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Abstract
There is a gap in knowledge about the biodiversity of living foraminifera (protozoa) in Brazil, particularly in coastal environ-
ments. In Sepetiba Bay (SE Brazil), a coastal system highly impacted by anthropogenic activities, several previous studies 
have been carried out on foraminifera based on total (living + dead) assemblages and sub-fossil records. Thus, this study 
intends to analyze for the first time the species richness of living foraminifera (stained with Rose Bengal) in Sepetiba Bay. 
Based on the morphological characteristics, 214 living species were identified in 50 samples collected in Sepetiba Bay in 
May 2022. The number of living specimens was counted as 6548. Living foraminifera density was < 252 specimens per gram 
of sediment and the species richness (S) ranged from 15 to 61 (mean 16.9 ± 15.5) in the analyzed stations. The main taxo-
nomic classes found were Globothalamea and Tubothalamea. The main Globothalamea taxa belonged to the genus Ammonia, 
with Ammonia tepida, Ammonia buzasi, and Ammonia rolshauseni standing out, as well as the Bolivina, Buliminella, and 
Elphidium, represented mainly by Bolivina striatula, Buliminella elegantissima, and Elphidium excavatum. A non-Metric 
Multidimensional Scaling (nMDS) and cluster analysis based on a presence-absence matrix and Bray–Curtis similarity index 
allowed the identification of two main groups of stations: 1. Located in the innermost areas of Sepetiba Bay and surrounding 
the mainland and Marambaia Barrier Island, at shallower depths, with lower diversity; 2. an outermost group of stations with 
higher diversity in areas with greater oceanic influence. Compared with previous studies, the results of this work suggest an 
enlargement of the “innermost” zone with less diversity towards the oceanic region of Sepetiba Bay. This work shows that 
even using a matrix of presence/absence of living foraminifera and species richness, it is possible to distinguish environments 
in coastal systems. Data based on the living foraminifera is needed to understand current biodiversity to better characterize 
coastal environments and carry out biomonitoring studies.
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1 Introduction

The pollution and degradation of coastal and transitional 
waters have been the focus of many studies in recent dec-
ades, with the main causes being anthropogenic activities 
such as mining, the operation of industrial complexes, the 
burning of fossil fuels, the emission of domestic liquid efflu-
ents and port activities (Baptista Filho et al., 2019; Duleba 
et al., 2019; Potratz et al., 2019). In response to concerns 
about environmental degradation, many nations have prom-
ulgated legislation to monitor the problems caused by the 
impact of anthropogenic pollution and study remediation 

measures, such as the Clean Water Act (CWA) or Oceans 
Act in the USA, Australia or Canada, the Water Framework 
Directive (WFD, 2000/60/EC) and the Marine Strategy 
Framework Directive, 2008/56/EC, in Europe. In Brazil, the 
resolution of CONAMA No 454/2012, for example, estab-
lishes the general guidelines and reference procedures for 
managing material to be dredged in waters under national 
jurisdiction.

Brazil has several highly impacted coastal regions, such 
as the coast of São Paulo (Duleba et al., 2019) and Guana-
bara Bay (Nunes et al., 2023). However, one of the most 
highly impacted regions in SE Brazil is Sepetiba Bay (Díaz 
Morales et al., 2019; Silva et al., 2022a, 2022b a, b). Pol-
lution problems in Sepetiba Bay after the 1950s have been 
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very problematic (Barcellos et al., 1997; Copeland et al., 
2003; Freret-Meurer et al., 2010; Ribeiro et al., 2013; Fer-
reira & Moreira, 2015; Araújo et al., 2017; Alves Martins 
et al., 2019a, 2019b; Díaz Morales et al., 2019; Castelo 
et al., 2021a, 2021b a, b; Quaresma et al., 2021; Souza et al., 
2021). Therefore, it is important to monitor these regions to 
be able to assess and follow the evolution of the state of eco-
logical quality of coastal systems, particularly Sepetiba Bay.

A bioindicator can be defined as an organism or set of 
organisms, or biological components, such as cells, bio-
chemical processes, structures, or biological functions, 
which make it possible to characterize the state of an ecosys-
tem and show the first natural and/or anthropogenic modi-
fications (Zaghloul et al., 2020). In coastal and transitional 
waters, some organisms have been considered useful bioin-
dicators for assessing environmental quality, including mac-
roalgae, phytoplankton, seagrass (Ballesteros et al., 2007), 
fish (Coates et al., 2007) and benthic macrofauna (Rincón 
et al., 2008). Among the organisms recognized as bioin-
dicators, benthic foraminifera (meiofaunal protozoa) have 
been increasingly used to recognize degraded environments 
(e.g., Alve, 1995; Bouchet et al., 2018; Francescangeli et al., 
2020). Due to their rapid response to environmental stimuli 
(e.g., increase in organic matter, oxygen shortage, changes 
in the quality of organic matter, pollution), they reflect the 
environmental conditions of the area where they live (Mar-
tins et al., 2015a, 2015b; Murray, 2006 a). These organisms 
are sensitive to variations in the environment (Charrieau 
et al., 2018; Mendes et al., 2010), to sedimentary change 
(Koho et al., 2007; Rostami et al., 2023), to low concentra-
tions of dissolved oxygen and pH changing (Jorissen et al., 
1995; Sen Gupta & Machain-Castillo, 1993), the quantity 
and quality of available food (Dessandier et al., 2015, 2016; 
Koho et al., 2008; Martins et al., 2015a) and pollution by 
metals (Martins et al., 2010, 2013) as well as by organic 
compounds (Frontalini et al., 2020). Benthic foraminiferal 
assemblages change, registering alterations in the composi-
tion and structure of their communities 1–2 months after the 
change in the environment occurs (Gooday, 1988).

Benthic foraminifera are easily found in ocean sedi-
ments and have the advantage over other organisms of hav-
ing great fossilization potential (Kucera & Kennet, 2000; 
Kawagata, 2001). Their fossil record is generally abundant 
in oceanic and transitional environments (Arz et al., 1999). 
The study of dead assemblages, subfossils and fossils pro-
vides important information that allows past environmental 
reconstructions (Alve, 1991; Debenay & Fernandez, 2009; 
Hayward et al., 2004). In addition, they become excellent 
paleoenvironmental indicators in the sedimentary record, 
since their tests have the potential to be preserved in the 
sedimentary record (Francescangeli et al., 2018). In pol-
luted coastal areas, they have been successfully used to dis-
tinguish pre-impacted periods (reference conditions) from 

those subjected to high environmental stress (Francescangeli 
et al., 2016; Hess et al., 2020; Jesus et al., 2020).

However, the knowledge of the living fauna of foraminif-
era is still very limited in tropical environments, especially 
in coastal environments in Brazil. Most of the work in 
Sepetiba Bay has been based on studying the total (liv-
ing + dead) or subrecent/fossil fauna. Examples include the 
work of Tinoco (1965), Zaninetti et al. (1976, 1977), Suguio 
et al. (1979), Zaninetti (1979), Moura et al. (1982), Brön-
nimann et al. (1981a, 1981b, 1981c a, b, c), Beurlen and 
Hiltermann (1983), Brönnimann and Zaninetti (1984), Dias-
Brito et al. (1988), Tinoco (1995), Laut et al. (2006, 2012), 
Laut and Rodrigues (2011). Brönnimann et al. (1981a), 
based on the total assemblages of foraminifera (living plus 
dead) in 176 samples from Sepetiba Bay distinguished four 
sectors: Normal Sea, Normal Marine Lagoon, Transitional 
Zone 1, Mixo-haline Lagoon A and Mixo-haline Lagoon B 
(Figure S1).

The total assemblages’ analysis (living + dead) may 
include tests transported from oceanic areas as bottom or 
suspended load (Schönfeld et al., 2012). As a result, it is 
not yet known exactly what foraminiferal fauna is living in 
Sepetiba Bay. Thus, the main aim of this study is to analyze 
the biodiversity of living benthic foraminifera (stained with 
Rose Bengal) in this coastal system. This work is important 
because it provides a species checklist database that can be 
used in studies to assess environmental quality in Sepetiba 
Bay and in other coastal systems and to reconstruct and 
understand the fluctuations in paleoclimate and sea level.

2  Study area

Sepetiba Bay covering ≈300  km2, has a semicircular con-
figuration partially enclosed to the south by a sandy strip, 
the Marambaia Barrirer Island (known as Restinga da Mar-
ambaia). This barrier island was shaped after the last gla-
ciation and separates the bay from the Atlantic Ocean. The 
semi-enclosed configuration of Sepetiba Bay influences the 
hydrodynamic conditions, isolating the inner part of the bay 
and protecting this environment from the direct influence of 
marine processes (Paraquetti et al., 2004).

The inflow of seawater and the freshwater supplied by the 
rivers have a significant effect on the distribution of salinity 
within the bay. It is connected to the ocean via two chan-
nels (each about 2 km wide) located in opposite parts of the 
system. The first channel, in the western part of the inlet, is 
natural, while the second, in the eastern sector, is artificial 
and connects the Barra de Guaratiba region to the ocean.

With an area of 2,165  km2, the hydrographical basin of 
Sepetiba Bay receives fresh water from nine main rivers, 
including the Guandu, Guandu-Mirim and Guarda rivers 
(Dourado et al., 2012). These rivers contribute an annual 
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freshwater flow of approximately 7.6 million  m3 (Lacerda 
et al., 2001). The Guandu River supplies most of the drink-
ing water for the metropolitan region of Rio de Janeiro (Lac-
erda et al., 2004).

The hydrodynamics of Sepetiba Bay are controlled by 
the fluvial contribution and by the wind and tidal action. 
The main mechanism responsible for generating currents 
in Sepetiba Bay is the tide (Signorini, 1980), which over-
rides the influence of the winds. The effect of the tide on 
currents is quite evident, with maximum speeds of around 
1 m/s. The cold and dense ocean water enters Sepetiba Bay 
as a bottom current and becomes warmer and less dense in 
the inner region, rising and leaving the bay as a surface cur-
rent (Borges & Nittrouer, 2016). The water renewal time in 
the inner region of Sepetiba Bay is around 100 h (Paraquetti 
et al., 2004).

The bay is considered shallow, given its average depth 
of 6 m, except in the channels, where the depth is greater 
and can reach 31 m between Guaíba Island and Marambaia 
Island (GTZ, 2001).

The sedimentation process in Sepetiba Bay is governed 
by a mixture of fluvial and marine materials; however, it also 
receives the contribution of material transported by coastal 
drift (Barcellos et al., 1997). Sediments of fluvial origin are 
predominant in the eastern inner region, while the marine 
contribution to the coastal deposits occurs mainly in the 
western part (Barcellos et al., 1997). In addition, Sepetiba 
Bay receives domestic and industrial effluents, especially 
heavy metals from urban discharges and the metallurgical 
industry (Amado Filho et al., 1999).

3  Materials and methods

This work is based on studying the species found in the 
living assemblages of 50 samples collected in Sepetiba 
Bay in May 2022 (Fig. 1). The sites sampled were georef-
erenced using a GPS (GPSMAP® 78S model). WGS84 
coordinates were used (Table 1; Appendix 1). The depth 
of the sites studied was estimated using an echosounder.

The samples for the study of foraminifera were stained 
and preserved with a solution of alcohol and rose Bengal 
(2 g of dye per 1 of 90º ethyl alcohol). Once in the labo-
ratory, the samples were washed with a 63 µm sieve to 
remove the fine fraction and excess dye. Foraminifera were 
analyzed in the sedimentary fraction > 125 µm. Whenever 
possible, we tried to sort at least 100 specimens of living 
foraminifera at each sampling station. However, at a few 
stations, less than 100 living specimens were found. The 
species richness (number of species per sample) was deter-
mined. The density (or abundance) of living foraminifera 
per sample was calculated per gram of bulk sediment.

The species found were identified using references such 
as Loeblich and Tappan (1987), Boltovskoy et al. (1980), 
Jones (1994), Yassini and Jones (1995), Alves Martins 
et al., 2019a, 2019b), and Disaró et al. (2022). The species 
names and taxonomy were updated according to the World 
Marine Species Database (Hayward et al., 2023). Some 
main species were described and photographed using a 
scanning electron microscope.

Fig. 1  Location map of the samples analyzed in Sepetiba Bay
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3.1  Statistical analysis

A presence-absence matrix based on the living foraminif-
era species found at the sampling stations was analyzed by 
non-Metric Multidimensional Scaling (nMDS) and clus-
ter analysis (with the complete linkage method) using the 
Bray–Curtis similarity index. The nMDS ordinated the 
stations according to their similarity concerning the pres-
ence/absence of species. The cluster analysis (CA) grouped 
the stations most similar in terms of the species' presence/
absence. These statistical analyses were performed using 
Primer software (version 6.1.13, Plymouth; Clarke & Gor-
ley, 2006). The groups of stations established by the nMDS 
and CA (Figs. 2, 3) were mapped (Figs. 4 and 5).

4  Results

Foraminifera density was: less than 10 specimens per gram 
of bulk sediment at most stations (31 stations; 62% of the 
analyzed sites); varied between 10 and 30 specimens per 
gram of bulk sediment at 12 stations (24% of the analyzed 
sites) and; ranges between 30 and 65 specimens per gram of 
bulk sediment at 6 stations (12%). Only in one station was 
found 252 specimens per gram of bulk sediment.

Two hundred and fourteen living species were identified 
in the studied samples (Appendices 1 and 2). It should be 
noted that foraminifers belong to the Kingdom Chromista, 

Subkingdom Harosa, Infrakingdom Rhizaria, and Phylum 
Foraminifera. The main taxonomic classes found in Sepetiba 
Bay are Globothalamea and Tubothalamea (Appendix 2). 
The main Globothalamea taxa belonged to the Ammonia 
genus, with Ammonia tepida (found in 50 stations), Ammo-
nia rolshauseni (found in 34 stations) and Ammonia buzasi 
(found in 19 stations) and standing out, as well as to the 
Bolivina, Buliminella and Elphidium genera, represented 
above all by Bolivina striatula (found in 23 stations), Bulim-
inella elegantissima (found in 33 stations) and Elphidium 
excavatum (found in 27 stations).

Compared to Globothalamea, the Tubothalamea class 
has a lower representation in Sepetiba Bay. It has Quinque-
loculina as its main representative genus, where the most 
representative species are Quinqueloculina seminulum 
(found in 21 stations), Quinqueloculina bosciana (found in 
18 stations), and Quinqueloculina lamarckiana (found in 9 
stations).

Species richness (S) ranged from 15 to 61 (mean 
16.9 ± 15.5). The highest S values (> 50) were found at 
stations located in the outer sector of Sepetiba Bay (SP5, 
SP50 and SP8). S values between 43–18 were found at 16 
stations located in the external and central areas of the bay 
(near and to the west of Itacuruça Island). S values < 15 were 
found in (31) stations located near the mainland, namely 
near Madeira Island and Itacuruça, in front of the mouths of 
the rivers, flanking the Marambaia Barrier Island and Ponta 
da Pombeba.

Fig. 2  Results obtained by the non-Metric Multidimensional Scaling (nMDS) based on the presence-absence matrix of the living foraminifera 
species found in Sepetiba Bay
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4.1  Statistical results

The non-Metric Multidimensional Scaling (nMDS) analy-
sis allowed us to identify two main zones in Sepetiba Bay 
(Fig. 2). The nMDS-Zone A includes stations located in the 
inner region of the bay and flanking the mainland (Figs. 2, 
4). The nMDS-Zone B encompasses external and centrally-
located stations (Figs. 2, 4). The stations of the nMDS-Zone 
B have the greatest species richness. Specimens from Quin-
queloculina, Trifarina, Rosalina and Nonionella are com-
monly found in this zone.

Two main groups of stations were also identified by Clus-
ter analysis (CA) based on the presence-absence matrix 
of the living foraminifera species found in Sepetiba Bay 
(Appendix 1; Fig. 3). The CA-Group 1 includes stations 
that are present in the nMDS-Zone B and are located in the 
external and central region of Sepetiba Bay (Figs. 3, 5). The 
CA-Group 2 encompasses the innermost stations of Sepetiba 
Bay and contains the stations of the nMDS-Zone A (Figs. 3, 
5), with the lowest species richness.

4.2  Systematics and classification of the most 
frequent species

Some of the most abundant species in the study area are 
mentioned and described below. Plates 1 and 2 contain 

photos of the main species found during the sampling period 
(May 2022).

Ammobaculites exiguus Cushman & Brönnimann, 
1948 

Cushman, J. A., Brönnimann, P., 1948. Additional new 
species of arenaceous Foraminifera from shallow waters 
of Trinidad. Contribution to Laboratory for Foraminiferal 
Research, 24(2), 37–42.

Description: Agglutinating species, initially planispiral, 
later becoming uniserial. The planispiral portion is involute, 
with 3 or more chambers visible externally. The uniseriate 
portion extends from the initial coiling; it is rectilinear, with 
a rounded periphery. The sutures are straight and depressed 
on the uniseriate part. It has a single terminal aperture with-
out a lip. Wall with poorly sorted, medium to coarse grains, 
including quartz and other minerals.

Ecology notes: Ammobaculites exiguus has been recorded 
in transitional environments (Ishiwada, 1958).

Ammonia buzasi Hayward and Holzmann, 2021 (in 
Hayward et al., 2021)

Hayward, B.W., Holzmann, M., Pawlowski, J., Parker, 
J.H., Kaushik, T., Toyofuku, M.S., Tsuchiya, M., 2021. 
Molecular and morphological taxonomy of living Ammo-
nia and related taxa Foraminifera and their biogeography. 
Micropaleontology, 67, 109–313.

Description: The test is trochospiral and globose, with a 
relatively high convex lateral profile and rounded periph-
ery. Spire with 3 or 4 turns. The slightly inflated chambers 

Fig. 3  Cluster analysis based on the presence-absence matrix of the living foraminifera species found in Sepetiba Bay (Appendix 1)
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gradually increase, all visible on the dorsal side. On the 
ventral side, only the chambers of the last turn are visible; 
on this side, the chambers irregularly project towards the 
umbilical region; the central umbilical area is filled with 
numerous small tubercles and sometimes with pustules. The 
dorsal side may have limbate sutures slightly elevated above 
the surface of the test; on the umbilical face, the sutures are 
excavated and depressed. The aperture is a simple extra-
umbilical interiomarginal slit.

Ecology notes: Ammonia buzasi was recently described 
in Cuba (Hayward et al., 2021). This study reports its occur-
rence in Brazil for the first time.

Ammonia rolshauseni (Cushman & Bermúdez, 1946)
Original name: Rotalia rolshauseni Cushman & Bermú-

dez, 1946
Cushman, J.A., Bermúdez, P.J. 1946. A new genus, Cri-

bropyrgo, and a new species of Rotalia. Contr. Cushman 
Lab. Foram. Res. 22, 119, 120.

Synonymized with: Asterorotalia rolshauseni (Cushman 
& Bermúdez, 1946), Rolshausenia rolshauseni (Cushman 
& Bermúdez, 1946).

Description: The test is free, biconvex, trochospiral, 
with contour lobate. The spiral has 3 or 4 turns. Sutures 
depressed, slightly curved and retroverted; calcareous wall, 
finely perforated. The aperture is interiomarginal.

Ecology notes: Occurrence in less saline and nutrient-rich 
waters (Yamashita, 2020).

Ammonia tepida (Cushman, 1926)
Nome original: Rotalia beccarii var tepida Cushman, 

1926.
Cushman, J.A. 1926 Description: Agglutinating species 

of the Carnegie Institution of Washington, 342, 73–84.
Description: The test is trochospiral, globose, and 

biconvex and has a rounded periphery. Spire with 3 or 4 
turns. The slightly inflated chambers gradually increase 
and are all visible on the dorsal side. On the ventral side, 
only the chambers of the last turn are visible. The dor-
sal side may have limbate sutures; on the umbilical side, 
the sutures are excavated and depressed. The umbilicus 
is open and depressed, partially covered with extensions 
of the chambers; sometimes occupied by a small carbon-
ated protrusion. The aperture is a simple extra-umbilical 
interiomarginal slit.

Fig. 4  Map of distribution of stations included in Zone A (in red), and Zone B (in blue) resulting from the ordering carried out by non-Metric 
Multidimensional Scaling (nMDS; Fig. 2)
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Ecology notes: It is a frequent species in transitional envi-
ronments due to its markedly euryhaline behavior (Boltovs-
koy et al., 1980). It tolerates pollution and oxygen scarcity 
(Alves Martins et al., 2020b; Raposo et al., 2016, 2018).

Bolivina ordinaria (Phleger & Parker, 1952)
Pheleger & Parker; Pheleger, F. B. & Parker, F. L., Ecol-

ogy of foraminifera northwest Gulf of Mexico: Part II 
– Foraminifera species. Geol. Soc. Amer. Mem., New York, 
n.º 46, pt. 2, p. 14, pl. 7, figs. 4-6.

Bolivina ordinaria Pheleger & Parker; Boltovskoy et al., 
1980, p. 18, pl. 3, figs. 1-3.

Bolivina ordinaria Pheleger & Parker; Denne & Sen 
Gupta, 1991, p. 176, pl. 1, fig. 6.

Description: The test, small and compressed, is elliptical 
in cross-section, rounded at the oral end and acute at the 
apical end. Its maximum length is along the midline, as is its 
greatest thickness. It has 7 to 10 pairs of narrow, elongated 
and arched chambers. The wall is translucent to opaque. The 
sutures are depressed, wide, and curved and make an angle 
of 50-60º with the growth axis. The aperture is narrow and 
small; it extends from the basal suture and has a lip.

Ecology notes: It is common on the continental shelf of 
Argentina and southern Brazil (South Atlantic; Boltovskoy 
et al., 1980). It is a species tolerant to oxygen scarcity (Her-
melin & Shimmield, 1990).

Bolivina striatula Cushman, 1922
Cushman, J. A., 1922. Shallow water foraminifera of the 

Tortugas region. Carnegie Inst. Washington, Publ. n.º 311, 
(Dept. Marine Biol., Papers, vol. 17), Washington, D. C., U. 
S. A., p. 27, pl. 3, fig. 10.

Bolivina striatula Cushman; Boltovskoy et al., 1980, p. 
18, pl. 3, figs. 9-13.

Bolivina striatula Cushman; Jannink, 2001, p. 36-37, pl. 
2, figs. 1, 2.

Description: B. striatula has a compressed, elongated test 
with a subangular peripheral margin and a broad, rounded oral 
termination. Numerous thin, longitudinal ribs emerge from the 
acute aboral termination, which are eventually reduced to stria-
tions; these reach only half or less than half of the test. The 
acute apical termination often has a spine. The test can consist 
of 7 to 10 pairs of chambers. The translucent wall is finely 
perforated. The depressed sutures form an angle of around 60º 
with the growth axis. A lip surrounds the oval aperture.

Fig. 5  Map of distribution of stations included in Group 1 (in blue), and Group 2 (in red) resulting from the Cluster Analysis (Fig. 3)
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Ecology notes: It is a frequent species in oxygen-poor 
environments rich in organic matter (Lutze & Coulbourn, 
1984).

Bulimina aculeata  d’ Orbigny, 1826
Orbigny, A. D. d’, 1826. Tableau méthodique de la classe 

des Céphalopodes. Ann. Sci. Nat., Paris, France, 1826, sér. 
1, tome 1, p. 269. Figure in: Parker, Jones & Brady, Ann. 
Mag. Nat. Hist., London, England, 1871, ser. 4, vol. 8, pl. 
11, Fig. 128.

Bulimina aculeata d’Orbigny; Boltovskoy et al., 1980, 
p. 19, pl. 5, figs, 1–3

Bulimina aculeata d’Orbigny; Jones, 1994, p. 56, pl. 
51, figs. 7–9

Description: The test consists of a spiral with 4 to 5 
turns. The chambers of the last turns are inflated and 
occupy most of the test, with a protruding lower edge 
marked by small thick spines; the aboral end of the test 
is sharp and carries one or more terminal spines; the 

transparent, white and shiny wall is finely perforated; the 
sutures are depressed, and the aperture is relatively large.

Ecology notes: B. aculeata is an infaunal species 
(Schmiedl et al., 2000). It is associated with calm sedi-
mentation environments and a high organic matter flow 
(Mackensen et al., 1990).

Buliminella elegantissima  (d’ Orbigny, 1839)
Original name: Bulimina elegantissima d’Orbigny, 

1839
Orbigny, 1839. A. d’, Voyage dans l’Ámérique Méridion-

ale; Foraminiféres. Strasbourg, France, Levrault, 1839, tome 
5, pt. 5, p. 51, pl. 7, figs. 13–14. Buliminella elegantissima 
(d’Orbigny); Boltovskoy et al., 1980, p. 21, pl. 6, figs. 7–10.

Description: The fusiform test is obtuse at its oral end 
and pointed at its initial end; the spiracle has two to three 
turns. The elongated and curved chambers are narrow and 
tilted obliquely to the axis of elongation. The smooth, finely 
perforated wall has depressed sutures; the small, rounded 
aperture has a slight depression on the oral face.

Plate 1  Photos of the main species of foraminifera found in Sepetiba 
Bay. 1: Ammonia buzazi; 2: Ammoniatepida; 3: Amonia roshauseni; 
4: Bolivina ordinaria; 5: Bolivina striatula; 6: Bolivina striatula 
(Side/vertical view); 7: Bulimina aculeata; 8: Buliminella elegantis-
sima; 9: Cancris auricula; 10: Criboelphidium poeyanum; 11-12: 
Elphidium excavatum; 13: Hopkinsina pacifica; 14: Nonion fabum; 
15: Nonionella auris 

Plate 2  List of the main species of foraminifera found in SB. 1: 
Quinqueloculina bosciana; 2: Quinqueloculina lamarckiana; 3: Quin-
queloculina seminulum; 4: Rosalina globularis; 5: Rosalina bradyi; 6: 
Rosalina williansoni; 7: Siphonaperta aspera; 8: Spirillina vivipara; 
9: Textularia earlandi; 10: Trochammina hadai; 11: Amobaculites 
exiguus; 12: Rectocibicides miocenicus (R. miocenicus specimen 
attached to a quartz grain)



Species richness of living foraminifera in Sepetiba Bay (SE Brazil): a species checklist  

Ecology notes: This species is tolerant to anthropogenic 
pollution (Snyder, 1990).

Cancris auricula (Fichtel & Moll, 1798)
Original name: Nautilus auriculus Fichtel & Moll, 1798
Synonymized with: Cancris auriculatus de Monfort, 

1808
Fichtel, L. von & Moll, J. P. C. von, 1798. Testacea 

microscopica aliaque minuta ex generibus Argonauta et 
Nautilus (Microscopische und andere kleine Schalthiere 
aus den Geschlechteern Argonaute und Schiffer). Vienna: 
Anton Pichler, p. 108.

Cancris auricula (Fichtel & Moll); Loeblich & Tappan, 
1987, p. 545, pl. 591, figs. 1-4.

Description: The inequilateral and biconvex test is gen-
erally elongated. The trochospiral winding consists of two 
or more turns. The spiral side is evolute. The umbilical 
side may have an open umbilicus. It has 7 to 8 chambers 
in the last turn; these grow rapidly, and the last chamber 
can occupy two-thirds of the test. The sutures on the spiral 
side are backward and flat, and on the ventral side, they 
are depressed, radial, rectilinear, or slightly arched. The 
umbilical-extraumbilical aperture is located below a wide, 
imperforate lip projecting over the umbilicus. The periph-
eral margin is carinate. The semi-hyaline wall is perforated, 
especially in the outermost area of the chambers.

Ecology notes: It is a common species in oceanic environ-
ments of the Western South Atlantic (Disaró et al., 2022).

Cribroelphidium poeyanum (d'Orbigny, 1839)
Original name: Polystomella poeyana d’Orbigny, 1826
Orbigny, A. D. d'. (1839). Foraminifères, in de la Sagra 

R., Histoire physique, politique et naturelle de l'ile de Cuba. 
A. Bertrand. 1–224.

Synonymized with: Cribrononion miyakoense Ujiié & 
Kusukawa, 1969, Elphidium subgranulosum Asano, 1938.

Description: The test is involute planispiral and with 
a rounded periphery. The umbilical region is slightly 
depressed; the chambers grow rapidly as they are added. 
The sutures are slightly depressed and have short, narrow 
septal bridges. The wall is finely perforated carbonate. The 
areal aperture consists of basal and scattered pores on the 
oral face.

Ecology notes: The species is found in various coastal 
environments in Brazil, from restricted environments such as 
the Saquarema Lagoon (Debenay et al., 2001) to continental 
shelf environments between 4.5 and 58 m deep, in places 
with 0.7% to 13.9% organic matter (Disaró et al., 2022).

Deuterammina discorbis  (Earland, 1934)
Original name: Trochammina discorbis Earland, 1934
Earland, A. (1934). Foraminifera. Part III. The Falklands 

sector of the Antarctic (excluding South Georgia). Discovery 
Reports, University Press, Cambridge, 10 (1935): p 1–208 
(p. 104, Figs. 28–31).

Description: Trochospiral test, rounded in outline, made 
up of 3–4 turns, with four or five chambers in the last turn. 
All the turns can be seen on the dorsal side. The ventral 
side shows the chambers of the last turn and a deep umbili-
cus. The sutures are depressed and recurved on the dorsal 
side and straight on the ventral side. The peripheral edge is 
rounded but compressed. The aperture on the ventral side is 
a slit at the end of the last chamber. The wall is finely agglu-
tinated with a lot of cement. The test has a rusty brown color 
and a diameter of around 60 µm.

Ecology notes: Reported by Alves Martins et al. (2019b) 
for the inner shelf of Aveiro as a species of low recurrence.

Deuterammina (Deuterammina) minuta Brönnimann 
and Whittaker, 1988

Brönnimann, P., Whittaker, J. E. (1988). The Trochammi-
nacea of the Discovery Reports. A Review of the Trocham-
minacea (Protozoa: Foraminiferida) described from South 
Atlantic and Antarctic Waters by Heron-Allen and Earland 
(1932) and Earland (1933, 1934, 1936). British Museum 
(Natural History), 152 p.

Description: Trochospiral test, rounded in outline, made 
up of 3–4 turns, with 5 to 6 chambers in the last turn. All the 
turns can be observed on the dorsal side. The ventral side 
shows the chambers of the last turn and a deep umbilicus. 
The aperture on the ventral side is an interiomarginal slit at 
the end of the last chamber. The wall is finely agglutinated 
with a lot of cement and is made of lithic and biogenic mate-
rials. The test has a ferruginous brown color and a diameter 
of ≈160 µm.

Ecology notes: In the Western South Atlantic, this species 
is associated with environments impoverished in organic 
matter; it was found between 2 and 58 m deep (Disaró et al., 
2022). It is more frequent in lithoclastic and lithobioclastic 
sediments and moderately to poorly sorted sands (Disaró 
et al., 2022).

Elphidium excavatum (Terquem, 1875)
Original name: Polystomella excavata Terquem, 1875
Terquem, O. (1875). Essai sur le classement des animaux 

qui vivent sur le plage et dans les environs de Dunkerque 
(premier fascicule). Paris.

Description: Test circular in outline, slightly compressed, 
peripheral margin rounded and slightly lobed; it has 7–10 
inflated chambers in the final turn; it displays a smooth wall 
with gently curved, depressed sutures, often covered with 
pustules; it exhibits dimples of variable size and shape; 
concave umbilical region, covered with pustules; aperture 
formed by a series of holes at the base of the oral face.

Ecology notes: This cosmopolitan is found in various 
parts of the world ranging from low to high latitudes due 
to its good adaptation to a high range of temperature (± -5° 
to 30 °C) and salinity (20 to 35) (Pregnolato, et al., 2018; 
Hawkes, 2014; Raposo et al., 2016). It has been reported 
in several bathymetries but found more abundantly in 
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transitional environments (Alves Martins et al., 2020b). 
The species' feeding is conditioned by the amount of light 
available in the environment where it is found (Lintner et al., 
2021) and by the quality of the organic matter present in the 
environment (Alves Martins et al., 2020b).

Hanzawaia concentrica (Cushman, 1918)
Original name: Truncatulina concêntrica Cushman, 1918
Cushman, J. A. (1918). Some Pliocene and Miocene 

Foraminifera of the Coastal Plain of the United States. U.S. 
Geological Survey, Bulletin, 676, 1–100.

Description: The trochospiral test is compressed and has 
an oval or subcircular outline; it is covered in small pores, 
which give it a rough appearance. The peripheral margin is 
rounded and lobed. The spiral side is flat. The ventral side is 
convex, with the umbilicus slightly depressed. The chambers 
of the last turn are curved and inflated, with an arched flap 
on the inner edge and on the umbilical side, which partially 
covers the previous turns. The sutures are depressed. The 
main aperture begins in a peripheral position, extending into 
3 or more chambers along the spiral suture.

Ecology notes: It is an infaunal species; it has been 
reported at depths ranging from 35 to 200 m, comprising 
the inner shelf of various regions around the world (Subba 
Rao et al., 1979; Uchimura et al., 2017; Harikrishnan & 
Nathan, 2023), in areas with low carbonate content; it occurs 
both in muddy and sandy sediments (Disaró et al., 2022). 
Hanzawaia concentrica is indicative of areas with high 
productivity, such as the resurgence zones that occur in the 
vicinity of the Cabo Frio region (Disaró et al., 2017), as well 
as well-oxygenated environments with high hydrodynamics 
(Teodoro et al., 2010). Laut et al. (2022) reported the posi-
tive association of this species with high concentrations of 
biopolymers.

Hopkinsina pacifica  Cushman, 1933
Cushman, J. A. (1933). Some new Recent Foraminifera 

from the tropical Pacific. Contributions from the Cushman 
Laboratory for foraminiferal research, 9(4): 77–95.

Description: Small, elongated, fusiform test, slightly 
twisted and laterally compressed. The cross-section is oval 
to subcircular. The first stage of coiling is triserial, later 
becoming biserial. The biserial chambers are inflated, and 
tall and rapidly increase as they are added. The sutures are 
depressed, straight and slightly oblique. Carbonate wall with 
very fine pores. The aperture is located in a projection of the 
last chamber; it is oval and has a tooth.

Ecology notes: An infaunal species typical of shallow 
inner shelf environments under the influence of rivers (Dui-
jnstee et al., 2003; Ernst et al., 2005; Langlet et al., 2014). 
It tends to occupy the first few cm of sediment but makes 
upward migratory movements according to the availabil-
ity of organic matter during times of anoxia (Ernst et al., 
2005; Langlet et al., 2014). In Brazil, it has been identified 
in areas with low carbonate content (both muddy and sandy 

sediments). It has been reported as an indicator species of 
high productivity, being frequent in the Cabo Frio resur-
gence region (Disaró et al., 2017). Langlet et al. (2014) point 
out that H. pacifica prefers fresh food and has opportunistic 
behavior, being one of the most resistant species to oxygen 
scarcity.

Nonion faba (Fichtel & Moll, 1798)
Original name: Nautilus faba Fichtel & Moll, 1798.
Fichtel, L. von & Moll, J. P. C., von, 1798. Testacea 

microscópica aliaque minuta ex generibus Argonauta et 
Nautilus (Microscopische und andere kleine Schalthiere aus 
den Geschlechtern Argonaute und Schiffer). Vienne: Anton 
Pichler, 1798, p. 103, pl. 19.

Nonion fabum (Fichtel & Moll); Loeblich & Tappan, 
1987 p. 617, pl. 690, figs. 1–7.

Nonion fabum (Fichtel & Moll); Jones, 1994, p. 108, pl. 
109, figs. 12–13.

Description: The test is planispiral, bilaterally sym-
metrical, involute and displays a depressed umbilicus. The 
chambers rapidly increase in length as they are added. The 
distinct sutures are depressed near the umbilical zone and 
complanate and limbate on the periphery of the test. The 
wall, calcareous and finely perforated, is mostly smooth, 
except in the umbilical region and also along the sutures, as 
well as in the central area of the test, where it has pustules. 
The narrow, interiomarginal aperture is located at the base 
of the oral face and is partially covered with pustules.

Some authors have also designated this species as Nonion 
boueanum (d'Orbigny), and as Nonion asterizans (Fichtel 
& Moll). Jones (1994) and Levy et al. (1995) discussed the 
synonymy of this species.

Ecology notes: Infaunal species, highly adaptable to 
spring blooms, able to migrate and settle between surface 
and subsurface due to its high capacity to support different 
microhabitats, being able to feed both on fresh phytodetritus, 
but also on other types of food (Fontanier et al., 2023).

Nonionella auris (d'Orbigny, 1839)
Original name: Valvulina auris d'Orbigny, 1839
Orbigny, A. D. d'. (1839). Voyage dans l'Amérique 

Méridionale. Foraminifères. t. 5 pt. 5: 1–86.
Description: Large, robust test, ovate on their outer con-

tour; peripheral margin subcarinate, slightly lobed; with 
9–11 inflated chambers, slightly curved in the last turn. They 
have lobed and digitate extensions above the umbilicus, on 
the involute side; spiral side partially evolute, flattened; wall 
smooth, white, thin and densely perforated; sutures very 
depressed, especially near the umbilicus; apertural face 
broad, triangular, convex; with a distinct aperture.

Ecology notes: Infaunal species, with a preference for 
muddy sediments; it is a detritivorous, free-living taxon that 
inhabits depths ranging from 10 to 1000 m; it can settle in 
areas with normal salinity, but also in environments with 
lower salinities (Bernasconi & Cusminsky, 2015).
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Pararotalia sarmientoi (Redmond, 1953)
Original name: Rotalia sarmientoi Redmond, 1953
Redmond, C. D., 1953. Miocene Foraminifera from the 

Tubara Beds of Northern Colombia. Journal of Paleontol-
ogy, 27(5), 708–733.

Description: The test has a low trochospiral shape and 
comprises 2 to 3 turns and 6 to 9 chambers in the last turn. 
The chambers have slightly depressed, radial to oblique 
and curved sutures. The chambers’ size increases as they 
are added. The test has a subcircular outline, a lobed mar-
gin and a subacute to carinate periphery. The umbilicus is 
open, with a knob; the umbilical side has triangular cham-
bers with projections over the umbilical region. Carbonate 
wall, opaque, porous, with small papillae. The test has an 
interiomarginal aperture with a lip.

Notes on the ecology: It is common between 2 and 45 m 
deep in sediments with variable amounts of organic mat-
ter (1%-13.9%; Disaró et al., 2022). It is common in the 
Western South Atlantic and the Caribbean Sea (Disaró 
et al., 2022).

Pyrgo williamsoni (Silvestri 1923)
Original name: Biloculina williamsoni Silvestri, 1923.
Silvestri, A., 1923. Microfauna pliocenica rizopodi reti-

colari di Capocolle presso Forli. Atti della Pontificia Acca-
demia della Scienze Nuovi Lincei, Roma (1922–1923). 76: 
70–77.

Synonym of Biloculina ringens (Lamarck, 1804).
Description: Bilocular and biconvex test with an elon-

gated oval outline and a rounded peripheral margin. There 
is a small gap between the last 2 chambers, the only ones 
visible externally. Sutures are depressed. The wall is shiny, 
smooth without pores, and composed of porcelain carbonate. 
Oval-shaped aperture at the end of the last chamber, with a 
flat and bifid tooth.

Ecology notes: Epifaunal species typical of oxygenated 
environments, with a significant supply of organic matter 
(De & Gupta, 2010; Murray, 1991).

Quinqueloculina bosciana d'Orbigny, 1839
Orbigny, A. D. d'., 1839. Foraminifères, in de la Sagra 

R., Histoire physique, politique et naturelle de l'Ile de Cuba. 
A. Bertrand. 1–224.

Description: Quinqueloculine test, oval, elongated, 2 to 
2.5 times longer than wide, compressed, truncated at the oral 
end and rounded at the aboral end, with rounded periphery; 
chambers half a turn long, convex, not inflated, elongated, 
slightly protruding at the oral end and expanded at the aboral 
end, depressed sutures. Porcelain carbonate wall, without 
pores, smooth and shiny. Terminal aperture oval to circular 
at the protruding end of the last chamber, with a thin lip not 
evident externally and with a short, simple tooth.

Ecology notes: Species associated with environments 
recorded between 2 and 168 m deep in places with rela-
tively high levels of organic matter (between 1.5% and 

13.9%; Disaró et al., 2022). It is common in the Western 
South Atlantic, Caribbean Sea and Gulf of Mexico (Disaró 
et al., 2022).

Quinqueloculina lamarckiana, d’Orbigny, 1839
Orbigny, A. D. d'. (1839). Foraminifères, in de la Sagra 

R., Histoire physique, politique et naturelle de l'ile de Cuba. 
A. Bertrand. 1–224.

Description: Large quinqueloculine test. The margin of 
the chambers is compressed into a keel. The aperture is 
a rounded hole with a bifid tooth. The carbonated wall is 
smooth, imperforate and porcelain.

Ecology notes: Recorded in various locations worldwide 
(Hofker, 1971); it is frequently found in restricted lagoon 
and continental shelf environments (Javaux and Scott, 2003).

Quinqueloculina seminulum (Linnaeus, 1758)
Original name: Serpula seminulum Linnaeus, 1758.
Linnaeus, C., 1758. Systema Naturae per regna tria 

naturae, secundum classes, ordines, genera, species, cum 
characteribus, differentiis, synonymis, locis. Editio decima, 
reformata [10th revised edition], vol. 1, 824 pp. Laurentius 
Salvius: Holmiae.

Description: Elongated quinqueloculine test with a 
rounded periphery. The aperture at the end of the last cham-
ber is a large, elongated hole with a simple, elongated tooth. 
The carbonate wall is imperforate and porcelain, with a 
smooth surface.

Ecology notes: It is a frequent species in coastal environ-
ments (Damasio et al., 2020; Martins et al., 2015b, 2016), 
tolerating high levels of organic matter (Belart et al., 2019; 
Laut et al., 2022). This species tolerates relatively high con-
centrations of metals, such as Zn, Cd and Pb, as observed in 
Guanabara Bay (Alves Martins et al., 2020b).

Rectocibicides miocenicus Cushman and Ponton, 1932
Cushman, J. A. & Ponton, G. M., 1932. Some interest-

ing new Foraminifera from the Miocene of Florida. Con-
tributions from the Cushman Laboratory for Foraminiferal 
Research, 8(1), 1–4.

Description: Encrusting compressed test; the first stage 
of development is spiral, later becoming uniserial; at this 
stage, the chambers may form one or two lineaments. The 
chambers are wider than long; they are separated by sutures, 
limbed and slightly depressed. Hyaline, translucent car-
bonate wall with numerous pores. The multiple apertures, 
located at the base of the oral face, are composed of subcir-
cular holes surrounded by a rim.

Ecology notes: This species is common on the inner shelf 
and is frequent in shallow waters (Uchio, 1960) and in envi-
ronments with high hydrodynamics (Disaró, 2014).

Rosalina bradyi (Cushman, 1915)
Original name: Discorbis globularis var. bradyi Cush-

man, 1915
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Cushman, J. A., 1915. A monograph of the Foraminifera 
of the North Pacific Ocean. Part V. Rotaliidae. Bulletin of 
the United States National Museum, 71 (5), 1–87.

Description: Low trochospiral test, with an approximately 
circular outer contour; the chambers of the last turn are all 
visible on the spiral side; they rapidly increase in size as 
they are added. The chambers are inflated. The aperture is 
located on the ventral side of the test. Carbonaceous wall is 
perforated and smooth.

Ecology notes: This species is commonly found in shal-
low environments rich in organic matter (Dubois et al., 
2021) but also in rocky environments, algal substrates and 
coral reefs (Hayward et al., 1999; Murray, 2006).

Rosalina globularis d'Orbigny, 1826
Loeblich, A. R., Tappan, H. N., 1994: Foraminifera of 

the Sahul Shelf and Timor Sea. Cushman Foundation for 
Foraminiferal Research, Special Publication 31. 661 pp. 
Plate 286, Figs. 13–15.

Description: The vitreous shell is slightly trochoid, 
with a circular peripheral contour, more or less lobed. 
The margin is rounded or slightly acute. Spirally arranged 
chambers with perforated walls form the dorsal side. On 
the dorsal side, the sutures are flat in the early stages of 
the test and slightly depressed in the adult portion. The 
initial chamber is visible on the dorsal side; the ventral 
side is flat, with radial sutures. Extensions of the chamber 
wall partially cover the open umbilicus. The aperture is a 
slit situated along the suture of the last chamber; on the 
umbilical side, apertures of the chambers of the last turn 
can be seen. The innermost turns, on the evolute side, are 
characteristically reddish-brick or reddish-pink. This spe-
cies can be more or less irregular as the individuals adapt 
during growth to the shape of the substrate to which they 
adhere.

Ecology notes: It is an epiphytic species (Coppa & Di 
Tuoro, 1995) that shows predatory activity when there is a 
food shortage (Murray, 2006). Its distribution is related to 
the availability of nutrients, often occurring on algal beds 
(Sliter, 1965).

Rosalina williamsoni (Chapman and Parr, 1932)
Original name: Discorbis williamsoni Chapman and Parr, 

1932
Williamson, W. C., 1958. On the recent foraminifera of 

Great Britain. Ray Soc., London, England, 1858, p. 54, pl. 
4, figs. 106-108.

Parr, W. J. (1932). Victorian and South Australian shal-
low-water foraminifera. Part II. Proceedings of the Royal 
Society of Victoria, 44, 218-234

Discorbis williamsoni Chapman & Parr; Boltovskoy 
et al., 1980, p. 28, pl. 12, figs. 5-12.

Description: The test is plano-convex, with a carinated 
subacute peripheral margin and a circular outer contour. 
The spiral side shows a winding with two or three turns. On 

the ventral side, the chambers are triangular with a rounded 
umbilical margin. The chambers are well-defined but not 
globose. The smooth, transparent vitreous wall may or may 
not be perforated. The sutures are slightly depressed, radial 
and curved on the umbilical side. The open umbilicus is 
covered by extensions of the chambers. The aperture is an 
interiomarginal slit.

Ecology notes: Rosalina williamsoni is an epifaunal 
species (Corliss, 1991). The distribution of this species is 
directly associated with dynamic environments (Teodoro 
et al., 2010).

Siphonaperta aspera  (d'Orbigny, 1826)
Original name: Quinqueloculina aspera d'Orbigny, 1826
Orbigny, A. D. d'., 1826. Tableau méthodique de la classe 

des Céphalopodes. Annales des Sciences Naturelles, 7, 
96–169, 245–314.

Description: The arrangement of the chambers in the test 
is of the "quinqueloculine" type. The wall contains agglu-
tinated materials and is imperforate. The test is oval in lat-
eral view. The chambers are elongated longitudinally and 
subrounded in cross-section. The aperture is oval, delimited 
by a non-agglutinated edge, and provided with a relatively 
long bifid tooth. The wall is agglutinated with fine-grained 
material.

Ecology notes: it is common in the infralittoral zone, 
where the sediment is composed of medium sand (Magno 
et al., 2012), but is rarely associated with seaweed (Di Bella 
et al., 2012).

Spirillina vivipara Ehrenberg, 1843
Ehrenberg, C.G. (1843). Verbreitung und Einfluss des 

mikroskopischen Lebens in Süd-und Nord-Amerika. Abhan-
dlungen der Königlichen Akademie der Wissenschaften zu 
Berlin, 1841, 291–445, 4 pls.

Description: The carbonaceous and hyaline test is formed 
by a simple proloculus and an elongated tubular chamber, 
spirally coiled, which gradually grows in size; this chamber 
has no septa and in cross-section is subrounded; the spiral 
suture is slightly depressed. A simple aperture is located at 
the end of the tubular chamber.

Ecology notes: It has a wide distribution in neritic envi-
ronments, preferring waters up to 26 °C (Murray, 2013), and 
can survive in hypersaline environments (Murray, 2006).

Textularia earlandi Parker, 1952
Parker, F. L., 1952. Foraminiferal distribution in the Long 

Island Sound – Buzzards Bay area. Harvard Coll., Mus. 
Comp. Zoöl., Bull., vol. 106 (1951-1952), nº 10, p. 458

Synonymized with: Textularia tenuissima Earland, 1933 
and Textularia elegans Lacroix, 1932.

Textularia earlandi Parker; Alve & Murray, 1994, pp. 22, 
24, pl. 1, fig. 14.

Description: The test is much longer than wide, with an 
initial planispiral coiling followed by a biseriate arrange-
ment in which the chambers are distributed in opposite pairs; 
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the chambers gradually increase in size as they are added. 
The peripheral margin is rounded and lobed. The thin, pale-
yellow wall is made up of particles of varying sizes. The 
depressed, narrow sutures make a 90º angle with the growth 
axis. The aperture consists of a small interiomarginal arch 
on the convex oral surface.

Ecology notes: It is a eurythermal and euryhaline spe-
cies, frequent in neritic and bathyal environments; it can 
withstand large variations in salinity and temperature (Alve 
and Nagy, 1990), showing resilience and the potential to 
survive environmental stress (Alve & Goldstein, 2010). It is 
common in the South Atlantic continental shelf (Boltovskoy 
and Totah, 1985).

Trochammina hadai  Uchio, 1962
Uchio, T., 1962. Influence of the River Shinano on 

foraminifera and sediment grain size distribution. Pub-
lications of the Seto Marine Biological Laboratory, 10, 
363–392.

Description: Trochospiral test, essentially made up of 
poorly sorted quartz grains, agglutinated with brownish 
cement. The test is biconvex, with inflated chambers, all 
visible on the spiral side; the chambers of the last turn are 
visible on the dorsal side; the last chambers grow signifi-
cantly and are quite inflated, especially the last one, some-
times giving the test morphological diversity. The aperture 
is umbilical.

Ecology notes: Trochammina hadai has been found in 
the Santos and Campos basins and the Flamengo Cove, in 
the latter as an invasive species in recent sediments (Sousa 
et al., 2017).

5  Discussion

This study found a smaller number of foraminifera (214) 
than previous studies carried out in the Guaratiba / Sepetiba 
Bay mangrove complex, in which 264 species of benthic 
foraminifera were recorded (Laut et al., 2012). However, 
the current study does not include the Guaratiba mangrove 
swamp or dead foraminifera, which contains a record of past 
faunas and specimens transported from other areas (Schön-
feld et al., 2012).

It can, therefore, be considered that the diversity of 
foraminifera in Sepetiba Bay is relatively high when com-
pared to other Brazilian coastal systems. For example, Belert 
et al. (2018) only found 8 living species in the Saquarema 
Lagoon System, Filippos et al. (2023) found 23 species in 
the area surrounding the diffusers of a domestic sewage out-
fall at Cigarras Beach; Raposo et al. (2022) found 49 living 
species in the Cachoeira Estuary; Rodrigues et al. (2014) 
found 88 taxa in Flamengo Inlet, Ubatuba, São Paulo State; 
Alves Martins et al. (2020b) identified 52 living benthic 
foraminifera in the NE region of Guanabara Bay and Nunes 

et al. (2023) identified 94 living foraminiferal taxa in other 
regions of this bay.

The same can be observed when comparing the number 
of species identified in Sepetiba Bay with those recorded 
in other regions of the world. For example, Al-Enezi 
et al. (2022) identified (45 stations) in Kuwait Bay, Ara-
bian Gulf 107 species of living foraminifera Dimiza et al. 
(2016) identified (22 stations) in Elefsis Bay and Saronikos 
Gulf, Greece, Eastern Mediterranean, 55 species of living 
foraminifera; Frontalini et al. (2020) identified in 32 stations 
surrounding three offshore gas platforms (Armida – AA, 
Garibaldi A—GA and Agostino B—AB) in front of the 
Ravenna coast, Adriatic Sea, 32 species of living foraminif-
era; Martins et al. (2015a) identified in 53 stations located 
along the channels of Aveiro Lagoon (Portugal) 76 species 
of living foraminifera.

The most common species in Sepetiba Bay found in this 
work are Ammonia tepida, Ammonia rolshauseni, Bulim-
inella elegantissima, Elphidium excavatum, Bolivina stria-
tula, Textularia earlandi, Quinqueloculina seminulum, Tro-
chammina hadai and Ammonia buzasi. Most of these species 
have been found in other Brazilian coastal systems, such as 
South Bay, Florianópolis (Rudorff et al. (2012), Flamengo 
Inlet (Eichler et al., 2018), Ubatuba Bay, Flamengo (Rod-
rigues et al., 2014), São Sebastião Channel (Duleba et al., 
2018) Cigarras Beach (Filippos et al., 2023), Guanabara 
Bay (Alves Martins et al., 2020b; Nunes et al., 2023), Itaipu 
Lagoon (Raposo et al., 2018), Saquarema Lagoon (Belart 
et al., 2018, 2019), Vermelha Lagoon (Laut et al., 2022), 
Almada Estuary (Laut et al., 2021), and Cachoeira Estu-
ary (Raposo et al., 2022). Trochammina hadai is an inva-
sive species that was recently found in the Flamengo Cove 
(Eichler et al., 2018; Sousa et al., 2017). Ammonia buzasi 
was recently identified through genetic analysis in Sepetiba 
Bay, having not been identified in Brazil before (Damasceno 
et al., 2024).

Considering the analyzed data and the statistical results 
(by CA and nMDS), two main zones can be considered in 
Sepetiba Bay. The stations of CA-Group 1 (Figs. 3) and zone 
B of the nMDS (Fig. 2) correspond to the central and outer-
most stations of Sepetiba Bay (Figs. 4, 5), which are char-
acterized by higher species richness (S), indicating greater 
diversity. In this region the marine influence is higher, the 
water renewal by tidal currents is effective (Kjerfve et al., 
2021), the hydrodynamics is stronger (Cunha et al., 2006; 
Santos et al., 2018) and therefore the sediments are rich in 
oxygen (Schratzberger & Ingels, 2018). In this outer sec-
tor of Sepetiba Bay can be found species that are typical 
of transitional environments, such as that belonging to 
Ammonia genus (Holzmann & Pawlowski, 2000), as well 
as species typical of neritic environments such as Rosalina 
williamsoni, Rosalina bradyi, Quinqueloculina bosciana, 
Nonionella auris, Globocassidulina crassa and Hanzawaia 



 M. F. Soares et al.

concentrica (Disaró, 2014, 2017, 2022). These species 
prefer oxygenated substrates with organic matter of high 
environmental quality (Martins et al., 2015a) under higher 
marine influence.

The stations of CA-Group 2 (Figs. 3, 5), and zone A the 
nMDS (Figs. 2, 4) are located in the inner region and close 
to the margins of Sepetiba Bay, with lower species rich-
ness (S). In this region the waters have lower salinity due 
to the greater fluvial influence, especially from the Guandú 
River (Molisani et al., 2006). This region is relatively more 
confined since the Marambaia Barrier Island and several 
islands reduce communication with the ocean. Pollution has 
greater expression in this zone of the bay (Carvalho et al., 
2022; Lacerda et al., 2004; Magalhães et al., 2001; Molisani 
et al., 2004; Rodrigues et al., 2020). The significant reduc-
tion in the number of living species in the stations of the 
CA-Group 2 (Figs. 3, 5; Appendix 1) is probably related 
to the high environmental stress caused by the variability 
of physicochemical parameters (Kjerfve et al., 2021). The 
discharge of domestic sewage into the inner region of the 
bay (Molisani et al., 2004) can contribute to the decrease in 
the sediment pore-water pH, hindering the calcification of 
the tests of various species (Dias et al., 2010; Dong et al., 
2020). In addition, the large accumulation of organic matter 
on the bottom can stimulate the proliferation of decomposer 
organisms and contribute to a reduction in the availability of 
oxygen in the bottom sediment, allowing colonization only 
by taxa resistant to lower oxygen conditions, such as Ammo-
nia and Buliminella (Alves Martins et al., 2019a). These 
genera are essentially composed of opportunistic species that 
survive in environments with high levels of organic matter 
and withstand a sharp decrease in oxygen and variations in 
salinity (Donnici et al., 2012; Koho et al., 2018).

Several authors have tried to distinguish different environ-
ments in Sepetiba Bay based on the distribution of foraminif-
era (e.g., Brönnimann et al., 1981a; Oliveira-Silva, 2003; 
Suguio et al., 1979). Suguio et al. (1979) identified a biotope 
(C), located mainly between the islands of Itacuruçá and 
Jaguanúm, the Marambaia inlet and the transitional portion 
to the outer sector of the bay, corresponding to a large extent 
of what in this study was called the nMDS-Zone B, the zone 
of greatest diversity. Although the zones identified in this 
work, based on the biodiversity of living foraminifera, can-
not be strictly compared with the zones defined by Brön-
nimann et al. (1981a) and Oliveira-Silva (2003), also based 
on variations in foraminiferal diversity (but on living + dead 
specimens; Figs. S1 and S2), it can be deduced that there has 
been an expansion of the most "inner" zone (nMDS-Zone 
A; Figs. 4, 5), encompassing the transitional Zone 1, mixo-
haline lagoon A and mixohaline lagoon B, of Brönnimann 
et al., (1981a; Fig. S1).

6  Conclusion

This study, based on the analysis of 50 sampling stations 
in Sepetiba Bay (May 2022), shows that the biodiversity of 
living foraminifera is significant (in 6548 counted specimens 
were found 214 living species). Most of the foraminifera 
belonged to the Class Globothalamea, with emphasis on the 
genera Ammonia, namely Ammonia tepida, Ammonia buzasi, 
and Ammonia rolshauseni, and the genera Bolivina, Bulim-
inella, and Elphidium, represented mainly by Bolivina stria-
tula, Buliminella elegantissima, and Elphidium excavatum. 
A comparison of the number of species found in Sepetiba 
Bay with those found in other Brazilian and global coastal 
systems shows that the diversity in this bay is relatively high.

Based on a species presence-absence matrix and multi-
variate statistical analyses, two main zones were identified in 
Sepetiba Bay: the "inner" zone with the lowest species rich-
ness and the "central outer" zone, located in the region most 
closely connected to the ocean, with the highest diversity. 
The results of this work, compared with previous (performed 
in the 1980s) foraminiferal biofacies mappings, suggest an 
extension of the “internal” zone with less diversity towards 
the oceanic region of Sepetiba Bay.

Data based on the living assemblages of foraminifera is 
important for knowing the effective biodiversity and distin-
guishing different environments, influenced, for instance, by 
water depth, salinity, water renovation, sediment character-
istics, and eutrophication processes, among others.
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