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

Onn the distributio n of the Europea n 

eell  and its fisherie s 

CanadianCanadian Journal of Fisheries and Aquatic Sciences 60: 787-799 (2003) 

Forr the distribution of the European eel (Anguilla anguilla), only Schmidt (1909) has conducted substantial inves-
tigations,tigations, yielding a qualitative description (Atlantic and Mediterranean coasts of Europe and Northern Africa). 
Inn this article, a meta-analysis of reported fishing yields is presented, showing a major concentration of glasseel 
yieldd in the Bay of Biscay (and possibly farther south) and of yellow and (or) silver eel yield in the western 
Mediterranean.. Fisheries target the glasseel stage at highest stock density, and shift to the silver eel stage at low 
density.. Because there is no suitable habitat in the Sahara, the southern limit is, contrary to Schmidt's belief, pri-
marilyy determined by continental conditions. From the centre of the distribution to the north, a long and slow 
declinee in density occurs. The mismatch between northern temperatures and the species' preference, in combi-
nationn with the very low abundance, indicates that the European eel is best seen as a warm-water species - like 
mostt other eel species (Anguilla spp.) - showing a considerable northern diaspora. 

Thee continent-wide distribution of the European eel 
(Anguilla(Anguilla anguilla (L.)) is generally considered a well-estab-
lishedd fact. Schmidt (1909) collected information on the 
distributionn area of the different eel species on the conti-
nents,, and interpreted the distribution in relation to his 
neww insight in the oceanic lif e stages (Schmidt 1923). To 
myy knowledge, this is the one and only comprehensive 
studyy of the distribution area of the European eel (Figure 
1).. Since 1909, all maps of the distribution area cite Schmidt 
(1909)) as their prime source of information. Schmidt's 
focuss was on the outer limits of the distribution area. 
Althoughh there is littl e doubt that eels occur within the 
outerr limits (Tesch 1999), nothing has been published on 
thee variation in density of the stock contained within. 

Thee stock of the European eel is in decline. Recruitment 
too (Moriarty 1986; Moriarty and Tesch 1996; Dekker 2000a) 
ass well as yield from (Dekker 2003a) the continental stock 
hass been well below average for two or more decades. A 
stockk recovery plan is urgently needed (ICES 1999). 
Moriartyy and Dekker (1997) recommend increasing 
recruitmentt by glasseel re-stocking in northern areas, 
whilee assuming that recruitment in southern areas is over-
abundantt in relation to the carrying capacity of the inland 
waterss and can be exploited safely. A spatial differentia-
tionn in management regime is advocated, but no corre-
spondingg management regions have yet been defined. 

Eelss are notoriously hard to sample. Stock densities vary 
overr short ranges inn predictable (Barak and Mason 1992) and 
unpredictablee (Dekker 2000a) ways, and sampling problems 
makee reliable estimation of local stock densities problematic 
(Knightss et al. 1996). In addition, sampling methods have not 
beenn standardised or inter-calibrated (Moriarty and Dekker 
1997);; therefore, comparison of estimates of stock density 
withinn and between catchments and countries is not appro-
priate.. Instead, data on commercial landings wil l be 
analysedd here. Commercial landings are indicative of local 
stockk sizes in as far as fishing takes a constant fraction, i.e. 
fishingg mortality is constant over the distribution area. There 
iss substantial evidence to the contrary (Moriarty and Dekker 
1997;; Dekker 2000a). However, the number of silver eels 
escapingg to the ocean is negligible in comparison with com-
merciall  landings (Dekker 2000b). Variation in fishing inten-
sityy wil l therefore cause the mean age in the catch to vary, 
butt it affects the number of eels caught only marginally. 
Lowerr fishing intensity tends to increase the size at catch, but 
hardlyy affect the number of eels caught. Therefore, commer-
ciall  yield provides some index of stock size. 

Thiss study seeks to quantify the spatial variation in den-
sityy of the eel stock. In combination with estimates of the 
amountt of habitat available, this completes the zoo-geogra-
phyy of the eel. Finally, the lif e stage targeted by the fishery 
wil ll  be related to the stock abundance and density. 
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DISTRIBUTIONN OF FRESH-WATER EELS. 
(ANGUILL(ANGUILL A) 

II  Atlantic fresh-water eels (Ang. vulgaris  chrysypu) present. 
'h'UHMi'h'UHMi  Indian fresh-water eels present. 
MSBË::  Fresh-water eels absent. 
7**  to show the temperature in 1000 meters depth. 

%% to show the places where larvae of Atlantic fresh-water eels 
weree found by the author and by American observers. 

Figuree 1 Reproduction of the chart from Schmidt (1909), selecting parts relevant for the distribution of the European eel, 
25°NN to75°N and 25°W to 40°E. 

Materiall  and methods 

Data a 

Dataa on commercial yields were collected from the litera-
ture,, starting from three previous reviews of available 
dataa (Aubrun 1986, 1987; Moriarty 1997; Moriarty and 
Dekkerr 1997). Additionally, the literature listed in Tesch 
(1999)) and in ASFA-1 (FAO 1998) was examined. Data 
sourcess were included whenever the following informa-
tionn was specified, (a) Commercial yield in weight and 

whetherr it concerns either glasseel or yellow/silver eel. 
(Fisheriess on wil d eel as well as fisheries on stocked eel 
weree included. Also, semi-commercial fisheries for 
glasseell  for re-stocking purposes in northern countries 
weree included), (b) Reference year (in line with Moriarty 
andd Dekker (1997), data for 1993 were preferred, or a year 
closee to that), (c) Water body or river system. For (large) 
riverr systems, the location of the river mouth was used in 
thee analysis. For lakes, lagoons and reservoirs, a position 
nearr the centre was used. Longitude and latitude were 
roundedd to one minute. Data by country (Figure 2) do not 
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Tablee 1 Literature sources on commercial yield of eel and the type of surface area measure used. Note that 'accumulat-
edd catch' might double-count individual fisheries, when published in two sources and that some publications list both 
surfacee area measures. 

GlassedGlassed fisheries 

Numberr of Accumulated 

recordss catch (t) 

Yellow/silverYellow/silver eel fisheries 

Numberr of Accumulated 

recordss catch (t) 

(a)(a) Data sources 

Akerr and Koops 1974 

Anwandd and Valentin 1981 a,b 

Aubrunn 1986, 1987 

Dekkerr 2002 

Eisterr and Jensen 1960 

FAOO 2000 

Gagneurr & Kara 2001 

Hahlbeckk 1992 

Kangurr 1998 

Moriartyy 1991 

Moriartyy 1997 

Mullerr 1961 

Navazz y Sanz 1964 

Paetschh 1983 

Paulovitss and Biro 1986 

Pedersenn 1997 

Teschh 1967 

Vallett 1977 

Wickströmm and Hamrin 1997 

Zaoualii 1977 

Unpublished d 

Sum m 

(b)(b) Surface area measure 

Waterr surface area 

Drainagee area 

0 0 

0 0 

19 9 

5 5 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

29 9 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

54 4 

5 5 

49 9 

0 0 

0 0 

264 4 

2 2 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

388 8 

0 0 

275 5 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

929 9 

5.5 5 

924 4 

1 1 

4 4 

9 9 

0 0 
i i 

1 1 

1 1 

7 7 

1 1 

1 1 

67 7 

10 0 

0 0 

2 2 

1 1 

3 3 

6 6 

1 1 

I I I 

1 1 

7 7 

134 4 

123 3 

I I I 

300 0 

29 9 

394 4 

0 0 

i i 

3 3 
32 2 

34 4 

85 5 

SO O 

8027 7 

429 9 

0 0 

59 9 

115 5 

I I I I 

25 5 

<l l 

64 4 

97 7 

1160 0 

11,002 2 

IOt380 0 

622 2 

referr to natural geographical entities and were only used 
inn the analysis of the life stage targeted by fisheries, (d) 
SurfaceSurface area of either the water body (wet surface) or the 
drainagee area of the catchment (wet and dry surface com-
bined).. If not given, the surface area was derived from any 
otherr source available (including searches on Internet) or 
wass roughly estimated from the Times Atlas of the World 
(Timess Books 2001). For countries, land and water surface 
areass were derived from CIA (2001). 

Inn total, 199 data records were identified, with a cumu-
lativee yield of 11,932 tonnes of eel (Table 1, Figure 2). 

Surfacee area measure and exploited life 
stage e 

Literaturee sources list surface area of drainage systems, or 
surfacee area of a water body. The relation between the two 
measuress is far from clear. The water surface area of a 
riverr system depends not only on the precipitation and 
evaporationn rate, the type of soil, the slope, etc., but also 

onn the magnitude of the system, larger rivers having rela-
tivelyy more water surface. Moreover, for rivers represent-
ingg fractals (Tarboton et al. 1988), water surface is not eas-
ilyy measured. Consequently, there is no universal way to 
convertt drainage system areas into equivalent water sur-
facee areas. 

Commerciall  fisheries in some areas target for glasseel, 
butt elsewhere yellow/ silver eel prevail (Dekker 2000b). 
Thee glasseel fisheries are negligible in terms of weight but 
takee by far higher numbers (Moriarty 1997). The relation 
betweenn the number of glasseel entering a river and the 
correspondingg number of (market size) yellow eel avail-
ablee to the fisheries depends on the natural mortality rate 
andd the duration of the stage between. Hence, there is no 
obviouss way of comparing yields from glasseel fisheries 
withh those from yellow/silver eel fisheries. 

Byy cross-tabulating the surface area measure used and 
thee life stage being fished (Table 1), the complexity of the 
problemm appears to be manageable: glasseel fisheries 
operatee in river mouths for which the drainage area is 
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N/AA absent <=0.001 0.0024 0.0058 0.014 0.033 0.079 

0 0 
absentt <=0.01 0.016 0.025 0.040 0.063 

Figuree 2a 

Figuree 2b 

Figur ee 2 Raw data on yield of eel fisheries, per country (background) and per water system (symbols). Yield per surface 
areaa is expressed by the gray-scale of the areas. For individual water systems, the size of the plotted symbols is propor-
tionall  to the root of the surface area, but water surface areas have not been drawn in proportion to drainage areas, (a) 
Glasseell  yield (kg per km2 drainage area) in rivers and per country, (b) Yellow/silver eel yield (kg per km2 water sur-
face)) in lakes/lagoons and per country. Legend for Figure 2a and b, units in kg per km2, the scale is logarithmic equi-
distant. . 
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known,, whereas fisheries for yellow/silver eel are largely 
restrictedd to lakes and lagoons, for which the water sur-
facee is known. A minor quantity of yellow/silver eel data 
(5%)) stems from running waters. 

Absencee of eel 

Feww studies report the absence of eel. Schmidt (1909) 
explicitlyy reports on absence or presence of eels. Absence 
(233 records) was interpreted as a zero yield, for both 
glasseell  and for yellow/silver eel, in lakes as well as in 
rivers.. Secondly, some sources (Table la) report on one 
lif ee stage, implicitly or explicitly excluding other life 
stagess (15 records for glasseel, one for yellow/silver eel). 
Thirdly,, Schmidt (1909) argued that A. anguilla does not 
occurr outside the outer limits of the distribution in Europe 
andd northern Africa. These implicit zero observations sur-
roundingg the distribution in Europe-Africa were imple-
mentedd as a series of explicit zero records at 10° intervals 
alongg the frame 25-75°N, 20°W-40°E, for both life stages 
andd in lakes as well as in rivers (22 records). Finally, 
Aubrunn (1986,1987) covers all drainage systems along the 
Frenchh coast, including the systems without glasseel fish-
eriess (eight records). Overall, the number of zero records 
totalss 68 for glasseel and 46 for yellow/silver eel. 

Analysiss of distribution 

Thee logarithm of the yield per surface area (glasseel, 
drainagee system area; yellow/silver eel, lake or lagoon 
surfacee area) was analysed using a geostatistical model 
(Cressiee 1993). No fixed effects were included. The spatial 
componentt included a Gaussian covariance structure 
(rangee and sill) and a nugget effect. Euclidean distances 
betweenn observations were calculated in degrees, treating 
degreess longitude and latitude alike. One degree latitude 
spanss 111 km, whereas, one degree longitude spans 101 
kmm at 25°N, 72 km at 50°N and only 29 km at 75°N. 

Logarithmss of zeroes were avoided by adding a small 
quantity,, equal to the lowest (positive) observation, to all 
observations:: 1.35 g per km2 (drainage area) for glasseel 
andd 2.7 kg per km2 (water surface area) for yellow/silver 
eel. . 

Thee model was implemented in SAS (SAS Inc. 1999). 
Thee spatial distribution was reconstructed by ordinary 
krigingg (random effects), using 'proc krige2d' with 
parameterss estimated by 'proc mixed'. 

Analysiss of life stage in fisheries 

Too analyse the relation between stock density and the life 
stagee targeted by the fishery, data were selected quantify-
ingg the yield per life stage. For glasseel, yield density was 

expressedd per drainage area. Comparison of glasseel catch 
too yellow/silver eel catch therefore restricted the data set 
too records listing catch of yellow/ silver eel per drainage 
area,, i.e., countries and some rivers. Following Dekker 
(2000b),, the French data were partitioned between the 
Atlanticc and the Mediterranean coasts and the British data 
amongg the Severn area, Northern Ireland, and the rest of 
thee U.K. For several countries, a small yield of glasseel 
usedd for re-stocking was not recorded as commercial 
catchh by Moriarty (1997); using data from Dekker (2002b), 
thesee re-stocking catches were added. For the comparison 
off  yellow to silver eel yield, only the records specifying 
thesee life stages separately can be used. 

Thee number by life stage in the catch was calculated 
assumingg 3000 glasseels and 5 yellow or silver eels per kg 
(Moriartyy 1997). The fraction of one life stage in the total 
yieldd was arcsine transformed (y = arcsin V fraction) and 
plottedd versus the logarithm of yield density (number per 
km2).. A regression line was fitted to the transformed data, 
includingg observations with a zero yield in one of the life 
stages.. Because the plotted axes were both based on the 
samee observed quantities, they were not independent and 
noo formal statistical tests were applied. 

Results s 

Forr glasseel fisheries, data were obtained from France, the 
Iberiann Peninsula, the British Isles and several more isolat-
edd locations (Figure 2a). Yields ranged from 1.35 (River 
Ems,, Germany) and 6.25 g (River Risle, France) to 75 (Cap 
Breton,, France) and 500 kg (Isle de Ré, France) per km2 of 
drainagee area. For yellow/silver eel fisheries, data were 
obtainedd from all over Europe and northern Africa, with 
thee highest concentration of data in the Netherlands, 
Germany,, Denmark and Sweden (Figure 2b). Yields 
rangedd from 3 kg (Golf du Morbihan, France and several 
hafss in eastern Germany) to 8 (Vie, France) and 32.4 t 
(Monaci,, Italy) per km2 of water surface. 

Thee area over which data on the glasseel fisheries were 
availablee is much smaller than for the yellow/silver eel 
fisheries.. Consequently, the variogram for the former 
(Figuree 3a) spanned a smaller range of distances than for 
thee latter (Figure 3b). In both data sets, the variation 
betweenn mutually remote observations was only margin-
allyy higher than between nearby observations: for the 
glasseell  fisheries, nearby observations varied by a factor 
off  10 on average, and remote observation pairs (20° apart) 
byy a factor of 20, whereas for the yellow/silver eel fish-
eries,, these factors are 4 and 10, respectively. For the yel-
low/silverr eel fisheries, maximum differences (up to a fac-
torr 10,000) occurred at distances of 10-20°, whereas at 
greaterr distances (30-40°) only smaller ratios in yield den-
sityy (<100-<10) were found. The range of the fitted vari-
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Figur ee 3 Variogram of the yield of eel fisheries per unit surface area. The left axes refer to the log-transformed data, the 
rightt axes to the corresponding un-transformed observations. Points: observations; line: fitted Gaussian variogram. Zero 
observationss have been left out. (a) Glasseel fisheries, yield per drainage system area, (b) Yellow/silver eel fisheries, 
yieldd per water surface area. 

ogramm was 8.1° (latitude or longitude) for the glasseel and 
12.5°° for the yellow/silver eel data. 

Usingg these estimates, kriging of the primary data 
(Figuree 4) showed highest yield in glasseel fisheries to 
occurr in the south-eastern corner of the Bay of Biscay, and 
onn the eastern Mediterranean coast of Spain. Some isolat-
edd high spots were found in central Brittany and just 
southh of Brittany (Isle de Ré, France). The area of highest 
abundancee ended gradually in the Iberian Peninsula, 
owingg to the absence of data. The Iberian glasseel fishery 
iss not well documented; therefore, this analysis may wrong-
lyy suggest a southern limi t to the distribution of glasseel 
fisheries.. For the yellow/silver eel fisheries, the distribu-
tionn was much wider, with highest yields around the 
westernn Mediterranean. Isolated high and low spots 

occurred,, most notably in eastern Germany, where relative-
lyy high and low observations were found close together. 

Thee lif e stage targeted by fisheries (Figure 5) showed a 
clearr relationship with density of the eel stock. Glasseel 
fisheriess were absent at yield densities of 0.04-50 eels per 
km22 (drainage area), and occurred at 15-2300 eels per 
km2.. With increasing yield, the fraction in the catch (by 
number)) increased from a few percent (in countries with 
glasseell  fisheries for re-stocking) to nearly 100% in the 
U.K.. (Severn area), France (Atlantic), Spain and Portugal. 
Silverr eel catches were inversely related to yield density in 
lakess (Figure 5b) and were not reported at all in coastal 
areas.. At a density of 1000 eels per km2 water surface, sil-
verr eel made up around 50% of the catch in lakes, declin-
ingg to almost nil at 50,000 eels per km2. 
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Figuree 4 Kriging eel fishing yield per surface area. Spatially predicted values are scaled between minimum and maxi-
mumm observed values, represented by dithered gray-scales: the higher the density of pixels the higher the yield. Note 
thee logarithmic transformation of the yield, (a) Yield of glasseel per river drainage area, (b) Yield of yellow/silver eel 
perr water surface area. Legend for Figure 4a and b. Units in kg per km2, the scale is logarithmic. 
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Figuree 6 Distribution data provided by Schmidt (1906, 1909, 1925) in the text of his publications. Schmidt lists many 
placee names and rivers, which have been located and displayed in this map. Symbols indicate the descriptions given by 
Schmidt;; his context indicates he used 'elvers' only for glassed. Legend: 0, absent; +, present; F, elvers as food; Y, young 
eelss in the sea; E, elvers into fresh water. 

Discussion n 

Distributionn area 

Accordingg to Schmidt (1909), the European eel is distrib-
utedd 'from North Cape in Northern Norway and south-
wardss along the coast of Europe, on all the coasts of the 
Mediterraneann ... and on the north-western part of the 
coastt of Africa'. Although this statement may be correct in 
aa qualitative sense, it ignores the quantitative distribution 
off  the stock within the area and as such is an over-simpli-
fication.. Schmidt used a gradually thinning line to depict 
aa declining density in the northern reaches of the Baltic 
andd in the Propontis (Sea of Marmara), but elsewhere all 
coastss were marked by a line of constant width. However, 
majorr concentrations of glasseel recruiting from the ocean 
didd and do appear in France and Spain, whereas highest 
productivityy of coastal and inland waters occurs in areas 
borderingg the western Mediterranean. Re-analysis (Figure 
6)) of the information presented in texts by Schmidt (1906, 
1909)) reveals the concentration of recruitment in the Bay 
off  Biscay. These areas were listed by Schmidt under the 
headingg 'Elvers as food' and in his context, 'elvers' only 

indicatedd glasseel. However, his detailed data records 
weree limited to areas north of 43°N, and although this lim-
itationn was re-iterated in the text, it is ignored completely 
inn the final distribution map. 

Usee of fishing yield data 

Thee analysis presented in this article is based on data 
derivedd from commercial fisheries, rather than on experi-
mentallyy assessed data of stock density, as the latter show 
greatt spatial and stochastic variation. However, this 
choicee might have biased the analysis, especially for the 
glasseell  fisheries. Observations are largely restricted to a 
smalll  area with high yield. High yields wil l be a pre-req-
uisitee for commercial exploitation. However, noting the 
(positive)) relation between yield density and the fraction 
off  glasseel in the yield, absence of data on commercial 
exploitationn outside the typical 'glasseel exploitation area' 
mayy well be the consequence of low stock densities. In 
addition,, the data on glasseel fisheries for re-stocking do 
fi tt in well. 
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Figuree 7 Distribution of fresh water habitats and summer and winter temperature by latitude, averaged over the study 
area.. Note that the axes have been interchanged, to plot (northern) latitude in the vertical. 

Shortagee of data 
Thee high variability of experimental stock surveys (Barak 
andd Mason 1992; Knights et al. 1996) is also manifested in 
thee commercial yield data in that the broad-scale variation 
iss hardly larger than local variation (nugget effect). Where 
informationn is lacking (e.g., for large parts of the Iberian 
Peninsula),, a smooth cline is fitted towards the trivial 
absencee records at the outer limi t of the study area. 
However,, such a smooth cline would not adequately 
describee the local patterns in data-deficient areas. To fil l 
thiss gap, information on glasseel fisheries in the Iberian 
Peninsulaa and north-western Africa and yellow/silver eel 
fisheriess in the Balkan, the eastern Mediterranean, and 
northernn Africa is required, as it has been since Schmidt 
(1906). . 

Densityy and abundance 

Thee analysis of glasseel abundance was based on the yield 
perr km2 of drainage area. For most of the distribution, this 
resultss in an estimate of the absolute yield. In northern 
Africa,, large areas do not have any surface water drainage 
butt are expected to have negligible recruitment. In the 
Iberiann Peninsula, where semi-arid conditions prevail, 
recruitmentt is concentrated in few, relatively small 
streamss draining a large area. Such concentrations in 
smallerr rivers should facilitate exploitation and might 
explainn the occurrence of glasseel fisheries down to the 

southernn range of the distribution area (Portugal, 
Morocco)) and their comparatively high share in the yield. 

Forr yellow/silver eel, yield was calculated in relation 
too water surface area. The estimated density does not cor-
respondd to absolute yield, because habitat availability 
variess greatly from region to region. Quantitative data on 
habitatt availability can be acquired from climatological 
databases,, but these only cover fresh water. Global clima-
tologicall  databases (e.g., Cogley 1994) combine lagoons, 
estuaries,, open ocean, and exposed rocky shores into a 
singlee category (saline waters), including habitats that are 
welll  suited and unfit for eel. Although this does not allow 
aa detailed analysis, some general trends can be inferred 
(Figuree 7). From north to south, permanent lakes peak at 
aboutt 60°N (Scandinavia), whereas the number of perma-
nentt rivers remains high and rather constant down to 
35°NN (African north coast). Farther south, rivers as well as 
lakess dry up completely, which makes it unlikely that any 
freshh water habitat is permanently available. 
Consequently,, although yield per surface area in the west-
ernn Mediterranean is high, production in fresh water wil l 
bee low, total production being dominated by marine 
catches.. For Tunisia, for instance, statistics (FAO 2000) list 
555 t per year (averaged over the 1990s) from inland waters 
andd 244 t per year from marine waters. It is noteworthy 
thatt scarcity of fresh waters in northern Africa is a rela-
tivelyy recent phenomenon. Reale and Dirmeyer (2000) 
providedd substantial evidence of higher precipitation, 
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moree abundant fresh water and richer vegetation during 
thee Roman Classical Period. Anthropogenic degradation 
off  the vegetation might have changed the climate irre-
versiblyy to the current desert conditions (Reale and 
Shuklaa 2000). Hence, one may wonder whether eel has 
beenn as abundant in Roman Africa as in Roman Italy, 
wheree many remains of eel culture have been found 
(Higginbothamm 1997). 

Northernn limit 

Too the north, Schmidt (1909) took the North Cape as the 
effectivee limit of the distribution. The exact location has 
attractedd some discussion (Ege 1939; Sorokin and 
Konstantinovv 1960). The gradual decline towards the 
north,, through Norway, conforms to the Norwegian 
catchess presented by Schmidt (1909): 2671 for areas south 
off  Trondheim (63°N) and only 230 kg for the lengthy coast 
(>10000 km) farther north. Apparently, the distribution 
areaa has no sharp northern limit, but gradually fades out. 
Thee stock in Iceland has recently attracted attention 
becausee of its peculiar genetic make up, a sympatric 
occurrencee of the European eel and the American eel (A. 
rostrata)rostrata) and interbreeding of these two species (Avise et 
al.. 1990). However, Iceland has never reported any com-
merciall  eel catches. Iceland appears to be at the outer 
fringee of the distribution. 

Southernn limit 

'Inn order to understand the distribution of the eels, espe-
ciallyy that... they have not been able to penetrate further 
southwardss on the coasts of the Atlantic ...', Schmidt 
(1909)) discusses the conditions at the spawning location 
(i.e.. deep and warm water, 'more than 7°C at a depth of 
10000 m'). In his view, the conditions 'of the adjacent seas' 
offf  the African west coast, from about the Tropic of Cancer 
southwards,, are unsuitable for reproduction. Remarkably, 
thee condition of adjacent warm and deep water does not 
holdd for nearly the entire distribution area. In addition, 
thiss requirement does not match with his view on the 
'spawningg places' in the Sargasso Sea, at a distance of 
moree than 3000 km from West Africa. His inference was 
basedd entirely on the presence or absence of eels in conti-
nentall  waters, as deduced from correspondence with 
Danishh Consuls and available literature. Considering the 
resultss obtained now and noting the climate conditions in 
Africa,, I propose that absence of continental habitat is a 
moree likely cause. Over a distance of more than 1000 km, 
theree is hardly any suitable habitat. Indeed, where fresh 
waterss are locally abundant (e.g. rivers on the Canaries) a 
substantiall  eel stock can be found (H. Encarnacao, 
Funchal,, Madeira, Portugal, personal communication) 

andd recruitment does not appear to be a bottleneck. That 
raisess the question of whether a fringe of declining num-
berss of recruits can be found in the ocean farther south. 
Becausee the number of observations in this area is low 
(Boetiuss and Harding 1985), this question cannot be 
answeredd at present. 

Distributionn of fisheries 

Thee distribution of fisheries is generally described as 
glasseell  fishing being concentrated in southern areas and 
silverr eel fishing dominating in the north (Moriarty and 
Dekkerr 1997). Current results suggest that stock density 
controlss what life stage can be targeted. Glasseel fisheries 
aree found in the centre of the distribution, where stock 
densityy is at a maximum, and in more southerly regions, 
wheree the incoming recruitment is concentrated in less 
andd smaller rivers. The predominance of silver eel in 
northernn areas has been interpreted as northern areas pro-
ducingg the major portion of the spawner escapement 
(Castonguayy et al. (1994) for the American eel; Svardson 
(1976)) for the European eel); however, silver eel yield in 
northern,, sparsely populated areas is actually lower than 
closerr to the centre. At a yield of 1000 eels per km2 of 
waterr surface, 370 eels will be silver (37%), whereas at 
10,0000 eels per km2, the yield comprises 1300 silver eels 
(13%).. This suggests that the dominance of silver eel in 
northernn catches is probably better understood as an 
adaptationn of the fisheries to low stock densities, that is, as 
aa consequence of the truly low silver eel abundance. Silver 
eell  fisheries attain the maximal yield per recruit 
(Vollestadd 1990), and the concentration in time (autumn) 
andd space (lake outlets and river mouths) of the silver eel 
runn increases the efficacy of the fisheries. The focus of the 
northernn fisheries on silver eel thus may reflect a retreat 
fromm non-profitable yellow eel fisheries. 

Culturall  patterns in fishing and consumption have 
beenn mentioned as factors determining the distribution of 
fisheriess (Moriarty and Dekker 1997), especially for 
glasseell  exploitation, interfering with the relation between 
stockk density and fishing yield. However, comparison of 
Schmidt'ss information on glasseel consumption in the 
earlyy 1900s (Figure 6, 'Elvers as food') with present-day 
informationn (Moriarty and Dekker 1997) shows that the 
traditionn of glasseel consumption is lost in England, 
Waless and Ireland in the course of the 20th century. French 
glasseell  was used for local consumption in the early 
1900s,, but is now mainly exported to Spain and Eastern 
Asiaa (Dekker 2003b). Legal constraints in southern coun-
triess (e.g., Spain, Portugal; Moriarty and Dekker 1997) 
hardlyy preclude actual fishing. In northern countries, 
glasseell  fisheries for re-stocking replace commercial 
exploitation.. Clearly, so-called traditional fisheries adapt 
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easilyy to stock abundance and market options, whereas 
legislationn modifies rather than determines exploitation. 

Bio-geography y 

Mostt Anguilla species inhabit tropical waters (Schmidt 
1925;; Tsukamoto and Aoyama 1998). Large-scale commer-
ciall  exploitation, however, is largely confined to temper-
atee waters (Dekker 2003b). The temperate species (A. 
anguilla,anguilla, A. rostrata, A. japonica, A. australis and A. dieffen-
bachia)bachia) are described to 'have left the tropical zone to 
spreadd out beyond the tropics and as far as the polar cir-
cle'' (Bertin 1956; 'polar circle' applies only to the 
Europeann eel). The high yield of the European eel in tem-
peratee areas is in strong contrast with the temperature 
preferencee of the species, ranging from 10°C (Boëtius and 
Boëtiuss 1967) to 38°C, with an optimum of 22-23°C (Sadler 
1979).. The optimum temperature, routinely applied in 
aquaculturee (Kamstra 1999), only occurs in the southern 
partt (south of 40°N) of the distribution area (Figure 7). 
Sincee Schmidt (1909), the absence of eel (of any species) in 
thee southern Atlantic has attracted considerable debate, 
butt discussion has focused on oceanographic conditions 
exclusivelyy (Schmidt 1925; Bertin 1956; Tsukamoto and 
Aoyamaa 1998). The southern limit of the distribution is 
moree likely to be determined by the absence of continen-
tall  habitat in the Sahara. Penczak and Molinski (1984) 
describee the most extreme case: a river of 150 m wide, 
completelyy drying up in summer, with only one small 
pooll  left; afternoon water temperature approaching 40°Q 
inn which they catch an eel alive. An arid zone has been 
foundd in north-western Africa throughout the period of 
speciationn of the Atlantic eels (Kutzbach and Ziegler 1993) 
andd therefore may have been of evolutionary significance 
forr the European eel. On the American side of the 
Atlantic,, no desert zone exists and the American eel is 
indeedd found much farther south, down to Guyana, about 
5°NN (Schmidt 1909), and glasseel has been exploited as far 
southh as 21°N (Fernandez and Vazquez 1978). For the 
otherr species, only a smaller desert zone occurs in the 
north-westernn Indian Ocean, but the distribution of the 
speciess involved, A. bicolor and A. marmorata, extends on 
bothh sides of that zone (Schmidt 1925). 

AA major portion of the yield of the European eel is pro-
ducedd in the Mediterranean (Table 2), at temperatures in 
accordancee with the species' and genus' preference. 
However,, production in more northern areas, at ambient 
temperaturess far below optimum, is also substantial. 
Apparently,, the distribution area extends beyond the area 
off  optimum conditions. In comparison with other eel 
species,, larval migration from the suspected spawning 
groundss in the Sargasso Sea to the eastern shores of the 
Atlanticc covers an extremely large distance, over 

Tablee 2 Statistics on landings of river eel (FAO 2000), 
averagedd over the 1990s, with minor corrections (see 
Dekkerr 2003b), broken down by major drainage basin and 
fishingg area. Countries not bordering the sea have been 
includedd under a separate heading 'Inland countries', 
regardlesss of their drainage. 

Drainag e e 

Atlanti cc  Ocean 

Mediterranea n n 

Inlandd countrie s 

Grandd Total 

Inland d 

fisherie s s 

4923 3 

4520* * 

493 3 

9936 6 

Coasta l l 

fisherie s s 
4089 9 

1524 4 

0 0 

5613 3 

Grand d 

tota l l 

9012 2 

6043 3 

493 3 
15,549 9 

*Includess ca. 23001 of eel from extensive outdoor aquacul-
turee in Italy, mostly using Italian glasseel. 

3000-70000 km (Schmidt 1925). Noting that transport of 
larvaee to the continent is possibly only through passive 
driftingg (McCleave et al. 1998), the northern areas presum-
ablyy receive only the accidental diaspora of larvae, stray-
ingg from their long route to more favourable continental 
areas.. If so, recovery of the stock (ICES 2001) crucially 
dependss on the southern European and northern African 
countries,, which so far have only marginally been 
involvedd in scientific and management-related initiatives 
too address the poor state of the stock (Moriarty and 
Dekkerr 1997; ICES 2002). 
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