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concholepas (Bruguiere, 1789) (Gastropoda, Muricidae) in fjords and

channels of southern Chile

Patrones de distribución de larvas y asentamiento de Concholepas concholepas (Bruguiere,
1789) (Gastropoda, Muricidae) en fiordos y canales del sur de Chile

CARLOS MOLINET1,3, ALEJANDRA ARÉVALO1, MARÍA TERESA GONZÁLEZ2, CARLOS A. MORENO2,
JAVIER ARATA2 & EDWIN NIKLITSCHEK1

1Centro Universitario de la Trapananda e 2Instituto de Ecología y Evolución, 3Instituto de Acuicultura, Universidad Austral
de Chile, Casilla 567, Valdivia, Chile; e-mail: cmolinet@uach.cl

ABSTRACT

The distribution of Concholepas concholepas (Mollusca, Gastropoda, Muricidae) is limited to the coasts of
Chile and southern Peru. Almost all studies of this gastropod have been carried out in open coastal systems,
rather than the fjords and channels of southern Chile, despite the fact that this area represents ca. 95 % of the
total coastline in this country. Although there is a large volume of background literature on C. concholepas,
almost nothing is published about early larval development under natural conditions, mostly because early
veligers have rarely been found in nature. This study is the first attempt to determine the spatial and temporal
abundance and size patterns of C. concholepas larvae in their natural environment throughout all of their
developmental stages until they settle. Weekly plankton samples were obtained at the surface and at 8 m depth
in four locations in southern Chile in combination with temperature and salinity records in each location.
Settlement was quantified using artificial substrates in all locations. We have observed that C. concholepas
larval development occurs throughout the entire year in Chilean inland seas, with early veliger larvae being
released mostly from August to March, reaching the competent stage around June to August, and settling
between July and August. Thus, larvae appear to have a long planktonic development that can last between 6
and 12 months. Differences in local hydrology could affect larval development of C. concholepas in this
region. Further oceanographic and ecological investigation is necessary in order to answer the questions and
hypotheses originated from this study.

Key words: larval ecology, larval development, veliger larvae, fjords and channels, C. concholepas.

RESUMEN

Concholepas concholepas (Mollusca, Gastropoda, Muricidae) se distribuye entre las costas del sur de Perú y
extremo sur de Chile. Prácticamente todos los estudios sobre este gastrópodo han sido realizados en costas
expuestas, sin considerar los fiordos y canales del sur de Chile, a pesar de que estos representan
aproximadamente el 95 % de la línea costera de este país. Aunque se ha publicado un importante volumen de
literatura sobre C. concholepas, existen escasos antecedentes acerca de su desarrollo larval temprano en
condiciones naturales, principalmente debido a que estos estadios han sido escasamente recolectados en la
naturaleza. Este estudio es el primer intento por determinar los patrones de abundancia espacial y temporal de
larvas de C. concholepas a través de su desarrollo hasta el asentamiento, en su ambiente natural. Para ello,
fueron recolectadas muestras de plancton semanalmente en superficie y 8 m de profundidad en cuatro canales
del sur de Chile. Temperatura y salinidad fueron registradas simultáneamente en cada sector. El asentamiento
fue cuantificado usando un sustrato artificial en los cuatro sectores. En este estudio se observó que el
desarrollo larval de C. concholepas ocurre durante todo el año en las aguas interiores del sur de Chile,
observándose estados tempranos principalmente entre agosto y marzo, estados competentes entre junio y
agosto, y asentamiento entre julio y agosto. Así, C. concholepas parece tener un largo periodo de desarrollo
larval cuya duración fue estimada entre 6 a 12 meses en este estudio. Finalmente se sugiere que la hidrología
local puede afectar el desarrollo larval de C. concholepas en esta región. Nuevas investigaciones
oceanográficas y ecológicas son necesarias para responder las interrogantes e hipótesis surgidas de este
estudio.

Palabras clave: ecología larval, desarrollo larval, larva veliger, fiordos y canales, C. concholepas.
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INTRODUCTION

The patterns of larval development in marine
invertebrates could respond to constraints that
are present throughout the developmental
process (Levin & Bridges 1995) and are strongly
influenced by environmental conditions
(Thorson 1950). At least six sources of
physiological stress may affect larval
development, such as extreme or variable
temperatures and salinities, low dissolved
oxygen, pollution, ultraviolet radiation, and poor
nutrition, which could be more evident at the
limits of species distributions (Morgan 1995).
Episodic settlement events have led to the belief
that various sources of mortality overwhelm
larvae (Thorson 1950, Johnson & Shanks 2003).
It has also been suggested that settlement
processes could be strongly affected by
oceanographic features (Pineda 1991, Shanks
1995, Pineda 1999). Furthermore, there could be
different larval responses for the same species in
different geographical regions due to the
responses of different traits to environmental
variation (Panfili et al. 2004), which could affect
patterns of larval distribution.

Concholepas concholepas (Bruguiere, 1789)
Gastropoda, Muricidae, is a key benthic species
along the entire Chilean coast (Stuardo 1979,
Castilla & Durán 1985, Moreno et al. 1986),
which has been commercially exploited for the
last 25 years (Leiva & Castilla 2002). Their
development involves an embryonic intra-
capsular stage, a planktonic larval stage, and a
final epineustonic competent veliger larval
stage. Newly hatched larvae are about 180-255
mm in length and are released from spring to
autumn (Gallardo 1973, Pinto et al. 1993).
Larval development in C. concholepas lasts for
3 months under laboratory conditions (Disalvo
1988), suggesting a high dispersal potential for
this species,  according to Scheltema’s
hypothesis (Levin & Bridges 1995). However,
early veliger stages have rarely been recorded
in the plankton (Moreno et al. 1993, Peña et al.
1994), which has led to the suggestion that
their development may occur in deeper waters
(Moreno et al. 1993).

In contrast, competent larvae (Disalvo 1988)
are found forming aggregations in surface waters
(Disalvo & Carriker 1994) from autumn to
spring along the south central, open coast of
Chile (Moreno et al. 1993, Peña et al. 1994,

Poulin et al. 2002a). Settlement of C.
concholepas has been observed in the intertidal
zone (Reyes & Moreno 1990, Stotz et al. 1991,
Moreno et al. 1993), temporally in concordance
with the presence of competent veliger larvae in
the water (Moreno et al. 1993, Martínez &
Navarrete 2002). Newly settled individuals have
also been observed on shells of conspecific
adults in the shallow subtidal zone (Manríquez
et al. 2004), as well as forming aggregations in
the low intertidal zone (Stotz et al. 1991).

Although C. concholepas has been the
subject of intensive studies in the last 20 years,
its larval development under natural conditions
remains poorly understood. Also, almost all
studies of this gastropod have been carried out
in open coastal systems, excluding the inland
seas of Chile, despite the fact that this inland
coastline represents ca. 95 % of this country’s
total (SHOA 2002). A characteristic feature of
inland seas is a well-defined pycnocline
(Pickard 1971, Silva et al. 1995), which would
have an important effect on the larval
distribution and development of this species.

The objectives of this study were: (a) to
describe the development of C. concholepas
from early and late veliger larval stages, to post
larval settler stages, analyzing their abundance
and size patterns throughout an entire annual
cycle,  and (b) to assess the effects of
environmental variables, such as salinity and
temperature, on these patterns. These objectives
were addressed through: (a) weekly plankton
collections, (b) monthly settlement samples
from artificial substrata, and (c) by analyzing
these data in combination with records of
temperature and salinity, which were recorded
at four localities in Chile’s inland seas during
an annual cycle. The results suggest that C.
concholepas free swimming larval stages occur
throughout the year in Chilean inland seas, with
a long planktonic larval development that could
last between 6 and 12 months. Differences in
local hydrology could affect larval
development and distribution in this region.

MATERIAL AND METHODS

Study area and periods

This investigation was undertaken between
September 2000 and December 2001 in four
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locations: Raúl Marín Balmaceda (hereafter
referred to as RMB) (43º46’18” S, 73º03’13”
W), Frondoso Islets (FRO) (43º56’15” S,
73º03’13” W), Refugio channel close to
Melipichún Point (MEL) (43º57’35” S,
73º07’16” W), and Gala Islands (GAL)
(44º14’20” S y 73º12’15” W) (Fig. 1). No
samples were collected at GAL in September
2001.

Data collection

Diurnal plankton samples (taken between
midday and sunset) were collected weekly at
the surface and at 8 m depth in the four study
areas (± 2 days between areas), normally

during flood tide to reduce the effects of flow
variations caused by tidal forcing. These depths
were chosen because competent larvae have
been found in surface samples, and because the
pycnocline is usually found around 6 m depth
in these channels. Samples were obtained by
simultaneously towing two plankton nets (2 m
long, sections of 0.8 x 0.4 m, with 250 µm
mesh size) for ca. 1,000 m (demarked at the
coastline), between 50 -100 m from the shore.
Surface samples were collected from the upper
30 cm. The net was kept at the surface with the
aid of lateral floats and was towed parallel to
the boat. The net was maintained at 8 m depth
by adjusting the length and inclination angle of
the towed rope. Collected plankton was

Fig. 1: (A) Study area in southern Chile (gray rectangle). (B) A portion of the inland seas of
southern Chile, showing the study area at southeast of Chiloé Island (black rectangle). (C) Specific
study area, the four localities where samples were collected are circled on the right panel (RMB,
Raúl Marín Balmaceda; FRO, Frondoso; MEL, Melipichún; GAL, Gala). Gray lines linking Fig. 1B
and 1C are showing the extended study area (rectangle in Fig. 1B).
Área de estudio en el sur de Chile. En el panel de la derecha encerradas en círculos se muestran las cuatro localidades
donde se recolectaron las muestras (RMB, Raul Marín Balmaceda; FRO, Frondoso; MEL, Melipichún; GAL, Gala).
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gathered in 2 L bottles, sieved through a 100
µm mesh, preserved with 70 % ethanol, and
stored in 500 mL flasks for further analysis in
the laboratory.

All veliger larvae contained in the 500 mL
samples were identified, separated and counted
using a Motic stereomicroscope at 80x, and
measured with a 10x graduated ocular with an
accuracy of 12.5 µm. The total volume filtered
in each sample was estimated by multiplying
the dimensions of the net mouth by the distance
traveled. Larval abundance was calculated by
dividing the total number of larvae by the total
volume of water filtered through the net.

During each sampling period, temperature
and salinity were recorded at the surface and 8
m depth from water samples collected with a
vertical sampling bottle at the beginning and
end of the sampling. Temperature was recorded
using an alcohol thermometer accurate to ±
0.25 ºC and salinity was recorded using a Beto
refractometer with ± 1 psu precision (Emery &
Thomson 1997). Both the thermometer and the
refractometer were calibrated monthly with a
Horiba u10 water analyzer.

Settlement was evaluated using a plastic
transparent sheet of 0.55 x 0.3 m and 2 mm
thickness. Preliminary observations showed
that this kind of plaque were colonized by
benthic organisms similar to those observed in
the intertidal zone where recruitment of C.
concholepas occurred; this coincides with the
observations made by Reyes & Moreno (1990)
and Disalvo & Carriker (1994). Each settlement
plaque was made by putting together three
sheets, separated by 5-cm pieces of plastic
placed in the junctions of the sheets and held
together with adjustable plastic bands (buckle
bands). The plaques were conditioned from
November to December 2000 in Santo
Domingo by suspending them at 1 m depth
from a 100 m long line, anchored at around 40
m depth. The conditioning of the plaques
included their colonization for benthic
microalgae, Cirripedia, and Mitilidae, the latter
of which almost entirely covered the plaques by
the end of the study. During January 2001, 30
plaques (randomly chosen) were installed at
each location (at the surface, 0.5 and 8 m
depth), each one independently and randomly
distributed on a long line with both ends
anchored on the coast. Settlement on the
plaques was monitored monthly, except for

July, by cutting the buckle bands, observing
each sheet, and returning them to the water.

Data analysis

Larvae and post larvae were grouped in
categories according to their particular
developmental stage: (a) early veliger (EV)
larvae, without pre-metamorphic lips, between
250 and 1300 µm in length (Disalvo 1988); (b)
competent veliger (CV) larvae, with pre-
metamorphic l ips larger than 1,300 µm
(Disalvo 1988); (c) settlers (S) (Connell 1985),
post-metamorphic individuals with visible
deposition of teleoconch, smaller than 3 mm
(Disalvo 1988).

Due to the low numbers of CV larvae and
settlers collected during this study, only
univariate analyses were applied to these
stages. Because each sampling location had
different hydrological conditions, larval
abundances, larval sizes, and settler abundances
were compared among locations, using the
univariate non-parametric Kruskal-Wallis test
(with a posteriori Dunn test). This same test
was used in order to assess the seasonal
development of C. concholepas  larvae,
comparing larval abundances and sizes among
months. To compare larval abundances and
sizes between the surface and 8 m depth, the
Mann-Whitney U-test was used (Zar 1999).
The relationships between salinity and
temperature versus EV abundances and sizes
were studied using the Spearman (rs)
correlation. Finally a Generalized Linear Model
(GLM) was applied to discriminate the variable
(s) that significantly explained distributions of
larval sizes, assuming a normal distribution and
a link function identity (µ) for evaluating the
response variable. Because of net selectivity,
larval size data were standardized in reference
to the mode and individuals < 342 µm were not
considered in the analysis. Likewise, due to the
different quantity of larvae collected in each
sample, means of larval size were weighted
using the standard error-1. Also, due to the non-
normal distribution of larval abundances, a
GLM was applied to discriminate the variable
(s) that significantly explained distributions of
larval abundances, assuming a Poisson
distribution and a l ink function log for
evaluating the response variable. For both,
larval sizes and larval abundances, the
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explanatory variables used were: depth,
locality, month, temperature, salinity and all
their interactions. The inclusion of each factor
most linked to the response variable was
determined by using Deviance analysis. The
significance of each factor was determined
using a χ2 test (Venables & Ripley 1998).
Because month - temperature and depth-salinity
were auto-correlated (r > 0.35), the final model
of larval abundance included only month and
depth, while the larval size model included
temperature, salinity, and location. For each
model those variables were selected that
explained a higher percentage of the deviance.

RESULTS

Larval abundance

A total of 13,035 larvae were collected from
395 samples taken between September 2000
and December 2001. Larvae were found in 58
% of the samples. Ninety nine percent of
collected larvae were EV, and 1 % were CV
larvae. EV larval abundance ranged between

0.002 and 2.96 larvae m-3, and CV larval
abundance ranged between 0.01 and 0.15 larvae
m-3. Month and depth showed significant
effects on EV larval abundance, explaining 47
% of the residual deviance in the GLM analyses
(Table 1). EV larvae were found at the surface
as well as at 8 m depth in the four study areas.
However, larval abundance was significantly
higher at 8 m depth in all locations but GAL
(Table 2). However larval abundance at 8 m
depth could be underestimate because recent
observations of water filtered using flow meters
at surface and 8 m depth in Refugio Channel
shown that the net filtered a significantly
higher water volume at the surface than at the 8
m depth (C. Molinet, unpublished data).

Analysis by month showed significant
differences among al l  of  the locat ions
(Kruskal-Wallis test, RMB: H11, 90 = 30, P =
0.001; FRO: H11,122 = 50.3, P < 0.0001; MEL:
H11,171 = 76.3, P < 0.0001; GAL: H11,120 =
31.2, P = 0.001), with higher abundances from
September to January and lower abundances
from May to August (Fig. 2). EV larval
abundance was intermediate from February to
April.

TABLE 1

Results of the sequential deviance analysis for the response variable EV larval abundance of C.
concholepas. Variables are month and depth

Resultados del análisis de desvianza secuencial para la variable respuesta: abundancia de larvas tempranas.
Las variables son mes y profundidad

Term Degrees of freedom Residual deviance Degrees of freedom Residual deviance P-Value

Null 394 143.1689
Month 12 62.5 382 80.6 < 0.05
Depth 1 4.2 381 76.4 < 0.05

TABLE 2

Median of C. concholepas EV larvae abundance found at the surface and at 8 m depth at each
location; N = sampled number; U = Mann-Whitney U-statistic; P = probability

Mediana de las abundancias de larvas tempranas de C. concholepas encontradas en superficie y 8 m de profundidad en cada
sector; N = número de muestras; U = Estadígrafo de Mann-Whitney, P = Valor de probabilidad

Location Median N U-value P-value

Surface 8 m Surface 8 m

RMB 0.000 0.014 58 58 1278 0.025
FRO 0.000 0.039 62 62 1397 0.017
MEL 0.000 0.033 63 63 1381 0.005
GAL 0.006 0.009 57 57 1464 0.230
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CV larvae were found mainly at the surface
(93 %) in all the study areas, except at RMB
where no CV larvae were found. Significant
differences in CV larval abundances were
observed among locations (Kruskal-Wallis test,
H2,23 = 13.1, P = 0.004), with MEL and GAL
having higher abundances and FRO having lower
abundances (Fig. 3). CV larvae were only found
from June to August in 2001, with abundance
peaks in July at MEL and FRO, while at GAL
abundance decreased from June to August (Fig.
3). However, differences among months were not
significant (Kruskal-Wallis test, MEL: H2,5 = 0.6,
P = 0.74; GAL: H2,8 = 0.88, P = 0.64). Due to
their scarcity, the data for CV larvae in FRO
could not be statistically analyzed.

Larval size

Analysis of the frequencies of observed sizes
during the entire study period showed a

unimodal tendency with clear predominance of
small EV larvae (300 to 700 µm) (Fig. 4).
Occurrence of intermediate EV larvae (725 to
1,000 µm) was infrequent, and occurrence of
large EV larvae (> 1,000 µm) was rare, while
CV larvae were infrequent (Fig. 4). The range of
EV larval sizes varied between 210 and 1,199
mm (median = 377.12 µm), while CV larval
sizes ranged between 1,097 and 2,143 µm
(median = 1,714 µm). Temperature, salinity,
location and their interactions had significant
effects on EV larval sizes, although these
variables together explained only ca. 30 % of the
residual deviance (Table 3). EV larvae were
significantly larger in surface waters at all
locations, except at RMB (Table 4). Likewise,
EV larval sizes were significantly different
among locations (Kruskal-Wallis test, H3,12957 =
637, P < 0.05), with the largest ones found at
GAL (median = 400 µm), followed by RMB
(median = 375 µm), MEL, and FRO (in both

Fig. 2: Monthly abundance values of C. concholepas EV larvae at: (A) RMB, (B) FRO, (C) MEL
and (D) GAL.
Valores de abundancias mensuales de larvas tempranas de C. concholepas en: (A) RMB, (B) FRO, (C) MEL and (D) GAL.
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Fig. 3: Monthly abundance values of C. concholepas CV
larvae at three locations; (A) FRO, (B) MEL, and (C)
GAL.
Valores de abundancias mensuales larvas CV de C. concholepas en tres
localidades: (A) FRO, (B) MEL y (C) GAL.
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Fig. 4: Frequencies of sizes classes of all C. concholepas
veliger larvae collected during the study period in all the study
areas. EV, early veliger; CV, competent veliger.
Estructura de tallas de larvas veliger de C. concholepas recolectadas durante
el periodo de estudio en todas las áreas de estudio. VT veliger tempranas;
VC, veliger competentes.

TABLE 3

Results of the sequential deviance analysis for the response variable EV larvae sizes of C. concho-
lepas. Variables are salinity, temperature, location and their interactions

Resultados del análisis de desvianza secuencial para la variable respuesta: tallas de larvas tempranas de C. concholepas.
Las variables son salinidad, temperatura, localidad y sus interacciones

Term Degrees of Deviance Degrees of Residual P-Value
freedom residuals freedom deviance

NULL 150 486473
Location 3 9744 147 476729 < 0.05
Temperature 1 81305 146 395423 < 0.05
Salinity 1 2153 145 393270 < 0.05
Location *salinity 3 6427 142 386842 < 0.05
Locations *temperature 3 25663 138 358603 < 0.05
Locations*temperature*salinity 3 13148 135 345455 < 0.05

TABLE 4

Median of C. concholepas EV larvae size found at the surface and at 8 m depth at each location.
N = number of replicates; U = Mann-Whitney statistic; P = probability

Tabla 4: Mediana de los tamaños de larvas tempranas de C. concholepas encontradas en superficie y 8 m de profundidad en
cada sector. N = número de muestras, U = Estadígrafo de Mann-Whitney, P = probability

Location Median (µm) N U-value P-value

Surface 8 m Surface 8 m

RMB 375 375 374 1078 190274 0.173
FRO 366 350 821 3661 1304763 0.000
MEL 366 344 1041 3795 1781061 0.000
GAL 412 400 646 1551 435742 0.000
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Fig. 5: EV larval length of C. concholepas collected at the surface and at 8 m depth between
September 2000 and December 2001. (A) RMB, (B) FRO, (C) MEL, and (D) GAL.
Longitud de larvas tempranas de C. concholepas recolectadas entre septiembre de 2000 y diciembre de 2001. (A) RMB, (B)
FRO, (C) MEL y (D) GAL.

cases median = 354 µm). Analysis by month
showed significant differences in EV larval sizes
at all locations (Kruskal-Wallis test, RMB: H13,

1442 = 149.7, P < 0.0001; FRO: H13, 4482 = 693.4,
P < 0.0001; MEL: H13, 4836 = 892.9, P < 0.0001;
GAL: H12, 2197 = 211.9, P < 0.0001), with a
progressive increase in size from August to
December (Fig. 5), while, we did not observe a
clear trend from January to April.

CV larval sizes were similar from June to
August at FRO (Mann-Whitney U-test, U1,2,11

= 4.5, P = 0.19) and GAL (Kruskal-Wallis
test, H2,31= 5.4, P = 0.068), but differed
between months at MEL (Kruskal-Wallis test,
H2,34 = 15.6, P = 0.0004). CV larvae collected
at GAL and MEL were similar in size and
they were significantly larger than those
collected at FRO (Kruskal-Wallis test, H2,78 =

12.8, P = 0.018; Fig. 6). Nine months elapsed
between the  f i r s t  peak  of  EV larva l
abundance (September) and the first record of
CV larvae (June), while five months elapsed
from the last peak of EV larval abundance
(January) and the first record of CV larvae.

Settlement

Settlement was observed only during August at
RMB, MEL and GAL. Unfortunately, the plaques
installed at FRO were lost. A total of 69 settlers
were found during this study. Significant
differences were observed in settlers’ abundances
at RMB and MEL versus GAL (Kruskal-Wallis
test, H2,132 = 46.9, P < 0.0001), whereas no
significant differences were observed among
depths in all locations (Kruskal-Wallis test, RMB,
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Fig. 6: CV larval length of C. concholepas collected
between June and August of 2001. (A) FRO, (B) MEL,
and (C) GAL.
Longitud de larvas competentes de C. Concholepas recolectadas
entre junio y agosto de 2001. (A) FRO, (B) MEL y (C) GAL.
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H2,30 = 1.0, P = 0.6; Mel, H 2,34 = 1.5, P = 0.5; and
GAL, H2,30 = 4.4, P = 0.1) (Table 5).

Salinity and temperature

During the study period, strong variations in
salinity were recorded at the surface in all
locations (salinities ranged from 5 to 30 psu),
except at GAL where observed salinity ranged
between 20 and 30 psu (Fig. 7). Salinity values
were lower at the surface than they were at 8 m
depth, where ranged between 15 and 31 psu at
FRO and MEL, and between 20 and 35 psu at
RMB and GAL. Continuous salinity
stratification was recorded at RMB between the
surface and 8 m depth throughout the study
period (Fig. 7A). Temperature ranged between
8 and 15 °C and showed a marked seasonality.
Recorded temperatures were higher at RMB
and GAL by ca. 0.5 ºC than they were at MEL
and FRO (Fig. 7).The Spearman correlation
indicates that both EV larval sizes and
abundances show a positive significant
relationship with temperature, but not with
salinity (Fig. 8). However, we observed that
EV larval abundances were low when salinity
was less than 15-20 psu (Fig. 8C).

DISCUSSION

Planktonic larval development of C.
concholepas occurs during the entire year in
the fiords and channels investigated in this
study. There appears to be continuous larval
release from midwinter to early autumn which
coincides with the capsular release of C.
concholepas reported in south-central and
northern Chile (Castilla & Cancino 1976,

Ramorino 1979), and exceeds the period of
release reported in southern Chile (Ibáñez
1992). The first early veliger larvae are
released around August, while competent
larvae were found from June until to August,
suggesting a long period of larval development,
lasting between 6 and 12 months. This
significantly exceeds the duration of larval
development reported by Disalvo (1988). The
difference could be explained by the
observation of lower seawater temperatures in
the inland seas than those reported by Disalvo
(1988). Lower temperatures and reduced food
availability are believed to influence larval
development in nature (Thorson 1950, Levin &
Bridges 1995).

Estimates of larval growth rates through
modal cohort monitoring were not possible
because of the long period of C. concholepas
larval release, although larval sizes differed
significantly among months, supporting the
hypothesis of a temporal pattern of planktonic
larval development starting between July and
August and finishing between July and August
of the following year. The distribution of
smaller and intermediate sized EV larvae (<
1,000 µm), either at the surface or at 8 m depth,
suggests that these larvae are mainly
planktonic, which does not agree well with the
hypothesis of development in deeper waters, as
proposed by Moreno et al. (1993). Large EV
larvae (> 1,000 µm) were scarce despite the
intensive sampling effort at the study sites.
Further studies are needed to evaluate the
importance of natural mortality during larval
development in this species since high
mortality has been observed in the laboratory
(Disalvo 1988), and has been hypothesized
(Scheltema 1986) for any larvae spending long

TABLE 5

Mean, minimum (min), and maximum (max) abundance of C. concholepas settlers observed during
August 2001 at three depths on artificial substrates. (A) RMB, (B) MEL, (C) GAL

Promedio de la abundancia, mínimo (min) y máximo (máx) de asentados de C. concholepas recolectados a tres profundida-
des en sustratos artificiales durante agosto de 2001. (A) RMB, (B) MEL, (C) GAL

Surface 0.3 m depth 6 m depth

Locality Mean Min Max Mean Min Max Mean Min Max

GAL 3.6 0 9 1.4 0 6 1.2 0 3
MEL 0.1 0 1 0.1 0 1 0.3 0 1
RMB 0 0 0 0.1 0 1 0.1 0 1
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Fig. 7: Mean temperatures and salinities, recorded weekly in each study area throughout the study
period. Right, salinity in psu; Left, temperature in ºC. (A) RMB, (B) FRO, (C) MEL and (D) GAL.
Promedio de temperatura y salinidad registrado semanalmente en cada área de estudio. Derecha salinidad en psu; izquierda,
temperatura en ºC. (A) RMB, (B) FRO, (C) MEL y (D) GAL.



421LARVAL ECOLOGY OF C. CONCHOLEPAS IN SOUTHERN CHILE

Fig. 8: Sizes and abundances of C. concholepas
veliger larvae and their relationships with
salinity and temperature at all locations: (A)
relationship between median larval size and
salinity, (B) relationship between median larval
size and temperature, (C) relationship between
median larval abundance and salinity, and (D)
relationship between median larval abundance
and temperature. r = Spearman correlation, P =
probability, N = sample size.
Tamaños y abundancias de larvas veliger de C. conchole-
pas y su relación con salinidad y temperatura en todos los
sectores: (A) Relación entre la mediana del tamaño larval y
temperatura; (B) Relación entre la mediana del tamaño lar-
val y salinidad; (C) Relación entre la mediana de la abun-
dancia larval y salinidad; y (D) Relación entre la mediana
de la abundancia larval y temperatura. r = Correlación de
Spearman, P = probabilidad, N = tamaño de la muestra.

periods in the plankton. Also the studied depth
range of larval distribution must to be extended
in order to assess the entire distributional range
of these larvae. By contrast, CV larvae were
more abundant than larger EV larvae, being
found mainly in surface samples, corroborating
previous studies in which CV larvae were
found only at the surface (Moreno et al. 1993,
Peña et al. 1994, Poulin et al. 2002a, 2002b).
Accumulation of C. concholepas CV larvae at
the surface could explain in part why CV larvae
were found to be more abundant than large EV
larvae (see also Poulin et al. 2001b).

Differences in larval sizes were
significantly explained principally by
temperature, location and the interaction
between location and temperature, suggesting
an effect of local hydrology on larval size.
Although field studies have shown the potential
for plankton retention zones in fiords of
southern Chile (Cáceres & Valle-Levinson
2004) and other studies in North America and
New Zealand have shown that larval retention
can be produced by local hydrology (Wing et
al. 1995, Churchill et al. 1999, Sköld et al.
2003, Wing et al. 2003), further investigations
are needed to directly assess these effects in the
inland seas of Chile.

Our results show strong influences of month
and depth on EV larval abundance, although
larval abundance observed at 8 m depth could
be underestimate (C. Molinet unpublished
data). The influence of month on larval
abundance suggests a pattern of larval release
and development that could be strongly
influenced by seasonality.

Salinity was not correlated with larval
abundance of C. concholepas, although EV
larvae were more abundant when salinities
exceeded ca. 15 psu, and CV larvae were not
observed when salinities were less than ca. 15
psu. This suggests that C. concholepas veliger
larvae have a salinity threshold, around 15-20
psu, below which their development could be
constrained, as has been reported for other free-
living planktonic larval stages (Levin &
Bridges 1995). Also, larvae could avoid low
salinity or the flow associated with low salinity
could keep larvae out of the area. The effect of
the continuous stratification observed at RMB
on epineustonic CV larval distribution must be
studied in order to explain the absence of these
larvae in plankton samples collected in this
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area. Concholepas concholepas settlers were
observed in concordance with the presence of
CV larvae in all locations as observed by
Moreno et al. (1993) and Martínez & Navarrete
(2002), although CV larval abundances were
not coincident with the abundances of settlers
on the plaques. This discrepancy may have
resulted from a mismatch between weekly
plankton sampling and monthly settlement
sampling.

The highest abundances of settlers
coincided with high and stable salinity values
at GAL, suggesting that local differences in
salinity oscillation, typically observed in these
channels, could have great importance in the
success of settlement. Settlement results
suggest that C. concholepas can settle in
subtidal zones, in agreement with the
observations by Manriquez et al. (2004),
although most previous records of settlement
were in the intertidal zone (Stotz et al. 1991,
Moreno et al. 1993, Martínez & Navarrete
2002).

Concholepas concholepas planktonic larval
development was observed to occur throughout
the year in Chilean inland seas, with early
veliger larvae being released mostly from
August to March, reaching the competent stage
around June to August, and having a long
planktonic larval development that could last
between 6 and 12 months. Differences in local
hydrology could affect larval development of
C. concholepas  in this region. Further
investigation is necessary in order to answer
the questions raised by this study.
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