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Summary

Worldwide, exploited marine fish stocks are under threat of
collapse [1]. Although the drivers behind such collapses
are diverse, it is becoming evident that failure to consider
evolutionary processes in fisheries management can have
drastic consequences on a species’ long-term viability [2].
The European eel (Anguilla anguilla; Linnaeus, 1758) is no
exception: not only does the steep decline in recruitment
observed in the 1980s [3, 4] remain largely unexplained,
the punctual detection of genetic structure also raises
questions regarding the existence of a single panmictic pop-
ulation [5-7]. With its extended Transatlantic dispersal, pin-
pointing the role of ocean dynamics is crucial to understand
both the population structure and the widespread decline of
this species. Hence, we combined dispersal simulations us-
ing a half century of high-resolution ocean model data with
population genetics tools. We show that regional atmo-
spherically driven ocean current variations in the Sargasso
Sea were the major driver of the onset of the sharp decline
in eel recruitment in the beginning of the 1980s. The simula-
tions combined with genotyping of natural coastal eel popu-
lations furthermore suggest that unexpected evidence of
coastal genetic differentiation is consistent with cryptic
female philopatric behavior within the Sargasso Sea. Such
results demonstrate the key constraint of the variable
oceanic environment on the European eel population.

Results and Discussion

Oceanographic Modeling

We studied the effect of mesoscale currents and their variation
on the European eel (Anguilla anguilla) over more than half a
century using a novel high-resolution ocean model [8, 9],
atmospherically driven with improved reanalysis products
[10]. In silico, we released 8 x 10° virtual eels (v-eels) in an
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area, depth, and time range reflecting the putative spawning
area of the species [11, 12], allowing them to disperse [13]
following realistic ocean conditions. This experiment was
repeated annually for the period between 1960 and 2005. We
subsequently defined v-eels as “successful” if they reached
the continental shelf (25°W meridian) within a 2-year period
within the simulation [14]. With this approach, we confirmed
the existence of an ocean bifurcation pathway [15] that
emerges only at sufficient spatial model resolution [16] and
also a strong year-to-year variability in numbers at the Euro-
pean coastlines [17] (Figure 1). The north branch of the ocean
bifurcation reflects the presence of European eel at high lati-
tudes; the southern branch suggests the presence of eel larvae
around the Canary Islands and Madeira, a prediction sup-
ported by field data [18]. The confirmation of such results
provides an important demonstration of the resolution power
of our novel model.

Owing to the extended period over which our model iterated
variation in oceanic conditions, we were able to investigate
the relative role of interannual to decadal oceanic variability
on the eel recruitment: particularly, when comparing recruit-
ment prediction from v-eels with actual observed recruitment
available in International Council for the Exploration of the
Seas (ICES) reports, the ocean model was strong in predicting
both annual fluctuations and the collapse of observed recruit-
ment (Fyr x time = 35.08; p < 0.001; Figure 2). Interestingly, the
significant interaction in our statistical linear model between
v-eels and the period (before/after) of the major recruitment
collapse shows that the correlation between oceanic fluctua-
tions and eel recruitment was lost. Such significant interaction
suggests that the lack of recovery in the European eel recruit-
ment after the notorious decline was associated with other
exogenous pressures such as parasites, pollutants, and/or
lack of spawners [19-22]. Nonetheless, our study gives
conclusive evidence for an oceanographic onset of the recruit-
ment decline of the European eels.

Our analyses also revealed that years showing high
dispersal rates were characterized by predominantly west-
ward currents in the variable flow regime east of the Bahamas
[23], providing a “shortcut” of the much longer route to the Gulf
Stream through the Caribbean Sea. In those years, a large frac-
tion of the v-eels can reach the Gulf Stream in a matter of
weeks (Figure 1). In years with lower dispersal rates, the
shortcut was absent, so that v-eels could only follow the
extended migration route through the Caribbean Sea. We
identified that the existence of the shortcut is dependent on
the regional wind characteristics shaping the details of the
western part of the subtropical gyre (see Figure S1 available
online). Note that the general spreading pattern is not signifi-
cantly affected by depth of v-eel release (e.g., 300 m) or longer
dispersal periods (e.g., 3 years) (data not shown).

The spatial and temporal variability of the currents observed
in the Sargasso Sea revealed that the spawning ground of the
European eel was highly dynamic and that such variation
strongly affected eel recruitment (Figure S1). What, then, are
the consequences of such heterogeneous environments on ge-
netic structure in coastal Western European eel populations?
This question is important because conflicting reports
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(A and C) Examples of low (A; 1980-1982) and high (C; 1990-1992) dispersal rates (in 102 eels/m?) from the released area (50°W-70°W; 22°N-27°N) in the
Sargasso Sea (green box) toward 25°W within 2 years. Oceanic circulation is contoured by the horizontal stream function (1-year average). Histograms show
the number of v-eels arriving at 25°W, binned at 1° resolution and summed over the first 100 m of the water column.

(B and D) Close-up of dispersal rates and ocean currents, averaged over the first 3 months after release for low and high years.

regarding the existence of a panmictic breeding system in eels
have raised questions regarding the existence of a single,
randomly mating population. Such conclusions have also
important implications for conservation and fisheries manage-
ment, as numerous early-life-stage eels are translocated among
watersheds in order to support fisheries, possibly affecting
sensory cues required to return to the Sargasso Sea [18, 24].

In Silico Population Genetics

We first examined this question in silico by (1) generating two
genetically distinct spawning scenarios—panmixia versus fe-
male philopatry (Figure S2)—within the high-resolution ocean
circulation models and (2) comparing genetic signatures of
artificially created populations at the 25°W meridian. Overall
analysis showed that under the scenario of panmixia, no
spatial or temporal genetic structure was detectable on Euro-
pean coasts (analysis of molecular variance [AMOVA]; 99% of
overall variation within all populations; p < 0.001). Conversely,
the scenario of female philopatry constrained the distribution
of both spatial (among sites within years = 1.2% of overall vari-
ability, p < 0.01) and temporal (among release events = 8.6% of
overall variation, p < 0.001; within continental sites, among
release events = 9.8% of overall variation, p < 0.001) genetic
variability in European populations (Tables S1A and S1B).

In spite of a homogenizing effect of the ocean, the overall de-
gree of in silico estimated Fgy differentiation was higher under
the female philopatry scenario than under panmixia (panmixia
Fst=0.01 £ 0.006 [SEM]; female philopatry Fst = 0.03 = 0.01;
t = 2.14, df = 12.65, p = 0.05). Interestingly, spatial pairwise
comparisons among continental v-eel populations (Table S2)
revealed that observable genetic structure can result from
both the panmixia and female philopatry scenarios, especially

in years of low recruitment. Those structures were not linked to
any obvious form of isolation by distance (all Mantel tests p >
0.001; Table S3). Pairwise comparisons (Table S2) of modeled
genetic structure across different temporal periods also re-
vealed significantly higher genetic differentiation under female
philopatry than under panmixia (Student’s test; t = 5.49,
df = 7.26, p < 0.0001), suggesting that a nonpanmictic mode
of evolution may result in an isolation by time [6]. Considered
together, our results unify previous conflicting reports
regarding the evidence for a panmictic mode of reproduction
in European eels, as even under this mode of evolution, under
low recruitment conditions, departure from signature of
random mating can exist on European coasts [6, 7, 25]. Our
model outputs provided support for the hypothesis that the
genetic signature of spatially structured (or even panmictic)
distribution within the Sargasso Sea should be reflected as
observable genetic structure in eels recruiting to European
coastal populations.

Because the relative number of successfully arriving v-eels
produced by each event was negatively correlated with the
mean Fgr values associated with the female philopatry sce-
nario (Spearman rank correlation: p = —0.69, p = 0.04), we pre-
dict that any observed genetic structure will be stronger under
conditions of low recruitment. No such relationship was
observed under the scenario of panmixia (Figure S2).

Molecular Analyses of Natural Populations

After our in silico examination of the role of different modes of
reproduction in v-eel populations, we tested for signatures of
genetic structure in natura based on the hypotheses emitted
from the ocean current models. Hence, we sampled yellow-
phase eels from contemporary populations from 13 different
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the arrival of juveniles at the Euro-
pean coast. When atmospheric-ocean-
ographic conditions shift and this
mechanism is absent, eel recruitment
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sites located along the natural marine-freshwater salinity
gradient inhabited by this species [26]. This strategy was
devised to screen variation across both large and small
geographic scales. We assessed polymorphism of the ND5 re-
gion of the mitochondrial genome (which should best reflect
female-mediated structure such as philopatry) as well as 17
nuclear loci (which should provide a more contemporary pic-
ture of mating systems). Information on natural populations
can be found in Table S5. Consistent with some of the previous
findings using nuclear markers [5, 6], we found weak but signif-
icant genetic structure among some sampling locations (Table
S6). More striking however, was the strong and significant ge-
netic structure detected using the maternally inherited mtDNA
(Figure 3A; Table S6), which was significantly higher than that
shown using nuclear markers (mtDNA Fst = 0.11 + 0.002
[SEM]; microsatellites Fst = 0.02 = 0.0001; t = 7.96, df = 9,
p < 0.001). Although this pattern may arise from slower allelic
fixation of microsatellites and a 4-fold higher effective popula-
tion size of nuclear DNA (nDNA) compared to mtDNA [27],
lower levels of nuclear differentiation are generally thought to
arise from female structured populations and male-mediated
gene flow through opportunistic mating [28]. Deeper investiga-
tions on mtDNA gene phylogeny showed multiple lines of evi-
dence supporting the existence of subpopulations at the
source location (Figures 3B and S3; Tables S5, S6, and S7).

Importantly, the overall order of magnitude of Fst detected
via mtDNA sequencing reflected the higher Fsr levels pre-
dicted from our in silico scenario simulating female philopatry.
This correlation and the maternal inheritance of mtDNA [29]
suggest the discovery of a previously unreported mode of
reproductive behavior in the European eel, where females
are philopatric to and within locations in the Sargasso Sea,
whereas males maintain gene flow by returning earlier than
females to the spawning ground where they may mate oppor-
tunistically [18, 30]. Although the mechanisms underlying the
homing behavior in this species are not well understood [31]
and may be linked to the Earth’s magnetic field [24], life history
strategies of this kind are common both in aquatic and terres-
trial organisms [28, 32].

In summary, a process of atmospherically driven dispersal
by ocean currents connects the putative spawning grounds
of the European eel and the Gulf Stream, greatly enhancing

is low, explaining the onset of the
large-scale collapse in recruitment that
occurred during the 1980s. Following
the crash, the capacity of the eel population to recover not
only was limited by a reduced supply of potential recruits but
was further diminished by the effects of a multitude of anthro-
pogenic impacts, combining to limit the probability of recovery
of this ecologically and economically important species. To
compensate for the shortage of eels in European freshwater
systems, management measures such as stocking of eels
across large geographical scales have been put in place. The
assumption of a panmictic breeding system was thought to
limit any consequences of such movement of individuals, but
our work suggests that this may have unexpected impacts
and furthermore may affect the recovery of this species.
Finally, our work highlights the potential power of combining
oceanographic modeling with modern population genetics,
and the fusion of the two approaches will likely represent a
valuable tool to understand the fundamental basis of species’
evolutionary biology and ultimately optimize conservation
programs.

Experimental Procedures

Oceanographic Modeling

We investigated the effects of oceanographic variability along the known
dispersal pathway connecting the European eel’s spawning grounds
(Sargasso Sea) and the European coast by utilizing a global ocean circula-
tion model with a very high resolution (1/20°, ~4 to 5 km grid size) in the
North Atlantic between 32°N and 85°N (VIKING20), accomplished by a
two-way nesting approach [8] into the ORCA025 model [33] based on the
NEMO code [9]. Owing to its very high resolution, which was identified as
an important prerequisite for a realistic simulation of eel dispersal [16],
advanced numerics [34], and a synoptic atmospheric forcing of the period
1948-2007 [10], our model allows the investigation of spatiotemporal vari-
ability of oceanic circulation influences with much improved verisimilitude.
A detailed description of the VIKING20 ocean model is provided in the
Supplemental Experimental Procedures and Figure S4. In short, using a
Lagrangian tracking technique [13], we released 8 x 10° virtual eels
(v-eels) in an area and depth range reflecting the putative spawning area
of the European eel [11, 12], following results and discussion for vertical dis-
tribution in [14]. Release was performed during the month of May (from the
15t until the 31%Y) [35]. We then calculated the dispersion of the v-eels with
the transient three-dimensional flow field of the base model. The procedure
was repeated for every year during the 1960-2005 period. Particles reach-
ing the eastern North Atlantic (25°W) within 2 years of advection were
defined as successful migrants [14] and entered subsequent recruitment
and genetic analyses.
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Virtual and Natural Recruitment

The hypothesis that ocean currents drive European eel recruitment and
decline was tested by the statistical comparison of natural [36] and virtual
recruitment. The recruitment data set used in this study corresponded to
generalized linear model of recruitment for the North Sea, hereafter referred
as “ICES,” as it incorporates the longest recruitment index for the European
eel, Den Oever [36]. Both types of recruitment were standardized to their z
scores for direct comparisons. For statistical purposes, we defined
“decline” as the time point where natural recruitment z scores became
consistently negative; the factor “time” was introduced to delimit the
periods “before” and “after” the population collapse. The relationship be-
tween natural and virtual recruitment before and after the decline was in-
ferred by linear models run in R [37]. Ocean transport and wind forcing
were also standardized to their z scores.

In Silico Population Genetics

We integrated the eel genetic component to the oceanic model by splitting
the released particles into ten different mtDNA haplotypes. These haplo-
types were distributed either randomly or along ten subareas within the
Sargasso Sea. Here, we aimed to simulate the consequences on eel distri-
bution at continental sites of a panmictic spawning ground versus a con-
trasting scenario of complete genetic structure which would correspond
to the population signature of female philopatry within the spawning
ground. Subsequently, successfully arriving (i.e., within the 2-year period)
v-eels were split, on the European coast, into an equal amount of ten pop-
ulations—each population spanning 4° latitude (Figure S2). To discriminate
any effects of temporally and spatially isolated samplings on genetic struc-
ture under both spawning scenarios, we performed two AMOVAs: (1) among
release events and (2) among artificial populations at continental sites. The
capacity of the release events to generate genetic structure at the coast was
also examined by calculating Wright’s index (Fst) pairwise comparisons
among artificial populations. Isolation by distance was calculated among
artificial populations. To this end, geographical distances were converted
according to the relation 1° latitude = 110 km. Finally, to investigate the
possible link between recruitment and population structure at continental
sites under the proposed spawning scenarios, we correlated each release
event’s averaged Fst with the proportion (Table S1) of successfully arriving
particles.

Molecular Analyses and Populations Genetics

The presence of genetic structure among European eel coastal locations
was evaluated by sampling yellow eels spanning 13 locations (Table S2A)
across both small (within Ireland) and large (additional four continental sites)
geographical scales. A total of 240 individuals were examined for a section
of the ND5 (355 bp) mitochondrial gene as well as 17 nuclear loci. Population
structure was accessed through calculation of Fst values between popula-
tions. We also added eight American eel (A. rostrata) sequences to test for
neutral evolution of the mitochondrial marker. Detailed descriptions of
molecular protocols, analyses, and software used are given in the Supple-
mental Experimental Procedures.

Supplemental Information

Supplemental Information includes four figures, seven tables, and Supple-
mental Experimental Procedures and can be found with this article online
at http://dx.doi.org/10.1016/j.cub.2013.11.031.

Figure 3. Observed Genetic Differentiation and
Phylogeny in the mtDNA Gene

(A) mtDNA pairwise comparison matrix among 13
eel populations here represented as a heatmap
(Arlequin v3.5 R graphical interface). White aster-
isks identify pairwise locations shown to differ
significantly in haplotype composition. Signifi-
cant Fgr values ranged between 0.058 (Q/DK)
and 0.16 (Q/LL).

(B) Phylogeny and haplotype relationships are
shown here in the format of a simplified haplotype
network (no unique haplotypes). Numbers inside
each haplotype represent that haplotype’s
frequency; branching numbers represent poly-
morphism defining the haplotypes. Red and
blue markers reflect the neighbor-joining tree;
blue = 50 < bootstrap < 60; red = 60 < bootstrap.

223(A/G)

Acknowledgments

The authors would like to thank A. Hasselmeyer, G. Ramm, and Y. Sakai for
laboratory assistance; D. Cairns for A. rostrata samples; and J. Duhart for
sharing A. anguilla samples. C.H., D.E., and K.B. thank the Department of
Culture Art and Leisure (NI), which supports all eel research in Northern
Ireland, and R. Poole of the Marine Institute, Westport, Ireland. K.B. is
funded by the Department of Employment and Learning (NI). M.B.-S. is
funded by the International Max Planck Research School for Evolutionary
Biology. This work was funded partly by a Leibniz Institute competitive grant
and Deutsche Forschungsgemeinschaft grants to C.E. (El 841/4-1 and El
841/6-1). The development of the ocean model received funding from the
European Union’s Seventh Framework Programme (FP7/2007-2013) under
grant agreement number 212643 (EU-THOR). The model integrations were
performed at the North-German Supercomputing Alliance (HLRN). The
DNA haplotype sequences can be found in Data Set S1.

Received: June 6, 2013
Revised: September 24, 2013
Accepted: November 15, 2013
Published: December 26, 2013

References

1. Costello, C., Ovando, D., Hilborn, R., Gaines, S.D., Deschenes, O., and
Lester, S.E. (2012). Status and solutions for the world’s unassessed fish-
eries. Science 338, 517-520.

2. Conover, D.O., and Munch, S.B. (2002). Sustaining fisheries yields over
evolutionary time scales. Science 297, 94-96.

3. Moriarty, C. (1990). European catches of elver of 1928-1988. Int. Rev.
Gesamten Hydrobiol. Hydrogr. 75, 701-706.

4. Dekker, W. (2000). The fractal geometry of the European eel stock. ICES
J. Mar. Sci. 57, 109-121.

5. Wirth, T., and Bernatchez, L. (2001). Genetic evidence against panmixia
in the European eel. Nature 409, 1037-1040.

6. Dannewitz, J., Maes, G.E., Johansson, L., Wickstrom, H., Volckaert,
F.A.M., and Jarvi, T. (2005). Panmixia in the European eel: a matter of
time. Proc. Biol. Sci. 272, 1129-1137.

7. Als, T.D., Hansen, M.M., Maes, G.E., Castonguay, M., Riemann, L.,
Aarestrup, K.I.LM., Munk, P., Sparholt, H., Hanel, R., and Bernatchez,
L. (2011). All roads lead to home: panmixia of European eel in the
Sargasso Sea. Mol. Ecol. 20, 1333-1346.

8. Debreu, L., Vouland, C., and Blayo, E. (2008). AGRIF: Adaptive grid
refinement in Fortran. Comput. Geosci. 34, 8-13.

9. Madec, G.; NEMO Team (2008). NEMO ocean engine, Note du Pdle de
modélisation (Paris: Institut Pierre-Simon Laplace).

10. Large, W.G., and Yeager, S.G. (2009). The global climatology of an inter-
annually varying air-sea flux data set. Clim. Dyn. 33, 341-364.

11. McCleave, J.D., Kleckner, R.C., and Castonguay, M. (1987). Reproductive
sympatry of American and European eels and implications for migration
and taxonomy. In American Fisheries Society Symposium, Volume 1
(Bethesda: American Fisheries Society), pp. 286-297.

12. Castonguay, M., and McCleave, J.D. (1987). Vertical distributions, diel
and ontogenic vertical migrations and net avoidance of leptocephali of
anguilla and other common species in the Sargasso Sea. J. Plankton
Res. 9, 195-214.


http://dx.doi.org/10.1016/j.cub.2013.11.031

Current Biology Vol 24 No 1

108

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

35.

. Blanke, B., Arhan, M., Madec, G., and Roche, S. (1999). Warm water

paths in the equatorial Atlantic as diagnosed with a general circulation
model. J. Phys. Oceanogr. 29, 2753-2768.

. Bonhommeau, S., Chassot, E., and Rivot, E. (2008). Fluctuations in

European eel (Anguilla anguilla) recruitment resulting from environ-
mental changes in the Sargasso Sea. Fish. Oceanogr. 17, 32-44.

. Bonhommeau, S., Blanke, B., Tréguier, A.-M., Grima, N., Rivot, E.,

Vermard, Y., Greiner, E., and Le Pape, O. (2009). How fast can the
European eel (Anguilla anguilla) larvae cross the Atlantic Ocean? Fish.
Oceanogr. 18, 371-385.

. Blanke, B., Bonhommeau, S., Grima, N., and Drillet, Y. (2012). Sensitivity

of advective transfer times across the North Atlantic Ocean to the tem-
poral and spatial resolution of model velocity data: Implication for
European eel larval transport. Dyn. Atmos. Oceans 55-56, 22-44.

. Kettle, A.J., Bakker, D.C.E., and Haines, K. (2008). Impact of the North

Atlantic Oscillation on the trans-Atlantic migrations of the European
eel (Anguilla anguilla). J. Geophys. Res. 113, G03004.

Tesch, F. (2003). The Eel (Oxford: Blackwell Sciences).

Feunteun, E. (2002). Management and restoration of European eel
population (Anguilla anguilla): An impossible bargain. Ecol. Eng. 18,
575-591.

Dekker, W. (2003). Did lack of spawners cause the collapse of the
European eel, Anguilla anguilla? Fish. Manage. Ecol. 10, 365-376.
Palstra, A.P., van Ginneken, V.J., Murk, A.J., and van den Thillart, G.E.
(2006). Are dioxin-like contaminants responsible for the eel (Anguilla
anguilla) drama? Naturwissenschaften 93, 145-148.

Palstra, A.P., Heppener, D.F.M., van Ginneken, V.J.T., Székely, C., and
van den Thillart, G.E.E.J.M. (2007). Swimming performance of silver
eels is severely impaired by the swim-bladder parasite Anguillicola
crassus. J. Exp. Mar. Biol. Ecol. 352, 244-256.

Frajka-Williams, E., Johns, W.E., Meinen, C.S., Beal, L.M., and
Cunningham, S.A. (2013). Eddy impacts on the Florida Current.
Geophys. Res. Lett. 40, 349-353.

Durif, C.M.F., Browman, H.l., Phillips, J.B., Skiftesvik, A.B., Veallestad,
L.A., and Stockhausen, H.H. (2013). Magnetic compass orientation in
the European eel. PLoS ONE 8, e59212.

Palm, S., Dannewitz, J., Prestegaard, T., and Wickstrom, H. (2009).
Panmixia in European eel revisited: no genetic difference between
maturing adults from southern and northern Europe. Heredity (Edinb)
103, 82-89.

Harrod, C., Grey, J., McCarthy, T.K., and Morrissey, M. (2005). Stable
isotope analyses provide new insights into ecological plasticity in a mix-
ohaline population of European eel. Oecologia 144, 673-683.

Avise, J.C., Bowen, B.W., Lamb, T., Meylan, A.B., and Bermingham, E.
(1992). Mitochondrial DNA evolution at a turtle’s pace: evidence for
low genetic variability and reduced microevolutionary rate in the
Testudines. Mol. Biol. Evol. 9, 457-473.

Bowen, B.W., Bass, A.L., Chow, S.-M., Bostrom, M., Bjorndal, K.A,,
Bolten, A.B., Okuyama, T., Bolker, B.M., Epperly, S., Lacasella, E., et al.
(2004). Natal homing in juvenile loggerhead turtles (Caretta caretta).
Mol. Ecol. 13, 3797-3808.

Birky, C.W., Jr. (2001). The inheritance of genes in mitochondria and
chloroplasts: laws, mechanisms, and models. Annu. Rev. Genet. 35,
125-148.

Dou, S.Z., Yamada, Y., Okamura, A., Tanaka, S., Shinoda, A., and
Tsukamoto, K. (2007). Observations on the spawning behavior of artifi-
cially matured Japanese eels Anguilla japonica in captivity. Aquaculture
266, 117-129.

Wirth, T., and Bernatchez, L. (2003). Decline of North Atlantic eels: a fatal
synergy? Proc. Biol. Sci. 270, 681-688.

Brower, L. (1996). Monarch butterfly orientation: missing pieces of a
magnificent puzzle. J. Exp. Biol. 7199, 93-103.

Behrens, E., Biastoch, A., and Béning, C.W. (2013). Spurious AMOC
trends in global ocean sea-ice models related to subarctic freshwater
forcing. Ocean Model. 69, 39-49.

Barnier, B., Madec, G., Penduff, T., Molines, J.-M., Treguier, A.-M., Le
Sommer, J., Beckmann, A., Biastoch, A., Béning, C., Dengg, J., et al.
(2006). Impact of partial steps and momentum advection schemes in
a global ocean circulation model at eddy-permitting resolution. Ocean
Dyn. 56, 543-567.

Castonguay, M. (1987). Growth of American and European eel lepto-
cephali as revealed by otolith microstructure. Can. J. Zool. 65, 875-878.

36. ICES (2011). Report of the Joint EIFAC/ICES Working Group on
Eels (WGEEL), September 5-9, 2011, Lisbon, Portugal (Lisbon:
International Council for the Exploration of the Seas).

37. Fox, J. (2005). The R commander: A basic statistics graphical user inter-
face to R. J. Stat. Softw. 74, 1-42.



	Recruitment Collapse and Population Structure of the European Eel Shaped by Local Ocean Current Dynamics
	Results and Discussion
	Oceanographic Modeling
	In Silico Population Genetics
	Molecular Analyses of Natural Populations

	Experimental Procedures
	Oceanographic Modeling
	Virtual and Natural Recruitment
	In Silico Population Genetics
	Molecular Analyses and Populations Genetics

	Supplemental Information
	Acknowledgments
	References


