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ABSTRACT

The molluscan community of o soft bottom of bioclastic gravéis and sand has been studied

monthly over two yeors in four stations of the boy of Barbote, SWSpain at the Atlantic

entrance of the Strait of Gibraltar, between 1 8 and 29 m depth. Species richness, domi-

nance and frequency over the two years are recorded. Micromolluscs, less than 1 mmin

size, were also recorded from the somple of April 1 994.

Over the tv/o yeors, 203 species of macromolluscs were found, of which 174 species

(1 15.104 individuáis) were collected olive and quantified. A total of 25 species of micro-

molluscs were determined, some of which usuolly considered os rare species. Most species

richness valúes range between 20 to 40 species per sample, which is comparable with, or

higher than, the valúes reported in other studies from soft bottom communities of molluscs.

The quolitative anolysis bosed on Joccord's and Boroni-Urboni and Buser's Índices show

that three stations are significantly similar (p < 0.01), whereas the lowest similority wos

found between the stotion cióse to the horbour of Borbote and the other ones. The quanti-

totive anolysis based on the Broy and Curtis índex is biosed by the high number of indivi-

duáis of Chamelea sthatula but consistent with the quolitative Índices when thís species is

not token ínto account.

The main community is similar to "Biocénose des fonds meubles instables (MI)" and "Bio-

cénose des fonds detritique du large (DL)" of PÉRÉS AND Picaro (1964), but occurs shallo-

wer than in the Mediterronean. The concurrence of species from the Lusitonian, Mediterro-

nean and Mauritanian regions results in an increment of the total number of species.

RESUMEN

Se ha estudiado la comunidad de Moluscos de fondos de grava bioclástico y areno

durante dos años en la bahía de Borbote, SWde España cerco del Estrecho de Gibraltar.

Se han elegido cuatro estaciones entre 1 8 y 29 metros de profundidad. Se ho determi-

nado lo riqueza especifica, la dominancia y lo frecuencia o lo largo de los dos años. Los

micromoluscos, de menos de 1 mmde tollo, se han estudiado sólo poro lo muestra de

Abril de 1994.

Se han colectado un total de 203 especies de macromoluscos o lo largo de los dos años,

de los cuales 174 especies (1 15.104 individuos) se cogieron vivos y se cuontificoron. Se

han determinado también 25 especies de micromoluscos, algunos de los cuales conside-
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radas habitualmente como especies raras. La mayoría de los valores de la riqueza especi-

fica oscilan entre 20 y 40 especies por muestra, lo que es comparable o incluso mayor

que los valores reseñados en otros estudios para comunidades de moluscos de fondos

blandos.

Los análisis cualitativos de afinidad basados en los índices de Jaccard y de Baroni-Urbani

y Buser muestran que tres estaciones son significativamente similares (p < 0,01), mientras

que la menor afinidad se encontró entre la estación próxima al puerto de Barbote y las

otras. El análisis cuantitativo de afinidad basado en el índice de Bray y Curtís esta ses-

gado por el gran número de individuos de Chamelea striatula, pero si no consideramos

dicha especie los resultados son similares a los obtenidos por índices cualitativos.

La comunidad es similar a la "Biocénose des fonds meubles instables (MI)" y "Biocénose

des fonds detritique du large (DL)" de PÉRÉS Y PlCARD (1964), pero aparece o menor pro-

fundidad que en el Mediterráneo. La comunidad de la estación próxima al puerto pre-

senta caracteres intermedios con la "Biocénose des sables fins bien calibres (SFBC)" de

PÉRÉS YPlCARD (1964). Lo coexistencia de especies procedentes de las tres regiones Lusitó-

nica. Mediterránea y Mauritánica supone un incremento de la riqueza específica.

KEYWORDS:Molluscan communities, Strait of Gibraltar, Species richness,

PALABRASCLAVE: Comunidades de moluscos. Estrecho de Gibraltar, riqueza específica.

INTRODUCTION

The Strait of Gibraltar is an interes-

ting área for the study of the marine
fauna, including molluscs, due to the

confluence of Atlantic and Mediterra-

nean waters. According to Ekman
(1953), it is the meeting point of three

biogeographic regions: Lusitanian, Mau-
ritanian and Mediterranean. As a result

of this, the species richness in this área

is possibly the highest of the European
coasts. In addition, there is a clear pre-

sence of North African fauna in this

zone, and there also occur some
endemic mollusc species (Gofas, 1999).

Some XIX century expeditions, such

as "Lightning" and "Porcupine", "Cha-
llenger" "Travailleur" and "Talismán"

reported on the marine molluscs from
the Ibero-Moroccan Gulf (see review in

Salas, 1996) but were mostly concerned

with the bathyal fauna. Recently a

French expedition "Balgim" (1984) and
a Spanish survey "Fauna 1" (1989)

added more Information about the

malacofauna, particularly bivalves

(Salas, 1996).

There are relatively few studies

regarding the fauna from the Strait of

Gibraltar. Some of them reported only

faunistic lists (Fischer-Piette, 1959;

Thorson, 1965; García-Gomez, 1983a;

VANAartsen, Menkhorst and Gilten-

BERGER, 1984; Cervera, Templado,
García-Gómez, Ballesleros, Ortea,
García, Ros and Luque, 1988) and
others added Information about mollus-

can communities (García-Gómez,
1983b; Templado, Guerra, Bedoya,
Moreno, Remon, Maldonado and
Ramos, 1993, Gofas, 1999) or other

invertebrate groups (Carballo,
Naranjo and García-Gómez, 1997;

López de la Cuadra and García-
Gomez, 1993; Medel-Soteras, García
AND García-Gómez, 1991). Some
general studies have been carried out in

the inner Bay of Cádiz (Arias, 1976;

LÓPEZ DE LA Rosa, 1997; Drake, Arias
ANDCoNRADL1997), but these were not

directed to molluscan communities. A
review of the decapods from expedi-

tions carried out off the southern Iberian

península and the northern coast of

Morocco is given by García Raso
(1996), and new records were added by
LÓPEZ DE LA Rosa, García Raso and
Rodríguez Martín (1998). The decapod
crustacean community from Barbate
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Table I. Physical characteristics of the sampling stations in bay of Barbate.

Tabla I. Características fisicas de las estaciones de muestreo en la bahía de Barbate.

Reh'n 12 Retín 16 Barra 16 Barra 10

Depth

Type of sediment

Organic matter content

21-22m 28-29 m 28-29 m 18m
coarse sand coarse sand médium sand fine sand

with bioclasts with bioclasts with bioclasts with bioclasts

0.35-0.40% 0.40-0.60% 0.70-0.80% 0.80-1.10%

was studied by Manjón-Cabeza and
García Raso (1998a), and the popula-

tion structure and growth of the hermit

crab Diogenes pugilator from the same
área by Manjón-Cabeza and García
Raso (1998b). None of these previous

studies contained data on molluscan

communities from infralittoral bottoms

and their changes through the year.

The present paper was aimed to a

better knowledge of molluscan commu-
nities from bioclastic infralittoral

bottoms in the Strait of Gibraltar, and of

the influence they receive from the diffe-

rent water masses. The results have
been obtained from monthly samples

over two years of survey. These mollus-

can communities are poorly documen-
ted in the Spanish coasts, although some
information from other European sta-

tions is available in the literature

(Cabioch, 1968; Pérés and Picard,

1964; Glémarec, 1969; Templado et al.,

1993).

ÁREAOFSTUDY

Samples were coUected in the bay of

Barbate (36° 8' N- 5° 56' W), on the

Atlantic side of the Strait of Gibraltar

(Fig. 1). Four sample stations were selec-

ted and sampled monthly throughout
two years. Sample stations were placed

on two transects, R (Retín) and B
(Barra), at different distances from the

estuary and harbour of Barbate. The
main characteristics of sampling stations

are Usted in Table I.

The station BIO is the nearest to the

harbour and the estuary of Barbate

river, with high level of sedimentation

(fine particles) and a higher valué of

percentage of organic matter in the sedi-

ment than in the other stations. Hard
bottoms are present in the bay as flags-

tones between the station R12 and the

beach (Fig. 1).

The Bay of Barbate is mainly
influenced by water masses from the

Atlantic Ocean. Most of the flow comes
from South Portugal, but due to the pro-

ximity of North África there are also

currents of Southern origin (Rey, 1983).

Atlantic water currents flow in this bay
in direction to the Mediterranean Sea,

while Mediterranean water currents

flow below 200-250 meters deep in the

opposite direction (Vives, Santamaría
and Trepat, 1975) and do not affect the

bay. Tidal currents can change the direc-

tion of the dominant currents, produ-
cing local gyres. Water temperature

varíes from 21° C (Summer months) to

14° C (Winter months). Water salinity

valúes (around 34 %o) can change due to

the influence of the river Barbate and
some other fresh water reservoirs (EsTA-

blier and Margalef, 1964; Seoane-
Camba, 1965).

The mixed sediment (shell frag-

ments and sand) is a habitat for some
benthic algae, which were reported on
by Flores-Moya, Soto, Sánchez, Alta-

mirano and Conde (1995a, b) and by
Conde, Flores-Moya, Soto, Altami-

rano and Sánchez (1996).

MATERIALANDMETHODS

Samples were collected from
October 1993 to September 1995 with a

small fishing boat, by towing a rectan-
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Figure 1 . Location of the sampling points in Bay of Barbate. The dashed Une represents rocky

bottoms.

Figura 1. Localización de los puntos de muestreo dentro de los fondos de la bahía. La linea discontinua

indica la presencia de lajas de roca.

guiar dredge (42 cm width x 22 cm
height), with a 0.5 mmmesh inner

holding bag, for 15 minutes at a speed
of 1 knot. The dredged área for each

sample was approximately 150 m^.

Biológica! samples were sieved on
different mesh sizes (10, 5, 3, and 1 mm)
in order to split into different size frac-

tions and sort them. The smaller frac-

tions were sorted under a stereomicros-

cope. MoUuscs were separated from the

rest of macrobenthos and fixed in for-

maldehyde 10 %and subsequently pre-

served in neutralized alcohol 70%.

The fraction above 1 mmshell size,

representing the macrofauna, was sor-

ted quantitatively for every sample over

the two years. Both living and dead spe-

cimens were identified, although only li-

ving specimens were quantified. The ta-

xonómica! ordination is according to Sa-

BELLI, GiANNUZZI-SaVELLI ANDBEDULLI

(1990) and current CLEMAMcatalogue

(www.mnhn.fr / base / malaco.html).

Species richness and dominance
(percentage of individuáis to the total,

for a particular species) were calculated

in order to describe the community. We
also calculated the frequency or percen-

tage of the samples in which the species

is present over the two years. Three

Índices of affinity were calculated to

classify the molluscan composition from
the four stations, in order to check the

different communities present in our
study área. Two of them are qualitative

(Jaccard, 1908; Baroni-Urbani and
BuSER, 1976), the other one quantitative

(Bray and Curtís, 1957). The quanti-

tative dissimilarity index (I) of Bray
ANDCurtís (1957) was transformed as

(l-I) so as to use it as a quantitative

similarity index. The qualitative Índices

were chosen in view of the possibility to

test the significance, following Real
and Vargas (1996) for the Jaccard index

and Baroni-Urbani and Buser tables

(BARONr-URBANI ANDBuSER, 1976) for

their own index. The affinity between
stations was represented for each index

by a dendrogram, using the UPGMA
algorithm.

Micromolluscs, mostly species

which have a shell size smaller than the

bulk of the sediment grain, need special

processing to be recovered efficiently

and this was done mainly on the sample

of April 1994. The fraction not retained
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by the 1 mmsieve was sieved on the 0.5

and 0.3 mmsieves. Then, each of these

fractions was winnowed in sea water, so

that the water movement will carry

away the Hghter fraction including

molluscs. The water outflow was collec-

ted on the 0.3 mmsieve, examined for

Hving micromoUuscs, and dried. The
micromolluscs were sorted in this dry

residue under the stereomicroscope,

using a Strattman micropaleontological

tray and a fine wet brush to manipúlate

them. Micromollusc data were studied

apart due to an incomplete cuantifi-

cation, only in the sample of April 1994.

Sediment samples were collected

and analysed for granulometry and per-

centage of organic matter (% OM). The
grain size distribution of the sediment

was determined by sieving. The mud
fraction was separated by wet sieving in

a 80/^m sieve, and finally the dried sand

fraction was sieved over a stacked set of

grade sieves. Granulometric parameters

were calculated according to the method
of BuCHANAN (1984). Sediment for

determination of %OMwas stored in

formaldehyde 10% just after collection.

A fraction was dried at 100° C for 24

hours and weighted for obtaining dry
weight. Later on it was burnt to ashes

for 2 h at 525° C and finally weighted
again. Difference of dry weight and dry

weight after ignition determined %OM
in the sediment.

RESULTS

Analysis of the taxocoenosis of

molluscs

A: Macromolluscs composition and

species richness: Over the two years, a

total of 203 species of macromolluscs
were found. Of these, 174 species (115.

104 individuáis) were collected alive

(Tables II, III). Some individuáis were
only identified to genus level, either

because diagnostic characters are seen

only on living animáis and could not be

observed (e. g. Triphoridae, many Opist-

hobranchs), or because they belong to

groups where taxonomic problems are

not solved (see remarks below).

Number and percentage of species

by class collected were similar in R12,

R16 and B16. In BIO, the number of

species by class was lower, although the

percentages of abundance were similar

to those in the other stations (Table III).

The families Trochidae (12 sp., Fig. 2),

Nassariidae (9 sp., Fig. 3) and Muricidae

(7 sp.) were the best represented among
the gastropods; the Veneridae (13 sp.)

and Cardiidae (10 sp.) among the bival-

ves.

Mean valúes for species richness per

month were lower in BIO (between 12 to

36) than in the other sampling points:

R12 (17-45 species); R16 (20-49 species);

B16 (21-51 species).

The number of species of gastropods

and their abundance were higher in R16
and B16, where the sediments were cha-

racterised by a mixture of bioclasts and
of coarse and médium sand, respecti-

vely. Total abundances of bivalves were
high in R16 and BIO due to a strong set-

tlement of the bivalve Chamelea striatula,

but richness for bivalves was higher in

the stations with mixed sediments

(gravéis and fine sand) than in the most
homogeneous one (BIO). In global

terms, bivalves were more abundant
than gastropods mainly due to their gre-

garious occurrence in soft bottoms. The
dredge was not adequate for the collec-

tion of cephalopods so that a low
number of them were registered and
always small individuáis (2-3 cm).

The base of the ascidian Phallusia

mammillata (Cuvier, 1815) clusters shells

and small stones which provide a micro-

habitat for some species of molluscs

such as Chauvetia procerula and Ocine-

brina edwardsii which were abundant
inside the holes and crevices from these

structures. Wealso noted the presence

of small individuáis of the bivalves

Chlamys varia and Striarca láctea both

attached by byssal thread.

Some associations of molluscs with

others organisms were found. The bi-

valve Digitaria digitaria usually suppor-

ted colonies of the hydrozoan Monobra-

chium parasitum Meresckowsky, 1877 lo-

cated on the posterior part of the umbo.
Colonies of another non determined hy-
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Table II. Species of macromolluscs collected in the survey. Ab: Abundance, Fr: Frequency, tt: Dead

specimen, #: Non quantitative data."Totar' is (Retín 12 + Retín 16 + Barra 16), excluding Barra 10.

Tabla II Especies de macromoluscos recolectadas en los muéstreos. Ab: Abundancia, Fr: Frecuencia, ff: Indi-

viduo muerto, #: Datos no cuantitativos. "Total" es (Retín 12 + Retín 16 + Barra 16), excluyendo Barra 10.

Retín 12 Retín 16 Borro 16 Borro 10 Totol

Ab Fr Ab Fr Ab Fr Ab Fr Ab Fr

CIASSIS POLYPIACOPHORAGrayJ. E., 1821

Family LEPTOCHITONIDAE DalU889

iep/or/i/tonom/co/üíej (Monterosato, 1879) 36 20.83 86 20.83 78 54.17 200 66.67

Family ISCHNOCHITONIDAE DalU889

Lepidochitona cinérea (Linné, 1767) 1 4.17 1 4.35 1 4.17

Lepidocbitona conugata (Reeve, 1848) 2 4.17 2 4.17

Family ACANTHOCHITONIDAEPilsbry, 1893

Acantbocb¡tonafascicular¡s[Umé,Mb7) 8 16.66 5 16.66 65 58.33 78 75.00

Acanthochitona sp. 1 4.35

CWSSISGASTROPODACuvier, 1797

Family ACMAEIDAE Carpenter, 1 857

Acwaea virgínea (Müller 0. F., 1776) 1 4.17 5 8.33 3 8.33 9 20.83

Family FISSURELLIDAE Fleming, 1822

Diodora gibberula (Lamorck, 1822) 1 4.17 1 4.17

Diodora graeca (Linné, 1758) 2 8.33 1 4.17 3 8.33

Family SCISSURELLIDAE GrayJ. E., 1847

Scissurella costata D'Orbigny, 1824 2 8.33 2 8.33

Family TROCHIDAE Rafinesque, 1815

Calliostoma zizypbinum (Linné, 1 758)

Calliostoma sp. 1

Calliostoma sp. 2

Gibbulamagus (Linné, 1758)

Gibbula fanulum (Gmelin, 1791)

Gibbula guttadauri (Philippi, 1836)

Gibbula cineraria (Linné, 1 758)

Jujubinus dispar Curini-Galletti, 1 982

Jujubinus exaspéralos (Pennant, 1777)

Jujubinus montagui (WoodW., 1828)

Jujubinus striatus (Linné, 1758)

Clanculus cruciatus (Linné, 1758) tt

Family TRICOLIIDAE Robertson, 1985

Tricolia pullus (Linné, 1758) 1 4.17 1 4.17

Family TURBINIDAE Rafinesque, 1815

Bolma rugosa (Linné, 1767) 5 12.50 5 12.50

Family CERITHIIDAE Férussac, 1819

Binium reticulatum (Da Costa, 1778) 1 4.17 1 4.17

Í/Wüm sü¿mom///o/í/m (De Royneval a Ponzi, 1854) 619 62.50 134 20.83 73 37.50 826 75.00

ftWüms/mp/ex (Jeffreys, 1867) tt 1 —
CerUbium vulgatum Bruguiére, 1792 tt 1 —

Family TURRITELLIDAE Lovén, 1847

Mesalia varia (Kiener, 1887)

Turriiella communis Risso, 1826

Turritella turbona Monterosato, 1 877

Family RISSOIDAE GrayJ. E., 1847

Rissoa guerinii Récluz, 1843

Rissoa inconspicua (Alder, 1844)

8 12.50 8 12.50

28 45.83 48 66.67 120 95.83 7 21.74 196 95.83

1 4.17 3 12.50 4 16.67

39 41.67 279 70.83 264 79.17 16 30.43 582 87.50

3 12.50 1 4.17 4 8.33 8 25.00

167

1

70.83

4.17

14

1

25.00

4.17

11 20.83 13 21.74 192

2

75.00

8.33

40 58.33 3 8.70 40 58.33

2 8.33 2 8.33

12

1

20.83

4.17

55

1

50.00

4.17

68 58.33 135

2

79.17

8.33

# —

149 79.17 201 91.67 495 100 113 86.96 845 100

246 50.00 993 95.83 525 75.00 45 26.09 1764 95.83

250

1

50.00

4.17

403

2

1

41.67

8.33

4.17

61

1

29.17

4.17

714 75.00

3 12.50

2 8.33
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Table II. Continuation.

Tabla II Continuación.

Retín 12

Ab Fr

Retín 16

Ab Fr

Barro 16

Ab Fr

Barra 10

Ab Fr

Totol

áb Fr

Alvonia cimex (Linné, 1758) tt

Alvania discors {Alian, 1818) tt

Family APORRHAIIDAE Gray J. E., 1 850

Aporrbais pespelecani {Linné, 1758)

Family CALYPTRAEIDAE Lamorck, 1809

Calyptraea cbinensis {Linné, 1758)

Family LAMELLARIIDAE D'Orbigny, 1841

Lamellaría sp.

Family TRIVIIDAE Troschel, 1863

Trívia árctica {Pulteney, 1789)

Family NATICIDAE Forbes,1838

Natka hebraea (Martyn, 1784)

Polinices alderi {Forbes, 1838)

Polinices guillemini (Payraudeau, 1826)

Polinices macilenta {Philippi, 1844)

Family CASSIDAE Latreille, 1 825

Pbalium saburon {Bruguiére, 1792) tt

Pbalium undulatum (Gmelin, 1791) tt

Family RANELLIDAE GrayJ.E., 1854

Cymatium corrugatum {Lamarck, 1816)

Ranella olearia {Linné, 1758) tt

Cbaronia lampas (Linné, 1758) tt

Family TRIPHORIDAE Gray J. E., 1847

Not determined

Family CERITHIOPSIDAE Adams H. & A., 1853

Ceritbiopsis scalaris Locard, 1 892

Ceritbiopsis tubercularis (Montagu, 1803)

Family EPITONIIDAE BerryS.S., 1910

Epitonium commune {Lamarck, 1822)

Epitonium pulcbellum {BivonaAnt., 1832)

Epitonium ¡olyi {Monterosoto, 1878)

Cirsotrema cocblea {Sowerby G. B. II, 1844)

Family EULIMIDAE AdamsH.& A., 1853

Eulima glabra {Da Costa, 1778)

Melanella alba {Da Costa, 1778)

Melanella sp.

Family MURICIDAE Rafinesque, 1815

Bolinas brandaris {Linné, 1758)

Hexaplex trúncalos (Linné, 1758)

Muricopsis cristata (Brocchi, 1814)

Ocenebra erinaceus (Linné, 1758)

Ocinebrina aciculata (Lamarck, 1822)

Ocinebrina edwardsii (Payraudeau, 1 826)

Tropbon muricatus (Montagu, 1803)

Buccinulum corneum (Linné, 1758)

Cbauvetia procerula Monterosoto, 1 889

Chauvetia brunnea (Montagu, 1803) tt

Cbauvetia sp. tt

Fusinus pulcbellus (Philippi, 1844)

Fusinus rostratas (Olivi, 1792)

1
—

# —

104 79.17 113 58.33 61 50.00 278 83.33

450 70.83 1297 91.67 645 87.50 104 56.52 2392 95.83

1 4.17 1 4.17

1 4.17

1

1

4.17

4.17

2 8.33 22 52.17 2 8.33

8 20.83 9 16.67 13 37.50 30 62.50

6 20.83 11 25.00 3 13.04 17 33.33

11 29.17 5

#

12.50 10

#

#

20.83 19 56.52 26 54.17

1 4.17 2 8.33 3 12.50

# — # —
# — # —

1 4.17 3 12.50 4 12.50

2

1

8.33

4.17

1 4.17 3

1

12.50

4.17

3 12.50 9

2

1

1

1

20.83

8.33

4.17

4.17

4.17

1

1

4.17

4.17

1

1

1

4.35

4.35

4.35

13

2

1

1

1

1

33.33

8.33

4.17

4.17

4.17

4.17

61 75.00 88 79.17 78 70.83 38 65.22 227 95.83

19

1

37.50

4.17

4 12.50 4 17.39 23

1

37.50

4.17

2 8.33 23 58.33 72 87.50 97 95.83

2 8.33 1 4.17 3 12.50

48 58.33 32 58.33 154 79.17 234 91.67

17

1

33.33

4.17

44 62.50 49 54.17 110

1

87.50

4.17

27 37.50 62 45.83 89 58.33

# —
#

9 12.50 14 29.17 46 75.00 69 79.17

2 8.33 1 4.17 3 12.50
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Table II. Continuadon.

Tabla II Continuación.

Retín 12 Retiñió Bárralo Barro 10 Total

Ab Fr Ab Fr Ab Fr Ab Fr Ab Fr

Nassarius elafus (Gould, 1845) 13 25.00 202100 13 25.00

Nassarius heynemanni (VonMaItzan, 1884) 9 12.50 1 4.17 10 16.67

Nassarius vaucheri (Pallary, 1906) 3 4.17 17 39.13 3 4.17

Nassarius incrassatus (Strom, 1768) 3 12.50 5 16.67 1 4.35 8 29.17

Nassarius pygmaeus (Lamorck, 1822) 51 50.00 69 79.17 86 62.50 59 65.22 206 95.83

Nassarius refículatus (Linné, 1758) 8 16.67 13 33.33 276100 21 41.67

Nassarius mulabilis (Linné, 1758) 7 8.33 243 100 7 8.33

Nassarius granum (Lamartk, 1822) ft # —
Cyclope donovania Risso, 1 826 ff 1

—
Family COLUMBELLIDAE Swainson, 1840

Mitrella minar (Scacchi, 1 836) 3 12.50 10 29.17 13 33.33

Mitrella bruggeni van Aartsen, Menkh. & Gittenb., 1984 tt # —
Columbella rustica (Linné, 1758) tt # —

Family COSTELLARIIDAE Me Donoid, 1860

l^ex;7/üm tricolor (Gmelin, 1791) tt # —
FamílyCYSTISCIDAEStimpson,1865

Gibberula epigrus (Reeve, 1865) 29 45.83 13 16.67 44 65.22 42 58.33

Gibberula miliaria (Linné, 1758) 1 4.35

Family VOLUTIDAE Rafinesque, 1815

Cymbium olla (Linné, 1758) tt # — # —
Family CANCELLARIDAE Gray J. E., 1 853

Cancellaria cancellata (Linné, 1758) tt # —
Family CONIDAE Rafinesque, 1815

Conus mediterraneus Hwassin Bruguiére, 1792 tt # —
Family TURRIDAE Swainson, 1 840

Bela laevigata (Philippi, 1836) 81 54.17 143 83.33 111 70.83 118 65.22 335 95.83

Bela striolata (Risso, 1826) 9 12.50 16 33.33 16 33.33 9 21.74 41 50.00

Bela sp. 1 3 12.50 2 8.70 3 12.50

Bela sp. 2 2 8.33 1 4.17 3 12.50

Mangelia attenuata (Montagu, 1 803) 33 45.83 19 45.83 14 41.67 13 34.78 66 79.17

Haedropleura septangularis (Montagu, 1803) 1 4.17 1 4.35 1 4.17

Crassopleura maravignae (Bivona, 1838) 2 8.33 1 4.17 3 12.50

Rapbifoma aequalis (Jeffreys, 1867) 2 8.33 2 8.33

Comarmondia gracilis (Montagu, 1803) 4 16.67 10 33.33 13 29.17 1 4.35 27 58.33

Family PYRAMIDELLIDAE Gray J. E., 1 840

Cbrysallida terebellum (Phillippi, 1844) 2 4.17 2 4.17

Eulimella acicala (Phillippi, 1836) 2 8.33 2 8.33

Eulimella scillae (Scacchi, 1835) 1 4.17 1 4.17

Odostomia acuta Jeffreys, 1848 1 4.17 1 4.17

Odostomia conoidea (Brocchi, 1814) 1 4.17 1 4.17

Bracbystomia eulimoides (Hanley, 1844) 1 4.17 1 4.17

Turbonilla fulvocincta (Thompson, 1840) 25 45.83 14 20.83 17 37.50 9 26.09 56 70.83

Turbonilla rufa (Phillippi, 1836) 19 37.50 20 37.50 39 62.50

Turbonilla rufescens (Forbes,

)

1 4.17 7 13.04 1 4.17

Turbonilla striatula (Linné, 1758) tt # —
FomiIyACTEONIDAE D'Orbigny, 1835

Acteon tornatilis (Linné, 1758) 1 4.17 2 8.33 1 4.34 3 8.33

Family RETUSIDAE Thiele, 1931

Retusa íruncatula (Bruguiére, 1792) 2 4.17 2 4.17

Retusa mamillata (Philippi, 1836) 3 8.33 2 8.33 5 16.67
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Table II. Continuation.

Tabla II Continuación.

Retín 12 Retiñió Barrólo Barra 10 Total

Ab Fr Ab Fr Ab Fr Ab Fr Ab Fr

Family RINGKULIDAE Philippi, 1853

Ringicula auriculata (Menard, 1811)

Family BULLIDAE Lamarck, 1801

Bulla striafa Bruguiére, 1792 tt

Family HAMINOEIDAE Pilsbry,1895

Haminoea sp.

Family PHILINIDAE GrayJ. E., 1850

Pbiline apella (Linné, 1767)

Pbiline sp.

Family CYLICHNIDAE Adams H. & A., 1 854

Scaphander lignarias (Linné, 1758)

Family PLEUROBRANCHIDAEFérussac, 1822

Berlhella sp.

Family APLYSIIDAE Lamarck, 1809

Aplysia fasciala Poiret, 1789

Family ARCHIDORIDIDAE Bergh, 1 892

Archidoris tuberculata (Cuvier, 1804)

Archidoris sp.

Family DENDRODORIDIDAEO'Donoghue, 1924

Doriopsilla sp.

CLASSIS SCAPHOPODABronn,1862

Family DENTALIIDAE Linné, 1758

Dentalium inaequicostatum Dautzenberg, 1891

Denfolium vulgare Da Costa, 1778

CU\SSIS BIVALVIA Linné, 1758

Family NUCULIDAE GrayJ. E., 1824

Nucula banleyi (Winckworth, 1931)

Family NUCULANIDAE Adams H. & A., 1858

Nuculana pella (Linné, 1767)

Family ARCIDAE Lamarck, 1818

Ananoae Linné, 1758

Anadarapolii (Mayer, 1868)

Family NOETIDAE Stewart, 1930

Striarca ladea (Linné, 1758)

Family GLYaHAERIDIDAE Newton, 1922

Glycymeris glycymeris (Linné, 1758)

Family MYTILIDAE Rofinesque, 1815

Modiolarca subpicta (Cantraine, 1835)

Modiolus barbatus (Linné, 1758)

Modiolus adríaficus (Lamarck, 1819)

Amygdalum agglufinans (Cantraine, 1835)

Family PINNIDAE Leoch, 1819

Atrina fragilis (Pennant, 1777)

Family PTERIIDAE GrayJ. E., 1847

Pieria hitando (Linné, 1758)

Family PEaiNIDAE Rofinesque, 1815

Pectén maximus (Linné, 1758)

17 20.83 20 41.67 19 37.50 27 43.48 56 70.83

1 4.17

3 8.33

1 4.17

10 29.17

2 8.33 2 8.33

8 29.17 5 16.67

2 8.33 6 16.67

1 4.17

22 8.33 4 4.35 22 8.33

2 8.33

1

1

4.17

4.17

2

1

1

8.33

4.17

4.17

12 8.33 12 8.33

1 4.17 1 4.17

2 4.17 1 4.17 3 8.33

3 8.33

12 12.50 16 33.33 21 29.17 35 56.52 49 70.83

4 8.33 6 16.67 1 4.35 10 20.83

52 70.83 41 33.33 9 20.83 102 87.50

147 91.67 314 95.83 219 95.83 387100 680 100

9 25.0

2 8.33

1 4.17

4 8.33

326 62.50 289 75.00 154 66.67 107 47.83 769 91.67

16 37.50 12 33.33 28 66.67

1 4.17

19 54.17

4 12.50

15 45.83

9 25.00

4 8.33

1 4.17

11 12.50 8 25.00

1 4.17

9 25.0

1 4.17

1 4.17

7 17.39 28 41.67
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Table II. Continuation.

Tabla II Continuación.

Retín 12 Retiñió

Ab Fr Ab Fr

Barrólo Barra 10 Total

Ab Fr Ab Fr Ab Fr

Aequipecten opercularís (Línné, 1758)

Aequipecfen commuiatus (Monterosato, 1815)

Cblamys varía (Linné, 1758)

Flexopecfen flexuosus (Poli, 1795)

Family ANOMIIDAE Rafinesque, 1815

Anemia ephippium Linné, 1758

Family LIMIDAE Rafinesque, 1815

Umatula subaurículala (Montogu, 1 808)

Lima lima (Linné, 1758) tt

Family LUCINIDAE Fleming, 1828

Qena decussafo (Costa O.G., 1829) tt

Family UNGULINIDAE Adams H. & A., 1857

Diplodonfa rofundata (Montagu, 1803)

Family KELLIIDAE Forbes & Honley, 1 848

Kellia suborbicularís (Montagu, 1 803)

Family ASTARTIDAE D'Orbigny, 1844

Digifaría digitaría (Linné, 1758)

Goodallía tríangularís (Montagu, 1803)

Family CARDIIDAE Lamarck, 1819

Acanthocardia aculeata (Línné, 1758)

Acantbocardia echinaía (Linné,1758)

Acantbocardia mucronata (Poli, 1795)

Acantbocardia tuberculata (Linné, 1758)

Acantbocardia spinosa (Solonder, 1786) tt

Parvicardium scabrum (Philippi, 1844)

Piagiocardium papillosum (Poli, 1795)

Laevicardium crassum (Gmelin, 1791)

Laevicardium oblongum (Gmelin, 1791)

Cerastoderma glaucum (Poiret, 1789) tt

Family MAGRIDAE Lamarck, 1809

Mactra stuliorum ( Linné, 1 758

)

Spisula subtruncata (Do Costa, 1 778)

Spisula elliptica (Locard, 1890}

Lutraria angustiar Philippi, 1 844 tt

Family PHARIDAE Adams H. & A., 1 858

Ensisensis (Linné, 1758)

Ensis sp.

Pbaxas pellucidus (Pennant, 1777)

Family TELLINIDAE Bloínville, 1814

Arcopagia balaustina Linné, 1758

Tollina incarnata (Linné, 1758)

Tellina distorta (Poli, 1791)

Tollina pygmaea Lovén, 1846

Tellina donacina Linné, 1758 tt

Family DONACIDAE Fleming, 1828

Donax venustas Poli, 1795

Capsella variegata (Gray J. E., 1 851

)

Family PSAMMOBIIDAE Fleming, 1828

Garífervensis (Gmelin, 1791)

5 16.67 5 16.67 10 29.17

7 12.50 7 12.50

20 29.17 63 66.67 34 54.17 117 87.50

73 58.33 133 62.50 51 58.33 19 21.74 259 87.50

39 37.50 162 66.67 140 62.50 15 13.04 341 87.50

11 12.50 11 12.50

1 4.17 1 4.17

1 4.17 1 4.17 1 4.17 3 12.50

597 91.67 1188 100 1067 95.83 1272 91.30 2852 100

2 8.70

4 12.50 2 8.33 2

2

8.33

8.33

1 4.35 8 20.83

2 8.33

2 8.33 2 8.33

40 41.67 2 4.17 4

#

12.50 280 100 46 41.67

72 58.33 57 62.50 20 25.00 3 13.04 149 87.50

4 12.50 21 50.00 8 25.00 33 62.50

404 100 90 58.33 115 79.17 255 78.26 609 100

1 4.17

# —
1 4.17

29 29.17 5 4.17 3 13.04 34 29.17

88 79.17 241 75.00 182 91.67 1013100 811 100

12 8.33 2

#

4.17

# —
14 12.50

4

1

1

16.67

4.17

4.17

1 4.17

1

10

1

1

2

4.17

17.39

4.35

4.35

8.70

4

1

1

1

1

16.67

4.17

4.17

4.17

4.17

# —

6 20.83 124 73.91 6 20.83

30 54.17 2 4.17 32 54.17

3 12.50 2 8.33 5 16.67
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Retín 12

Ab Fr

Retín 16

Ab Fr

Borro 16

Ab Fr

Borro 10

Ab Fr

Totol

Ab Fr

1 4.17

51 62.50

1 4.17

12 16.67 5 8.33

4 8.70

6 4.35

1 4.17

1 4.17

68 66.67
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Table II. Continuation.

Tabla II Continuación.

Garí depressa ( Pennant, 1 777

)

Garí costulafa Turton, 1822

Garí pseudoweinkauffi Cosel, 1990

Family SCROBICULARIIDAE Adoms H. & A., 1856

Scrobkularía plano {Da Costa, 1778) tt # —
Family SEMELIDAE Stoliczka, 1870

Ervilio castanea (Montogu, 1803) 10 20.83 10 20.83

Family SOLECURTIDAE D'Orbigny, 1846

Solecurtus scopula (Turton, 1 822) tt # — # —
Azorínus cbamasolen (Da Costa, 1778) tt # —

Family VENERIDAE Rafinesque, 1815

Venus verrucosa Linné, 1 758

Venus casino Linné, 1758

Globivenus effossa (Philippiex Bivonams., 1836) tt

Chomelea gallina (Linné, 1758)

Chomeleo sfríotula (Da Costa, 1778)

Clausinella fascioto (Do Costa, 1778)

Timocleoovafa (Pennant, 1777)

Gouldia minima (Montagu, 1803)

Dosinia lupinos (Linné, 1758)

Pitar ruáis (Poli, 1795)

Callista chione (Linné, 1758)

Tapes rbomboides (Pennant, 1777)

Tapes decussotus (Linné, 1758) tt

Family CORBULIDAE Lamorck, 1818

Corbulagibba (Olivi, 1792)

Family GASTROCHAENOIDEAGray J. E., 1 840

Gostrocbaena dobio (Pennant, 1777) 3 8.33 1 4.17 4 8.33

Family HIATELÜDAE Gray J. E., 1824

Hiatella árctica (Unné, 1767) 1 4.17 19 25.00 8 25.00 28 50.00

Ponopea glycymeris (Von Born, 1778) tt # — # —
Family THRACIIDAE Stoliczka, 1870

Tbracia sp. tt # —
Family PANDORIDAE Rafinesque, 1815

Pandora inaequivalvis (Unné, 1758)

Pandora pinna (Montagu, 1803)

Family LYONSIIDAE Fischer P., 1887

Lyonsia norwegica (Gmelin, 1791) 5 20.83 11 33.33 10 33.33 7 26.09 26 62.50

CLiiSSIS CEPHALOPODACuvier,1798

Family SEPIIDAE Leach,1817

Sepia ofíicinalis Unneo, 1758 1 4.17 1 4.17

Family SEPiOLIDAE Leach, 1817

Sep/e/fooiven/ono (D'Orbigny, 1840) 1 4.17

Family OCTOPODIDAE D'Orbigny, 1840

Octopusvulgaris Cuvier, 1798 1 4.17 1 4.17 3 12.50 5 20.83

105

2 4.17 3 8.33 5 16.67

1 4.17

# —
9 17.39

1 4.17

12582 75.0026169 79.17 7028 91.6726052 73.91 45779 100

152 91.67 55 70.83 85 66.67 15 26.09 292 100

1 4.17 9 33.33 2 8.33 12 37.50

1074 87.50 1941 100 1142 83.33 299 56.52 4157 100

4 12.50 1 4.17 5 16.67

12 20.83 55 66.67 42 75.00 109 87.50

72 87.50 19 41.67 55 62.50 64 69.57 146 100

81 50.00 704 75.00 195 75.00 31 21.74

i —
980 91.67

4715 87.50 3886 100 4076 100 1115 78.26 12677 100

140 45.83 132 62.50 107 58.33 322 69.57 379 91.67

17 29.17 116 62.50 83 50.00 8 17.39 216 79.17
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Table III. Species richness and abundance (in brackets) per sampling station, and percentages of

each moUuscan class.

Tabla III. Riqueza específica y abundancia (entre paréntesis) para cada estación de muestreo y porcenta-

ges por clase de moluscos.

CIASS RETÍN 12 RETÍN 16 BARRA10 BARRA16 TOTAL %

POLYPIACOPHORA 4(47) 2(91) 2(2) 2(143) 5 (283) ZS7 [QM
GASTROPODA 58 (2.580) 60(4.165) 35(1.423) 58(3.261) 99(11.429) S6,89{9,92)

BIVALVIA 44(21.205) 44 (35.806) 30(31.434) 44(14.905) 65(103.350) 37,35 (89,74)

SCAPHOPODA 2(16) 1(16) 2(36) 2(27) 2(95) 1,14(0.082)

CEPHALOPODA 2(2) 1(1) 1(1) 1(3) 3(7) 1,72 (0.006)

TOTAL 110(23.850) 108 (40.079) 70 (32.896) 107(18.339) 174(115.164) 100 (100)

drozoan were found in some indivi-

duáis of Corbula gibba and were mainly
located on the posterior part of the shell.

The high abundance and frequency

of the shells of Panopea glycymeris, Sole-

curtus scopula and Lutraria angustiar

indicates their possible presence in these

communities. These species Uve deeply

buried in the sediment (25-40 cm),

making difficult their coUection with the

dredge. The large valves are a substrate

for Calyptraea chinensis, and a shelter for

many other species.

Some other species such as Cerasto-

derma glaucum and Scrobicularia plana

were transported from the estuary of

Barbate which is cióse to BIO where they

were found.

B: Micromolluscs list: A total of 25

species of micromolluscs (Table IV) were
determined in the sample from April

1994. A few species (e. g. Gibbula magus,

Chamelea striatula, Tapes rhomboides) are

the juveniles of species otherwise Usted

in the macrofauna, but most of them are

species of which the adult size is small,

and which would be totally missed in

the 1 mmsieve.

A few species, some of which are

illustrated on Figure 4, are very abun-
dant, and these belong to species which
are usually deemed to be rare because
they are found preferently on this kind

of bottom, where micromolluscs are not

easy to collect. The best represented

families of microgastropods were Pyra-

midellidae (5 sp.), Skeneidae (3 sp) and

Caecidae (3 sp.). The best represented

family of microbivalves was Montacuti-

dae (3 sp.). As for the number of indivi-

duáis, the larger numbers correspond to

the supposedly rare chiton Leptochiton

cimicoides, the gastropods Dikoleps nitens,

Pusillina inconspicua and Retusa mami-
llata, and to the bivalve Limatula subauri-

culata. The small cerithiid Bittium subma-

millatum, also found in the fraction over

1 mm, was quite abundant.

In addition to these species which
are dominant in their size class, we
found several species which are noto-

riously rare elsewhere and could be
recovered here in modérate numbers,
henee are not so rare on this kind of

substrate. The gastropod Retrotortina

fuscata was found alive for the first time

in our study and reported on by Gofas
ANDWarén (1998). The recently descri-

bed bivalve Notolimea clandestina, descri-

bed from a few specimens only, is well

represented in our samples and could be

observed with brooded juveniles inside.

The highest overall abundance and
species richness of micromolluscs was
registered in the samples from R12, with

the lowest percentage of organic mater,

and the lowest in BIO, with the greatest

percentage of organic matter (Table I).

Analysis of the Community
A: Dominance and Trequency: In spite

of the high number of collected species,

the molluscan taxocoenosis is domina-
ted by few species. The main dominant
species were quite similar among the 4
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Figure 2. Species of the family Trochidae from Bay of Barbare. A: Calliostoma sp. 1, 8.5 mm; B:

Calliostoma sp. 2., 7.0 mm; C: Gibbula guttadauri, 5.5 mm; D: Jujubinus dispar, 3.8 mm; E: Juju-

binus dispar, 6.3 mm. Dimensions are for shell height.

Figura 2. Especies de la familia Trochidae presentes en la bahía de Barbate. A: Calliostoma sp. 1, 8,5

mm; B: Calliostoma sp. 2., 7,0 mm; C: Gibbula guttadauri, 5,5 mm; D: Jujubinus dispar, 3,8 mm;
E: Jujubinus dispar, 6,3 mm. Las medidas indicadas corresponden a la altura.

sampled stations. There were 8 to 13

species with dominance valúes higher

than 1 %in R12, R16 and B16, but only 5

species had dominance valúes higher

than 1 % in the station BIO (Table V).

Chamelea striatula was the most domi-
nant species in all sample stations: in

some months it reached abundance of

5000 to 13000 individuáis per sample.

The strong settlement of juveniles of this

species occurred during Spring months
of the first year of survey (1994), then it

persisted as a dominant species for a

limited time in R16, and until the end of

the studied period in BIO. The higher

amount of mud and percentage of the

organic matter in the sediment from this

latter station could have favoured the

development of this species.

If we take into account the 20 first

dominant species, it is possible to find

some differences between stations. The
most different composition of dominant
species occurs in BIO, w^here 5 species

{Acanthocardia tuberculata, Nassarius reti-

culatus, Nassarius mutabilis, Nassarius ela-

tus and Donax venustus) are typical of

shallow sand bottom communities.

Their dominant presence in comparison

with the other stations indicates simila-
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rity with communities of well sorted

fine sand (Pérés and Picaro, 1964; Glé-

MAREC, 1969; García Raso, Luque,
Templado, Salas, Hergueta, Moreno
ANDCalvo, 1992). This is further sup-

ported by the constant occurrence of

high numbers of Ophiura texturata La-

marck, 1816 and of some individuáis of

Echinocardium cordatum (Pennant, 1777).

In R12 some species with affinities for

coarse sand bottoms are listed in the

first 20 dominant species: Bittium subma-

millatum, Laevicardium crassum (with the

highest abundance in the 4 stations),

Turñtella turbona, Gibbula guttadauri.

Some other animáis collected frequently

in this station, such as Branchiostoma lan-

ceolatum (Pallas, 1766) and Echinocx/amus

pusillus (MüUer, 1776), are common in

coarse sand bottom communities (Ford,

1923; Cabioch, 1968; Glémarec, 1969).

The species occurring in a high fre-

quency throughout the 2 years in BIO
were different from those of the other

three stations (Table VI), and were
mainly the species with affinity for fine

and shallow sandy bottoms listed with

the dominance data. Species of nassa-

rids (Nassarhis reticulatus, N. mutabilis

and N. elatus) and some bivalves such as

Spisula subtruncata, Nuculana pella and
Acanthocardia tuber culata were recorded

in all monthly samples during two
years. Nevertheless, other species recor-

ded with a high frequency in the other

stations, such as Mesalia varia, Corbula

gibba, Digitaria digitaria and Laevicardium

crassum, were also important for the

community structure of BIO.

Aplysia fasciata Poiret, 1789 was
recorded in spring and summer months
from the first year and not in samples

from the second year, probably due to a

decrease on the production of algae in

the bay.

B; Faunal affinity between sampling

points: The valúes of qualitative and
quantitative similarity Índices between
sampling stations are shown in Table

Vil and Figure 5. A single dendrogram
was found for each index with the

UPGMAreconstructions. From the qua-

litative viewpoint, according to Jac-

card's as well as to Baroni-Urbani and
Buser's Índices, the points Retín 12, Re-

tín 16 and Barra 16 are sígnifícantly si-

milar (p < 0.01). The lowest similarity in

qualitative terms was found between
the station BIO and the other stations,

whereas a higher similarity is found bet-

ween the two deeper stations R16 and
B16. The quantitative analysis according

to Bray and Curtís (1957) also showed
high similarity between R16 and B16,

where a high number of individuáis of

Chamelea striatula were collected. Assu-

ming the invasive character of the settle-

ment of this species in this kind of com-
munities, the same index was computed
also without the data for this species.

The influence of the flood of Chamelea

brings a bias so as to increase the simila-

rity between Barra 10 and other stations

(Fig. 5C), whereas the quantitative data

without Chamelea are consistent with the

qualitative Índices (Fig. 5D).

DISCUSSION

Taxonomic remarks: The species of

the genus Calliostoma (Fig. 2) are proble-

matic in the área of transition between

(Right page) Figure 3. Species of the family Nassariidae from Bay of Barbate. A: Nassarius pygmaeus,

1 1 mm; B: Nassarius vaucheri, 13 mm; C: Nassarius reticulatus, juvenile, 13 mm; D: Nassarius incras-

satus, 1 1 mm; E: Nassarius tingitanus, 9 mm(specimen collected in Tarifa); F: Nassarius heynemanni,

1 3 mm; G: Nassarius mutabilis, 1 2 mm; H: Nassarius elatus, 1 4 mm. Dimensions are for shell height.

(Página derecha) Figura 3. Especies de la familia Nassaridae presentes en la bahía de Barbate. A: Nassa-

rius pygmaeus, 1 1 mm; B: Nassarius vaucheri, 13 mm; C: Nassarius reticulatus, juvenil, 13 mm; D:

Nassarius incrassatus, 11 mm; E: Nassarius tingitanus, 9 mm(ejemplar recolectado en Tarifa); F: Nas-

sarius heynemanni, 13 mm; G: Nassarius mutabilis, 12 mm; H: Nassarius elatus, 14 mm. Las medidas

corresponden a la altura.
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Table IV. Species of micromolluscs collected in the survey, mainly in the samples of april 1994.

Numbers in brackets denote specimens collected only in thanatocenosis, >100 denotes abundant

species with more than 1 00 live-collected specimens in the sample.

Tabla IV. Especies de micromoluscos recolectadas en los muéstreos, principalmente en abril de 1994. Los

números entre paréntesis denotan ejemplares encontrados sólo en tanatocenosis, >100 indica especies

abundantes con más de 100 ejemplares colectados en las muestras.

Retín 12 Retín 16 Barra 10 Barra 16

POLYPLACOPHORA

Leptochitonidae

Leptochiton cimicoides (Monterosato, 1879). >100

GASTROPODA

Scissurellidae

Scissurella cosfata d'Orbigny, 1 824

Skeneidae

Skenea serpuloides (Montagu, 1 808)

Dikoleps nitens (Philippi, 1 844)

Dikoleps pruinosa (Chaster, 1 896)

Trochidae

Gibbula magus (Linné, 1758)

Rissoidae

Pusillina ¡nconspicua (Alder, 1 844)

Obtusella intersecta (Wood, 1 857)

Caecidae

Caecum trachea (Montagu, 1 808)

Caecum cuspidatum Chaster, 1 896

Caecum clarkii Carpenter, 1 858

Vanikoridae

Macromphalina disciformis (Grancta Grillo, 1 877)

Cerithiidae

Bittium pusillum (de Rayneval & Ponzi, 1 854)

Turritellidae

Turritella turbona Monterosato, 1 877

Tumtella communis Risso, 1 826

Mesalia varia (Kiener, 1 887)

Eulimidae

Vitreolina sp.

Fasciolariidae

Fusinus pulchellus (Philippi, 1 844)

Pyramidellidae

Evalea divisa \). Adams, 1797)

Odostomia conspicua Alder, 1 850

Odostomia unidentata (Montagu, 1 803)

Brachystomia eulimoides (Hanley, 1 844)

Brachystomia sp.

Omalogyridae

Retrotortina fuscata Chaster, 1 896

Ebalidae

Ebala pointeli (de Folin, 1 868)

10

•100

53

100

12

2

80

(2)

(5)

(2)

12

2

20

3+(10)

(2)

(2)
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Table IV. Continuación.

Tabla IV. Continuation.

Retín 12 Retín 16 Barra 10 Barra 16

Retusidae

Reiusa mamillafa (Philippi, 1 836)

Cylichnidae

Cy//c/ino crosse/ B.D.D., 1886

Oxynoidae

Lobiger sp.

BIVALVIA

Nuculidae

Nucula recóndita Gofas & Salas, 1 996

Glycymeridae

Glycymeris glycymeris (Linné, 1758)

Pectinidae

Chlamys sp.

Anomiidae

Anom'ia ephippium (Linné, 1758)

Limidae

Limatula subauriculaía (Montagu, 1 808)

Notolimea clandestina Salas, 1 994

Leptonidae

l-lemilepton nitidum (Turton, 1 822)

Kelliidaee

Kellia suborbicularis (Montagu, 1 803)

Montacutidae

A^yse//a bidentata (Montagu, 1 803)

Teílimya ferruginosa (Montagu, 1 808)

Montacuta goudi van Aartsen, 1 996

Astartidae

Goodalia triangularis (Montagu, 1 803)

Digitaria digitaria (Linné, 1 758)

Cardiidae

Parvicardium scabrum (Philippi, 1 844)

Matridae

Spisula subtruncata (da Costa, 1 778)

Tellinidae

Tellina pusilla Lovén, 1 846

Semelidae

Ervilia castanea (Montagu, 1 803)

Veneridae

Tapes rhomboides (Pennant, 1 777]

Gouldia minima (Montagu, 1 803)

Chamelea striatula (da Costa, 1 778)

Corbulidae

Corbula gibba (Olivi, 1 792)

Thraciidae

Thracia sp.

>100

(2)

(1)

ni

(2) (1)

9

5

>100

25

5+(4) -

(1)
-

(1) (1)

2+(3) .

47 3

(1)

(1)

2

70 - -

>100 - - >100

28 - - 2

>100 38 4 9

4 22 - 2

5 (+ V.) 1 2
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Mediterranean Sea and Atlantic Ocean.

Atlantic forms usually have a heavier

sculpture of spiral cords than Mediterra-

nean ones, and this variation in sculp-

ture obscures the delimitation of the

species. Calliostoma zizyphinum was
easily recognized by its broader and less

conical shape, although some variability

occurs between individuáis. Calliostoma

sp. 1 is cióse to the Mediterranean
species Calliostoma conulus (Linné, 1758),

from which it differs by the presence of

heavier ribs. Calliostoma sp. 2 resembles

Calliostoma laugieri (Payraudeau, 1826),

but a detailed comparison of proto-

conchs shows a higher number of gra-

nulated whorls in Calliostoma sp. 2.

The genus Chauvetia is well repre-

sented in the área nearby Strait of

Gibraltar with 10 to 15 species, and its

taxonomy is difficult. Chauvetia sp. from
our study has a white band in the shell

and resembles Chauvetia crassior Odhner,

1923. However, the latter was described

from the Canary Islands and has direct

development, so that it is doubtful

whether the same species is present in

the Strait of Gibraltar. Other species like

Chauvetia decorata Monterosato, 1889,

described from Morocco, also show
white bands, and this character may
even not be constant within a single

species.

Some other taxonomical or nomen-
clatura! problems are related with the

Bela species, which are in need of revi-

sión. In our samples some of them were

named as Bela sp. 1 and sp. 2. Nomen-
clatural problems were found for the

species known in the literature as Bela

striolata Risso, 1826, a usage which is not

correct considering that the type speci-

men belongs to the genus Rissoina d'Or-

bigny, 1840. The next available ñame
could be Bela smithi Forbes, 1844, but the

description is not clear and the type

material is lost. Wehave followed the

incorrect usage, as revising this question

is beyond the scope of . the paper.

According to Oliver and Cosel
(1993), Anadara polii (Mayer, 1868) is not

the same species than the Miocene Arca

diluvii Lamarck, 1805: the Recent species

has a lower number of ribs (24-28) and a

less median umbo. All individuáis of

Aequipecten opercularis were smaller and
more elongate than the usual Atlantic

form, and can be grouped in the form
audouinii. Although A. audouinii (Pay-

raudeau, 1826) is currently regarded as a

a synonym of A. opercularis, a reevalua-

tion of their relationships is needed in

order to clarify if this form is a different

species. Chamelea striatula (more Atlan-

tic) and C. gallina (more Mediterranean)

are two closely related species which
live sympatrically in the Southern part

of Iberian península. Backeljau,
BoucHET, Gofas and De Bruyn (1994)

justified the separation of the two
species using allozyme electrophoresis.

C. gallina is common in shallow and
sandy bottoms in our latitudes, but C.

striatula prefers muddy and deeper

(Right page) Figure 4. Micromolluscs from the soft bottom in Bay of Barbare. A: Bittium subma-

millatum, height 3.8 mm; B: detall of the mlcrosculpture of Bittium submamillatum; C: proto-

conch oí Bittium submamillatum; D: Pusillina inconspicua, height 1.6 mm; E: Caecum cuspidatum,

length 2.15 mm; F: detall of the mlcrosculpture of Caecum cuspidatum; G: Retusa mamillata,

height 1.85 mm; H: Leptochiton cimicoides, dorsal view, length 2.0 mm; I: Leptochiton cimicoides,

lateral vlew, length 1.65 mm; J: detall of the girdle oí Leptochiton cimicoides., showlng the two types

of spicules. Scale bars 100 pm.

(Página derecha) Figura 4. Micromoluscos de los substratos blandos de la bahía de Barbate. A: Bittium

submamillatum, altura 3, 8 mm; B: detalle de la microescultura de Bittium submamillatum; C: proto-

concha de Bittium submamillatum; D: Pusillina inconspicua, altura 1,6 mm; E: Caecum cuspida-

tum, longitud 2, 15 mm; F: detalle de la microescultura de Caecum cuspidatum; G: Retusa

mamillata, altura 1,85 mm; H: Leptochiton cimicoides, vista dorsal, longitud 2,0 mm; I: Lepto-

chiton cimicoides, vista lateral, longitud 1, 65 mm;J: detalle del cinturón de Leptochiton cimicoides

mostrando los dos tipos de espiculas. Escalas 100 fim.
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Table V. The 20 most dominant species in each of the sampled stations.

Tabla V. Las 20 especies con mayor índice de dominancia en cada estación.

Retín 12 % Retí'nló % Barra 1

6

/o Bárralo %

Chameleastriotula 52.47

Coéulogibbo 19.77

Gouldia mínimo 4.50

Bittium submomillotum 2.59

Digitoriü digitaria 2.50

Calyptwea chinensis 1.88

Laevkordium cmssum 1.69

Spisulo subtruncoto 1.62

Modiolus odríoticus 1.36

/üffiYe/Zo /i/f6o/)o 1 .05

rt/mye/Zo communis 1 .03

Gibbula guttodauri 0.70

Clausinella foscioto 0.63

Meso//o wf/fl 0.62

Nuculana pella 0.61

Pandow inaequivolvis 0.59

Aporrhais pespekoni 0.44

Tapes rbomboides 0.34

fie/o /oei^igoto 0.34

Flexopecten flexuosus 0.31

Cbamelea striatulo 65.29

Corbulagibba 9.69

fou/í//o mm/mo 4.84

Calyptraea chinensis 3.23

%Mo(//j/torá 2.96

TümMocommunis 2.47

Tapes rbomboides 1.76

rumMo ft/f6ora 1 .00

Nuculana pello 0.78

Modiolus odriaticus 0.72

Gibbula magus 0.69

Spisulo subtruncoto 0.60

yMe5o/;o rano 0.50

^nom/o ephippium 0.40

6e/o /oei'igoío 0.36

flexopecten flexuosus 0.34

fi/tt/ü/n submomillatum 0.33

/'onc/ora inaequivolvis 0.33

Pandow pinna 0.29

Aporrhais pespelicani 0.28

Chameleastriotula 47.14

Corbulagibba 27.34

Gouldia mínima 7.66

Digitaria digitaria 7.15

Calyptraea chinensis 4.33

ri/mte//o communis 3.52

Mesolio varia 1.77

Gibbula magus 1.47

Nuculana pella 1.31

Topes rbomboides 1.31

Sp/sü/o subtruncoto 1 .22

Modiolus odriaticus 1 .03

Ocinebrina edwardsi 1 .03

^nom/o ephippium 0.94

Calliostomasp.l 0.80

Loevicordium crossum 0.77

Bela loevigata 0.74

Pandora inaequivolvis 0.72

Nassarius pygmaeus 0.58

Pandora pinna 0.56

Chameleastriotula 79.19

%/torá (//g;Mo 3.86

foféu/o g/6¿o 3.38

Sp/sü/o subtruncoto 3.07

Nuculana pella 1.17

Foncíora inaequivolvis 0.98

Gouldia mínimo 0.91

Aconthocardia tuberculoto 0.85

Nossorius reticulatus 0.84

Loevicordium crassum 0.77

Wossor/üs müfoi/fe 0.74

Nossorius elatus 0.61

flono;í reníysto 0.38

fie/o /oewgoto 0.36

/Me5o/;fl rará 0.34

Modiolus odriaticus 0.32

Calyptraea chinensis 0.31

Callista chione 0.19

Nossorius pygmaeus 0.18

rurnte/Zo communis 0.14

Table VI. Species with a frequency of more than 75% in each of the sampled stations.

7^¿¿z V7. Especies con frecuencia superior a los 75%en cada una de las estaciones.

Retín 12 % Retí'nló % Barra 1

6

% Bárralo %

Loevicordium crassum 100% Corbulagibba 100% fof6ü/o g/Mo 100% Spisulo subtruncoto 100%

Digitaria digitaria > 90% Gouldia mínimo 100% /Meso/rá vario 100% Nuculana pella 100%

Clausinella fasciata >90% Digitaria digitaria 100% Digitaria digitaria > 95% Aconthocardia tuberculoto 100%

Nuculana pella > 90% Turritello communis >95% Nuculana pella >95% Nossorius reticulatus 100%

Corbulo gibba > 85% Nuculana pella >95% Calliostomo sp 1 >95% Nasarius mutabilis 100%

Gouldia mínima >85% Calyptraea chinensis > 90% Chameleastriotula > 90% Nossorius elahjs 100%

Callista chione > 85% Mesalia vario >90% Spisulo subtruncoto >90% Digitaria digitaria >90%

Aporrhais pespelecani >75% Bela loevigata > 80% Calyptraea chinensis > 85% Mesalia vario > 85%

Spisula subtruncoto > 75% Chameleo striatulo >75% Ocenebra erinoceo >85% Corbulo gibba >75%

Mesolio varia >75% Bolinus brandaris > 75% Gouldia mínimo >80% Loevicordium crassum > 75%

Cbamelea striatulo > 75% Tapes rbomboides >75% Gibbula magus >75%

Bolinus brandaris > 75% Nodiolus odriaticus > 75% Ocinebrina edwardsi > 75%

Spisulo subtruncoto >75% Loevicordium crossum

Turritello communis

Topes rbomboides

Pitar rudis

Fusinus pulchellus

>75%

> 75%

>75%

> 75%

>75%
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Table VII. Valúes of affinity indexes between sampling stations, qualitative (Jaccaid and Baroni-

Urbani and Buser) and quantitative (Bray and Curtís, with and without Chamelea striatuld).

Tabla VIL Valores de los índices de de afinidad entre estaciones de muéstreos, cualitativos (Jaccard

y

Baroni-Urbani y Buser) y cuantitativo (Bray y Curtis, con o sin los datos para Chamelea striatuiaj.

Jaccard R12 R16 B10 B16

R12 1.000 0.496 0.432 0.510

R16 1.000 0.296 0.536

B10 1 .000 0.393

B16 1.000

Baroní-Urbani and Buser R12 R16 B10 B16
R12 1.000 0.617 0.595 0.629

R16 1.000 0.447 0.659

B10 1.000 0.557

B16 1.000

Bray and Curtis R12 R16 B10 B16

R12 1.000 0,667 0.579 0.742

R16 1.000 0.839 0.593

B10 1.000 0.433

B16 1.000

Bray and Curtis (Sin C.s.) R12 RIÓ BIO B16
R12 1.000 0.701 0.434 0.760

R16 1.000 0.414 0.823

B10 1 .000 0.449

B16 1.000

bottoms with a higher amount of

orgardc matter.

Species richness: Valúes of species

richness in the Bay of Barbate are com-
parable with those obtained in other

studies from soft bottom communities
of molluscs, although sometimes higher.

No Information about species richness

per month from detritical bottoms com-
munities of molluscs have been found in

the literature, but some Information for

communities for other soft bottoms is

available. Species richness of Molluscs

in soft bottoms from the North Sea Is

low (10 to 15 sp.) (Eleftheriou and
Basford, 1989; Künitzer, 1990), but
there is an Increase in the English

Channel (Cabioch, Gentil Glacon
ANDRetiére, 1977). In Northern Spain,

species richness valúes from 15 to 25

have been recorded in soft bottom com-
munities of molluscs (Sánchez Mata,
Mora, Garmendia, and Lastra, 1993;

Garmendia, Sánchez Mata and
Mora, 1996). In Mediterranean coasts

Salas (1984) registered valúes for species

richness of molluscs from 20 to 30 in dif-

ferent kinds of soft bottoms of Málaga
bay (Alboran Sea). The highest valúes of

species richness were recorded (around

40 species per sample) in fine sand
bottoms with low percentage organic

matter. Aparici Seguer and García-
Carrascosa (1996) recorded valúes of

species richness between 4 to 11 per

sample in the soft bottoms of Chafarines

islands (cióse to the Mediterranean área

of Morocco), but such low valúes pro-

bably reflect incomplete sampling.

Aparici Seguer, Rowland, Taylor and
García Carrascosa (1996) found 10-20
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species per sample in the soft bottoms
(fine sand) from the gulf of Valencia at

depths of 15 meters. Valúes of species

richness per month comparable to those

found in this study have been registered

in communities from hard bottoms
(Troncoso, Urgorri and Olabarría,

1996), from sea grass beds (Hergueta,

1996; Ledoyer, 1966 a, b) or the calcare-

ous algae Mesophyllum lichenoides

(Lemoine) (Hergueta, 1996).

Characterisation of the community:
The species living sympatrically in the

Bay of Barbate form communities with

more components than in other áreas. In

the Mediterranean Sea similar commu-
nities were referred to as "Biocénose des

fonds meubles instables (MI) " and
"Biocénose des fonds detritique du large

(DL) " (PÉRÉs ANDPicaro, 1964). These

have a similar faunistic compositions,

although species richness is higher in

Barbate bay. In our study these commu-
nities occurred in the infralittoral level

(25 m), whereas in the Mediterranean
they occur in the circalittoral, deeper
than in the Atlantic.

The community from BIO is also

similar to the "Biocénose des sables fins

bien calibres (SFBC) " (Peres and
Picaro, 1964), but there is a high
influence of faunistic components from
the previously mentioned communities.

In R12 some similarities with the "Biocé-

nose des sables grossiers et des fins gra-

viers (SGFG) " (Peres and Picaro,

1964) are found, although the instability

of the bottoms due to strong currents

changes the composition of the commu-
nity through the year.

Cabioch (1968) found similar and
comparable communities in the English

channel, named as "Peuplements des

sédiments fins a Abra alba et Corbula

gibba" and "Biocoenose du Maerl". In

these communities a mixture of in- and
epifauna occurred over a heterogeneous

sediment. The depth in which these

communities occurred was similar to

those from Barbate, within the infralito-

ral. However, the biogeographical diffe-

rences result in that some species have
been replaced in the Strait of Gibraltar.

Wecould not trace in the literature any
reference to communities in the Mauri-
tanian región, so that a comparison was
not possible.

Structure of the community. Domi-
nance and Frequency: High valúes of

dominance were more commonamong
bivalves than among gastropod species.

This reflects their high abundance in

soft bottoms, conforming large popula-

tions. Gastropods are less numerous
than bivalves in soft bottoms samples.

In order to correct this bias, we also took

into account the frequency of the species

in the samples. It is important to take

into account both figures, because some
species with a marked seasonality may
show high abundance during a short

period of time, and thus have a low fre-

quency although they are important ele-

ments of the community.

The highest dominance was for the

species Chamelea striatula, although it

showed lower percentages of presence

than other species. This was caused by a

massive and successful recruitment of

this species in these bottoms in the first

sampling year, although no recruitment

occurred in the second year. Such strong

settlement has been registered for the

same species along the Scottish coasts

by Ansell (1961). At the beginning of

this study Chamelea striatula was found
in some samples with low abundance.

After spring 1994 this species was domi-

nant in the four sample stations, alt-

hough the population decreased in

some stations during 1995. At the end of

the sampled period, large population of

Chamelea striatula was only present in

BIO which is cióse to the harbour and
the estuary. This species is common in

fine sand bottoms from shallow coasts

(3-20 m) in the North Sea (Muus, 1973;

DuiNEVELO ANOBelgers, 1994). In the

Strait of Gibraltar área, Chamelea striatula

is found living sympatrically with Cha-

melea gallina which is very common in

fine sand bottoms from shallow shores

(2-15 m) in the Mediterranean Sea. C
striatula is usually found in mud
bottoms with high percentages of

organic matter in southern Spanish
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Jaccard's Índex
Baroni-Urbani

& Buser Índex

0.6

0.5

0.4

0.3

Bray-Curtis Index

wíth C. striatula

wiíhout C. striatula

R16 B16 R12 B10 R16 B16 R12 B10 R16 B10 R12 B16 R16 B16 R12 B10

Figure 5. Dendrograms representing affinity of sampling points, according to the qualitative

Índices (above) and quantitative (below). Algorithm is UPGMA.
Figura 5. - Dendrogramas de afinidad de los puntos muestreados en base a los valores de los índices cua-

litativos (Superior) y cuantitativos (Inferior). Algoritmo de aglomeración UPGMA.

coasts and never reaches high domi-
nance in near-shore sandy bottoms. The
persistence of this species may have
been favoured by the cleaning and dred-

ging of the channel in the harbour of

Barbate during our sampUng period,

which turned more muddy the sedi-

menta nearby.

Other molluscs of these detritic

bottom communities showed high fre-

quencies and dominance. Large popula-

tions of Corbula gibba were coUected, but

this is a rather ubiquitous species, com-
monly found together with Turritella

communities on fine sandy bottoms
with large pieces of graves and pebbles

(Hrs-Brenko, 1981).

Digitaria digitaria is a typical species

of coastal detritic bottoms from North
Spanish coasts (Ortea, 1977; Besteiro,

Troncoso, Parapar, Salvini-Plawen
ANDUrgorri, 1990). Among the gastro-

pods, some of the most typical species

for detritic bottoms are turritellids. In

this location Mesalia varia is an impor-
tant component of the community from
Barbate and also one of the West Áfrican

representatives

.

In station BIO, a mixed community
occurs. Species from detritic bottom
communities {Digitaria digitaria, Mesalia

varia, Corbula gibba) have a high fre-

quency and dominance but some

species from communities of well sorted

fine sand {Nassarius species, Acanthocar-

dia tuberculata, Spisula subtruncata)

showed also high dominances and the

highest frequencies. The community
from this latter sample station seems to

be a transition between both. Communi-
ties of well sorted fine sands are known
in other points from European coasts: in

the North Sea (Ford, 1923; Cabioch,

1968), in the Mediterr anean Sea (Spada,

Sabelli and Morandi, 1973; Salas,

1984; García Raso et al., 1992). In

Barbate bay this community shows a

higher species richness than other com-
munities from European coasts. Three

species of Nassariidae {Nassarius reticu-

latus, Nassarius mutabilis and Nassarius

elatus) were found in BIO with high fre-

quency, while Nassarius pygmaeus and
Nassarius vaucheri occurred with low fre-

quency. This kind of community in the

Mediterranean Sea holds usually only

two species of Nassariids (N. mutabilis

and N. reticulatus) and in the North Sea

N. reticulatus and N. -pygmaeus. Other
species like Mactra stultorum and Chame-

lea gallina were not found as main com-
ponents in this sample point but they

show high abundance in similar com-
munities from the Mediterranean Sea

(Spada et al., 1973; Salas, 1984; García
Raso et al., 1992).
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Zoogeographical notes: The área of

the Strait of Gibraltar has been said to

act as a barrier for many marine species

including molluscs (Ekman, 1953). For

some Mediterranean species {Gibbula

guttadauri, Nassarius mutabilis, Naticarius

hebraeus) there is a barrier which makes
them less common or absent in the

Atlantic waters even nearby the Strait of

Gibraltar. Conversely, a few common
species of the North Atlantic waters

such as Spisida elliptica are not found, or

rarely found, in Mediterranean waters.

On the other hand, the área of the

Strait can also be regarded as one where
species of quite different zoogeographi-

cal affinity will concur (Pallary, 1907;

Spada and Maldonado, 1974; Rueda
ANDSalas, 1998). The fauna from tro-

pical and températe West African áreas

is represented in Barbate by Mesalia

varia, Epitonium jolyi, Nassarius elatus,

Nassarius heynemanni, Nassarius vaucheri

and Gari pseudoweinkauffi, among
others. These species share a northern

limit along the coasts of South Portugal

(to the North) and in the Alboran Sea

(in the Mediterranean). Most Mediterra-

nean species do occur in the Ibero-

Moroccan gulf, at least to Cape St.

Vincent and sometimes further north.

This results in an increase of the

number of species from the different

biogeographical regions, and Barbate is

a locality where their distribution

ranges overlap. This trend is well illus-

trated by the distribution patterns of

the seven species of Nassariids (Fig. 6)

which were collected sympatrically in

this bay.

The fauna of molluscs found in this

study includes mostly species which are

widespread in the Northeast Atlantic

and Mediterranean. Among 27 species

with a distribution restricted to one of

Ekman's (1953) three regions, there is a

high percentage of similarity (48%) with
typical Mediterranean fauna as found
along the Italian coast. Nine species are

shared with the so-called Mauritanian
región (mostly Morocco), according to

the Information of Pasteur-Humbert
(1962 a, b) and of Nicklés (1950, 1955)

This represents a high similarity (33%).

This percentage of similarity could be
higher if the Information available about
molluscs from North- West África were
more complete. Five species with a

mainly North Atlantic distribution are

present in Barbate bay, which represents

18%. This percentage resulted as a com-
parison with the British fauna (Tebble,

1966; Graham, 1988) and indicates less

affinity than the other two regions.

It is important from a biogeographic

viewpoint to point out the presence of

endemic molluscan species in the Strait

of Gibraltar área. Recently, several

species of endemic gastropods have
been described from this área and the

data have been summarized by Gofas
(1999). Nevertheless, most of the

endemic component are linked to rocky

shore in intertidal of very shallow envi-

ronments. It is interesting to note the

presence of Nassarius tingitanus (Pallary,

1901) on hard bottoms very near the

sampling área, but closer to the shore.

This species (Fig. 3) shows a typical

endemic distribution restricted to the

Strait of Gibraltar.

In our samples, we found large

numbers of the endemic gastropod Juju-

binus dispar, which occurs in a restricted

área from Tangier to Ceuta (North

África) and was only cited in European
coasts by Van Aartsen et al. (1984) in

Algeciras Bay (South Spain). Another
rather well documented endemic com-
ponent is the skeneid Dikoleps pruinosa,

originally described from Tangier,

where it is now very rare due to the

extensión of the harbour.

Other species which occur in the

Barbate samples have once been
thought to be endemic of the Gibraltar

área but are now known to occur on
other subtidal current-swept gravel

bottoms. The small bivalve Notolimea

clandestina Salas, 1994 (Salas, 1994),

which is common on the bottoms of

Barbate is also known to occur near

Lampedusa, in Sicily Channel (Italy).

The same pattern is found for the rare

skeneid Parviturbo fenestratus, originally

described from Tangiers, and now
reported from Adventure Bank, Sicily

Channel (WarÉn, 1992).
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N. incrassatus

N. pygmaeus

N. reticulatus

Figure 6. Range of the difFerent species of Nassariidae found in Bay of Barbare.

Figura 6. - Distribución geográfica de las diferentes especies de Nasáridos presentes en la bahía de

Barbate.

To summarize, the results of this

study show that the bay of Barbate sup-

ports a rich soft bottom fauna of

molluscs, which is basically the same in

three of the sampled stations. The high

species richness recorded in these

bottoms may be influenced by three

kinds of factors:

(1) Environmental factors. The bottom

contains a mixture of hard and soft com-
ponents in the sediments. The deeper

stations (25 m) have more large bioclas-

tic material (fragments of shells) deposi-

ted over a fine sand bottom. This hetero-

geneity of the substrates induces a

diversification of the micro-habitats
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(Frontier and Pichod-Viale, 1991;

Dewarumez, Davoult, Sanvicente
Anorve and Frontier 1992), and con-

sequently a diversification of the fauna.

The occurrence of large-size particles

favours the settling and development of

sessile epifaunal molluscs such as

Anomia ephippium, Modiolus adriaticus,

Calyptraea chinensis, and some mobile

pectinids as Flexopecten flexuosus,

Chlamys varia and Aequipecten species. In

BIO with a lower amount of bioclastic

material there was a decrease in the

abundance of these species but an incre-

ase of others. The mixture of these with

fine sand favours well established popu-
lations of infaunal molluscs, mainly
bivalves as Gouldia minima, Digitaria

digitaria or Spisula subtruncata.

(2) The sampling method. The survey

spanned a longer period of time than in

other reviewed researchs. This allowed

to record changes in the composition of

the community such as occurred with C.

striatula, and to collect species with occa-

sional patterns of occurrence {Aplysiafas-

ciata and Philine species), or locally rare

{Cymatium corrugatum, Atrinafragilis, Pie-

ria hirundo, Spisula elliptica), as well as ju-

veniles in the recruitment season.

(3) The macrogeographic pattern. The
confluence of species from different bio-

geographical áreas has been discussed

above, and accounts for much of the

species richness in the área.
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