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Avoiding offshore transport of competent larvae during upwelling events: The case of
the gastropodConcholepas concholepas in Central Chile

Abstract—The coast of central Chile is characterized by the
occurrence of coastal upwelling during the austral spring and
summer seasons, which probably has important consequences
for the cross-shelf transport of larval stages of many species.
Three cruises were conducted off the locality of El Quisco
during upwelling-favorable wind periods to determine the sur-
face distribution of epineustonic competent larvae of the gas-
tropodConcholepas concholepas during such events. Contrary
to the predictions of a traditional model, where neustonic-type
larvae are transported offshore under such conditions, com-
petent larvae of this species were exclusively found in the area
between the shore and the upwelling front. Two additional
cruises were conducted during calm periods to determine diel
variation in the vertical distribution ofC. concholepas com-
petent larvae. The absence of competent larvae at the surface
during early night hours suggests a reverse vertical migration.
Thus, the retention ofC. concholepas competent larvae in the
upwelled waters could be the result of the interaction between
their reverse diel vertical migration and the typical two-layer
upwelling dynamics.

Over the past two decades, oceanographers and marine
ecologists have dedicated intensive efforts to determining the
links among physical oceanography, larval distribution, and
their dispersal and subsequent recruitment to adult habitats.
Most of these studies have demonstrated the relationship be-
tween the supply of competent larvae and temporal and spa-
tial variability in settlement of invertebrate species (e.g.,
Roughgarden et al. 1988; Young 1997). Results from these
studies have led to the belief that larval advection mecha-
nisms are key factors explaining the dynamics of nearshore
benthic populations of invertebrates with pelagic larval stag-
es (Roughgarden et al. 1988; Botsford et al. 1994). In this
context, and perhaps with the exception of some late larval
stages of fish and crustaceans (Luckenbach and Orth 1992;
Stobutzki and Bellwood 1997), it is generally considered that
larval horizontal swimming capability is of minor impor-

tance regarding larval transport (Shanks 1995) and that net
transport is essentially driven by the interaction of physical
oceanic processes and the vertical distribution of larvae in
the water column (Roughgarden et al. 1988; Shanks 1995).
Several cross-shelf larval transport processes have been
identified on different coasts of the world, including wind
drifting, onshore propagating tidal waves and bores, and up-
welling fronts moving onshore during relaxation. Along
eastern ocean boundary conditions, like those found on the
Pacific coasts of South and North America and the Atlantic
coast of Africa, coastal upwelling forced by equatorward
winds is a dominant oceanographic feature (Strub et al.
1998). Thus, it is expected that upwelling conditions will
exert a strong influence on the cross-shelf transport of larval
stages of many species on these coasts. Indeed, simulation
and field studies have shown the importance of Ekman-driv-
en circulation on larval transport and their subsequent set-
tlement (Roughgarden et al. 1988; Shanks 1995; Brubaker
and Hooff 2000). The position of larvae in the water column
determines the net transport they undergo. Neustonic larvae
are first advected offshore by Ekman transport, concentrated
by the upwelling front, and then driven back toward the
coast during the relaxation phase of the event, causing a
settlement pulse (Wing et al. 1995; Shanks et al. 2000).

Many holoplanktonic species undergo daily vertical mi-
grations (Thorson 1964; Mileikovsky 1973; Forward 1988),
a pattern also shown by pelagic larval stages of some fish
and invertebrate species (e.g., fish, Forward et al. 1996a,b
and crustacean, Shanks 1986). The most common diel ver-
tical migration type (DVM) corresponds to a deeper distri-
bution of larvae during daytime and surfacing at night (Rich-
ards et al. 1996). However, in some cases, planktonic
organisms follow a reverse pattern with nocturnal descent
(Ohman et al. 1983 and references therein). Besides DVM,
other characteristics such as larval buoyancy and sinking or
swimming behavior can interact with water mass movements
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Fig. 1. Grid sampling design off El Quisco. Transects are 1 km
in length. The distance of transects from the shore is 0.5 km for
T1, 1 for T2, 2 for T3, 4 for T4, 6 for T5, 8 for T6, 10 for T7, 12
for T8, 14 for T9, and 18 for T10. Broken lines represent the 50,
100, and 200 m isobaths. The dark circle indicates the location of
moored temperature loggers.

in shallow stratified seas, thus affecting their horizontal
transport. Such interactions have been demonstrated through
simulations (Botsford et al. 1994; Hill 1998) and field stud-
ies. The later have mostly been concerned with tidal currents
in estuarine systems (e.g., Forward et al. 1996a) but also
with open coast wind-driven systems (Shanks 1986; Blanton
et al. 1995).

Like other eastern boundary current systems, central Chile
is characterized by the occurrence of coastal upwelling, with
maximum upwelling-favorable winds (south and southwest)
during the austral spring and summer months. Winds are
intermittent, with periods of 3–10 d, producing alternating
upwelling and relaxation conditions (Strub et al. 1998). In
central Chile, upwelling is mostly confined to a narrow ex-
tension from the coast, compared with those found in many
other midlatitudes (Strub et al. 1998).

The gastropodConcholepas concholepas (Bruguière
1789), locally known as ‘‘loco,’’ is the most studied marine
invertebrate species in Chile (Castilla 1988). Because of its
economic value and ecological importance as a top predator,
numerous studies have been conducted to describe the life-
cycle ecology and to understand the population dynamics of
this species. Adults live on rocky bottoms in the intertidal
and subtidal zones down to40 m in depth. In central Chile,
female C. concholepas lay egg capsules on low intertidal
and shallow subtidal rocky surfaces during austral fall
months (Manrı́quez and Castilla 2001). After1 month of
intracapsular development, small planktotrophic veligerlar-
vae ( 260 m) are released and spend the next 3 months
in the water column (DiSalvo 1988). Once the larvae be-
come competent, they dwell at the sea surface until they
settle on rocky intertidal and shallow subtidal habitats down
to 30 m deep (Stotz et al. 1991; Moreno et al. 1993; Martı́nez
and Navarrete 2002). Studies elsewhere have shown that epi-
neustonic competentC. concholepas larvae are rare com-
ponents of the coastal surface plankton of Chile (Moreno et
al. 1993; Poulin et al. 2002).

Although the developmental sequence ofC. concholepas
larvae is well known, little is known about the distribution
and transport processes of the different larval stages, partic-
ularly about the pelagic-benthic transition. Recent studies
have documented the existence of a positive relationship be-
tweenC. concholepas settlement and upwelling intensity in-
dex in southern Chile (Moreno et al. 1998) and the possible
influence of upwelling events on the distribution of compe-
tent larvae in nearshore waters (Poulin et al. 2002). More-
over, a recent study showed the absence of competent larvae
in coastal surface waters during night tows, which contrasted
with their abundance during daylight hours and suggested
that this larval stage could undergo vertical migration (Pou-
lin et al. 2002). In this study we investigate the spatial dis-
tribution of C. concholepas competent larvae during up-
welling events, characterize diel changes in the abundance
of competent larvae in the water column, and propose a
transport model that would allow competent larvae to remain
nearshore during upwelling events.

Study site and sampling grid–Surface zooplankton sam-
ples were collected off El Quisco (3323 48.9 S,
71 41 40.5W) in the central coast of Chile. Plankton sam-

ples were preserved in a 5% buffered formaldehyde seawater
solution and larvae were then identified and counted in the
laboratory under a dissecting scope. The field sampling
scheme used throughout this study consisted of 1 km long
transects parallel to the coastline and ranged from 0.5 to 18
km from the shoreline (Fig. 1).

Three surveys were conducted during strong equatorward
wind periods: 5 November 1999 when transects T2, T3, T4,
T5, T6, T7, and T8 were visited (see Fig. 1), 25 September
2000 (transects T2, T3, T4, T5, T6, T7, T8, T9, and T10),
and 6 October 2000 (transects T2, T3, T4, T5, T6, T7, T8,
and T9). Samples were collected by use of a floating neus-
tonic net (700 m mesh size), specially designed to collect
premetamorphic larvae ofC. concholepas in the top few
centimeters of the water column (DiSalvo 1988; Poulin et
al. 2002). Because the rectangular mouth of this net (0.8
0.4 m) is not totally submerged and because competentC.
concholepas larvae are suspended in the first centimeters of
the water column, larval abundance were simply expressed
as number of larvae per kilometer towed. For each transect,
towed distance was directly measured from a flow meter
attached to the net.

Two extra cruises were conducted to determine diel var-
iation in the vertical distribution ofC. concholepas compe-
tent larvae. These cruises took place during calm periods to
minimize the possible effect of physical mixing of the water
column on larval behavior, and consisted of samples every
1.5–2 h along transects T1 and T3 (Fig. 1) during the day-
night transition (from 1300 to 2200 h) on 23 October 2000
and transects T2 and T3 during the night-day transition
(from 0100 to 1000 h) on 11 November 2000. To look for


