidence 
(primarilyy time trends by lif e stage), in order to narrow 
thee range of defendable hypotheses on the causes of the 
decline.. The widely adhered view that a change in ocean 
climatee caused recruitment to decline does not match 
mostt recent data, and does not explain the preceding 
declinee in abundance and yield. In contrast, if mortality 
increasedd during the continental stages, a decreasing 
abundancee and a lower yield would be expected, ulti-
matelyy resulting in a low spawning stock biomass, 
restrictingg subsequent recruitment. 

Finally,, chapter 12 (De populatie-dynamica van de 
EuropeseEuropese aal [in Dutch]) provides a comprehensive and 
richlyy illustrated overview of all information presented in 
thiss thesis, for the non-scientific reader. The illustrations 
presentedd might assist others not familiar with eel in 
appreciatingg the details. Additionally, the context of the 
Dutchh eel fisheries is presented, comparing the eel to 
otherr exploited fish stocks in the Netherlands, and dis-
cussingg the political setting within which the fisheries on 
Lakee IJsselmeer developed. 

Myy research on eel started 20 years ago. I have taken up 
thee challenge to reconsider the analysis of population 
dynamicss of the eel at a spatial and temporal scale match-
ingg the natural scale of the population. In the mean time, 
thee decline in the stock has been noted (EIFAC 1985), a 
warningg has been stated that the stock was in a bad state 
(EIFACC 1993), and an official management advice was 
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issuedd to compile a stock recovery plan (ICES 1999). 
Meanwhile,, the stock continued its decline, and current 
monitoringg efforts become less effective, more and more 
oftenn catching no eels at all. The International Eel 
Symposiumm 2003 in Quebec therefore raised an urgent 
alarmm that opportunities to protect the eel wil l fade along 
withh the stock. The epilogue to this thesis (Worldwide 
declinedecline of eel resources necessitates immediate action) repro-
ducess and repeats this insistent alarm. 

Literature e 

Castonguayy M., Hodson P.V., Couillard CM., Eckersley 
M.J.,, Dutil J.D. and Verreault G. 1994. Why is recruit-
mentt of the American eel, Anguilla rostrata, declining 
inn the St. Lawrence River and Gulf? Canadian Journal 
off  Fisheries and Aquatic Sciences 51: 479-488. 

Dekker,, W., van Os B. and van Willigen J.A. 1998. 
Minimall  and maximal size of eel. Bulletin Frangais de 
lala Pêche et de Pisciculture, Conseil Supérieur de la 
Pêche,, Paris (France) 349:195-197. 

EIFACC 1985. Report of the 1985 meeting of the working 
partyy on eel and of the workshop on eel aquaculture, 
Perpignan,, France, 17-21 September 1985. European 
Inlandd Fisheries Advisory Commission of the Food 
andd Agriculture Organization of the United Nations, 
Romee (Italy), EIFAC/XIV/86/3, 23pp. 

EIFACC 1993. Report of the 8th session of the Working 
Partyy on eel. Olsztyn, Poland, 1993. EIFAC occasional 
paperr 27, Food and Agriculture Organization of the 
Unitedd Nations, Rome (Italy), 21 pp. 

FAOO 1995. Precautionary Approach to Fisheries. FAO 
Fisheriess Technical Paper N° 350 part 1. FAO, Rome, 
Italy.. 52 pp. 

Feunteunn E. 2002. Management and restoration of 
Europeann eel population {Anguilla anguilla): an impos-

siblee bargain. Ecological Engineering 18: 575-591. 
ICESS 1976. International Council for the Exploration of the 

Sea.. First report of the working group on stocks of the 
Europeann eel. ICES CM. 1976/M: 2. 

ICESS 1999. International Council for the Explorationn of the 
Sea.. ICES cooperative research report N° 229, Report 
off  the ICES Advisory Committee on Fisheries 
Management,, 1998: 393^05. 

ICESS 2000. International Council for the Exploration of the 
Sea.. Report of the ICES/ EIFAC Working Group on 
Eels.. ICES CM. 2000/ ACFM: 6. 

ICESS 2002a. International Council for the Exploration of 
thee Sea. ICES cooperative research report N° 255, 
Reportt of the ICES Advisory Committee on Fishery 
Management,, 2002: 940-948. 

ICESS 2002b. International Council for the Exploration of 
thee Sea. Report of the ICES/EIFAC Working Group on 
Eels.. ICES CM. 2002/ACFM: 3. 

Moriartyy C 2003. The yellow eel. In Aida K., Tsukamoto 
K.. and Yamauchi K. (eds.), Eel Biology. Springer-
Verlag,, Tokyo, pp. 89-105. 

Moriartyy C and Dekker W. (eds.) 1997. Management of 
thee European Eel. Fisheries Bulletin (Dublin) 15: 110 
pp. . 

Schmidtt J. 1909. On the distribution of the freshwater eels 
{Anguilla){Anguilla) throughout the world. I. Atlantic Ocean and 
adjacentt region. Meddelelser fra Kommissionen for 
Havundersogelser.. Serie Fiskeri. 3:1^45. 

Unitedd Nations 1983. The Law of the Sea. Official text of 
thee United Nations Convention on the Law of the Sea 
withh Annexes and Tables. United Nations, New York, 
2244 pp. 

Vollestadd L.A. 1992. Geographic variation in age and 
lengthh at metamorphosis of maturing European eel: 
environmentall  effects and phenotypic plasticity. 
Journall  of Animal Ecology 61: 41-48. 

12 2 


