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

AA Procrustean assessment of the 

Europeann eel stock 

ICESICES Journal of Marine Science 57: 938-947 (1999) 

Noo assessment of the state of the European eel stock is available due to the absence of adequate data for many 
areass on the continent. In contrast to past efforts which turned to complete the traditional catch composition 
data,, and which met with littl e success, we wil l try to develop a simplified cohort-model (based on life stage, 
ratherr than age or size), simple enough for the available data. Under the (incorrect) assumption of stable recruit-
mentt and exploitation, the catch-at-life-stage analysis yields a preliminary assessment of the entire European 
stock,, and for the glass eel importing and exporting countries. Recruitment is estimated at about 2000 million 
eelss annually, most of which enter countries around the Bay of Biscay, supporting intensive glasseel fisheries. 
Elsewhere,, the natural recruitment is outnumbered by imported and transported glasseel. The fishing mortality 
ratee accumulated over the total life span is estimated at 5.21 (=99%) for glasseel exporting countries and 3.25 
(=96%)) for glasseel importing countries. This Procrustean assessment provides a limited view on continent-wide 
stock.. Substantially improved assessments are unlikely at the time scale at which management action is required. 
However,, the development of a co-ordinated system of inter- and intra-national management (i.e., the only effec-
tivee levels) wil l benefit the assessment of the European eel stock. 

Thee European eel (Anguilla anguilla (L.)) stock is in a bad 
state:: recruitment has steadily decreased since the early 
1980s,, fisheries have declined and man-made impacts on 
thee habitats of this species have adversely affected produc-
tionn potentials (Moriarty and Dekker 1997). Although the 
causess of the decline in recruitment are not understood, 
thee longevity of the decline has made radical management 
actionn a matter of urgency. The fisheries are no longer 
withinn safe biological limits (ICES 1999). 

AA Symposium on Eel Research and Management in 
19766 in Helsinki concluded that 'an assessment of the state 
off  exploitation and of the effect of elver stocking was 
urgentlyy needed' (Thurow 1979). In the years following, 
thee state of the stock has deteriorated, but the total absence 
off  data from many areas (ICES 1976) has prohibited the 
intendedd assessment. Dekker (2000) argued that the 
absencee of sufficient data is inherent to the geometry of the 
distributionn of the continental stock over a myriad of very 
smalll  local sub-stocks, and that a reliable stock assessment 
mayy not be a realistic objective. 

Butt even without a proper assessment, the need for 
managementt action in response to the recruitment failure 

^Procrustes:^Procrustes: a mythical Grecian who lodged guests coming to his 
doorstepp in an iron bed. Whenever a guest did not fit into the bed, 
Procrustess stretched or chopped the guest, to make it fit. The 
guestss died in this procedure... 
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hass been communicated several times (FAO 1993; ICES 
1997,1999;; Moriarty and Dekker 1997). The precautionary 
approachh (FAO 1995a,b) explicitly states that 'absence of 
adequatee scientific information should not be used as a 
reasonn for postponing or failing to take measures'. 

Notingg the mismatch between management needs and 
scientificc insights, this study tries to reverse the line of 
thinkingg followed over the past two decades, when effort 
wass mainly directed towards gathering detailed assess-
mentt data (ICES 1976,1988; Moriarty 1997; Moriarty and 
Dekkerr 1997). A first exploration wil l be made of how far 
thee available data on stock and yield can bring us, accept-
ingg that this wil l provide only a Procrustean* version of the 
assessmentt ultimately required. 

Thee eel is a catadromous species, with an incompletely 
knownn lif e cycle. Reproduction takes place somewhere in 
thee Atlantic Ocean, potentially in the Sargasso Sea area 
(Schmidtt 1906). Larvae (Leptocephali) of the latest stage 
aree found on the edge of the continental shelf, where they 
transformm into young, transparent eels, so-called glasseels. 
Att this stage, the young animal proceeds into continental 
waters,, often ending up deep into the fresh water systems. 
Followingg immigration to continental waters, a prolonged 
lif ee stage begins, which lasts for about 5 to 50 years. During 
thiss stage, eels grow, but do not mature. At the end of this 
period,, the maturation starts and the eel returns to the 
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ocean.. The non-migratory continental stage is called the 
yelloww eel stage, while the migratory, near-mature eel is 
knownn as silver eel. 

Feww studies have assessed the impact of fisheries on 
(local)) yellow or silver eel stocks. Sparre (1979) applied a 
cohortt analysis model to data on eel fisheries in the 
Germann Bight, extending a standard age-structured 
modell  to allow for silvering and emigration. 
Instantaneouss fishing mortality rate (F) was estimated at 
0.22 (=18%) for the most exploited length-groups. ICES 
(1991)) evaluated the potentials of a simple stock produc-
tionn model without much success. Dekker (1993, 19%) 
developedd a length-structured equivalent to age-struc-
turedd cohort analysis models for the eel fisheries on Lake 
IJsselmeer,, the Netherlands. Instantaneous fishing mortal-
ityy rate (F) for the predominant length classes was esti-
matedd at 0.5 per year (=39%). However the estimation 
proceduree is only applicable in heavily exploited stocks, 
wheree complicating processes such as silver eel emigra-
tionn play an insignificant role. Finally, de Leo and Gatto 
(1995)) developed a length- and age-structured simulation 
modell  for the eel in the Comacchio lagoons in Italy, which 
cann not be used to assess the impact of fisheries. 

Glasseell  fisheries in estuaries in the Bay of Biscay have 
beenn extensively studied (Elie and Rochard 1994). The 
effectt of these fisheries on abundance has been assessed in 
thee field and simulation models have been applied to 
understandd the dynamics (Gascuel and Fontenelle 1994; 
Lambertt 1994). The effect on subsequent life stages has not 
yett been considered. 

Here,, a traditional assessment model wil l be simpli-
fiedd and generalized, until the limited amount of pub-
lishedd data available suffices. Only one sufficiently com-
pletee snap shot of landings data is available (Moriarty 
1997).. There are insufficient data on the composition and 
distributionn of European landings. The resulting model, 
appliedd to data given in Moriarty (1997) and Moriarty and 
Dekkerr (1997), gives a first assessment of the eel stock at a 
Europeann scale. The sensitivity of the results to the param-
eterr values wil l be assessed. Finally, consequences for our 
vieww on the stock and fisheries will be discussed. 

Material s s 

Landings s 

Dataa on total landings of eel are annually published by 
FAOO (e.g., FAO 1994). These are subdivided by country 
andd region, but not by life stage. However, ICES (1988) 
andd Moriarty (1997) showed official landings comprise 
onlyy approximately half of the known catches. Moriarty 
(1997)) provides detailed data for 1993 classified by life 

Tablee 1 Parameters of the continental life stages of eel. 
Durationn Weight Natural mortality 

Lifee stage At (years) (g) (M) per annum 
glasseel l 

fisheries fisheries 

restocking restocking 

yelloww eel 

pre-exploited pre-exploited 

exploited exploited 

silverr eel 

summ of continental life 

0.25 5 

n,a. . 

100 (5-20) 

66 (2-20) 

0.5 5 

18(8-41) ) 

0.3 3 

0.3 3 

8 8 

200 0 

200 0 

0.14 4 
n.a. . 

0.14 4 

0.14 4 
0.14 4 

ZMxAt=2.52 2 

stage.. Here, data were taken from Moriarty (1997) and 
supplementedd by FAO (1994). 

Geographicall  subdivision of fisheries 

Thee glasseel fisheries in Europe are concentrated at the 
Atlanticc coasts of Portugal, Spain, France and the Bristol 
Channell  area in the United Kingdom (Figure 1). 
Elsewhere,, glasseel fisheries are balanced by re-stocking 
withinn the country, often supplemented by imports from 
thee areas mentioned above. The contrast between these 
areass was the reason for running separate analyses for 
glasseell  producing and for importing countries, following 
Moriartyy (1997, Table 10, on p. 44). This allowed a subdi-
visionn of France (Atlantic versus Mediterranean coast) 
andd the UK (Bristol Channel area versus the rest). The eel 
fisheriess in Spain, where only national data are available, 
weree completely attributed to the glasseel producing 
region.. The areas with a net glasseel production were col-
lectivelyy indicated as the Biscay area, since they are all 
adjacentt or close to the Bay of Biscay. The rest of the con-
tinentt was labelled 'Elsewhere'. 

Catchh composition 

Noo partitioning of landings between yellow and silver eel 
wass possible. Moriarty and Dekker (1997, Annex 2, Table 
1)) list total landings concurrently with silver eel landings 
forr selected waters. These total 1591 tonnes (47%) of yel-
loww eel and 1759 tonnes (53%) of silver eel. However, 
thesee figures are biased because northern countries are 
over-representedd and the contribution of silver eel is high-
estt in northerly areas: 81% in the Baltic and only 33% in 
thee remaining areas. Since the catch in the Baltic compris-
ess only 7% of total landings, it was decided to use the 
lowerr figure (33%) throughout the analysis. 

Theree are only a few eel fisheries for which data on 
catchh composition (length and age distribution) has been 
routinelyy acquired: Lake IJsselmeer (The Netherlands), 
Shannonn catchment (Ireland) and the Baltic coast of 
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Swedenn probably being the only substantial ones 
(Moriartyy and Dekker 1997). Moreover, ageing in eel is 
problematicc (Moriarty and Steinmetz 1979; Vellestad and 
Naesjee 1988; Svedang et al. 1998) and the fraction of cor-
rectlyy aged eel is too low (27%) to provide a realistic basis 
forr stock assessment. Since the ageing procedure does not 
necessarilyy contain a systematic bias (Moriarty and 
Steinmetzz 1979), it may be used for determining growth 
rates.. Although growth rates may vary considerably 
(Dahll  1967; Klein Breteler et al. 1989; Poole and Reynolds 
1996),, an average growth of 3-4 cm per year seems appro-
priatee for most areas. But Dekker (2000) showed that catch 

compositionn data from selected waterbodies are not repre-
sentativee for those in nearby waterbodies, while only a 
smalll  fraction of all waterbodies have been sampled. 
Moriartyy (1997, p. 47) suggests an average weight for 
glasseelss of 0.33 g. and for yellow and silver eels of 200 g, 
withh an average value of 65 and 6 ECU per kg. The con-
sumerr price for glasseel is listed as 95 ECU per kg; re-
stockingg material wil l have been purchased at this price. 
However,, prices of glasseel have fluctuated substantially 
inn recent years, up to 500 ECU per kg (Fontenelle, in 
Moriartyy and Dekker 1997). 

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.kmr2 land surface. 

NAA 0 >0 25 50 75 100 200 300 400 500 600 700 800 900 1000 
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LegendLegend for yellow and silver eel fisheries, aquaculture, kgknv1 land surface. 
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Thee application of a single weight estimate for yellow 
andd silver eel and for male and female eel is evidently a 
greatt simplification of reality. Silver eel are undoubtedly 
biggerr than average yellow eel, and females grow to about 
thricee the weight of males (Vollestad 1992). However, in 
thee absence of information on mean size of yellow eel and 
onn the ratio of males to females in the catch, there wil l be 
noo option to differentiate in the current analysis. 

Durationn of life stages 

Moriartyy (1997, Table 6) lists minimum legal sizes by 
countryy and region. Taking a blunt average of the listed 
valuess (35 cm) and assuming these express the true land-
ingg minimum size, the average length of the continental 
stayy until recruitment to the yellow eel fisheries should be 
nearlyy 10 years. Although this is subjectively judged as a 
realisticc value, the average obscures a wide range from at 
leastt 5 to over 20 years (Moriarty 1997, Table 6). 

Thee exploitation of the yellow eel ends when the eel 
silverss and emigrates. Average time spent in the exploited 
yelloww eel phase can be estimated from the age composi-
tionn of the catches. Extremes are reported by Dekker 
(1996)) with only two and by Kangur (1993) with more 
thann 10 age classes in the catch. Here, the average of these 
extremess (6 yr) was accepted as a realistic average value 
forr the duration of the exploited continental phase. 

Re-stockingg glasseel 

Moriartyy (1997, Table 6) lists the amount of glass eel used 
forr re-stocking. All known re-stockings combined, includ-
ingg those within river systems, total 125 tonnes. 
Regardingg trap-and-transport within river systems or 
betweenn systems within single countries, both trapping 
andd re-stocking were interpreted as impacts on the stock, 
albeitt a mutually opposing one (Figure 1). 

Naturall  mortality 

Estimatess of natural mortality in yellow eel vary consider-
ably,, ranging from negligible (Dekker 1989) to close to 
100%% during incidental pollution accidents (Mueller and 
Mengg 1990) or oxygen depletion in warm summers (Rossi 
ett al. 1987-1988). This suggests that overall natural mortal-
ityy is composed of a low base level in combination with 
raree but influential peak mortalities during short inci-
dents. . 

Moriartyy and Dekker (1997, annex 3) conclude that 
'stockingg studies suggest that natural mortality is in the 
orderr of 75% over the total continental life span'. In pre-
liminaryy runs of the model presented below, such a mor-
talityy from glasseel to escaping silver eel leads to incon-

gruouss results: the amount of glasseel re-stocked would 
exceedd the population as reconstructed from the catch of 
yelloww and silver eel. Therefore, natural mortality was 
assumedd to average 75% over the pre-exploited life stages 
only.. Natural mortality during older life stages was 
assumedd equal to that in the pre-exploited stages, i.e., 13% 
perr annum (M=0.138). 

Escapementt of silver eel 

Thee escapement of silver eel from the continent has never 
beenn directly assessed. Moriarty and Dekker (1997, annex 
2)) present a first attempt to quantify the amount of escap-
ingg silver eel, assuming a conservative escapement rate of 
10%% only. Ask and Erichsen (1976) and Sers, Meyer and 
Enderleinn (1993) tagged silver eel in the coastal areas in 
thee Baltic and observed recapture rates of up to 70% in 
coastall  fisheries further down the outward migration 
route.. This implies an escapement rate of 30%, the value 
whichh wil l be used here. 

Methods s 

Thee approach followed here is based on the dynamic pool 
modell  of Beverton and Holt (1957), albeit that data limita-
tionss force us to reduce the detail of the analysis consider-
ablyy in comparison to numerous applications to stocks of 
otherr species. 

Thee dynamic pool model is based on a differential 
equationn of the change in number of a cohort of fish: 

dNdNtt I dt = - (Ft + Mt) x Nt 

where: : 
NN is the number of animals in the cohort at time t [num-
ber], , 
FF is a coefficient of mortality due to fisheries [time-1], 
MM is a coefficient of mortality due to natural causes [time-1], 
tt is time, in units of a calendar year [time]. 

Underr the assumption that F f and Mf are constant dur-
ingg an infinitesimal short time interval (IQ, t0+At), it fol-
lowss that the catch during that time interval equals: 

C( vv V A, ) = FtQ I (FtQ + MfQ) x (l-exp"( V M J x At) x N,Q 

Thee classical model of Beverton and Holt (1957) 
assumess F f and Mf. are constant during an interval of one 
calendarr year, that is Ar=l, with changes in mortality rates 
in-betweenn the years. In reality, Ft and Mf are not truly 
constantt during any time interval. The discretised esti-
matee of Fi thus only represents a kind of time-averaged 
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approximationn to the true but volatile value of Ft during 
thee whole time interval. 

InIn the case of the eel fisheries, available data are insuf-
ficientt to breakdown the catch data over age groups. 
Instead,, only a breakdown by life stage can be achieved, 
distinguishingg glasseel, pre-exploited yellow eel, exploit-
edd yellow eel, exploited silver eel and escaping silver eel. 
Tailoringg the model to these data, the time-step must be 
chosenn equal to the duration of a life stage. This implies 
thatt the model must be built of time steps of unequal 
length,, varying from about three months for the glasseel 
stagee to 10 years on average for the pre-exploited yellow 
eell  stage. Consequently, the estimated value of Ft is aver-
agedd over short to very long time intervals and thus rep-
resentss only a first approximation to the true value of Ft, 
whichh undoubtedly varies during each life stage. 

Havingg grouped the entire life history into just a few 
lif ee stages, there still remains the need to assign catches to 
specificc cohorts. Defining the cohorts as individual year 
classess fails because of the lack of data; therefore a longi-
tudinall  analysis wil l not be pursued. A first approxima-
tionn can be made by a cross-sectional analysis. This 
assumess that the fisheries are in a stable state, allowing 
thee analysis of one year's catch as if it represents the catch 
fromm a single cohort over their total life span. This 
assumptionn is definitely incorrect. Recruitment has been 
goingg down and so has the stock. Consequently, results 
wil ll  underestimate the true exploitation rates. 

Afterr pooling individual age groups and introducing 
ann unavoidable assumption of stability, a much reduced 
cohortt analysis model remains. Using this simple model, 
aa VPA-like procedure can be built on a matrix of catch-at-
life-stagee data, yielding estimates of FxAt and Nt , follow-
ingg the usual retrospective procedures (Gulland 1965). 
Thee number of silver eel escapees in this interpretation 
conformss to the terrninal population number. An assump-
tionn that 30% of silver eel escape the fishery, combined 
withh an absolute figure for the silver eel catch, yields an 
estimatee of the number of escapees. The remaining calcu-
lationss are a straightforward application of VPA-proce-
dures,, except that it is now essential to distinguish FxAt 
fromm F, which do not coincide whenever At *1 . Since time 
wass discretised into only a few life stages, the conver-
gencee property of the traditional VPA (Pope 1972) wil l 
hardlyy apply. 

Re-stockingg of glasseel creates a specific problem. 
Sincee it is positioned between two fisheries in the life 
cycle,, it must be included in the model. One solution is to 
incorporatee re-stockings as a fishery with a negative catch 
(andd consequently with a negative fishing mortality), 
operatingg during a time interval of arbitrary short length, 
att the onset of the continental growing phase. 

Finally,, the sensitivity to all input data of the fishing 
mortalityy at the glasseel stage, the population number at 
thee glasseel stage, and the total mortality throughout con-
tinentall  residence is assessed in a simplified analysis. 
Relativee changes in outcomes as a function of relative 
changess in inputs are calculated by a finite difference quo-
tient,, i.e. (Ay/Ax)/(y/x). In Figure 2, the absolute value of 
thee estimated sensitivity is plotted. The absolute magni-
tudee of sensitivities indicates to what extent the corre-
spondingg input parameter influences the model result, 
whilee the sign (coded in the colour) indicates whether a 
higherr input parameter value increases (positive), or 
decreasess (negative) the model result. 

Results s 

Thee model described above was applied separately to the 
eell  fisheries in the Biscay area and elsewhere, as well as to 
thee combined data set (Table 2). 

Thee glasseel fisheries in the Biscay area constitute 87% 
off  all glasseel catches in Europe and fishing mortality dur-
ingg this phase constitutes 60% of the estimated life time 
fishingg mortality in the Biscay area. 

Elsewhere,Elsewhere, the fisheries for glasseel have a large impact, 
butt these are balanced by re-stocking of the resulting 
catch.. Overall, a net import of re-stocking material occurs 
here.. The number of glasseel re-stocked exceeds all subse-
quentt catches. Consequently, the fisheries outside the Biscay 
area,area, totalled over all life stages, yields a negative catch by 
numberss of approximately 77 million eels. The amount of 
glasseell  re-stocked exceeds the estimated natural recruit-
ment,, constituting 57% of the subsequent population. 

Combiningg all data over the whole of Europe, the glass 
eell  fisheries exceed the re-stockings by a factor of five. 

Estimatedd fishing mortalities are listed both on a per 
annumm basis (fishing pressure) and for the duration of 
eachh life stage (net impact on the stock). High fishing mor-
talitiess are estimated on glass eel and silver eel, both in the 
BiscayBiscay area and elsewhere. On a per annum basis, the fish-
ingg mortality on glass eel in the Biscay area is estimated at 
12.599 (=99.99966%), indicating that virtually all glass eel 
aree caught. The estimates of fishing mortalities on yellow 
andd silver eel are a direct consequence of the geographi-
callyy undifferentiated assumptions and therefore have not 
beenn detailed per area. 

Thee cumulative natural mortality over the continental 
lif ee stages is assumed to be about 2.5 (=92%). In the Biscay 
area,area, the cumulative fishing mortality is twice as high. 
Elsewhere,Elsewhere, it is estimated at 1.78 (=83%), but this value 
includess a negative mortality due to re-stockings. The 
cumulativee fishing mortality inflicted upon the natural 
recruitmentt is estimated at 3.25 (=96%). 
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Tablee 2 Catch data, estimated fishing mortality and estimated stock size of the European eel 

Lifee stage 

Biscayy area 
glasseel l 

fisheries fisheries 

re-stocking re-stocking 

yelloww eel 

pre-exploited pre-exploited 

exploited exploited 

silverr eel 

escapees s 

sum m 

Elsewhere e 

glasseel l 

fisheries fisheries 

restocking restocking 

yelloww eel 

pre-exploited pre-exploited 

exploited exploited 
silverr eel 

escapees s 

sum m 

summ excluding re-stockings 

Pooledd data set 
glasseel l 

fisheries fisheries 

re-stocking re-stocking 
yelloww eel 

pre-exploited pre-exploited 

exploited exploited 

silverr eel 

escapees s 

sum m 

summ excluding re-stockings 

Catch h 

Weight t 

(tonnes) ) 

510 510 

0 0 

0 0 

1090 0 

545 5 

0 0 

2145 5 

72 2 

-125 5 

0 0 

10,599 9 

5299 9 

0 0 

15,846 6 

583 3 

-125 5 

0 0 

11,689 9 

5844 4 

0 0 

17,991 1 

Numbers s 

(millions) ) 

1530 0 

0 0 

0 0 

5 5 

3 3 

0 0 

1538 8 

216 6 

-375 5 

0 0 

53 3 

26 6 

0 0 

-77 7 

1748 8 

-375 5 

0 0 

58 8 

29 9 

0 0 

1461 1 

Fishery y 

Mortality y 

FF (year1) 

12.59 9 

n.a. . 

0 0 

0.10 0 

2.87 7 

0 0 

0.29 9 

4.25 5 

n.a. . 

0 0 

0.10 0 

287 7 

0 0 

0.09 9 

0.18 8 

7.19 9 

n.a. . 

0 0 

0.10 0 

2.87 7 

0 0 

0.17 7 

0.21 1 

FxAt t 

3.15 5 

0 0 

0 0 

0.63 3 

1.43 3 

0 0 

5.21 1 

1.06 6 

-1.47 7 

0 0 

0.63 3 

1.43 3 

0 0 

1.65 5 

3.25 5 

1.80 0 

-0.74 4 

0 0 

0.63 3 

1.43 3 

0 0 

3.12 2 
3.86 6 

Stock k 

Weight t 

(tonnes) ) 

538 8 

22 2 

547 7 

3352 2 

735 5 

164 4 

5499 9 

167 7 

91 1 

5286 6 

32,388 8 

7146 6 

1590 0 

48,167 7 

707 7 

113 3 

5833 3 

35,719 9 

7880 0 

1753 3 

53,647 7 

Numbers s 

(millions) ) 

1616 6 

67 7 

67 7 

17 7 

4 4 

0.8 8 

1704 4 

502 2 

272 2 

648 8 

162 2 

36 6 

8 8 

1355 5 

2122 2 

339 9 

714 4 

179 9 

39 9 

9 9 

3063 3 

Somee model parameters have a large influence on the 
modell  output (Figure 2). Increments in the natural mortal-
ityy of the unexploited growing stage between the glass eel 
fisheryy and the yellow eel fishery have a large (six- to sev-
enfold)) effect on the estimated parameters of the glass eel 
fisheriess outside the Biscay area. The magnitude and dura-
tionn of this mortality together determine the overall natu-
rall  mortality; both have a great effect on the estimates. 
Largerr effects on the assessment result from the magni-
tudee of landings, the natural mortality rate and the aver-
agee weight of glass eels. Overall, changes in input param-
eterss have less effect on the estimates for the part of the 
stockk in the Biscay area than elsewhere, with the pooled data 
sett having an intermediate position. 

Discussion n 

Longg and slender eels do not fit very well into stout iron 
beds.. The fisheries on the European eel stock constitute a 
longg lasting, multi-levelled, geographically differentiated 
managementt problem, for which only a tiny set of consis-
tentt data could be compiled. There wil l be few assess-
mentss as poorly detailed as this one. Although the starting 
pointt is firmly based in stock assessment methodology, 
thee resulting model does not pass the stage of a back-of-
an-envelope-calculation.. That is all the available data 
alloww for. However, a stock-wide assessment of the 
Europeann eel has not been presented before and this sim-
plee exercise does provide new insights. 

32 2 



AA Procrustean assessment of the European eel stock 

1000 0 

ISS 1 0° 
I I 

J--
1 1 
o o 
SS 10 

-OO Elsewhere 

-AA Pooled data 

-f || Biscay area 

P
o

p
u

la
ti
on

n 
n

u
m

b
e

r, 
g
la

ss
 e

el
 s

ta
g
e. 

h-
ii 

o
 

M
M

 
O

 
O

 
O

 (b)) <r> 

88 f / / \ 

// \ ^ _ _ —0 Elsewhere 

\\ / / ïfc——-A Pooled data 

ïcca)) ar. 

1SS 100 

(c) ) 

Glasss eel 

Figuree 2 Sensitivity analysis of selected model results to the input parameters. For each of the input parameters, the 
valuee of | (Ay/Ax) / (y/x) \ is plotted, in percentage, on log-scale. Open symbols indicate a positive effect of the input 
parameterr on the model result, black symbols a reverse effect. 

33 3 



ChapterChapter 3 

Forr yellow and silver eel, there is a close link between 
assumpt ions,, model parameters and corresponding 
results.. Results can probably best be viewed as a re-for-
mulationn of existing assertions in terms of standard 
assessmentt methodology. Results for fisheries on glass eel 
andd recruitment to the continent depend on data and 
assumptionss about the glass eel stage itself, as well as on 
intermediatee yellow and silver eel fishery results of the 
model.. Consequently, results for the glass eel stage are 
muchh less sensitive to input parameters than results for 
thee yellow and silver eel stages. 

ICESS (1988), in a discussion on eel landings, stressed 
thee need to differentiate between glass eel of 0.3 g and yel-
loww and silver eel of 200 g each. Moriarty (1997) made this 
distinctionn and revealed the contrast between landings in 
termss of weight and in terms of numbers. Here, the con-
trastt between the glass eel fisheries and the fisheries on 
largerr eel was explored one step further, by accounting for 
areass with a net yield of glass eel versus areas where re-
stockingg is practised. The analysis suggests that 76% of the 
totall  recruitment to the continent occurs in the area where 
intensivee glass eel fisheries have developed. These areas 
constitutee only 7% of thee distribution area of the European 
eel,, or 6% of the productive water surface (Moriarty and 
Dekkerr 1997). Natural recruitment in the Biscay area 
appearss to be more than ten times as dense as elsewhere 
inn Europe. 

Thee identity of the biological unit stock of the 
Europeann eel is not known. The available evidence has not 
shownn any subdivision of the stock (morphological char-
acteristicss analysed by Schmidt (1906), genetic markers 
analysedd by Daemen et al. (1997), coherence in recruit-
mentt pattern analysed by Dekker (2000)), although a fail-
uree to find differences is not a definite proof of panmixia. 
Notingg the geographical concentration of the stock in the 
BiscayBiscay area, the evidence for a major contribution to the 
overalll  reproduction by eel populating waters elsewhere 
mightt be questioned. It might be hypothesised that the 
stockk in the Biscay area constitutes a self-sustaining popu-
lation,, with only 24% of its recruitment ultimately scat-
teredd over the rest of the continent after their long journey 
fromm the spawning grounds to the Biscay area. 

Thee exploitation patterns differ between the Biscay area 
andd elsewhere. The fisheries in the Biscay area concentrate 
onn the glass eel newly recruiting to the continent, while 
elsewhereelsewhere glass eel fisheries serve only to re-stock inland 
waters.. Fisheries for yellow eel and silver eel in the Biscay 
areaarea were assumed to be equally intensive as elsewhere, but 
thiss was not substantiated by data. Thus, the higher 
cumulativee fishing mortality estimated for the Biscay area 
(fxAf=5.21,99.5%)) than for elsewhere (FxAf=3.25,96%) can-
nott be validated. Therefore, there is insufficient basis to 

claimm that the effects of exploitation in these two areas on 
thee spawner production are significantly different. 

Elsewhere,Elsewhere, the natural recruitment (estimated at 502 
millio nn glass eel), is supplemented by glass eel from the 
BiscayBiscay area (159 million). Additionally, 216 million glass 
eelss are trapped and transported, before being returned to 
outdoorr waters. This implies that less than half have com-
pletelyy free access to the continental waters. Westin 
(1990),, in comparing emigration of natural and stocked 
eelss in the Baltic, found silver eel originating from the lat-
terr showed aberrant behaviour. The reproductive success 
off  transplanted eel is therefore questionable. Noting that 
re-stockingss exceed natural immigration, one might 
worryy about the effect on the breeding stock. 

Thee stock of the European eel is in a bad state. 
Recruitmentt and yield have been declining for two 
decadess or more. ICES (1999) concluded the stock is out-
sidee safe biological limits and recommended to set escape-
mentt targets on a system-by-system basis. This presup-
posess a potential stock-recruitment relationship of some 
kind.. Although such a relationship is not known or quan-
tified,, the objective of supra-national management wil l 
undoubtedlyy include some restriction of fisheries to levels 
att which the number of escapees wil l not limi t subsequent 
recruitment.. Noting the unequal distribution of recruit-
mentt over the continental areas, the escapement targets 
mustt probably be set proportional to the incoming recruit-
ment.. This would correspond to setting limit s on the 
cumulativee fishing mortality during the continental 
stages.. Although a first estimate is provided of this cumu-
lativee fishing mortality averaged over two parts of the 
continent,, the analysis does not give information on target 
values.. Moreover, because of the assumption of stability, 
thee true exploitation levels may be underestimated. 

Thee available information has been used as starting 
point.. In retrospect, the question arises how the analysis 
couldd have been improved by acquiring additional infor-
mationn from the field. Several assertions (e.g., the ratio 
betweenn yellow and silver eel catch, mean weights for 
eachh of the lif e stages, the duration of the pre-exploited 
andd exploited yellow eel stages, the level of natural mor-
tality)) were stated for the continental stock as a whole, for 
bothh sexes combined. These could easily be replaced 
whenn data had been acquired in more detail. However, 
variationn at a scale of a few kilometres appears to be larg-
err than at the continental scale (Dekker 2000). Since data 
aree available for only a few waterbodies scattered over 
feww countries, available data may not constitute a repre-
sentativee sample of all waters in each country, particular-
lyy because larger waterbodies tend to be over-represent-
ed.. Thus, compiling and adding more detail at this stage 
mightt easily confound the interpretation of the results, 
whilee interfering with the simplicity of the analysis pre-
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sented.. However, when additional and more representa-
tivetive information could be provided by all countries 
involved,, the basis of a continent wide assessment may be 
improvedd substantially. 

Itt is acknowledged that the picture of the eel stock pre-
sentedd will not suffice for developing a rational manage-
mentt at the continental level. Substantial improvement of 
thee database underlying the assessment is unlikely, at 
leastt at the time scale at which management action is 
urgentlyy required. However, since effective management 
off  the scattered stock and fisheries must focus on national 
orr lower levels (Dekker 2000), the development of a sys-
temm of assessment and control at these geographical scales 
iss inevitable. When co-ordinated, this may also accommo-
datee a more comfortable assessment of the European eel 
stock. . 
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