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Abstract . The purple clam Amiantis purpurata (Lamarck) is a warm-temperate species inhabiting shallow water along the coast from Espi-
ritu Santo (Brazil) to northern Patagonia. It is one of the few survivors of the middle—late Miocene faunal turnover which was characterized
by the appearance of new taxa, most of them living now along the Argentinean coast. In order to study the biogeographic history of A.
purpurata, a detailed review of its records was carried out. The oldest record of this species is from late Miocene rocks in Uruguay, and it
appears that A. purpurata survived because its wide thermal tolerance range allowed larvae to migrate southwards from Uruguay, settling on
the southern coast of Buenos Aires Province and San Matias Gulf. The characteristics of this gulf would have favored the development and
settlement of the larvae, thus giving rise to the most abundant southern population during the Pleistocene. At the end of the Pleistocene,
A. purpurata also survived the Last Glacial Maximum. During the Holocene, the population of A. purpurata in San Matias Gulf became iso-
lated, but also represented the most abundant southern population of this species. During its brief Neogene history, Amiantis purpurata
followed main global, regional and local events; thus it can be considered as an environmental indicator for this period.
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Resumen. LA POBLACION RELICTUAL DE LA ALMEJA PURPURA AMIANTIS PURPURATA (L.) EN EL NORTE DE PATA-
GONIA (ARGENTINA): LA HISTORIA DE UN SOBREVIVIENTE DE AGUAS TEMPLADO-CALIDAS DEL NEOGENO. La al-
meja parpura Amiantis purpurata (Lamarck) es una especie de aguas templado-célidas que habita en aguas poco profundas desde Espiritu Santo
(Brasil) hasta el norte de Patagonia. Es uno de los pocos sobrevivientes del intercambio faunistico del Mioceno medio—tardio, que se carac-
terizd por la aparicién de nuevos taxa, la mayoria de ellos vivientes en la actualidad a lo largo de la costa argentina. Con el fin de reconstruir
su historia biogeografica, se llevé a cabo una revisién detallada de los registros. El registro mds antiguo de A. purpurata proviene del Mioceno
tardio en Uruguay, y sobrevivié debido a su amplia tolerancia térmica lo que habria permitido que las larvas migren desde Uruguay hacia el
sur, donde se establecieron en la costa sur de la Provincia de Buenos Aires y en el Golfo San Matifas. Ademds, las caracteristicas de este golfo
han impulsado el desarrollo y asentamiento de las larvas, lo que darfa lugar a la poblacién mds abundante situada mds al sur durante el Pleis-
toceno. Al final del Pleistoceno, A. purpurata también sobrevivié al Ultimo Miximo Glacial y, una vez en el Holoceno, la poblacién de A.
purpurata del Golfo San Matias quedd aislada, lo que representa la poblacién més abundante y austral de esta especie. A lo largo de su breve
historia geoldgica durante el Nedgeno, Amiantis purpurata acompand a los principales acontecimientos ocurridos a escala global, regional y
local; por lo tanto, esta especie puede ser considerada como un indicador ambiental para este periodo.

Palabras clave. Amiantis purpurata. Nedgeno. Patagonia. Dispersion. Paleobiogeografia.

THE purple clam Amiantis purpurata (Lamarck, 1818) is a
warm-temperate species inhabiting intertidal and shallow
subtidal soft bottoms from Espiritu Santo (Brazil) to northern
Patagonia (Scarabino, 1977; Rios, 1994). It was also recorded
as fossil in Cenozoic strata (e.g., Feruglio, 1950; del Rio and
Martinez, 1998). The isolated beds with A. purpurata in San
Matias Gulf (northern Patagonia, Argentina) exhibit high den-
sities (Morsan, 2003) and represent the southernmost popu-
lation of this species (Morsan and Kroeck, 2005).

Earth’s climate experienced continuous change during the
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Cenozoic (Zachos et al., 2001). Rapid climatic modifications
were accompanied by striking ecological shifts, extinctions and
the emergence of new species (Valentine and Jablonski, 1985;
Stanley, 1986; Jackson et al., 1996; Jackson and Johnson,
2000). The South American fossil record is evidence for these
changes, particularly in relation to mollusk species (Jablonski
et al., 2003; del Rio, 2004; Nielsen and Glodny, 2009; Kiel
and Nielsen, 2010).

In the Miocene, the sea covered a large portion of Ar-

gentina, Uruguay and Brazil. Evidence of this sea is seen in
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the abundant and diverse mollusk fauna found in marine fa-
cies of the Parand Formation, in the Puerto Madryn Forma-
tion, in subsurface strata in Buenos Aires Province, and in the
Camacho Formation (del Rio, 2000; Martinez and del Rio,
2002a). The paleobiogeographic and paleoclimatic changes
that took place during the middle —late Miocene included a
faunal turnover; many new taxa appeared in the South Atlantic
and diversity decreased when compared to that in the Paleo-
gene Sea (del Rio, 2000). Evidence of this fact is that of the
143 Miocene species recorded for the area, only 25 species
(17.5%) survive in the Recent fauna of the southwestern
Atlantic (del Rio, 20005 del Rio ez a/., 2010). Ten percent of
the Miocene genera went extinct and 44% did not survive at
higher latitudes, being currently restricted to the tropical areas
of the Americas, the Caribbean, the Indo-Pacific and south-
west Africa (del Rio, 2000). The geographic distribution re-
flects the current distribution of warm/temperate water (del
Rio, 2000). One of the survivors of this faunal turnover was
the purple clam A. purpurata (del Rio, 2000) (Fig. 1).

Glaciations and warmer interglacials produced paleoenvi-
ronmental and geomorphologic changes along littoral areas
during the Quaternary (Schellmann, 1998; Schellmann and
Radtke, 2003; Rabassa, 2008; Ponce et al., 2011). A notable
event known as the Last Glacial Maximum took place during
the Pleistocene (24000 cal. years BP; Rabassa, 2008) when
the global average temperature was 15°C below the current
average temperature and sea level was 140 m lower than
modern sea level (Clapperton, 1993; Clark and Mix, 2002).
The southwestern Atlantic underwent important changes such
as the exposure of a large portion of the Argentine Continen-
tal Shelf and the advance of ice, among others (Ponce ez /.,
2011). Most species were able to survive these drastic envi-
ronmental changes and A. purpurata was one of them (to-
gether with Glycymeris longior, Crepidula onyx, Buccinanops
globulosum, among others; Aguirre and Farinati, 1999; Charé
et al., in press). But other species —at least three from San
Matias Gulf- i.e., Chama iudicai Pastorino, 1991; Tegula atra
and Glycymeris sanmatiensis Bayer and Gordillo, 2013, became
extinct apparently during the last glaciations and were found
only in the oldest Quaternary deposits surrounding this gulf
(Pastorino 1991; Bayer and Gordillo, 2013; Gordillo e 4.,
2014; Chard ez al., in press).

The middle (and part of the early) Holocene coincided

with a warmer period known as Hypsithermal (between 6000
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and 4500 years BP), in which temperatures were slightly
higher (Fucks ez al., 2005; Schellmann and Radtke, 2010)
than during the rest of the Holocene. There were also coast-
line changes, as evidenced by the marine mollusk assem-
blages. Some warm-temperate water species such as Mactra
mactroides and G. longior showed southward latitudinal
changes during the Holocene when compared to their current
distributions in Rio Negro (M. mactroides) and Chubut (G.
longior) (Boretto et al., 2013; Charé et al., in press).

The aim of this study is to reconstruct the paleobiogeog-
raphy of Amiantis purpurara analyzing its fossil and living dis-
tribution in relation to climatic and environmental changes
that took place during the Neogene in order to understand
which were the strategies adopted by this species to address

these changes.

Autoecology of A. purpurata

Amiantis purpurata is an infaunal suspension-feeder liv-
ing buried in fine sandy or silty-sandy bottoms. A warm-tem-
perate species, it inhabits the intertidal zone down to a depth
of 15 m (Morsan, 2007). It currently ranges from Espiritu
Santo (Brazil) to the northern area of San Matfas Gulf (Ar-
gentina) (Carcelles, 1944; Castellanos, 1967; Scarabino, 1977;
Morsan and Kroeck, 2005). Its southernmost recorded living
population is along Villarino Beach (San Antonio Este, San
Matias Gulf), where the population occurs in high densities
reaching 10 kg/m? at some sites (Morsan, 2003). This purple
clam is a gonochoric species spawning during the summer,
with external fecundation and planktonic larvae. Specimens
from the San Matfas Gulf are slow-growing and reportedly
live for over 40 years (Morsan, 2003; Morsan and Kroeck,
2005).

Marine mollusks and water masses in the southwest
Atlantic during the Neogene

The warm-water Brazil Current reached high latitudes
during the late Miocene (Boltovskoy, 1979), fostering an
association of mollusks representing the last tropical fauna at
these latitudes. This fauna has been recorded in the Camacho
Formation in Uruguay and the Parand and Puerto Madryn
formations in Argentina. It was used to identify, in part, two
distinct malacological provinces, i.e., Valdesiana and Para-
niana, characterized also by thermal differences (Martinez and

del Rio, 2002a). The sea temperature in these bioprovinces
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Figure 1. Specimens of Amiantis purpurata from different geological time and space. 1, Miocene from San Pedro (FCDPI 2191, Uruguay); 2, Pleis-
tocene from Bahia San Antonio (CEGH-UNC 25198, Argentina); 3, Holocene from La Coronilla (FCDPI 4711, Uruguay); 4, Modern from Rio de Janeiro
(GNS-WM 10, Brazil). Scale bar= 1cm.

was warmer than in the modern southwestern Atlantic at the
same latitude (Martinez and del Rio, 2002a). After the late
Miocene the “Caribbean” association became extinct or
moved northwards (Martinez and del Rio, 2002a), following
paleoceanographic changes taking place during the Miocene
that set the pattern that remains almost unchanged until today
(Crame, 1999; Martinez and del Rio, 2002b; Livermore et
al., 2005; Lagabrielle ez al., 2009). These paleoceanographic
changes resulted in the arrival of cold water masses deriving
from the intensified Antarctic Circumpolar Current (15-6
Ma) (Crame, 1999; Lagabrielle ez a/., 2009), a part of which

branched off to the Atlantic Ocean as the Malvinas Current

(Shackleton and Kennett, 1975; Kennett, 1977; Boltovskoy,
1979). The Quaternary and current configuration of the
southwestern Atlantic is therefore defined by two main
currents: the Brazil Current, which is characterized by warm
subtropical , high-salinity water, and the Malvinas Current,
which is characterized by cold subantarctic, low-salinity water
(Boltovskoy, 1979). The Malvinas Current is a determinant
factor in the hydrology of the Argentine Sea because as a
mass of subantarctic cold water invading the Argentinean
shelf, it triggered a northwards shift of bioprovince bound-
aries (Boltovskoy, 1979; Isla and Lasta, 2006). The northern

limit of the Malvinas Current is the Brazil Current. Thus, two
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bioprovinces and a transitional area are recognized today:
the Brazilian Province, which is clearly linked to the Brazil
Current; the Magellanic Province, linked to the Malvinas
Current; and the Argentinean Provincetone, which lies at the
convergence area of the Brazil and the Malvinas currents
(Martinez and del Rio, 2002a). The onset of the cold Mal-
vinas Current thus led to a faunal extinction and the disinte-
gration of the Valdesian and Paranian bioprovinces. All the
Miocene “Caribbean” elements that dominated the assem-
blage became extinct in the Patagonian region and/ or moved
northwards by the end of the Miocene (del Rio, 1990; Mar-
tinez and del Rio, 2002b).

MATERIALS AND METHODS

Material from several museum collections and collections
assembled by ourselves was analyzed in detail (Fig. 1): FCDPI
3831, FCDPI 4711, Uruguay; CEGH-UNC 25198, CEGH-
UNC 25199, Argentina; GNS-WM 10, Brazil. Collections
and institutions housing the specimens include: FCDPI,
Coleccién Paleontolégica de la Facultad de Ciencias, Monte-
video, Uruguay; CEGH-UNC, Citedra de Estratigrafia y
Geologfa Histdrica de la Universidad Nacional de Cérdoba,
Cérdoba, Argentina (material collected and inventoried by
the authors); GNS-WM, Institute of Geological and Nuclear
Sciences, Lower Hutt, New Zealand (World Molluscan

Collection, non-New Zealand Mollusca).

RESULTS

Dispersion clues for A. purpurata in the western Atlantic of
South America

Miocene. The earliest findings of A. purpurata were in the
late Miocene of the Camacho Formation along the coast of
Uruguay (Figueiras and Broggi, 1973; del Rio and Martinez,
1998;; Martinez and del Rio, 2005) (Fig. 2).

Pliocene. Undoubtedly Pliocene marine deposits are not
known in northern Patagonia (Gelds ez al., 1992; Martinez
and del Rio, 2002a). However, Pliocene sediments were re-
ported in some areas surrounding San Matfas Gulf, within the
so-called Rio Negro Formation (Andreis, 1965). These facies
contain marine mollusks, most of them oysters and pectinids
(Rossi de Garcia and Levy, 1984; Farinati ez al., 2010), but
A. purpurata has not been recorded. A different species of
Amiantis —A. laziarina Thering, 1907— is the only Pliocene

record of the genus and was collected in Santa Cruz, Argentina
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(Thering, 1907; Parodiz, 1996). Del Rio (1994) mentioned
this species as Pitar laziarina from the Miocene Puerto

Madryn Formation in Chubut Province, Argentina.

The Quaternary records of A. purpurata

The record of A. purpurata spans the entire Quaternary to
Recent along the Argentinean and Brazilian coasts (da Silva
Forti, 1969; Weiler, 1993; Clavijo et al., 2005). Feruglio
(1950) mentioned A. purpurata, among other species, in his
pioneering work on Quaternary mollusks from Argentinean
Patagonia.
Pleistocene. In the early the Quaternary, A. purpurata appears
in the Las Escobas Formation in Bahia Blanca in Buenos Aires
Province, in the Baliza San Matfas Formation in Rio Negro
Province (Weiler, 1993), in beach-ridges at Puerto Lobos in
Chubut Province (Boretto et /., 2013) and in the Continen-
tal Shelf off the Argentine coast (Richards and Craig, 1963),
as well as in Uruguay (Clavijo ez al., 2005) and in Rio Grande
do Sul, Brazil (Lopes and Buchmann, 2008) (Fig. 2).
Holocene. Holocene records of A. purpurata are known from
the state of Parand in Brazil and along the coast of Uruguay
(Ihering, 1907; Figueiras, 1961, 1962; Clavijo ez al., 2005;
Martinez ez al., 2006; Angulo ez al., 2008; Lopes and Buch-
mann, 2008). Accumulations of shells of this clam were found
in Buenos Aires Province, from the estuary of Bahia Blanca
to the Mar Chiquita area, including the Quequén Salado
(Fasano et al.,1982; Schnack et «/.,1982; Farinati, 1984;
Aliotta and Farinati, 1990; Farinati and Zavala, 1995; Gutie-
rrez and Iribarne, 1999; Gutierrez and Valero, 2001).

Amiantis purpurata was recorded by Feruglio (1950) in
Holocene sediments of Patagonia; he reported this species in
terraces at San Antonio Oeste and Puerto Lobos. Boretto er
al. (2013) also found this species at the latter locality. Pas-
torino (1989; 2000) reported A. purpurata at the two men-
tioned localities and also at Puerto Madryn. However, the
material from Puerto Madryn locality (the southernmost
record of A. purpurata) has been lost (G. Pastorino, pers.

comm. to SB) and therefore could not be studied (Fig. 2).

Current distribution of A. purpurata

The geographic distribution of A. purpurata currently
reaches from Espiritu Santo (Brazil) to northern San Matfas
Gulf (Argentina) (Scarabino, 1977; Denadai ez 4/., 2006; Pintor
de Arruda and Rizzo, 2006; Penchaszadeh ez 4/., 2010) (Fig. 2).
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Figure 2. Records of Amiantis purpurata along the east coast of South America through geological time. 1, Miocene records; 2, Pleistocene records;
3, Holocene records; 4, Modern records. Maps based on PALEOMAP Project by Scotese (2003). References listed below.

These coasts are characterized by long sandy beaches (be-
tween Torres, Rio Grande do Sul, in Brazil and La Coronilla,
in Uruguay), and then further south for 620 km between
Cabo San Antonio and Bahia Blanca, Buenos Aires, Ar-
gentina. This last stretch is only interrupted by a few rocky
points and consolidated Pleistocene sediment shoals between
Mar Chiquita and Necochea (Escofet ez 4/.,1980). Along the
coast of Buenos Aires Province, substrates are largely fine
sandy sediments along Bahfa Samborombdn, with a few areas
of hard substrates (Mar del Plata; from Mar del Plata to Bahia
Blanca the coast consists of low cliffs and a narrow beach; from
south of Bahia Blanca to the Colorado River mouth, beaches

are extremely wide. The substrates of San Matias Gulf coast

consist of fine-grained sediment (Bastida ez a/., 1992; Roux er
al., 1995; Parker ez al., 1997; Morsan, 2003; Schwartz, 2005)
(Fig. 2).

As mentioned above, Amiantis purpurata was recorded in
Brazil, in Buenos Aires Province and in San Matfas Gulf.
Based on Pastorino (1989; 2000), it seems that during the
Holocene this species expanded its distribution southwards to
the southern part of Peninsula Valdés (Golfo Nuevo). Subse-
quently, there were no records in Peninsula Valdés by the end
of the Hypsithermal, thus evidencing a northwards shift of
their southernmost range; the San Matfas Gupopulation is

therefore the most southernmost extant population.
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DISCUSSION
The reasons behind the isolation of A. purpurata in San
Matias Gulf

The southernmost population of A. purpurata is confined
to the northwestern sector of San Matias Gulf, forming a
densely packed bed at Villarino Beach (Morsan and Kroeck,
2005). This population seems to be a closed, self-sustaining
unit, which has low or null larval connection to other popu-
lations and depends on very sporadic pulses of recruitment
(Morsan and Kroeck, 2005). The isolation of the population
seems to be linked to a set of hydrological, geomorphological
and climatic conditions (restricted water circulation, high air
temperature during the summer, high rates of evaporation,
low slope of the beach and high tidal amplitude; Piola and
Scasso, 1988; Morsan and Kroeck, 2005) that may retain lar-
val patches (Morsan, 2000). This area is isolated because
water circulation there behaves as a clockwise coastal eddy pre-
dominantly influenced by tidal currents, with limited inter-
action with the general circulation in the gulf (Lanfredi and
Pousa, 1988; Tonini and Palma, 2011), thus generating a stag-
nant zone (Palma ez «/, 2008; Tonini and Palma, 2011).
Moreover, the mean sea surface temperature is high since it is
less exposed to the effects of the cold Malvinas Current (Rivas,
2010), and heat transferred from the atmosphere is more
efficiently used by shelf water to increase their sea surface tem-
perature (Rivas and Pisoni, 2010). This combination is con-
venient for the success of the reproductive process and the

survival of critical life stages (Morsan, 2000).

One of the few survivors: suitable settlement sites, thermal
tolerance and eddies

Amiantis purpurata lives in warmer waters at the conver-
gence of the Brazil and Malvinas currents (35°-40°S and
50°-60°W) (Francisco and Silveira, 2004). This clam was one
of the surviving species from the late Miocene faunal turnover
(del Rio, 2000). Prior to the opening of Drake Passage the
surface water temperature of the Southern Ocean was warm in
high- to mid-latitudes of the Southern Hemisphere (Zachos ez
al., 2001). The oldest sea-bed in Drake Passage dates from
34-30 Ma (Livermore ez al., 2005), and its widening dates
from 32.8-29.5 Ma (Pfuhl and McCave, 2005). This led to
the formation of a cold water proto Antarctic Circumpolar
Current (Livermore et al., 2005; Lagabrielle ez al., 2009). At

the onset of this current, a branch headed toward the Atlantic
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Ocean and produced the so-called Malvinas Current, along
with colder water (Shackleton and Kennett, 1975; Kennett,
1977; Boltovskoy, 1979; Isla and Lasta, 2006). After the late
Miocene, a large percentage of taxa became extinct (del Rio,
2000, 2008).

A few species from the Paranian bioprovince, such as A.
purpurata, could survive (del Rio and Martinez, 1998; del Rio,
2000; Martinez and del Rio, 2005) and were recorded in Ar-
gentinean and Uruguayan Holocene deposits and modern
beaches: Adrana electa, Mactra isabelleana, Raeta plicatella,
Diplodonta vilardeboena, Téllina gibber and Cyrtopleura lanceo-
lata. Their geographic distribution from Espirito Santo to the
San Matfas Gulf (Aguirre, 1990; Gordillo, 1998; Absalio ez
al., 1999; Scarabino ez al., 2006; Signorelli and Pastorino,
2012) is similar tothat of A. purpurata. These appear to have
survived the faunal turnover because they were probably
tolerant to wider temperature ranges than the rest of the
“Caribbean elements”.

As many authors have proposed, planktonic larvae are
transported over long distances by water circulation and
swimming abilities (Mileikovsky, 1968; Scheltema, 1971,
1989; Roughgarden ez «/.,1988; Possingham and Roughgar-
den, 1990; Gaines and Bertness, 1992; Cowen ¢t al., 2000;
Largier, 2003). There are processes and factors that influence
their dispersal and settlement behavior, as well as the distri-
bution of suitable settlement sites and refuge availability
(Largier, 2003). Moreover, there are retention zones along
coastlines that may have an impact on the transport and re-
cruitment success of larvae (Largier, 2004; Levin, 2005).

The convergence zone between the Brazil Current and
the Malvinas Current is a dynamic region with the presence of
eddies and filaments that constitute an important biogeo-
graphic boundary between assemblages of subtropical and
sub-Antarctic origin (Gordon, 1989; Gayoso and Podestd,
1996; Bogazzi et al., 2005; Souza, 2005).

Based on the literature reviewed in this study and the
presence of a planktonic larval stage, we propose that in the
area where the waters of the Brazil and the Malvinas currents
mix A. purpurata larvae could have migrated southwards from
Uruguay and/ or northern Buenos Aires Province, settling in
the southern coast of the Buenos Aires Province and San
Matias Gulf. The characteristics of the gulf, such as high
summer temperatures, poor water circulation and the pre-

dominance of tidal currents, would have favored the de-
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velopment and settlement of larvae (Lanfredi and Pousa,
1988; Piola and Scasso, 1988; Tonini ez al., 2007), thus giving
rise to the most abundant southern population during the
Pleistocene.

During the Last Glacial Maximum (24000 cal. years BP;
Rabassa, 2008) the southwestern Atlantic coast would have
experienced significant changes, as commented above. One of
the main scenarios that explains how species could survive
glaciations was retreatment to shelf slope and deep-sea habi-
tats (Frasier ez al., 2012). A strategy of individualistic response
of species to climate changes was probably employed by A.
purpurata and other marine taxa which survived the last gla-
ciations. Examples of this kind of strategy were previously
pointed out by other authors (e.g., Stewart, 2008; Stewart ez
al., 2010). The survival of species to climate change depends
on their adaptations and environmental tolerance (Stewart
et al., 2010), such as changing their geographical distribu-
tion, developing phenotypic plasticity and/ or pre-existing
physical conditions required for these species (Lister, 1996).
Some populations are likely to have responded differently to
the same environmental change, even within the same species.
These refuge populations are viable and can subsequently ex-
pand when optimal conditions return (Stewart, 2008). There
are also other taxa in continental Patagonia that survived the
Last Glacial Maximum (Vianna et al., 2010; Zemlak et al.,
2010). Records of A. purpurata in the Continental Shelf of
Argentina (Richards and Craig, 1963) match the inferred
coastline for the Last Glacial Maximum (Rostami e «/., 2000;
Ponce ez al., 2011), suggesting that this species survived by
tracking its preferred environments during climatic changes.

The San Matias, San José and Nuevo gulfs are sensitive to
environmental changes because they would have been affected
by climate variations and sea level changes in the Pleistocene
and Holocene (Mouzo, 2005; Bernasconi and Cusminsky,
2009; Ponce et al., 2011; Isla, in press). In fact, these gulfs have
the same origin at the end of the late Pleistocene (Ponce ez 4l.,
2011). Particularly, the formation of the San Matias Gulf
would have favored variations in substrate type, water circu-
lation, productivity, among others (Ponce ez al., 2011; Bayer
et al., 2013a,b). These new environmental characteristics
brought about by the final configuration of San Matias Gulf
did not disturb or were not disadvantageous for A. purpurata
and did not affect its survival.

According to Pastorino (1989; 2000), there is one record

of A. purpurata from the Holocene of southern Peninsula
Valdés (Nuevo Gulf), south of its modern southern limit of
distribution. Although this record was not verified in this
study, this expansion to the south would have been associated
to the Hypsithermal interval (between 6000 and 4500 years
BP) (Holocene Thermal Maximum), in which sea-surface
temperatures were slightly higher than modern ones, and
salinity was lower in the coastal area of Buenos Aires and
Patagonia (Gonzélez ez al., 1983; Aguirre, 1993; Aguirre and
Whatley, 1995; Fucks et al., 2005; Schnack et al., 2005).
These conditions caused an increase in precipitation that
occurred in the vicinity of the Nuevo Gulf, and a rise in sea
level caused by weather improvement. In turn, geomor-
phology and oceanological characteristics caused San José
Gulf to function as an ecosystem subordinate to San Matias
Gulf (Escofet ez al., 1980). In this scenario, A. purpurata lar-
vae migrated from San Matias Gulf to Nuevo Gulf (southern
Peninsula Valdés), expanding its area of distribution cz. 100
km. At the end of the Hypsithermal, A. purpurata retracted
its range due to a drop in temperature, leaving the relictual
San Matias Gulf population isolated.

Another southward expansion of A. purpurata is recorded
in the late Holocene, probably in response to environmental
conditions. This species was found by Boretto ez al. (2013) in
the youngest beach ridge of Puerto Lobos in Chubut Pro-
vince, the southern boundary of the Argentinean Province-
tone. The authors concluded that these records correspond to
a warmer period than nowadays and would be associated
with the last Holocene marine transgression, before the Maun-
der Minimum of the Little Ice Age.

In conclusion, larvae can be transported by their swim-
ming ability and by water circulation such as eddies (Milei-
kovsky, 1968; Scheltema, 1971, 1989; Roughgarden ez al.,
1988; Possingham and Roughgarden, 1990; Gaines and
Bertness, 1992; Cowen ez al., 2000; Lagier, 2003). At the con-
vergence of the Brazil and Malvinas currents, a dynamic area
with the influence of eddies (Gordon, 1989; Gayoso and
Podestd, 1996; Bogazzi ez al., 2005; Souza, 2005), A. purpu-
rata larvae could be transported from Uruguay to the coasts of
Buenos Aires Province and San Matias Gulf. These larvae
need to settle in an appropriate environment, and the coast-
line from Uruguay to the San Matias Gulf seems to have been
a suitable place, as evidenced by the fossil record. The latter lo-

cation shows dispersal isolation because of its restricted water
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circulation, high sea surface temperature, low slope of the
beach and high tidal amplitude, factors that may retain larval
patches (Piola and Scasso, 1988; Morsan, 2000; Morsan and
Kroeck, 2005). The characteristics of San Matfas Gulf
favor the development of the species, resulting in the isolated,
southernmost population of A. purpurata, which would be a
relict through time. Amiantis purpurata could therefore be
considered an environmental proxy of warm to temperate, low
energy coastal environments of fine-grained substrate, based
on the characteristics of the locations where this species lives.

This species exhibits enough plasticity to adapt and/ or to
survive global (e.g., the Last Glacial Maximum, the Hyp-
sithermal and the Little Ice Age), regional (e.g., the Miocene
faunal turnover) and local (final configuration of San Matias

Gulf) events that took place during the Neogene.

FINAL REMARKS

The survival of Amiantis purpurata to the middle—late
Miocene faunal turnover is here attributed to an individualis-
tic response caused by its wide thermal tolerance to warm-
temperate waters, coupled with the persistence of soft
substrates.

In this mixing area, larvae of A. purpurata migrated south-
wards from Uruguay and Buenos Aires Province, settling in
the southern coast of Buenos Aires Province and San Matfas
Gulf. The characteristics of this gulf would have favored the
development and settlement of the larvae, giving rise to the
southern and most abundant population during the Pleis-
tocene. At the end of the Pleistocene, A. purpurata also sur-
vived the Last Glacial Maximum. During the Holocene, A.
purpurata apparently extended its area of distribution from
San Matias Gulf to southern Peninsula Valdés, probably asso-
ciated to the Hypsithermal, but at the end of this event water
temperature dropped and the San Matias Gulf population
became isolated. Today, this relictual record from San Matias
Gulf is the southernmost population of A. purpurata.

Amiantis purpurata is a useful proxy to environmental
changes recorded at global (the Last Glacial Maximum, the
Hypsithermal and the Little Ice Age), regional (the Miocene
faunal turnover) and local (final configuration of the San

Matias Gulf) scale through its biogeographic history.

ACKNOWLEDGEMENTS
We would like to thank A. Beu (Institute of Geological and Nuclear Sciences),
C. del Rio (Museo de Ciencias Naturales Bernardino Rivadavia) and A. Rojas

340

(Universidad de Montevideo) for facilitating the studied material from
collections. S.B. also thanks D. Balseiro (CONICET-CICTERRA), E. Sferco
(CONICET-CICTERRA) and S. Nielsen (Universidad Austral de Chile) for
valuable comments and suggestions. This work was part of the Doctoral

Thesis of S.B.

REFERENCES

Absalao, R.S., Pimenta, A.D., Gomes, R.S. and Cecchetti, E 1999. Associa-
coes malacoldgicas dos substratos inconsolidados na 4rea de protegio am-
biental do arquipélago de Santana, Macaé, Rio de Janeiro. In: S.H.G.
Silva and H.P. Lavrado (Eds.), Ecologia dos ambientes costeiros do estado do
Rio de Janeiro. Serie Oecologfa Brasiliensis, Rio de Janeiro, p. 273-289.

Aguirre, M. 1990. Asociaciones de moluscos benténicos marinos de Cuater-
nario tardio en el noreste bonaerense. Ameghiniana 27: 161-177.

Aguirre, M.L. 1993. Palacobiogeography of the Holocene molluscan fauna
from northeastern Buenos Aires Province, Argentina: its relation to
coastal evolution and sea level changes. Palacogeography, Palacoclima-
tology, Palaeoecology 102: 1-26.

Aguirre, M.L. and Whatley, R.C. 1995. Late Quaternary marginal marine
deposits from north-eastern Buenos Aires Province, Argentina: A review.
Quaternary Science Reviews 14: 223-254.

Aguirre, M.L. and Farinat, E.A. 1999. Paleobiogeograffa de las faunas de mo-
luscos marinos del Neogeno y Cuaternario del Atldntico Sudoccidental.
Revista de la Sociedad Geoldgica de Esparia 12: 93-112.

Aliotta, S. and Farinati, E. 1990. Stratigraphy of Holocene sand-shell ridges
in the Bahia Blanca Estuary, Argentina. Marine geology and oceanography
of Arabian Sea and Coastal Pakistan 94: 353-360.

Amaral, A.C.Z., Morgado do Amaral, E.H., Pereira Leite, EP. and Gianuca,
N.M. 1999. Diagnostico sobre praias arenosas. ANP - Agéncia Nacional
de Petréleo e Gés Natural. World Wide Web: http://www.anp.gov.br/
brnd/round5/round5/guias/sismica/refere/Praias%20arenosas. pdf

Andreis, R. 1965. Petrografia y paleocorrientes de la Formacién Rio Negro.
Revista del Museo La Plata, Geologia 5: 245-310.

Angulo, R., Fidalgo, F.,, Gomez Peral, M. and Schnack, E. 1978. Las ingre-
siones marinas Cuaternarias en la Bahfa de San Antonio y sus vecinda-
des, Prov. de Rio Negro. 72 Congreso Geoldgico Argentino (Neuquén), Actas
1: 271-283.

Angulo, R.]., de Souza, M.C., Assine, M.L., Ruiz Pessenda, L.C. and Trevi-
san Disar6, S. 2008. Chronostratigraphy and radiocarbon age inversion
in the Holocene regressive barrier of Parand, southern Brazil. Marine
Geology 252: 111-119.

Arrighetti, E, Livore, J.P. and Penchaszadeh, PE. 2005. Siphon nipping of
the bivalve Amiantis purpurata by the electric ray Discopyge tschudii in
Mar del Plata, Argentina. Journal of the Marine Biological Association
of the United Kingdom 85: 1151-1154.

Bastida, R., Roux, A. and Martinez, E. 1992. Benthic comminities of the Ar-
gentine continental shelf. Oceanologia Acta 15: 687-698.

Bayer, M.S. and Gordillo, S. 2013. A new Pleistocene species of Glycymeris
(Bivalvia, Glycymerididae) from northern Patagonia, Argentina.
Ameghiniana 50: 265-268.

Bayer, M.S., Brey, T., Beierlein, L. and Gordillo, S. 2013a. Late Quaternary
climatic variability in northern Patagonia Argentina — information from
modern and fossil shells of Amiantis purpurata (Bivalvia, Veneridae).
3" International Sclerochronology Conference (Caernarfon), Programme
and Abstracts book, p. 85.

Bayer, S., Moran, A.G. and Gordillo S. 2013b. Variabilidad morfométrica de
Amiantis purpurata del Golfo San Matias durante el Cuaternario tardio.
1 Congreso Argentino de Malacologia (La Plata), Resiimenes, p. 157.

Bernasconi, E. and Cusminsky, G. 2009. Paleoecological study of the
foraminifera from Holocene cores of Golfo Nuevo (Patagonia, Ar-
gentina). Geobios 42: 435-450.

Bogazzi, E., Baldoni, A., Rivas, A., Martos, P, Reta, R., Orensanz, ].M., Lasta,
M., Dell’Arciprete P. and Werner, E. 2005. Spatial correspondence be-
tween areas of concentration of Patagonian scallop (Zygochlamys pata-
gonica) and frontal systems in the southwestern Atlantic. Fisheries
Oceanography 14: 359-376.

Boltovskoy, E. 1979. Paleoceanografia del Atlintico Sudoccidental desde el



BAYER E74L.: BBOGEOGRAPHY OF THE NEOGENE SURVIVOR AMIANTIS PURPURATA

Mioceno, segtin estudios foraminiferolégicos. Ameghiniana 16: 357-389.

Boretto, G.M., Gordillo, S., Cioccale, M., Colombo, F. and Fucks, E. 2013.
Multi-proxy evidence of Late Quaternary environmental changes in the
coastal area of Puerto Lobos (northern Patagonia, Argentina). Quater-
nary International 305: 188-205.

Bremec, C. and Lasta, M. 1998. Mapeo sinéptico del macrobentos asociado
a la dieta de la corvina rubia (Micropogonias furnieri) en el area de El
Rincén. INIDEP Informe Técnico 21: 117-132.

Carcelles, A. 1944. Catdlogo de los moluscos marinos de Puerto Quequén.
Revista del Museo de La Plata 3: 233-309.

Castellanos, Z.A. 1967. Catdlogo de moluscos marinos bonaerenses. Ana-
les de la Comision de Investigaciones Cientificas de la provincia de Buenos
Aires 8: 1-365.

Charé, M.P, Gordillo, S., Fucks, E.E. and Giaconi, L.M. I press. Late Qua-
ternary molluscs from the northern San Matfas Gulf (Northern
Patagonia, Argentina), southwestern Atlantic: Faunistic changes and pa-
leoenvironmental interpretation. Quaternary International. http://dx.doi.org/
10.1016/j.quaint.2013.12.044

Clapperton, C. 1993. Nature and environmental changes in South America
at the Last Glacial Maximum. Palaeogeography, Palacoclimatology, Palaco-
ecology 101: 189-208.

Clark, PU. and Mix, A.C. 2002. Ice sheets and sea level of the Last Glacial
Maximum. Quaternary Science Reviews 21: 1-7.

Clavijo, C., Scarabino, E, Rojas, A. and Martinez, S. 2005. Lista sistemdtica
de los moluscos marinos y estuarinos del Cuaternario de Uruguay. Co-
municaciones de la Sociedad Malacoldgica del Uruguay 9: 381-411.

Cledén, M. 2004. [Reproductive biology and ecology of Adelomelon brasiliana
(Mollusca: Gastropoda) off Buenos Aires, Argentina. Doctoral Thesis, Uni-
versitit Bremen, Bremen, 105 p.Published online: http://elib.suub.uni-
bremen.de/publications/dissertations/E-Diss1096_Cledon_2004.pdf].

Cowen, R.K., Lwiza, KM.M., Sponaugle, S., Paris, C.B. and Olson, D.B.
2000. Connectivity of marine populations: open or closed? Science 287:
857-859.

Crame, J.A. 1999. An evolutionary perspective on marine faunal connections
between southernmost South America and Antarctica. Scientia Marina
63: 1-14.

Cremonte, E, Kroeck, M.A. and Martorelli, S.R. 2001. A new monorchiid
cercaria (Digenea) parasiting the purple clam Amiantis purpurata (Bi-
valvia: Veneridae) in the Southwest Atlantic Ocean, with notes on its
gonadal effect. Folia parasitologica 48: 317-223.

da Silva Forti, I.R. 1969. Cenozoic Mollusks from the drillholes Cassino and
Palmares do Sul of the Coastal Plain of Rio Grande do Sul. lheringia
Geologia 2: 55-155.

del Rio, C.J. 1990. Composicién, origen y significado paleoclimdtico de la
malacofauna “Entrerriense” (Mioceno Medio) de la Argentina. Anales de
la Academia Nacional de Ciencias Exactas, Fisicas y Naturales, Buenos Aires
7: 11-93.

del Rio, C.J. 1994. Middle Miocene Bivalves of the Puerto Madryn Forma-
tion (Valdés Peninsule, Chubut Province, Argentina). Through Lucini-
dae to Pholadidae. Part 2. Palacontographica Abteilung A 231: 93-132.

del Rio, C.J. 2000. Malacofauna de las Formaciones Parand y Puerto Madryn
(Mioceno marino, Argentina): su origen, composicién y significado
bioestratigréfico. Serie Correlacion Geolégica (INSUGEO) 14: 77-101.

del Rio, C.J. 2004. Tertiary Marine Molluscan Assemblages of Eastern Pa-
tagonia (Argentina): a Biostratigraphic Analysis. Journal of Paleontology
78:1097-1122.

del Rio, C.J. 2008. Guia de campo. El Mioceno de Peninsula Valdés (Argen-
tina). 4" Congress of the Regional Committee on Atlantic Neogene
Stratigraphy (Buenos Aires). Universidad de Salamanca, Salamanca, 15 p.

del Rio, C.J. and Martinez, S. 1998. El Mioceno marino en la Argentina y en
el Uruguay. In: C.J. del Rio (Ed.), Moluscos marinos de la Argentina y
del Uruguay. Anales de la Academia Nacional de Ciencias Exactas, Fisicas
y Naturales, Monografias 15: 6-25.

del Rio, C.J., Martinez, S. and Orensanz, ].M. 2010. Tertiary roots in the
Recent molluscan faunas of the Southwestern Atlantic Ocean. 3% Inter-
national Paleontological Congress (London), Programme and Abstracts, p. 140.

Denadai, M.R., Arruda, E.P, Domaneschi, O. and Amaral, A.C.Z. 2006.
Veneridae (Mollusca, Bivalvia) da costa norte do Estado de Sio Paulo,

Brasil. Biota Neotropica 6: 1-34.

Elias, R., Bremec, C. and Vallarino, E. 2001. Polychaetes from a south-
western shallow shelf Atlantic area (Argentina 38°S) affected by sewage
discharge. Revista Chilena de Historia Natural 74: 523-531.

Escofet, A., Gianuca, N., Maytia, S. and Scarabino, V. 1980. Playas arenosas
del Addntico Sudoccidental entre los 29° y 43° LS: consideraciones ge-
nerales y esquema biocenoldgico. Seminario Latinoamericano de Ecologia
Benténica y Sedimentologia de la Plataforma Continental del Atldntico Sur,
UNESCO (Montevideo), Memorias, p. 245-258.

Farinati, E. 1984. Dataciones radiocarbénicas en depésitos holocenos de los
alrededores de Bahfa Blanca, Provincia de Buenos Aires. Simposio Inter-
nacional sobre cambios del nivel del mar y evolucién costera en el Cuaterna-
rio tardio (Mar del Plata), Actas, p. 27-31.

Farinati, E.A. and Zavala, C. 1995. Anilisis tafonémico de moluscos y ani-
lisis de facies en la serie Holocena del Rio Quequén Salado, provincia de
Buenos Aires, Argentina. 6” Congreso Argentino de Paleontologia y Bioes-
tratigrafia (Trelew), Actas, p. 117-122.

Farinati, E.A., Ferndndez, A.L., Higuera-Ruiz, R., Ibisate, R. and Elorza, J.
2010. Respuesta morfoldgica y microestructural por estrés en Crassostrea
patagonica (D’Orbigny) de la Formacién Rio Negro (Mio—Plioceno), Pa-
tagonia, Argentina. Revista de la Sociedad Geoldgica de Esparna 23: 9-22.

Fasano, J., Herndndez, M., Isla, E and Schnack, E. 1982. Aspectos evoluti-
vos y ambientales de la laguna Mar Chiquita (Provincia de Buenos Aires).
Oceanoldgica Acta Special Number: 285-292.

Feruglio, E. 1950. Descripcion geoldgica de la Patagonia. Direccién General de
Yacimientos Petroliferos Fiscales, Buenos Aires, 437 p.

Figueiras, A. 1961. Contribucién al conocimiento de la malacofauna holocena
del Uruguay. Comunicaciones de la Sociedad Malacoldgica de Uruguay 1:
15-21.

Figueiras, A. 1962. Sobre nuevos hallazgos de moluscos subfésiles de la Trans-
gresion Querandina. Comunicaciones de la Sociedad Malacoldgica de Uru-
guay 1: 53-68.

Figueiras, A. and Broggi, L. 1973. Estado actual de nuestros conocimientos
sobre los moluscos f6siles del Uruguay, 111. Comunicaciones Sociedad Ma-
lacolégica del Uruguay 3: 203-240.

Francisco, C.PE and Silveira, I.C.A. da. 2004. Estudo te6rico da dindmica da
confluéncia Brasil-Malvinas. Revista Brasileira de Geofisica 22: 163—180.

Frasier, C.I., Nikula, R., Ruzzante, D.E. and Waters, J.M. 2012. Poleward
bound: biological impacts of Southern Hemisphere glaciation. Zrends in
Ecology and Evolution 27: 462-471.

Fucks, E., Aguirre, M.L. and Deschamps, C.M. 2005. Late Quaternary con-
tinental and marine sediments of northeastern Buenos Aires province
(Argentina): fossil continent and paleoenvironmental interpretation.
Journal of South American Earth Sciences 20: 45-56.

Gaines, S.D. and Bertness, M.D. 1992. Dispersal of juveniles and variable
recruitment in sessile marine species. Nazure 360: 579-580.

Gayoso, A.M. and Podestd, G.P. 1996. Surface hydrography and phyto-
plankton of the Brazil-Malvinas currents confluence. Journal of Plankton
Research 18: 941-951.

Gelés, E.M., Schillizzi, R.A. and Spagnuolo, J.O. 1992. El Cenozoico de la
costa norte del Golfo San Matias, Rio Negro. Revista de la Asociacién
Geoldgica Argentina 47: 135-140.

Gonzalez, M.A., Panarello, H.O., Marino, H. and Valencio, S.A. 1983. Ni-
veles marinos del Holoceno en el estuario de Bahfa Blanca (Argentina).
Isétopos estables y microfésiles calcdreos como indicadores paleoam-
bientales. Simposio Oscilaciones del nivel del mar durante el iltimo hemi-
ciclo deglacial en la Argentina (Mar del Plata), Actas, p. 48-67.

Gordillo, S. 1998. Distribucion biogeografica de los moluscos Holocenos del
litoral Argentino-Uruguayo. Ameghiniana 35: 163—180.

Gordillo, S., Bayer, M.S., Boretto, G. and Charé, M. 2014. Mollusk shells as
bio- geo-archives. Evaluating environmental changes during the Quaternary.
SpringerBriefs in Earth System Sciences, London, 89 p.

Gordon, A.L. 1989. Brazil-Malvinas Confluence~1984. Deep-Sea Research
36: 359-384.

Gutierrez, J. and Iribarne, O. 1999. Role of Holocene beds of the stout razor
clam Zagelus plebeius in structuring present benthic communities. Marine
Ecology Progress Series 185: 213-228.

Gutierrez, J. and Valero, J. 2001. La almeja navaja Tagelus plebeius y su par-

341



AMEGHINIANA - 2014 - Tomo 51 (4): 333 - 343

ticipacién en mecanismos ecolégicos de comunidades intermareales me-
diante la produccién de valvas. In: O. Iribarne (Ed.), Reserva de la Bids-
Jfera Mar Chiquita: caracteristicas fisicas, bioldgicas y ecoldgicas. Editorial
Martin, Mar del Plata, 320 p.

Thering, H. von. 1907. Les mollusques fossiles du Tertiaire et du Crétacé
Supérieur de 'Argentine. Anales del Museo Nacional de Buenos Aires 14:
1-611.

Isla, EI. Iz press. The flooding of the San Matias Gulf: The Northern Pata-
gonia sea-level curve. Geomorphology. http://dx.doi.org/10.1016/j.geo-
morph.2013.02.013

Isla, EI. 2004. Geologfa del sudeste de Buenos Aires. In: E.E. Boschi and
M.B. Cousseau (Eds), La vida entre mareas: vegetales y animales de las cos-
tas de Mar del Plata, Argentina. INIDEP, Mar del Plata, 383 p.

Isla, EI. and Lasta, C.A. 2006. Manual de manejo costero para la provincia
de Buenos Aires. Editorial Universitaria de Mar del Plata, Mar del Plata,
283 p.

Iribarne, O.0. 1990. Use of shelter by the small Patagonian octopus Octo-
pus tehuelchus: availability, selection and effects on fecundity. Marine
Ecology Progress Series 66: 251-258.

Jablonski, D., Roy, K., Valentine, J.W., Price, R.M. and Anderson, P.S. 2003.
The impact of the pull of the Recent on the history of marine diversity.
Science 300: 1133-1135.

Jackson, ].B.C., Budd, A.E and Pandolfi, ].M. 1996. The shifting balance of
natural communities? In: D. Jablonski, D.H. Erwin and J.H. Lipps
(Eds.), Evolutionary Paleobiology. The University of Chicago Press,
Chicago, p. 89-122.

Jackson, J.B.C. and Johnson, K.G. 2000. Life in the last few million years.
Paleobiology 26: 221-234.

Kennett, J.P. 1977. Cenozoic evolution of Antarctic Glaciation, the Circum-
Antarctic Ocean, and their impact on global paleoceanography. Journal
of Geophysical Research 82: 3843-3860.

Kiel, S. and Nielsen, S.N. 2010. Quaternary origin of the inverse latitudinal
diversity gradient among southern Chilean mollusks. Geology 38: 955—
958.

Lagabriclle, Y., Goddéris, Y., Donnadieu, Y., Malavicille, J. and Suarez, M.
2009. The tectonic history of Drake Passage and its possible impacts on
global climate. Earth and Planetary Science Letters 279: 197-211.

Lamarck, J.B.PA.M. 1818. Histoire naturelle des animaux sans vertébres 5.
Verdiere, Paris, 612 p.

Lanfredi, N.W. and Pousa, J.L. 1988. [Mediciones de corrientes, San Antonio
Oeste, Provincia de Rio Negro. Informe del Instituto de Biologia Marina
y Pesquera “Almirante Storni”, Rio Negro,13 p. Unpublished.].

Largier, ].L. 2003. Considerations in estimating larval dispersal distances from
oceanographic data. Ecological Applications 13(1): S71-589.

Largier, J.L. 2004. The importance of retention zones in the dispersal of lar-
vae. American Fisheries Society Symposium 42: 105-22.

Levin, L.A. 2005. Recent progress in understanding larval dispersal: new
directions and digressions. Integrative and Comparative Biology 46:
282-297.

Lister, A.M. 1996. The evolutionary response of vertebrates to Quaternary
environmental change. In: B. Huntley, W. Cramer, A.V. Prentice and
J.RM. Allen (Eds.), Past and Future Rapid Environmental Change: The
Spatial and Evolutionary Responses of Terrestrial Biota. Springer, Berlin,
p. 287-302.

Livermore, R., Nankivell, A., Eagles, G. and Morris, P. 2005. Palecogene
opening of Drake Passage. Earth and Planetary Science Letters 236:
459-470.

Lopes, R.P. and Buchmann, ES. 2008. Comparagio tafonémica entre duas
concentracoes fossiliferas (shell beds) da Planicie Costeira do Rio Grande
do Sul, Brasil. journal of Geoscience 4: 65-77.

Lépez, R.A., Penchaszadeh, PE. and Marcomini, S.C. 2008. Storm-Related
stranding of Mollusks on the Northeast coast of Buenos Aires, Argentina.
Journal of Coastal Research 24: 925-935.

Lopes, R.G., Tomds. A.R.G., Tutui, S.L.S., Severino Rodrigues, E. and Puzzi,
A. 2002. Fauna acompanhante da pesca camaroeira no litoral do Estado
de Sao Paulo, Brasil. Boletim do Instituto de Pesca 28: 173-188.

Martinez, S. and del Rio, C.J. 2002a. Las provincias malacolégicas miocenas
y recientes del Atldntico sudoccidental. Anales de Biologia 24: 121-130.

342

Martinez, S. and del Rio, C.J. 2002b. Late Miocene molluscs from the south-
western Atlantic Ocean (Argentina and Uruguay): a palacobiogeographic
analysis. Palaeogeography, Palacoclimatology, Palacoecology 188: 167-187.

Martinez, S. and del Rio, C. 2005. Las ingresiones marinas del Nedgeno en
el sur de Entre Rios (Argentina) y Litoral Oeste de Uruguay y su conte-
nido malacolégico. Misceldnea (INSUGEQ) 14: 13-26.

Martinez, S., Rojas, A., Ubilla, M., Verde, M., Perea, D. and Pineiro, G. 2006.
Molluscan assemblages from the marine Holocene of Uruguay: Com-
position, geochronology, and paleoenvironmental signals. Ameghiniana
43: 385-398.

Mileikovsky, S.A. 1968. Dictribution of pelagic larvae of bottom invertebrates
of the Norwegian and Barents Seas. Marine Biology 1: 161-167.

Morsan, E.M. 1997. [ Extraccion intermareal de almeja prirpura (Amiantis pur-
purata) en la costa norte del Golfo San Matias. Informes Técnicos del Plan
de Manejo Integrado de la Zona Costera Patagénica (Puerto Madryn,
Argentina) 33, 13 p. Unpublished.].

Morsan, E.M. 2000. [Dindmica poblacional y explotacion de la almeja pir-
pura, Amiantis purpurata L. Doctoral Thesis, Universidad Nacional del
Sur, Bahfa Blanca, 172 p. Unpublished.].

Morsan, E.M. 2003. Spatial analysis and abundance estimation of the south-
ernmost population of purple clam, Amiantis purpurata in Patagonia
(Argentina). Journal of the Marine Biological Association of the United
Kingdom 83: 4241-4251.

Morsan, E. 2007. Spatial pattern, harvesting and management of the arti-
sanal fishery for purple clam (Amiantis purpurata) in Patagonia (Ar-
gentina). Ocean & Coastal Management 50: 481-497.

Morsan, E.M. and Orensanz, ].M. 2004. Age structure and growth in an
unusual population of purple clams, Amiantis purpurata (Lamarck 1818)
(Bivalvia: Veneridae), from Argentine Patagonia. Journal of Shellfish
Research 23: 73-80.

Morsan, E.M. and Kroeck, M.A. 2005. Reproductive cycle of purple clam,
Amiantis purpurata (Bivalvia: Veneridae) in northern Patagonia (Ar-
gentina). Journal of the Marine Biological Association of the United King-
dom 85: 367-373.

Mouzo, E 2005. Problemas pendientes del Cenozoico Tardio de la Plataforma
Continental Argentina. Conferencia inaugural Simposio: Evolucién de la
plataforma continental y regiones costeras durante el Pleistoceno—Holo-
ceno. 16 Congreso Geoldgico Argentino (La Plata), Actas 3: 779-786.

Navarte, M., Gonzdlez, R. and Filippo, P. 2007. Artisanal mollusk fisheries
in San Matfas Gulf (Patagonia, Argentina): An appraisal of the factors
contributing to unsustainability. Fisheries Research 87: 68-76.

Nielsen, S.N. and Glodny, J. 2009. Early Miocene subtropical water tem-
peratures in the southeast Pacific. Palacogeography, Palacoclimatology,
Palacoecology 280: 480-488.

Palma, E.D., Matano, R.P. and Piola, A.R. 2008. A numerical study of the
Southwestern Atlantic Shelf circulation: stratified ocean response to local
and offshore forcing. Journal of Geophysical Research 113, C11010,
doi:10.1029/2007]C004720.

Parker, G., Paterlini, M. and Violante, R. 1997. El fondo marino. In: E.E.
Boschi (Ed.), £l Mar Argentino y sus Recursos Pesqueros. Instituto Nacio-
nal de Investigacién y Desarrollo Pesquero, Mar del Plata, p. 65-88.

Parodiz, J.J. 1996. Taxa of fossil mollusca introduced by Hermann von
Thering. Annals of Carnegie Museum 65: 183-296.

Pastorino, G. 1989. Lista preliminar de moluscos cuaternarios de algunos ya-
cimientos de Rio Negro y Chubut, Argentina. Comunicaciones de la So-
ciedad Malacoldgica del Uruguay 7: 129-137.

Pastorino, G. 1991. The genus Chama Linné (Bivalvia) in the marine Qua-
ternary of northern Patagonia, Argentina. Journal of Paleontology 65:
756-760.

Pastorino, G. 2000. Asociaciones de moluscos de las terrazas marinas cuater-
narias de Rio Negro y Chubut, Argentina. Ameghiniana 37: 131-156.

Penchaszadeh, P, Pastorino, G. and Brogger, M.1. 2010. Amiantis purpurata.
In: D. Boltovskoy (Ed.), Atlas de Sensibilidad Ambiental de la Costa y
el Mar Argentino. Moluscos gasterdpodos y bivalvos. World Wide Web:
http://atlas.ambiente.gov.ar/.

Pfuhl, H.A. and McCave, I.N. 2005. Evidence for late Oligocene establish-
ment of the Antarctic Circumpolar Current. Earth and Planetary Science
Lerters 235: 715-728.



BAYER E74L.: BBOGEOGRAPHY OF THE NEOGENE SURVIVOR AMIANTIS PURPURATA

Pintor de Arruda, E. and Rizzo, A.E. 2006. Manual de identifi¢io dos inver-
tebrados marihos da Regio Sudate-Sul do Brasil. Editorial Universidade
Sao Paulo, Sao Paulo, 288 p.

Piola, A.R. and Scasso, L.M. 1988. Circulacién en el Golfo San Matfas.
Geoacta 1: 33-51.

Ponce, J.F, Rabassa, J., Coronato, A. and Borromei, A.M. 2011. Paleogeo-
graphical evolution of the Atlantic coast of Pampa and Patagonia from
the last glacial maximum to the Middle Holocene. Biological Journal of
the Linnean Society 103: 363-379.

Possingham, H.P. and Roughgarden, J. 1990. Spatial population dynamics
of a marine organism with a complex life cycle. Ecology 71: 973-985.

Rabassa, J. 2008. Late Cenozoic glaciations of Patagonia and Tierra del Fuego.
In: J. Rabassa (Ed.), Late Cenozoic of Patagonia and Tierra del Fuego,
Developments in Quaternary Science, vol. 11. Elsevier, Amsterdam, p.
151-204.

Richards, H.G. and Craig, J.R. 1963. Pleistocene Sedimentation and Fauna
of the Argentine Shelf: II. Pleistocene Mollusks from the Continental
Shelf off Argentina. Proceedings of the Academy of Natural Sciences of
Philadelphia 115: 127-152.

Rios, E. 1994. Seashells of Brazil. Editora da FURG, Rio Grande, 368 p.

Rivas, A.L. 2010. Spatial and temporal variability of satellite-derived sea sur-
face temperature in the southwestern Atlantic Ocean. Continental Shelf
Research 30(7): 752-760.

Rivas, A.L. and Pisoni, J.P. 2010. Identification, characteristics and seasonal
evolution of surface thermal fronts in the Argentinean Continental Shelf.
Journal of Marine Systems 79: 134—143.

Rossi de Garcfa, E. and Levy, R. 1984. Megafaunas de invertebrados tercia-
rios. 9 Congreso Geoldgico Argentino (Buenos Aires), Relatorio: 467-484.

Rostami, K., Peltier, W.R. and Mangini, A. 2000. Quaternary marine terraces,
sea-level changes and uplift history of Patagonia, Argentina: comparisons
with predictions of the ICE-4G (VM2) model of the global process of
glacial isostatic adjustment. Quaternary Science Reviews 19: 1495-1525.

Roughgarden, J., Gaines, S. and Possingham, H. 1988. Recruitment dy-
namics in complex life cycles. Science 241: 1460-1466.

Roux, A., Ferndndez, M. and Bremec, C. 1995. Estudio preliminar de las co-
munidades benténicas de los fondos de pesca de langostino patagénico
del Golfo San Jorge (Argentina). Ciencias Marinas 21: 295-310.

Rutter, N., Schnack, E.J., del Rio, J., Fasano, J.L., Isla, EI. and Radtke, U.
1989. Correlation and dating of Quaternary littoral zones along the
Patagonian coast, Argentina. Quaternary Science Reviews 8: 213-234.

Scarabino, V. 1977. Moluscos del Golfo San Matias (Provincia de Rio Negro,
Republica Argentina). Inventario y claves para su identificacion. Comu-
nicaciones de la Sociedad Malacoldgica de Uruguay 4: 177-285.

Scarabino, E, Zaffaroni, J.C., Clavijo, C., Carranza, A. and Nin, M. 2006. Bi-
valvos marinos y estuarinos de la costa uruguaya: faunistica, distribucién,
taxonomia y conservacién. In: R. Menafra, L. Rodriguez-Gallego, F. Sca-
rabino and D. Conde (Eds.), Bases para la conservacion y el manejo de la
costa uruguaya. Vida Silvestre Uruguay, Montevideo, 668 p.

Schellmann, G. 1998. Coastal development in Southern South America
(Patagonia and Chile) since the Younger Middle Pleistocene. Sea-level
changes and neotectonics. In: D. Kelletat (Ed.), German Geographical
Coastal Research: The Last Decade. Institute for Scientific Co-operation,
Tiibingen, p. 289-304.

Schellmann, G. and Radtke, U. 2003. Coastal terraces and Holocene sea-
level changes along the Patagonian Atlantic coast. Journal of Coastal
Research 19: 983-996.

Schellmann, G. and Radtke, U. 2010. Timing and magnitude of Holocene
sea-level changes along the moddle and south Patagonian Atlantic coast
derived from beach and rigde systems, littoral terraces and valley-mouth
terraces. Earth-Science Reviews 103: 1-30.

Scheltema, R.S. 1971. Larval dispersal as a means of genetic Exchange be-
tween geographically separated populations of shallow-water benthic
marine gastropods. 7he Biological Bulletin 140: 284-322.

Scheltema, R.S. 1989. Long-distance dispersal by planktonic larvae of shoal-
water benthic invertebrates among Central Pacific Islands. Bulletin of
Marine Science 39: 241-256.

Schnack, E., Fasano, J. and Isla, E 1982. The evolution of Mar Chiquita La-
goon coast, Buenos Aires Province, Argentina. In: D.J. Colquhoun (Ed.),

Holocene sea-level fluctuations, magnitude and causes. University of South
Carolina, Columbia, p. 143-155.

Schnack, E., Isla, E, De Francesco, F. and Fucks, E. 2005. Estratigrafia del
Cuaternario marino tard{o en la provincia de Buenos Aires. 16° Congreso
Geoldgico Argentino (La Plata), Relatorio, p. 159—182.

Schwartz, M.L. (Ed.). 2005. Encyclopedia of coastal science. Encyclopedia on
Earth Sciences Series. Springer, Dordrecht, 1211 p.

Scotese, C.R. 2003. PALEOMAP Project. World Wide Web:
http://www.scotese.com.

Segura, A.M., Delgado, E.A. and Carranza, A. 2008. La pesqueria de lan-
gostino en Punta del Diablo (Uruguay): un primer acercamiento. Pan-
American Journal of Aquatic Sciences 3: 232-236.

Shackleton, N.J. and Kennett, J.P. 1975. Paleotemperature history of the
Cenozoic and the initiation of Antarctic Glaciation: oxigen and carbon
isotope analyses in DSDP sites 277, 279, and 281. Initial Reports of the
Deep Sea Drilling Project 29: 743-755.

Signorelli, J.H. and Pastorino, G. 2012. A revision of the living Mactridae (Bi-
valvia: Autobranchia) from Northern Argentina and Uruguay. American
Malacological Bulletin 30: 85-101.

Souza, R.B., Mata, M.M., Garcia, C.A.E., Kampel, M., Oliveira, E.N. and
Lorenzzetti, J.A. 2005. Multi-sensor satellite and in situ measurements
of a warm core ocean eddy south of the Brazil-Malvinas Confluence
region. Remote Sensing of Environment 100: 52—66.

Stanley, S.M. 1986. Anatomy of a regional mass extinction; Plio-Pleistocene
decimation of the western Atlantic bivalve fauna. Palaios 1: 17-36.
Stewart, J.R. 2008. The progressive effect of the individualistic response of
species to Quaternary climate change: an analysis of British mammalian

faunas. Quaternary Science Reviews 27: 2499-2508.

Stewart, J.R., Lister, A.M., Barnes, I. and Dalén, L. 2010. Refugia revisited:
individualistic responses of species in space and time. Proceedings of the
Royal Society B 277: 661-671.

Tonini, M. and Palma, E.D. 2011. Respuesta barotrépica de los golfos nor-
patagénicos argentinos forzados por mareas y vientos. Latin American
Journal of Aquatic Research 39: 481-498.

Tonini, M., Palma, E.D. and Rivas, A.L. 2007. Simulacién numérica de la cir-
culacién y frentes térmicos en los Golfos Norpatagénicos. Mecdnica com-
putacional 26: 3757-3768.

Valentine, ].W. and Jablonski, D. 1985. Major determinants of the biogeo-
graphic pattern of the shallow-sea fauna. Societe Geologique de France,
Bulletin 24: 893-899.

Vianna, J.A., Medina-Vogel, G., Chehébar, C., Sielfeld, W., Olavarria, C. and
Faugeron, S. 2011. Phylogeography of the Patagonian otter Lontra
provocax: adaptive divergence to marine habitat or signature of southern
glacial refugia? Bio Med Central Evolutionary Biology 11: 53.

Weiler, N.E. 1993. Niveles marinos del Pleistoceno tardio y Holoceno en
Bahfa Anegada, Provincia de Buenos Aires: geocronologia y correlaciones.
Revista de la Asociacion Geoldgica Argentina 43: 207-216.

Zachos, J., Pagani, M., Sloan, L., Thomas, E. and Billups, K. 2001. Trends,
Rhythms, and Aberrations in Global Climate 65 Ma to Present. Science
292: 686-693.

Zemlak, T.S., Habit, E.M., Walde, S.J., Carrea, C. and Ruzzante, D.E. 2010.
Surviving historical Patagonian landscapes and climate: molecular
insights from Gualaxias maculates. Bio Med Central Evolutionary Biology
10: 67.

doi: 10.5710/AMGH.12.05.2014.2741

Recibido: 30 de abril de 2014
Aceptado: 12 de mayo de 2014

343




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


