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RECENT BENTHIC FORAMINIFERS FROM THE SOUTH ATLANTIC SHELF OF
ARGENTINA

Emiliana Bernasconi1,*, Mario Mansilla2 and Gabriela Cusminsky1

ABSTRACT

The aim of this study was to determine foraminiferal associ-
ations from recent sediments of Argentina’s continental shelf
(39–41ºS, 59–61ºW; 11–70 m) and assess their relationship to
physicochemical parameters. From 20 samples, all dominated
by sandy sediments (>80% sand), 44 species of foraminifers
were identified, most commonly Buccella peruviana. Recov-
ered foraminiferal tests were generally well preserved, with
morphologies indicating predominantly epifaunal, free-living
detritivores from well-oxygenated waters. Multivariate analy-
ses showed a strong correlation between foraminiferal assem-
blages and four zones related to physicochemical parameters.
Zone I included the offshore samples from depths of 40–70
m where waters were slightly colder and more saline. Zone II
samples were all collected from depths of 30–40 m that were
intermediate in temperature. Zone III occurred at 20–40 m
depth where sediments were characterized by some gravel con-
tent. Zone IV included the inshore sites (<20 m) offshore from
the Rio Colorado delta. This work contributes to the knowl-
edge of foraminifers on Argentina’s continental shelf, comple-
menting earlier studies of foraminiferal distributions and ecol-
ogy from the region.

INTRODUCTION

Interest in Recent foraminifers and foraminiferal assem-
blages of the Austral Southwest Atlantic Ocean extends
back nearly two centuries. Pioneering studies by d’Orbigny
(1839) and by Cushman & Parker (1931) were extended
by Heron-Allen & Earland (1932) to analyses of sediments
from the Malvinas Islands (Falkland Islands) and adja-
cent zones. Extensive studies by Boltovskoy described ben-
thic foraminifers from the region, for example, in the Gulf
of San Jorge (Boltovskoy, 1954a, b) and the Bay of San
Blas (Boltovskoy, 1957), providing details of assemblages
from the Rio de la Plata estuary and its zone of influ-
ence. Boltovskoy (1966, 1976) recognized zoogeographic
provinces for the South American region, while other stud-
ies used foraminifers as indicators of different water masses
(Boltovskoy, 1962, 1979, 1981; Boltovskoy et al., 1980,
1996), assessing the paleoceanography of the South Atlantic
Ocean from the Miocene to the present. Kahn & Watan-
abe (1980) and Boltovskoy & Totah (1985) studied benthic
foraminifers as indicators of the Malvinas Current (Falk-
lands Current).
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Studies analyzing recent foraminifers include Alperín
et al. (2008), using classical taxonomic classification, and
Alperín et al. (2011), applying the “taxon free” criterion
(classification of foraminifers into morphogroups). Both pa-
pers recognized different environments and water masses in
the Southern Ocean. Cusminsky et al. (2006) and Calvo
Marcilese et al. (2013) characterized the Bahía Blanca es-
tuary based on research on modern sediments.

The goal of our study was to investigate the distribution
and composition of modern benthic foraminiferal assem-
blages and to evaluate their correlation with physicochemi-
cal parameters to assess environmental variations in the sec-
tor to the southeast of the Buenos Aires Province. This work
contributes to the knowledge of foraminifers on the conti-
nental shelf of Argentina and complements earlier studies of
foraminiferal assemblages in this region.

STUDY AREA

The study area (39–41ºS, 59–62ºW) is located on the Ar-
gentine Shelf off the coast of the Buenos Aires Province in
the South Atlantic Ocean (Fig. 1A). The pattern of ocean
currents influences the distribution of water masses, affect-
ing the geographic distribution of marine organisms. In this
context, Boltovskoy (1976) recognized a foraminiferal bio-
geographical province (i.e., the Argentine Province), which
is located from 32–33°S in the north, to the Cape Horn area
to the south (56°S). This province is characterized by the
predominance of Buccella peruviana f. campsi (Boltovskoy)
along with species endemic to this province, such as Notoro-
talia clathrata Brady, Quinqueloculina arctica Cushman, Re-
curvoides contortus Earland, and several unilocular species
(Boltovskoy, 1976).

The Argentine Province includes three subprovinces: the
North Patagonian Subprovince (32º–33ºS to 41ºS, Valdés
Peninsula), the South Patagonian Subprovince located along
the coast between 41ºS and 52ºS (Río Gallegos), and Malv-
inas Subprovince, which occupies the south part of the
outer shelf at about 52ºS and extends to bathyal depths
(Boltovskoy et al., 1980). In the North Patagonian Sub-
province, the fauna is mixed with taxa from the Brazilian
Current and includes small foraminifers with little or no
ornamentation (Boltovskoy, 1976; Boltovskoy et al., 1980).
Both the North and South Patagonian subprovinces are dis-
tinguished by species of Elphidium; in the former E. dis-
coidale predominates, while in the South Patagonian Sub-
province it is replaced by E. macellum Fichtel & Moll
(Boltovskoy, 1976). Finally, the Malvinas Subprovince is
characterized especially by three species, Angulogerina an-
gulosa angulosa (Williamson), Cassidulina crassa d´Orbigny,
Cassidulinoides parkerianus (Brady) as well as Ehrenbergina
pupa (d´Orbigny) and larger specimens of Buccella peru-
viana f. campsi among others (Boltoskoy et al., 1980). In this
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Figure 1. A Map showing location of the study area and main cur-
rents in South America. B Location of samples and isobaths (m) of the
area.

context, the study area is included in the North Patagonian
Subprovince.

The study area includes the coastal zone of the southwest
Buenos Aires Province identified as El Rincón, on the con-
tinental shelf out to 70 m depth (Fig. 1A). This sector is in-
fluenced by the coastal waters of the Argentine inner shelf
and the Patagonian Coastal Current), which are located be-
tween the continent and the Malvinas Current (also called
the Falklands Current) of subantarctic origin. The south-
ern boundary is approximately 52–53ºS and the northern
boundary is the beginning of the zone of influence of La
Plata River, which may be influenced by the warm waters of
the Brazilian Current up to 40–42ºS (Boltovskoy et al., 1980;
Boltovskoy, 1981). The surface waters are highly influenced
by tides and wind action, which generate currents flowing
predominantly northward (Guerrero, 1998).

Based on the distribution of salinity, the El Rincón zone is
characterized by coastal water with lower salinity (S < 33.4)
due to the fluvial contributions from the River Colorado,

the River Negro and nearby wetlands (Martos & Píccolo,
1988). The outer domain extends from depths of 40–50 m to
100 m (approximate shelf edge). This sector was described
as Middle Shelf Water (salinity: 33.4–33.7), comprising the
northward-flowing Patagonian Current (Guerrero & Piola,
1997), and is affected by waters with origin in the San Matias
Gulf with salinities of 33.7–34.2 (Martos et al., 2004). The
coastal water is separated from the water of the continental
shelf by the coastal front, which is created by the interaction
of the different water masses (Lucas et al., 2005).

Topographically, the sector slopes gently downward from
NW to SE (Gelós & Chaar, 1988) to depths somewhat
greater than 70 m (Cortelezzi & Mouzo, 1979; Gelós et al.,
1988). A variety of irregularities at the bottom range from
soft undulations to rough topographical features (Mouzo
et al., 1974; Mouzo, 1982). Holocene and recent sediments
contributed by the Negro and Colorado rivers have been
reworked by waves and currents and affected by coastal
processes and littoral dynamics (Gelós & Spagnuolo, 1992;
Ponce et al., 2011). Shelf sediments are predominantly sandy
with homogeneous composition, immature mineralogy, and
well-sorted texture.

MATERIALS AND METHODS

Sample Collection and Analyses

Sediment samples were obtained on board the oceano-
graphic ship Puerto Deseado (MINDEF-CONICET) dur-
ing an oceanographic campaign from 1–20 October 2010. A
Shipek surface-sediment sampler was used to collect sam-
ples at 20 stations with depths of 11–70 m (Fig. 1B). Table 1
presents the coordinates and depths, as well as temperature
and salinity of the bottom water, at the sampling sites.

For grain-size analyses, bulk subsamples were sieved to
separate gravel (>2 mm), sand (<2 mm), and mud (<63 µm;
Bernasconi & Cusminsky, 2005, 2015). For foraminiferal as-
semblage analyses, subsamples were washed over a 63-µm
sieve, then air-dried. All foraminiferal tests (i.e., represent-
ing the total assemblages) were extracted from 10 g of dry
sediment (Table 1).

Systematic analysis of the genera was based on the
work of Loeblich & Tappan (1992), and Sen Gupta
(1999), whereas species analysis was based on the works
of Boltovskoy et al. (1980), Bernasconi (2006), Ferrero
(2006), Calvo Marcilese (2011), Laprida et al. (2011), and
Bernasconi & Cusminsky (2015) among others. Representa-
tive specimens were photographed with a scanning electron
microscope (Philips SEM 515) and stored at the repository
of Universidad Nacional del Comahue, Río Negro province,
Argentina, under numbers UNC-PMIC 115–130. Quantita-
tive values such as total abundance, species richness (S), and
Shannon Wiener (H) were determined to document diversity
according to Buzas & Gibson (1969).

The genera of foraminifers also were classified accord-
ing to lifestyle, microhabitat, tolerance for poorly oxy-
genated conditions, and feeding strategies. Lifestyle cate-
gories identified were free-living in the sediment, adhered to
or closely associated with the substrate, and a combination
of both across their life cycle (Murray, 1991). Microhabi-
tat included epifaunal taxa, that is, those living in the top
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Table 1. Location, depth, temperature and salinity of bottom water, sediment texture and total abundance per 10 g sediment for each station.

Latitude Longitude Depth Temperature Salinity Gravel Sand Clay
Station S W (m) (ºC) (psu) % % % Total A/10 g
10 39° 33′ 36′ ′ 59° 16′ 43′ ′ 58.0 10.5 33.8 0.1 95.2 4.7 36
11 39° 18′ 42′ ′ 59° 27′ 34′ ′ 50.4 10.6 33.9 10.9 82.8 6.3 274
12 39° 04′ 00′ ′ 59° 38′ 3′ ′ 34.3 10.8 34.1 17.7 81.5 0.9 15
14 39° 00′ 58′ ′ 60° 44′ 46′ ′ 11.0 13.0 33.8 0.1 94.9 5.0 37
15 39° 16′ 26′ ′ 60° 29′ 24′ ′ 26.5 11.3 34.1 4.8 93.8 1.4 86
16 39° 27′ 37′ ′ 60° 16′ 09′ ′ 38.4 11.0 34.1 11.3 88.7 0.0 222
17 39° 37′ 52′ ′ 60° 03′ 10′ ′ 48.6 10.3 34.0 0.8 92.6 6.6 269
18 39° 52′ 19′ ′ 59° 47′ 22′ ′ 57.2 10.4 33.9 1.7 92.7 5.6 166
19 40° 05′ 11′ ′ 59° 30′ 57′ ′ 68.5 9.6 33.8 0.0 94.4 5.6 63
20 40° 24′ 30′ ′ 60° 15′ 37′ ′ 58.4 10.1 34.0 1.8 86.2 12.0 102
21 40° 10′ 16′ ′ 60° 34′ 03′ ′ 46.4 10.7 34.0 3.9 92.6 3.5 205
22 39° 57′ 06′ ′ 60° 49′ 48′ ′ 37.7 10.6 33.7 0.7 96.3 3.0 77
23 39° 38′ 53′ ′ 61° 02′ 07′ ′ 24.8 11.3 33.7 7.6 90.3 2.2 254
24 39° 23′ 43′ ′ 61° 15′ 13′ ′ 16.3 12.0 33.2 0.0 96.4 3.6 91
25 39° 33′ 38′ ′ 61° 59′ 30′ ′ 12.9 12.4 32.2 0.1 92.9 7.1 7
26 39° 47′ 53′ ′ 61° 38′ 43′ ′ 20.0 11.5 33.1 0.1 93.3 6.6 25
28 40° 07′ 26′ ′ 61° 13′ 21′ ′ 38.0 10.5 33.5 0.0 95.0 4.9 6
29 40° 19′ 59′ ′ 60° 58′ 42′ ′ 44.5 10.4 33.9 6.0 91.6 2.5 12
30 40° 36′ 46′ ′ 60° 37′ 58′ ′ 55.7 10.0 33.9 0.2 96.1 3.6 41
32 40° 31′ 57′ ′ 61° 25′ 14′ ′ 36.7 10.7 33.8 2.5 94.9 2.6 15

centimeter of sediment or on sediment; algae or hard sub-
strata dwellers; and infaunal taxa that can live several cen-
timeters beneath the sediment–water interface. Tolerance of
low dissolved oxygen concentrations at the seafloor was de-
termined using morphotypic characteristics of foraminifers,
including test size, wall thickness, and morphology (Kaiho,
1994, 1999; Alperín et al., 2011). The feeding strategies con-
sidered were detritivores, herbivores, suspension feeder and
those using herbivore–detritivore and suspension feeder–
detritivore combinations (Murray, 1991). Ecological param-
eter interpretations for each taxon (Table 2) were made fol-
lowing the classifications of Murray (1991), Duleba et al.
(1999), Bernasconi (2006), and Ferrero (2006).

Taphonomic analysis was performed to evaluate the de-
gree of preservation of each foraminiferal test, based on
the color and degradation of the test. Four preserva-
tional groups were determined based on Brandt (1989)
and Laprida & Bertels-Psotka (2003). Group A included
broken or fragmented specimens in which a precise tax-
onomic identification was difficult (very low taphonomic
grade). Group B included stained tests (moderate tapho-
nomic grade). Group C included abraded and likely re-
worked specimens (intermediate taphonomic grade). Group
D were specimens with no major alterations in which most
individuals showed no more than 1 or 2 chambers broken
(high taphonomic grade).

Statistical Analysis

Statistical analyses addressed two major goals. The first
was to characterize the sites according to environmental fac-
tors measured in the field, including temperature, depth,
salinity, and type of sediment. The second goal was to de-
scribe the variability of benthic foraminiferal associations,
including differences in their habitats, by multivariate ordi-
nation using Canoco 5.0 software (Ter Braak & Smilauer,
1998).

To determine the most appropriate ordination method,
a Detrended Correspondence Analysis (DCA) was applied.
This method determines the gradient length, which mea-
sures the beta diversity in community composition along
individual-independent gradients (ordination axes). If the
length of the environmental gradient is >4.0 standard de-
viations (SD), it is advisable to use a unimodal ordina-
tion model as a Canonical Correspondence Analysis (CCA;
Mello e Sousa et al., 2006). If the length is <3.0 SD, a linear
method, such as Principal Component Analysis, is consid-
ered to be a better choice (Leps & Smilauer, 2003; Teodoro
et al., 2010; Milker et al., 2011).

RESULTS

Foraminiferal Assemblages

Foraminiferal assemblages were dominated by hyaline
specimens, reaching 100% in 50% of the samples. Porce-
lanaceous (<43%) and agglutinated (<9%) specimens were
present in smaller proportions. A total of 44 species corre-
sponding to 20 genera were identified, two of them with open
nomenclature. Total abundances (Total A) ranged from 6–
274 specimens/10 g of sediment, and number of species (S)
were 2–21. Diversity H range was 0.4–2.4 (Fig. 2).

The orders represented in the association included: Ro-
taliida (78%), Miliolida (12%), Buliminida (10%), and La-
genida (0.06%). Buccella peruviana was the most abun-
dant species (up to 66% and only missing from one sam-
ple), followed by Elphidium aff. poeyanum (3.4–26.1%), Bu-
limina cf. pseudoaffinis (1.6–20%), Cibicides dispars (1.8–
15%), C. aknerianus (1.5–11.9%) and Quinqueloculina patag-
onica (2.0–14.0%). Images of these taxa are shown in
Figure 3, and their relative abundances are shown in
Figure 4.

Free-living was the most common lifestyle, reaching up to
100% in assemblages at stations 10 and 19 (Fig. 5A). The
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Figure 2. Plot of total abundance (Total A) in log10 and diversity parameters: species number (S) and Shannon-Wiener (H).

sessile lifestyle was less common, though it reached 71%
at station 12. Some individuals exhibited a combination of
both free and adhered lifestyles, most notably at Station 15.
Regarding microhabitat, epifaunal specimens predominated
over infaunal ones in all stations except Station 10 (Fig. 5B).
Taxa indicating well-oxygenated waters were most abundant
at all stations except 10 and 22; both types were found in
samples from all stations (Fig. 5C). Regarding trophic strat-
egy, detritivores were the most abundant, with 100% in sta-
tions 10 and 19. Herbivores dominated at Station 12 (71%),
one of the most inshore sites (Fig. 5D). Morphologies in-
dicating combined strategies were present in samples from
most of the stations.

From taphonomic analysis, well preserved specimens
(Group D), which exhibited high taphonomic grade, were
most common in all the samples. Group C specimens (in-
termediate taphonomic grade), were mostly found in sam-
ples from the western part of the study area and were repre-
sented mainly by Buccella peruviana, Quinqueloculina patag-
onica, and Cibicides aknerianus. A few Group B specimens
(i.e., with brown coloration) were found at stations 26 and
30, and included individuals of Buccella peruviana, Cibicides
aknerianus, and Quinqueloculina patagonica. Group A spec-
imens, which were generally unidentifiable to species, were
most common at inshore stations 12 and 25 (Fig. 6).

Statistical Analysis

Since the environmental parameters examined showed
limited variability (Table 1) and the DCA indicated a gra-

dient length of only 0.5 SD, a linear method (PCA) was
used to characterize the sites in relation to environmental
parameters. The first two PCA axes explained 75% of to-
tal variance (Table 3A). On axis 1, the samples were dis-
tributed along salinity (positive) and temperature (negative)
gradients, whereas on axis 2, the samples were distributed
by sediment texture with % gravel showing the strongest
(negative) influence (Table 3B). The PCA indicated four
zones (Fig. 7A). Zone I stations are clustered in the up-
per right quadrant and correlate with depth (40–70 m),
slightly higher salinity (33.8–34), and lower temperatures
(9.6–10.7ºC). Zone II stations (22, 28, 32) were from depths
of 30–40 m that were intermediate in temperature (10.5ºC)
and had minimal gravel. Zone III occurred at 20–40 m depth
where sediments were characterized by some gravel content
(5–18%). Zone IV included the inshore sites (<20 m) nearest
the Colorado River delta, associated with higher tempera-
ture (11.5–13ºC), salinity as low as 32.2, and essentially no
gravel.

The DCA applied to the species resulted in a gradi-
ent length of 4.2 SD. So, to analyze the relationship be-
tween species and the environment, the unimodal ordina-
tion method CCA was applied. From this analysis, all axes
were significant (P = 0.006). The first two axes accumu-
lated 25% of the variance (Table 4a; Fig. 7B). In axis 1,
three species (Bulimina gibba, Bulimina cf. pseudoaffinis,
and Epistominella exigua) were arranged along the gradi-
ent corresponding to depth and clay. Along axis 2, another
group of species, Quinqueloculina patagonica, Q. frigida,
Pyrgo ringens, Discorbis peruvianus, Cassidulina laevigata,
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Figure 3. Common taxa identified. 1 Buccella peruviana (d´Orbigny): a umbilical side; UCN–PMIC–115; b spiral side; UCN–PMIC–116. 2 El-
phidium aff. poeyanum (d´Orbigny), UCN–PMIC–117. 3 Elphidium aff. clavatum Cushman, UCN–PMIC–118. 4 Bulimina cf. pseudoaffinis Kleinfell,
edge view; UCN–PMIC–119. 5 Bulimina patagonica d´Orbigny; UCN–PMIC–120. 6 Bulimina gibba Fornasini; UCN–PMIC–121. 7 Bolivina ordinaria
(Phleger & Parker); UCN–PMIC–122. 8 Cibicides dispars (d´Orbigny), umbilical side; UCN–PMIC–123. 9 Cibicides aknerianus (d´Orbigny), spiral
side, UCN–PMIC–124. 10 Discorbis williamsoni (Chapman & Parr), a spiral side; UCN–PMIC–125; b umbilical side; UCN–PMIC–126. 11 Quin-
queloculina patagonica d´Orbigny; UCN–PMIC–127. 12 Quinqueloculina seminulum (Linné); UCN–PMIC–128. 13 Quinqueloculina frigida Parker;
UCN–PMIC–129. 14 Pyrgo ringens Lamarck, UCN–PMIC–130. Scale: 20 µm (7); 50 µm (3, 4, 8, 10a, 10b, 12); 100 µm (1a, 1b, 2, 5, 6, 9, 11, 13, 14).
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Figure 4. Relative abundances of the species of foraminifers found with 5% of abundance in at least one station.

Figure 5. A Proportions of specimens with lifestyles categorized as free (F), sessile (S), or free–sessile (F–C) combination at each station. B
Proportions of specimens with microhabitat categorized as epifaunal (E) or infaunal (I) for each station. C Proportions of specimens with oxygen
requirements categorized as oxic (O) and dysoxic (Dy) at each station. D Proportions of specimens with trophic strategies categorized as detritivorous
(D), herbivorous (H), combined herbivorous-detritivorous (H–D), and combined suspension-feeding-herbivorous (S–H) for each station.
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Table 2. Ecological parameters assigned to each species. L (lifestyle):
free-living (F), sessile (S), and free–Clinging (F–C); M (microhabitat):
epifaunal (E), infaunal (I); Ts (trophic strategy): detritivorous (D), her-
bivorous (H), and combinations of herbivorous–detritivorous (H–D)
and suspension feeding–herbivorous (S–H); Ot (oxygenation tolerance):
oxic (O), dysoxic (Dy).

Species L M Ts Ot

Ammonia parkinsoniana (d´Orbigny) F I H–D O
Bolivina compacta Sidebottom F I D Dy
Bolivina ordinaria (Phleger & Parker) F I D Dy
Bolivina pseudoplicata Heron–Allen & Earland F I D Dy
Bolivina variabilis d´Orbigny F I D Dy
Bucella peruviana (d´Orbigny) F E D O
Bulimina cf. pseudoaffis Kleinpell F I D Dy
Bulimina gibba Fornasini F I D Dy
Bulimina marginata d´Orbigny F I D Dy
Bulimina patagonica d´Orbigny F I D Dy
Buliminella elegantísima (d´Orbigny) F I D Dy
Cassidulina carinata Silvestri F I D Dy
Cassidulina laevigata d´Orbigny F I D Dy
Cibicides aknerianus (d´Orbigny) S E S–H O
Cibicides dispars (d´Orbigny) S E S–H O
Cibicides fletcheri Galloway & Wissler S E S–H O
Cibicides sp. S E S–H O
Cibicides variabilis (d´Orbigny) S E S–H O
Discorbis bertheloti (d´Orbigny) S E H O
Discorbis peruvianus (d´Orbigny) S E H O
Discorbis valvatus (Boltovskoy) S E H O
Discorbis williamsoni (Chapman & Parr) S E H O
Elphidium aff. clavatum Cushman F E H–D O
Elphidium aff. poeyanum (d´Orbigny) F E H–D O
Elphidium alvarezianum (d´Orbigny) F E H–D O
Elphidium articulatum (d´Orbigny) F E H–D O
Elphidium gunteri Cole F E H–D O
Elphidium macellum Fitchell & Moll F E H–D O
Epistominella exigua (Brady) F E D O
Funserkoina shreibersiana (Czjzek) F I D Dy
Globocassidulina subglobosa Brady F I D O
Guttulina problema (d´Orbigny) F E D O
Lenticulina laevigata (d´Orbigny) F E D Dy
Lenticulina limbosa (Reuss) F E D Dy
Miliolinella subrotunda (Montagu) F–C E H O
Nonion pauperatum (Balkwill & Wright) F I H Dy
Nonion sp. F I H Dy
Pyrgo nasuta Cushman F–C E H–D O
Pyrgo ringens Lamarck F–C E H–D O
Quinqueloculina frigida Parker F–C E H O
Quinqueloculina lamarckiana d´Orbigny F–C E H O
Quinqueloculina patagonica (d´Orbigny) F–C E H O
Quinqueloculina seminulum (Linné) F–C E H O
Triloculina baldai Bermudez & Seiglie F–C E H–D O

and Nonion pauperatum, correlated with higher percentages
of gravel (Table 4b). A third loose association composed of
Elphidium aff. poeyanum, E. aff. clavatum, E. gunteri, E. ma-
cellum, Buccella peruviana, Bulimina patagonica, Bolivina or-
dinaria, Cibicides aknerianus, C. dispars, Q. seminulum, and
Discorbis williamsoni showed non-specific distributions.

DISCUSSION

Foraminiferal Assemblages

This study analyzed the foraminiferal fauna from recent
sediments in the SE of Buenos Aires Province, a sector of
the Argentinean Continental Shelf out to a depth of 70 m.
Sediments are mainly sandy with presence of small quan-

Figure 6. Proportions of specimens from taphonomic analysis cat-
egorized according to one of four preservation groups for each station:
A is most degraded, B is discolored, C is abraded and reworked, D is
minimally or not damaged.

tities of gravel and mud in some stations (Gelós & Spag-
nuolo, 1992; Alperín et al., 2008). All foraminiferal taxa
recorded were benthic, consistent with an inner-shelf envi-
ronment (Boltovskoy, 1976, 1979; Caramés & Malumián,
2000).

The foraminiferal assemblage was dominated by Buccella
peruviana, with smaller proportions of the genera Elphidium,
Quinqueloculina, Bulimina, and Cibicides. Buccella peruviana
f. campsi was described by Boltovskoy (1976) as widely dis-
tributed in the Argentine Zoogeographic Province and com-
mon in inner-shelf environments, typical of the Malvinas
Current (Falklands Current). Recently, Calvo Marcilese &
Langer (2012) determined that B. peruviana f. campsi is a
juvenile stage of B. peruviana, unifying synonymy of this
species. It has been recorded in Holocene and modern sed-
iment from marginal environments, such as lagoons and
estuaries (Boltovskoy, 1957; Wright, 1968; Ferrero, 2006,
2009; Cusminsky et al., 2006, 2009; Calvo Marcilese, 2011;

Table 3. A Eigenvalues and percentage of explained variance for each
principal component, based upon environmental parameters assessed.
B Correlation coefficients of the variables in axes 1 and 2 from PCA.

A

PC Eigenvalues % Variance Cumulative Variance (%)

1 2.59 43.3 43.3
2 1.89 31.6 74.9
3 1.07 17.9 92.8
4 0.37 6.2 99.9
5 0.60 1.0 100.0

B

Variables Axis 1 Axis 2

Depth 0.48 0.44
Temperature − 0.49 − 0.37
Salinity 0.50 − 0.01
Sand − 0.36 0.38
Gravel 0.36 − 0.58
Clay − 0.08 0.44
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Figure 7. A PCA-diagram indicating four zones (I, II, III, and IV), the samples associated with each zone, and the environmental parameters
characterizing those zones. B CCA-diagram showing the three foraminiferal assemblages (A, B, and C), the taxa that make up each assemblage (see
Table 2 for abbreviations), and the environmental parameters associated with each assemblage.

Calvo Marcilese et al., 2013; Márquez & Ferrero, 2011;
Márquez et al., 2016). It has also been found near the
study area at depths ranging from 40 to 70 m (Boltovskoy
et al., 1980; Alperín et al., 2008, 2011) in recent shelf
sediments and in Holocene sequences (Bernasconi, 2006;
Laprida et al., 2007, 2011; Bernasconi & Cusminsky, 2007,
2015). We found Buccella peruviana at depths between 11
and 70 m, consistent with the findings of the aforementioned
studies.

Elphidium, a free-living, epifaunal genus, also was well-
represented in our samples. Murray (1991) characterized
this genus as living on sandy substrata of the inner shelf at
depths of 0–50 m. As a diverse genus, Elphidium is repre-
sented by different species at different latitudes (Boltovskoy,
1966). The most abundant species we found were Elphid-
ium aff. poeyanum, E. aff. clavatum, E. gunteri, and E. ma-
cellum, consistent with findings of Calvo Marcilesse (2011)
and Calvo Marcilese et al. (2013) in sediments from Bahía
Blanca estuary. Boltovskoy et al. (1980) recorded Elphidium

aff. poeyanum in hyposaline waters, estuaries, and lagoons.
The species has also been found in modern and Holocene es-
tuarine environments (Cusminsky et al., 2006, 2009; Laprida
et al., 2007, 2011; Márquez & Ferrero, 2011; Calvo Mar-
cilese et al., 2013; Marquéz et al., 2016; Márquez, 2017),
shallow inner-shelf environments (Alperín et al., 2008, 2011)
and Holocene sequences (Bernasconi & Cusminsky, 2007).
Moreover, we found E. macellum in sample 32, located far-
ther south, where E. aff. poeyanum was absent, possibly re-
flecting the gradual passage from the North Patagonian Sub-
province to the South Patagonian Subprovince, as described
by Boltovskoy (1976) and Boltovskoy et al. (1980).

Miliolids included several Quinqueloculina species, which
have been cited by Murray (1991) as epifaunal species, either
free-living or attached to the substrate in marine to hyper-
saline shelf environments. Boltoskoy (1966) and Boltovskoy
et al. (1980) reported both Quinqueloculina patagonica and
Q. seminulum distributed along the Argentine Shelf. We
recorded these species to depths of 50 m in agreement with
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Figure 8. Map showing the distribution of samples characteristic of zones I, II, III, and IV, as identified in Figure 7A.

Boltovskoy & Totah (1985) and Alperín et al. (2008, 2011),
who mentioned them at depths of 40–55 m in recent sedi-
ments.

The three most common genera, Buccella, Elphidium, and
Quinqueloculina, found in most of our samples, in general
reflect an inner-shelf environment (Boltovskoy, 1966). The
assemblage was recognized in recent sediments by Cusmin-
sky et al. (2006), Alperín et al. (2008, 2011), and Laprida
et al. (2011) as belonging to the coastal area of Buenos
Aires Province. This species assemblage has been recorded in
Holocene sediments from the Bahía Blanca estuary (Gómez
et al., 2005; Cusminsky et al., 2009; Calvo Marcilese et al.,

Table 4. A Eigenvalues and percentage of explained variance accu-
mulated in the axes. B Correlation coefficients of the explanatory vari-
ables in axes 1 and 2.

A

Axis Eigenvalues Cumulative Variance %

1 0.37 17.6
2 0.16 25.0
3 0.15 33.0
4 0.08 35.9

B

Variables Axis 1 Axis 2

Depth 0.67 − 0.02
Temperature − 0.41 − 0.02
Salinity − 0.10 0.36
Sand 0.05 − 0.54
Gravel − 0.40 0.60
Clay 0.67 − 0.21

2013), the zone of the Río de La Plata estuary (Laprida &
Bertels Psotka, 2003; Laprida et al., 2007), and the inner
shelf (Bernasconi & Cusminsky, 2007, 2015; Márquez et al.,
2016).

The genus Bulimina was found between 40 and 150 m
depth in sediments from inner shelf and San Matias Gulf
(Bernasconi & Cusmininsky, 2005; Alperín et al., 2008). An
assemblage of Bulimina species was observed at some of our
sites and included Bulimina cf. pseudoaffinis, B. patagonica,
and B. gibba. These are free-living, infaunal detritivores, typ-
ical of inner shelf to bathyal environments in association
with silty to fine sandy sediments (Boltovskoy et al., 1980;
Murray, 1991, 2006; Villanueva-Guimerans, 2000).

The genus Bolivina, represented by the species Bolivina or-
dinaria, was less commonly encountered in our samples. Bo-
livina was described by Murray (1991) as an infaunal genus
living in inner-shelf to deep environments in clayey sedi-
ments. Other researchers (Boltovskoy et al., 1991; Sen Gupta
& Machain-Castillo, 1993; Bernhard et al., 1997; Hayward
et al., 2002; Smart, 2002; Bernasconi, 2006; Alperín et al.,
2008) concluded that some Bolivina, Bulimina, and other bis-
erial species are adapted to living in zones with minimal oxy-
gen levels (Kaiho, 1999). Bernasconi & Cusminsky (2009)
and Bernasconi et al. (2009) interpreted different oxygen lev-
els in Holocene sequences from Nuevo Gulf, which corre-
lated with paleoclimatic events.

Cibicides, described by Murray (1991) as epifaunal, is eu-
rythermal and has been found at depths of 0 to >2000 m.
It may be an indicator of the strength of bottom currents
(Kaiho, 1994, 1999; Figueroa et al., 2005; Bernasconi &
Cusminsky, 2007, 2015; Schönfeld et al., 2011) and low
sedimentation rates (Hromic, 2006; Murray, 2006). The
species C. dispars and C. aknerianus were among the
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most frequently recorded in our study. Boltovskoy (1966),
Bernasconi & Cusminsky (2007), Alperín et al. (2008),
Gordillo et al. (2010, 2013) and Hromic & Montiel (2011)
speculated that, when alive, Cibicides individuals are firmly
attached to the substrate where they “graze” and thereby
may be able to withstand substantial water movement.

From an ecological point of view, the most frequent
lifestyle was free-living, although there was also a smaller
proportion of exclusively sessile individuals and others that
combined both strategies (Fig. 5A); this was similar to con-
ditions reported by Alperín et al. (2008). We observed high
percentages of epifaunal species adapted to well-oxygenated
conditions (Fig. 5B). The most frequent diet among the indi-
viduals found in this study was detritivore, mainly due to the
abundance of Buccella peruviana (Fig. 5D). Another strat-
egy was herbivore, including Discorbis peruvianus and D.
williamsoni, which are epifaunal and attached to firm sub-
strata by their reticulopodia. Many of the species we found
use combined strategies. Some, such as Cibicides, are suspen-
sion feeders and herbivores and feed on small organisms and
detritus suspended in the water column (Goldstein, 2002).
Others are herbivores and detritivores, such as Elphidium,
which are free-living and can feed on detritus in the sedi-
ment or on marine algae, as reported by Náñez & Malumián
(2008).

In quantitative analyses, Shannon-Wiener (H) values >3
generally indicate normal marine conditions, while lower
values indicate more unstable environments (Buzas & Gib-
son, 1969). We recorded H values of only 0.4–2.4, a likely
consequence of several factors, including the very low num-
bers of foraminiferal specimens found in the samples. Sedi-
ments from deltaic and estuary deposits are transported by
the littoral drift of semi-permanent currents along the coast-
line (Gelós et al, 1988). The dynamics of a coastal system are
typically driven by tides and winds, and their effects depend
on the depth (Martos et al., 2004). Relatively strong winds in
the region generate waves and currents that move sediments.
Siliciclastic sediments tend to be much harder than carbon-
ate shells, so that the small shells of dead foraminifers are
readily broken and transported. Previous studies near the
area also reported low diversities (Cusminsky et al., 2006;
Alperín et al., 2008; Calvo Marcilese, 2011; Márquez, 2016).

Taphonomy

Taphonomic processes recognized in this study in part re-
flected the bathymetric gradient of the study zone. Samples
with poorly preserved (grade A) or broken (grade C) shells
were found either offshore in the southwest part of the study
area or at the shallow Station 12. According to Laprida et al.
(2011), taphonomic processes are determined by water depth
and depend mainly on water energy and dynamics, with
high potential in (paleo) environmental determinations. We
found that abraded specimens, especially of Buccella peru-
viana (mainly in stations 28 and 32) indicate some degree of
reworking. The presence of broken specimens, particularly
in stations 12 (Zone II), 25 and 26 (Zone IV), corresponding
to stations closer to the coast, suggests damage associated
with mechanical damage (Yanko et al., 2002; Laprida et al.,
2007). Brown coloring was found in some specimens of Buc-
cella peruviana and Cibicides aknerianus, mainly in stations

26 (Zone IV) and 30 (Zone I), possibly indicating the influ-
ence of terrestrial contaminants, such as oils, phenolic com-
pounds, and heavy metals (e.g., Yanko et al., 2002) associ-
ated with the presence of ports and activities of the fishing
industry (Perrota et al., 1996; Perrota, 2000; Calvo Marcilese
& Langer, 2012).

Gelós & Spagnuolo (1992) noted that the distribution
of sediments in the study area is the result of transgres-
sive Holocene erosion. They recognized two sources of sed-
iments: 1) relicts reworked by marine dynamics acting on
the bottom and remodeling the pre-existing morphology and
2) Holocene and recent sediments contributed by the Ne-
gro and Colorado rivers that are affected by coastal pro-
cesses and coastal dynamics. Our sampling found that the
sediment was quite homogeneous, mainly sandy with small
quantities of clay and gravel in some sectors, as reported by
Alperín et al. (2008, 2011). These small variations may be
associated with topographic features and may be significant
indicators of variations in local environmental conditions
(Mouzo et al., 1974; Gelós & Spagnuolo, 1992).

Zonation Related to Environmental Settings

We evaluated the interaction among environmental fac-
tors and which variables affected each station. Salinity,
depth, and sediment texture had the greatest influence, with
four zones recognized in the study area (Figs. 7A–B, 8).

Zone I included the deepest stations with slightly higher
salinities and consistently lower temperatures. The waters
belong to the Mid-Shelf Water or Patagonian Current zone,
located along the central shelf from its origins to 40–38ºS
(Guerrero & Piola, 1997). Diversity and abundance were
variable, but low overall. Assemblage A, comprised of Bu-
limina gibba, Bulimina cf. pseudoaffinis, and Epistominella
exigua, was associated with this zone. This assemblage has
been reported in fine sediments from shelf to bathyal depths
(Murray, 1991; Bernasconi & Cusminsky, 2005; Alperín
et al., 2008). The presence of Epistominella exigua may in-
dicate the influence of the Malvinas Current (Falklands
Current; Boltovskoy & Totah, 1985). The association be-
tween Buccella peruviana and Epistominella exigua, as found
in this zone, has been recognized previously by other re-
searchers who suggest a transition zone between the Patag-
onian Current and the Malvinas Current (Boltovksoy & To-
tah, 1985). An increase in the abundance of E. exigua com-
pared to B. peruviana has been interpreted as a depth trend
(Ferrero, 2006). This association was recognized by Alperín
et al. (2008), who reported E. exigua as inhabiting cold,
well-oxygenated waters. Alperín et al. (2011) studied mor-
phogroups, describing this zone as a transition area between
the outer and inner shelf, with the influence of the Malvinas
Current (Falklands Current), and mentioning salinity and
temperature as the main factors in the distribution of water
masses. Thus, the presence of E. exigua, along with charac-
teristics of the water, such as high salinity and low temper-
ature, may indicate the influence of the Malvinas Current
near the 70-m isobath and the influence of the Patagonian
Current on the stations at shallower depths.

Zone II stations (30–40 m depth) were characterized by
sandy sediments and intermediate temperature and salinity.
The greater number of reworked specimens found in these
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samples may be due to the typical tidal action and currents
in this zone (Mouzo et al., 1974; Gelós et al., 1988), which
flow NE, parallel to the coast (Gelós & Spaugnolo, 1992).
Assemblage C taxa were common in this zone, including
Buccella peruviana, C. dispars, C. aknerianus, D. williamsoni,
Bulimina patagonica, B. ordinaria, E. aff. poeyanum, E. aff.
clavatum, E. macellum, E. gunteri, and Quinqueloculina spp.
The presence of Cibicides spp. indicates well-oxygenated,
sandy sediments and relatively high-energy conditions, pos-
sibly reflecting the strength of the bottom currents (Kaiho,
1994, 1999; Figueroa et al., 2005; Schönfeld et al., 2011).
This zone corresponds to the Inner Domain of Martos &
Píccolo (1988) and is influenced by high salinity coastal wa-
ter located in the central and southern zone of Buenos Aires
Province (Guerrero & Piola, 1997; Alperín et al., 2011). This
zone, which is external to El Rincón sector, may be af-
fected by shelf waters that, through advection, move from
the southern sector through the mid-depth shelf current
(Guerrero, 1998) and is affected by the variable-salinity wa-
ters from the San Matias Gulf (Martos et al., 2004).

Zone III includes four samples from between the 20 and
40 m isobaths, characterized mainly by noticeable gravel.
Salinity is higher than in Zone II, although not as high as
the maximum values in Zone I. These waters correspond to
the Inner Domain determined by Martos & Píccolo (1988)
and highly saline Coastal Water located in the central and
south zone of Buenos Aires Province (Guerrero & Piola,
1997). Alperín et al. (2011) associate this zone of highly
saline coastal waters to the production of detritus gener-
ated by the Coastal Front, which occurs between the 40 and
50 m isobaths. Higher percentages of taphonomic group A
(i.e., fragmented specimens) were recognized in Station 12
samples, associated with sandy sediments with the highest
gravel content. These conditions reflect the high-energy en-
vironment (e.g., Mouzo et al., 1974; Gelós & Spagnuolo,
1992). We recorded here the highest number of Quinquelo-
culina, thus the combined free-living/clinging mode of life
was predominant. Quinqueloculina has been cited as typi-
cal of shallow, inner-shelf environments (Boltovskoy, 1966;
Brock, 1999). Assemblage (B), comprised of Q. patagonica,
Q. frigida, Pyrgo ringens, Discorbis peruvianus, Cassidulina
laevigata, and Nonion pauperatum, was found in this zone
because these species were associated with detectable gravel
content. Relative abundance in the Order Miliolida could be
related to the resistance to damage of their shells (Usera &
Blázquez, 1997; Alperín et al., 2011). Strong rhizopodial at-
tachment to the substrate, as in Discorbis, Pyrgo, and Quin-
queloculina spp., enables these genera to live in such condi-
tions despite water movement (Goldstein, 2002).

Zone IV included the stations nearest the coast in El
Rincón sector, at 10–20 m depths. The lowest salinities and
highest temperatures were recorded at these sites. The El
Rincón sector is characterized by marked vertical homo-
geneity, whereas horizontally it has a saline coastal front sep-
arating diluted waters from the Negro and Colorado rivers
from shelf waters (Guerrero, 1998). This zone is also influ-
enced by the waters from the San Matías Gulf that have
variable salinity (33.4–33.7) and from the discharge of the
Colorado River (<33.4; Martos et al., 2004). This sector cor-
responds to the Inner Domain of homogeneous coastal wa-
ters determined by Martos & Píccolo (1988) and to the low-

salinity Coastal Water of Guerrero & Piola (1997). This zone
is characterized by assemblage C that includes taxa that did
not correlate significantly to environmental factors analyzed
for this study.

CONCLUSIONS

This paper contributes information on foraminifers in
sand-dominated sediments on the inner continental shelf
of the Buenos Aires Province. The sparse total (living plus
dead) assemblages of benthic foraminifers (<27 specimens
per gram of sediment) included 44 species belonging to 20
genera. The assemblage represented by Buccella peruviana,
Elphidium aff. Poeyanum, and Quinqueloculina spp. reflects
the inner- to middle-shelf environments sampled (<70 m
depth).

Salinity, depth, and gravel content had the greatest influ-
ence on foraminiferal assemblages in the study area, distin-
guishing four environmental zones: Zone I with the deep-
est, coolest and most saline waters in the area, Zone II
with sandy sediments and intermediate depths, Zone III with
sediments with notable presence of gravel, and Zone IV in
the shallowest, lowest-salinity waters influenced by adjacent
deltas. Those zones and their associated assemblages indi-
cate the influence of different water masses: 1) Malvinas Cur-
rent (Falklands Current) at the southern limit of the inner-
shelf environment, 2) Patagonian Coastal Current and High-
Salinity Coastal Water in the inner-shelf environment, and 3)
low-salinity Coastal Water in the littoral environment at El
Rincón.
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