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

Didd lack of spawner s cause the 

collaps ee of the Europea n eel, 

AnguillaAnguilla  anguilla? 
FisheriesFisheries Management and Ecology 10:365-376 (2003) 

Sincee the 1980s, a 90% decline in recruitment of European eel Anguilla anguilla (L.) has occurred across most all 
off  Europe. Whether the continental stock has equally declined is uncertain. This study compiles available land-
ingss statistics since the beginning of the 20th century and identifies trends over time and space, using a statisti-
call  model that takes varying levels of reporting into account. Landings in the pre-1940s reached over 40,000 
tonness yr1, declined during World War II, rose to a peak of 40,000 tonnes yr1 in the 1960s {coincident with a 
peakk in re-stockings) and dropped to an all time low of <20,000 tonnes yr1 in the 1990s. The decline in recruit-
mentt observed since the early 1980s was preceded by a decline inn landings two or more decades earlier, indicat-
ingg a decline of the continental stock. Considering the continental stock and the spawning stock must have 
declinedd in parallel, insufficient spawning stock biomass might have caused the recruitment collapse currently 
observed. . 

Sincee the early 1980s, a steady and almost continent wide 
declinee of 90% has been observed in the recruitment of 
glasseell  (Anguilla anguilla (L.)) to the European continent 
(Moriartyy 1986, 1996; Dekker 2000a; ICES 2002). Several 
hypothesess on the causes of this decline have been pro-
posedd (Castonguay et al. 1994; Moriarty and Dekker 1997), 
includingg climatic changes in ocean conditions, reductions 
inn (accessible) freshwater habitat, pollution or parasitism, 
andd overexploitation. Although evidence has been pre-
sentedd supporting or contradicting one or other hypothesis 
(Knightss 1996; Desaunay and Guerault 1997; Dekker 1998), 
noo comprehensive approach to unravel the problem has 
beenn developed. The decline in recruitment has been pre-
sentedd concurrently with some evidence for a decline of 
thee continental stock (Moriarty and Dekker 1997; ICES 
1999).. The temporal order in which the continental and 
juvenilee stocks have declined might narrow the range of 
hypothesess on the causes of the decline. 

Recruitmentt of glasseel towards the continent is moni-
toredd at a number of places along the continental coast, 
andd most time series show a parallel trend (Dekker 2000a). 
Forr the continental stock, monitoring is much less organ-
isedd and it is doubtful if data from geographically isolated 
stationss are indicative for the status of the whole continen-
tall  stock (Dekker 2000a). However, as landings of glasseel 
aree negligible in comparison to yellow and silver eel land-

ings,, in terms of weight (Moriarty 1997), trends in total 
landingss wil l be close to trends in landings of the continen-
tall  stock, which, presumably, are indicative for trends in 
thee continental stock. 

Scientistss studying European eel fisheries have a per-
sistentt belief that basic landings statistics have been, and 
alwayss wil l be, inadequate to monitor stock and fisheries. 
'Becausee of the secretiveness of eel fishermen it is almost 
impossiblee to get reliable catch data; hence one must con-
cludee that statistics are highly untrustworthy' (Deelder 
1984).. 'The gathering together of the available facts serves 
moree than anything to show the inadequacy of the infor-
mation'' (Moriarty 1997). However, without arguing 
againstt the content of these statements, the views 
expressedd have led to severe under-utilisation of major 
sourcess of information on the status of the eel stock. Either 
landingss statistics are completely ignored (Bertin 1956; 
Deelderr 1984), or primary focus is on the inadequacy of the 
dataa (ICES 1988; Moriarty 1997). In 1976, Thurow (1979) 
concludedd 'an assessment of the state of exploitation (...) 
wass urgently needed'. In the years following, the state of 
thee stock has deteriorated (Moriarty and Dekker 1997). 
Clearly,, there is an urgent need to present a comprehen-
sivee analysis of the available landings data, considering 
bothh their validity and the trends observed. 
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InIn the current analysis, trends in reported landings 
wil ll  be identified, taking into account the variation in the 
numberr of countries reporting. To this end, a succinct sta-
tisticall  model of eel landings during the 20th century is 
developed,, which enables an assessment of the trend in all 
(reportedd and non-reported) landings. ICES (1988) and 
Moriartyy and Dekker (1997) showed that official landings 
statisticss for many countries comprised only about half of 
thee true catches in the 1980s and 1990s. This under-report-
ingg (in contrast to non-reporting) wil l not be taken into 
account.. Finally, causes and consequences for the 
observedd trends in yield wil l be discussed, specifically 
focusingg on the contrast between oceanic versus continen-
tall  processes causing the observed recruitment decline. 

Materia ll  and methods 

Dataa sources 

FAO FAO 
Thee Food and Agricultural Organisation FAO (Rome, 
Italy)) of the United Nations maintains a database of 
worldwidee fisheries yields. Statistics are reported on 
paperr (FAO 2000) and data from 1960 onwards are avail-
ablee from Internet (http://www.fao.org). Data for fish-
eriess on 'river eels' were obtained from Internet (October 
1st,, 2001), selecting all European countries, African and 
Asiann countries bordering the Mediterranean Sea and 
Africann countries bordering the Atlantic Ocean north of 
thee Equator. The number of fishing areas listed by FAO 
wass reduced from seven to three (Atlantic, Inland waters 
andd Mediterranean), by merging all inland areas under a 
singlee heading and merging the North and Central 
Atlanticc areas. When no fishing area was listed, landings 
weree assumed to represent country totals. In other cases, 
thee dis-aggregated data were used, but no country totals 
weree calculated. This data set was supplemented with 
informationn on the years prior to 1960, derived from FAO 
(1948,, 1950, 1961). The earliest records date back to the 
1930s,, but uninterrupted recordings only exist after 1947. 
Recentt paper sources express landings in 1000 tonnes per 
yearr with a single significant digit, that is: data are accu-
ratee up to 100 tonnes per year. The FAO database lists 
tonness per year, but data prior to 1974 consist of multiples 
off  100 tonnes per year only. Where multiple data sources 
weree available and conflicts were attributable to rounding 
off,, the most detailed data source was given preference. 

ICES ICES 

Thee International Counsel for the Exploration of the Sea 
ICESS (Copenhagen, Denmark) maintains a database of 

landingss of marine, Atlantic fisheries yields. Statistics up 
too 1988 were reported on paper (ICES 1992). A comput-
erisedd database with data up to 1998 was made available 
uponn request (by H. Sparholt, ICES, Copenhagen). 
Landingss are reported in tonnes per year, from 1903 
onwards.. Although data were available by ICES fishing 
zone,, all data were aggregated by country, to match the 
FAOO aggregation level. In general, the ICES database 
matchess the FAO data for the Atlantic, but covers a longer 
rangee of years. 

OtherOther sources 

Bothh databases contain a few quite surprising data, 
includingg landing reports outside the distribution area 
(Togoo and Gambia), erroneous inclusion of aquaculture 
productionn in inland landings (Italy since 1984; the 
Netherlandss since 1993; Denmark since 1998) or misclassi-
ficationn of fishing areas (the Netherlands in 1939, while 
thee Zuiderzee was converted into freshwater in 1932). Most 
off  these flaws are easily corrected, but, without consolida-
tionn of the remaining data, an unbalanced data set could 
havee resulted. Therefore, additional and/or corrected 
informationn obtained from various sources, including per-
sonall  communications, was added to the data set, without 
replacement.. This concerns: 

 Italy, landings of inland and marine waters, as previ-
ouslyy reported to FAO, but corrected (communicated 
byy Eleonora Ciccotti, Universita Tor Vergata, Rome, 
Italy). . 

 Border between Russia (Kaliningrad) and Lithuania: 
landingss from the Curonian lagoon (communicated by 
Linass Lozys, Institute of Ecology, Vilnius, Lithuania). 

 Border between Northern Ireland and Republic of 
Ireland:: landings of yellow and silver eel (separate) 
fromm the Erne river and lake fisheries since 1870 (com-
municatedd by Milton Matthews, Northern Regional 
Fisheriess Board, Ballyshannon, Ireland). 

 Northern Ireland: landings of yellow and silver eel 
(separate)) from Lough Neagh since 1965 (communi-
catedd by Robert Rosell, Department for Agriculture of 
N.. Ireland, Dublin, N. Ireland). 

 Sweden, landings from east coast, west coast and 
inlandd waters separately, since 1925 (communicated 
byy Hakan Wickström, Institute of Freshwater 
Research,, Drottningholm, Sweden). 

 the Netherlands, landings of yellow and silver eel 
fromm the Zuiderzee area since 1879, irrespective of the 
reclamationn from the sea in 1932 (unpublished data 
fromm the author). 

 ICES (1975,1977) list catches for some countries from 
19200 through the mid 1970s, derived from national 
sources.. The information clearly duplicates the FAO 
database,, but extends to earlier years (1920). 
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Tablee 1 Landings of the European eel in the 20th century: statistics of available data by decade, by latitudinal class, by 
dataa source, by fishing area and by country. 

Numbe rr  of 

dataa series 

Numbe rr  of 

observation s s 

Geometri c c 

mean n 

observatio n n 

Numbe rr  of 

dataa series 

Numbe rr  of 

observation s s 

Geometri c c 

mean n 

observatio n n 

Decade Decade 
1900-1909 9 
1910-1919 9 

1920-1929 9 

1930-1939 9 
1940-1949 9 

1950-1959 9 

1960-1969 9 
1970-1979 9 

1980-1989 9 

1990-1999 9 

LatitudinalLatitudinal  class 

10-15 5 

15-20 0 
25-30 0 

30-35 5 

35-40 0 
40-45 5 

45-50 0 

50-55 5 
55-60 0 

60-65 5 

65-70 0 

DataData source 

FAO O 

ICES S 
Othe rr  source s 

fishingfishing  area 
Inlandd water s 

Atlanti c c 
Mediterranea n n 

Countr yy  tota l 

7 7 
7 7 

19 9 

30 0 

36 6 
44 4 
69 9 
82 2 

93 3 
112 2 

1 1 
1 1 

3 3 

5 5 
7 7 

16 6 
9 9 

29 9 

25 5 

10 0 

6 6 

70 0 
16 6 

26 6 

42 2 

44 4 
13 3 

13 3 

47 7 
70 0 

184 4 

267 7 

263 3 
362 2 

505 5 
571 1 

602 2 
714 4 

1 1 

1 1 

22 2 

I I I I 
121 1 

482 2 

140 0 
1147 7 

1041 1 

256 6 
268 8 

1459 9 

810 0 

1321 1 

1102 2 

1826 6 
286 6 

376 6 

193 3 

505 5 
474 4 

793 3 
427 7 

436 6 

453 3 
264 4 

162 2 
92 2 

1 1 

26 6 

52 2 

51 1 
65 5 

332 2 

208 8 
199 9 

399 9 

143 3 
895 5 

226 6 
282 2 

290 0 

164 4 

252 2 
225 5 

1356 6 

Country Country 

Albani a a 

Algeri a a 

Belgiu m m 

Croati a a 
Czechoslovaki a a 

Denmar k k 

Egypt t 
Englan dd & Wales 

Estoni a a 
Finlan d d 

France e 

Gambi a a 
German y y 

Greece e 

Hungar y y 
Ireland d 

Italy y 

Latvi a a 

Lithuani a a 
Macedoni a a 

Malta a 

Morocc o o 
N.. Irelan d 

thee Netherland s 

Norwa y y 
Poland d 

Portuga l l 

Romani a a 

Russia ,, USSR 
Spain n 
Sweden n 

Switzerlan d d 
Togo o 

Tunisi a a 

Turkey y 

UK K 
Ukrain e e 

Yugoslavia ,, SFR 

2 2 

2 2 
1 1 

1 1 

1 1 

10 0 
1 1 

1 1 

3 3 
3 3 

5 5 

1 1 
4 4 

2 2 

1 1 
7 7 

6 6 

3 3 

3 3 
1 1 

1 1 

3 3 
3 3 

6 6 

4 4 
6 6 

3 3 

1 1 

3 3 
5 5 
9 9 
1 1 

1 1 

2 2 

1 1 
3 3 

1 1 

1 1 

15 5 

17 7 

15 5 
7 7 

16 6 
527 7 

5 5 

57 7 

23 3 

35 5 
141 1 

1 1 
180 0 

31 1 

13 3 
246 6 

226 6 

35 5 

116 6 
6 6 

2 2 

70 0 
103 3 

332 2 

164 4 
209 9 

58 8 

2 2 

57 7 
167 7 

505 5 

15 5 
1 1 

41 1 

30 0 

92 2 
1 1 

29 9 

66 6 

25 5 

102 2 
6 6 

46 6 

1065 5 

616 6 
17 7 

16 6 
8 8 

613 3 

26 6 
449 9 

75 5 

205 5 
20 0 

1040 0 

13 3 
26 6 

35 5 

3 3 
29 9 

383 3 
704 4 
309 9 

346 6 

28 8 

1 1 
94 4 

113 3 

610 0 
6 6 
1 1 

130 0 
365 5 

371 1 

1 1 

20 0 

Dataa from earlier than 1900 were very scarce and there-
foree omitted from the analysis. Most paper data sources 
makee a definite distinction between null and non-report-
ed;; the FAO database does not consistently do so, but lists 
zeroess in both cases. It is assumed here, truly zero land-
ingss wil l never have occurred in countries that do have 
regularr reports of landings. Therefore, all listed zeroes are 

interpretedd as missing information. In total, 3590 records 
aree available in 112 data series (Table 1, Figure 1). 

Variancee stabilising data transformation 

First,, the relation of the statistical variance to the magni-
tudee of the observations is examined. Commonly, the rela-
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tionn between variance and the mean of genuine replicates 
iss analysed (Taylor 1961). Survey-based data such as land-
ingss cover the sampling space completely and therefore 

doo not allow for statistical replication. Instead, the 
betweenn years variance was taken, treating each data 
seriess as an independent, replicated observation. As wil l 
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Figuree 1 Landings of the European eel in the 20th century, scaled to the estimated value in 1950. 
Forr readability, data series are grouped in classes of 5 degrees latitude. 
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Figuree 2 Variance within data series of eel landings as a 
functionn of the arithmetic mean per series. Regression 
functionn based on log-log regression. 

bee seen below, the majority of the between years variance 
iss not related to short-term (auto-correlated) variation, nor 
too long-term trends. Log-log regression of the variance on 
thee mean (weighting by the number of observations in each 
dataa series) shows an exponent close to two (Figure 2). 
Consequently,, log-transforming all observations wil l sta-
bilisee their variance. As zero observations were excluded 
beforehand,, this procedure corresponds to the application 
off  the delta-distribution (Pennington 1983). Al l subse-
quentt analyses are based on log-transformed non-zero 
data. . 

Relevantt time scale 

Forr each time series, autocorrelations are calculated for 
timee lags from 0 to 30 years. Autocorrelations based on 
lesss than 10 observations are discarded. For each time lag, 
ann average autocorrelation (i.e., averaged over the data 
series)) is calculated as the arithmetic average over the data 
series,, weighted by the number of data points on which 
individuall  autocorrelations are based. Calculation of 
autocorrelationn at long time lags requires long time series. 
Ass the longer time series do not necessarily represent an 
a-selectt sample of all available data, average autocorrela-
tionss per time lag were also calculated for the selection of 
longerr time series, for which autocorrelations at all time 
lagss were available. 

Modell  construction 

Too derive a succinct continent-wide view of potential 
trendss in the continental stock, a statistical model of land-
ingss must be as parsimonious as possible. This parsimony 
relatess to the number of explanatory factors, and to the 
levell  of detail modelled for each explanatory factor. A 
stepwisee inclusion strategy was followed for each 
explanatoryy factor, contrasting each step to the common 
basee model. The model was based on linear regression of 
thee logarithm of the reported landings, with additive 
explanatoryy variables and a normal distribution of the 
residuals.. This conforms to a multiplicative model of the 
untransformedd landings. Temporal and spatial trends 
weree analysed, first as a series expansion (in year and lat-
itudee respectively), and secondly by inclusion of a discrete 
versionn of the continuous variate (year as a class variable; 
assigningg each country a separate temporal trend). 
Latitudinall  variation in growth rate (Vollestad 1992) and 
inn density (Dekker 2000b) of the eel stock have been 
shownn to occur, suggesting the use of latitude as an 
explanatoryy variable. The temporal evolution is modelled 
ass a Taylor series expansion of the year, up to degree four. 
Higherr degrees were found not to be estimable. Table 3 
listss all models tested. 

Betweenn the data series, many interdependencies 
mightt exist, related to common data sources, common fish-
ingg areas, common temporal trends, common round off 
levels,, etc. Because of the unknown and potentially very 
complexx structure of these interdependencies, no attempt 
wass made to incorporate these into the model structure. 

Availablee data were subdivided by country, i.e. by 
jurisdictionall  entities. That is a breakdown, which lacks a 
clearr biological meaning for the eel stock. Countries differ 
inn the area of suitable eel habitat and in stock density and 
differr in the ratio between inland and coastal fisheries. Thus, 
thee magnitude of landings differs between data series, thus 
necessitatingg scaling of the data. This was accomplished by 
inclusionn of a dummy class variable, with a unique value 
perr data series, in each of the models tested. 

Al ll  other explanatory variables (latitude, fishing area, 
dataa source and country) are fully associated with selec-
tionss from the set of data series. The inclusion of a scaling 
factorr for each data series precluded the analysis of the 
mainn effects of these explanatory variables. The interac-
tionn of each of these factors with the Taylor series expan-
sionn of the year was analysed. 

Mostt data series show aberrant low records in the first 
yearss after their initiation (Table 2). Hence, the first 
recordss in each data series were assigned a reduced 
weightt in the analyses, linearly increasing from 10 to 100% 
overr the first 10 years. 
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Tablee 2 Statistics of eel landings data, in the first years after initiation of data series. 
Agee of data series Recorded landing Number of series with landing 

(inn years) (% of first record) > first record < first record 

00 100 110 0 

11 121 67 43 
22 215 66 44 
33 231 66 43 
44 219 55 51 

55 229 51 55 

66 254 41 61 
77 297 45 56 

88 279 49 49 

99 326 41 51 

Dataa extrapolation 

Forr most data series, calculation of statistically predicted 
trendss requires considerable extrapolation of results over 
thee whole range of years studied. The geographical cover-
agee was highly correlated with time (Figure 1). For most 
latitudes,, data are available from 1940 onwards, while 
fromm 1980 onwards most countries have reported land-
ings.. Hence, extrapolations were confined to approxi-
matelyy 1940 and 1980 and later, respectively. In addition, 
alll  interpolations and extrapolations were calculated and 
presentedd at face value and their validity judged on com-
monn sense grounds. 

Results s 

Relevantt time scale 

Thee auto-correlogram of the time series of eel landings 
(Figuree 3) showed the typical pattern known as pink noise: 
highh autocorrelations only at small time lags, quickly 
extinguishingg with increasing time lags. For lags of ten 
yearss and more, average autocorrelations were consistent-
lyy below 0.15. The longer time series showed a somewhat 
higherr auto-correlation at time lags below 10 years, with a 
valuee of 0.75 at lag one, in comparison with 0.50 for the 
averagee of all series. Individual autocorrelations fluctuat-
edd more and to higher values than the averages, but the 
reportedd trend is seen in most data series. The overall pat-
ternn was indicative for data series showing random varia-
tionn in short time periods, while in the long run observa-
tionss do not err to unbounded high or low values (Nisbet 
andd Gurney 1982). 

Modell  construction 

Thee first model, a scaling constant for each time series, 
explainedd more than 80% of the total variance (Table 3). 
Thiss model is taken as the base line for further analysis. 

Forr a series expansion of year (spatially uniform), only 
thee first and second terms contributed substantially to the 
model.. The third was not significant, while the higher 
orderr terms failed to contribute to the model completely. 
Thiss indicates that the data followed on average a very 
smoothh trend over time. Re-defining year as a class vari-
able,, i.e. allowing the model to fi t irregular year to year 
patternss that are common to all data series, yielded a sig-
nificantt improvement of the model, but at the costs of an 
undulyy large number of parameters (MS=0.79). The series 
expansionn at degree two was used for further analysis of 
spatiall  trends. This model {quadratic trend) and the model 
wit hh year as a class variable {year as classes) were used for 
dataa extrapolation. 

Forr a series expansion of latitude, only the first term 
contributedd substantially to the model, in interaction with 
aa linear expansion of year. Higher order terms of latitude 
andd latitude in combination with year squared con-
tributedd only marginally, or completely failed to fit . This 
indicatess that the observed temporal trends did not occur 
uniformlyy over the continent, but there is no clear sign of 
moree than a general north to south trend, northern areas 
showingg a later and less significant decline. Replacing the 
latitudinall  trend by a separate trend by country yields a 
significantt improvement of the model, but at the costs of a 
largee number of parameters (MS=8.34). The linear latitu-
dinal,, quadratic time trend (latitudinal trend) and the sep-
aratee trends by country (trends by country) were used for 
dataa extrapolations. 

Overall,, four models were further explored. They 
were:: the spatially uniform quadratic trend, the spatially 
uniformm year as classes, the linear latitudinal trend of quad-
raticc time series and the quadratic trends by country. These 
modelss explained, respectively, 9, 14, 10 and 31% of the 
basee line variance. However, explained variance per 
degreee of freedom (MS) amounts to 78.32, 0.79, 8.19 and 
8.34.. Clearly, the better fi t of the more complex models 
{year{year as classes, latitudinal trend, trends by country) was not 
inn accordance with their increased complexity. 
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Figuree 3 Auto-correlogram of the time series of eel landings in the 20th century. 
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Tablee 3 Analyses of variance results of models of increasing complexity. SS=Sum of Squares, df=degrees of freedom, 
MS=Meann Square, F=F-statistic, p=probability. 
Model l 

formall null model 

scalingg each data series 

error r 

StepwiseStepwise analysis of temporal trend 

year r 

+year22 f 

+year3 3 

+year4 4 

yearr as class variable f 

error r 

Stepwisee analysis of spatial trend 

+latitudee x year 

+latitudee x year2 t 

+latitude22 x year 

+latitude22 x year2 

+countryy x year 

+countryy x year2 f 

error r 

SS S 

10,475.51 1 

8749.15 5 

1726.36 6 

91.33 3 

65.32 2 

1.20 0 

0.00 0 

76.64 4 

1491.87 7 

11.99 9 

4.38 8 

5.52 2 

0.00 0 

268.73 3 

98.20 0 

1186.41 1 

df f 

3589 9 

III 1 

3478 8 

1 1 

1 1 

1 1 

97 7 

3378 8 

1 1 

1 1 

1 1 

32 2 

12 2 

3430 0 

MS S 

2.92 2 

78.82 2 

0.50 0 

91.33 3 

65.32 2 

1.20 0 

0.79 9 

0.44 4 

11.99 9 

4.38 8 

5.52 2 

8.40 0 

8.18 8 

0.35 5 

F F 

158.797 7 

206.784 4 

147.901 1 

2.725 5 

2.284 4 

34.669 9 

12.669 9 

15.969 9 

24.279 9 

23.659 9 

P P 

0.000 0 

0.000 0 

0.000 0 

0.099 9 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

tt These models are selected for further exploration of results. 

Dataa extrapolation 

Forr each of these four models, estimated landings by year 
andd country were calculated. Figure 4 presents the sum of 
alll countries, in parallel with the total of the actual reports 
too FAO. 

Thee actually reported landings showed a slow increase 
fromm 12,500 in the 1930s to 17,000 tonnes in the 1990s, with 
aa clear depression during the World War II, a peak in the 
1960ss and a trough in 1980. For the spatially uniform quad
raticratic trend model, estimated landings peaked in 1941 at 
41,5000 and declined to 18,000 tonnes in the 1990s. For the 
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Figuree 4 Reported and model-estimated landings in the 20th century, for the whole stock of the European eel. For the 
yearr as classes model, standard errors are indicated in grey 1 s.e.). 

spatiallyy uniform year as classes model, estimated landings 
variedd considerably in the pre-1940s, with an average of 
40,0000 tonnes. During World War II , model estimates 
declinedd to 27,500 tonnes, followed by a steady increase to 
41,7500 tonnes in the 1960s. From the mid-1960s onwards, 
aa steady decline was estimated, down to 18,500 tonnes in 
thee 1990s. For the latitudinal trend model, the sum of all 
countriess showed a continuously declining trend, from 
overr 50,000 down to 15,000 tonnes, from 1940 to present. 
Thee general trend over latitude predicted by this model 
wass for southern vs. northern areas to show a steeper 
decline,, starting earlier. For the trends by country model, an 
evenn steeper trend was estimated, from over 27,000 tonnes 
inn 1980 down to 18,000 tonnes in the 1990s. 

Discussion n 

Thee stock of the European eel is in severe decline. For the 
recruitmentt of glasseel from the ocean towards the conti-
nent,, the decline started in the early 1980s (Moriarty 1986) 
andd is observed at most monitoring sites (Moriarty 1986, 
1990,, 1996; Dekker 2000a). For the continental stock, the 
declinee in the Baltic was recognised quite early (Svardson 
1976),, but elsewhere less clear-cut evidence has been pre-
sentedd (ICES 1975). In recent years, the decline in the con-

tinentall  stock is thought to be secondary to the recruit-
mentt failure (Moriarty and Dekker 1997; Lobon-Cervia 
1999;; ICES 2002). The current analysis confirms the 
declinee in the Baltic since the middle of the 20th century, 
butt also suggests a comparable and even steeper decline 
inn the rest of the continental population, lasting much 
longerr than the recruitment decline. 

Reliabilityy and variance 

Landingss statistics of eel have been described as 'highly 
untrustworthy'' (Deelder 1984) and 'inadequate' (Moriarty 
1997).. In contrast, Kuhlman (1997) claimed that fresh 
waterr and marine catches showed miraculously identical 
trends,, but re-analysis of the same FAO source data did 
nott confirm his outcome. The variation in the landing 
recordss is high, even between subsequent years (Figure 3). 
Modelss allowing for year to year and country to country 
variationn explain less than 30% of the variance (Table 3). 
Locall  climatic influences (Tesch 1999) as well as market 
forcess (Fontenelle 1997) wil l have had substantial influ-
encee (process errors), but simple mis-recordings or vary-
ingg levels of under-reporting (measurement errors) have 
beenn identified too. Analyses of trends in stock wide land-
ingss data suffer from a high degree of uncertainty, but 
thatt does not necessarily imply the data are inadequate. 
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Figuree 5 Actually reported landings of the European eel in percentage of the model-estimates, for each of the predictive 

models. . 

Modell  construction 

Becausee of the high variability, rather simple models in 
thee current analysis already exhausted all information in 
thee data, both with respect to temporal and spatial varia-
tionn (Table 3). The models allowing for geographical dif-
ferentiationn (either as a spatial trend or assuming inde-
pendentt temporal trends between countries) fit reason-
ablyy well to the data (Table 3), but yield unreasonably 
highh results upon extrapolation (Figure 4). Within the 
dataa range (latitudinal coverage since , coverage of 
mostt countries since 1980s), model predictions from these 
geographicallyy differentiated models agreed reasonably 
withh geographically uniform models (Figure 4). The over-
alll  trend of the undifferentiated models was not contra-
dicted.. Apparently, the geographically differentiated 
modelss better fit minor details of the data, but do not 
detectt major geographical patterns. Hence the general 
trendd of declining eel landings in the past decades must 
havee occurred consistently all over the distribution area. 

Thee two temporal trend models (quadratic trend and 
yearyear as classes) were in reasonable agreement. The year as 
classesclasses model tracked the World War II decline and the 
peakk in the 1960s, but showed large year to year variation 
inn the data-poor period before 1930. Obviously, the reali-
tyy of the pre-1930 variation is not beyond doubt. The quad-
raticratic trend model stayed within one standard error of the 
yearyear as classes estimate in almost all years. Thus, the quad-

raticratic trend model described the general trend as good as 
thee detailed year as classes model. 

Decliningg yield 

Thee overall pattern (highest levels in the pre-1940s, severe 
declinee since early 1960s) was not observed in the sum of 
thee actually reported landings (Figure 4). The sum of the 
actuall  reports was 25-30% of the model estimates in the 
1930ss and 75-100% in the 1990s (Figure 5). Realising that 
thee number of data series rose gradually from 30 in the 
1930ss to 112 in the 1990s (Table 1), the conclusion must be 
thatt the increasing number of reports has masked the con-
sistentt decline observed in most reports. ICES (1988) and 
Moriartyy and Dekker (1997) estimated that under-report-
ingg of landings was in the same order of magnitude as 
reportedd landings. Whether the level of under-reporting 
hass changed over time is hard to determine, but it is not 
likelyy to have changed enough to explain the decline 
detectedd in the data. 

Causes s 

Thee analysis suggests that the yield of the European eel 
hass been in decline for 40 years or more, while recruit-
mentt has been declining for the last 20 years and below 
averagee for only 15 years (Moriarty 1990; Dekker 2000a). 
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Figuree 6 Landings and recruitment of the European eel stock. Recruitment is indexed by the geometric mean of the 
longestt recruitment series, Göta Alv (Sweden), Ems (Germany), Den Oever (the Netherlands) and Loire (France), each 
scaledd to the period 1946-1997. Landings estimates are the result of the year as classes model (current study), scaled to 
thee period 1946-1997. a) Time series of total landings and glasseel recruitment, b) Glasseel recruitment as a function of 
thee total landings two years prior to recruitment to the continent. Digits indicate the decade within the 20th century. 

Clearly,, the relatively recent recruitment failure cannot be 
thee cause of the long decline in yield. During several 
decadess in which yield declined while recruitment was 
stilll  high, the yield per recruit must have declined. 

Moreover,, the relative peak in landings in the late 1960s 
(ass actually reported and found in the year as classes 
model)) might very well have been produced by artificial 
restockingg of glasseel (Anwand and Valentin 1981; ICES 
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2002),, temporarily mitigating the ongoing decline since 
thee mid-1940s. Indeed, the 1960s peak in landings was 
predominantlyy found in northern countries, where 
glasseell  restocking was practised. As restocking has only 
maskedd or delayed the ongoing decline, but was not suf-
ficientt to halt the downward trend, renewed boosting of 
recruitmentt to 1960s-1970s levels by restocking (Moriarty 
andd Dekker 1997) wil l not suffice to restore the stock to 
forgonee levels. 

Currentt fishing levels are quite high (Dekker 2000b). 
Therefore,, it is likely that the decline in yield signals a 
declinee in the continental stock and is not just a sign of 
reducedd levels of exploitation, as for instance happened 
duringg World War II. This is consistent with direct obser-
vationss on the stock (Wickstrom and Hamrin 1997). Why 
thee continental stock declined in decades with high 
glasseell  recruitment (1960s and 1970s) remains an open 
question. . 

Consequences s 

Consideringg the continental stock is in decline at least 
sincee the 1960s, the escapement of silver eels to the ocean 
andd hence the spawning stock biomass (SSB) is likely to be 
depressedd too. Interpreting the continental landings as a 
proportionall  index of the spawning stock size, a prelimi-
naryy stock-recruitment relationship can be explored 
(Figuree 6). 

Whetherr or to what extent a depressed SSB limits the 
productionn of progeny is a central theme in fisheries biol-
ogy.. For the reduction caused by exploitation, Clark 
(1991)) recommended to keep a minimum SSB of 35% rel-
ativee to the unexploited state, for demersal species. Mace 
andd Sissenwine (1993) refined this estimate by relating 
maximumm SSB reduction to natural mortality, size at 
maturityy and maximal size, using data on 80 well-studied 
stockss and estimate spawning stock per recruit (in per-
centagee of the virgin state, %SPR) at replacement level at 
(weightss in units of kg): 

log(replacementlog(replacement %SPR) = 2.69 - 0.51 x log(WTmax) + 0.38 
xlog(WT5^mature)) + 3.52xM 

Forr the female eel, using a maximum weight, WT^x 
off  0.5 kg (nearly 70 cm length) and median weight at mat-
uration,, WT50%mature = WTmzx, a natural mortality rate M 
== 0.1 would result in %SPR = 33%, while M = 0.2 gives 
%SPR%SPR = 23%. For the eel stock, the unexploited state is 
unknownn and hard to estimate. However, the scale of the 
declinee in yield, as detected, approaches this critical level 
already.. Assuming that the decline of the SSB parallels the 
declinee in yield from over 40,000 in the pre-1940s down to 
25,0000 in 1980, a relatively minor change in ocean climate 

(Desaunayy and Guerault 1997; Dekker 1998) might have 
accomplishedd a total collapse of the stock, as currently 
observed. . 
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