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INTRODUCTION

Located in the middle of the northern
Atlantic and therefore relatively isolated,
the oceanic islands that form the Azores
archipelago (36° 55" to 39° 45" N, 24° 45’
to 31° 17" W) are a “live-laboratory”
where patterns and processes of disper-
sion, colonization and speciation can be
studied and ecological, evolutionary and
biogeographical theories be tested.

Lajes do Pico, a small town located
in the south coast of Pico island, Azores
(Fig. 1), is one of the most interesting
places in the littoral of the Azores,
because of its very diverse marine fauna
and flora. As a consequence of a number
of biological studies (Azevepo, 1990,
SaNTOs, 1992; AzZeEVEDO, RODRIGUES,
MENDIZABAL AND ARRUDA, 1995;
MORTON, BRITTON AND MARTINS, 1996,
1998; AviLa, 1998), this area was chosen
as worthy of protection to conserve bio-
logical diversity; for a detailed review
see AVILA, ELIAS AND MEDEIROS (2000).

Rocky shores in the Azores are
usually covered by an intricate mixture
of small-sized species of algae forming a
characteristic algal turf (HawkiIns,
BURNAY, NETO, CUNHA AND MARTINS,
1990; NeTO, 1992; NETO AND TITTLEY,
1995). This turf is particularly effective
for a number of small animal species,
protecting them from wave exposure,
excessive temperatures and desiccation
(AZEVEDO, 1992). CHAPMAN (1955) was
the first author to study the fauna asso-
ciated to this algal turf, mainly com-
posed of Corallina spp. and he was sur-
prised by the great abundance of mol-
luscs found in a sample of 10 x 10 cm,
collected at Faial Island. AzeveDo (1992)
studied the molluscan species composi-
tion, abundance, diversity, seasonal
variations and the effect of differences in
wave exposure on the high intertidal
algal turf of the Azores, on a temporal
scale at Sao Miguel Island. He con-
cluded that floristic composition and
biomass of the algal turf are fundamen-
tal for the molluscan communities in
this particular habitat.

According to NETO (1992), the “algal
turf” is divided into two distinct zones,
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differentiated by their species-composi-
tion and morphology. The higher part is
characterized by a “dense and short
tangle forming a mat, almost impossible
to separate into components” whereas
the lower part is composed of frondose
and larger algae. We follow her designa-
tion and restrict most of this study to
the upper part of the “algal turf”.

The aim of this study is to incorpo-
rate the vertical distribution of micro-
molluscs in the general zonation pattern
already described for the intertidal of
the Azores.

MATERIAL AND METHODS

Between August 7 and 11, 1995, a 30
m long transect was examined on the
gently sloping rocky shore of Lajes do
Pico, near “Poca do Pano”, in a moder-
ately exposed site (Fig. 1). The shore’
profile was drawn, following the spirit
leveling method (EMERY, 1961; HAWKINS
AND JONES, 1992) and all elevations were
related to Chart Datum, Azores (CD), by
using sea-level at the time of predicted
low-tide. Tidal range in the Azores is
small (less than 2 m), for which reason
the transect location was carefully
chosen. The selected site presents a very
gentle slope and, as a result, the transect
was 30 m long, a distance very seldom
found in Azorean intertidal shores. This
procedure minimized problems derived
from the blurring effect that occurs in
the zonation of organisms, when tran-
sects are made in sites with steeper
slopes.

Five quadrats of 25 x 25 cm were col-
lected at 5, 10, 20, 25 and 30 m along one
transect (Fig. 2). The highly uniform
species composition of the algal turf and
the large area used (25 x 25 cm instead
of the usual 10 x 10 cm) (BULLOCK, 1995)
minimizes possible sampling problems
derived from a single transect without
replicates. After the littorinid zone that
extended from 0 to 15 m along the tran-
sect, and the barnacle zone (10-15 m), 3
quadrats of 25 x 25 cm were scraped
from the “algal turf” at 20, 25 and 30 m
and the material collected (all of the
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Figure 1. Azotes archipelago (top), Pico island (bottom, left) and detail of location of Poga do

Pano at Lajes do Pico village (Pico Island).

Figura 1. Archipiélago de las Azores (arriba), isla de Pico (abajo, izquicrda) y detalle de la localizacién
de Poga do Pano y la villa de Lajes do Pico (isla de Pico).

algae and contained sediment) put into
labelled bags. In the laboratory, this
material was washed several times and
the animals removed from the algae.
Samples were then labelled and pre-
served in 70% ethanol. The live-col-
lected molluscs were sorted, identified
and counted under a binocular dissect-
ing microscope. Dominant algae were
identified and algal dry weight (g) was

determined for each quadrat, after
drying for 48 hours at 60 °C. Abundance
of molluscs was expressed as density
(n/m?) as well as n/100 g ADW (algal
dry weight), where n is the number of
specimens of the ith species in a
quadrate.

Species authorities and synonymy of
mollusc species follow the CLEMAM
database.
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Table 1. Specific composition of the molluscan fauna inhabiting the intertidal algal turf and toral
number of specimens collecred in each quadrac. Quadrats 1-5 collected ar, respecrively, 5, 10, 20,
25 and 30 m along transect (see Figure 2 for further derails).

Tabla I. Composicidn especifica de la fauna de noluscos del cesped algal intermareal y niimero total de
ejemplares recogido en cada cuadrante. Cuadrantes 1-5 obtenidos a 5, 10, 20, 25 y 30 m a lo largo del
transecto, respectivamente (ver la Figura 2 para mds detalles).

Taxa\ Quodrats ] ? 3 4 5 Totol %

Mvania mediofittoralis Gofas, 1989 0 0 40 325 22 387 2.5
Bittium lotreifli (Poyroudeou, 1826) 0 0 0 ] b ] 0.0
Bothryphallus ovummuscae (Gofos, 1990) 0 0 ] 0 0 1 0.0
(ordita calyculata (Linnoeus, 1758) 0 0 36 47 b 89 0.6
Cingula trifasciata (Adams 1., 1798) 0 0 1 0 0 1 0.0
Gregarieflo semigranata (Reeve, 1858) 0 0 0 ] 0 1 0.0

(= Trichomusculus semigranatus (Reeve, 1858))

Lasoea adansoni (Gmelin, 1791) 0 0 1811 2417 | 4,229 21.7
Littorina striata King and Broderip, 1832 ? b 0 0 0 8 0.1
Manzonia unifasciato Doutzenberg, 1889 0 0 0 0 ] 1 0.0
Melathaphe neritoides (Linnosus, 1758) 5 3 0 0 0 8 0.1
Odostamia sp. 0 0 0 3 0 3 0.0
Omalogyra atomus (Philippi, 1841) 0 0 9% 35 156 287 1.9
Pisinno glabrata (Megerle von Mihlfeld, 1824) 0 0 1,149 4309 1535 6,993 458
Rissoella cf. digphona (Alder, 1848) 0 0 3 0 0 3 0.0
Runcing d . adriatico Thampson, 1980 0 0 0 20 0 20 0.1
Setia subvaricosa Gofos, 1990 0 0 0 0 25 25 0.2
Sefi sp. 0 0 0 2 12 14 0.1
Sinezona cingulata (Costo 0. G., 1861) 0 0 2 b 78 86 0.6
Skeneapsis planorbis (0. Fabricius, 1780) 0 0 1,007 2003 ? 3112 204
Total 7 9 426 9169 1844 15,275 100.0

rocky shores of the Azores by HAWKINS
ET AL. (1990) (Caloura, Sao Miguel Island)
and NETO AND AZeVEDO (1990) for Flores
Island (see also NETO, 1992, and MORTON
ET AL., 1998). These authors divided the
vertical zonation of the organisms into
three main zones: an upper one, the
splash and spray zone, dominated by lit-
torinids, lichens and ephemeral (sea-
sonal) algae; a middle zone located
between HWST (mean high water level
at spring tides) and LWST (mean low
water level at spring tides), occupied by
filter-feeding barnacles in its upper levels
and by the algal turf in the lower levels;
and the lowermost zone, characterized
by the appearance of algal fronds. To this
scheme, we may add now the vertical
distribution of other molluscs besides the
littorinids. In places where patellid
limpets are absent, possibly due to

human overexploitation (HAWKINS ET
AL., 1990; HAWKINS ET AL., 2000), the algal
turf, usually coralline dominated by
Corallina, Jania, Amphiron or Haliptylon
spp. directly attached to the rocky sub-
strate (NETO AND TITTLEY, 1995) extends
higher in the intertidal zone, a situation
also encountered by NETO (1992). In such
places of the Azorean rocky shores, three
very abundant micromolluscan species
characterize and further define the algal
turf located in the intertidal zone: Lasaea
adansoni, Skeneopsis planorbis and Pisinna
glabrata. In the transition from algal turf
to algal fronds, Lasaea adansoni and Ske-
neopsis planorbis virtually disappear, the
only (very) abundant species being P.
glabrata and, with less importance, Omal-
ogyra atomus and Sinezona cingulata.

Most of the species found in the inter-
tidal algal turf at Lajes do Pico do not
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Table 11. Densiry (n/m?) and number of specimens per 100 g algﬂ dry weight (n/100g ADW) of
the molluscan fauna inhabiting the intertidal algal wrf at Lajes do Pico. For location of quadrats 1,
2,3, 4 and 5, please refer to Figure 2.

Tabla If. Densida (n/nr’) y niimero de ejemplares por 100 g de peso seco de algas (n/100g ADW) de la
fauna de moluscos del cesped algal intermareal en Lajes do Pico. Para la localizacion de los cuadvanets |
a 5, ver la Figura 2.

Density (n/m?) n/100g ADW
Taxa\ Quadrats ] 2 3 4 5 3 q 5
Alvanio mediolittorofis Gofas, 1989 0 0 640 57 352 208 618 57
Bittium fotreillii (Poyraudeou, 1826) 0 0 0 16 9% 0 ? 16
Bothryphollus ovummuscae (Gofas, 1990) 0 0 16 0 0 5 0 0
Cordita colyculata (Linnaeus, 1758) 0 0 576 152 9% 188 89 16
Cingulo mifosciota (Adams 1., 1798) 0 0 16 0 0 5 0 0
Rissoello cf. diophano (Alder, 1848) 0 0 48 0 0 16 0 0
Losoeo adonsoni (Gmelin, 1791) 0 0 28976 384672 16 9432 4,595 3
Littorino shigto King ond Broderip, 1832 32 9% 0 0 0 0 0 0
Manzonia unifasciota Dautzenberg, 1889 0 0 0 0 16 0 0 3
Melarhaphe neritoides (Linnaeus, 1758) 80 48 0 0 0 0 0 0
Omalogyra atomus (Philippi, 1841) 0 0 153 560 2,49 500 67 407
Pisinna globrata (Megerle von Mihifeld, 1824) 0 0 18,384 68944 24,560 5,984 8,192 4,008
Runcina . odriotica Thompson, 1980 0 0 0 320 0 0 38 0
Setig subvaricosa Gofos, 1990 0 0 0 0 400 0 0 5
Setia sp. 0 0 0 32 192 0 4 3l
Sinezona cingulata (Costo 0. G., 1861) 0 0 32 9% 1,248 10 1 204
Skeneopsis plonarbis (0. Fabricius, 1780) 0 0 17,712 32048 32 5766 3,808 5
Gregoriell semigranata (Reeve, 1858) 0 0 0 16 0 0 ? 0

(= Trichomusculus semigronatus (Reeve, 1858))

Table I11. Maximum densiries (n/m?) recorded for the Azores. 1: Fereira, Faial Island; 2: Piscina de
Santa Cruz, Flores Island, sheltered; 3: Ponta Delgada, Flores Island, exposed; 4: Caloura, Sio
Miguel Island, intertidal, sheltered; 5: Caloura, Sao Migucl Island, intertidal, exposed; 6: Caloura,
Sdo Miguel Island, infralittoral, sheltered; 7: Ilhéu de Vila Franca, Sao Miguel Island; 8: “Poga da
Barra”, Lajes do Pico, Pico Island, intertidal, sheltered; 9: “Poga do Pano”, Lajes do Pico, Pico
Island, intertidal, moderately exposed.

Tabla [1l. Densidades maximas (n/m’) encontradas en las Azores. 1: Feteira, isla de Faial; 2: Piscina de
Santa Cruz, isla de Floves, protegido; 3: Ponta Delgada, isla de Flores, expuesto; 4: Caloura, isla de Sio
Miguel, intermareal, protegido; 5: Caloura, isla de Sao Miguel, intermareal, expuesto; 6: Caloura, isla
de Sao Miguel, infralitoral, protegido; 7: llhéu de Vila Franca, isla de Sao Miguel; 8: "Poga da Barra’,
f_ajf: do Pico, isla de Pico, intermareal, prafegida; 9: “Poga do Pano’, [ajes do Pico, isla de Pico, inter-
mareal, moderadamente expuesto.

Chapman, 1955 Neto ond Azevedo, 1990 Azevedo, 1991 Bullack, 1995 Avilo, 1998 This work

Alvania mediolittoralis 04 (2) 14 (4) 54.400(7)  1601(8)  5,200(9)
Losgen adansoni 12,200 (1) 17,888 (3) 724 (4} 1,674,400 (7) 1,088 (8) 38,672 (9)
Omologyro atomus 68,046 (6) 16(8) 2,49 (%)
Pisinna glabrata 5975 (4) 104,100 (7) 32(8) 68,944 (9)
Skeneopsis planorbis 2,000 (1) 4,304 (5 129,400 (7) 16(8) 32,048 (9
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Table IV. Geographical ranges of the most abundant molluscan species inhabiting the intertidal
algal turf at Lajes do Pico (see AviLA, 2000 and references therein). np: non-plankrotcophic type
of development (it includes direct development and lecichotrophic development); br: brooding.
Tabla IV, Distribucién geogrdfica de las especies de moluscos mds abundantes en el cesped algal interma-
real de Lajes do Pico (ver Avira, 2000 y las referencias alli citadas). np: desarrollo no plancrotrdfico
(incluyendo desarrollos directo y lecitotréfico); br: desarrollo planctotrifico.

Species Type of development Geographical ronge

Alvania medialiftoralis np Azores, Madeiro

Omologyra atamus np Scondinavia, Brifish Isles, Bay of Biscoy, Partugal, Mediterranean,
Azores, Madeira, Canary Islonds, Cope Verde ond Ascensian Islond

Skeneopsis planarbis np Scondinavia, Brifish Isles, By of Biscay, Partugal, Mediterronean,
Azares, Madeiro, Canary Islonds ond Coribbean

Pisinno glabrato np Azores, Canary Islonds and Mediterranean

Lasoea adansoni br Scondinovia, Brifish Isles, Boy of Biscoy, Portugal, Mediterranean,

Azores, Modeiro, Canary Islands, Cope Verde, Ascension Island,
Soint Heleno and Caribbeon

extend their distribution to the sublit-
toral. AviLa (2003) has established the
molluscan vertical distribution between 3
and 30 m depths for the Azorean rocky
shores covered by algal fronds. He found
that the endemic rissoids Alvania angioyi
van Aartsen, 1982, Manzonia unifasciata
(Dautzenberg, 1889) and Risson guernei
Dautzenberg, 1889, the also endemic
trochid Gibbula delgadensis Nordsieck,
1982, the Macaronesian Anachis avaroides
Nordsieck, 1975 and the small bivalve
Parvicardium wvroomi van  Aartsen,
Menkhorst and Gittenberger, 1984 were
only abundant in shallow water (3 to 5-6
m), whereas Alvania sleursi (Amati, 1987)
was especially abundant below 20 m
depth. Bittium latreillii (Payraudeau,
1826), Tricolia pullus azorica (Dautzenberg,
1889) and Jujubinus pseudogravinae Nord-
sieck, 1973 were found in large numbers
along the whole depth-range, albeit
slightly more abundant in the lower
levels (AviLa, 2003). Thus, as expected
because of the different spatial architec-
ture of algae, there is a marked difference
between the molluscan species composi-
tion of the algal turf and that present in
algal fronds. In fact, none of the most
abundant molluscan species of the algal
turf is present in high numbers in algal
fronds. The total number of specimens of
Alvania mediolittoralis, Lasaea adansoni,

Omalogyra atomus, Pisinna glabrata and
Skeneopsis  planorbis collected in 51
quadrats (50 x 50 cm) between 3 and 30
m depth, was only 73 individuals, corre-
sponding to about 0.20% of all specimens
collected (AviLa, 2003). The only species
that apparently extends its vertical distri-
bution from the lower levels of the inter-
tidal algal turf down to the shallow sub-
littoral algal fronds (2-3 m depth) is the
minute Omalogyra atomius, which is the
most abundant species at 2-3 m depth
throughout the year (Azevepo, 1991).
However, this species is very uncomumon
at greater depths (AviLa, 2003). The
abundances of the algal-turf associated
molluscan fauna found at Lajes do Pico
are in the range of those found by other
authors for other islands of the archipel-
ago, being intermediate between the very
high densities found by BuLLOCK (1995)
in a very sheltered place (I1lhéu de Vila
Franca, Sao Miguel Island) and the densi-
ties found by NETO AND AZEVEDO (1990)
and AZEVEDO (1991) (see Table III).

Some species found in the quadrats
are accidental (e.g. Botryphallus and
Cingula) which live under intertidal
boulders and not in algal turf.

It is noteworthy that 4 out of the 5
most abundant molluscan species in the
intertidal of the Azores (the minute Ske-
neopsis planorbis and Omalogyra atomus,
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Figure 5. Common molluscs of the intertidal zone in the Azores. A: Alvania mediolittoralis Gofas,
1989; B: Bothryphallus ovummuscae (Gofas, 1990); C: Manzonia unifasciata Dautzenberg, 1889;
D: Cingula trifasciata (Adams J., 1798); E: Setia subvaricosa Gofas, 1990; F: Pisinna glabrata
(Megerle von Miihlteld, 1824); G: Bitium latreillis (Payraudeau, 1826); H: Stramonita haemas-
toma (Linnacus, 1760); 1, J: Skeneopsis planorbis (O. Fabricius, 1780; K: Melarbaphe neritoides
(Linnacus, 1758); L, M: Cardita calyculata (Linnaeus, 1758).

Figura 5. Moluscos comunes en la zona intermareal de las Azores. A: Alvania mediolittoralis Gofas,
1989; B: Bothryphallus ovummuscae (Gofis, 1990); C: Manzonia unifasciata Dautzenberg, 1889;
D: Cingula wifasciata (Adams J., 1798); E: Setia subvaricosa Gofus, 1990; F: Pisinna glabrata
(Megerle von Miiblfeld, 1824); G: Bittium latreillii (Payraudean, 1826); H: Stramonita haemastoma
(Linnaeus, 1766); 1, J: Skeneopsis planorbis (O. Fabricius, 1780; K- Melarhaphe neritoides (Lin-
naeus, 1758); L, M: Cardita calyculata (Linnaens, 1758).
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