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

Statuss of the European eel stock and 

fisheries s 

In:In:  Aida K., Tsukatnoto K. and Yamauchi K. (eds.), Eel Biology. Springer-Verlag, Tokyo, pp. 237-254 (2003) 

Thee European eel (Anguilla anguilla (L.)) is the archetypi-
call  eel species, and was the monotypic species for the 
genuss (genus described based on a single species). Much 
off  the scientific knowledge about eels has been acquired 
firstt for the European eel, starting with Aristotle executing 
thee earliest scientific experiment on fish. Aristotle 
describess that an isolated pool was scraped out, to find 
neww eels, after the rain had replenished the pool. In his 
view,, this proved spontaneous generation of eels from the 
mud.. The reproductive biology of eels has later been re-
solved,, first for the European eel (Schmidt 1922) and in 
manyy aspects of research on eels, the views initiated by 
Johanness Schmidt has grown to almost mythical propor-
tions.. Clearly, the European eel is in a prominent position 
inn the eel world. 

Thee European eel is found in an area spanning the 
wholee of Europe, northern Africa and Mediterranean 
Asia.. Typical eel fisheries are operated by a few fisher-
men,, in waterbodies of typically ca. 8 km2 (Dekker 
2000a).. Management so far is run on a local or regional 
scalee only. In contrast to this fragmented distribution and 
management,, the stock has shown a steep decline during 
thee past decades in almost all of its distribution area. 
Additionally,, the market for eels has recently become a 
worldd market: freshly caught eels as well as processed 
end-productss are now transported all over the world. 
Consequently,, the status of this resource is no longer the 

statuss of some small European fishery, but it is now of 
globall  significance. In comparison to other eel species, the 
fisheriess for the European eel are much more abundant 
(Tablee 1). The European outdoor production is half the 
worldd outdoor production of all eel species. In contrast, 
thee world aquaculture production is completely dominat-
edd by the East Asian eel production. The American and 
Australian/Neww Zealand fisheries and aquaculture are 
muchh smaller. Noting that the distribution area of the 
Japanesee eel is much more confined than that of the 
Europeann eel, it is likely that the European eel constitutes 
thee largest wild eel stock of the world. 

Inn this article, the status of and trends in the European 
eell  stock and fisheries wil l be discussed. The geographical 
distribution,, the type of fisheries, the yield and its appli-
cationn will be described and time trends shown. Stock and 
fisheriess are in severe decline. Causes of these declines 
wil ll  be reviewed and consequences for management of 
thee stock and fisheries discussed. Finally, the position of 
scientificc research with respect to this decline wil l be dis-
cussed. . 

Inn this article, I will use the word eel (without qualifi-
cation)) to indicate the European eel, i.e. A. anguilla (L.). 
Wheree confusion might arise, I will use European eel, but 
thee latter is not meant to restrict the discussion to Europe. 
Inn my view, the wording European eel is a misconception. 

Tablee 1 The world-wide production (tonnes per year) of anguillid eels in fisheries and aquaculture, averaged over the 
1990s.. Data from FAO databases. 

area a species s fishingg yield aquaculturee production 

Europee & North Africa 

America a 

Asia,, east 

Asia,, southeast 

Asia,, south 

Africa,, east 

Australiaa & New Zealand 

total total 

A.A. anguilla 

A.A. rostrata 

A.japonica A.japonica 

mixed d 

mixed d 

mixed d 

A.A. dieffenbachii & A. australis 

15,262 2 

1480 0 

1300 0 

8385 5 
7 7 

7 7 

2,241 1 

>28,668 8 

18,101 1 

100 0 

187,875 5 

1579 9 
7 7 

7 7 

100 0 
>207,755 5 
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Figuree 1 The spatial distribution in Europe of: a) Glass eel fisheries, b) Glass eel re-stocking, c) Yellow/silver eel 
fisheriess and d) Aquaculture. The production of European eel in Asian aquaculture is shown in the top-right 
cornerr of panel d, in a square of equal surface area to Japan. Data from Moriarty (1997), adapted. 

LegendLegend for glass eel fisheries and re-stocking, g.knr2 land surface. 
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LegendLegend for yellow and silver eel fisheries, aquaculture, kg.kmr1 land surface. 
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Glasseell  fishery 

Followingg the metamorphosis at the end of the lepto-
cephaluss stage at sea, glasseels arrive in the estuaries 
alongg the Atlantic Coast in winter (southwestern areas) 
andd spring (eastern Mediterranean, western and north-
westernn areas). In England (Severn area), France, Spain, 
Portugal,, Italy and Morocco, this stage is exploited com-
merciallyy (Figure la). In more northern areas, glasseel 
catchess are used for re-stocking local waters (Figure lb). 

Thee glasseel fisheries are executed in the estuaries, in 
riverr mouths or in front of dams, exploiting the natural 

concentrationn of glasseels in time and space. Glasseels 
migratee from the ocean into estuaries, using a mechanism 
knownn as selective tidal transport (McCleave and 
Wippelhauserr 1987). This transport mechanism uses the 
naturall  transports of water masses in estuaries, has a low 
energyy requirement for glasseels and is therefore not very 
sensitivee to low temperatures. To progress upstream, 
activee migration into the river is required, swimming 
againstt the river flow. Active migration depends on a 
minimumm water temperature of 10-12°C (Gascuel 1986). 
Consequently,, under low water temperature regimes, 
glasseelss can easily arrive in the estuary, but can not 
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progresss upstream, resulting in large concentrations of 
glasseelss in estuaries in early spring. Most often, this tem-
perature-trapp occurs at the upstream limi t of the estuary, 
att the end of the tidal reach, at or near the tidal limit . 

Glasseell  fisheries are operated using handheld or ship 
basedd nets, moving the net, or keeping it fixed in a stream 
(Dekkerr 2002a). A wide range of dipnet types is applied, 
bothh on foot and using boats (Aubrun 1986), trawls 
(Aubrunn 1987), stow nets (Weber 1986), fykenets (Ciccotti 
ett al. 2000), etc. 

Thee commercial fisheries for glasseels are found from 
thee southwestern end of the distribution area up north to 
thee Severn (England) in the Atlantic and along the 
Mediterraneann coasts of Spain and in Italy (Figure la). 
Alongg the remaining part of the Atlantic coast, glasseels 
aree caught for re-stocking in inland waters. The latter 
appliess fixed engines, attracting glasseels by an outflow of 
freshh water into a trap (Rigaud et al. 1988), except for the 
fisheryy at the river IJzer (Belgium) using a hand-held dip-
nett or a small trawl and the fishery at Den Oever (the 
Netherlands)) using lif t nets. Several major glasseel fish-
eriess occur in the estuaries of the larger rivers (Loire, Seine 
andd Gironde in France; Nalon and Minho in Spain; Severn 
inn England; etc.), but additionally, many smaller rivers are 
exploitedd too. Lara (1994), in describing the glasseel fish-
eriess in Asturias, mentions 15 smaller rivers next to the 
largerr River Nalon; Asturian yield statistics officially 
relatee to the Nalon estuary, but probably include many of 
thee smaller rivers, too. The process of joining smaller estu-
ariess with larger ones is found in many places and might 
involvee transport of fishing effort or of the catch; adminis-
trativee amalgamation also occurs. 

Directt Consumption 
(Spain) ) 

Naturall  Immigration 

Trapp & Transport, 
withinn countries 

Re-stocking, , 
betweenn countries 

Aquaculturee EU 

Aquaculturee Asia 

Figuree 2 Disposition of glasseel landings. Numbers indi-
catee quantities in tonnes per year. Data for the mid 1990s, 
fromm Moriarty and Dekker (1997) and (Dekker 2000b). 

Thee total catch in the glasseel fisheries is estimated at 
5833 tonnes (Moriarty and Dekker 1997), but this is certain-
lyy an underestimate of the true catch in the early 1990s: the 
landingss are often locally processed, illegal or not docu-
mented.. For instance, Navaz y Sanz (1964) estimated a 
yieldd of 275 tonnes from the Basque region (Spain) in 1960, 
whilee Moriarty (1997) lists the Basque region for an 
unknownn quantity. There is one earlier estimate of the 
totall  glasseel catch (ICES 1988) of 857 tonnes, but this was 
justt a gross estimate not including many undocumented 
fisheriess accounted for in Moriarty and Dekker (1997), 
especiallyy all Spanish fisheries. However, the apparent 
declinee in production (from ICES 1988 to Moriarty and 
Dekkerr 1997) does agree with local trends observed in 
commerciall  catches and scientific indices (see below). 

Theree is no international database of glasseel yield 
and/orr trade. Statistics on fishing yield record total catch 
perr country, comprising both glasseel fisheries and fish-
eriess for yellow and/or silver eels (ICES 1988). However, 
combiningg data from various sources (Moriarty and 
Dekkerr 1997; Dekker 2000b and personal communica-
tions),, the following picture for the early 1990s emerges 
(Figuree 2). The majority of the annual recruitment is used 
forr aquaculture, mainly in Asia; 20% is consumed as 
glasseell  (mainly in Spain); 20% is trapped and transport-
edd to re-stocking areas (within or between countries) and 
15%% freely immigrates to inland waters. 

Inn many countries throughout Western Europe, the 
immigrationn of glasseel is monitored (Moriarty 1990; 
Dekkerr 2002a). This concerns statistics from commercial 
orr non-commercial fisheries, from import-export data, 
fromm scientific samplings, from trapping stations for 
youngg eels, etc. Consequently, this does not only concern 
thee commercial exploitation of the glasseel stage. 
However,, almost all data series exhibit a common trend 
(Dekkerr 2000a); there is no systematic distinction between 
commerciall  and non-commercial series, nor between 
northernn and southern Europe. Only the glasseel data 
seriess from the British Isles and the young yellow eel data 
fromm Scandinavia show a somewhat distinctive trend. 

Dataa series range from a few years to over 60 years 
(France,, the Netherlands, Germany and Sweden). Trends 
cann be inferred from 1950 onwards (Figure 3). Directly 
afterr World War II , a low catch period lasted a few years. 
Inn the 1950s, 1960s and 1970s, the number of glasseels was 
high,, reaching a peak in the late 1970s. Starting in 1980, a 
declinee has been observed that continued to 1990, when a 
stablee but very low level was reached, at about 10% of the 
formerr level. In 2001 however, historical low levels 
occurredd of only about 1%; preliminary information sug-
gestss this extreme low level recurs in 2002. 
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Figuree 3 Recruitment of glasseels of the European eel to the continent during the 20th Century. Individual data series 
givenn in grey; common trend (average of the four longest data series) in black. Data from Dekker (2002a). 

Glasseell  re-stocking 

Naturall  populations of eels in rivers are concentrated in 
thee estuary and the lower stretches of the river (Barak and 
Masonn 1992). Upstream, eels have been found at more than 
10000 km from the sea, but the average migration of the 
populationn amounts to less than 20 km per year. Upstream 
transportt of glasseels and young yellow eels has positive-
lyy affected the yield, as have transports from the center of 
thee distribution area to the margins. Apparently, upstream 
populationn densities in much of the distribution area are 
farr below carrying capacity of the habitat. 

Inn 1908, a German glasseel station was set up in Epney, 
att the Severn (United Kingdom), dispatching live 
glasseelss to Hamburg, Germany. According to Anwand 
andd Valentin (1981), re-stockings were in the order of 1.3 
tonness per year. After WW-II , the transport of glasseels 
fromm southerly countries to central and northern Europe 
increasedd considerably (Figure 4). Transports from 
Englandd and France became a standard practice, with re-
stockingss taking place in northern and eastern parts of 
Europee (Figure lb). In the 1980s, the quantity re-stocked 
diminishedd due to the high prices of glasseels on the inter-
nationall  market. Recent estimates (early 1990s) amount to 

333 tonnes (Moriarty and Dekker 1997). Detailed data 
seriess available for some countries (Figure 4) have shown 
aa considerable drop in recent years (ICES 2002). 

Re-stockingg glasseels or young yellow eels in a partic-
ularr water body does have a positive effect on the yield, 
somee years later. This has been shown in experimental 
studiess (Klein Breteler et al. 1990), in evaluation studies of 
large-scalee re-stocking programmes in Poland (Moriarty 
ett al. 1990) and is a likely explanation for the upsurge in 
yieldd from the whole population following the major re-
stockingg programmes in the 1950s (Dekker 2002b). 
Whetherr re-stocking actually contributes to the spawning 
stockk is unknown. Tagging studies in the Baltic by Westin 
(1990),, using silver eels grown from French glasseels, have 
providedd some evidence that restocked foreign eels may 
differr from natural immigrants in their ability to find their 
wayy back to the breeding grounds and hence their contri-
butionn to the spawning stock. Moriarty and Dekker 
(1997),, focusing primarily on the positive effect of re-
stockingg on fishing yields, have assumed a neutral or 
hopefullyy positive effect; ICES (2000), focusing on the pro-
tectionn of the spawning stock, advocated against re-stock-
ingg as a stock-rebuilding measure. See also the discussion 
below,, on the causes of the decline of the stock. 
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Figuree 4 Re-stockings of glasseel during the 20th Century. Data from ICES (2002). 

Yelloww and silver eel fishery 

Fisheriess for yellow eels are found throughout the distri-
butionn area of the species (Figure lc). In middle Europe, 
thee yellow and silver eel lif e stages dominate the landings. 
Inn comparison, glasseel catches in southern areas are neg-
ligibl ee in terms of weight, but outnumber the yellow eel 
landingss by a factor of 30 (Dekker 2000b). Silver eel fish-
eriess have been operated in historical times in most of 
Europee using fixed traps in small streams (Mitchel 1965), 
butt directed fisheries for silver eels are nowadays con-
finedd to Scandinavia, using pound nets in coastal waters. 
Itt seems likely that the focus on silver eels is nowadays an 
adaptationn to low densities of the local eel stock (25 eels 
perr km2 land surface) in most northern countries. During 
emigration,, the production of the low-density yellow eel 
stockk in inland waters concentrates in time (fall, often dur-
ingg short periods following the new moon) and space 
(riverr mouths, often using only small corridors through 
thee river), allowing for a profitable silver eel exploitation 
off  marginally exploitable yellow eel stocks in inland 
waters.. At intermediate densities in middle Europe (400 
eelss per km2 land surface) fisheries focus on the yellow eel 
stage,, with a by-catch of silver eels. The density in the typ-
icall  glasseel fishing area in southwestern Europe amounts 
approx.. 1500 eels per km2 land surface. 

Fisheriess for yellow and/ or silver eels apply a wide 
rangee of gear. Gabriel (1999) provides an extensive 
overview.. Gears include all kinds of nets, spears, pots, 
hooks,, etc. in coastal areas, lagoons, rivers, lakes, streams 
andd still-waters. 

Thee processes contributing to the biological produc-
tionn of the yellow eel stock have been investigated by 
manyy authors (reviewed by Tesch 1999), but there are 
onlyy a few comprehensive studies and hardly any on the 
interactionn between exploitation and spawner production. 
Teschh (1999) reviews the literature on gross production 
estimatess in order to extract norms for several water 
types.. This holistic approach assumes that trophic charac-
teristicss of an ecosystem limi t the production; the decline 
inn recruitment since 1980 to 10% (or less) of former levels 
contradictss this assumption nowadays and disables the 
applicationn of these norms completely. Analytical studies 
off  growth are numerous, but methodological problems in 
determiningg age and growth as well as high local varia-
tionn in parameters are the recurring theme. However, 
mostt studies corroborate a steady and low growth rate, 
comingg to a hold only at very great length (Tesch 1999), 
usuallyy far beyond the average silvering length (Vollestad 
1992).. Therefore, it is reasonable to assume that yellow 
eelss have a nearly constant growth rate over their entire 
lif ee span. Estimates of natural mortality are much less 
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Figuree 5 Yield per recruit for a mixed yellow and silver eels fishery as a function of fishing effort. Adapted from Dekker 
(2000c). . 

numerouss and do not yield length-diversified estimates, 
butt usually a constant natural mortality rate is assumed. 
Thee combination of a (nearly) constant growth rate with a 
constantt natural mortality yields an analysis of the 
dynamicss of a yellow eel stock, featuring a constant rate of 
increasee of the stock biomass over the lif e span of yellow 
eels.. Consequently, stock biomass reaches a maximum at 
thee onset of the silver eel stage, which is in accordance 
withh lif e history strategy theory for this semelparous 
species.. Full pursuit of optimisation in yield would there-
foree result in maximisation of silver eel fisheries (Figure 
5),, and where silver eels escape easily, fishing for larger 
yelloww eels wil l substitute. 

Assessmentss of the impact of fisheries on local eel 
stockss are limited in number (Sparre 1979; Dekker 1996; 
revieww in Knights et al. 1996) and did not relate spawner 
escapementt to fishing intensity. Simulation studies 
(V0llestadd and Jonsson 1988; De Leo and Gatto 1995) were 
tunedd to field data, but these studies have focused on 
heavilyy regulated water bodies, where fishermen focus 
exclusivelyy on silver eel fishing at weirs. Dekker (2000c) 
analysedd the heavily documented fishery for yellow eels 
onn Lake IJsselmeer, the Netherlands, using a length-struc-
turedd cohort assessment model. The yield-per-recruit-
curvee derived (Figure 5) agrees with the preliminary cal-
culationn by Sparre (1979), but additionally yields an esti-

matee of the relative spawner production by the inland 
stock.. Current exploitation (instantaneous fishery mortal-
ityy F=1.0) is estimated to reduce the production of female 
spawnerss to 0.14% of the unexploited state. Optimising 
thee yellow eel fishery (F=0.5) corresponds to a reduction 
too 2.5%. A reduction to F=0.3 would optimise the com-
binedd yield of yellow and male silver eel, at a female 
spawnerr escapement of 12.5%, while a female spawner 
productionn of 30% would be achieved by a reduction to 
F=0.2.. In the discussion below, a reduction of the female 
spawnerr production to 30% of the unexploited state wil l 
bee seen as a threshold level for sustainable management. 
Itt should be noted here, that this threshold can only be 
achievedd by a reduction of fishing effort below the levels 
maximisingg catch in the yellow eel exploitation, or in the 
combinedd yellow and male silver eel exploitation. 

Statisticss on the landings of eel are notoriously incom-
plete.. ICES (1988) and Moriarty (1997) have shown that 
officiall  landings statistics for many countries comprised 
onlyy about half the true catches in the 1980s and 1990s. A 
reconstructionn of the trend in reported landings (Figure 6) 
basedd on all available data series (Dekker 2002b) shows, 
landingss varied in the pre-WW-II period around 47,500 
tonnes.. Following a clear depression during WW-II , land-
ingss gradually increased to 47,000 tonnes in 1964, to 
declinee to an all time low of 22,000 tonnes recently (unre-
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Figuree 6 Landings of the European eel in the 20th Century. Data from Dekker (2003). 

portedd catches not included). The rise in production from 
19455 to 1965 coincides with the yield expected from the re-
stockingg programmes, which started soon after WW-II in 
Northernn and Eastern European countries. Moreover, the 
increasee in yield was largely restricted to the northern 
countriess (Dekker 2002b). This suggests, the peak in pro-
ductionn in the mid-1960s might very well be the direct 
consequencee of the re-stocking; that is: without the re-
stocking,, a consistent decline might have been observed 
sincee WW-II . Additionally, the re-stocking programmes 
havee released a rising amount of glasseels, at least until 
1980;; the decline in production since the mid-1960s took 
placee despite an increasing amount of glasseels being re-
stocked,, in years of stable or increasing natural recruit-
ment.. Clearly, production processes in inland waters 
mustt have changed (Dekker 2002b). 

Aquaculturee of the European eel 

Aquaculturee of the European eel (Figure 7) started much 
laterr than the culture of the Japanese eel. In 1970, the 
Europeann production was estimated at 3,400 tonnes, 
whilee the Japanese culture amounted 17,000 tonnes. In the 
earlyy 1970s, European eels were cultured in Japan for a 
smalll  number of years, with littl e result (Egusa 1979). 

Sincee the mid-1980s Asian culture of European eel has 
risenn from 3000 tonnes to 10,000 tonnes nowadays. The 
Europeann culture of the European eel is now estimated 
justt over 10,000 tonnes (Kamstra 1999). 

Thee Italian aquaculture has a tradition dating back to 
thee Romans (Higginbotham 1997). In past centuries, cul-
turee has been concentrated in the valli in northern Italy. In 
thiss culture system, the natural productivity of lagoons is 
augmentedd by manipulation of water flows, favouring the 
naturall  immigration of glasseel and increasing the natural 
productivityy of the ecosystem. Originally, no artificial re-
stockingg of glasseels was applied, but in recent decades, 
glasseelss have been imported from the Italian West Coast. 
Inn addition to this traditional aquaculture, modern inten-
sivee systems have developed, in Italy and elsewhere. 

Thee intensive aquaculture is exclusively based upon 
highlyy automated indoor facilities equipped with water 
re-circulationn systems. In the (late) 1980s, this type of 
aquaculturee system was introduced in a range of coun-
triess all over Europe, but during the 1990s, only the aqua-
culturee in Denmark and the Netherlands has grown. 
Currently,, these countries dominate the market, while the 
Italiann production is somewhat in decline. 

Thee production of the European aquaculture is mostly 
marketedd in Europe. Re-stocking of cultured eels in out-
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Figuree 7 Production of eel aquaculture in Europe. Data from ICES (2002). 

doorr waters is rare and presumably does not contribute to 
thee spawning stock at all. 

Causess of the decline of the stock 

Thee stock of the European eel is obviously in decline. 
Recruitmentt has declined since 1980, to 10% of former lev-
elss and latest observations suggest a much further decline. 
Landingss of the yellow/silver eel fisheries have been in 
declinee for several decades, at least since the mid-1960s, 
butt the stock might have already been in decline since 
WW-II . . 

Thee decline in recruitment was first noted in 1985, but 
i tt was only in 1993 (EIFAC 1993), that the effect upon the 
stockk and fisheries was first considered. Several hypothe-
sess for the declining recruitment have been suggested 
(Castonguayy et al. 1994a; Moriarty and Dekker 1997), 
includingg pollution, habitat loss due to barrages and 
dams,, climatic changes in the ocean, overexploitation and 
man-madee transfers of parasites and diseases. Comparing 
timee trends in the decline of the eel stock and its hypoth-
esisedd causes, Castonguay et al. (1994a) concluded that no 
specificc hypothesis can be singled out, but that toxicity 
andd habitat modifications mismatch the decline by sever-
all  decades. 

Knightss (1996) has reviewed the state of affairs in con-
taminationn of eels by organochlorine pesticides and PCBs. 
Althoughh contamination levels are often quite high, he 
concludess that organochlorine contamination has not 
beenn a major cause of recent declines in eel recruitment. 
Furtherr studies on the impacts of organochlorine on the 
reproductivee capacity of eels is required. 

Moriartyy and Dekker (1997) and ICES (2002) have con-
sideredd the effect of dams and barrages on the amount of 
habitatt available to eels. The former presented educated 
guessess of the amount of habitat lost (25% of river habitat 
lostt on average, but over 90% in the Iberian Peninsula, 
wheree glasseel densities are highest), while the latter pre-
sentedd a time series of the construction of major dams in 
Europe.. Just after WW-II , the number of new dams built 
rosee about four-fold, coinciding with the decline in the eel 
stock. . 

Thee effect of long term climatic changes on the ocean-
icc phases of the lif e cycle can not be studied analytically, 
duee to the scarcity of direct observations, both on climate 
andd on eels. Castonguay et al. (1994b) interpreted the par-
allell  development in recruitment data for the American 
andd European eel (data from St. Lawrence river respec-
tivelyy Den Oever, the Netherlands) as evidence for a com-
monn cause and speculated that climate changes in the 
Atlanticc Ocean might affect both species. Dekker (1998) 
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analysedd Dutch time series of glasseel abundance and bio-
metricss from 1960 to present. The decline in recruitment in 
thee 1980s coincided with a reduction in length of the 
incomingg recruits. In his interpretation, this pointed to 
somee unknown process in the oceanic phase, having an 
effectt on length and number of the larvae. Desaunay and 
Gueraultt (1997), analysing some years of French data and 
addingg information over a longer time span from the liter-
ature,, confirmed the relationship between abundance and 
biometrics,, and proposed a mechanism based on the link 
betweenn plankton production and larval growth and sur-
vival. . 

Scientistss have long studied the eel and its exploita-
tion,, but until recently, focus was exclusively on develop-
mentt of the fisheries (gear development, production 
enhancingg factors, etc.). Consequently, the information to 
quantifyy the impact of exploitation on the stock is hardly 
available.. Dekker (2000b) compiled a snapshot overview 
off  the impact in the early 1990s, using the available infor-
mation,, summarized in Figure 8. Clearly, exploitation had 

Figuree 8 Dynamics of the European eel stock (numbers in 
millions),, in the early 1990s. Estimates based on a cross-
sectionn in time, assuming a steady state. Countries with 
commerciall  glasseel exploitation to the left, other coun-
triess to the right. Data from Dekker (2000b). 

aa considerable impact on the stock in the 1990s. In this 
article,, time series of the major constituents of the stock 
dynamicss have been presented. The state of stock and 
fisheriess has changed considerably over the past decades 
andd a snapshot for the 1990s might have only limited rel-
evancee for the decades of decline of the stock. However, 
theoreticall  calculations on the impact of exploitation indi-
catee that yield-optimised fisheries reduce the production 
off  spawners to 2.5-12.5% relative to the unexploited state 
(seee above). Typical eel fisheries are small-scaled (Dekker 
2000a)) and individual fishermen often have the liberty to 
adjustt their fishery to their liking and yield-optimisation 
iss a common situation, resulting in a reduction of the 
spawnerr production to 2.5-12.5% (relative to the unex-
ploitedd state). A reduction of the spawning stock biomass 
beloww 30% is generally assumed to introduce a serious 
riskk of stock collapse (Clark 1991). Consequently, the 
impactt of current exploitation is likely to be excessive. 

Additionally,, the impact of exploitation and the loss of 
habitatt discussed above, might have a complicating inter-
action.. Moriarty and Dekker (1997) assume natural 
recruitmentt of glasseels to inland waters in southwestern 
Europee results in densities far beyond the carrying capac-
ityy of the ecosystem. Consequently, harvesting the surplus 
recruitmentt wil l not affect the inland production. In this 
setting,, loss of habitat leads to reduced productivity and 
enabless harvesting of an extra surplus recruitment. 
Decidingg on measures to limi t exploitation or to restore 
habitatt loss involves a political judgement, beyond the 
scopee of this article. Whatever the prime cause, habitat 
losss and exploitation, individually or jointly, wil l nega-
tivelyy affect the population in southwestern Europe. 

Ass a result of world-wide transports of live eels, there 
hass been a great increase in the number of non-native par-
asitess and diseases in the past decades (K0ie 1991). It has 
oftenn been suggested, this might have had negative conse-
quencess for the reproductive output of the eel stock. 
Especiallyy the effect of Anguillicola crassus, a parasite of 
thee swimbladder, on the ability of silver eel to perform the 
oceanicc spawning migration has been mentioned. 
Althoughh direct effects of Anguillicola in healthy natural 
stockss are limited, synergistic effects with bacterial infec-
tionss or other stress factors might be considerable (K0ie 
1991). . 

Summarisingg the above, it is concluded that several 
hypothesess for the decline of the stock have been pro-
posed,, each of which does have supporting evidence. 
Nonee of the individual hypotheses explains the observed 
declinee completely. Therefore, a synergetic effect of sever-
all  of the proposed causative effects is most likely. 
However,, looking more closely at the timing of the 
declinee in recruitment and fisheries (Figure 9), the poten-
tiall  causes of the decline might be sequenced. Factors pri-
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Figuree 9 Recruitment to and landings from the European eel stock during the 20th Century. 
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marilyy affecting the productivity of inland waters (habitat 
losss and overexploitation) might have affected the stock 
negativelyy over a long time span, while relative minor 
changess in the factors operating in the oceanic phase (pol-
lution,, climate change, parasites) then accomplished a 
totall  collapse of the stock, as currently observed. 

Consequencess of the decline of the stock 

Thee eel stock is outside safe biological limits and the cur-
rentt fishery is not sustainable (ICES 2001). Anthropogenic 
factorss (exploitation, habitat loss, contamination and 
transferr of diseases) have had negative effects on the 
stock.. Al l information indicates that the stock is at a his-
toricall  minimum. Consequently, the compilation of a 
stockk rebuilding plan has urgently been advised (ICES 
2001).. Although the content of this plan is beyond the 
scopee of this article, some characteristics of the problem 
wil ll  be discussed here. 

Inn recent years, substantial effort has been invested in 
thee formulation of a Precautionary Approach to exploita-
tionn of fisheries resources (United Nations 1983; FAO 
1995)) and the derivation of corresponding scientific and 
managementt tools. Implicit in this development is the 
assumptionn that there is a relationship between spawning 

stockk and recruitment. The Precautionary Approach dic-
tatess that, unless proven otherwise, such a relationship 
betweenn stock and recruitment should be assumed to 
exist,, also for eel. Existing information on the trend in eel 
stockk and recruitment (Figures 9 and 10) does support this 
assumption. . 

Thee decline in recruitment (Figure 3) was first noted in 
1985,, but the much longer decline in yield (Figure 6) has 
gonee almost unnoticed (Dekker 2002b). Although the 
causess of the observed decline are not known, several 
anthropogenicc impacts (exploitation, habitat loss, pollu-
tion)) have been shown to exceed reasonable limits in 
manyy places. The Precautionary Approach implies a need 
forr management actions to reduce all these impacts, even 
thoughh no full scientific proof is available. 

Initiall  management recommendations have focused 
onn mitigating measures; notably re-stocking of southern 
glasseelss in northern waters (Moriarty and Dekker 1997). 
Re-stockingss peaked in the mid-1970s (Figure 4), during 
yearss of stable or rising natural recruitment (Figure 3), 
whilee landings were already in severe decline (Figure 6). 
Therefore,, it is rather unlikely that the proposed mitigat-
ingg measures wil l be effective. Reductions in exploitation 
andd pollution as well as restoration of (access to) lost habi-
tatss wil l be unavoidable. 
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Figuree 10 Speculative relationship between recruitment and spawning stock size, the latter being indexed by the land-
ings.. Numbers indicate the decade of the 20th Century. 

Thee eel fishery is typically small-scaled and scattered 
overr rural areas. Management of the habitat and fisheries 
iss generally organised at low political levels (nations, 
regionss or local management). Fishermen generally aim at 
economicc optimisation of their enterprise, while no single 
governmentt has ever enacted any measures aiming at sus-
tainability.. In contrast, declining trends in yield and 
recruitmentt have been observed (almost) all over the dis-
tributionn area. Sustainability of the exploitation pattern 
necessitatess reductions in fishing effort below economical-
lyy optimal levels. This can only be accomplished when 
locall  exploitation aims at global objectives and global 
objectivess are effectively enforced by local managers in 
rurall  areas. The contrast between the rural scale of stock 
andd fisheries and the global need to protect and sustain 
thee stock constitutes an unprecedented, major challenge 
too the fishing industry, aquaculture, world-wide trade 
andd management. 

Research,, stock decline and sustainable 
management t 

Currentt international consideration of the European eel 
begann at the 5th Session of the European Inland Fisheries 
Commissionn (EIFAC) held in Rome in 1968. In the 1970s 

thee primary focus was on the assessment of the state of 
exploitationn and of the effect of elver stocking. However, 
duee to the total absence of data from many areas, progress 
wass slow. Neither full coverage of each reporting country, 
norr full coverage of all countries in the distribution area 
wass achieved. Official statistics comprise not more than 
halff  the known catches in reporting countries (ICES 1988; 
Moriartyy 1997); the Mediterranean eel fisheries yield near-
lyy half the stock-wide yield, but have started reporting 
onlyy quite recently (FAO databases) and have not appro-
priatelyy been included in international analyses (Moriarty 
andd Dekker 1997). Major geographical differentiation in 
thee stock (Tesch 1999) and fisheries (Gabriel 1999) have 
nott been acknowledged. 

Thee decline in recruitment since 1980 was first noted 
inn 1985, but it was only in 1993 (EIFAC 1993), that the 
effectt upon the stock and fisheries was first considered. 
Thee much longer decline in yield (Dekker 2002b) has gone 
almostt unnoticed. Major research efforts have focused on 
thee biology of the species and on development of fisheries 
andd aquaculture. Consequently, the decline of the stock 
overr the decades has only recently been considered. 

Itt might be questioned why the slow but long decline 
off  the stock has gone unnoticed for such a long time. The 
Europeann eel is a panmictic, long-lived (Svardson 1949) 
semelparouss species, with a large distribution area. Stock 
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Figuree 11 The position of eel monitoring and research in space and time in relation to the observed decline of the stock. 

densitiess vary latitudinally, from over 1500 in southwest-
ernn Europe to less than 25 eels per km2 (land surface) in 
northernn and eastern areas. Growth rate is temperature 
relatedd and shows a latitudinal cline (Vollestad 1992). Sex 
determinationn is controversial, but is probably related to 
stockk density. On average, females grow about twice as 
largee as males. Almost each of these characteristics might 
explainn the long duration of the decline of the stock under 
adversee conditions; in combination, the species is fore-
doomedd to a very slow and hardly noticeable decline. 
Largee and old mature females from the periphery of the 
distributionn area might long have sustained an adequate 
quantityy of spawners, masking the collapse of the spawn-
err production in the center. Gradual deterioration of the 
statuss of the stock might partially have been compensated 
forr by a change in sex ratio. Due to the long life-span, neg-
ativee impacts on the stock might have lasted decades, 
beforee any secondary effects became perceptible. The ulti-
matee causes of the observed decline might be ubiquitous 
andd operate only gradually. Recovery of the stock, there-
fore,, can probably only be achieved in the long run, if 
researchh and management address the problem at an 
appropriatee temporal and spatial scale. 

Currentt research (and management) of the European 
eell  stock and fisheries usually extends over periods of one 
too ten years, covering individual sampling locations or 

singlee river catchments (Figure 11). The decline observed 
inn the stock and fisheries has occurred in the whole distri-
butionn area (>3000 km) and has lasted for several decades 
orr more. Extending these scales to larger areas (interna-
tionall  co-operation) and longer time-scales (historical 
analyses)) wil l be a major challenge for the scientific com-
munityy studying the eel stock and fisheries. 

Conclusion n 

Thee European eel stock is found in the whole of Europe, 
Northernn Africa and Mediterranean Asia. It is evident 
fromm the presented time series that a major decline of the 
stockk and fisheries has occurred since the mid of the 20t n 

Century,, first in the yield of the fisheries on yellow 
and/orr silver eels, lateron also in recruitment from the 
oceann and the yield of the fisheries on glasseels. Several 
hypothesess on the causes of the decline have been pro-
posed.. Although supporting evidence is presented for 
severall  of the hypotheses, no final explanation can be 
identified;; a synergistic effect of several causes is more 
likely.. A stock-wide management plan for the scattered 
stockk and fisheries are urgently required. There is a strong 
mismatchh between (past and ongoing) research on one 
sidee and the biology of the eel and the decline of the stock 
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onn the other, both in time-frame and geographical cover-
age.. Compilation and implementation of a stock recovery 
plann and extension of research to appropriate temporal 
andd spatial scales will be a major challenge for eel man-
agementt and research 

References s 

Anwandd K. and Valentin M. 1981. Aalbesatzmassnahmen 
alss Voraussetzung für eine intensive Aalwirtschaft. 
Zeitschriftt der Binnenfischerei der D.D.R. 28: 237-240. 

Aubrunn L. 1986. Inventaire de 1'exploitation de 1'anguille 
surr le littoral de la Bretagne. Les Publication du 
Départementt d'Halieutique No 1. Ecole Nationale 
Superieuree Agronomique de Rennes, 124 pp. 

Aubrunn L. 1987. Inventaire de 1'exploitation de 1'anguille 
surr le littoral Sud-Gascogne. Les Publication du 
Départementt d'Halieutique No 5. Ecole Nationale 
Superieuree Agronomique de Rennes, 158 pp. 

Barakk N.-E. and Mason C.F. 1992. Population density, 
growthh and diet of eels, Anguilla anguilla L., in two 
riverss in eastern England. Aquaculture and Fisheries 
Managementt 23: 59-70. 

Castonguayy M„ Hodson P.V., Moriarty C, Drinkwater 
K.F.. and Jessop B.M. 1994a. Why is recruitment of the 
Americann eel, Anguilla rostrata, declining in the St. 
Lawrencee River and Gulf? Canadian Journal of 
Fisheriess and Aquatic Sciences 51: 479-488. 

Castonguayy M., Hodson P.V., Moriarty C, Drinkwater 
K.F.. and Jessop B.M. 1994b. Is there a role of ocean 
environmentt in American and European eel decline? 
Fisheriess Oceanography 3(3): 197-203. 

Ciccottii  E., Busilacchi S. and Cataudella S. 2000. Eel, 
AnguillaAnguilla anguilla (L.), in Italy: recruitment, fisheries 
andd aquaculture. Dana 12: 7-15. 

Clarkk W.G. 1991. Groundfish exploitation rates based on 
lif ee history parameters. Canadian Journal of Fisheries 
andd Aquatic Sciences 48: 734-750. 

Dee Leo G.A. and Gatto M. 1995. A size and age-structured 
modell  of the European eel (Anguilla anguilla L.). 
Canadiann Journal of Fisheries and Aquatic Sciences 
52(7):: 1351-1367. 

Dekkerr W. 1996. A length structured matrix population 
model,, used as fish stock assessment tool. In: Cowx 
I.G.. (ed.), Stock assessment in inland fisheries. Fishing 
Newss Books, Oxford, pp. 245-259. 

Dekkerr W. 1998. Long-term trends in the glass eels immi-
gratingg at Den Oever, the Netherlands. Bulletin 
Francaiss de la Pêche et de Pisciculture, Conseil 
Superieurr de la Pêche, Paris 349:199-214. 

Dekkerr W. 2000a. The fractal geometry of the European 
eell  stock. ICES Journal of Marine Science 57:109-121. 

Dekkerr W. 2000b. A Procrustean assessment of the 
Europeann eel stock. ICES Journal of Marine Science 57: 
938-947. . 

Dekkerr W. 2000c. Impact of yellow eel exploitation on 
spawnerr production in Lake IJsselmeer, the 
Netherlands.. Dana 12:17-32. 

Dekkerr W. (ed.) 2002a. Monitoring of glass eel recruit-
ment.. Report C007/02-WD, Netherlands Institute of 
Fisheriess Research, IJmuiden, 256 pp. 

Dekkerr W. 2003. Did lack of spawners cause the collapse 
off  the European eel, Anguilla anguilla? Fisheries 
Managementt and Ecology 10: 365-376. 

Desaunayy Y. and Guerault D. 1997. Seasonal and long-
termm changes in biometrics of eel larvae: a possible 
relationshipp between recruitment variation and North 
Atlanticc ecosystem productivity. Journal of Fish 
Biologyy 51 (Supplement A): 317-339. 

Egusaa S. 1979. Notes on the culture of the European eel 
(Anguila(Anguila anguilla L.) in Japanese eel-farming ponds. 
Rapportss et Procès-Verbaux des Reunions du Conseil 
Internationall  pour 1'Exploration de la Mer 174: 51-58. 

EIFACC 1993. Report of the 8th session of the Working 
Partyy on eel. Olsztyn, Poland, 1993. EIFAC occasional 
paperr 27, FAO, Rome, 21 pp. 

FAOO 1995. Administrative report of the Technical 
Consultationn on the precautionary approach to cap-
turee fisheries (including species introductions). 
Lysekil,, Sweden, 1995. FAO Fisheries Reports 527, 
FAO,, Rome, 32 pp. 

Gabriell  0.1999. Fangmethoden. ïn: Tesch F.W. (ed.), Der 
Aal.. Berlin (FRG), Parey Buch Verlag, pp. 241-288. 

Gascuell  D. 1986. Flow-carried and active swimming 
migrationn of the glass eel (Anguilla anguilla) in the tidal 
areaa of a small estuary on the French Atlantic coast. 
Helgolanderr Meeresuntersuchungen 40(3): 321-326. 

Higginbothamm J.A. 1997. Piscinae, artificial fish ponds in 
RomanRoman Italy. The University of North Carolina Press. 
2844 pp. 

ICESS 1988. European Eel Assessment Working Group 
Report,, September 1987. ICES CM. 1988/Assess: 7. 

ICESS 2000. Report of the EIFAC/ICES Working Group on 
Eels.. ICES CM 2000/ACFM: 6. 

ICESS 2001, Report of the ICES Advisory Committee on 
Fisheriess Management, 2001. International Council for 
thee Exploration of the Sea, Copenhagen. ICES 
Cooperativee Research Report 246(3): 819-828. 

ICESS 2002. Report of the ICES/EIFAC Working Group on 
Eels.. ICES CM. 2002/ACFM: 03. 

Kamstraa A. 1999. Haltung, Futterung und Aufzucht. In: 
Teschh F.W. (ed.), Der Aal. Berlin (FRG), Parey Buch 
Verlag,, pp. 289-300. 

Kleinn Breteler J.G.P., Dekker W. and Lammens E.H.R.R. 
1990.. Growth and production of yellow eels and glass 

113 3 



ChapterChapter 9 

eelss in ponds. Internationale Revue der gesamten 
Hydrobiologiee 75(2): 189-205. 

Knightss B. 1996. Risk assessment and management of con-
taminationn of eels (Anguilla spp.) by persistent xeno-
bioticc organochlorine compounds. Chemistry and 
Ecologyy 13(3): 171-212. 

Knigthss B., White E. and Naismith LA. 1996. Stock assess-
mentt of European eel, Anguilla anguilla L. In: Cowx 
I.G.. (ed.), Stock assessment in inland fisheries. Fishing 
Newss Books, Oxford, pp. 431-447. 

Koiee M. 1991. Swimbladder nematodes (Anguillicola spp.) 
andd gill monogeneans (Pseudodactylogyrus spp.) para-
siticc on the european eel (Anguilla anguilla). Journal de 
Conseill  International pour 1'Exploration de Mer 47(3): 
391-398. . 

Laraa M.J. 1994. Catch statistics, capture methods, size, and 
developmentt stages of glass eels in Asturias (north-
westernn Spain). Biuletyn Morskiego Ins ty tutu 
Rybackiego.. Gdynia, Poland 131: 31-39. 

McCleavee J.D. and Wippelhauser G.S. 1987. Behavioral 
aspectss of selective tidal stream transport in juvenile 
Americann eels. American Fisheries Society 
Symposiumm Series 1:138-150. 

Mitchell  N.C. 1965. The lower Bann Fisheries. Ulster 
Folklifee 11: 1-32, Ulster Folk Museum, Northern 
Ireland. . 

Moriartyy C. 1990. European catches of elver of 1928-1988. 
Internationalee Revue der gesamten Hydrobiologie 
75(6):: 701-706. 

Moriartyy C. (ed.) 1997. The European eel fishery in 1993 
andd 1994: First Report of a working group funded by 
thee European Union Concerted Action AIR A94-1939. 
Fisheriess Bulletin (Dublin) 14, 52 pp. 

Moriartyy C. and Dekker W. (eds.) 1997. Management of 
thee European Eel. Fisheries Bulletin (Dublin) 15:1-110. 

Moriartyy C, Bninska M. and Leopold M. 1990. Eel, 
AnguillaAnguilla anguilla L., stock and yield in Polish lakes. 
Aquaculturee and Fisheries Management 21(3): 347-
355. . 

Navazz y Sanz J.M. 1964. Historia de una angula que se 
convirtióó en anguila. San Sebastian, Sociedad de 

Oceanografiaa de Guipuzcoa, San Sebastian, 40 pp. 
Rigaudd C, Fontenelle G., Gascuel D. and Legault A. 1988. 

Lee Franchissement des Ouvrages Hydrauliques par les 
Anguilless (Anguilla anguilla). Publications du 
Departementt d'Halieutique, Ecole nationale 
superieuree agronomique de Rennes. Rennes no. 9, 
Ecolee Nationale Superieure Agronomique de Rennes, 
1533 pp. 

Schmidtt J. 1922. The breeding places of the eel. 
Philosophicall  Transactions Royal Society 211:179-208. 

Sparree P. 1979. Some necessary adjustments for using the 
commonn methods in eel assessment. Rapports et 
Procès-Verbauxx des Reunions du Conseil 
Internationall  pour 1'Exploration de la Mer 174: 41-44. 

Svardsonn G. 1949. Eels (Anguilla anguilla) found in partial 
nuptiall  dress. Report of the Institute of Freshwater 
Researchh Drottningholm 29:129-134. 

Teschh F.W. (ed.) 1999. Der Aal. Berlin (FRG), Parey Buch 
Verlag.. 397 pp. 

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. 

V0llestadd L.A. and Jonsson B. 1988. A 13-year study of the 
populationn dynamics and growth of the European eel 
AnguillaAnguilla anguilla in a Norwegian river: Evidence for 
density-dependentt mortality, and development of a 
modell  for predicting yield. Journal of Animal Ecology 
57(3):: 983-997. 

Veilestadd 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. 

Weberr M. 1986. Fishing method and seasonal occurrence 
off  glass eels (Anguilla anguilla L.) in the Rio Minho, 
westt coast of the Iberian peninsula. Vie et Milieu, Paris 
366(4):: 243-250. 

Westinn L. 1990. Orientation mechanisms in migrating 
Europeann silver eel (Anguilla anguilla): temperature 
andd olfaction. Marine Biology 106(2): 175-179. 

114 4 


