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Abstract. Voluta musica is considered an endangered species in Venezuela for two main reasons:
collectors appreciate shells and its incidental catch in fishery of Arca zebra. Population and
ecological parameters including abundance, distribution, reproduction, length-frequency
distributions, color pattern of shells and influence of biotic and abiotic factors on density were
estimated through observations by line transect samples. Between February/2008 and January/2009,
178 individuals were collected, with an average total length of 56.4 ± 28.3 mm, in Coche Island and
coast of the Araya peninsula. Average monthly density was 0.037 ± 0.17 org/m2 with a maximum
value in September (0.12 org/m2) and a minimum in October (0.0067 org/m2). GLM showed that the
factors with high influence on densities were: absence of A. seminuda, presence of muddy-fine grain
sand and medium-grain sand bottoms, the zone corresponding to the channel between Coche Island
and Morro de Chacopata. Egg capsules were found in dead shells of A. seminuda, Pinna carnea and
Anadara floridana. The number of egg capsules found indicates a spawning period between June and
November with a peak in August. We recommend estimating catches of music volutes in the ark
shellfishery to assess the impact of this activity on their populations.
Keywords: Voluta musica, distribution, abundance, reproduction, Venezuela

Resumen. Aspectos poblacionales, reproductivos y ecológicos del caracol pentagrama Voluta
musica (Caenogastropoda: Volutidae) en el nororiente de Venezuela. Voluta musica es
considerada en riesgo por diversas causas: los coleccionistas aprecian sus conchas, y su captura
incidental en arrastres de Arca zebra en Venezuela. Parámetros poblacionales y ecológicos como
distribución, abundancia, estructura de tallas, patrón de coloración de las conchas, zonas y épocas de
reproducción, así como factores bióticos y abióticos con influencia en las densidades, fueron
estudiados mediante censos con transectas-bandas. Entre febrero/2008 y enero/2009, se encontraron
178 ejemplares al sureste de la isla de Coche y costas de Chacopata, con una longitud promedio de
56,4 28,3 mm. La densidad promedio mensual fue de 0,037 0.17 org/m2, con un máximo en
septiembre (0,12 org/m2), y mínimo en octubre (0,0067 org/m2). GLM demuestran que los factores
con mayor influencia en las densidades fueron: ausencia de Atrina seminuda, presencia de arena de
grano fino y fangoso y la zona del canal de navegación entre la Isla de Coche y el Morro de
Chacopata. Se encontraron cápsulas ovígeras en conchas muertas de A. seminuda, Pinna carnea y
Anadara floridana. El periodo de oviposición fue entre junio-noviembre, con un pico en agosto. Se
recomienda estimar su capturas en los arrastres de Arca zebra, para medir el impacto de dicha
actividad en sus poblaciones.
Palabras clave: Voluta musica, distribución, abundancia, reproducción, Venezuela
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Introduction
Voluta musica Linnaeus 1758 is a tropical
gastropod mollusk frequently found in shallow
waters of the southern Caribbean, that lives in
muddy, sandy and Thalassia testudinum bottoms
(Flores 1978, Cervigón et al. 1992). V. musica is a
predator that feeds on decayed and scavenger
material and invertebrates, especially gastropods and
bivalves (Cosel 1976). This caenogastropod is
distributed from the Greater Antilles to Surinam
(Clench & Torner 1974, Abbott 1974, Humann &
Deloach 2006). In the Venezuelan coast, it has been
reported from Paraguaná Peninsula (Falcón State) to
Chacopata (Sucre State), and from Margarita,
Coche, Cubagua, La Orchila islands and in Los
Frailes, Los Roques, Los Testigos and Las Aves
archipelagoes (Coomans 1958, Work 1969, GibsonSmith 1973, Clench & Torner 1974, Carvajal &
Capelo 1993, Capelo & Buitriago 1998, Prieto et al.
2001, Díaz & Liñero 2004, Fernández & Jiménez
2007, Gassman et al. 2007).
The music volutes are characterized by a
delicate design on their shells: a creamy background
color, marks and shades from blackish to reddish
brown and a distinctive series of lines resembling a
musical staff encircling the upper half of the shell
(Humann & Deloach 2006). Because of this delicate
and colorful design it has attracted interest from
collectors all over the world. This species has not
been reported in the IUCN red list, but, however, it
has been included on the red list of Venezuelan
fauna, in the lower risk category, due to insufficient
data on population status and the presence of risk
factors that could affect population viability
(Rodríguez & Rojas-Suárez 1995).
Regarding reproduction, the male fertilizes
the female internally which later spawn egg capsules
that develop directly, so there is no free swimming
stage and juveniles come out from the capsule as
miniature adults (Penchaszadeh & Miloslavich
2001). As a result, these organisms have a narrow
biogeographic range and spread slowly. This may
cause local, isolated population extinctions by overextraction, as has been reported for other members
of the Volutidae family (Orensanz et al. 1996,
Willan & Dredge 2004). Moreover, in some regions
of the southern Caribbean, V. musica and V.
virescens are of interest to fisheries and are collected
by hand and occasionally with dredges and trawls in
deeper waters and consumed locally raw or cooked.
(Cervigón et al. 1992).
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Some factors that may have a local impact
on the vulnerability of this species in northeastern
Venezuela are: a) the presence of music volutes as
incidental catch during trawling targeting the ark
shell (Arca zebra) ; b) the trade of V. musica for
international markets (where snails can be quoted
between 19 and 50 U$D) and c) TBT-induced
imposex which causes sterilization and finally a
decrease in abundance of gastropod populations
exposed to the compound (Oehlmann et al. 1996).
This study is a contribution to integrated
management of this resource. Population and
ecological parameters including maps of distribution
and abundance, possible breeding areas, length
structure, color pattern of shells of its population and
some biotic and abiotic factors that determine the
densities of V. musica in northeastern Venezuela are
analyzed and discussed.

Materials and Methods
Study Area
This study was conducted in waters
northwest, west and south of Coche Island (Nueva
Esparta State, Venezuela), including the vicinity of
Lobos and Caribe islets, which are located west of
Morro de Chacopata (Fig. 1). This geomorphologic
underwater unit is known as “Cumbre de Coche”,
and is characterized by a depth range of 0-15 meters,
the presence of coarse sand, gravel and clast,
medium and fine sand, and the occurrence of coral
reefs and oyster beds which are the cause of these
relatively coarse sediments (Ginés et al. 1972,
Álvarez 1987, Llano 1996).
The whole area is a very fertile marine
ecosystem as a result of upwelling of nutrient-rich
deep waters and bathymetric features that make it an
almost completely euphotic zone (Carvajal &
Capelo 1993). Furthermore, this area supports
important shellfisheries, targeting species such as the
ark shell Arca zebra, the pearl oyster Pinctada
imbricata, the Caribbean fighting conch Strombus
pugilis, the pen shell Atrina seminuda among other
species, which sustain a large population of artisanal
fishermen in the area (Ginés et al. 1972, Salaya &
Salazar 1972, Gómez 1999, Marval & Cervigón
2008).
Fieldwork
The study area was divided into 360 cells of
250,000m2. Each month, 30 stations were chosen
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randomly for sampling. The center of each cell was
a taken as reference for the location of each station
and located in the field by using a GPS. Assessment
of V. musica was made with visual census transects.
Once in the proximity of the center of each station,
two scuba divers swam parallel to a 5m long PVC
tube and covered an area of 1m on each side of the
tube, that is a total area of 10m2 by station. A caliper
(precision: 1 mm) was used to measure the length
between the apex and the end of the shell’s siphon of

123

all specimens obtained during sampling. In addition,
the status of the individuals (alive or dead), color´s
shell patterning, the presence of hosts such as hermit
crabs and observations on feeding behavior were
registered. Also, the type of substrate was
determined by visual inspection, and the presence
and number of egg capsules on empty bivalve shells
counted in order to establish areas and periods of
reproduction.

Figure 1. Location of study area in northeastern Venezuela.

Statistical analysis
To determine the type of spatial distribution
of the species in the study area, the variance to mean
ratio of density estimates was calculated. Once a

random distribution pattern (ratio variance/mean
density=1) was rejected, the frequency of occurrence
of organisms per transect was determined and the
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expected frequencies for a negative binomial
distribution (associated to aggregated distributions)
were calculated using a preliminary estimate of k
(degree of aggregation of organisms) by the
following formula:

explain a real situation (Akaike 1974).

Where x is the mean and s is the standard
deviation.

Results

Then, k was calculated iteratively by
maximum likelihood, solving and trying to match
the 2 following equations:

where A(x) is the sum of observed frequencies
greater than x for each x, and where x is the number
of organisms found by transect (Elliot 1977).
Additionally, the ArcView software was
used to create maps of interpolated continuous
surfaces by the kriging method from the densities
found in field, limiting the area of each interpolated
surface with their respective standard error. This
method analyzes the spatial behavior of a variable
on a defined area, resulting in the influence of data
at different distances (Krige 1951).
A Generalized Linear Model (GLM function
in R) was used to identify the environmental factors
that had statistically significant relationships with V.
musica densities observed in situ (Bolker 2007).
Factors used were: zone, month, presence/absence of
Atrina seminuda, relative depth (calculated by
dividing the depth value at each station between the
maximum recorded in all sampling stations, and
coded on a scale of 1 to 5), presence/absence of
Thalassia testudinum and type of bottom (with the
following categories: mud-fine sand, mediumgrained sand, gravel-coarse sand). For the selection
of alternative models to explain the behavior of the
dependent variable (logarithm of the density or logdensity) in response to factors, the Akaike
information criterion (AIC) was used, which
measures the goodness of fit of an estimated
statistical model providing a relative measure of the
loss of information when using a particular model to

In order to relate reproductive activity
(appearance of egg capsules) with surface water
temperature during the study period, NOAA-OUP
temperature records of 8 geographical points
distributed throughout the sampling area were
obtained from the “Observatorio Oceanográfico
Digital
de
Venezuela”
website
(http://ood.cbm.usb.ve/historial/sst_noaa/).

Spatial distribution and abundance
A total of 360 stations (30 monthly) were
sampled from February 2008 to January 2009,
resulting in a total of 178 specimens of music
volutes (131 alive and 47 dead) found in 57 stations.
The months of September and October showed the
highest (N=43) and lowest (N=3) number of
individuals, respectively (Fig. 2A). Also, a
significant number of juveniles (at hatching stage)
(N=21) were observed in September, with an
average size of 6.95± 0.67 mm. In general, the
abundance of individuals showed an increasing trend
from February to September and then a decrease
from October to January. In each month, the number
of live individuals was greater or equal to the
number of dead shells found, except in March (4
dead and 3 alive) (Fig. 2B).
There were not statistically significant
differences in density or abundance for different
types of bottoms (ANOVA; F (4,52)=1.082;
p=0.375). However, Thalassia beds seem to be a
preferred substrate (56%) against absence of
Thalassia (44%); instead coarse sand-gravel bottoms
(49%) and medium-grained sand (44%) were mostly
preferred than sandy-muddy bottoms.
In general, V. musica was widely distributed
throughout the study area. Throughout the area
average estimated density was 0.037±0.17 org/m2;
with the highest average value (0.12 org/m2) in
September and the lowest in October (0.006 org/m2)
(Fig. 3). The frequency of organisms observed per
transect followed an aggregate distribution, with a
very low value for parameter k (0.06) from the
negative binomial distribution. The stations with the
highest densities were found at the center of the
channel between Coche Island and Morro de
Chacopata (Fig. 4). These stations had less than 9 m
depth and presented medium-grain sand and coarse
sand and gravel.
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Figure 2. A. Total number of organisms per month; B. Number of live and dead organisms per month in
the study area in the period February-2008 to January-2009.

Regarding the GLM analysis, the binomial model
was selected as it showed the lower AIC value
(96.78). Factors included in the model were zone,
bottom type, presence or absence of T. testudinum,
and presence or absence of A. seminuda. Based on
statistical significance levels, the factors that are
most influential on values of V. musica densities
were (in order of importance): absence of A.
seminuda (negative effect, p<0.01), presence of
muddy-fine grain sand and medium-grain sand
bottoms (negative effect, p<0.05), the zone
corresponding to the center of the channel between
Coche Island and Morro de Chacopata (positive
effect, p=0.06).

Population dynamics
The length range of specimens was between 5
and 104mm with an average of 56.4±28.3 mm. The
shells of dead organisms had a lower average length
than live individuals, except in September and
October (Fig. 5), which is due to the presence of
many dead newly hatched juveniles during these
particular months.
Were found statistically significant and
differences in the sizes of organisms in presence
absence of Thalassia testudinum, with sizes smaller
individuals presents in seagrass beds (ANOVA; F
(1,55)= 4.28; p= 0.043).
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Figure 3. Average density per month and its standard deviations for Voluta musica in
northeastern Venezuela.

Figure 4. Continuous surface map for density data (organisms/m2) for Voluta musica in
northeastern Venezuela, obtained by the Kriging interpolation method.
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Table I. Coefficients for factors of the final binomial model for data of Voluta musica in northeastern Venezuela.
Estimated

Standard

Z

Coefficient

Error

value

Intercept

1.86684

1.39441

1.339

0.18063

Muddy and fine-grain sand bottom

-3.78262

1.61485

-2.342

0.01916*

Medium-grain sand bottom

-2.90626

1.29575

-2.243

0.02490*

Absence of Thalassia testudinum

-0.96246

0.57607

-1.671

0.09478.

Zone Northwest of Coche Island

-9.05426

58.53818

-0.155

0.87708

Zone Southwest-south of Coche Island

0.08098

0.94145

0.086

0.93145

1.31361

0.70022

1.876

0.06065.

-2.39853

0.83158

-2.884

0.00392 **

Factor

Significance

Navigation channel between Coche Island and
Chacopata
Absence of Atrina seminuda

Significance Codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.'

The annual length structure showed a bimodal
pattern with high frequencies of very small
specimens (sizes between 5 and 7 mm) and of sizes
between 50 and 90mm total length (Fig. 6). The
monthly length frequency histograms show a similar
structure, but with variations probably associated
with the low number of samples (Fig. 7).
In the study area a total of 233 egg capsules of
V. musica were found on dead specimens of the
bivalves Atrina seminuda, Pinna carnea and
Anadara floridiana (Fig. 8). These capsules had a
number of larvae that ranged between 0 and 5
individuals, with an average of 3.41 larvae/capsule.
During the first three months (FebruaryMarch) of sampling no egg capsules were found at
sampling locations and then from May to August
there was a gradual increase in numbers. After a
peak in August the number of capsules declines until
January 2009 when they were no longer observed on
empty bivalve shells (Fig. 9). In August, the first
hatched capsules were found and the maximum
number was registered in November, afterwards they
decline sharply and disappear in January. These
results suggest an approximate period of embryonic
development and hatching of about 2-3 months, and
a spawning period between May and November,
with a peak in August (Fig. 9).

0.1 ' '

Surface water temperature showed a gradual
increase from April to July and then increases
significantly to reach maximum values during
September-November (26.8-28.3ºC), afterwards
temperatures decline to values similar to those
recorded in the beginning of the study period (2425ºC) (Fig. 10). In general, there seems to be a
relationship between increasing temperatures and
spawning of this species in the study area.
The stations with the largest number of egg
capsules were located close to shore in depths
shallower than 10 meters (Fig. 11). The key
spawning areas were located southeast of Coche
Island (at the center of the channel between Coche
Island and Morro de Chacopata) and adjacent to the
coast of Morro de Chacopata.

Shell patterning and Interspecific relationships
The music volutes registered in northeastern
of Venezuela showed a wide spectrum of coloration,
although most of the shells sampled presented a
creamy-brown color, there were also some
individuals that presented orange and gray color
patterns.
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Figure 5. A. Average total length per month; B. live and dead organisms per month, with its respective
standard deviations for Voluta musica in northeastern Venezuela.
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Figure 6. Length structure of Voluta musica in the period February/2008 – January/2009 in northeastern
Venezuela.
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Figure 8. A) Atrina seminuda shell where there are 6 egg capsules; B) Detail of egg capsules; C-D)
Intracapsular Larvae of Voluta musica; E) Newly hatched specimen.
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Figure 9. Total number of egg capsules, non-hatched and hatched per month found at shells of dead
bivalves Atrina seminuda, Pinna carnea and Anadara floridana in northeastern Venezuela.
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Figure 10. Local average temperature of surface water and total number of egg capsules of Voluta musica
recorded during the period February/2008 and January/2009 in northeastern Venezuela.

During field work it was possible to occasionally
observe feeding behavior of the music volutes: a) in
May an individual V. musica (84mm) was found
feeding on an specimen of the genus Olivella; b) in
September another specimen was observed feeding
on a small Chicoreus brevifrons.
Also it was possible to note that hermit crabs
inhabited approximately 10% of shells of dead
music volutes.

Discussion
The results show that Voluta musica has a
wide distribution in the study area, although there
are higher concentrations in the channel between
Coche Island and Morro de Chacopata, including
Lobos and Caribe islets. This spatial distribution
pattern coincides with that observed by other authors
(Carvajal & Capelo 1993, Prieto et al. 2001).
Average density observed in the study area
(0.37±0.17 org/m2) is similar to that reported for
other species of Volutidae, such as Cymbiolacca
pulchra (0,02-0,08 org/m2 in an area of high relative
abundance) and Amoria maculata in the Great
Barrier Reef, Australia (Catterall et al. 1992),
although coral reefs and seagrass beds are

structurally different, but no other work reports
densities for music volutes to enable more specific
comparisons.
The spatial distribution of V. musica in the
study area may be wider because, in general, it is
quite difficult to visualize the specimens in field,
therefore it would be underestimating the specie´s
distribution, either because they are hidden among
the seagrass or because they are buried in the sand,
so they can easily go unnoticed. Only large size
specimens can be easily found buried in the sand
showing a prominent mound on the substrate.
Although it is not unusual to detect them during the
day, this species is generally nocturnal (Sutty 1992),
which makes it more difficult to localize. However,
the sampling operations were conducted during
daylight hours, usually between 8:00 a.m. and 2:00
p.m., so it should be assumed that the densities
found in this study probably underestimate true
density. In general, studies with other species have
shown that Volutidae populations are rather scarce
or rare (Cosel 1976, Catterall et al. 1992); however,
in general, species are considered rare until enough
is known about their biology to detect large
aggregations based on reproductive or feeding
behavior (Gaston 1997, Guisan et al. 2006). On the
other hand, the progressive increase in the number of
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organisms found at the beginning of the study period
may reflect increased expertise and experience in
location of specimens during the course of sampling.
Poppe and Goto (1992) established that volutes are
usually buried in the substrate and that in the
breeding season move from deep to shallow areas,
which could explain the increase in number of
individuals of V. musica at the time that egg
capsules were more abundant in field observations.

Statistical analysis indicates an aggregated
spatial distribution pattern for music volutes, which
would increase the probability of finding other snails
once one is located. This phenomenon of
aggregation probably involves intra-specific
interactions of competition for food, mating and
availability of empty bivalve shells for spawning,
among others.

Figure 11. Average number of egg capsules of Voluta musica by sampling stations in northeastern Venezuela.

Voluta musica appears to show preference
for medium-grain sand and coarse-sand and gravel
bottoms, as most specimens where found in
sampling stations with this type of substrate. On the
other hand, the GLM analysis showed a significant
negative effect of muddy, fine sand and mediumgrain sand bottoms on the values of density. The
aggregation of this carnivorous gastropod (Cosel
1976) in this type of bottom could be determined by

the presence of preys (Catterall et al. 1992),
especially bivalves with limited capacity of
mobilization and evasion from predators. Another
factor that could explain this preference is that larger
grain size facilitates the constant oxygenation of the
sub-surface layers of the seabed (Cai & Sayles 1996,
Glud 2008) where, in most cases, these gastropods
are buried for long periods of time, allowing
protection and predator voidance. In situ
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observations allowed recording one music volute
when burying in the seabed in coarse sediments, an
activity that took less than 1 minute. Also, V. musica
could show preference for specific substrate during
the spawning period, or indirectly, due to specific
substrate requirements of the bivalve species used
for laying egg capsules. In fact, the GLM analysis
indicated a highly significant negative effect of the
absence of Atrina seminuda on density of V. musica.
In general, it is considered that the music volute
avoids muddy bottoms (Cosel 1976), as observed in
this study because there were only two individuals
found on this type of substrate.
There was no clear preference of V. musica
for inhabiting Thalassia meadows, but there was a
significant but negative effect of the absence of
seagrass beds on densities reported in field.
The observation of 2 peaks in length
frequency histograms for the entire sampling period
is indicative of the presence of at least 2 cohorts of
organisms, with sizes between 5-7 mm and 50-90
mm. However, it is assumed that not all sizes where
recorded in samples, especially those individuals
under 25 mm in length, which could be the result of
high natural mortality of juveniles or that location of
these small organisms buried in the substrate is
difficult.
In relation to substrate for oviposition, were
recorded egg capsules on dead bivalve shells of the
genera Anadara, in addition to Atrina, Pinna and
Trachycardium (Penchaszadeh and Miloslavich
2001).
Temperature appears to act as a trigger
mechanism for spawning, as our results indicate an
increase in the number of egg capsules in the field as
temperature rises. The regulatory effect of
temperature on the development of gonads in
gastropods (Giese & Pearse 1974, Martel et al.
1986) has been demonstrated in some species of the
Volutidae family such as Adelomelon brasiliana and
Zidona dufresnei (Cledón et al. 2005a, Giménez &
Penchaszadeh 2001).
The average number of embryos in egg
capsules found in this study is consistent with
previous reports in the same region (Penchaszadeh
& Miloslavich 2001), as well as the size of newly
hatched individuals. Based on the time elapsed
between the appearance of the first egg capsules and
the appearance of the first hatched capsules, an
embryonic development period of about 2-3 months
can be estimated, implying that the intra-capsular
fluid contains a high nutrient content to allow proper
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development of juveniles (Penchaszadeh &
Miloslavich 2001). Also, according to the presence
of egg capsules observed in the field, the spawning
period extends from June to November, which
contrasts with the continuous annual reproductive
cycle reported for the Volutidae family member
Odontocymbiola magellanica in the Strait of
Magellan, Argentina (Bigatti et al. 2008).
Spawning areas were concentrated in the
channel between Coche Island and Morro de
Chacopata and the west coast of Morro de
Chacopata, so these areas appear to be critical for
the species and should be considered for its
protection and management, since in this area many
local fishermen extract a wide variety of fishery
resources with diverse fishing gears (Ginés et al.
1972, Iriarte 1997, Marval & Cervigón 2008).
Globally, threatened species have been
adversely affected by habitat loss and fragmentation
due to short (trawl fisheries) and long term (climate
change) human activities. The resulting habitat
fragmentation could result in many threatened
species tending to exist in a small number of isolated
subpopulations (Catterall et al. 1992, Harrison &
Bruna 1999, McDonnald-Madden et al. 2008). It is
generally considered that Volutidae stocks depend
on relatively closed and isolated populations (Cosel
1976) due to slow dispersal and narrow
biogeographic range, which makes them highly
vulnerable to excessive local extraction by fishing
and disturbances affecting lower trophic level
species (Catterall et al. 1992, Orenzans et al. 1996,
Willan & Dredge 2004).
Some species of the Volutidae family
(Giménez et al. 2004, Cledón et al. 2005b, Bigatti et
al. 2008), as well as other gastropods of fishing
importance, such as Californian abalones Haliotis
spp. (Rogers-Bennett et al. 2002), Caribbean queen
conch Strombus gigas (Rodríguez & Posada 1994,
Bastidas & Rada 1997, Appeldoorn 1994, Stoner &
Ray-Culp 2000), and Chilean “loco” Concholepas
concholepas (Rabí & Maraví 1997) show slow
growth and late sexual maturity, which makes them
particularly vulnerable to over-exploitation. Even
though there is no evidence that V. musica has slow
growth and late maturity in the study area, the
described characteristics of the egg capsules suggest
that it has low fecundity.
Many music volute shells can be observed in
areas where the remains of processed ark shells
(Arca zebra) are deposited on the mainland in
Chacopata and the islands of Coche and Margarita
showing how this fishing activity affects populations
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of V. musica in the study area. This fishery has been
developing intensively and represents a significant
percentage of marine landings in Venezuela
(SARPA 1996) and, for example, in the years 19971998 a total of about 3818 fishing trips/month was
reported (Arias et al. 2002). This fishery is
especially concentrated in the vicinity of Morro de
Chacopata and present landings are of
approximately 50,000 tons per year (Rengel
Jimenez, Instituto Nacional de Investigaciones
Agrícolas, personal communication).

mollusks (Ponder & Grayson 1998). In northeastern
Venezuela, using some of these criteria, a medium to
high vulnerability may be assigned to Voluta
musica, considering that: A) The species has direct
development, which causes a slow dispersion of
juveniles and therefore a restricted population range;
B) It is distributed in low to middle depths, which
are relatively accessible to fishing activities; c)
Although the shells reach relatively low prices in the
international shell market, some large specimens in
good condition can cost up to 50 $.

Ark shell extraction is made by dredging
(Novoa et al. 1998, Arias et al. 2002). This type of
fishing practice has been shown to affect coastal
marine habitats by direct removal of living
organisms, modification of bottom topography and
creating disturbances in the community structure,
their impact depending on the spatial and temporal
variations of fishing effort (Langton & Robinson
1990, Watling et al. 2001). Some functional groups
such as bivalve filter feeders are more vulnerable to
such disturbances (Lindeboom & de Groot 1998,
Jennings et al. 2001, Kaiser et al. 2002, Thrush &
Dayton 2002). In addition, this type of fishing
practice causes a reduction of the benthic size
spectrum resulting in an association of organisms
dominated by small species (Queiros et al. 2006).
Therefore, it may be considered an activity that
affects V. musica directly as incident catch and
indirectly by habitat modification. Particularly, in
other species of the Volutidae family, environmental
changes associated with dredging and trawling seem
to affect the survival of juveniles and causes
emigration or death of larger specimens (Catterall et
al. 1992). In addition, the long stay of specimens on
board fishing vessels, prior to a possible discard,
may cause death by anoxia, dehydration, pressure
trauma, thermal shock or predation while adapting
or recovering in the post-discard period, or by
discarding in an area with inappropriate substrate
(Carranza y Horta 2008).

Finally, it is recommended that mortality
from incidental catch of V. musica in the ark
shellfishery be estimated. Also, we recommend
regular monitoring of music volute densities and that
collectors avoid capture of live specimens, and
instead search for shells in pearl oyster and ark shell
heaps, which are present in the vicinity of fisher
communities of Coche Island, Araya Peninsula
(Chacopata, Caimancito and Guayacán, Sucre State)
and Margarita Island (Punta de Piedras, Nueva
Esparta State) where large quantities of music volute
shells can be found in perfect conditions.

In general, music volute densities were
relatively low in the study area. Therefore, although
individuals of V. musica were found in stations
where Arca zebra was either present or absent, the
rapid development of this fishery (Arias et al. 2002,
Marval & Cervigón 2008) and the possibility of an
expansion in the area of exploitation represent a
threat to V. musica population levels.
In Australia, assessment of criteria
such as range, type of development, fertility,
accessibility to fishing activities and price of shells
on markets, were used to rank the vulnerability of

Acknowledgements
This research was funded by IEA-PROVITA
who has shown that it is possible to make joint
efforts to enable the conservation of Venezuelan
threatened species. All staff at Centro de
Investigaciones
Ecológicas
de
Guayacán
(Universidad de Oriente) for providing logistical
support. I. Hernández provided valuable comments.

References
Abbot, T. 1974. American Seashells. Second
Edition. Van Nostrand Reinhold Company,
New York. 663 p.
Akaike, H. 1974. A new look at the statistical model
identification.
IEEE
Transactionson
Automatic Control, 19(6): 716-723.
Álvarez, R. 1987. Dinámica sedimentaria en los
canales marinos entre la Isla de Margarita,
Coche y Península de Araya (Venezuela).
Memoria de la Sociedad de Ciencias
Naturales La Salle, Tomo XLVII, N° 127128: 77-103.
Appeldoorn, R. 1994. Queen Conch management
and research: status, needs and priorities. Pp.
301-319. In: Appeldoorn, R.S. & Rodríguez,
B. (Eds.). Biología, Pesquería y Cultivo del
Caracol
Strombus
gigas.
Fundación

Pan-American Journal of Aquatic Sciences (2011), 6(2):121-137

Population, reproductive and ecological aspects of Voluta musica

Científica Los Roques, Caracas, Venezuela.
356 p.
Arias, A., Guzmán, R., Jiménez, R., & Molinet, R.
2002. La pesquería de la pepitona, Arca zebra,
en Chacopata, Estado Sucre, Venezuela: Un
análisis bioeconómico. Zootecnia Tropical,
20(1): 49-67.
Bastidas, C., & Rada, M. 1997. Evaluación de las
densidades del botuto Strombus gigas en
zonas específicas del Parque Nacional
Archipiélago de los Roques. In: Ciencia y
conservación en el sistema de parques
nacionales de Venezuela. Inparques,
Comisión Europea, Econatura, Wildlife
Conservation Society, Caracas, 356 p.
Bigatti, G., Marzinelli, E., & Penchaszadeh, P. 2008.
Seasonal reproduction and sexual maturity in
Odoncymbiola magellanica (Neogastropoda,
Volutidae). Invertebrate Biology, 127(3):
314-326.
Bolker, B. 2007. Ecological models and data in R.
Princeton University Press. Princeton &
Oxford. 508 p.
Capelo, J.C., & Buitriago, J. 1998. Distribución
geográfica de los moluscos marinos en el
oriente de Venezuela. Memoria de la
Sociedad de Ciencias Naturales La Salle,
Tomo LVIII, N° 141: 109-159.
Cai, W.J., Syles, F.L. 1996. Oxygen penetration
depths and fluxes in marine sediments.
Marine Chemistry, 52(2): 123-131.
Carranza, A., & Horta, S. 2008. Megabenthic
gastropods in the outer Uruguayan continental
shelf: composition, distribution and some
effects of trawling. Revista de Biología
Marina y Oceanografía, 43(1): 137-142.
Carvajal, F., & Capelo, J. 1993. Los Moluscos de la
Plataforma Margarita-Coche-Tierra Firme
(Venezuela). Su distribución y abundancia.
Memoria de la Sociedad de Ciencias
Naturales La Salle, Tomo LIII, N° 140: 159175.
Catterall, C., Poiner, I., & Kerr, J. 1992. Impact of
dredging on the Volute Cymbiolacca pulchra
and its enviroment at Hero Island, Great
Barrier Reef, Australia. Report to the Great
Barrier Reef Marine Park Authority.
Research Publication Nº 17. 26 p.
Cervigón, F., Cipriani, R., Fisher, W., Garibaldi, L.,
Hendrickx, M., Lemus, A., Márquez, R.,
Poutiers, J., Robaina, G., & Rodríquez, B.
1992. Guía de campo de las especies
comerciales marinas y de aguas salobres de
la costa septentrional de Sur América.

135

Fichas FAO de identificación de especies para
los fines de la pesca. FAO, Roma. 513 pp.
Cledón, M., Arntz, W., & Pentchaszadeh, P. 2005a.
Gonadal cycle of an Adelomelon brasiliana
(Neogastropoda: Volutidae) population of
Buenos Aires province, Argentina. Marine
Biology, 147: 439-455.
Cledón, M., Brey, T., Pentchaszadeh, P., & Arntz,
W. 2005b. Individual growth and somatic
production
in
Adelomelon
brasiliana
(Gastropoda:Volutidae)
off
Argentina.
Marine Biology, 147: 447-452.
Clench, W.J.,& Torner, R.D. 1974. The family
Volutidae in the Western Atlantic. Johnsonia,
4(48): 369-372.
Coomans, H.E. 1958.A survey of the littoral
Gastropods of the Netherlands Antilles and
other Caribbean Islands. Studies on the
fauna of Curacao and other Caribbean
Islands, 8: 42-111.
Cosel, R. 1976. Contribución al conocimiento del
género Voluta Lineé, 1758 (Prosobranchia) en
la costa del Caribe de Colombia. Mitt. Inst.
Colombo-Aleman Invest. Cient. 8: 83-104.
Díaz, O., & Liñeros, I. 2004. Comunidad de
moluscos asociados a praderas de Thallasia
testudinum
en la Bahía de Mochima,
Venezuela. Acta Científica Venezolana, 55:
44-55.
Elliot, J.M. 1977. Some Methods for the Statistical
Analysis
of
Samples
of
Benthic
Invertebrates.
Freshwater
Biological
Association.
2nd
Edition.Scientific
Publication No.25, 156 p.
Fernández, J., & Jiménez, M. 2007.Fauna
malacológica del litoral rocoso de la costa sur
del Golfo de Cariaco y costa Norte del Estado
Sucre, Venezuela. Boletín del Instituto
Oceanográfico de Venezuela, 46: 3-11.
Flores, C. 1978. Cápsulas ovígeras de Gasterópodos
Prosobranchia de las aguas costeras de
Venezuela. Master Thesis. Universidad de
Oriente, Cumaná-Venezuela. 112 p.
Gassman, J., Tagliafico, A., Fajardo, C., Villalba,
W., & Capelo, J.C. 2007. Inventario
malacológico del islote la Pecha, Archipiélago
de Los Frailes, Venezuela. Acta Biológica
Venezuelica, 27 (2): 41-47.
Gaston, K.J. 1997. What is rarity?. In: Kunin, W.E.
& Gaston, K.J. (Eds). The biology of rarity.
Causes and consecuences of rare-common
differences. Chapman and Hall, pp. 30-47.
Gibson-Smith, J. 1973. The genus Voluta (Mollusca:
Gastropoda) in Venezuela with description of
two new species. Geos, 20:65-73.

Pan-American Journal of Aquatic Sciences (2011), 6(2):121-137

136

Giese, A. & Pearce, J. 1974. Introduction: general
principles. Pp. 1-102. In: Giese, A., & Pearse,
J. (Eds). Reproduction of marine
invertebrates, Vol.1. Academic, New York.
546 p.
Giménez, J., Brey, T., Mackensen, A., &
Penchaszadeh, P. 2004. Age, growth and
mortality of the prosobranch Zidona dufresnei
(Donovan, 1823) in the Mar de Plata area,
southwestern Atlantic Ocean. Marine
Biology, 145: 707-712.
Giménez, J., &Penchaszadeh, P.
2001. The
reproductive cycle of Zidona dufresnei
(Donovan,
1823)
(Caenogastropoda:
Volutidae) from the southwestern Atlantic.
Oceanography and
Marine Biology:
Annual Review, 140: 755-761.
Ginés, H., C. Angell, M. Méndez, G. Rodríguez, G.
Febres, R. Gómez, J., Rubio, G. Pastor & J.
Otaola. 1972. Carta pesquera de Venezuela.
Áreas del nororiente y Guayana.
Monografía 16. Fundación La Salle de
Ciencias Naturales. Caracas, 328 p.
Glud, R.N. 2008. Oxygen dynamics of marine
sediments. Marine Biology Research, 4:
243-289.
Gómez, A. 1999. Los recursos marinos renovables
del estado Nueva Esparta. Biología y pesca
de las especies comerciales. Tomo I.
invertebrados y algas. Fondo Editorial del
Estado Nueva Esparta. 208 p.
Guisan, A., Broennimann, o., Engler, R., Vust, M.,
Yoccoz, N.G., Lehmann, A., & Zimmermann,
N.E. 2006. Using biche-Based Models to
improve the sampling of rare species.
Conservation Biology, 20:501-511.
Harrison, S., & Bruna, E. 1999. Habitat
fragmentation and large-scale conservation:
what so we know for sure?. Ecography, 22:
225-232.
Humann, P., & Deloach, N. 2006. Reef creature
identification.
Florida-Caribbeannd
Bahamas.
2 Edition
.New
World
Publications, INC., Jacksonville, USA. 448 p.
Iriarte, L. 1997. Embarcaciones, artes y métodos
de pesca del estado Nueva Esparta.
Monografía Nº 42. Fundación La Salle de
Ciencias
Naturales,
Nueva
Esparta,
Venezuela. 349 p.
Jennings, S., Pinnegard, K., Polunin, N., &Warr ,K.
2001. Impacts of trawling disturbance on the
trophic structure of benthic invertebrate
communities. Marine EcologyProgress
Series, 213: 127-142

M. SALOMÈ RANGEL ET AL.

Kaiser, M., Collie, J., Hall, S., Jennings, S.,
&Poiner, I. 2002. Modification of marine
habitats by trawl activities: prognosis and
solutions. Fish and Fisheries, 3: 114-136.
Krige, D. 1951. A statistical approach to some basic
mine
valuation
problems
on
the
Witwatersrand. Journal of the Chemical,
Metallurgical and Mining Society of South
África, 52(6): 119-139.
Langton, R., & Robinson, W. 1990. Faunal
association on scallop grounds in the western
gulf of Maine. Journal of Experimental
Marine Biology and Ecology, 144: 157-171.
Lindeboom, H., & De Groot, S. 1998. IMPACTII:
The effect of different types of fisheries on
the North Sea and Irish Sea benthic
ecosystem. NIOZ-Report 1998-1/RIVO-SLO
Report C003/98. Den Burg, Texel,
Netherlands, Netherlands Institute for Sea
Research: 1-404.
Llano, M. 1996. La dinámica sedimentaria en la
región
Margarita
Araya
(Venezuela),
deducida del análisis vectorial del tamaño
medio de los granos. Memoria de la
Sociedad de Ciencias Naturales La Salle,
Tomo LVI, N° 146: 47-59.
Martel, A., Larrivée, D., & Himmelman, J. 1986.
Behavior and timing of copulation and egglaying in the neogastropod Buccinum
undatum. Journal of Experimental Marine
Biology and Ecology, 96: 27-42.
Marval, J., & Cervigón, F. 2008. Actividad
pesquera en el estado Nueva Esparta.
Fundación Museo del Mar - Editorial Ex
Libris. Boca de Río, Venezuela. 122 p.
McDonnald-Madden, E., Baxter, P., & Possinghan,
H. 2008. Subpopulation triage: how to
allocate
conservation
effort
among
populations. Conservation Biology, 22(3):
656-665.
Novoa, D., Mendoza, J., Marcano, L., & Cárdenas,
J. 1998. El atlas pesquero marítimo de
Venezuela. MAC-SARPA y VECEP,
Caracas. 197 p.
Oehlmann, J., Stroben, E., Schulte-Oehlmann, U.,
Fioroni, P., & Markert, B. 1996. Tributilin
biomonitoring using prosobrachs as sentinel
organisms. Fresenius´ Journal of Analytical
Chemistry, 354: 540-545.
Orensanz, J., Ciocco, N., & Palacios, R. 1996.
Shellfish resources of Argentina and Uruguay:
an overview. pp. 115-142. In: Lasta, M.,
Ciocco, N., Bremec, C., & Roux, A. (Eds).
Bivalve and gastropod mollusks. 2. The
Argentine sea and its fisheries resources.

Pan-American Journal of Aquatic Sciences (2011), 6(2):121-137

Population, reproductive and ecological aspects of Voluta musica

Mollusks of interest for fisheries. Culture
and reproductive strategies of bivalves and
echinoids. INIDEP, Mar de Plata.
Penchaszadeh, P., & Miloslavich, P. 2001.
Embryonic stages and feeding substances of
the South American volutid Voluta musica
(Caenogastropoda)
during
intracapsular
development.
American
Malacological
Bulletin, 16: 21-31.
Ponder, W., & Grayson, J. 1998. The Australian
marine mollusks considered to be
potentially vulnerable to the shell trade.
Report for Environment Australia. Australian
Museum, Sydney. 23 p.
Poppe, G. & Goto, Y. 1992. Volutes. L´Informatore
Piceno ed., Ancora, Italy. Mostra Mondiale de
Malacologia. 348 pp.
Prieto, A., Ruiz, L., García, N., & Álvarez, M. 2001.
Diversidad malacológica en una comunidad
de Arca zebra (Mollusca: Bivalvia) en
Chacopata, Estado Sucre, Venezuela. Revista
de Biología Tropical, 49: 591-598.
Queiros, A., Hiddink, J., Hinz, H., & Kaiser, M.
2006. The effects of chronic bottom trawling
disturbance on biomass, production and sizespectra on invertebrate infaunal communities
from different habitats. Journal of
Experimental Marine Biology and Ecology,
335: 91-103.
Rabí, M., & Maraví, C. 1997. Growth curves and
specific growth rates on Concholepas
concholepas (Bruguiere, 1789) (Gastropoda:
Muricidae) in culture experiments. Scientia
Marina, 61: 49-53.
Rodríguez, B., & Posada, J. 1994. Revisión histórica
de la pesquería del botuto o guarura
(Strombus gigas L.) y el alcance de su
programa de manejo en el Parque Nacional
Archipiélago de los Roques, Venezuela. 13-24
pp. In: Appeldoorn, R.S., & Rodríguez, B.
(Eds). Biología, Pesquería y Cultivo del
Caracol
Strombus
gigas.
Fundación
Científica Los Roques, Caracas, Venezuela.
356 p.
Rodríguez, J. & Rojas-Suárez, F. 1995. Libro Rojo
de la Fauna Venezolana. Primera Edición.
PROVITA. Caracas. 444 p.

137

Rogers-Bennett, L., Haaker, P., Huff, T., & Dayton,
P. 2002. Estimating baseline abundances of
abalone in California for restoration.
California Cooperative Oceanic Fisheries
Investigations Reports, 43:97-111.
Salaya, J. & Salazar, L. 1972. Exploraciones y
explotaciones de la Ostra Perla (Pinctada
imbricata) en Venezuela 1946-1969. Informe
Técnico N° 44. Proyecto de Investigación y
Desarrollo Pesquero MAC-PNUD-FAO.
Caracas. 80 p.
Servicio Autónomo de Recursos Pesqueros y
Acuícolas (SARPA). 1996. Estadísticas del
subsector pesquero y acuícola de Venezuela
1990-1995. MAC, Caracas, s/p.
Stoner, A., & Ray-Cup, M. 2000. Evidence for Allee
effect in an over-harvested marine gastropod:
density-dependent mating and egg production.
Marine Ecology Progress Series, 202: 297302.
Sutty,L. 1992. Seashells of the Caribbean. The
MacMillan Press LTD, London. 106 p.
Thrush, S., & Dayton, P. 2002. Disturbance to
marine benthic habitats by trawling and
dredging:
Implications
for
marine
biodiversity. Annual Review of Ecological
Systems, 33: 449-473.
Watling, L., Findlay, R., Mayer, L., & Schick, D.
2001. Impact of a scallop drag on the
sediment chemistry, microbiota, and faunal
assemblages of a scallop subtidal marine
benthic community. Journal of Sea
Research, 46: 309-324.
Willan, R., & Dredge, M. 2004. Mollusks. En:
Description of key species groups in the
northern planning area. Hobart, Australia:
National Oceans Office. World Wide Web
electronic
publication,
accessible
at
http://www.oceans.gov.au/pdf/Keyspecies_No
rth/17.pdf (Accessed 02/04/2010)
Work, R.C. 1969. Systematics, ecology and
distribution of the mollusks of Los Roques,
Venezuela. Bulletin of Marine Science, 19:
614-711.

Received February 2011
Accepted April 2011
Published online November 2011

Pan-American Journal of Aquatic Sciences (2011), 6(2):121-137

