
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Slipping through our hands. Population of the European Eel

Dekker, W.

Publication date
2004

Link to publication

Citation for published version (APA):
Dekker, W. (2004). Slipping through our hands. Population of the European Eel. [Thesis,
externally prepared, Universiteit van Amsterdam]. Universiteit van Amsterdam.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/slipping-through-our-hands-population-of-the-european-eel(09803f71-b438-4358-a259-f2fa40a7306f).html


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

Long-ter mm trend s in the glasseel s 

immigratin gg at Den Oever, 

thee Netherland s 
BulletinBulletin Francais de la Pêche et de Pisciculture, Conseil Supérieur de la Pêche, Paris (France) 349:199-214 (1998) 

Immigratingg glasseels (Anguilla anguilla (L.)) have been sampled in Den Oever, the Netherlands, for numbers 
perr dipnet haul (since 1938) and for length distribution (since 1960). The data from 1960 through 1996 were 
analysedd to detect trends over the years. Special attention is paid to the analysis of potential artefacts caused by 
thee sampling strategy. Mean length and numbers were positively correlated, while the timing showed independ-
ent,, short-term fluctuations. From 1987 onwards, numbers of glasseels were well below the overall average, and 
theyy were significantly smaller. Since the minimum in 1991, numbers and mean lengths are both increasing, 
althoughh they are still below average. It is tentatively concluded that these long-term changes are related to 
oceanicc conditions, which have caused the prolonged and ocean-wide recruitment failure in eels, with the exclu-
sionn of suggested continental causes. Further clarification of the recruitment problem in eel is only to be expect-
edd when the reproduction problem is properly addressed, at the international level. 

AA prolonged recruitment failure of the European eel 
AnguillaAnguilla anguilla (L.) has been observed since the middle of 
thee eighties all over Europe (Moriarty 1990). At the same 
time,, a parallel downward trend has been found in the few 
recordss that are available for the American eel Anguilla ros-
tratatrata (Castongay et al. 1994a). For both species, potential 
causess have been listed (Castongay et al. 1994b; EIFAC 
1993).. Since the lif e cycles are still largely hypothetical 
(Tuckerr 1959; Dekker and Welleman 1989), hypotheses on 
thee causes of the recruitment failure are still highly specu-
lative. . 

Thee proper identification of the true causes of the his-
toricc changes in recruitment levels is hampered by two fac-
tors:: the oceanic phases are by their very nature far out on 
thee ocean and therefore difficul t to study, while the conti-
nentall  phases are found scattered all over Europe, i.e. a 
continentt wide assessment of the state of the stock is prac-
ticallyy impossible. Experimental work can easily be imple-
mentedd locally for the continental phases, but it is almost 
impossiblee to study the oceanic conditions far out at sea 
becausee of the high costs involved. This asymmetric distri-
butionn of costs over land and sea potentially generates a 
biass towards identifying continental causes as the most 
likelyy ones. Although there is a need to explore the ocean-
icc option more extensively, the current paper wil l analyse 

aa set of continental data for possible information on the 
oceanicc stages. 

Eelss are long lived, slowly growing animals, with 
broadd overlap in size between cohorts from adjacent years 
(Moriartyy and Steinmetz 1979; Vollestad and Naesje 1988; 
Dekkerr 1996). Escapement to the ocean in any year com-
prisess animals born many years apart and any continental 
populationn consists of many cohorts. Essential changes in 
thee total population are not likely to occur in the short run. 
Notingg the longevity and the mixing of cohorts on the con-
tinent,, it seems more plausible to relate observed year to 
yearr changes (Moriarty 1994) to local circumstances or des-
ignatee them as stochastic variation. This implies that 
oceanicc signals in continental data are likely to be detected 
onlyy in very long data series. 

Glasseelss immigrating from the Wadden Sea to Lake 
IJsselmeerr have been sampled at Den Oever for scientific 
purposess from 1938 onwards (Dekker 1986). Following 
experimentall  work on the proximate causes of immigra-
tionn (Deelder 1958), detailed measurements of the length 
distributionss have started in 1960. Aspects of variation in 
thee annual abundance of glasseels have been analysed 
beforee (Dekker 1986, in prep.). In this paper, the data set on 
lengthh distributions, spanning a period of 37 years now 
andd comprising 65,584 glasseels in 438 samples, is present-
edd and analysed for possible long-term changes; addition-
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ally,, some new aspects of the data on abundance are pre-
sented,, relating to 325,104 glasseels in 11,595 dipnet hauls 
fromm 1960 onwards. 

InIn particular, the analysis will focus on three aspects: 
thee number of glasseels caught, the timing of their immi-
grationn season, and their length distribution. Since no a 
prioripriori  relationship between any of these aspects is suspect-
ed,, each of them is analysed separately. The statistical 
analysess wil l focus on factors related to the sampling 
strategyy in order to derive the best estimates. In particular, 
noo effort wil l be made to relate immigration parameters to 
locall  circumstances. Truly oceanic effects might easily be 
misidentifiedd as local circumstances through spurious 
correlations.. Besides effects of sampling, special attention 
wil ll  be paid to possible confounding of each of the three 
timee series by the two others. A posteriori, the resulting 
timee series wil l be correlated over the years, to detect com-
mon,, long-term signals that might be attributed to the 
oceanicc phases of the life cycle. 

Materia l l 

Lakee IJsselmeer is a freshwater lake, reclaimed from the 
Waddenn Sea in 1932 by a dike (de Afsluitdijk). The surface 
off  the lake has stepwise declined from an original 3450 
km22 by land reclamation, until in the late sixties only 1820 
remained.. In 1976, a dike was built separating a 600 km2 

compartment.. The discharge of the river IJssel into the 
lakee (average 7 km3/yr, coming from the river Rhine) is 
sluicedd through the Afsluitdijk into the Wadden Sea at 
loww tide, by passive fall. 

Glasseelss are attracted by this flow and enter the lake 
byy active swimming, mainly through the sluices and ship 
locks.. In 1938, six years after the closure of the Afsluitdijk, 
aa scientific sampling programme for glasseels was set up 
att the sluices in Den Oever (52°56'20"N 05°02'70"E), in 
co-operationn between the operators of the sluices 
(Ministryy of Water Management) and the Netherlands 
Institutee for Fisheries Research. This sampling was carried 
outt at night at two-hourly intervals during spring, using a 
11 m2 dipnet with a mesh of 1 mm2, just in front of one of 
thee closed sluices. The catch of glasseels was counted and 
returnedd to the water. The systematic sampling usually 
startss each year when probing indicates the actual begin-
ningg of the immigration, and ends when catches have 
declinedd to negligible quantities. The sampling procedure 
andd the results have been described in more detail by 
Dekkerr (1986). Additionally, since 1960 the length compo-
sitionn of the glasseels has been sampled. In principle, the 
sampless used for the abundance sampling were used 
againn for length measurements. But when catches were 
tooo low, additional dipnet hauls were made or even light 

devicess were used to attract glasseels. In the latter case, 
samplingg was carried out at the ship locks (52°55'90"N 
05°02'80"E),, not to interfere with the regular dipnet sam-
pling.. Sampling usually occurred before midnight, taking 
1500 animals on average. The following morning, the ani-
malss were anaesthetised in a solution of MS222 and meas-
uredd to the nearest millimetre. Originally, length meas-
urementss were taken twice a week, but from 1966 
onwardss the programme was reduced to only once a 
week. . 

Inn the following analyses, these data sets will be iden-
tifiedd as the Catch per Unit of Effort (CPUE) dataset and 
thee Length Frequency distribution (LF) dataset respective-
ly,, naming the primary aims of the data collection. The 
statisticall  analyses presented in the subsequent para-
graphss were carried out using the statistical package 
SAS©© (SAS Institute Inc. 1989), modules Genmod and 
Catmod.. The statistical models wil l be detailed in the sub-
sequentt paragraphs. 

Numberr  of glasseels 

Statisticall  model 

Thee CPUE-dataset has been analysed for the numerical 
strengthh of the annual immigration by Dekker (1986). Year 
too year variation, month to month variation, hour to hour 
variationn and variation due to the water temperature were 
identifiedd as factors of substantial influence. Water tem-
peraturee was found to be strongly correlated with the 
monthh and considered to be a nuisance factor and was 
thereforee dropped. The current analysis takes the same set 
off  explanatory variables. However, the statistical model 
differss in its stochastic component. 

Dekkerr (1986) fitted a linear model to the log-trans-
formm of the number of glasseels (y) caught per haul, tak-
ingg the log of y+1, i.e. one glasseel was added to the true 
observation.. One glasseel normally is a negligible quanti-
tyy in comparison with the true observation, but its addi-
tionn cures the sparse zero observations. The log-transfor-
mationn was used (1) to normalise the residual error of the 
statisticall  model, and (2) to transform multiplicative 
effectss of years, months and hours into additive effects. 
Thee analysis of Dekker (1986) was based on the dataset 
fromm 1938 through 1985, and did not contain many years 
inn which the average catch was close to 1. However, in the 
followingg years, immigration levels dropped to the order 
off  magnitude where one glasseel is no longer a negligible 
quantity! ! 

Dekkerr (in prep.) re-analysed the same dataset 
(extendedd through 1995) with respect to the proper statis-
ticall  distribution of the errors, taking a semi-parametric 
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Figuree 1 CPUE of glasseels caught at Den Oever (expressed as expected catch in April , at 10 p.m.) as a function of the 
yearr of sampling (N/haul): comparison of estimates based on three assumptions about the statistical distribution of the 
observationss (see text). 

approach.. The analysis showed that the statistical distri-
butionn of the residuals is indeed nearly equivalent to a 
normall  distribution of log(y+l). However, Dekker (in 
prep.)) warned against the use of log(y+l) because of the 
effectt that the transformation has on the linearity of the 
modell  at low expected values. The use of a parametric 
quasi-likelihood,, with e2 ^fi2+/i  was proposed as an alter-
native,, having an error distribution comparable to 
log(y+l),, but no distortion of the predicted values at low 
expectations. . 

Results s 

Thiss suggestion of a parametric quasi-likelihood was fol-
lowedd in the current analysis, using the module Genmod 
off  SAS® (SAS Institute Inc. 1989), with variance \f=n2+n 
andd a log link function. Figure 1 presents the estimated 
yearr effect conforming to the three models according to 
Dekkerr (1986), to Dekker (in prep) and of the current 
analysis.. It shows that the proposed parametric quasi-
likelihoodd (e2 <x> fi2+n) indeed closely resembles the statis-
ticallyy and computationally much more demanding semi-
parametricc quasi-likelihood. However, it also shows that 
thee transformation log(y+l) does indeed differ substan-
tiallyy from the other two analyses in years with very low 
expectationss due to the corrupting effect of the +1 on the 
multiplicativityy of the model. The log-transform estimates 
indicatee recruitment levels fell steadily from 1981 
onwards,, while the two others estimate a steeper decline 
inn 1981, followed by a recovery to average values, lasting 
throughh 1987. Clearly, the choice of a statistical model is 
nott immaterial to the interpretation of the recruitment 
failure.. In the following, the parametric quasi-likelihood 

modell  is used, since it follows the more sophisticated 
resultss of the semi-parametric model closely, while keep-
ingg computing time and tractability of results at an accept-
ablee level. The number of glasseels at Den Oever is shown 
ass the year term in the log of the expected value, which 
meanss that the abundance indices are on a logarithmic 
scale. . 

Thee abundance of glasseels in Den Oever (Figures 1 
andd 5a) was very high in the mid sixties, high at the end 
off  the seventies, dropped consistently from 1979 to 1983, 
butt did not decline below the overall mean until 1986. 
Finally,, very low values were found from 1987 until 1993, 
followedd by a slight increase in the most recent years. The 
lowestt abundance on record occured in 1991, although the 
changess in absolute numbers in the years following 1987 
aree very small indeed. The breakdown of the total varia-
tionn in the numbers caught over the sources of variation is 
presentedd in Table 1. 

Confoundingg by timing of the season 

Thee above analysis of the number of glasseels is based on 
thee assumption that the (log of the) numbers caught can 
bee represented by three, mutually independent effects: 
yearr to year variation, month to month variation and hour 
too hour variation. This assumption is rather restrictive, 
especiallyy since the estimated numbers of glasseels wil l be 
correlatedd in the following to the timing of the season. 
Mandell  (1959) proposed a test for interaction effects with 
aa low number of degrees of freedom, which is known as 
«Mandel'ss bundle of straight lines» (Millike n and Johnson 
1989).. Instead of the full interaction of two factors, the 
interactionn of one factor with the estimated effects of the 
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Tablee 1 Analysis of variance (ANOVA) of the number of glasseels. 
deviance e df f meann deviation 

year r 

mont h h 

hou r r 

colinearit y y 

subtota l l 

MANDEL(year)*mont h h 

explaine d d 

residua l l 

tota l l 

8597 7 

1677 7 

1290 0 
895 5 

12,458 8 

84 4 
12,541 1 

94,583 3 

119,666 6 

7 7 
1 1 
1 1 
1 1 

10 0 
0 0 

10 0 
79 9 

100 0 

36 6 
4 4 

10 0 

50 0 
3 3 

53 3 
11540 0 

11593 3 

238.80 0 

419.21 1 

128.96 6 

249.16 6 

27.88 8 

236.63 3 

8.20 0 

10.32 2 

29.14 4 

51.15 5 

15.73 3 

30.40 0 

3.40 0 
28.87 7 

0.0000 0 

0.0000 0 

0.0000 0 

0.0000 0 

0.0169 9 

0.0000 0 

otherr is modelled. Applying this test to the number of 
glasseelss (Table 1) yields a statistically significant result: 
strongg yearclasses have a higher abundance in May, and a 
lowerr in March and April . However, the magnitude of 
thesee changes is very small: a yearclass of 10 times the 
averagee abundance over the whole season (which is the 
maximumm factor actually observed) wil l have 6.5 times 
thee average in March, 7.2 times the average in April and 
10.66 times the average in May. Less than 1% of the total 
variancee is explained by Mandel's bundle of straight lines 
test.. Thus, the confounding of the estimated number of 
glasseelss by the timing of the immigration season is statis-
ticallytically significant, but in practice negligible. 

Confoundingg by length of the glasseels 

Thee influence of the average length per year cannot be 
estimatedd concurrently with the estimation of the number 
perr year, because the one aliases the other. Since con-
foundingg of abundance estimates by length distributions 
seemss highly unlikely, it was decided to ignore it, i.e. to 
assumee changes in the average length do not influence the 
estimationn of the number of glasseels in front of the 
sluices. . 

Timin gg of the immigratio n season 

Statisticall  model 

Thee CPUE dataset can also be used directly to analyse the 
timingg of the immigration. Since the sampling was con-
ductedd at (nearly) fixed intervals throughout the season, 
thee total dataset yields a (nearly) unbiased estimate of the 
datee of arrival. In this analysis, the date of sampling is 
takenn as the observation, and the number caught as 
weightingg factor for that observation. Varying sampling 
intensityy at the very start of the season and at the very end 
doess not have a substantial effect on the analysis, since the 
numberr of glasseels is very low during these periods. 

Thee main season of immigration usually starts in the 
beginningg of March, peaks at the end of April and ends in 
thee beginning of June, although single glasseels have been 
observedd from December through July. In Figure 2 the 
earliestt (1973) and latest (1963) patterns of immigration 
aree shown, represented by the daily catch, corrected for 
thee hour of sampling. This correction was based on the 
abovee analysis of the number of glasseels. 

Thee statistical analysis of the season of immigration 
wass based on cumulative categorical models (Fahrmeir 
andd Tutz 1994). Dates were classified into seven-day peri-
ods,, starting on January 1st. To avoid weeks without 
observations,, dates before March 10th were pooled (1.1% 
off  catches), as were dates from June 1st onwards (0.6% of 
catches). . 

Thee analysis was carried out using the module 
Catmodd of SAS®, taking each year as a separate popula-
tion.. The cumulative logits of the observed frequencies 
perr week were analysed by weighted least squares. The 
weekk number was included as an explanatory variable in 
thee model, i.e. a threshold intercept, to allow for the asym-
metricc and non-normal distribution of the immigration 
overr the weeks. The changes in immigration season from 
yearr to year were modelled as a shift variable. 

Results s 

Thee breakdown of the variance of the model is shown in 
Tablee 2. The total variance is for the larger part attributa-
blee to the threshold intercept, i.e. the distribution of the 
immigrantss over the dates does not conform very well to 
aa normal distribution. The statistically expected distribu-
tionn is shown in Figure 2 (shaded area). Changes from 
yearr to year explain about half of the remaining variance. 
Thee evolution over the years is shown in Figure 5a (tim-
ing).. The season of 1963 (shown in detail in Figure 2) turns 
outt to be exceptionally late, although 1962 and 1970 were 
almostt as late. Early seasons occurred in the mid seventies 
(19733 shown in detail in Figure 2) and early nineties; late 
seasonss in the sixties and eighties. However, the long-
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Figuree 2 Timing of the glassed immigration season: earliest (1973) and latest (1963) season, and statistically expected 
seasonn (shaded). 

Tablee 2 Analysis of variance (ANOVA) of the timing of the season. 

deviance e df f meann deviation 
thresholdd intercept 

year r 

MANN DEL (number) 

explained d 

residual l 

total l 

354,431 1 

94,701 1 

155 5 

449,287 7 

104,914 4 

553,892 2 

64 4 

17 7 

0 0 

81 1 

19 9 

100 0 

I I I 

36 6 

1 1 

48 8 

397 7 

443 3 

32,220.97 7 

2630.60 0 

154.53 3 

9360.14 4 

264.27 7 

1250.32 2 

121.93 3 

9.95 5 

0.58 8 

35.42 2 

0.0000 0 

0.0000 0 

0.4449 9 

0.0000 0 

termm variation in timing hardly exceeds the short-term 
variation. . 

Confoundingg by the timing of the season 
andd the length of the glasseels 

Thee confounding of these estimates of the timing by the 
numberr of glasseels was again tested by Mandel's bundle 
off  straight lines. This test mirrors the test mentioned 
abovee on the confounding of the estimated number by the 
timingg of the season. In this case, the parameter estimates 
off  the yearly abundance were entered into the model as a 
continuouss covariate. This explained less than 1% of the 
totall  variance (p=0.445). This confirms the conclusion, that 
thee number and timing are not correlated. 

Ass in the case of the numbers, a possible confounding 
off  the analysis of the timing of the immigration season by 
factorss related to the length of the glasseels cannot be test-
edd due to aliasing with the length parameters. However, 
oncee again it seems rather unlikely that a change in aver-
agee length wil l confound the estimation of the number 
caughtt per day, and therefore of the timing of the season. 

Lengthh distributio n of the glasseels 

Statisticall  model and results 

Thee analysis of the length distribution of the glasseels was 
basedd on the LF dataset. Data were pooled per month, and 
alsoo analysed by a cumulative categorical model. 
Explanatoryy variables included a threshold intercept and 
thee year and month of sampling. Glasseels of 60 mm and 
shorterr were pooled (0.1%) as were glasseels of 90 mm 
andd longer (0.0%). 

Thee average length of the glasseels ranged from 67 
mmm in 1990 to 78 mm in 1963 (Figure 3). The shortest indi-
viduall  glasseel (length 54 mm) was observed in April 
1992;; the longest one in April 1961 (92 mm). During each 
immigrationn season, the average length of the glasseels 
decreasess over the months by 2.5 mm (Figure 3). But the 
variationn from year to year is about fourfold (Table 3, 
meann deviance of 1,414,867 for year versus 349,279 for 
month). . 

Thee evolution of the length distributions over the 
yearss (Figure 5a) shows a gradual decline over the sixties 
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Figuree 3 Length distribution of immigrating glasseels: distribution per month in 1990 (shortest observed), 1963 (longest 
observed)) and statistically expected length distribution (shaded). 

Tablee 3 Analysis of variance (ANOVA) of the length of glasseels. 
source e 

thresholdd intercept 

month h 

year r 

explained d 

residual l 

total l 

deviance e 

234,435,884 4 

1,047,836 6 

49,520,336 6 

285,004,056 6 

21,767,653 3 

306,771,712 2 

o o 

76 6 

0 0 

16 6 

93 3 

7 7 

100 0 

df f 

29 9 

3 3 

35 5 

67 7 

3202 2 

3269 9 

meann deviation 

8,083,996.00 0 

349,278.65 5 

1,414,866.75 5 

4,253,791.88 8 

6,798.14 4 

93,842.68 8 

F F 

1189.15 5 

51.38 8 

208.13 3 

625.73 3 

P P 
0.0000 0 

0.0000 0 

0.0000 0 

0.0000 0 

untill  the mid seventies, followed by a stabilisation until 
thee mid eighties. In the mid eighties, the length of the 
glasseelss drops sharply, with a minimum in 1991. During 
thee last five years the average length recovers, but it is still 
beloww former levels. 

Confoundingg by the timing of the season 
andd the abundance of glasseels 

Confoundingg of these estimates on length by the numeri-
call  abundance of glasseels is not very plausible. Because 
off  the aliasing with the year effect on length itself, this 
interactionn could not be tested. The case of confounding of 
thee estimation of length by the timing is much more com-
plicated.. A simple model without interaction between 
lengthh and timing results in an estimated year effect of the 
lengthh that is strongly correlated with the timing of the 
seasonn (r=0.48, p=0.001), later seasons having longer 
glasseels.. At first sight, this contrasts with the diminishing 
lengthh of glasseels within each season. 

Thee diagram shows this relationship of timing and 
length,, both in an early and a late season. Because of the 

relationn between month and length, late seasons wil l 
apparentlyy have longer glasseels. Again, both aspects 
(lengthh and timing) cannot be discriminated on statistical 

at at 
c c 

Latee season of 

Mar r Apr r May y 

grounds.. A delay of the immigration by for instance local 
climaticc conditions seems quite plausible. On the other 
hand,, one can hardly imagine what would cause glasseels 
too be longer than average, even at the start of the season, 
whenn the peak of the season still has to come. Therefore, 
thee estimated timing was given precedence over the year 
too year variation in average length. The diminution of the 
glasseelss over the months was estimated by a model 
includingg the timing of the season (Mandel's bundle of 
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Figuree 4 Autocorrelogram of the parameter estimates of the number of glasseels, their length and timing 

straightt lines of the parameter estimates of the timing of 
thee season), but without a year effect. Next, the model was 
rerun,, with the parameter of the timing held fixed, but 
noww including a year effect. The remaining correlation of 
thee timing with this (conditional) year effect of the aver-
agee length is negligible (Figure 5c, r=0.17, p=0.158). The 
mostt striking effect of the correction for the timing 
appearss in 1990, an exceptionally early season in the mid-
dlee of a range of years of small lengths. Without the cor-
rectionn for the timing, the length in 1990 is estimated to be 
equall  to that in 1991; with the correction, 1990 forms the 
smoothh transition from the low 1989 levels to the record 
loww in 1991. 

Auto-- and crosscorrelations 

Autocorrelation n 

Inn the above analyses, three aspects of the glasseels immi-
gratingg at Den Oever were analysed: numbers, timing 
andd length. Each of the analyses yielded a year effect. The 
yearr of sampling was included in the analyses as a class 
variable.. No relationship between adjacent years was 
enforcedd by the statistical models. Consequently, the 
yearss can be taken as independent realisations of the 
immigration.. The sample autocorrelations of the number, 
timee and length parameters over the years are shown in 
Figuree 4. The cross-relations of the three time series are 
presentedd in Figure 5, in a so-called rug-plot (Tufte 1995). 
Samplee correlation coefficients are given in each sub-plot. 

Thee dataset of length measurements now contains 37 
yearss of data, with 10 samples of 150 animals on average 

perr year. For a consistent time series of biological data, the 
lengthh of the dataset is considerable. But from the statisti-
call  standpoint, it is hardly enough to calculate autocorre-
lations.. Consequently, only the first few terms in the auto-
correlogramm are statistically significant. However, the 
threee time series of parameter estimates behave quite dif-
ferently.. The timing of the immigration season shows no 
significantt autocorrelation at all, the length is positively 
correlatedd up to a time lag of 5 years and the numbers 
showw a strong autocorrelation, fading out only very slow-
lyy over 10 years. 

Givenn the limited length of the time series, a further 
formall  analysis is not warranted. But the slowly fading 
outt of the autocorrelogram for length and numbers seems 
too point at a non-stationary process. Long-term behaviour 
iss dominated by trends, not by stationarity. Indeed, 
inspectionn of Figure 5a shows prolonged periods of 
decliningg or rising numbers and decreasing or increasing 
lengths. . 

Crosscorrelations s 

Thee timing of the immigration is hardly correlated with 
thee numbers and length. Concerning timing and length, 
thiss is at least partially the result of the analysis model: 
allowancee was made for the effect of delays in the immi-
grationn season on the perceived mean length per month. 
Thiss correction reduced the correlation of the timing and 
lengthh from r=0.48 (p=0.001) to r=0.17 (p=0.158). The long-
termm variation in the timing hardly exceeds the variation 
fromm one year to the next (autocorrelation ^2=0.08), while 
thee length has a more gradual development (autocorrela-
tionn ^2=0.55, or 7^2=0.38 after correction for timing). 
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Lengthh ' 

Figur ee 5 Number, length and timing of glasseels immigrating at Den Oever: correlation of trends in time series, a) Time 
series,, b) Length versus number, c) Timing versus length, d) Timing versus number. 

Apparently,, the correlation between length and timing is 
spuriouss or caused by short-term, probably local circum-
stances. . 

Thee estimated average number caught per year is pos-
itivelyy correlated over the years with the length (r=0.70, 
p=0.001).. Unfortunately, no way was found to discrimi-
natee between possible confounding of one by the other in 
thee sampling or analysis and a true correlation. However, 
takingg in mind that there appears to be no plausible mech-
anismm for the confounding, it is concluded that length and 
numberss are most likely truly correlated. 

Summarising:: the length and numbers of glasseels 
immigratingg in Den Oever exhibit long-term and syn-
chronouss changes, while the timing of the immigration 
seasonn fluctuates independently, probably due to local 
circumstances. . 

Discussion n 

Frameworkk of the analysis 

Thee eel is a weird animal. Despite its economical value in 
manyy rural areas of Europe (375 M. ECU; Moriarty 1996), 
theree is no stock-wide management of the scattered stock. 
Locall  management of eel fisheries in restricted areas of 

Europee has been effective in actually steering the produc-
tion,, by the grace of plentiful supply of glasseels from the 
ocean,, until the mid eighties, when a prolonged series of 
poorr years of recruitment started. It was only then that 
attentionn focused on the collectivity of the resource, first 
byy scientists (EIFAC 1993; Castonguay et al. 1994a,b), later 
followedd by the responsible management bodies at the 
supranationall  level (Moriarty 1996; Moriarty and Dekker 
1997). . 

Followingg the establishment of the recruitment failure 
off  both Atlantic eel species (Moriarty 1990, sources cited 
inn Castonguay et al. 1994a), an inventory of potential caus-
ess has been made on both sides of the ocean (Castonguay 
ett al. 1994a; EIFAC 1993; Bruslé 1994), based on the scarce 
evidence.. Furthermore, the coincidence of events on both 
sidess of the ocean was noted (Castonguay et al. 1994b). It 
iss within this framework that the analyses reported in this 
paperr were undertaken, aiming at factual evidence con-
tributingg to the process of selection and elimination of 
proposedd hypotheses. 

Historicall  development 

Thee results confirm the reported major event in the 
Europeann eel population in the eighties and nineties: the 
numberr of glasseels changed dramatically over a range of 
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Figuree 6 Relation of timing of the glasseel immigration season to the water temperature at the sluices. 

years,, but so does their length! In 1991, an all time low in 
numberss was observed in Den Oever, even beating the 
prolongedd recruitment failure observed in the late forties 
andd early fifties. Following 1991, both numbers and 
lengthss show a slight recovery, observations now corre-
spondingg to the mid-eighties' level. 

Thee observed variation in mean length of the glasseels 
iss about 11 mm. This exceeds the differences in length 
reportedd so far throughout the geographical distribution 
areaa of the eel (Tesch 1977, p. 136). Time series of length 
measurements,, except for the Den Oever series analysed 
here,, apparently are lacking, but it seems plausible that 
Denn Oever is not the only site having variation in mean 
length.. Other published data relate to varying ranges of 
years,, or even unspecified periods and are therefore hard-
lyy interpretable at the stock-wide level. 

Duringg metamorphosis and immigration, the length of 
leptocephalii  and glasseels diminishes (Tesch 1977, p. 146), 
apparentlyy due to the absence of feeding. It seems quite 
probablee to explain the observed variation in length by 
variationn in the duration of the non-feeding phase at sea. 
Inn that case, however, one would expect shorter glasseels 
inn the later seasons, which is contrary to the findings. 
Moreover,, the observed changes in length (11 mm) are 
muchh larger than the reported shrinkage during meta-
morphosiss (5 mm). 

Thee relationship of (the onset of) the glasseel immigra-
tionn to local climatic circumstances has been noted before 
(seee Dekker 1986, for the Den Oever data). Indeed, the 
estimatedd parameters of the timing correlate well with the 
waterr temperature at the sluices in February and March, 

butt much less so with April and May temperatures 
(Figuree 6). In fact, the autocorrelation of the timing of 
immigrationn over the years is of the same magnitude as 
thee autocorrelation of the water temperatures. 

Causee and effect in the two time series 

Thee analyses showed a 10% reduction in average length of 
thee glasseels. Although no records have been kept of the 
weightt of glasseels, it seems likely that weight wil l have 
hadd a parallel evolution. It has been hypothesised (EIFAC 
1993;; Castonguay et al. 1994a,b) that the reduction in 
numberss of recruits is the direct consequence of a strong 
reductionn in the number of adults contributing to the 
spawningg stock. The spawning stock is then thought to 
havee been reduced by overfishing on any of the continen-
tall  lif e stages (reducing the numbers directly), or by habi-
tatt destruction and migration barriers reducing the prof-
itablee dispersion area of the species, or by contamination 
andd parasitism in the adults, hindering the effective 
spawningg migration. If indeed, the decline of the spawn-
ingg stock is primary to the decline in the number of 
recruits,, it is hard to see why the remaining progeny has 
attainedd a smaller body size concurrently with the reduc-
tionn in their numbers. Density dependent processes 
wouldd induce larger, not smaller body sizes. 

McCleavee (1987) proposed a hypothetical mechanism 
forr the settlement of leptocephali on the continental slope, 
metamorphosingg into glasseels. In his view, the physical 
contactt with the ocean bottom might induce the metamor-
phosiss of the Leptocephalus. Castonguay et al. (1994a) 
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summarisee this hypothesis, and then state 'The effects of 
thee (...) oceanographic changes (...) on continental inva-
sionn of glasseels are also unknown'. Apparently, they 
hypothesisee that oceanographic changes might have 
inducedd the recruitment failure by hindering the final set-
tlementt of the leptocephali on the continent. This hypoth-
esis,, as the ones above, can indeed explain the numerical 
evolution.. But the synchronous evolution of the length of 
thee glasseels makes a bottleneck earlier in the life of the 
leptocephalii  more plausible. Wether this occurs in the 
earlyy larval phases or even in the parental phases is an 
openn question. 

Conclusionss and speculations 

Thee analyses presented in this paper do not reveal the 
causee of the observed recruitment failure. But they do nar-
roww the scope for potential explanations. Castonguay et 
al.. (1994a) explicitly list four potential causes: 1) Toxicity 
fromm anthropogenic chemical contamination; 2) Anthro-
pogenicc habitat modifications; 3) Commercial fishing, and 
4)) Oceanic changes. Crossing the reported findings with 
thee hypotheses, it soon becomes evident that oceanic 
changess are the most likely cause. The other hypotheses 
takee the reduction in spawning stock to be primary to the 
reductionn in numbers of recruits. As stated above, this 
wouldd not explain, or even contradict the observed reduc-
tionss in length of the recruits. Only the first hypothesis 
mightt be reformulated in a sense that toxicity operates 
throughh the parental phases on the larval growth and sur-
vival,, but in the absence of any evidence, this interpreta-
tionn is rather Procrustean. 

However,, without actual observations of the repro-
ductionn of the eel, it wil l not be too difficult to find some 
timee series of oceanographic data that correlate exactly 
withh the glasseel observations. The floor is open for spec-
ulation.. Rather then stepping into this pitfall, it is conclud-
edd that the exploitation of the eel stock, and indeed the 
conservationn of the species, is obviously dependent on 
processess far beyond the current knowledge. Eels still 
spawnn in terra incognita. Clarification of this unsolved 
mysteryy should be the main and foremost topic on the 
agendaa of the scientists and managers involved in the 
responsiblee management of the Atlantic eels. 
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Post-scriptum m 

Thee article Long-term trends in the glasseels immigrating at 
DenDen Oever, the Netherlands was first presented at the meet-
ingg of the ICES/EIFAC working group on eels in 
Septemberr 1996 in IJmuiden (the Netherlands), and sub-
sequentlyy published in 1998, in Bulletin Francais de la Pêche 
etet de Pisciculture. The data analysed span the period from 
19600 (start of the length measurements at Den Oever) 
untill  1996, the year the analysis was made. Following 

publication,, seven more data years have passed, and 
insightss have grown considerably. 

Figuree PS.1 presents updated time series. After the 
minimumm in abundance of 1.08 glasseels per haul in 1991 
(2.6%% of the 1960-1980 level), a slight recovery occurred 
untill  1997, followed by a further decline, to an all time low 
off  0.55 glasseels per haul in 2001 (1.3% of the 1960-1980 
level).. Mean length (corrected for the date within the sea-
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Figuree PS. 1 Trends in abundance and mean length of the glasseel sampled in Den Oever, the Netherlands. Abundance 
hass been corrected for the month and the hour of sampling; mean length for the date within season and the timing of 
thee season itself. 
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sonn and the timing of the season), however, showed a 
sloww recovery following the historical minimum of 1991, 
too a value just above the long-term average in 2003. 

Thee downward trend in recruitment started in the 
earlyy 1980s. In the early 1990s, there was a growing aware-
ness,, that this decline was not just a temporary and pass-
ingg temporal variation, and potential causes were consid-
eredd (Castonguay 1994a; EIFAC1993). The article on long-
termm trends in Den Oever was the first publication pre-
sentingg evidence that might have some bearing on the 
causess of the recruitment decline, and still constitutes one 

off  the few available pieces of factual information. The con-
clusionn of this article, however, that oceanic factors are the 
mostt likely cause, is weakened by more recent informa-
tionn presented in Figure FS.1, and follows a single-
cause/single-consequencecause/single-consequence line of thought, that conflicts with 
thee precautionary approach taken in providing manage-
mentt advice (ICES 1998; chapter 10). A comprehensive 
andd up-to-date discussion of the processes involved in the 
declinee of the eel stock is presented in chapter 11 of this 
thesis. . 
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