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The benthic foraminiferal distribution (total fauna) associated with previous sediment grain-

size data have been investigated in the lower continental slope of the Espírito Santo Basin. Twelve 
surface sediment samples (0-2 cm) were collected with a box-corer distributed in six transects 
between 1000 to 1300 m water depths. The study area is located in the southeastern Brazilian 
margin and has a distinct continental shelf, characterized by a significant variation in shelf width. 
Prior data set of bathymetric and faciological maps classified the Espírito Santo shelf as a mixed 
sedimentation deposition (terrigenous and carbonate), which presents three distinct sedimentation 
regimes: supply, accommodation and carbonate sedimentation. The supply regime was associated 
with the Doce River shelf (the largest river in the study area), which is characterized by regressive 
deposits. The interaction between the sedimentation regimes and the benthic foraminifera 
distribution is the objective of this study.   



Preliminary results show that majority of tests were calcareous hyaline (94.6%), followed by 
agglutinated (2.9%) and porcelaneous (2.4%). Around 220 benthic foraminiferal species were 
identified among all samples. The relative abundance of the main species distinguished three groups 
revealed by Q-mode hierarchical cluster and MDS analyses. The Group I has the highest relative 
abundance of Globocassidulina spp. and the ‘phytodetritus species’ Alabaminella weddellensis and 
Epistominella exigua, along with low richness values and high silt content. The Group II has an 
increased proportion of agglutinated tests, also high relative abundance of Bolivina spp. and clay 
content. Group III exhibited high richness values, combined to an increase of porcelaneous and 
broken tests, with a high content of sand. Each group (I, II and II) occur where the benthic 
foraminiferal assemblage has correlation with the sediment: silt, clay and sand respectively. The 
Group III occur nearest to the Abrolhos Complex, which also affect effectively on the benthic 
foraminifera assemblage of this group. The interpretation of preliminar results shows that the 
general trend of the benthic foraminiferal distribution is closely related to sediment grain-size 
distribution along the slope. 
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The West Equatorial Atlantic (WEA) and West South Atlantic (WSA) are related to the 

Atlantic Meridional Overturning Circulation (AMOC) as important sites in the ocean heat 

distribution. During the Heinrich Events (H’) the formation of North Atlantic Deep Water 

was weakened and, the AMOC was disturbed. The weakening in the ocean circulation leads 

to a decrease in the O2 content in the bottom waters, causing an influence in pores of 

foraminifera. Where this content is low, the tests of foraminifera tend to have larger pores 

and vice-versa. The aim of this work was to evaluate the oxygenation in the WEA and WSA 

in a non seep site and in a seep site respectively, through analysis of the foraminiferal 

assemblage and pore size of Cibicides pseudoungeriana over the last 30 kyrs. The WEA core 

MD09-3243CQ was collected on the slope of northeastern Brazil on R/V Marion Dufresne 



173/Retro III, in Oct, 2009. The WSA core GeoB 6201-5 was collected in a cold-seep site of 

southern Brazil on R/V METEOR 46/2, in Aug, 1999. The results show the interglacial 

period with higher concentration of O2 and, a lower mean area of the pores, besides, an 

assemblage more abundant in epifaunals. During the last H two phases were observed, in the 

first (H1.1), the weakening of the AMOC implied in lower rates of O2 and, higher average 

pores area and an abundance of infaunals in relation to the epifaunals. During H1.2, with 

resumption of the AMOC the O2 of deep water increased and, the test pores decreased with 

fewer infaunals than H1.1. During the glacial, the mean area of the pores increased and the 

assemblage showed a predominance of epifaunals showing that O2 concentrations were not as 

low as in H1.1. Thus, variation in pore size seems to be ecophenotypic occurring first, as an 

adaptation facing O2 changes in the environment, and only in extreme cases the configuration 

of the fauna is affected. The porosity on WEA was correlated to the 
231

Pa/
230

Th and a 

correspondence between slow AMOC and increase in porosity of C. pseudoungerina were 

observed around 16 kyrs BP when extreme H1.1 was expressed in pore size of tests for both 

sites. 
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Transitional water-bodies, such as coastal lagoons and lakes with narrow connections to the sea, are 
typically characterized by strong seasonal cycles resulting from periodical rainfall and wind-forcing 
events that affect the circulation and the residence time of water. The Saquarema Lagoon System 
(SLS) consists of four large connected lagoons (Urussanga, Jardim, Boqueirão, and Saquarema) 
located in Rio de Janeiro State (southeast Brazil) and is connected to the Atlantic Ocean through an 
artificial channel called Barra Franca located in Saquarema lagoon. The aim of the present study was 
to analyze the seasonal variation of the subtidal living benthic foraminiferal assemblages of the 
tropical lagoon—SLS—during the summer (rain) and winter (dry) seasons to understand the 
dynamics in a coastal habitat with restricted tidal influence. The seasonal variation model of the SLS 
should provide useful information for environmental and paleoenvironmental studies in other 



similar tropical lagoons. This is the first study in Brazilian coastal lagoons aiming to characterize a 
lagoonal environment based on the seasonal variation of the foraminiferal assemblages and the 
physicochemical parameters. The physicochemical parameters in the SLS presented strong 
differences between both seasons analysed and between low and high tide; however, they 
remained quite homogeneous in winter and exhibited great oscillations in summer. In the study area, 
29 and 19 living foraminiferal species were identified in summer and winter, respectively. Ammonia 
tepida was the dominant species in both seasons followed by Ammonia parkinsoniana and 
Cribroelphidium excavatum. The detrended correspondence analysis showed that in the SLS: the 
calcareous species, such as Adelosina carinatastriata, Bulimina patagonica, and Miliolinella antartica 
were mostly influenced by high dissolved oxygen contents and low temperature that is associated to 
the upwelling influence in the coast during the summer. The agglutinated foraminiferal species were 
indicators of the most confined lagoonal areas, under the lowest pH and salinity values. The results 
described in the present study indicated the importance of analyzing the seasonal variation in 
tropical regions, since the physicochemical parameters’ fluctuations significantly change along the 
year influencing directly the benthic community. The benthic foraminifera dataset generated by this 
study could be used for long-term ecological monitoring of the Saquarema Lagoon System. 
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Anthropogenic impacts promote the releases of high amount of organic matter (OM) and nutrients 

in coastal zones, which tend to turn these areas into eutrophic or even hyper-eutrophic 

environments. In this context, new approaches for characterization of OM compounds were 

developed to determine the trophic status of the coastal ecosystems by assessing the concentrations 

of lipids (LIP), carbohydrates (CHO), proteins (PTN), total organic carbon (TOC) and total sulfur (TS). 

However, just a few studies have reported the relationship of benthic foraminifera and OM in order to identify 

which biopolymer mostly influence these organisms. The main goal of the present study was to identify the 

impact of OM compounds on BF species along the coast of Rio de Janeiro state (lagoons of Itaipu, Maricá, 

Saquarema, Vermelha and Araruama), and then provide the bioindicators organisms based on their relationship 

with biopolymers. A total of 71 species of BF were identified along the 5 lagoon bodies. Of the total, 13 dominant 



and/or more frequent species were selected for a multiple regression analysis (Ammobaculites dilatatus, 

Ammonia parkinsoniana, Ammonia tepida, Bolivina striatula, Bolivinellina translucens, Buliminella elegantissima, 

Caronia exilis, Cribroelphidium excavatum, Elphidium gunteri, Miliolinella subrotunda, Quinqueloculina seminula, 

Textularia earlandi and Warrenita palustris). As a result, was possible identify that A. dilatatus, A. parkinsoniana, 

A. tepida, C. exilis, C. excavatum and M. subrotunda had a strong relation with CHO indicating an association with 

regions with higher primary productivity, which possibly indicates either a feeding base and/or a life in symbiosis 

with algae. B. striatula and B. translucens had a strong relationship with CHO and TS, confirming the infaunal 

habit of this genus and possibly a diet based on algae. Q. seminula species had a very strong association with 

protein wich indicates a preference for environments with presence of bacteria and their relation with lipids 

proves that these species have a high tolerance to anthropic environments with presence of domestic sewage. B. 

elegantissima, E. gunteri, T. earlandi and W. palustris had no relation with the analyzed parameters, indicating 

that their distribution is probably associated with another parameter that was not considered in this study. The 

present study was the first to relate BF exclusively with OM compounds and proved to be very efficient in 

defining bioindicator species of each OM compounds, which reinforces the use of BF in the biomonitoring of 

impacted regions. 



Environmental assessment in Public Agency practice: Challenges in Brazilian coastal and marine projects 
 

Aline Borges do Carmo1 
 
Brazil has an extensive coastline, with a population density five times higher than the national average, and 
due to the national economy’s dependence of foreign markets, a considerable part of the Brazilian industrial 
and logistic structure is located by the sea. According to the Brazilian Environmental Ministry, there is a 
worrying scenario about environmental impacts in this region, and inadequate Environmental Impact 
Assessment (EIA) practices contributed to this scenario. EIA is an important environmental management tool, 
being an essential step for the implementation of potentially polluting projects and activities that use natural 
resources, which the main purpose is to provide improved decision-making and to ensure that the design 
options in consideration are environmentally sound and sustainable. In Brazil, EIA in coastal and marine areas 
is conducted by IBAMA, the Federal Environmental Agency. Current Brazilian EIA system does not seem to be 
adequate for the reality of the high number of projects and permits requests and, consequently, for the 
increasing pressure to speed up the process of environmental permit granting. Monitoring after permit 
granting is a key issue in this discussion, and has been neglected for many years. A persistent doubt among 
environmental agencies’ technicians is to what extent this monitoring should be performed and which taxa 
should it comprise, since, normally, several studies are performed without further consideration on how their 
results could improve environmental management in already approved projects. To change this scenario, 
some challenges need to be addressed, such as exclusively monitoring parameters that allow the analysis of 
environmental changes related to the project´s impacts, in order to adjust the corresponding mitigating 
measures, continuous improvement of those measures and of projects´environmental performance 
management and promotion of a greater safety in both technical analysis and decision making. Therefore, 
application of foraminiferal organisms in coastal and oceanic environmental monitoring is an interesting topic 
in the discussion about better monitoring methods in EIA.   
 

                                                
1Bióloga (USP), Mestre em Ecologia e Biomonitoramento (UFBA), Doutora em Oceanografia (USP), analista 

ambiental do Núcleo de Licenciamento Ambiental do IBAMA/SP. 
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Sepetiba Bay is located in the south of Rio de Janeiro state, SE Brazil. It is bordered to the east 

by the Guaratiba tidal plain, to the south by the Restinga da Marambaia (a 42-km long barrier 

island) and to the west by a string of migmatite islands. Its main connection to the ocean occurs 

mostly through a navigational channel in the western sector. In this work are presented data 

obtained along the a 1.77m long core (T08 core) , collected in the western sector (Marambaia 

cove), at 2.2 m water depth. This core was radiographed and submitted to geophysical analysis 

and then sampled every 2 cm. Textural data, organic matter, carbonates and foraminifera 

contents were acquired in 89 horizons. Three ages determined by Optically Stimulated 

Luminescence, and a fourth by radiocarbon, suggest that the core records are older  than 7.5 ka 

BP. Core T08 is mostly composed of muddy sands. The sand fraction is made up of very fine to 

fine sand particles introduced by winds, and by medium to coarse sands, related to fluvial input. 



Coarser sands are more abundant at the core base (177-138cm), in a period prior to 7.2 Ka BP, 

where foraminifera are nonexistent or rare. Fines sediments (7-42%), carbonates (1-11%), 

organic matter (0-8%) and foraminifera density (up to 7000/g) contents increase from the base 

to the core top. Foraminifera assemblages found between 134-0 cm, are typical of shallow 

marine environments. They are dominated by Ammonia tepida, also including species such as 

Ammonia parkinsoniana, Cribroelphidium excavatum, Cribroelphidium poeyanum, Elphidium 

discoidale, Elphidium gunteri, Elphidium williamsoni, Buliminella elegantissina and Bolivina 

striatula. Although the abundance of coarser particles decreases towards the core top, thin beds 

of these particles are observed in the first 40 cm of the core, probably provided by the Restinga 

da Marambaia, associated with changes in the wind pattern and intensity. The top 8 cm of the 

core exhibit a high amount of microplastics (around of 90% of particles contents in fraction 

superior of the >500µm) and include forams of smaller dimensions and less diversified 

assemblages. The results suggest that the study area was submitted to subaerial exposure 

before 7.3 ka BP, followed by a submerged phase. Core T08 records the influence of climatic 

oscillations associated to the formation and evolution of the Restinga da Marambaia as well as 

the role played by anthropic activities in more recent years. 
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The occurrence of an Ammonia unregistered species at the Santos Estuary, SE Brazil 
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Benthic foraminifers are widely used as environmental bioindicators, and the knowledge concerning 
the foraminifera species ecology is crucial for the successful assessment of the marine environment. 
Morphological features such as test form, aperture, number of chambers and a variety of external 
ornaments are used to distinguish species. However, species can present different phenotypes due 
to the influence of genetics and environmental variables, making difficult the species identification. 
Ammonia is among the most abundant and diverse genera of benthic foraminifera worldwide, with 
as many as 25-30 living species. They have a high morphological variability that may interfere in the 
taxonomic determination, bringing inconsistency to phylogenetic analysis. Many Ammonia species 
are able to live on subtidal habitats reaching the most marginal marine environments (mangroves, 
salt marshes and estuaries). They are considered very opportunistic species. An environmental 
assessment in the Santos Estuary, SE Brazil, was conducted in 2018. Superficial sediment samples 
were analyzed for benthic foraminifera. Individuals of the genus Ammonia that could not be 
identified at the species level with stereomicroscope and SEM images were classified as Ammonia 
sp.1. This species exhibits the highest abundance in the samples located in the Piaçaguera River and 
at the upper estuary. The morphology of the Ammonia sp.1 was compared with the description and 
photos of Ammonia aomoriensis (Asano, 1951), Ammonia becarii (Linneaus, 1758), Ammonia 
hatatatensis (Takayanagi, 1952), Ammonia parkinsoniana (d’Orbigny, 1839) and Ammonia tepida 
(Cushman, 1926), but the identification was inconclusive. Ammonia sp.1 has an almost equally 
biconvex test with a deeply excavated umbilical region and slightly depressed dorsal surface, 
presents 8-9 chambers in the last whorl and rounded peripheral margin. Different molecular analysis 



(LSU rDNA sequences) of Ammonia species identified 13 Ammonia genetic types, designated T1-T13. 
Eight types were considered to have been described already, and the associated taxonomic names 
were therefore assigned to them. The Ammonia sp.1 is morphologically similar to T6 morphotype, 
which was associated with Ammonia aomoriensis. Nevertheless, morphological discrepancies and 
the lack of genetic material of some already described species impairs molecular analysis. Further 
rDNA or rRNA analysis should be performed to enlighten data interpretation. 
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This study aims an environmental characterization of the Santos Estuary, which is an important 
region in SE Brazil, owning the largest port in Latin America and the largest industrial pole in the 
country. The region has been urbanized and industrialized in an uncontrolled way since the 1950s, 
becoming a large sedimentation site of pollutants. Samples of superficial sediment collected from 
the northernmost region of the Piaçaguera River to the Santos Bay were analyzed for total aliphatic 
hydrocarbons (AHs), polycyclic aromatic hydrocarbons (PAHs), sterols, Total Organic Carbon, Total 
Nitrogen and heavy metals (Al, As, Cd, Cr, Cu, Fe, Ni, Pb, Sc, V and Zn). Communities of benthic 
foraminifera (dead fauna) were also analyzed to identify the effect of the estuarine hydrodynamics 
on meiofauna, since foraminiferal assemblages are strongly influenced by the movement of water 
masses and by post mortem transport. AHs analyses revealed a widespread presence of considerable 
petroleum-related residues in the region (unresolved complex mixture/resolved alkanes > 4). 
Pristane/Phytane < 3 also indicates a petrogenic hydrocarbon input in the estuary. PAHs analyses 
showed a high contamination (ƩPAHs > 500 ng g-1) in the whole region, with the predominance of 
compounds originating from the combustion of crude oil or derivates. High concentrations of 
coprostanol, coprostanone and colestenone on most of the samples indicated a domestic sewage 



contamination. Enrichment Factor and Pollution Load index for heavy metals evidenced a 
contamination (mainly by Zn) in the Piaçaguera River. This region presented the lowest values of 
richness and density, and low values of diversity for benthic foraminifera in the whole study area. 
Moreover, high values of dominance were observed due to the high abundance of Ammonia sp.1. 
From the Santos Bay to the upper estuary, the species composition of the foraminifera assemblages 
seems to be controlled by the hydrodynamics. Tidal currents are promoting a passive transport of 
the species Pararotalia cananeiaensis, Discorbis sp. and Pseudononion japonicum from the Santos 
Bay to the upper estuary. Additionally, the dredging of the Port Channel entails the suspension of 
sediments, favoring the post mortem transport. A negative correlation between these species 
abundance and C/N corroborate the transport of the species. Former studies from the early 2000s 
identified the influence of the pollutants on living fauna. Therefore, new studies using living benthic 
foraminifera should be performed to assess the current environmental quality of the estuary.   
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Abstract 

The study of the ecological communities aims to understand the assembling of communities and their 

response to environmental gradients. The species composition of an area is the result of processes 

acting on various spatial scales, which makes the study of a local community highly idiosyncratic. This 



way, the study of an ecological community would make sense only when approached from a regional 

scale. The concept of metacommunities was developed from a regional perspective and is applied to 

the study of species distribution along environmental gradients in order to understand how the 

communities are structured in space. The objective of this work is to describe the structure of a 

metacommunity of living foraminifera, to relate it to physical and chemical variables of water and 

sediment, and to identify the environmental characteristics associated to the assemblages. A total of 

24,649 living foraminifera, belonging to 71 species, was collected at 96 stations across five lagoons 

along the coast of the of Rio de Janeiro State (Brazil). Ten of those species were represented by single 

specimens and were discarded from further analyses. Based on the results of the Elements of 

Metacommunity Structure (EMS) analysis stations were classified in four assemblages, which were 

organized across a salinity gradient. The confined lagoonal assemblage was dominated by 

agglutinated foraminifera and was found in the Maricá Lagoon and in the inner sector of the 

Saquarema Lagoon. Most of its species were absent from the hypersaline stations. The open lagoonal 

assemblage was dominated by calcareous foraminifera, mostly hyaline but also porcelaneous species. 

Many species of this assemblage occurred throughout the salinity gradient, but reached their highest 

abundance at the Itaipú Lagoon and most parts of the Saquarema Lagoon. This assemblage is the only 

one with regular presence of typical marine species. The hypersaline assemblage was dominated by 

both porcelaneous and hyaline species, and was almost exclusively found in the Araruama Lagoon. A 

subset of this assemblage composed by a few species, mostly porcelaneous foraminifera, was 

observed at hypersalinity extreme conditions in the Vermelha lagoon. The EMS approach allowed to 

characterize the typical assemblages of living foraminifera of the lagoonal system of Rio de Janeiro 

State, and to access the related environmental factors related to them. The results of this work 

evidence that the EMS approach can provide a baseline for the establishment of an environmental 

monitoring plan. 
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The influence of submarine outfall of domestic sewage on the benthic foraminifera and sediments 
quality at Cigarras, São Sebastião, SP, was evaluated in this work. Twenty water and bottom sediment 
samples were collected around the Cigarras outfall in September 2006 and 2007. Another two 
samples were collected in the São Sebastião Channel far from the domestic sewage disposal as 
controls. In the sediments, grain size, geochemistry, and foraminifera composition were analyzed. The 
area was characterized by sand-mud sediments, with weak to moderate bottom circulation. Samples 
with the highest mud percentages also had the highest concentrations of organic carbon, sulfur, and 
nitrogen. There are significant compositional and morphometrical differences between living and 
dead foraminifera near the outfall. The opportunistic species Ammonia tepida, Pararotalia 
cananeiaensis, and Cribroelphidium spp. dominate the dead assemblages. Although A.tepida is the 
dominant species in the living assemblages, indicators of organic material, such as Brizalina striatula 
and Bolivina spp. are abundant. The dead assemblages are represented by partially fragmented 
medium and small tests, with few tests pyritized, limonitized or filled with iron monosulfate. Tests in 
the living assemblages are medium to small, without any alteration of color. The controls are made up 
mainly by Pararotalia cananeiaensis among the dead assemblages, and by A.tepida among the living. 
Foraminifers at these control sites are more abundant, richer and more diverse than near the outfall. 



This is interpreted as due to their distance from the influence of the sewage disposal around the 
outfall diffusers. Around the Cigarras outfall diffusers, living foraminiferal densities were lesser than 
control sites and higher than those for the other impacted areas studied in the São Sebastião Channel 
(e.g., the largest petroleum terminals of South America: Dutos e Terminais Centro Sul - DTCS and the 
Araçá Domestic Submarine Outfall). The results of this study suggested that dead assemblages cannot 
be used in environmental studies, because they do not faithfully represent the local living 
assemblages. The analyses of grain size-geochemistry and the foraminifera composition showed that 
the area was undergoing organic enrichment from domestic sewage outfall, with negative effects on 
the densities of living foraminiferal assemblages. However the impact of the chemical pollution at the 
DTCS is stronger than the impact of sewage discharge at the Cigarras outfall. 
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The Guandu River (GR), the main source of drinking water supply for Rio de Janeiro and Baixada 

Fluminense (Fluminense Lowland), flows into Sepetiba Bay (SB; SE Brazil). This river was submitted 

to several engineering works including the construction of São Francisco Canal (SFC), in its lower 

sector. SB receives tons of domestic and industrial sewage without treatment from several rivers and 

streams and runoff from contaminated areas. 

The SP6 core (286 cm), collected in July 2015, in the inner area of SB, at 3.0 m water depth, near the 

SFC outflow (at latitude 22° 57'S, longitude 43° 47'W), was opened, described and sampled every 2 

cm. The sedimentary samples were submitted to textural, geochemical (total organic carbon - TOC, 

by LECO SC-444, and elemental concentrations, by ICP-MS) and meiofaunal (foraminifera) analyses. 

Radiocarbon dates (in shells and organic matter) were obtained at four levels, with mass 

spectrometry with accelerators (AMS), at the Beta Analytic Inc Laboratory (USA). 

The SP6 core records more than 2350 years BP. It consists of fine sediments, with intercalations of 

sandy levels. Concentrations of Al, Cd, Co, Fe, Mn, Ni, Pb, Sn, Ti, V and Zn are higher in the core 

base and decrease upward, while those of TOC, P and Zr have inverse patterns. The ratios of these 

elements with the respective baseline value, show the same patterns. Previous studies have reported 

increased levels of contamination by metals in SB, caused by Cd and Zn from Ingá Mercantil, Cr from 

paint industries and Casa da Moeda and Pb from Cosigua. This kind of record is not observed in the 

SP6 core. 

Foraminiferal abundance and assemblage’s composition (including species reported in SB) along the 

SP6 core suggest great environmental instability in the study area, in the last 2350 years BP. The 

obtained radiocarbon ages suggest a loss of sedimentary record of ≈1900 years, at the core top. This 

loss was probably due to dredging works carried out at ≈60 years ago (±1950 Anno Domini), in the 

region of Guandu River mouth. The sediments accumulated after dredging denote the entry of very 

fine and fluidized materials, rich in organic matter but not polluted by metals and with different 

mineralogical composition from those deposited between ≈2350-2090 years BP. After dredging, the 

foraminifers tried to recolonize the area but with no success. The SP6 core is a record of the harmful 

consequences of excessive organic matter enrichment and substrate instability in benthic meiofaunal 

organisms, which caused the almost absence of foraminifera in the study area. 
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Studies of foraminifera as environmental indicators have intensified in the last years. Three 
campaigns of the Potiguar Basin Monitoring Program were performed during 2009, 2010 and 2014 
on the continental shelf of Rio Grande do Norte, on areas exposed to oil and gas production and 
prospection. Samplings performed by PETROBRAS S.A. under the researchers’ supervision allowed 
the study of 52,101 specimens (38,979 of the living fauna and 13,122 of the total fauna). The spatial 
distribution of living forams is closely related to depth and the presence of the Açu River paleo 
canyon. Clustering indicates a typical siliciclastic assemblage at the shallower portion correlated with 
higher percentages of sand, suspended particulate matter, nitrate, total organic carbon in the 
sediments and on water; and the Indicator Species Analysis (ISA) showed the presence of tolerant 
species like Ammonia tepida, A. parkinsoniana and species of Elphidium and attached species from 
the genera Rectocibicides and Hemisphaerammina. At 50 m depth, the distal region, Amphistegina 
gibbosa, Laevipeneroplis discoideus, Heterostegina depressa and species of Quinqueloculina, 
Planorbulina and Articulina compose a typical assemblage of carbonate oligotrophic shelf, correlated 



to carbonates and high dissolved oxygen. An assemblage composed by species from the genera 
Bolivina, Quinqueloculina and Textularia among other foraminifers, some considered opportunistic, 
indicated the paleo canyon area which traps silt and retains metals (Ba, Fe, Cu, Zn and Al). At the 
campaigns, few or no changes among control and the other stations were detected. During the 
2014-year campaign, only equitability changed among the 5m depth stations but among the deeper 
zone (50m) equitability, dominance and diversity (Shannon) varied significantly. The study of the 
three campaigns showed persistent patterns of community distribution. Nevertheless, rainy (2010-
year) and dry seasons (2009 and 2014-years) presented significant changes on foraminiferal density 
at 10, 20 and 50 m depth, lower values at the rainy season were clearly detected. Species richness 
changes were also detected at 10 m depth during dry seasons (higher richness) compared to the 
rainy season. The Foram Index was calculated during the campaigns and presented no changes on 
thirteen stations, indicates decreasing quality on five stations and increasing quality on the other five 
stations. In spite of the few changes at the extreme distal west area, according to our studies, no 
significative damages to the environment have been detected at the area. 
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Benthic foraminiferal assemblage distribution and paleoecology were analyzed in two well 
cores drilled in the central sector of Paraíba do Sul Deltaic Complex (PSDC), RJ, Brazil. The 
assemblage and indicator species has characterized the level of marine and continental 
influence and inferred events as marine ingressions with rise and fall of the sea-level during 
Pleistocene-Holocene, in coastal areas, as the estuary. Biofacies were correlated to 
sedimentary facies previously defined, suggesting an evolution model to the studied interval, 
contributing for the knowledge evolution of the PSDC. In the upper part of both well cores 
occur assemblages that vary quantitatively, as one well core is more abundant than the other. 
Seven biofacies were recognized throughout numerical analysis of cluster, dominant and 
indicator species. In the well core 2-MU-1-RJ, where the assemblage were more abundant, 



biofacies ABP is represented by the species Ammonia parkinsoniana, Bolivina spp. and 
Pararotalia cananeiaensis; biofacies QP is represented by shelf miliolids; biofacies PGH is 
represented by P. cananeiaensis, Gavelinopsis praegeri and Hanzawaia nitidula; biofacies QL 
is representend by lagoon miliolids and biofacies HP is represented by Haynesina germanica 
e P. cananeiaensis. In the well core 2-BG-1-RJ, less abundant, occurred two biofacies, which 
were called PGH’ and QP’ because they have similar assemblages related to PGH and QP, 
respectively. The complex dynamic in the estuary can be measured by the 
paleoenvironmental succession based on biofacies alternation in the two well cores, 
representing the environmental changes in the coastal area associated to marine oscillations. 
In the most abundant well core, it can be observed the following environmental succession: 
inner shelf to estuary, evolving to marine shelf, and then, to a lagoon system at the top, being 
able to follow the rise and fall of sea-level. In the other well core, it can be observed the 
change of a marine environment to estuary through the alternation between biofacies QP’ and 
PGH’, respectively, suggesting estuary environment under strong fluvial influence at the 
bottom of the studied interval and marine influence from the middle to the top of the well 
core. The benthic foraminiferal absence in the samples at the top of the well cores suggest an 
abrupt change. The correlation of the results in the two well cores can demonstrate the 
complex dynamic of the estuary influenced by sea-level oscillations in a strong fluvial 
influenced area. 
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Planktonic foraminifera (PF) contribute about 32–80% of the total deep‐marine calcite budget. The 

seasonality of the PF shell flux is strongly related to primary productivity (PP) cycles. Nevertheless, 

for deep-waters the role of PP has been discussed as a secondary factor controlling CaCO3 flux when 

compared to dissolution effects, in response to the vertical profile of seawater carbonate saturation. 

Below the lysocline, the PF can be divided in poorly preserved or residual. Meanwhile the CCD 

effects can result in complete absent or a gradual CaCO3 reduction. Thus, the PF fauna constitutes a 

proxy for lysocline limits and CCD that, may vary according to paleoceanographic evolution. To 

evaluate these changes, here we combined the PF total abundance with foraminiferal dissolution 

index (FDX) in Hole U1431D (15o22’N, 117o00’E, 4240 m water depth) retrieved from eastern South 

China Sea (SCS) sub-basin during International Ocean Discovery Program (IODP) Expedition 349. The 

chronology was estimated in 16 samples distributed along Hole U1431D by the excess 230Th method. 

The analysis was carried out in a high-resolution gamma spectrometer (EG&G ORTEC, model 25190P) 



at the Laboratory of Inorganic Marine Chemistry (LaQIMar) of the Oceanographic Institute (IOUSP). 

For PF analysis, samples (N=99) were dry sieved (150 µm mesh) and at least 300 specimens per 

sample were picked and identified under a stereo-microscope. Tests were identified and quantified 

to estimate total abundance (tests/g of dry sediment). To calculate the FDX, the percentage of PF 

species (ρi) were assigned to dissolution resistance groups (Ri) where, FDX = Σ(ρiRi)/Σρi. The results 

showed that in the last 600 kyr, the Hole U1431D was under the effect of carbonate dissolution 

associated to the deep-water conditions below the lysocline and CCD. Nonetheless, during MIS 7 and 

MIS 8, there is a significant increase in the PF abundance, which, together with shifts in the FDX 

index, reflects changes in the carbonate production and/or preservation processes. Such changes 

were associated with the Pacific carbon cycle and primary productivity conditions driven by the East 

Asian Monsoon (EAM) dynamics into the SCS. 
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Abstract  

 

Bottom sediment samples were collected in the central portion of the shallow internal shelf Paraná 

(SE BRAZIL), from 5 to 15m depth, between the Balneario de Pontal do Sul and Ponta de Matinhos 

for foraminiferal analysis. In the field, the samples were stained with Bengal Rose and fixed in 

buffered formalin. In the laboratory, they were washed under running water (63μm sieve) and dried 

(<60 oC). They were separated by density with trichloroethylene; the picking of the supernatant 

("floated" fraction) and residual fraction were performed separately and carefully analysed the 

stereomicroscope. The aim of this study was to evaluate if the careful examination of the clasts, 

including their crevices in search of foraminifera, produces different results. GPower software was 

used to define how many sampling points would be necessary to evaluate to achieve the goal. 

Twelve sampling points were tested in order to compare the foraminifers retrieved from the 



supernatant and residual fractions. The results showed that the density separation method is 

efficient to concentrate tests of free-living foraminifers but, in this type of environment, most of the 

individuals are attached to the clasts of the residual fraction. Typical sessile species that live 

attached/encrusted to clasts were recorded. Eighty per cent of the analysed samples had 94% or 

more abundance values present in the residue, with significant differences in the density, diversity 

and dominance when the residue was incorporated to the supernatant fraction. The method used in 

the screening process may interfere with the recognition of these forms. Environmental analyses 

that do not consider consistently eliminate the possibility of the existence of these specimens may 

greatly underestimate the density and diversity. Ignoring the existence of encrusting species, such as 

those belonging to the genera Placopsilina, Hemisphaerammina, Ammopemphix and sessile 

trochaminid species, we may find a different environmental setting, losing relevant information for 

paleoenvironmental reconstruction. 
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The Paraíba do Sul River cross the states of São Paulo, Minas Gerais and Rio de Janeiro and is 

characterized by a wave-dominated delta. Several impacts have been modified the inflow of the 

river and the sediment discharge (e.g. dam constructions, industrial effluents and changes in its 

course). As a result, the delta morphology has been changing due to an intense erosive process. The 

aim of this study was to characterize the distribution of living and dead foraminifera and 

thecamoebians assemblages to identify environmental bioindicators and their response to 

morphological changes in the Paraíba do Sul River Delta (PSRD). Along the 24 sampling stations, the 

number of the living species (24) were inferior than the dead ones (62). Many of the dead species 



are marine, which indicates a transport to the delta by overwash deposits. Regarding the 

thecamoebians, it was found 8 living species and 15 dead. The most dominant, abundant and 

frequent species were Haploghragmoides wilberti, Ammonia tepida and Pontigulassia compressa. 

The DCA defined the OM and carbonate (CO3) as the parameters with more influence between the 

dead species, reducing the significance of the grain size analysis. Miliolinella subrotunda, 

Quinqueloculina seminula and Pseudononion japonicum were the organisms that better responded 

to the OM and CO3 while P. compressa and Lagenadifflugia vas responded negatively to these 

parameters. Concerning the living species, A. tepida and C. excavatum were associated to the 

entrance of marine water in the delta and high values of OM and CO3, with muddy sediments. H. 

wilberti and T. salsa were related to sandy sediments and high hydrodynamic due to the increased 

Eh. The cluster analysis demonstrated three different groups in the delta. The extreme north and the 

south sector set up the first group, mostly characterized by mangrove species (Trochamminita salsa, 

H. wilberti, Arenoparella mexicana and Polysaccammina ipohalina) and the thecamoebians, because 

of the presence of the fresh and brackish water. The remaining groups are located near the north 

mouth of the delta, where the marine water enter in the system. The second group is dominated by 

A. tepida and the third group is represented by the Ammonia parkinsoniana, M. subrotunda, A. 

tepida and C. excavatum. The present distribution model demonstrated great potential in the 

identification of environmental compartment, being capable to respond to every change in the PSRD. 

The results may be interest to future studies of monitoring foraminifera and thecamoebians and to 

understand the PSRD development. 
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An approach based on multiproxy analysis was used to assess the environmental 

changes over the last 110 years in the Santos Estuary, located in the southern coast 

of São Paulo state (Brazil). Sedimentological (grain size) and geochemical 

parameters (major and trace metals concentrations, total organic carbon, total 

nitrogen and stable carbon isotopes, 13C/12C), and benthic foraminifera (genera level) 

analyses were performed throughout a 148 cm core, collected in the upper estuary. 

Datings were obtained by using the 210Pb activity. This study presents a first 

overview about the evaluation of the quality status of a coastal area, which has been 

submitted to natural and anthropogenic impacts for decades. During approximately 



one hundred years (1902 to 2012), high density benthic foraminifera have been 

gradually replaced in the more recent sediment layers by low density ones. The 

bottom of the core (1902 to 1975) is characterized by a higher percentage of fine 

sediments (up to 95%), low enrichment factor (EF) of Mn, Cu, Pb and Zn, lower 

values of total organic carbon (TOC, from 1.2% to 1.5%) and high density of benthic 

foraminifera (3288 to 3816 individuals/10 cm³), mainly composed of Ammonia spp., 

Bolivina spp., Buliminella sp.. and Elphidium spp. Upwards, are observed a decrease 

of fine sediments percentage (from 95% to 26%) and contents of TOC (from 0.7% to 

3.4%), a slight decrease of Mn enrichment factor and an expressive increase of Cu, 

Pb and Zn enrichment factors, and low density of benthic foraminifera (2196 to 1352 

individuals/ cm³). Up to the top of the core, a predominance of Ammonia spp. is 

observed. Benthic foraminifera changes are probably due to organic matter input 

variations in this study area. A high resolution over the core, either by the number of 

samples or species-level identification associated with the abiotic data presented in 

this paper, will be possible to better understand the signals given by these organisms, 

such as responses to local salinity variability, pollution and dredging, all present in 

the region. 
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Abstract  
Sediments are considered environmental records of human activity. Heavy metals are regarded 
priority pollutants by the United Stated of Environmental Protection Agency and particularly, Pb, Cd, 
Cr, Ni and As were included in the list of ten major elements of public concern by World Health 
Organization. Mudbelts are mud deposits located on the continental shelf that reflects 
oceanographic conditions of deposition. Several authors have reported the ability of mudbelts to be 
potential sink of contamination. In Brazil, this potential as well as the sources and pathways of 
sediments to these deposits are still unknown. The aim of this study is to evaluate the heavy metals’ 
contamination in these deposits. A total of 6 multiple cores and 2 box cores were collected on board 
of N/Oc. Alpha Crucis in June 2017. The cores were sliced into 1 cm layers and each 2 cm layer were 
submitted to an acid leaching and levels of Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Sc, Sr, V 
and Zn were analysed by ICP-OES. Results presented homogeneous columns on all levels of metals 
with small variations, particularly As, Cr, Cu, Ni, Pb and Zn that do not exceed 4 mg kg-1, possible 
attributed to grain size variations. The enrichment factor was calculated for each station to 
normalize all samples. Results indicate values of enrichment factor between 0.5 to 1.5, suggesting 
that these deposits present absence of contamination. Nonetheless, some stations, located at the 
northeastern part of the study area, next to São Paulo coast, show a small increase of Pb 
contribution along time. Due to the lack of a major fluvial source along the coast that could supply 
freshwater and terrigenous sediments to the shelf, these results suggest an atmospheric deposition 
of tetraethyl lead, added to gasoline as antiknock compound between 1923-1989. 
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The coastal water monitoring program of São Paulo State, in Southeastern Brazil is carried out by 
CETESB since 2010 in 20 areas distributed along an 800 km coastline in order to assess its quality 
and identify trends over time. The results provide information for the environmental 
commissioning process, pollution control programs and for the general public.  

Most of the sampling areas are located in marine waters and six of them are in estuarine areas 
with a total of 66 sampling stations. Legal criteria are different for each type of water mass 
depending on their salinity. Monitoring campaigns occur twice a year including water samples in 
three depths and sediments sampling in each site, for the determination of several quality 
parameters. 
 
To integrate the results a water quality Index (WQI) developed by the CCME (Canadian Council of 
Ministers of the Environment (2001) is applied. The index consists in a comparison between 
results and a legal standard, or reference value, for each parameter considered. It takes into 
account three dimensions regarding noncompliance: Scope, Frequency and Amplitude and 
classifies the waters into five categories. The WQI was calculated using pH, dissolved oxygen (DO), 
total phosphorus, total organic carbon (TOC), ammonia nitrogen, chlorophyll a, total phenols, fecal 
coliform and enterococci. 
 
The WQI distribution in 2017 for 66 sampling sites was: 15% classified as Excellent, 30% as Good, 
35% as Fair, 15% as Marginal and 5% as Poor. Parameters with more noncomplying results 
normally are: DO, total phosphorus, ammonia nitrogen and fecal bacteria in estuarine areas, and 
TOC for almost all areas. This indicates that urban waste water is a major cause of coastal water 
pollution.  

Areas that show excellent and good water quality are located in the north coast where main 
economic activity is tourism. Areas with poor quality waters are concentrated in the region of 
Santos and São Vicente estuary where is located the largest port of South America and 82% of the 
coastal population, nearly 1.7 million inhabitants. 

 
Key words: coastal water, water quality index, São Paulo coast 
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Because foraminifera have specific environmental requirements and respond rapidly to 
environmental changes they are often employed as a cost-effective method to assess anthropogenic 
impacts. Thus, there is a great potential to use benthic foraminifera as proxies for biomonitoring on 
the Brazilian Coast zone (BCZ). However, to achieve this potential we urgently need to understand 
the state of knowledge in this region. Here we reviewed the studies on benthic foraminifera in the 
BCZ, aiming to identified information gaps and methodological challenges for their use in 
biomonitoring. Studies with recent foraminifera in the BCZ started in the 1960’s and today there are 
67 papers published in indexed journals. But this production is not geographically well distributed: 
SE sector (66%), S (20%), NE (12%) in NE and N (2%). The most studied ecosystems were founded in 
SE: Guanabara Bay (11 papers), Sepetiba Bay (10), Saquarema Lagoon (4), Bertioga Channel and 
Santos Estuary (3). However, most papers were based in the total assemblage without any 
distinction between living and dead specimens, which limits their use for environmental monitoring. 



The first paper with living foraminifera was published in 1990 and in 2019 this number increased to 
21 papers, encompassing 12 different systems sampled: SE (50%), S and NE (11%) and N (8%). A total 
of 74 living species were identified in Brazilian estuaries: NE (41), N (32), SE (31) and S (21), 68 in 
bays (66-SE, 4-NE), 42 in salt marshes and mangroves (SE) and 46 in lagoons (SE). Only 12 papers 
presented correlations with environmental parameters that can be used to identify ecological 
preferences of species. We identified some methodological problems that reduce the real potential 
for the use of these proxies: 1) geographic bias and gaps in sampling: BCZ has a great diversity of 
environments (due to different tidal amplitude, rain volume, upwelling influence etc.) and many 
remain not sampled; 2) discrepant sampling methodologies: studies using different protocols (10, 50, 
80 cm3 or g/dry sediment); 3) taxonomic uncertainties: it is common to find the same species with 
different names, or species that are not typical of the Atlantic W-margin; 4) poor environmental 
variables measurements: most studies presented only punctual measures of parameters (e.g. 
neglecting tide seasonal and daily variations). Such limitations forbid to identify how many species 
living on the coast and the ecological limits supported by each one. Face these problems represents 
a great challenge and efforts will be necessary to progress the use of benthic foraminifera in 
biomonitoring in the BCZ. 
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Abstract  
In January 2000, a combustible oil spill (1,300 m3) affected several ecosystems in the Guanabara Bay 
(Rio de Janeiro, Brazil). It was estimated that 25% of the oil was volatilized, 40% was recovered and 
35% was retained in the mangroves. Different bioindicators are used to assess the impact oil 
deposition in the sediment. However, these organisms do not reveal a specific pollutant, but they 
give an integrate scenario of the impact in the ecosystem. An sediment sampling were conducted in 
2005 to study the foraminifera distribution and the relationship with microbiological compounds 
(Electron transport system activity - ETSA, Esterase enzyme activity – ESTE and bacterial carbon -BC) 
and geomicrobiological (biopolymers, aromatic hydrocarbons - PAHs) patterns in the Suruí 
Mangrove located in the SW inner of Guanabara Bay. The sediment was sandy with high organic 



matter (1% to 23%). It showed high concentration of PAHs, mainly phenanthrene (mean 436 g/g), 
xylene (mean 27.80 g/g), phenol (mean 25.40 g/g), Toluene (mean 17.5 g/g) and benzo(a)pyrene 
(mean2.5 g/g). The carbohydrates was the biopolymers that showed the high concentrations (398 
to 1760 µg/g) following by proteins (118 to 824 µg/g). This result indicated high primary productivity 
in the mangrove surface provided by bacterial activity (BC - 0.27 µg C/cm3 to 10.24 µg C/cm3). The 
presence of bacteria activity with high EST (6.52 µg fluorescein/h/g to 1.35 µg fluorescein/h/g) and 
lower ETSA activity (0.004 µl O2/h/g to 0.62 µl O2/h/g), supported hypothesis that the degradation of 
the organic matter occurred by anaerobic processes (fermentation, denitrification and sulfate 
reduction). These processes are energetically less efficient, but they are responsible for the 
biogeochemical cycles in Suruí Mangrove sediments and it was responsible for the energy synthesis 
process for the foraminiferal fauna. Twenty-four foraminiferal species were identified, with 
dominance of Arenoparrella mexicana, Trochammina inflata, Ammotium morenoi, 
Haplophragmoides wilberti, Miliammina fusca and Entzia macrescens. The CCA analysis showed that 
the PAHs benzo(a)pyrene and the phenantrene were the most negative influence on foraminifera 
distribution. The species A. morenoi and Ammobaculites exiguus responded positively to EST and BC. 
The E. macrescens was the species most neutral to PAHs. Enzymatic activity of EST demonstrated 
that autochthones bacteria are consuming oil and consequently increasing its biomass. This bacterial 
activity creates favorable conditions for development of foraminifers in oil-impacted mangroves. 
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Abstract (max 2600 characters including space) 
Since 1967, solid residues resulting from bauxite industrial processing were discharged at sea from 
pipes located at 320-330m depth in the head of the Cassidaigne canyon (NW Mediterranean). In 
December 2015, almost 50yrs continuous dumping into the canyon stopped, replaced by liquid 
effluent of residual waters. Due to gravity and hydrographic context, an important stock of red mud 
accumulated in the canyon axis. While impacted sediments exhibit contamination by metals such as 
titanium, vanadium or chromium, toxicity of red mud on deep-sea benthic communities is assumed to 
be weak. The main environmental impact of dumping was believed to be mechanical disturbance due 
to downslope spreading of fine-grained residues, preventing settlement by macro- and microfauna in 
the canyon axis. A few years after dumping stopped, assessing the recovery of benthic communities 
remains critical, given the persistence and accumulation of red mud-deposits in the deep-sea 
ecosystem. In this context, we proceed since October 2017 to the seasonal survey of living benthic 
foraminifera and sediment oxygen fluxes in the Cassidaigne canyon at (1) one poorly impacted station 
located outside the canyon axis (station E), and (2) several stations in the severely impacted canyon 
axis. Stations are located between 700 to 1600 water depth, and distant from 2 to 20 km from the 
pipe. To constrain sedimentary context, trophic level, and red mud contamination, we will perform 
sedimentological and geochemical analysis of bulk sediment, including total organic carbon, nitrogen 
and C/N ratio, 15N and 13C, as well as trace metal concentrations. Trace metals will be measured 
in benthic foraminiferal tests to track changes in bioavailability of contaminants. Most geochemical 
and faunal analysis still are in progress. Here, we present highly preliminary results at site E, and one 
station from the canyon axis (station 1). Geochemical and foraminiferal data confirm strongly 
contrasted conditions at both sites that cannot be explained simply by bathymetric difference. At site 
E, foraminiferal fauna shows abundance and diversity pattern consistent with upper bathyal 
environment under oligo-mesotrophic conditions. At station 1, density and diversity are low, and fauna 
is dominated by buliminids species. Comparison to faunal data collected in 2010 at a nearby location 



shows no significant evolution of faunal parameters several years after dumping cessation, 
suggesting slow deep-sea recovery process. These conclusions remain at that stage highly 
preliminary, and definitively need to be strengthened by full completion of temporal survey and 
analysis. 
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Considering the current pressure on the coastal environment, there is a fundamental need to 
understand the species–environment relationships. The main challenge lies in understanding how 
patterns in the environmental factors together influence the distribution of species and assemblages 
in time and space. The planning of coastal areas demands management initiatives that require 
spatial data and approaches. Therefore, there is a great potential for predictive modeling of benthic 
assemblages, such as Ecological Niche Models (ENMs)/Species Distribution Models (SDMs), 
especially for important bioindicators as foraminifera. ENMs have become a very active scientific 
field in the last decades. These correlative models relate the occurrence of the species to 



environmental variables to estimate the species' niche, which can be projected in geographic space 
and thus identify the potential distribution of the suitable area for the species. Here, we applied 
ENMs to (1) analyze and map the potential distribution of six benthic foraminifera species (Bolivina 
striatula, Caronia exilis, Cribroelphidium excavatum, Elphidium gunteri, Miliolinella subrotunda, Quinqueloculina 
seminula) across five lagoons (Itaipú, Maricá, Saquarema, Vermelha and Araruama) along the coast of 
Rio de Janeiro state, and (2) identify the environmental factors associated with their distribution. We 
performed the environmental suitability modeling using  a maximum entropy method (Maxent) to 
associate occurrence records to eight environmental variables: salinity; pH; temperature; O2; 
concentrations of lipids; carbohydrates; proteins; and total sulfur. We runned 10 model replicates with 
bootstrap data partition, and evaluated model performance through AUC statistics. We used a 
jackknife approach to estimate variable importance. The models achieved good performance (mean 
AUC=0.81, 0.7 - 0.95). ENMs indicated two distinct species groups regarding distribution and 
environmental factors: (1) higher suitability in Itaipú lagoon and distal sectors of Saquarema and 
Araruama lagoons; with salinity, pH and carbohydrates as most important predictors (C. exilis, E. 
guenteri,  C. excavatum, B. striatula); and (2) higher suitability in Vermelha lagoon and parts of Itaipú; 
with proteins and temperature as most important predictors (Q. seminula, M. subrotunda). Our 
results suggest that ENMs can be a useful approach to foraminiferal research and for applications in 
environmental sciences, monitoring and management. 
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This work analyses results of the SP2 sediment core (50.30 m length), collected on the coastal 

plain of Sepetiba Bay (SB; SE Brazil), 2 km away from the Guandu River mouth (latitude 

22°55'S, longitude 43°46'W). It aims to study the influence since the Mid-Holocene relative sea 

level highstands (MHSLH) in the margins of SB. After to be described, the SP2 core was 

sampled at each 5 cm for grain size, geochemical, mineralogical and foraminiferal analyzes. 

Four radiocarbon dates were modulated with Bayesian statistics. 

The SP2 core records: basement rocks, gneisses (50.30-43.80 m); river sediments (43.80-

21.00 m) up to about ≈5.0 kyrs BP; a sediment package marked by sudden textural and 

compositional changes, accumulated between ≈5.0-4.7 kyr BP; muddy sediments deposited 

between 4.7-0.8 kyr BP (18.80-3.35 m) with intercalations of sandy levels and; an upper part of 

disturbed embankment sediments of the Santa Cruz Thermoelectric Power Plant implantation.  

The fluvial sands accumulated (at ≈7.7 m/kyr) before ≈5.0 kyr BP may correspond to eroded 

material transported by the drainage network of the N region of SB, mostly by the Guandu River 

and were accumulated before the maximum Mid-Holocene relative sea level. Between ≈4.5-3.5 

kyr BP the foraminiferal abundance and assemblages composition, indicate that the study site 

was a shallow marine environment, due to the MHSLH. Between ≈3.5-3.0 kyr BP the sediment 

accumulation rate (SAR) was the lowest of the last ≈5 kyr BP and the study site was exposed to 

subaerial weathering processes, in a scenario of relative sea level drop. A new phase of marine 

influence was recorded between ≈3.0-1.9 kyr BP, associated to the highest SAR of this record, 

up to ≈27.4 m/kyr BP. Between ≈1.9-1.8 kyr BP the study site was under subaerial weathering 

processes. Since then the SAR reduced significantly to a mean value of ≈4.5 m/kyr and, 

between ≈1.8-0.7 kyr BP, the study site was again under marine influence. Foraminifera were 

not found, after ≈0.7 kyr BP, in the SP2 core. But the occurrence of a shallow marine 

environment was identified between ≈1.4-0.35 kyr BP, in the Guaratiba Mangrove, NE of SB. 

The results of SP2 core suggest that MHSLH left a striking record in the study area. But some 

of the identified environmental changes were probably related to adjustments of the lower 

course of Guandu River and tidal channels and variations in the configuration of sandy littoral 

strands. The grew of a barrier-island system, the Restinga de Marambaia, since the last ≈8-7.5 

kyr BP, may also have induced changes in the study area.  
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Abstract: 
The Flamengo embayment (Ubatuba, São Paulo - Brazil) is a low energy environment, 
sheltered from waves and weak circulation. The bottom sediments are dominated by silt-clay 
and fine sand fraction. Small watercourses reach the area. In August of 2012, ten superficial 
sediment samples (0-2 cm) were collected in the study area. These samples were then 
analyzed for total organic carbon (TOC) and total nitrogen (Ntotal), δ13C and assemblages of 
living benthic foraminifera. This work seeks to understand the dynamics and circulation of the 
embayment by using the foraminifera living fauna and organic matter data. It is possible to 
distinguish two main areas, based on living foraminifera fauna: west side of the embayment, 
which includes the marina area and Pereque-Mirim beach; and east side, which includes the 
Enseada beach and the opening of the bay. The western region is defined by the presence and 
dominance of Ammonia tepida (60-100%) and the eastern region is characterized by the 
presence of Elphidium spp. (12-49%) and a reduced frequency of A. tepida (24-45%). A 
principal components analysis was applied on fauna and organic data. The two first 
components explained 87.5% of total data variance, and these two components are strongly 
correlated to the fauna assemblages. The first component has a negative correlation of 0.85 
with A. tepida. The second principal component has a positive correlation of 0.65 with 
Elphidium spp. and a negative correlation of 0.55 with C/N ratio, showing that these species 
are more abundant in regions where marine organic matter is predominant. The samples with 
the highest correlation with this component occur in the east side of the study area, with the 



opposite pattern in the west side. The results indicate that foraminifera fauna distribution in 
Flamengo embayment is strongly related to the circulation in the area, being the western side 
of the bay characterized by a more restrict circulation, promoting the accumulation of 
terrigenous organic matter, as seen by high C/N ratio (above 14). On the other hand, the 
eastern side of the bay shows a more effective circulation, comprising the open area of the 
embayment. The western side of the area can be considered a more stressing environment, 
with the predominance of terrigenous organic matter. The eastern side represents a less 
stressful environment, which promotes the establishment of a more diverse foraminifera 
fauna.  
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Benthic foraminifera from coastal sediments off Peru are not well documented. Recent studies on the 
organic-rich central Peruvian margin show that low oxygen foraminiferal assemblages (LOFAs), 
dominated by small calcareous species, inhabit not only continental slope and shelf, but also 
nearshore sediments. Still unpublished studies of living (Rose Bengal stained) benthic foraminifera, 
from shallow water (<30m) sediments off central Peru, show that the spatial changes of the 
community structure are associated to the variation of depth, organic matter content and fine fraction 
of sediments. Bolivina costata is reported as the most abundant species and highly dominant in 
sediments well exposed to upwelling waters. In contrast, Buliminella elegantissima is abundant and 
even dominant in sheltered environments which accumulate organic matter and fine sediments. One 
of such environments is the Paracas Bay, which is subjected to natural and anthropogenic pressures. 
For instance, cold and oxygen-poor upwelling waters are frequently advected into the bay. The 
strongly seasonal Pisco River, which flows into the northern adjacent area, delivers agricultural and 
domestic waste that can reach the bay due to longshore currents. Besides, there are fuel and fish meal 
industry activities that release pollutants in the area between the bay and river mouth. Recent 
environmental monitoring results suggest that there is a gradient in the physicochemical properties of 
the sedimentary environments of the bay and off the river mouth. The latter exhibits more temperate 
and oxygenated bottom water regimes, but accumulates less sedimentary organic matter and clays 
than the former. Regarding foraminiferal assemblages, there was observed a similar spatial trend in 
Shannon diversity (H’) with higher values off the river mouth, intermediate H’ values and dominance 
of B. elegantissima in the industry-disturbed area, and lower H’ values in the bay, where B. costata 
and B. elegantissima co-dominate and comprise over 90% of the total abundance. Next studies in this 
coastal zone will be focused on testing the association of B. elegantissima to organic matter quality 
and concentrations of PAHs and trace metals in order to develop a foraminiferal-based index for 
pollution. Finally, extreme conditions such as seasonal anoxia and severe calcareous shell dissolution 
of (living and dead) foraminifera were also observed in the bay. In that sense, Paracas Bay will be 
assessed as a place where the combined effects of natural and anthropogenic pressures allow only 
resistant species to thrive. 
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Estuarine foraminifera from S. W. England: impact of metal pollution in a mining heritage area. 

 

The southern coastline of SW England is characterized by a number of drowned river valleys (known 

locally as rias) that contain a range of important estuarine environments including saltmarsh, mud 

flats, sea grass meadows and open marine sands. All of these ‘rias’ drain catchments of the Devonian 

rocks that were intruded by granite during the Variscan Orogeny and which were extensively 

mineralized at that time. The Cornwall and West Devon Mining Heritage UNESCO World Heritage 

Site records the exploitation of these minerals since Roman times, though mining ceased in the 20th 

century. All these mineralized rocks, mining waste and the occasional ‘flood’ of old mine workings, 

have contaminated the estuaries with Cu, Zn, Sn, As, Cr, Hg, Ag, etc., which, in many places, have left 

a record of deformed foraminifera. Since 1973, in a series of student-led projects, the estuaries of 

the region have been studied for their foraminiferal assemblages, sometimes including sampling 

strategies that meant monthly, or three-monthly, suites of samples being collected. The Fowey River, 

while draining a mineralized area, has never been heavily contaminated, and can be regarded as 

typical of the area. The rivers Exe and Axe drain non-mineralized terrains and act as a base-line for 

the study of foraminiferal distributions. The Fal Estuary is one of the largest and most complex of the 

‘rias’ and, while draining mineralized areas, also suffered a major release of acidic mine waste during 

a flood in 1992. Recovery from that ‘event’ showed that the total absence of foraminifera began to 

be re-established within two years and assemblages have now returned to pre-flood levels, though 

still recording deformed individuals. The Fal Estuary Special Area of Conservation (SAC) is also the 

site of an important area of maerl (red algae), which is also being monitored for environmental 

damage. Plymouth Sound SAC, which has also been intensively studied, is now being proposed as 

the first National Marine Park in the UK, despite draining an important mining area and recording 

deformed foraminifera. Sea grass meadows are also being studied in the Fal Estuary, Fowey Estuary, 

Plymouth Sound and Tor Bay and used as models for the interpretation of fossil sea grass meadows 

in the Maastrichtian chalks of the Netherlands (70 million years old). 
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In order to establish the interest of nations in Antarctica and the 

development of research, the presence of man is necessary, as well as the 

existence of support infrastructure such as ships and scientific stations. 

On the other hand, these indispensable elements are also factors that 

cause environmental impact. Consequently, the environmental monitoring 

of the nearby areas where Brazilian activities are carried out in 

Antarctica is a commitment signed by the country, at the signing of the 

Protocol to the Antarctic Treaty on Protection of the Environment. 

Following the fire of EACF in February 2012, an agreement was established 

between researchers from Brazilian Universities and the Ministry of the 

Environment to evaluate and monitor the contaminant contributions in 

Admiralty Bay, Antarctica, with emphasis in the EACF area. Thus, the 

following indicators have been systematically evaluated: metal and 

metalloid elements associated with contamination (typically copper, lead, 

zinc, cadmium, mercury, chromium, arsenic), constituents of fossil fuels 

(petroleum hydrocarbons), sewage (fecal and natural steroids, linear 

alkylbenzenes - LABs), persistent contaminants and by-products 

(polychlorinated biphenyls - PCBs, hexachlorobenzene - HCB) and flame 

retardants (polybrominated diphenyl ethers - PBDEs)as well as the impact 

caused to the biota through the community structure analysis of the 

microbial (bacteria and archaea) and meiofauna (foraminifera). In general, 

a significant reduction of petroleum hydrocarbons in the EACF area has 

been observed when compared to the values obtained shortly after the fire. 

For the other organic contaminants (PCBs, PBDEs, HCB) the concentrations 



are below the values of prevention (VP) established by CONAMA for 

contaminated soils. There was a significant reduction of HCB compared to 

the value obtained in soils of this region 1 (one) month after the fire. 

Regarding the influence of sewage, no significant change was observed. 

In the marine environment, there were no significant changes in the 

distribution of the various indicators in the sediment of the region from 

the fire of February 2012. However, there is a constant leaching of the 

soil and consequent deposition of material on the seabed, whose contents 

can be confirmed along of the study. The results of environmental 

monitoring are helping to establish medium- and long-term time series, 

which are essential for understanding the dynamics of the Admiralty Bay 

ecosystem, considered to be a specially managed Antarctic area (ASMA-1). 
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Abstract (max 2600 characters including space) 
Petrobras, in a big effort together with the scientific community, developed characterization projects 
in 5 Brazilian sedimentary basins. Based on large marine ecosystem, Campos, Espírito Santo, Sergipe-
Alagoas, Potiguar and Ceará were already characterized whereas Santos Basin will be the next 
challenge. The last has pre-salt fields that sum up to 54% of Brazilian oil and gas production (ANP, 
2019). Since 2001, these projects reported to the environmental agency (IBAMA) baseline chemical 
data and species distribution in water and sediments. Other issues related to physical and geological 
oceanography gave support the environmental assessment in a regional scale. These projects were 
founded on an ecosystem-based management (EBM) framework with the aim to evaluate different 
habitats and its importance to ecosystems health. Usually, benthic macrofauna or/and meiofauna 
are used for environmental monitoring. As one product of the large marine characterization projects, 
Petrobras has focused on foraminifera species distribution, abundance, richness and its relationship 
with the physicochemical variables. The statistical approach used involves cluster, ordination and 
variance analyses as well as benthic foraminifera high productivity index (BFHP) or an indicator 
species analyses (ISA). Briefly, new data from Santos Basin will be available from sediment and water 
between 25 and 2400 m depth, from a three-month oceanographic cruise. 
Expectations: new data will help to enhance our knowledge of this important component of the 
marine benthic fauna and its relevance to ecosystem health. 
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Mudbelts are considered repositories of substances potentially harmful to the marine environment. 
Knowing the formation mechanisms of these depocenters can contribute to evaluating the impact of 
the anthropogenic action on the coast. The determination of lanthanide metals series, known as rare 
earth elements, can be a useful tool to indicate the source of deposits. This is possible because these 
elements have terrigenous origin in the sediment. Heavy rare earth elements tend to be enriched in 
marine sediments due to its stabilization in the form of hydroxides, phosphates and carbonate 
complexes.  In this work the concentrations of Y, Ce, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
Th and U were determined by ICP-MS after microwave total dissolution in nine superficial sediment 
samples collected along Southern and Southeast of Brazil Coast. Sample collection was performed 
between June and July 2017, onboard Alpha Crucis ship, employing either Van Veen dredge or 
Multiple cores. Samples were previously freeze-dried and milled to achieve homogenization. The 
certified reference material BCR 667 was applied to analysis quality control. The results were 
normalized by Upper Continental Crust and chondrites data. The proxy ∑LREE/∑HREE (light / heavy 



rare earth elements) was also estimated to compare samples profile to one sample collected in Prata 
River. It was verified that the samples presented a similar rare earth profile, except for two samples 
collected in the Santa Catarina region at depths of approximately 10 and 20 meters. These two 
samples are possibly under some local influence. The other samples were collected with a depth 
between 50 and 100 meters and presented ∑LREE/∑HREE proxy approximately uniform around 8. 
The results indicated that there is no evidence of change of provenance throughout the studied 
region, considering only rare earth elements profile. In addition, they confirm the conclusions of 
previous studies that attributed the formation of the Mudbelts of Southern and Southeast of Brazil 
to the River Plate drainage. 
 
Acknowledgment: FAPESP nº15/17763-2   
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The Drake Passage, between Cape Horn in South America and the South Shetland Islands in the 

Antarctic Peninsula, is one of the worst-navigable regions in the world. Representing the connection 

between the Atlantic and Pacific Oceans, the passage is located on tectonic fractures that allowed 

the formation of gas hydrate, presenting anomalous zones already mapped by researchers. The 

present work aims to compare the associations of live foraminifera (biocenosis) and dead 

(tanatocenosis) and the morphometry of Adercotryma glomeratum from two areas rich in gas 

hydrate, at 483 and 3800 m depth, on the continental slope of the South Shetland Islands. The 

sediment was collected with box core, and only the first centimeter of undisturbed sediment was 

analyzed. After that, the samples were fixed in 70% alcohol and stained with Bengal Rose to 



distinguish the living (stained) foraminifera. Aliquots of 10 cm3 were successively analyzed until 

reaching 100 living individuals. In the first region (depth of 483 m) the foraminifera density in the 

tanatocenosis was 1796 tests with 46 species identified, being A. glomeratum, Cribrostomoides 

jeffreysii and Deuterammina grisea the dominant species. In the biocenosis, a total of 786 tests were 

collected, and 29 species were identified, in which A. glomeratum and calcareous Epistominella 

exigua were dominant. In the second region (depth of 3800 m) 869 foraminifera were collected in 

the tanatocenosis with a richness of 60 species, being A. glomeratum and Eratidus foliaceus the 

species that presented the highest frequencies. Biocenosis presented density of 366 foraminifera 

and richness of 36 species, with A. glomeratum and Spiroplectammina biformis as the most frequent 

species. No calcareous foraminifera was found in this region, and this absence is probably due to the 

great depth, where CaCO3 dissolution occurs, which reduces its bioavailability for the construction of 

the tests. The species A. glomeratum was chosen for the morphometric analysis because it is 

abundant in the two areas analyzed. The analysis in live foraminifera tests indicated that the 

individuals from the deeper region were significantly larger than those in the shallower region. The 

results presented serve to fill the existing gap in the region, especially considering the influence of 

the gas seep on the distribution of the associations of the living benthic foraminifera, in relation to 

the density and composition of species. 
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The Operation Unity Sergipe Alagoas (UO-SEAL) in Aracajú/SE, Brazil, is one of the largest petroleum 
complexes of Brazil located on the northeastern Brazilian coast. The aims of this study were: 1) 
characterize the spatial variation of foraminifera associations in function to sedimentological and 
geochemical parameters; 2) compare the morphometry of thanatocenosis and biocenosis; 3) 
compare the concentrations of major and trace elements within the Interim Sediment Quality 
Guidelines (ISQG) and the Brazilian National Council for the Environment (CONAMA), and; 4) 
correlate microfaunistic and abiotic data through canonical correlation analysis (CCA) and clustering. 
Structural differences were found in associations of biocenosis and thanatocenosis, both in terms of 
diversity and abundance and in function of the outfall distance. Some species such as A. tepida, E. 
discoidale, and N. grateloupii played a central role in the structuring of living associations, whereas 
mainly P. cananeiaensis is highlighted in dead fauna. The volume necessary to reach 100 live 



specimens varied between 20 to 110 cm³ of sediment. Most of the tests were medium sized (125-
250 µm), in both associations. The number of big living tests (250-500µm) increases when compared 
with dead fauna (stations D1 - 5.2%; D2 - 7.2%; C3 - 8.8%) in some stations. Most of the samples 
were composed of sandy silt sediments, and the concentrations of Pb, Cr, Ni, Zn on the studied area 
(< 0,001%) are below level 1 of the CONAMA and ISQG, meaning that these metallic elements did 
not contaminate the sediments. However, the values of As (25.1 – 33.2 mg kg-1) were above limit 1 
of CONAMA and ISQG in all stations, indicating that the biota could be affected by this element. The 
CCA and cluster analysis showed that the percentage of silt and C/N ratio; B, Ba, Pb, Cu, Cd and Mn 
values were significant environmental descriptors in the distribution of biocoenosis. While silt and 
C/N ratio; Ba, Ca, Cr, Cu, P, Pb, Zn values influenced thanatocenosis. We concluded that: 1) 
thanatocenosis and biocoenosis were structurally different, and consequently, data based on living 
organisms should preferably be used, 2) the 20cm³ sediment amount, stipulated by IBAMA (Brazilian 
Institute of Environment and Renewable Natural Resources) for the analysis of foraminifera, is too 
small to detect live individuals in impacted regions.  
 
Keywords: Water pollution.  Petrochemical outfall.  Benthic foraminifera.  Trace elements. Ammonia 
tepida. 
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The present study was conducted in an area under the influence of oil well produced water on 
the northern coast of Brazil. In 2008 and 2009 sampling was performed twice a year (rainy and 
dry seasons) and from 2010 to 2015 the areas were sampled once a year. The sampling design 
includes sites located at the oil well produced waters discharging area under the influence of 
two submarine outfalls, and sites located at the control area, far away from the outfalls. 
Foraminiferal living and total fauna were studied to evaluate a methodological change in the 
FORAM Index (FI). The original method of the FI is totally based on the total fauna (TF) and the 
theoretical background is based on the behaviour of k-strategists and r-strategists groups. The 
index was proposed to evaluate the water quality at coral reef ecosystems based on three 
functional groups: symbiont-bearing foraminifera (S); opportunistic or stress tolerant species 
(OT); and other heterotrophic foraminifera (H). Three qualifying classes are obtained from the FI 
calculation i) <2 = inadequate to reef grow; ii) between 2 and 4 = marginal conditions and iii) >4 
= adequate to reef grow. After the study of nine campaigns using FORAM Index with and 
without methodological changes, we are proposing changes at the FI calculation method. This 
change increases the weight given to the “living fauna” (LF), therefore we call it FORAM Index 
for short-scale monitoring programs (FISC). This modified index (FISC) increases de weight of LF 
mostly composed by species with a lower potential of preservation (generally highly present in 
the OT group) and, in the other hand, reduce the influence of the species with a high potential 
of preservation (usually present in the S group), reflecting better the very recent environmental 
changes and it is well-suited for application within shorter sampling intervals. Further, we 
propose to focus on the values of the index itself, instead of on their three classes. This seems to 
be more valuable to monitor the small changes that might be hidden within the classes intervals. 
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The Itaipu Lagoon is an important ecosystem in the Rio de Janeiro coastal zone and is characterized 
by sub-environments of mangrove, swamp and restinga. For decades, it has been influenced by the 
impacts of uncontrolled demographic growth. Benthic foraminifera have shown their great potential 
as bioindicators, since they rapidly respond to environmental changes and may exhibit high diversity 
and density in sediments. However, their seasonal variations have been poorly considered. In view 
of it, this work aims to analyze the summer (S) and winter (W) living foraminiferal assemblages from 
the Itaipu Lagoon to understand how these organisms respond to environmental changes. Triplicates 
of bottom sediment samples were collected in 12 stations during each season. A total of 35 (S) and 
23 (W) living foraminiferal species were identified. Ammonia tepida was the dominant taxon in both 
seasons. The lagoon showed high environmental heterogeneity in both temporal and spatial scales 
and it was not possible to detect correspondence between S and W assemblages through the Cluster 



Analysis. The Detrended Correspondence Analysis led us to the identification of bioindicators of 
marine influence in S, such as Bolivina doniezi, Bulimina patagonica and Pseudononion japonicum. 
The greater species richness and abundance in S can be related to the finer sediment, higher salinity 
and good water quality promoted by the stronger upwelling events in this season. In the northern 
lagoonal area under the influence of the river outflows, the lowest dissolved oxygen concentrations 
and high abundance of agglutinated taxa were found. The central part showed lower hydrodynamic 
conditions and higher foraminiferal density and richness likely transported from the communication 
canal with the sea. The decreased dissolved oxygen and water temperature in W limited the 
foraminiferal distribution to the marine influenced area (central part). Haynesina germanica, often 
dominant in temperate areas, appeared only in W, suggesting its preference for cold waters. The 
presence of only few foraminiferal specimens in the station near the domestic sewage in W may be 
associated to the high organic matter accumulation (39%). The most suitable environment for the 
biota was the eastern sector in S and the central area in W. This study evidences high seasonality of 
the living foraminifera assemblages. In this highly anthropized lagoon, the seasonality reflects 
natural fluctuations and human interference and is therefore important to disentangle them and to 
predict the changes in a context of climatic changes.  
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Response of living foraminifera to potentially toxic elements (PTEs) enrichment in the Cachoeira 
River Estuary, a Tropical Estuary (NE Brazil) 
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The Cachoeira River Estuary (CRE), dominated by mesotidal regime and mangrove vegetation, is the 
largest estuary in the south Bahia (Brazil). It receives discharges from the cities of Itabuna and Ilhéus, 
such as: urban sewage enriched in organic compounds, effluents from livestocks and cocoa 
cultivation as well as industrial disposals. Such effluents are known as sources of potentially toxic 
elements (PTEs). In order to evaluate the quality of marine and coastal ecosystems, studies based on 
benthic foraminifera have shown their great potential as ecological indicators of both natural and 
anthropogenic impacts. The main goal of this research was to present the first evaluation of the 
living foraminiferal distribution, the bioavailable trace element fraction in the bottom sediment of 



the CRE and its relationship with the other environmental variables (e.g. total organic carbon - TOC, 
total sulphur, granulometry and water variables), for the identification of potential bio-indicators. 
High concentrations of bioavailable PTEs were found in the sediment, with emphasis on As, Cu, Hg, 
Ni, Pb and Zn that exceeded the limits established by the United States Environmental Protection 
Agency. Forty-nine taxa were identified throughout the CRE (30 of calcareous wall and 19 
agglutinated). The calcareous species Ammonia tepida, Ammonia parkinsoniana and Cribroelphidium 
excavatum were dominant, as well as the agglutinated species Paratrochammina clossi that is 
characteristic of mangrove areas. The estuary showed strong mixing of the water and a very 
heterogenous sedimentary environment. The benthic foraminiferal distribution seems to respond to 
it, since it was not possible to determine sectors according to the groups of species. The Detrended 
Correspondence Analysis (DCA) results indicate that the PTEs enrichment has high negative impact in 
the distribution of benthic foraminifera in CRE. However, Cribroelphidium excavatum seemed to be 
tolerant to Cu and Pb enrichment, being dominant where these elements reached 114 and 877 µg.g-

1, respectively. Ammonia tepida seemed to be sensitive to these PTEs enrichment, while Haynesina 
germanica seemed to be indifferent. The different behavior of several species in temperate and 
tropical climates stresses the importance of implementing ecological studies of biomonitoring in 
tropical areas.  
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Monothalamous foraminifera includes organic soft-walled and some agglutinated test organisms. 

Although this paraphyletic group exists since the Cambrian period, it is till now the less studied 

group among the Foraminifera. Some reasons for this are: 1) These organisms do not leave fossil 

records, like the calcareous one’s and 2) The fragile structure demands fast processing of the 

samples, which makes it difficult to separate and identify this group, comparing to the multi-

chambered hard-walled Foraminifera. It can also sometimes be confused with some metazoans 

members of meiofauna, like turbellarians. Nevertheless, the number of studies about the 

Monothalamous are increasing, especially in environments where this group is abundant, like deep-

sea and high-latitude areas, and because of the advance in molecular analysis. Therefore, it is of 

extreme importance to understand how these studies were conducted and try to establish a 

processing protocol of these organisms, in order to increase the data related to them. The 

observation of structures in the organism’s test is a basal step to help in the taxonomic identification. 

The use of colloidal silica (Ludox®) has been applied in recent years as a method of flotation to 

separate the Monothalamous foraminifera, like the metazoan meiofauna. Because their densities (ρ) 



are similar, they all float in solutions with ρ ranging between 1.13 to 1.5 g.cm-3, while the density of 

the calcareous and larger multi-chambered agglutinated tests are usually higher (flotation solutions 

commonly used have 1.46 ≤ ρ ≤ 2.5 g.cm-3), making the picking labor less time-consuming. This work 

aims to present a literature review of the studies of Monothalamous, and what kinds of flotation 

solutions were used (or if some flotation solution was used). As an example of the methodology, 

Ludox® was used in several Antarctic marine sediment samples of the west Weddell Sea region. 

Around 26 samples, ranging from shallow waters, continental shelf and deep-sea were analyzed, 

including different layers, with promising results for recovery rates of the organisms. Compared to 

the enormous amount of the hard-walled benthic foraminifera studies, there are only a few research 

groups analyzing the Monothalamous. Standardizing the processing of the samples, as the 

international initiative FOBIMO proposes, can lead to a better knowledge of this group, which is still 

neglected, and help link the DNA barcoding and morphological data. Finally, this can contribute to a 

better understanding of Monothalamous distribution worldwide and their environmental role. 

 

Keywords: Flotation solutions, Standardization process, Colloidal silica, Marine benthic foraminifera , 

Antarctic Monothalamous. 
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The present study intends to compare two different techniques to access foraminiferal 
fauna in sediment samples collected in Flamengo Inlet, a subtropical inlet placed in Ubatuba a city 
from São Paulo State in Brazil. The inlet was sampled during the 2010 austral summer (March) and 
among the 34 surface sediment samples collected to morphological analysis four of them had the 
diversity of Foraminifera also determined by molecular tools. The morphological approach reveals 
that living foraminifera fauna is composed mainly by calcareous Rotalids. The main species found 
were Buliminella elegantissima, Ammonia beccarii, Bolivina striatula and Pseudononion atlanticum, 
showing a typical foraminiferal fauna in subtropical coastal environments, with high values of 
diversity, evenness, abundance and richness revealing that the area is not strongly affected by 
severe anthropogenic impact. 

The four samples, for which the foraminiferal environmental DNA data were obtained has 
showed near 40 phylotypes, 9 were identified as Globothalamids, with three undetermined 



textulariids and six rotaliids: four related to Gallitellia vivans and Stainforthia sp. and two related to 
the genus Virgulina. Most of the phylotypes were assigned to a class Monothalamea, a paraphyletic 
group of single-chambered, mainly soft-walled foraminifera, which is very poorly known in the 
Southwest Atlantic shallow-waters. Several phylotypes were placed in Clade Y, a cosmopolitan group, 
which morphological identity is unknown. 

The two distinct techniques showed different faunal characterization of the same area but 
both leads to a complementary understanding of it. As most of the monothalamids from Brazilian 
coast are still unknown, it seems that a special attention to this group should be given to describe 
the species and maybe use them as potential indicators for ecological and biomonitoring studies, in 
correlation with typical calcareous species found in the morphological approach. 
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The aim of this study is to review a benthic foraminifera dataset of a biomonitoring 
performed in Bertioga Channel region (São Paulo State) from April of 1999 until February of 2000. By 
the time of the original survey (1999) the FOBIMO initiative was not yet stablished and several 
aspects of it were not followed. The environmental and oceanographical process in the study area 
were analysed using the total fauna of foraminifera and they distribution along the time. 

The Bertioga Channel is an estuarine system where the variability of tide and freshwater 
input may cause alterations on the foraminifera fauna. Six distinct sampling stations were 
determined and sampled monthly during a year (April of 1999 to March of 2000). To the faunal 
analysis a fixed volume of sediment (50 cm3 – ethanol >70%) was washed through a sieve with 63 
µm openings. The foraminifer specimens were picked up and identified. The total fauna revealed 
species of the Elphidium genus and Ammonia tepida as the most frequent in almost all stations and 
during all the monitoring study. Agglutinated species such as Arenoparrella mexicana and 
Haplophragmoides wilberti were found mainly in the middle of the channel. Typical species of 
marine and paralic environments such as Pararotalia cananeiaensis and Pseudononion atlanticum 



were found in both entrances of the channel. By the FOBIMO initiative monitoring studies with 
benthic foraminifera should be done preferentially with the living fauna. To the Bertioga Channel the 
richness of living species and specimens were lower than total and in most of the samples there 
were none of them. Ammonia tepida, species of Elphidium and Quinqueloculina genus were 
frequent as well hyaline juveniles. 

Even though living foraminifera abundance and richness values were not statistically high 
the fauna found yet could reveal the circulation patterns in this estuarine system with occurrence of 
opportunistic taxa, euhaline and mixohaline species. 
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The Eastern Tropical South Pacific houses the most productive marine ecosystem in the world. High 
respiration rates, sluggish circulation and low-oxygen source waters maintain an Oxygen Minimum 
Zone (OMZ) in the region. Off Peru, this OMZ is intense and shallow with acidic water masses as a 
result of natural biogeochemical processes generated in association with oxygen deficiency. 
Additionally, Peruvian coast is subjected to oxygenation events typically associated to the main 
climatic variability: El Niño Southern Oscillation (ENSO). At the seafloor, the fauna is dominated by 
benthic foraminifera, a community with a key rol in carbon and nitrogen cycle in low-oxygen 
environments. Those major aspects make foraminifera suitable for their use in ecological studies in 
this realm. Then, our objective is to give an overview about the variety of applications of this 
organisms in Peruvian margin with a focus on continental margin and sublittoral zones. 
 
Faunal composition in sediments off Central Peru (Callao) are characterized by a relatively high 
density and low diversity of perforate calcareous foraminifera. Some calcareous species have been 



recognized for their use in paleoceanographic studies. Such species are characteristic at coastal 
sediments subjected to anoxia (Bolivina costata and Nonionella auris) or under a postoxic redox 
state (Bolivina pacifica). Soft-shelled foraminifera (allogromiids) are more abundant inshore while 
agglutinated forms are frequent and more diverse at deeper sites. 
 
Analysis of benthic foraminifera (living + dead fauna) from sandy-muddy sediment samples at 
different water depths (15 and 200 m) allowed us to assess key coastal marine regions (Ferrol and 
Paracas bay). Observations of decalcified foraminifers, hard- and soft-walled foraminifera 
compartments filled with pyrite are features commonly recorded at this shallower sites. Bolivina 
costata, which is widely dominant calcareous species in this coastal settings, display outstanding 
densities with subsurface peaks in vertical distribution. Preliminary analyses establish its use in 
monitoring related to human-induced environmental change. 
 
Finally, two non-conventional proxies have used to reconstruct the OMZ intensity since XIXth 
century which complement foraminiferal assemblages data. A reduction in shell weight of Bolivina 
seminuda has been observed for the last 50 years suggest a weaking of the OMZ. Contrary, an 
increase of pore density in this species will be closely associated with sedimentary conditions. 
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Sampling replicates a standard procedure in many scientific fields, including Population and 
Community Ecology. However, replicates increase at least three times the effort in counting 
individuals, which is still seen as unnecessary or even unacceptable by many foraminiferologists.  In 
spite of this, some recent papers on foraminifera explored the use of replicates and concluded that 
they are indispensable, but all of them were conducted with samples from temperate environments. 
Hence, in this work we aimed to answer the following question analyzing samples from a tropical 
intertidal environment: do collecting a single sample or replicates affect results and interpretations? 
Samples were collected at three points along the mangrove margins associated with the Itapanhaú 
River (Bertioga, State of São Paulo, Brazil), following the estuarine gradient (euhaline, mesohaline 
and oligohaline). In each point, we drilled three microcores with a depth of 20 cm, laterally distant 
30 cm from each other. In each microcore we extracted sediment samples in the layer intervals of 0-
1, 4-5, 9-10, 14-15, and 19-20 cm, summing 45 samples, but we analyzed only the uppermost layer 



because it is usually chosen for monitoring purposes. Living and dead foraminifera assemblages 
were compared regarding abundances, species composition, diversity (Simpson, 1-D) and, similarity 
(Bray-Curtis), using χ2 tests (α = 0.05) computed with Past software. In this analysis, we counted 
3.668 tests, dominated by Ammonia tepida, Elphidium gunteri and, Miliammina fusca, with diversity 
ranging from 0.01 to 0.73. Most of the single samples were found significantly different from each 
other reinforcing that foraminifera are unevenly spatially distributed, probably randomly distributed, 
so that single samples may not adequately represent a study/monitoring site. Replicates at all points 
varied among themselves, for both living and dead assemblage, as well as for ecological indicators, 
and produced better results than single samples. Living assemblages tended to be less similar than 
dead assemblages. Pseudoreplication simulation (mixing replicates collected in a unit area to create 
a unique “sample”) produced divergent results from replicates and should be avoided. Our findings 
are consistent with previous studies carried out in subtropical estuaries and expand methodological 
recommendations to tropical estuaries and monitoring programs because they make possible the 
use of inferential statistics with more accurate outputs. Our last suggestion is that future studies 
should explore the effect of distances among replicates on results. 
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Counting effort is a genuine concern when dealing with species diversity to apply it to environmental 
monitoring. Usually, counts fall in 100 to 300 tests per sample mainly based on influential papers 
published by Patterson and Fishbein (Journal of Paleontology, 1989) and by Fatela and Taborda 
(Marine Micropaleontology, 2002). Despite their in-depth discussion, examples given in those papers 
are based on a limited number of cases. Moreover, by just counting 100, 300 or another number of 
tests without any control makes it impossible to verify if the counting effort is genuinely enough. 
Thus, in this work, we present an empirical approach using rarefaction curves to help to decide when 
we can stop counting and assure that our effort was sufficient to produce reliable results for 
estimating diversity. As real data, we analyzed 51 samples of recent foraminifera collected at the 
intertidal zone of two Brazilian estuaries: São Francisco river delta (State of Sergipe, n=24) and 



Itapanhaú river (Bertioga, State of São Paulo, n=27). The set of samples comprised 5.416 tests 
represented by 64 species (35 agglutinants, 22 hyaline, 6 porcelaneous, 1 organic-walled), collected 
in whole estuarine gradient, from oligohaline to euhaline and from low to high portions of the 
intertidal level. Rarefaction curves were plotted using diversity as the reference (Simpson 1-D) 
calculated and recalculated at every 2 new tests randomly picked from the raw sample. Diversity 
ranged from 0.18 to 0.96. The curves express the “evolution” of the average variation of diversity 
estimation with respective confidence interval (α=0,05) throughout counting. Counting effort was 
considered enough when the average variation curve stabilized, and values did not considerably 
oscillate as more tests were added (keeping <2% of average variation compared to the last value 
calculated). Our results pointed out that the curves stabilized after counting ~70 tests. Stabilization 
seems to be related to the diversity level: as more diverse is the assemblage as lower is the number 
of tests needed to stabilize the curve and estimate diversity. Estimations using bootstrap techniques 
produced the same results (individual rarefaction module computed using Past software). Hence, we 
strongly recommend that foraminiferologists should construct rarefaction curves to control the 
counting effort and conclude that 100 tests may be fairly enough to estimate diversity in the 
intertidal zone. This recommendation is essential to avoid unnecessary effort during the picking step 
especially when adopting replicates because of the increased number of samples. 
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When unplanned touristic activities occur on the coastal zones, they may damage the environment 

so, it is extremely important to plan the development of these areas monitoring and mitigating the 

impacts. Benthic foraminifera and thecamoebians are excellent environmental bio-indicators of 

either natural or anthropic alterations. Escherichia coli and other coliform bacteria are worldwide 



 

 

used as microbiological water quality indicators. The aim of this study was to evaluate the 

foraminifera and thecamoebians answers to sewage discharge during periods of high tourism 

affluence at the Encantadas Beach (Mel Island, Southern Brazil) comparing to the bacterial response 

(biomass, the abundance of total heterotrophic bacteria, total coliforms and Escherichia coli). 

Sampling was performed in the austral summer from December/2007 to April 2008 before, during 

and after the higher touristic period (Christmas, New Year and Carnival).  Water and superficial 

sediments (0-2 cm) were sampled in four stations – two in Encantadas Beach (Ec located near 

domestic sewer discharge and ESb at the sublittoral zone, in front of EC), and two at Ponte River (PC 

station at a creek without anthropic influence and PSb at the sublittoral in front of PC ). Biological and 

environmental parameters were correlated by means of statistical analysis. Rotalids and textularids 

dominated and miliolids were absent. Cluster analysis showed three main groups: I - formed by the 

EC and ESb samples – presented dominance of agglutinant species with low diversity and low density ; 

II – formed by PSb samples - presented the highest density of foraminifers and the assemblages were 

composed by few agglutinated and many calcareous foraminiferal species, common on coastal 

marine environment; III - formed by the PC samples – dominated by thecamoebians. Station EC 

presented low dissolved oxygen during all studied months, the highest concentration of E. coli and 

the higher concentrations of ammonia, phosphate, total nitrogen, total phosphorus and organic 

matter, besides the occurrence of barren (without any foraminifera neither thecamoebians) samples 

in February; data indicated organic contamination with high degrees of eutrophication common to 

areas of sewage discharge. Station ESb presented foraminiferal assemblages dominated by 

agglutinated and few calcareous species, even being exposed to strong marine influence. The 

variation of the marine biota communities together with the changing environmental parameters 

are related to the tourism affluence on the island. 
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 Foraminifera is an efficient bioindicator due to its wide distribution pattern and 
abundance, environmental specificities of its members, besides the fact that the group 
provides a large amount of data in small sample volumes. The present study aimed to 
describe Foraminifera associated to biofouling community, identifying and evaluating the 
influence of location, seasonality and the structure of this community on foraminifera 
richness and abundance, and consolidating a new methodology for research.  This study was 
carried out from January to August 2018, at three sites of Ilha Grande Bay, Rio de Janeiro. 



The sites were: Piraquara de For a cove, where water temperatures could reach 35 ºC due  
discharge of water used in the cooling process of a Nuclear Power Plant; Ponta Leste, an area 
close to an Oil Terminal, with high risk of oil spill, the third site, Dois Rios cove, on the wave 
protected but faced to the oceanic side of Ilha Grande. We used 5 replicates of structures in 
each site. These structures were formed by granite plates attached inside plastic boxes. The 
structures were divided into predator exclusion treatment and control, exclusion of large 
predators was done using 1cm mesh. Control cages had free access to predators. Structures 
were immersed at 1m below the surface and 4m above the bottom. After two, four and six 
months of development of biofouling communities, plates were retrieved from the water and 
washed with filtered seawater for the collection of the foraminifera using a  plankton mesh. In 
the sequence, samples were stained with Rose of Bengal and routine techniques were used to 
sort and count Foraminifera. However, for this work, only Foraminifera recorded on 
communities of 2 and 6 months age were considered. A total of 30 species of Foraminifera 
belonging to 20 genera were recorded, and dominant species were: Discorbis vilardeboanus 
(d'Orbigny, 1839), Rosalina floridana (Cushman, 1922) and Rosalina globularis (D'Orbigny, 
1826). Highest diversity was recorded on samples with 6 months age. Dois Rios under the 
influence of predators, followed by Ponta Leste on both treatments has the three highest 
diversity values. Among biofouling community, main groups found was encrusting and erect 
bryozoan, colonial and solitary ascidians, hydrozoan and oysters. Differences between 
treatments and fouling communities were recorded and also, among sites and age. However, 
when considering all of these variables on the Foraminifera diversity our data suggests a 
stronger influence of biofouling community than location or treatment. 
 
Funding source: CAPES 
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In Deception Island, an active volcano of Antarctica, 2 sediment cores, of 14 cm, 
were collected, in Fumarole and Whalers bays, at 120 m and 65 m depth, in 
January 2013. The cores were sampled at each 2 cm. The distribution of living 
benthic foraminifera was assessed and related to sedimentary geochemical and 
textural data in order to evaluate the behavior of these organisms under extreme 
environmental conditions. The region is under cyclical intense environmental 
variations caused by seasonal weather changing and hydrothermal emissions. 
Ice supplied from the highest areas of the island melt in summer, releasing detrital 
particles which reach the submerged part of the caldera. The winter growth of ice 
shelves also induces changes in the sedimentary dynamics in the area. On the 

mailto:valeria.terence@usp.br
mailto:virginia.martins@ua.pt


other hand, the hydrothermal emissions seem to be intermittently changing its 
characteristics temporarily.  

The sediment cores are mainly composed of silt fraction but also include sand 
and pebble fractions in some levels, which indicate changes in the sedimentary 
regime. Carbonate contents typically increases (up to ≈40%) with the decrease 
of the sediments mean grain size. The geochemical results, performed by ICP-
MS, allowed to discriminate differences in the sediments composition related to 
the temperature of hydrothermal reactions at the Island. The enrichment in As, 
Ba, Mn and Mo, in the Fumarole Bay sediment samples, is related to high 
temperature emissions. Sediments of Whalers Bay core show relatively high Zn, 
Fe, Cu, Sn, Pb, Co, Ni and Mg contents, which indicate relatively low temperature 
hydrothermal emissions. 

Living foraminiferal assemblages present high density and low species richness, 
indicating high nutrient availability and environmental instability. Nutrients supply 
depends on the sedimentary dynamics and the hydrothermal emissions. In 
general, positive correlations were observed between the mud contents and the 
density and richness of the living benthic foraminifera, found up to 14 cm depth 
in both cores. The abundance of Adercotryma glomeratum, Eggerella minuta, 
Pseudobolivina antarctica and Textularia antarctica rise in periods of greater 
environmental energy. In contrast, the living assemblages are dominated by 

Trochammina malovensis and Miliammina arenacea, in phases of greater 
stability, during which the first group decline. Some species are positively 
correlated with high or low temperature hydrothermal emissions. Weather 
conditions and hydrothermal activity control the dimension and composition of 
living foraminiferal assemblages in Deception Island. 



In this presentation, a general survey of the main events, results and 

actions taken during the environmental monitoring of the dredging of deepening 

of the navigation channel of the Port of Santos will be carried out. 

The environmental licensing procedure for the dredging activities to 

deepen the access channel to the Port of Santos began on February 17, 2005, 

with the preparation of environmental studies and technical feasibility. On March 

26, 2008, the Environmental Impact Study (EIA / RIMA) for the licensing of 

dredging works was filed with IBAMA. 

On November 26, 2009, IBAMA issued the Installation License No. 

666/2009 authorizing the dredging of an approximate volume of 13.6 million m³ 

of sedimentary material. The channel to be formed would have an estimated 

width of 220 m and 25 km in length, at a depth of 15 m, with slope 1,6. 

Environmental monitoring was carried out both in the dredging area of he 

navigation channel and in the Polígono de Disposição Oceânica (PDO), an area 

of 40 km² defined for the disposal of all dredged sediments. Monitoring 

consisted of the following environmental programs: 

• Environmental management of dredging 

• Environmental monitoring of dredging 

• Environmental monitoring of the ocean layout area 

• Water quality monitoring 

• Sediment monitoring 

• Monitoring of aquatic biota 

• Monitoring of chelonians in the estuary 

• Monitoring of aquatic biota in dredged areas 

• Mangrove monitoring 

• Social Communication 

• Environmental education 

• Ongoing training of the workforce 

• Archaeological monitoring of works 



• Environmental compensation 

In January 2010, prior to the start of dredging activities, environmental 

monitoring activities began with the completion of the Prior Campaign.On 

February 21, 2010, the dredging activities of the navigation channel began. 

The main objectives of the Monitoring Plan were: monitoring the support 

capacity of the marine environment in the region of the dredged material 

disposal area, identifying possible changes in sediment quality, identifying 

possible deleterious effects on biota and environmental processes and the 

management of dredging activities in order to minimize any damage to the 

environment. 

Throughout the monitoring the evaluation of the data obtained was done 

systematically, considering the environmental conditions proposed by IBAMA, 

being evaluated biologically, chemically and ecotoxicologically. 
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Geoenvironmental study of the direct impact area of the Brazilian Antarctic 

Station Comandante Ferraz (EACF), with emphasis in Foraminifera 

associations 

 

  In the year of 2012, a fire nearly destroyed the Brazilian Antarctic station 

Comandante Ferraz (EACF). Subsequently, most of the contaminated land was 

removed and the new EACF began to be build. In order to evaluate whether the 

poisoning material and the fire residues from the construction site were contaminating 

the benthonic medium, it were collected 23 samples for granulometric and 

geochemical analysis using foraminifera, in the years 2016 and 2018.  

  On present work it is shown only the results from foraminifera found in the 

superficial layer, which were colored with rose Bengal while collecting. For the purpose 

of the thanatocenosis study, were analyzed 300  foraminifera tests. On the other hand, 

we considered aliquots from 10 until 100 cm3, in order to obtain the maximum number 

of individuals. 



  When considering 20 cm3, the thanatocenosis tests can reach 100 times most 

abundant than the living individuals. In 2016, the number of living foraminifera ranged 

from 11 to 112 individuals. It was observed that smaller values were observed in 

regions close to the burned fuel reservoirs and to the Heliport. Exactly in these two 

points it was observed 11 individuals/100 cm3, meanwhile in the depth of 60 m, nearby 

the Chinese cargo ship Magnólia, we identified 112 individuals/30cm3.  In 2018, the 

number of living foraminifera was low: except in two collected samples nearby the 

cargo ship (74 individual/20cm3), in all the rest we had to analyze 100 cm3 in order to 

obtain 18 individuals. 

  In our samples, we found 40 species belonging to the suborders 

Trochamminina, Spiroplectamminina, Textulariina and Rotalina. Among these, it was 

identified 10 calcarious and 30 agglutinative species. The most dominant in thanato 

and biocenosis was Globocassidulina crassa and Globocassidulina. The Shannon 

diversity values evaluated for 2016 (1.59 to 1.92) are less than the 2018 ones (1.59 to 

2.50), this is because the Simpson values of dominancy are larger in 2018 (0.74 to 

0.90) that in 2016 (0.68 to 0.72). The tests used in thanatocenosis and biocenosis are 

large (250-500 μm) and average (150-250 μm). 

  The preliminary results arising of the foraminifera from the region nearby the 

new EACF suggests the existence of biocenosis composed by few individuals. Close 

by the Chinese Cargo Ship, which belongs to the company responsible by the 

construction site, the biocenosis are more abundant. Nevertheless, more robust 

interpretations only can be performed after the comparison of the granulometric and 

geochemical  with the foraminifera results. 

 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=737297
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Benthic foraminifera and biopolymers have been used as indicators of environmental impact in 

different ecosystems, however there are few studies in hypersaline environments such as Araruama 

Lagoon (AL). This lagoon is considered the world’s largest permanent hypersaline lagoon and it has 



been suffering from urban density and sewage discharges. An approach using biopolymer 

concentrations, living benthic foraminifera, water and sediment parameters was used to evaluate the 

trophic state in Araruama Lagoon. Sixteen stations were collected from the mouth of the lagoon 

(Itajuru Channel) to the third sector of the lagoonal body to recognize the tidal and organic matter 

influence on the benthic foraminifera assemblages. The Araruama Lagoon shows an increasing 

gradient of water physical-chemical parameters sense the innermost region of lagoon body. Organic 

matter analyses reveal the organic matter input derives from phytoplankton. However, 

carbohydrate/protein ratio suggests that most of the sampled area has refractory organic matter are the 

system tends to accumulate rather than degrade or transport organic matter. Thus, the AL can be 

considered as a depositional system vulnerable to the eutrophication. On the other hand, the Itajuru 

Channel, except in the marina region, has sandy predominance, greater marine influence and high 

hydrodynamics that prevent the organic matter accumulation. Punctual regions of the lagoon marked 

by very high organic matter concentration, mainly lipids, exhibit a low foraminifera density. The 

foraminifera richness decreases in the inner part of the lagoon body due to the high confinement effect. 

Three distinct benthic foraminifera assemblages are recognized in AL through statistical analysis 

(DCA): The first assemblage is dominated by Quinqueloculina seminula and Ammonia parkinsoniana, 

species associated to sand, high hydrodynamic conditions and low organic matter content. The second 

assemblage mainly represented by Adelosina milletti is associated to the environments with greater 

marine influence and high protein concentrations. The third assemblage is characterized by species 

with high tolerance to total organic carbon, total sulphur, lipids, mud and preference to relatively high 

salinity. This assemblage is composed by Ammonia tepida, Bolivinellina translucens, 

Cribroelphidium excavatum, Elphidium gunteri and Funserkoina pontoni species of can be considered 

the high anthropic impact bioindicators in AL. In general, this environmental is still favorable for the 

foraminifera presence despite the different conditions. 



 

*Name: Cintia Yamashita 

*Registration n˚: 57 

*Session: Relevance of foraminifera in environmental assessment and monitoring 

Type of presentation (Oral or Poster): poster 

Please keep in mind that this is a preference and not binding 

 

Abstract (max 2600 characters including space) 

Living benthic foraminifera on the continental margin of South Brazil Bight  

 

Cintia Yamashita1, Claudia Omachi1, Silvia Helena de Mello e Sousa1, Nancy Kazumi Taniguchi1, Beatriz Dias de Araújo1, 
Sibelle Trevisan Disaró3, Rubens Cesar Lopes Figueira1, Marcia Caruso Bícego1

, Michel Michaelovitch de Mahiques1,  

1Universidade de São Paulo, Instituto Oceanográfico, Praça do Oceanográfico, 191, Cidade Universitária. 05508-120 São 
Paulo, SP, Brasil. cintia.yamashita@usp.br 

2Universidade Federal do Paraná, Laboratório de Foraminíferos e Micropaleontologia Ambiental (LAFMA), Museu de 
Ciências Naturais/SCB, Rua Coronel Francisco Heráclito dos Santos, 100 – Centro Politécnico. 81531-980 Curitiba, PR, Brasil. 

 

This study presents an analysis of the distribution of living benthic foraminifera on the continental 
shelf of the subtropical Brazilian continental margin. In this region the hydrodynamical processes are 
considered the main controlling mechanism of primary productivity and sediment redistribution. 
Three multiple cores (26-28S and 47-49W) and six box cores (23-25S and 45-49W) were 
collected between 47 to 156 m water depths in the austral winter (2017) and austral spring (2002). 
The topmost 2 cm of the sediments were analysed for sand percentage, organic carbon (Corg) and 
benthic foraminifera content. Analyses of stained (rose Bengal) benthic foraminifera were 



performed in 10 cm3. Specimens >125 µm were picked. Ecological parameters such as density, 
Shannon index (log e), and species richness were calculated. Satellite ocean color images were used 
to evaluate the surface spatial chlorophyll a and particulate organic carbon (POC) concentration. The 
non-metric multidimensional scaling and the cluster analysis were allowed to differentiate three 
main groups of stations. Group I represented the northern stations with relatively higher percentage 
of Globocassidulina subglobosa (56-78 %), Corg (7-11 %) and sand (23-71%). Group II represented the 
central stations with higher percentage of uvigerinids (7-27 %; such as Uvigerina peregrina, U. 
pygmea and U. subperegrina) Bolivinids and Buliminids (<19%; such as Bolivina fragilis, and Bulimina 
marginata) and richness (>31 number of species). Group III was composed of southern stations with 
higher percentage of Ammonia rolshauseni (1-36 %) and Textularia sp. (1-40 %), relative higher 
values of diversity (2), chlorophyll a (0.8 mg.m-3), and POC concentration (172 mg.m-3), but total 
organic carbon in the sediment with a relative low value (<1.55 %). Our results showed that the 
foraminifera community structure might be controlled not only by the quantity but also by the 
quality of the nutrients in the study area. The latitudinal differences in the benthic foraminifera 
distribution and the community changes were probably related to hydrodynamical processes which 
control the nutrient inputs and the deposition of organic matter to the bottom of the shelf. 
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