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The Fossil, the Dead, the Living: Beach
Death Assemblages and Molluscan
Biogeography of the Uruguayan Coast

Alejandra Rojas and Sergio Martínez

Abstract Shelly death assemblages are major sources of information for Actualistic
Taphonomy studies. They preserve a sample, often biased, of the living communi-
ties, provide biostratinomic evidence useful for taphonomic analyses, allow one to
establish shell time averaging and residence time, and are valuable resources in con-
servation paleobiology studies. Besides these paleontologically related approaches,
death assemblages have traditionally been a source for species records in a given loca-
tion or area. Although a species’ geographic range should be established through the
collection of living specimens, there are numerous records in the literature based
on dead shells from beaches. For the Uruguayan coast, there are some examples of
this situation, and they are especially important when considering distributional end-
points. One cause that accounts for dead shells on a beach is the reworking of fossil-
iferous deposits. Increased knowledge about Uruguayan Quaternary marine deposits
can provide explanations for why some species are found in modern beach death
assemblages. For example, the bivalve Anomalocardia flexuosa has been recorded
in several Quaternary outcrops, and its shells have been found on modern beaches,
but no living specimens have been recorded on the Uruguayan coast. A shell col-
lected from the Parque del Plata beach (Canelones county) yielded an accelerator
mass spectrometry (AMS) radiocarbon age of circa 6,600 years before present (BP),
a finding that suggests that the dated shell came from a nearby Holocene deposit.
This contribution provides an insight for future research that integrates information
from Quaternary and modern marine death assemblages to discuss the molluscan
biogeography of the Uruguayan coast.
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18 A. Rojas and S. Martínez

2.1 Introduction

Shelly death assemblages constitute a valuable resource for Actualistic Taphonomy
research. They provide evidence of biostratinomic processes, have been useful in
time averaging and residence time studies, allow temporal, spatial, and ecological
fidelity studies between living and dead counterparts, and represent a tool for applied
taphonomy approaches such as conservation paleobiology (e.g., Fürsich and Flessa
1987; Flessa et al. 1993; Kowalewski et al. 1994; Kidwell 1998; 2013; Zuschin
and Oliver 2003; Kowalewski and LaBarbera 2004; Kotzian and Simões 2006;
Lokwood and Work 2006; Weber and Zuschin 2013; Cristini and De Francesco
2017; Dietl and Flessa 2017). The most diverse and abundant group in modern
marine and transitional setting death assemblages are mollusks, due to their high
representation in invertebrate communities and their resistant hard parts. Although
the biogeographic range of a species should be established from living specimen
records, molluscan remains found on beaches and emerged settings have been
used for the detection of species in a particular region or area, because they are
an accessible place for sampling. On the Uruguayan coast, empty shells (with a
variable grade of preservation) had been considered as evidence for the presence of
several molluscan species (see examples in Barattini and Ureta 1961; Figueiras and
Sicardi 1968, 1971). These records are frequently cited in subsequent contributions,
such as taxonomic lists, catalogs, or online databases, in which the original nature
of the record may be lost. This situation is especially concerning when considering
whether the Uruguayan coast is or may be the endpoint of a taxon’s distribution.

Scarabino and Zaffaroni (2004) discussed the status of 20 molluscan species cited
in the literature as Uruguayan coastal residents and excluded them from the list of
its living fauna. They considered several causes, such as fossil specimen inclusion,
misidentified material, ballast specimens, incorrect locality labeling, and species
recorded during anomalous oceanographic conditions. Of these possible explana-
tions, our present contribution focuses on those records that may be based on fossil
shells found in death assemblages. Paleontological knowledge of Quaternary littoral
deposits is essential for this evaluation. Thus, our aim is to discuss how fossil shells
can be recognized in Uruguayan coastal shelly death assemblages and how this infor-
mationmay be used to avoid misleading biogeographic assumptions in modern death
assemblage studies.

2.2 The Uruguayan Coastal Quaternary Marine Molluscan
Assemblages

The Uruguayan Quaternary marine deposits crop out patchily along a thin strip
parallel to the present coastline, approximately from the mouth of the Río Negro
River to the margin of the Merín Lagoon (Fig. 2.1). They are a consequence of
global climatic oscillations and sea level changes that occurred during this period
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2 The Fossil, the Dead, the Living: Beach Death Assemblages … 19

(e.g., Lisiecki and Raymo 2005; Jouzel et al. 2007). The formal lithostratigraphic
units used to recognize these deposits are the Chuy and Villa Soriano formations
(see Ubilla and Martínez 2016). Molluscan shells are the most diverse and abundant
fossils, although there are occasional remains of other taxa such as crustaceans,
bryozoans, corals, echinoderms, annelids, and fish (e.g., de Mata 1947; Figueiras
1961, 1962; Sprechmann 1978; Rojas 2007; Ubilla and Martínez 2016).

Quaternary marine mollusks were mentioned for Uruguay since the works of
Larrañaga (1819, but published in 1894), d’Orbigny (1842), and Darwin (1846). In
the twentieth century, research centered on the taxonomic composition of the deposits
mostly located on the coasts of Montevideo, Colonia, and Soriano (e.g., von Ihering
1907, 1923; Teisseire 1928; Frenguelli 1930; Roselli 1939, 1976; de Mata 1947;
Calcaterra 1971; Figueiras 1961, 1962, 1967). Some authors took into account the
molluscan ecological preferences and made interesting paleoenvironmental infer-
ences (von Ihering 1907; Teisseire 1928; Parodiz 1962), and new information was
obtained from deposits located on the eastern coast (Figueiras 1975; Sprechmann

Fig. 2.1 Coastal area of Uruguay. a Geographic features mentioned in the text, b location of
Quaternary fossiliferous marine deposits (bold letters correspond to Pleistocene assemblages and
regular letters to Holocene assemblages). Counties are: RN Río Negro, S Soriano, Co Colonia, SJ
San José, M Montevideo, Ca Canelones, Ma Maldonado, R Rocha
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20 A. Rojas and S. Martínez

1978; Martínez 1988, 1990; Piñeiro et al. 1992). More recent approaches include
radiocarbon dating of shells to provide a precise chronology of shell concentrations
(Martínez et al. 2001, 2006; Rojas 2002, 2007; Rojas and Urteaga 2011; Martínez
and Rojas 2013), an effort that led to the recognition of three Late Pleistocene assem-
blages and numerous Holocene shell beds (see Martínez et al. 2001; Martínez and
Rojas 2013; Rojas andMartínez 2016;Ubilla andMartínez 2016). Themalacological
content and paleoecology of the Pleistocene assemblages were studied by Martínez
et al. (2001), Rojas (2007, 2016), Demicheli (2015), Rojas and Martínez (2016),
and Rojas et al. (2018a, b). In turn, paleontological knowledge of Holocene marine
localities has increased from the report of specific deposits (e.g., Teisseire 1928;
Calcaterra 1971; Alonso 1978; Martínez 1983, 1988, 1990; Piñeiro et al. 1992) to
a more geographically comprehensive and integrative approach of the malacofauna
and paleoecology of precise temporal frameworks (Martínez et al. 2006; Martínez
and Rojas 2013; Ubilla andMartínez 2016). Taxonomic lists of Quaternary mollusks
were compiled by Figueiras (1961, 1962, 1967) and Clavijo et al. (2005).

The Quaternary beds are characterized by a lithological composition that includes
clay, silt, fine to coarse sands, and even conglomerates (Preciozzi et al. 1988). Most
deposits are unconsolidated and exposed to the coastal dynamics, since they usually
occur on the abrasion platform of sandy beaches, low cliffs, or in river margins and
mouths. Due to this fact, fossil shells can potentially reenter the taphonomic active
zone and mix into modern littoral death assemblages.

The Zagarzazú and La Coronilla marine assemblages in Colonia and Rocha coun-
ties are among the Late Pleistocene deposits that could be a potential source of fossil
shells. These fossil beds have been found covered by sand or occasionally underwater
during storms (Fig. 2.2).

Holocene molluscan-rich deposits that could provide shells to modern death
assemblages are known for all littoral areas from the Río de la Plata to the
Atlantic coast. Fossiliferous localities occur in Colonia county (Arroyo La Cabal-
lada and Santa Ana-Artilleros), San José county (Playa Pascual), Montevideo (Punta
Espinillo), Canelones county (Arroyo Pando, La Floresta, Arroyo Sarandí, Punta
Fría, and Punta Rasa), Rocha county (La Esmeralda, Arroyo Valizas, and Arroyo
Chuy), and in the margin of the Merín Lagoon (Saglia) (Fig. 2.3).

2.3 Detection of Fossil Shells in Modern Uruguayan
Coastal Death Assemblages

Researchers use several approaches to detect fossil valves in modern death assem-
blages, such as numerical dating, comparison between the taxonomic composition of
fossil and modern assemblages in a given area, or by the taphonomic grade exhibited
by the collected shells. All approaches have advantages and disadvantages, and the
suitability of each for the detection of old shells inmodern death assemblages depends
on the similarity or dissimilarity in their taxonomic composition, the depositional
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2 The Fossil, the Dead, the Living: Beach Death Assemblages … 21

Fig. 2.2 Late Pleistocene fossiliferous deposits located at the abrasion platform of the beach. a La
Coronilla exposed, b La Coronilla covered by sand, c Zagarzazú exposed, d Zagarzazú predomi-
nantly covered

and environmental settings involved, the taphonomic history of fossil assemblages,
among others.

2.3.1 Taphonomic Grade

The taphonomic signatures of fossil shells in modern death assemblages will depend
on their original taphonomic conditions before their reworking into modern death
assemblages (e.g., from autochthonous versus parautochthonous to allochthonous
deposits), the redeposition environment (e.g., high versus lowenergy conditions, high
or low encrustation and bioturbation incidence, and high versus low sedimentation
rate), the rate of freshly dead shell incorporation, and the shell time residence in
different environmental settings. For example, in a study based on Chione spp. from
modern death assemblages of the tidal flats of Bahía la Choya, Mexico, Flessa et al.
(1993) concluded that the taphonomic condition did not reliably indicate the time
since death. On the other hand, De Francesco and Hassan (2008) found that in an
Argentine estuary modern death assemblages were mostly composed of fossil shells
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22 A. Rojas and S. Martínez

Fig. 2.3 Holocene fossiliferous deposits exposed to erosive processes. a Santa Ana-Artilleros,
b Cañada de los Ceibos, Kiyú, c Playa Pascual, d Arroyo Pando, e La Floresta, f La Esmeralda

and were worse preserved than fossil assemblages, due to reworking and exposition
of these shells by modern biostratinomic processes.

2.3.2 Numerical Dating

Fossil shells may be detected in modern death assemblages if old ages are obtained
by direct dating techniques, such as accelerator mass spectrometry (AMS) radiocar-
bon dating or radiocarbon calibrated amino acid racemization. One limitation for this
approach is that not every collected shell will be dated. Among the dated shells, those
derived fromPleistocene terracesmay be successfully recognized due to the expected
age differences (e.g., Wehmiller et al. 1995). However, the ages of shells that come
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2 The Fossil, the Dead, the Living: Beach Death Assemblages … 23

from young (Holocene) fossil deposits may overlap with the residence time of mod-
ern time-averaged shelly assemblages. Several studies have dealt with shell survival
and estimates of time-averaging in different marine subenvironments. Kidwell and
Bosence (1991) estimated that maximum scales of time-averaging in coastal envi-
ronments would be on the order of a few thousand years, while in open shelf habitats
it would tens-of-thousands of years. Flessa et al. (1993) found that surficial shells
may be 3,500 years old in Bahia La Choya accumulations, and their long survival
is explained by frequent shallow burial. Flessa and Kowalewski (1994) compiled
data on radiocarbon ages from the literature and found that the median age of 128
nearshore shellswas 2,465years, and that of 158 shells from the shelfwas 8,870years.
The authors interpreted that the lower shell survival in nearshore deposits (<10 m)
is linked to a more active sedimentary environment where shells may be rapidly
destroyed or buried, in contrast to deeper environments with a lower sedimentation
rate and lower taphonomic destruction rate. Recently, Kidwell (2013) summarized
the literature on shell dating from death assemblages. Dating frommodern-day outer
shelfs yielded maximum ages of 10,000–20,000 years, whereas shells from inner
shelves and beaches are typically younger, with ages of a few thousand years.

2.3.3 Comparison Between the Taxonomic Composition
of Fossil Assemblages and Modern Communities

This approach may be useful if the taxonomic composition between the fossil assem-
blages and the adjacent living fauna from a given area differ. For example, de
Francesco and Hassan (2008) found that death assemblages in the Mar Chiquita
coastal lagoon were dominated by reworked fossil shells derived from Holocene
beds at the lagoon margins, a finding that consequently demonstrates low ecological
fidelity to the living fauna.

On the Uruguayan coast, several species are shared between the malacological
fossil assemblages and the living communities. However, environmental parameters
of somecoastal areas have changed in the last thousandyears, aswell as the taxonomic
composition and geographic distribution of mollusks.

2.3.3.1 Small-Scale Shifts in Geographical Distribution Due to Salinity
Changes

The most noticeable difference between past and present environmental conditions
is salinity. While there is currently an increasing salinity gradient from west to east
(e.g., Urien 1972; Nagy et al. 1998), fossil assemblages indicate the prevalence of
marine conditions into what is now the Rio de la Plata estuary (Martínez et al. 2001,
2006; Rojas 2007). In the present Atlantic region, Quaternary assemblages indicate,
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24 A. Rojas and S. Martínez

Fig. 2.4 Mollusks from Late Pleistocene and Holocene assemblages from Uruguay. a Erodona
mactroides,bTagelus plebeius, cMactra isabelleana,dPitar rostratus, eOstrea stentina, f Heleobia
australis, g Stramonita haemastoma, h Tellina gibber, i Bulla occidentalis, j Anadara brasiliana,
k Anomalocardia flexuosa. Scale bars equal 2 mm except in b that equal 5 mm

as expected, that marine littoral environments developed (Martínez et al. 2001, 2006;
Rojas and Urteaga, 2011; Rojas et al. 2018b).

If past and present species geographical distributions with specific salinity prefer-
ences do not overlap, this criterion may allow for the detection of fossil specimens in
modern death assemblages. For example, Erodona mactroides and Tagelus plebeius
are estuarine bivalves which currently reside in the Río de la Plata, coastal lagoons,
and river mouths of the Canelones, Maldonado, and Rocha counties (Scarabino et al.
2006b, 2015). Both species are commonly found in Holocene deposits (Fig. 2.4a, b),
in which, for example, E. mactroides is sometimes dominant (Martínez et al. 2006).
Contrarily, both species are rare in Pleistocene assemblages (Rojas et al. 2018a).
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2 The Fossil, the Dead, the Living: Beach Death Assemblages … 25

Marine euryhaline species such as Mactra isabelleana and Pitar rostratus are
also found in Río de La Plata estuarine environments and in unconsolidated coastal
and shelf area substrates. Fossil specimens for these species are present in both
Pleistocene and Holocene coastal deposits, where M. isabelleana is more abundant
than P. rostratus (Fig. 2.4c, d). While Ostrea stentina is another abundant species in
the Pleistocene assemblages, and frequently found in Holocene deposits (Martínez
et al. 2006; Rojas et al. 2018a), it is currently recorded in consolidated Atlantic
coast substrates (Scarabino et al. 2006b) (Fig. 2.4e). A common microgastropod of
the Río de La Plata and other estuarine environments is Heleobia. Specimens are
often referred to the species Heleobia australis, as found in the Quaternary records.
This gastropod is common and usually abundant in Holocene assemblages from
different coastal sectors (Martínez et al. 2006) (Fig. 2.4f). For Pleistocene deposits,
it is abundant in the Zagarzazú assemblage but rarely occurs in Puerto de Nueva
Palmira and La Coronilla (Rojas et al. 2018a). All of these frequently or abundantly
represented species in Quaternary assemblages demonstrate partially overlapping
ranges with their current distribution in the Uruguayan coastal zone. Thus, in the
latest areas, it is difficult to know whether the shells correspond to fossil specimens
or members of modern death assemblages. However, where the current and fossil
geographic distribution does not overlap, it is probable to identify shells reworked
from Quaternary deposits. The reason is that mollusks responded to environmental
changes during the last thousand years bymodifying their biogeographic distribution
on the Uruguayan coast.

The salinity inferences along the coast during the Quaternary, and especially in
the Late Pleistocene, show a high marine influence in the western sector, where
marine species are recorded (Martínez et al. 2001, 2006; Rojas and Martínez 2016).
For instance, species found in the Pleistocene deposits of Puerto de Nueva Palmira,
such as Diodora patagonica, Lottia subrugosa, Lunarca ovalis, and Plicatula gib-
bosa, are currently restricted to the Atlantic coast, about 400 km to the southeast
of these deposits. Stramonita haemastoma, currently found to the east of Punta del
Este, was recorded both in Puerto de Nueva Palmira and Zagarzazú (Fig. 2.4g); a
similar situation occurs with Tellina gibber (Rojas and Martínez 2016) (Fig. 2.4h).
Regarding marine species found in western Holocene deposits, Buccinanops glob-
ulosus, Olivella tehuelcha, and T. gibber were reported in La Caballada (Colonia
del Sacramento). Even westwards, L. ovalis was recorded from the Villa Soriano
locality, close to the Río Negro (Martínez et al. 2006).

Similar range displacements occur for estuarine species, such asE.mactroides and
T. plebeius, since they were found westward of their current distribution boundary in
the Río de La Plata. Colonia del Sacramento is nowadays the western endpoint for E.
mactroides (Olazarri 1966), and Montevideo for T. plebeius (Scarabino et al. 1975).
Both species are rare in the Puerto de Nueva Palmira and Zagarzazú Pleistocene
deposits. However, E. mactroides is very abundant in most Holocene assemblages
(Martínez et al. 2006). In deposits to the west of Colonia del Sacramento, E. mac-
troides is a dominant species. For instance, in Las Cañas (Río Negro county) the
assemblage is monospecific. In Punta Pereira, this species represents more than 80%
of the recorded specimens, and in Villa Soriano it comprises about the 60% of the
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26 A. Rojas and S. Martínez

recorded mollusks (seeMartínez et al. 2006). The presence of E. mactroides shells in
modern death assemblages to the west of Colonia del Sacramento is probably due to
the erosion of fossil deposits, as commented by Olazarri (1966), based on the finding
of highly abraded shells.

For other species, such as euryhaline taxa, a similar pattern was verified since they
are recorded as displaced from their present distribution. Meanwhile,M. isabelleana
decreases its abundance to the west of the mouth of the Río Santa Lucía (Scarabino
et al. 2006b), but it is recorded in several fossil assemblages towards the northwest,
reaching Villa Soriano (Martínez et al. 2006). Similarly, P. rostratus is found in the
eastern coast up toMontevideo, while in theHolocene assemblages it is also recorded
in Villa Soriano (Martínez et al. 2006).

2.3.3.2 Out-of-Range Warm Water Taxa Currently Displaced
Northwards from the Uruguayan Coast

Besides the small-scale biogeographic modifications within the Uruguayan coast
due to salinity changes, Quaternary molluscan assemblages record species not cur-
rently living at this latitude. These warm-water taxa are extralimitals (see Roy et al.
1995), since their southern biogeographic boundary is located at the Brazilian coast.
Extralimitals were reported in both Pleistocene andHolocene assemblages (Martínez
et al. 2001, 2006; Rojas and Martínez 2016; Rojas et al. 2018b) and corresponded to
micro- and macromollusks. Several of these extralimitals were traditionally included
among the living Uruguayan molluscan fauna and their status has been a matter of
uncertainty since the records come from dead shells collected on beaches. Scara-
bino and Zaffaroni (2004) clarified the status of Bulla occidentalis (as Bulla striata),
Anadara chemnitzii (as Scapharca chemnitzii), Anadara brasiliana (as Scapharca
brasiliana),Anomalocardia flexuosa (asAnomalocardia brasiliana),Littoraria flava,
and Melampus coffeus. The last species was not reported from fossil assemblages,
unlike the others.

The B. occidentalis record in Rocha county by Barattini and Ureta (1961) and
Figueiras and Sicardi (1974) was considered to be due to their presence in Holocene
assemblages from the same region, as reported by Figueiras (1967) and later by
Martínez et al. (2006) from Saglia (Fig. 2.4i). Further, this species was recently
found in the La Coronilla Pleistocene assemblage (Rojas et al. 2018b).

Incomplete A. brasiliana specimens were reported by Barattini and Ureta (1961)
on the La Coronilla beach, while A. chemnitzii loose valves were found by Figueiras
and Sicardi (1968) between La Coronilla and Chuy. Despite these findings, and the
fact that the latter authors mention the presence of these two arcids in Holocene
deposits (see Figueiras 1961), they cited the eastern Uruguayan coast as the geo-
graphic boundary for these species. Later, Scarabino and Zaffaroni (2004) excluded
both records from the living Uruguayan malacofauna and indeed further commented
that the living distribution of Anadara (as Scapharca) in southern Brazil was not yet
been established by the record of living specimens. The shells from A. brasiliana
and A. chemnitzii found in death assemblages of La Coronilla and eastward locali-
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2 The Fossil, the Dead, the Living: Beach Death Assemblages … 27

ties can be more confidently regarded as fossils due to the record of both species in
the La Coronilla Pleistocene deposit (Rojas and Martínez 2016; Rojas et al. 2018b)
(Fig. 2.4j).

L. flava was included among the Uruguayan coast living mollusks by Parodiz
(1962) without providing any distribution detail. Later, Figueiras and Sicardi (1971)
mentioned this species (as Littorina nebulosa flava) on the basis of a deteriorated
specimen found by the authors in the Puerto de La Paloma in Rocha and by records in
private collections. These authors attributed the occasional presence of this species
in the Uruguayan coast to special oceanographic conditions. Based on a preliminary
communication by Rojas (2003) on the presence of L. flava in the Zagarzazú Pleis-
tocene deposit, Scarabino and Zaffaroni (2004) considered that the record of empty
shells could be fossil specimens since it was never found alive on the Uruguayan
coast.

Another example is Finella dubia, a microgastropod reported by Figueiras and
Sicardi (1980) and Layerle and Scarabino (1984) in Rocha and Maldonado coun-
ties, and therefore considered among the living Uruguayan coast malacofauna (e.g.,
Scarabino 2003). Only empty and abraded shells from this species were found by
Scarabino et al. (2006a), and for this reason the authors cast doubt on the living status
of F. dubia. Moreover, Forcelli and Narosky (2015) excluded the Uruguayan coast
from the southern boundary of this species’ distribution. Similar to the examples
cited above, F. dubiawas found in all Pleistocene assemblages (Martínez et al. 2001;
Rojas andMartínez 2016) and in the Arroyo Chuy Holocene deposit (Martínez et al.
2006). Therefore, these records can explain the presence of its shells on the coast.

Eurytellina angulosa was regarded as a living Uruguayan species by Boss (1968)
on the basis of material from the Arroyo Pando in Canelones. Scarabino and Zaffa-
roni (2004) considered the record as erroneous because no specimens were reported
from the Uruguayan Atlantic area. Moreover, the Arroyo Pando Holocene deposit,
mentioned by Broggi (1967) and more recently studied by Rojas (2007), does not
contain any similar species. However, E. angulosa was recently found in the La
Coronilla Pleistocene assemblage (Rojas et al. 2018b), and consequently it cannot
be completely ruled out that the record reported by Boss (1968) corresponds to a
fossil specimen.

Barattini and Ureta (1961) regarded the Uruguayan coast as the southern bound-
ary of the A. flexuosa distribution, because complete specimens were found at La
Coronilla beach and ArroyoMaldonado. Figueiras and Sicardi (1969) referenced the
previous work and mentioned that A. flexuosa is very common in Holocene assem-
blages, and thus the reported shells could come from nearby fossil deposits. Despite
this assertion, the authors still considered that the mouth of the Río de la Plata was
the boundary of this species’ distribution. A. flexuosa is indeed a common species
in Quaternary assemblages along the Uruguayan coast (Fig. 2.4k). It was found in
the Pleistocene marine assemblages (Martínez et al. 2001; Rojas andMartínez 2016)
and Holocene beds from Soriano, Colonia, San José, Montevideo, Canelones, and
Rocha counties (Figueiras 1961; Martínez et al. 2006). Besides considering that A.
flexuosa shells could come from fossil assemblages, Scarabino and Zaffaroni (2004)
also allowed for the possibility that the record by Barattini and Ureta (1961) could
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Table 2.1 Radiocarbon ages obtained for A. flexuosa from a modern death assemblage and ages
from nearby Holocene deposits. Calib 7.10 was used for calibration (Stuiver et al. 2018)

Species dated Locality 14C age 95.4% (2δ)
cal. age BP

Lab. Nr. Age source

Anomalocardia
flexuosa

Modern death
assemblage on
Parque del
Plata beach

6,650± 50 7,418–7,618 AA93851 This work

Mactra
isabelleana

La Floresta
(Holocene
deposit)

4,790± 80 5,316–5,700 LP-904 Martínez et al.
(2006)

Anomalocardia
flexuosa (in
life position)

Arroyo Pando
(Holocene
deposit)

6,630± 60 7,398–7,625 LP-1464 Rojas (2007)

be due to incorrect labeling or the existence of anomalous oceanographic conditions
that favored the transport of A. flexuosa to the Uruguayan coast. Recently, Rojas
et al. (2018a, b) reported articulated A. flexuosa specimens from the La Coronilla
fossil assemblage, a findingwhichmay explain the shell record of Barattini andUreta
(1961) at the same beach. The absence of living A. flexuosa records at the Uruguayan
coast, and even from the adjacent Rio Grande do Sul State in Brazil, has been well
established (see Scarabino et al. 2015). Despite this fact, recent research based on
modern death assemblages still included A. flexuosa in analyses regarding mollus-
can composition and diversity of Maldonado beaches (as A. brasiliana; Boretto et al.
2018).

We found A. flexuosa shells on the Parque del Plata and Santa Lucía del Este
beaches, and in Piriápolis in Maldonado. One valve of this species from Parque del
Plata was AMS dated 6,650± 50 radiocarbon years before present (BP) (Table 2.1).
Considering the calibrated age interval (median probability of 7,520 years BP), and
taking into account that the range of ages represented by shells in recent beach death
assemblages is a few thousand years (e.g., Kidwell 2013), it is probable that the
dated A. flexuosa shell was eroded from a nearby Holocene deposit. This hypothesis
is plausible since Holocene assemblages are known to occur at a short distance from
Parque del Plata. Approximately 5 km to the east, the La Floresta assemblage was
studied by Martínez et al. (2006) in which a radiocarbon age of 4,790± 80 years BP
(cal. age of 5,316–5,700 years BP) was obtained. Although the mollusks originally
reported from La Floresta deposit were H. australis andM. isabelleana, we recently
recorded the presence of A. flexuosa (unpublished). Additionally, about 14 km to
the west of Parque del Plata, the beds exposed at the margin of the Arroyo Pando
were studied by Rojas (2007). Among the molluscan species recorded, life position
specimens ofA. flexuosawere used for standard 14C dating. The obtained radiocarbon
age, 6,630 ± 60 years BP (calibrated age range between 7,398–7,625 years BP), is
almost identical to A. flexuosa shell age collected from the death assemblage of
Parque del Plata.
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Fig. 2.5 Specimen of the
alien species Monetaria
annulus found in the modern
death assemblage of
Piriápolis beach, Maldonado
county

2.4 Alien Molluscan Shells in Beach Death Assemblages

In January 2018, during an inspection of the death assemblage from the Piriápolis
beach (Maldonado county), a shell from the Cypraeidae family was found. Despite
its small size and abraded condition, it was identified asMonetaria annulus, a species
from the central and western Pacific and Indian Oceans (Simone 2004) (Fig. 2.5).
This taxon, and other alien cypreids such asMonetaria moneta, and western Atlantic
representatives such as Erosaria acicularis and Luria cinerea, were found on several
Uruguayan beaches (Juan Carlos Zaffaroni pers. comm. 2018). According to com-
pilations by Ríos (2009) and Rosenberg (2009), the southernmost reaching species
of this family in the southwestern Atlantic isMacrocypraea zebra, which occurs off
the Santa Catarina coast in Brazil. Considering the living specimen records, E. aci-
cularis was reported at the northern Saõ Paulo coast (Simone and Gonçalves 2006).
Among the Uruguayan Quaternary assemblages, no Cypraeidae family members
have been reported. However, as mentioned above, extralimital warm water species
are common in fossil deposits. The presence of the alien M. annulus in Uruguayan
coastal death assemblages may be explained by diverse anthropic activities, such
as religious rituals that take place on beaches, as a part of pieces of craftsmanship
or ballast remains. Beyond the finding of alien species shells, the extralimital shell
record of western Atlantic taxa must then be carefully evaluated to avoid misleading
biogeographic interpretations when studying death assemblages.

2.5 Final Remarks

The geographic distribution of the Uruguayan Quaternary marine assemblages allow
for the possibility that fossilmollusk shellsmay be reworked intomodern beach death
assemblages. This has complicated the literature concerning the living Uruguayan
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molluscan fauna, since species recorded by empty shells were assumed to be part
of living communities. Inaccurate information was afterwards amplified in subse-
quent publications, taxonomic lists, inventories, and webpages. The status of several
species was clarified and referred to the possibility that living records may be based
on fossil shells (Scarabino and Zaffaroni 2004). The current increased and improved
knowledge on the taxonomic composition, location, and age of littoral Uruguayan
Quaternary molluscan assemblages becomes a relevant source of information when
studying death assemblages. Detection of fossil shells as part ofmodern death assem-
blages by means of numerical dating or their geographical displacement may help
recognize them and assess the importance of fossil deposit erosion. Being aware of
this phenomenon will contribute to the correct interpretation of the taxonomic com-
position of modern beach death assemblages, and their use in different actualistic
approaches.

Acknowledgements We deeply thank Juan Carlos Zaffaroni for his comments on alien molluscan
species found on Uruguayan beaches, and for his help in the identification of the M. annulus
specimen.
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