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Abstract

We examined whether adults of three species of sea urchins species (Diadema antillarum, Arbacia lixula, and Paracentrotus lividus) exhibit
a consistent depth-dependent partitioning pattern on rocky reefs of the Canarian Archipelago (eastern Atlantic). Hydrodynamic experiments
were carried out to quantify the resistance to flow-induced dislodgement in these three species. We tested the model that different morphology
can result in habitat partitioning among these sea urchins. Abundances of D. antillarum increased with depth. In contrast, A. lixula and P. lividus
showed the opposite zonation pattern, coexisting in high abundances in the shallowest depths (<5 m), and occurring in low densities in the deep-
est part of reefs (>7 m). Both A. lixula and P. lividus had greater adhesion-surface to body-height ratios than D. antillarum. Similarly, A. lixula
and P. lividus showed a greater ability to resist flow-induced dislodgement compared with D. antillarum. The mean ‘‘velocity of dislodgement’’
was w300% and 50% greater for A. lixula and P. lividus, respectively, relative to D. antillarum, for any particular size. As a result, A. lixula and
P. lividus are better fitted to life in high-flow environments than D. antillarum. We conclude that the risk of dislodgement by water motion likely
play a relevant role in the vertical distribution patterns of these sea urchins in the eastern Atlantic.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Habitat partitioning among related species can occur on
rocky coasts on relatively small spatial scales due to sharp
gradients in environmental conditions. In wave-swept envi-
ronments, hydrodynamic forces are the predominant mecha-
nisms of mechanical stress and disturbance, where they affect
different aspects of the life history of marine organisms, and
shape ecological pattern in intertidal and shallow subtidal
zones (Denny, 1988; Siddon and Witman, 2003; Taylor and
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Schiel, 2003; Rilov et al., 2004; Lindegarth and Gamfeldt,
2005). In general, the effects of the water motion decreases
with increasing depth (Garrabou et al., 2002; Roberts et al.,
2006). Subsequently, the benthic flora and fauna inhabiting
the first meters of the shallow subtidal must to withstand tran-
sient high loads imposed on them by ambient water flow in this
turbulent environment (Koehl, 1996). Differences in morphol-
ogy and size among (and within) species strongly influence the
way they resist to these hydrodynamic forces. Normally, lower
forces are imposed on small relative to large organisms (Thom-
sen and Wernberg, 2005). Quantifying the effects of hydrody-
namic forces on patterns of distribution and abundance of
marine organisms, and how these effects vary in space and
time, is key to understanding the ecological consequences of
morphological design, and the subsequent effects of these
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processes on the structure of benthic systems (Denny, 1988;
Koehl, 1996; Helmuch and Denny, 2003).

Echinoids inhabiting wave-swept shores are vulnerable to
displacement by drag and lift forces induced by water mo-
tion. Indeed, hydrodynamics can affect habitat distribution
in several species of sea urchins in the rocky intertidal and
subtidal (Denny and Gaylord, 1996; Chelazzi et al., 1997;
Freeman, 2003; Verling et al., 2005). We examined, by a field
survey, whether adults of three species of sea urchins with
different morphologies (Diadema antillarum, Arbacia lixula,
and Paracentrotus lividus) are consistently segregated by
depth on subtidal rocky reefs of the Canarian Archipelago.
In flow-tank experiments, we tested the role of water flow
as a potential mechanism explaining such patterns. As a
result, we tested the model that different morphology can
result in habitat partitioning among sea urchins species in
shallow rocky reefs.

2. Material and methods

2.1. Field survey: study area and sampling design

The field study was carried out on rocky reefs between 1 to
9 m deep at the seven main islands constituting the Canarian
Archipelago (28� N, eastern Atlantic Ocean), during June to
October 2005. In this region, the distributions of benthic as-
semblages usually show consistent changes in assemblage
structure with depth. Within the shallowest zone, extensive
stands of macroalgae occur. Intensive grazing by abundant
long-spined black sea urchins, Diadema antillarum, produces
clear interfaces between these shallow water algal beds and
deeper areas devoid of vegetation (Tuya et al., 2004a).

We stratified our surveys in four depth strata: 1e3 m, 3e
5 m, 5e7 m, and 7e9 m. We surveyed two locations, tens of
km apart, at each island (Fig. 1); all locations were outside
areas closed to fishing, and were selected on the basis of acces-
sibility and topographic similarity. Only locations with smooth
slopes were selected, avoiding in all cases vertical walls and
steep reefs. All locations are exposed to either the dominant
NW oceanic swells, and/or NE trade winds-induced seas.

2.2. Field survey: sampling and statistical procedures

The abundance of all adult sea urchins was counted by
SCUBA divers in ten replicate 1 � 1 m (1 m2) quadrats at
each depth strata within each location. Quadrats, tens of me-
ters apart, were haphazardly laid out on horizontal or gently
sloping surfaces to minimize the effect of the bottom com-
plexity. Arbacia lixula was very patchy compared to the other
species, usually forming dense aggregations (>10 individuals)
by inter-locking spines with neighbouring individuals in the
shallowest stratum, with gaps of several meters between
neighbouring clumps. Different sampling sizes should have
been specifically used for each species; however, logistical
limitations constrained sampling to the use of only one proce-
dure. As a rule, we decided to randomly locate the quadrats
including 2e3 of these clusters per location. An overestimation
of the densities of this species was unavoidable; otherwise the
densities would have been exceptionally low. Neither of the
sea urchin species are commercially or recreationally harvested
anywhere in the study area.

To test for the consistency in the differences in the abun-
dances of each species among the four depth strata across
islands and locations within each island, we applied a mixed
effect three-factor ANOVA. The model incorporated the fol-
lowing factors: (1) ‘‘Islands’’ (fixed factor with seven levels
corresponding to the seven islands constituting the Canarian
Archipelago), (2) ‘‘Depth strata’’ (fixed factor with 4 levels,
and orthogonal to ‘‘Islands’’), and (3) ‘‘Locations’’ (random
factor with two levels, nested within ‘‘Islands’’). Our data con-
tained many zeros and was too over-dispersed to carry out
a conventional ANOVA on either raw or transformed values.
We then used an ANOVA to partition the variability and obtain
pseudo-F statistics on the original raw data, estimating P
values via 4999 permutations of the suitable exchangeable
units using the PERMANOVA statistical package (Anderson,
2005). The test statistic ( pseudo-F ) is a multivariate analogue
of the univariate Fisher’s F ratio, and in the univariate context
the two are identical when calculated from a symmetric dis-
similarity matrix based on Euclidean distance (Anderson,
2005). This approach does not require any particular distribu-
tional assumptions, apart from additivity of effects and
exchangeability of errors. When appropriate, pair-wise a poste-
riori comparisons were executed using 999 permutations, par-
ticularly when the factor ‘‘Depth strata’’ was significant, either
as a main effect or in an interaction term.

2.3. Hydrodynamic experiments

Experiments in a flow-tank (300 cm long� 32 cm height �
11 cm wide, Fig. 2) were conducted to evaluate the effects of
the velocity of a unidirectional water flow on the dislodgement
of the three species.

Specimens of Diadema antillarum (test diameter ranging
from 22 to 27 mm), Arbacia lixula (test diameter without
spines from 23 to 29 mm), and Paracentrotus lividus (test di-
ameter without spines from 19 to 30 mm) were collected by
SCUBA-divers on rocky reefs at Arinaga (Gran Canaria,
27�51.300 N, 15�23.000 W). Sea urchins were carefully de-
tached from the substrate to avoid, as much as possible, rip-
ping off podia or damaging spines, and kept in plastic
containers. They were rapidly transported to the lab, and main-
tained in aerated tanks until used in the assays. No damaged
sea urchins were used in the subsequent experiments.

Each sea urchin was placed in proximity to the current me-
ter in the flow-tank, and left for w30 s to allow attachment to
the bottom of the tank (Fig. 2). After this time, each individual
was subjected to a gradually increasing unidirectional flow.
We recorded the ‘‘velocity of dislodgement’’ for each individ-
ual as the velocity when the individual was dislodged from the
bottom of the tank (see the video on supplementary material).
This protocol was repeated eight times (n ¼ 8) for six individ-
uals of each species. Regression models were applied for each
species to relate their mean ‘‘velocity of dislodgement’’ with
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Fig. 1. Map of the study area. Circles indicate sampling locations within each island.
their size structure (test diameter). Although sea urchins live in
areas exposed to turbulent flows, our simplistic approach al-
lowed us to estimate the different capacity of the three species
to withstand a unidirectional flow. Subsequently, water veloc-
ity in (only) one direction was used as a surrogate of wave en-
ergy (Fowler-Walker et al., 2006), following the classic linear
wave framework. By taking into account the mean ‘‘velocity
of dislodgement’’ for each species, we developed a model to
estimate those depth-limits where each species may withstand
linear waves for a set of wave heights up to 5 m. These rela-
tionships were plotted for each species, and all calculations
followed the linear wave theory in shallow waters, using the
general formula:

uo ¼ H=2
ffiffiffiffiffiffiffiffiffiffiffi
ðg=zÞ

p

where uo is the maximum unidirectional velocity of the wave-
induced flow over the bottom (in our case the ‘‘velocity of dis-
lodgement’’ for each species), H denotes wave height, g is the
acceleration of gravity, and z represents depth.
2.4. Morphological measurements

We measured, using callipers, the adhesion-surface to
body-height ratio (Denny, 1988) of 20 individuals of each
species (test diameter ranging from 20e75, 30e57, and
30e63 mm for Diadema antillarum, Arbacia lixula and Para-
centrotus lividus, respectively), as a way of quantifying the ca-
pacity of resistance to dislodgement, and therefore the
adhesion efficiency of each species (Rilov et al., 2005). Differ-
ences in the ratios of the three species were tested by a 1-way
ANOVA, and a posteriori SNK pair-wise comparison tests.

3. Results

3.1. Field survey

Overall, the patterns of vertical distribution of adult indi-
viduals of the three sea urchins species were clear. Diadema
antillarum was almost absent in the 1e3 m depth strata, and
increased notably in density with increasing depth (Table 1,
Fig. 2. Fluid mechanics tank used in the hydrodynamic experiments.
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Table 1

Mean density (�SE) of each sea urchin species per depth stratum at each location within each island

Islands Depth stratum Location Diadema antillarum Arbacia lixula Paracentrotus lividus

Mean SE Mean SE Mean SE

Lanzarote 1e3 1 0.1 0.10 0.1 0.10 2.0 0.8

2 0 0 0 0 5.0 1.6

3e5 1 2 1.07 2.5 0.70 0.1 0.1

2 0 0 0 0 11.5 3.2

5e7 1 7.2 1.32 1.5 0.61 0 0

2 3.8 0.92 2.8 1.08 0.2 0.1

7e9 1 11.7 2.05 1.8 0.50 0.1 0.1

2 6.2 1.04 0.3 0.22 0.5 0.3

Fuerteventura 1e3 1 0 0 0 0 8.6 2.4

2 0 0 7.6 2.35 0 0

3e5 1 0.5 0.23 0.1 0.10 1.7 1.0

2 0.6 0.27 3.8 2.04 0 0

5e7 1 5.8 1.05 0 0 0 0

2 1.2 0.30 0 0 0 0

7e9 1 8.9 1.04 0 0 0 0

2 2.4 0.51 0 0 0 0

Gran Canaria 1e3 1 0.1 0.10 2 0.76 0 0

2 1.8 0.75 0.3 0.22 1.5 0.8

3e5 1 1 0.48 0.3 0.16 0 0

2 3.4 0.65 0 0 0.7 0.3

5e7 1 4.4 0.76 0 0 0 0

2 7.7 1.13 0 0 0.3 0.2

7e9 1 8.2 1.03 0 0 0 0

2 8.2 1.48 0 0 0 0

Tenerife 1e3 1 0 0 0.6 0.17 0.8 0.6

2 0 0 0.3 0.22 0.1 0.1

3e5 1 4.4 0.98 0.5 0.31 0.9 0.9

2 4.2 1.12 0.7 0.53 0.5 0.2

5e7 1 8.2 1.56 0 0 0 0

2 7.4 1.17 0.2 0.20 0.2 0.2

7e9 1 1 0.26 0 0 0 0

2 3.2 0.62 0 0 0 0

La Gomera 1e3 1 0 0 0.1 0.10 0 0

2 0.2 0.14 0 0 0 0

3e5 1 0.1 0.10 0 0 0 0

2 1 0.30 0 0 0 0

5e7 1 0 0 0 0 0 0

2 2.3 0.53 0 0 0 0

7e9 1 0.5 0.31 0 0 0 0

2 2.1 0.47 0.1 0.10 0 0

El Hierro 1e3 1 0 0 0 0 0.3 0.2

2 0 0 0 0 0 0

3e5 1 0.3 0.16 0 0 0.3 0.2

2 0 0 0 0 0 0

5e7 1 1.9 0.53 0 0 0 0

2 0.2 0.14 0.1 0.10 0 0

7e9 1 3.1 0.89 0 0 0 0

2 1.1 0.28 0 0 0 0

La Palma 1e3 1 0 0 14.1 3.80 0 0

2 0 0 2.1 0.60 0 0

3e5 1 0.1 0.10 12.5 3.33 0 0

2 0.9 0.32 1.7 0.40 0.1 0.1

5e7 1 1.4 0.41 3 1.58 0 0

2 5.8 0.96 0.7 0.26 0 0

7e9 1 3.5 1.46 1.3 0.86 0 0

2 7.5 1.53 0.2 0.14 0.1 0.1
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Fig. 3. Mean abundances of each sea urchin species at each depth stratum across the study area. Error bars represent �SE of means (n ¼ 140 for each species).
Fig. 3). In contrast, both Arbacia lixula and Paracentrotus liv-
idus showed the opposite pattern (Table 1, Fig. 3), indicating an
overlap in their occupancy of reefs. These striking differences
were supported by the ANOVA performed on each species
(Table 2). In all cases, however, we detected some inconsis-
tencies in the vertical distribution patterns of these species
between locations within some islands (‘‘Loc (I) � D’’,
P < 0.001; Table 2). This heterogeneity emerged as a result of
the different magnitudes, and not as a change in direction, of
the differences between the depth strata at different locations.
Pair-wise comparisons testing for differences in abundances of
each species of sea urchin among the four bathymetric levels
at each of the 14 locations (Table 3) reinforced the general results
outlined previously. For example, differences between the shal-
lowest (1e3 m) and deepest strata (7e9 m) were detected for
D. antillarum and P. lividus at all locations, and in 12 (of 14)
locations for A. lixula. Differences among the four depth strata
were consistent among islands for the three species (‘‘I � D’’,
P > 0.01; Table 2). Variability from one location to the other
within each island was considerably high (‘‘Loc (I)’’,
P < 0.001 in all cases; Table 2), potentially masking differences
in sea urchin abundances among islands.

3.2. Hydrodynamic experiments

Arbacia lixula and Paracentrotus lividus showed a greater
ability to resist dislodgement compared with Diadema antilla-
rum (Fig. 4). The mean ‘velocity of dislodgement’ was w50%
and 300% greater for A. lixula and P. lividus, respectively, rel-
ative to D. antillarum. According to our theoretical model, A.
lixula may be found in considerably shallow water relative to
the other two species (Fig. 5). Diadema antillarum, on the
other hand, is expected to inhabit deeper waters than the other
2 species (Fig. 5). Finally, P. lividus would be found at inter-
mediate depths between the other 2 species (Fig. 5).

3.3. Morphological measurements: adhesion-surface to
body-height ratios

Arbacia lixula (mean � SD ¼ 4.98 � 1.64) and Para-
centrotus lividus (mean � SD ¼ 4.20 � 1.36) had similar
adhesion-surface to body-height ratios (P > 0.05). However,
both species had significantly larger (P < 0.0001) values
than Diadema antillarum (mean � SD ¼ 1.41 � 0.54).

4. Discussion

Patterns in reef-associated assemblages are frequently gen-
erated and maintained by natural hydrodynamic forces (Sid-
don and Witman, 2003). Our observations revealed that risk
of dislodgement, likely associated to waves, appear to play
a relevant role in determining the vertical distribution patterns
of sea urchins in rocky reefs of the eastern Atlantic. Both
Arbacia lixula and Paracentrotus lividus appeared to be well
adapted to exist in the turbulent waters of the first few meters
of the subtidal; these two species show a greater resistance to
Table 2

Analysis of the effects of ‘‘Islands’’ (fixed), ‘‘Depth strata’’ (fixed and orthogonal to ‘‘Islands’’), and ‘‘Locations’’ (random and nested within ‘‘Islands’’), on the

abundances of the three species of sea urchins. Analyses were based on Euclidean dissimilarities of untransformed data using 4999 permutations. n.s., non-

significant; *P < 0.01; **P < 0.001

Source of variation Diadema antillarum Arbacia lixula Paracentrotus lividus

MS F MS F MS F

Islands ¼ I 18293.57 1.13 n.s. 30319.70 3.70 n.s. 9410.7 1.02 n.s.

Depth strata ¼ D 171641.37 42.40** 8062.08 3.13* 10778 1.84*

Locations (I) 16101.44 12.58** 8175.95 7.65** 9144.2 1.93*

I � D 6067.89 1.49 n.s. 5825.02 2.27 n.s. 5779.2 0.98 n.s.

Loc (I) � D 4047.45 3.16** 2555.94 2.34** 5845.9 1.23**

Residual 1279.58 1067.52 4721.9
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water motion. In contrast, Diadema antillarum increased in
densities with increasing depth, being practically absent at
the shallowest strata from many locations, where there is
greater water movement induced by wave action. Our hydro-
dynamic experiments clearly showed that this echinoid was
poorly adapted to unidirectional water motion, facing a higher
risk of dislodgement. Additionally, the adhesion surface to
body height ratio is greater for both A. lixula and P. lividus
compared with D. antillarum, reinforcing the observations
that the former two species are less prone to dislodgement
in the shallow, turbulent, waters. High ratios of adhesion-
surface to body height help withstand the battering of waves
(Rilov et al., 2005). Diadema antillarum has a morphology
less adapted to resist water motion: its adhesion surface to
body height ratio is more than three times lower than the ratios
found for both A. lixula and P. lividus. As a result, this species
thrives in the deeper, low-flow, part of reefs. In addition, the
spines of D. antillarum are extremely fragile, and cannot be
used to help in the attachment to the substrate, while A. lixula
and P. lividus have short, physically-powerful, spines that po-
tentially can be used to help to attach to the substrate.

Table 3

Summary of results of pair-wise a posteriori comparisons (999 permutations)

of the abundances of the three species of sea urchins at each of the 14 locations

where we detected a significant effect of ‘‘Depth strata’’. The numbers and

percentages represent the number of locations with a significant result

(P < 0.01)

Diadema

antillarum

Arbacia

lixula

Paracentrotus

lividus

1e3 < 3e5 8 (57%) 1e3 > 3e5 6 (42%) 6 (42%)

1e3 < 5e7 13 (92%) 1e3 > 5e7 10 (71%) 8 (57%)

1e3 < 7e9 14 (100%) 1e3 > 7e9 12 (85%) 14 (100%)

3e5 < 5e7 8 (57%) 3e5 > 5e7 5 (35%) 2 (14%)

3e5 < 7e9 9 (64%) 3e5 > 7e9 9 (64%) 6 (42%)

5e7 < 7e9 1 (7%) 5e7 > 7e9 1 (7%) 1 (7%)
Paradoxically, however, this inadequate mechanical design of
D. antillarum to turbulent environments is an adequate adapta-
tion to minimize the risk of being attacked by potential pred-
ators (Ogden and Carpenter, 1987; Tuya et al., 2004a). In any
case, it is worth noting that we did not tested directly for wave-
induced dislodgement on the three species of sea urchins, we
did make the assumption that the behaviour under a unidirec-
tional flow is extrapolated to turbulent flows induced by the
embayment of waves.

Although both Arbacia lixula and Paracentrotus lividus
usually occupy the shallowest part of reefs in the area of study,
our results revealed that P. lividus is comparatively less adap-
ted to resist flow-induced dislodgement. In the Mediterranean,
these two sympatric species can be segregated by depth, with
P. lividus occurring deeper than A. lixula (Chelazzi et al.,
1997). Similarly, on vertical walls, A. lixula sometimes occurs
in the shallower part of these walls, while P. lividus is found at
greater depths, in crevices that originated at the bottom of the
rock walls (Benedetti-Cecchi et al., 1998; Bulleri et al., 1999).
Water motion is likely more detrimental to P. lividus than A.
lixula (Chelazzi et al., 1997; Verling et al., 2005). In fact,
the force (the ‘‘attachment tenacity’’) necessary to dislodge
A. lixula from the substratum was much greater than that re-
quired to remove P. lividus (Bulleri et al., 1999; Guidetti
and Mori, 2005). In the Canarian Archipelago, P. lividus can
erode the rocky substrate, particularly in sandstone reefs, dril-
ling holes of their size into the substratum, where they rest
during the daytime (F. Tuya, personal observation). This be-
haviour probably offers sea urchins an additional level of pro-
tection from displacement, allowing them to better resist the
battering of waves. Such boring behaviour has been reported
in Ireland (Verling et al., 2005), and the Mediterranean
(Chelazzi et al., 1997), but has not been documented for the
other two echinoid species. The fact that A. lixula reached
greater abundances that P. lividus at the deepest depth strata
Fig. 4. Mean ‘‘velocities of dislodgement’’ for each individual of the three sea urchin species calculated from the hydrodynamic experiments. Error bars represent

�SE of means.
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Fig. 5. Theoretical model, based on linear wave theory in shallow waters, estimating those depth-limits where each species may withstand linear waves for a set of

wave heights up to 5 m.
could be related to the ability of this species to graze on en-
crusting coralline algae, or even sessile invertebrates (Chelazzi
et al., 1997). Thus, this species could be able to forage suc-
cessfully on deeper areas of reefs dominated by high abun-
dances of Diadema antillarum with lack of fleshy, palatable,
algae. Typically, species of sea urchins coexisting in the
same habitat differ in diets (Cobb and Lawrence, 2005; Van-
derklift et al., 2006). Our results encourage the development
of further studies to assess whether the segregation of sea ur-
chins involves species-dependent dietary preferences.

Several studies have shown a size-gradient in the densities
of echinoderms inhabiting the lower intertidal and subtidal
zones (Larson, 1968; Freeman, 2003). These within-species
differences in their abundances have been attributed to stress
caused by water movement. Partitioning or separation of dif-
ferent sizes or species may serve to limit inter-specific compe-
tition between sea urchins, and reflects divergences in the
evolutionary life histories of those species (Blake, 1990;
Mayr and Berger, 1992; Freeman, 2003; Cobb and Lawrence,
2005; Vanderklift et al., 2006). The mechanisms maintaining
these abundance-gradients in space and time largely depend
on the dynamic interaction between food, competition and pre-
dation, and physical factors such as hydrodynamic forces
(Doering and Phillips, 1983; Freeman, 2003). We believe
that the observed patterns in the vertical segregation of sea ur-
chins in the Canarian Archipelago can be attributable to the in-
terplay of two complementary mechanisms. A primary factor
controlling the pattern of abundances in the vertical axis is, as
outlined before, water movement. Secondly, it seems that Di-
adema antillarum might restrict both Arbacia lixula and Para-
centrotus lividus to the shallowest areas of the reefs. In this
sense, D. antillarum is a voracious species compared with
other echinoids (Williams, 1981; Tuya et al., 2001), monopo-
lizing the rocky substrate in reefs across the eastern Atlantic,
with abundances that can easily exceed 8 ind m�2 (Tuya
et al., 2004a, 2005). Indeed, D. antillarum exhibits aggressive
behaviour towards other sea urchin species in the Caribbean
(Shulman, 1990). Moreover, D. antillarum forage longer
distances per day (1.0e5.1 m; Tuya et al., 2004b) than P.
lividus (0.06e2.2 m; Hereu, 2005). Behaviours that limit the
resource access of conspecifics may affect population density,
survival and reproduction of some, or all members, of these
populations (Shulman, 1990). In any case, experimental evi-
dence using quantitative manipulations are needed to rigor-
ously test this hypothesis.

In summary, variations with depth in the abundances of
adult sea urchins exist across the Canarian Archipelago. These
patterns appear to be the result of their distinct morphological
characteristics, and consequently, to their different resistance
to water motion. The mechanical designs of both Arbacia lix-
ula and Paracentrotus lividus seems to be well-suited to min-
imize the chances of being dislodged, whereas Diadema
antillarum does not. Depth-related trends in the abundances
of adults of the three species were consistent across islands.
As a result, we have demonstrated the generality of these pat-
terns at the largest scale considered by our survey. These re-
sults corroborate the observation at the nearby Madeira
island (Alves et al., 2001), resulting in the existence of a gen-
eral pattern in the vertical distribution of these sea urchins in
the warm-temperate reefs of the eastern Atlantic Ocean.
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