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Abstract

The work examined sediments from the adjacent area to the Pium estuary (Pirangi Beach),
in the municipality Parnamirim - RN. The main objective of the study was to assess the
degree of pollution of the regions, bases upon foraminiferal associations and their responses
to abiotic factors (temperature, depth, salinity, and sediment characteristics including grain
size, % calcium carbonate and % organic matter). Abiotic parameters were measured and
12 sediment samples were collected from the coastal zone, adjacent to Pirangi Beach. Areas
closer to Pium estuary were more affected by anthropogenic. The dominant species in this

area is Quinqueloculina lamarckiana.
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Introduction

Foraminifera are widely used in oceanography and environmental
monitoring because they occur in all aquatic environments and are
easy to sample.'”* Their assemblages reflect characteristics of the
environment in which they occur, reacting to seasonal variations and
changes caused by anthropogenic action.*

Many authors have been studying foraminifera and their
relationship with sediment dynamics, transport and hydrodynamics.>®
The distribution of species and their diversity can reflect different
hydrodynamic patterns in coastal regions’!* and water bodies.'* Aratjo
& Machado (2008) also reported that the distribution of assemblages
is strongly related to grain size. Araujo & Machado' also reported
that the distribution of assemblages is strongly related to grain size.

Our study characterizes and monitor the quality of sediments
in the coastal zone of the Pium River Estuary and the internal
platform adjacent to the Pirangi reef area, through the study of
bottom sediments and foraminifera associations as bioindicators.
We examined the interactions of the sedimentological characteristics
with the foraminiferal assemblage using univariate and multivariate
statistical analyses.

The responses of foraminifera to the physical water and
sedimentological parameters of the study area for future environmental
preservation projects.

Characterization of the study area

The study area was off Pirangi Beach, located on the East Coast of
the Brazilian Continental Margin, in the municipality of Parnamirim -
RN, 21 km away from the capital Natal'® (Figure 1).

The East Potiguar Platform is narrow (between 15 and 35km),
shallow (average depth of 13-25m) and relatively flat (with slopes
~0.2° to 0.5°) inshore of the shelf break.'** Johnson & Boldwin’s?!
classify this type of platform as mixed the hydrodynamic energy
regimes, dominated by ocean currents.

Material and methods

Twelve surface sediment samples were collected on 24 of January
of 2013, using a Van Veen type grab or by scientific diving (Figure 2).
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Figure 2 Location of the sampled stations.
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These samples were sub-sampled, the first two centimeters of
the sediment were transferred to flasks containing rose Bengal stain
dissolved in 70% ethanol, and the rest was used for sedimentological
analyses. Hydrographic parameters (salinity, temperature and oxygen
content) as well as the depth of the collection points were acquired
using the Castaway brand CTD (conductivity, temperature and depth)
device. The hydrographic parameters were illustrated using contour
maps created using ArcGIS 10.2.

Biological parameters

In the laboratory, the rose Bengal stained subsamples were
transferred to successive sieves of 0.500 and 0.0062 mm, for the
process of wet sieving, aiming to remove silt and clay. Then the
material was dried in an oven at 50° C for 72 hours.

Next, the samples were floated in trichloroethylene, to separate the
foraminiferal tests from the sediment. After that, the samples, again,
dried in an oven, now at 70°C, until total dryness.

In the Laboratory of Marine Geology and Geophysics and
Environmental Monitoring (GGEMMA), the all foraminiferal tests
were sorted, a fine brush, moved to micropaleontological faunal
slides, and tests were identified to species based on the bibliographic
material of Boltovskoy et al.

Sedimentological parameters

Sedimentological processing was carried out in the Laboratory of
Geological Oceanography - LABOGEO of the Federal University of
Pernambuco - UFPE, by the Elemental Analysis - Isotope Ratio Mass
Spectrometry (EA-IRMS, with the COSTECH ECS 4010 analyzer,
coupled with the Delta V Advantage from Thermo Scientific).

After the sedimentological data were obtained, they were applied
to the program Granulometric Analysis System (SAG), and the
sedimentological classification was assigned based upon Folk and
Larsonneur (1977)* for each sample.

Species — based indices

The foraminiferal assemblages from each sample were identified,
as noted above, and number of individuals found of each species
were recorded to provide data to calculate species-based indices and
subsequently for statistical analyses. The indices calculated were the
Shannon — Wiener diversity index, Pielou’s equitability index, both
in base 10, and Simpson’s dominance index,? using the PRIMER
software of Plymouth University, described by Clarke & Warwick,?
based on the absolute frequency table of foraminifera species of the
study area.

Shannon’s index measures the degree of uncertainty in which an
individual belongs to a given species, out of a sample of S species
with N individuals. This degree of uncertainty is calculated using the

equation:
i
- Z (p; X Inp;)
L

Where: H’ = diversity;
S = number of species;
pi = frequency of each species, for i ranging from 1 to S.

Meaning that diversity increases with increasing Shannon
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Index, that is, with increasing degree of uncertainty.

According to Clarke and Warwick,” equitability refers to the
homogeneity of the distribution of individuals among different
species. This index demonstrates the stability of the system.

Pielou’s equitability index (J’) ranges from O to 1, in which the
minimum value is obtained when a single species dominates the
community; and maximum when all species present are equally
abundant.?®

Simpson’s index (D), on the other hand, means the probability that
n random individuals in a community are of the same species, given
by the equation for a finite population:?’

‘Z n,(n, — 1)

5T (N—1)
Where: n, is the number of individuals of species I and;
n is the total number of individuals.

Relating these three ecological indices, low equitability values are
accompanied by low diversity and high dominance.

Multivariate analyses

The descriptive procedures of Cluster Analysis, Multi-Dimensional
Scaling (MDS), Principal Component Analysis (PCA), and BEST
were also carried out using in PRIMER sotfware.

Cluster analysis produces dendograms of station similarity,
relating biotic and abiotic data, exposing the environmental parameter
with the greatest influence on species dynamics.?

The MDS statistical technique has produces a map in which the
stations are arranged, not taking into consideration the geographical
location, but rather their biological and abiotic similarities.?®

The Principal Component Analysis (PCA), allows graphic
grouping based upon abiotic characteristics, through the sum of the
principal components (PC), selecting those with higher percentages
of variations, evaluating the abiotic values resulting in the distribution
of similar stations into distinct groups.

And finally, the BEST analysis® combines the data sets in order to
find the best match for the multivariate parameters of the foraminiferal
associations.

Results

Hydrographic parameters

The hydrographic aspects of the water at each station (depth,
surface and bottom temperature, salinity, surface and bottom oxygen
concentrations) are provided in Table 1.

The station depths range from 2m (station 10) to 11m (station 7).
The northernmost stations (stations 5 - 8) were slightly deeper, while
the stations closest to the Pium River estuary were shallower (stations
4, 10 and 11), reflecting discharge of sediments from the estuary onto
the shelf.

Surface temperature varied minimally, from 28,2°C to 29,3°C,
with a standard deviation of only 0.36. The stations further from the
Pium River estuary were warmest, (29.1 - 29.3°C), (Figure 3A). It
bottom temperatures (Figure 3B) were similar to surface temperature.
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Table | Abiotic data from Pirangi stations, highlighting the maximum, minimum, mean, and standard deviation values for each parameter collected

Stations Depth  Surface Core Surface Salinity Oxygen Oxygen
(m) Temperature(°C) Temperature(°C)  (dimensionless) Surface(ppm) Bottom(ppm)

| 6 29,2 29,2 35 5,65 55

2 4,22 29,1 29,1 36 5,57 533

3 5,54 29,1 29,1 36 5,74 5,1

4 5 28,2 28,2 36 5,45 5,28

5 7 29 29 36 5,41 5,09

6 9,5 29,1 29,1 36 58 5,66

7 1 29,1 29,1 37 5,79 5,66

8 5,45 29,1 29,1 36 5,88 5,51

9 4,4 28,8 29,1 34 5,73 5,44

10 2 28,4 28,5 2| 5,83 55

1 3 29,2 29 35 5,74 55

12 2,72 29,3 29,3 36 6,03 561

Maximum 11,00 29,30 29,30 37,00 6,03 5,66

Minimum 2,00 28,20 28,20 21,00 5,41 5,09

Average 5,06 26,300 26,318 31,182 5,218 4,941

sDt:::;r:n 2,909 0,359 0,334 4,739 0,186 0,211
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Figure 3 Contour Map referring to the Pirangi campaign: (A) Surface
Temperature; (B) Bottom Temperature.

Surface salinities ranged between 34 and 37, except o a low of
2 at station 10, near the outflow of the estuary (Figure 4). Overall,
salinities were lowest near the coastline and increased offshore.
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Figure 4 Salinity contour map for the Pirangi campaign.

Both surface and bottom oxygen concentrations show the opposite
behavior to salinity, with the stations closer to the coastline having the
higher levels (Figure 5). Similarly bottom and surface oxygenation,
also trend opposite to temperatures.
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Figure 5 Contour maps for the Pirangi campaign, surface oxygen; (B) bottom
oxygen.

Sediment textures

Sand dominated at all sites (minimum 63% at station 8), with
medium sands to the south and offshore, fining northward and inshore
(Table 2, Figure 6). Higher proportions of carbonate components
(shells and fragments) were also found offshore (>40%). Inshore
stations 8—10 were the finest and included the most silt. The northern
offshore stations 6 and 7 were also predominantly fine sand, with
some silt and the highest concentrations of organic matter (8-9%).

Station 1 had the highest gravel content, while no gravel was
recorded in sediments from stations 7 — 11. A small amount of clay
(1.5%) was recorded only at station 6.
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Table 2 Sedimentological data from Pirangi stations, highlighting the maximum, minimum, mean and standard deviation values for each parameter collected

. CaCoO

Stations Gmmm&mmﬁmmqwmgﬁg’ _Larsounner(1977) Average Rating
content3 (%)

| 6,48 92,47 1,05 0,00 1,70 45,3 Lithobioclastic Medium Sand
2 0,24 99,52 0,24 0,00 2,23 40,6 Lithobioclastic Medium Sand
3 0,04 98,98 0,98 0,00 4,87 58,7 Biolithoclastic Medium Sand
4 0,28 98,21 1,52 0,00 3,23 70,6 Bioclastic Medium Sand
5 1,13 98,22 0,65 0,00 2,50 56,3 Biolithoclastic Medium Sand
6 0,26 91,24 7,04 1,47 9,03 52,8 Biolithoclastic Very fine sand
7 0,00 92,16 7,84 0,00 8,20 59 Biolithoclastic Very fine sand
8 0,00 63,19 36,81 0,00 5,83 29,1 Lithoclastic Very fine sand
9 0,00 83,67 16,33 0,00 477 37,3 Lithobioclastic Very fine sand
10 0,00 84,00 16,00 0,00 1,63 11,7 Lithoclastic Very fine sand
11 0,00 98,27 1,73 0,00 1,83 7 Lithoclastic Very fine sand
12 0,07 94,43 5,50 0,00 2,30 11,7 Lithoclastic Very fine sand
Maximum 6,48 99,52 36,81 1,47 9,03 70,60
Minimum 0,00 63,19 0,24 0,00 1,63 7,00
Average 0,71 91,20 7,97 0,12 4,01 40,01
StandardDeviation 1,778 27,174 10,498 0,408 2,692 23,093

Legend '
s Colletion stations &
. Sand content
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Figure 6 Contour maps of the sedimentological data of the Pirangi samples.

The percentages of carbonate in the sediments varied widely,
from medium bioclastic sand at station 4 (70.6% CaCO,) to very fine
lithoclastic sand with only 7% CaCO3 at station 11.

Lower percentages of CaCO, were found at most inshore stations.
However, for the organic matter content, the lowest percentages were
recorded at stations near the mouth of the estuary (10 and 11), as well
as station 1 further south. In contrast, stations 6 and 7, further north
and offshore, have the highest levels.

Biological Parameters

Overal, the 12 sediment samples analyzed produced 8579
foraminiferal tests distributed among 45 species (Table 3).

The most abundant species found were: Quinqueloculina
lamarckiana (3653 individuals), Q. patagonica (2230), together
making up more than two thirds of the specimens ad counted. Other
species making up more than 2% of the assemblage overall were
Discorbis valvulatus (586), Ammonia tepida (357), Pyrgo rigens
(267), D. williamsoni (176), Miliolinella subrotunda (153), Elphidium
articulatum (137 individuals).

A - Gravel; B - Sand.

Table 3 Absolute number of foraminifera found in Pirangi

Pirangi/2013 | 2 3 4 5 6 7 8 9 10 I 12 Total
Ammonia rolshauseni 0 0 52 0 0 0 3 0 0 0 0 55
Ammonia sp 0 0 26 0 0 0 0 0 0 0 0 0 26
Ammonia tepid 3 0 104 9 0 3 6 14 26 64 108 20 357
bn 0 0 0 0 0 0 0 0 0 8 0 0 8
Bolivina sp 0 0 26 0 0 0 0 0 0 0 0 0 26
Bolivina striatula 0 0 0 0 0 0 0 0 0 0 6 0 6
Discorbis sp 21 0 0 0 0 0 0 0 0 0 3 0 24
Discorbis valvulatus 0 0 312 36 0 57 3 0 0 36 6 136 586
Discorbis williamsoni 0 0 78 9 5 0 0 7 0 44 9 24 176
Elphidium articulatum 0 0 26 30 5 24 27 7 14 4 0 0 137
Elphidium discoidale 0 0 0 0 30 0 0 0 0 0 0 4 34
Elphidium galvestones 0 0 0 0 5 0 3 0 0 0 0 0 8
Elphidium sp 21 0 0 0 5 0 0 0 0 0 0 26
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Fissurina sp 0 0 0 0 0 0 0 0 0 0 3 0 3
Young benthic foraminifera 6 0 0 0 75 9 0 0 0 0 0 0 90
Globulin ovulates 0 0 0 0 0 0 3 0 0 0 0 0 3
Marginulinopsis sp 0 0 0 0 0 0 0 0 0 0 0 16 16
Massilina secans 0 3 0 0 0 0 0 0 0 0 0 0 3
Massilina sp 0 0 0 0 0 0 3 0 0 0 0 0 3
Miliolinella suborbicularis 0 0 0 0 0 0 0 7 0 0 0 0 7
Milliolinella subrotunda 0 3 26 18 0 12 0 56 10 20 0 8 153
Ooline hexagon 0 0 0 0 0 0 0 0 2 0 0 0 2
Oolina melo 0 0 0 0 0 0 0 0 2 0 0 0 2
Poroeponides lateralis 15 0 52 6 0 6 0 0 0 0 0 0 79
Pseudononium atlanticum 0 0 0 0 5 3 0 0 4 4 9 12 37
Pyrgo nasuta 3 3 26 0 10 0 0 0 0 0 0 0 42
Pyrgo rigens 0 6 104 90 35 6 6 14 6 0 0 0 267
Quinqueloculina atlantica 0 6 52 21 10 3 0 0 0 0 0 0 92
Quinqueloculina gregaria 0 9 0 0 0 0 0 0 0 0 0 0 9
Quinqueloculina intricata 0 15 52 75 0 0 6 0 2 0 0 0 150
Quinqueloculina lamarckiana 42 360 1690 345 465 213 63 14 62 12 1 176 3653
Quinqueloculina milletti 0 0 104 0 0 0 0 0 0 0 0 0 104
Quinqueloculina patagonica 75 177 832 105 405 189 123 56 38 56 102 72 2230
Quinqueloculina seminulun 0 6 0 0 0 3 0 0 0 0 0 0 9
Quinqueloculina sp 0 0 0 3 0 0 0 7 0 0 0 0 10
Quinqueloculina sp cf Chipolensis 0 0 0 3 0 0 0 0 0 0 0 0 3
Recuvoides sp 0 0 0 6 0 0 0 0 0 0 0 0 6
Siphonira sp 0 0 0 0 0 0 0 0 0 0 0 12 12
Spiroculina planulata 48 3 0 0 5 24 0 0 0 0 0 0 80
Spiroculin sp 0 0 0 9 0 9 0 0 0 0 0 0 18
Tentalin/Enantiodentalin sp 0 6 0 3 0 0 0 0 0 0 0 0 9
Textularia agglutinans 0 0 0 0 0 0 0 0 0 0 0 3
Textularia gramen 15 0 0 0 0 0 0 0 0 0 0 0 15
Textularia sp 0 24 0 0 0 0 0 0 0 0 0 0 24
Triloculina baldai 0 51 0 0 0 0 0 0 0 0 0 0 51
Total 252 597 3562 768 1060 561 246 182 166 348 357 480 8579
Before getting into these species characterize three biofacies _
(Figures 7-10). Biofacies 1 (station 1) dominated by Q. patagonica Sonventons
and Spiroculina planulata; biofacies 2 (offshore stations 2 — 7 and ggi‘g::i; —
12) dominated by exceptionally abundant Q. lamarckiana and Gravel Msg - Muddy sandy gravel
Q. patagonica; and biofacies 3 (stations 8 — 11) marked by lower AL ] i
abundances of Quinqueloculina and with higher proportions of /G \ T
Ammonia tepida and M. subrotunda (Figure 11). ™ \\ oy Wraelly eancy mud
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Figure 7 Contour maps of the sedimentological data of the Pirangi samples.
A - Silt; B - Clay.
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Figure 8 Ternary diagram for particle size analysis of the Pirangi (st) stations.

The genus Quinqueloculina is exceptionally diverse in coastal and
shelf regions worldwide. Some species are opportunistic and tolerant
of polluted and stressed environments and can be found in coastal
lagoons, salt marshes, estuaries, and bays.** This genus was described
as typical of hydrodynamic inner shelf environments.*!-3
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Figure 9 Contour maps of sedimentological data from Pirangi samples. A -
CaCO3 content; B - Organic matter content.

Figure 10 Plate with the main foraminifera species found at Pirangi beach. (1)
Quinqueloculina lamarckiana, (2) Quinqueloculina patagonica, (3 - 5) Discorbis
valvulatus, (6 - 7) Ammonia tepida, (8) Pyrgo rigens, (9) Miliolinella sub-rotunda,
(10) Elphidium articulatum and (1 1) and Spiroculina planulata.

Biofacies 3

Biofacies 1

Biofacies 2

Figure 11 Map of the biofacies of Pirangi Beach.
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More specifically Quinqueloculina patagonica is a species that
prefers mixohaline environment,*® such as estuaries, characterizing
biofacies 1 as influenced by the Pium River estuary, with waters of
lower salinity and temperatures and higher oxygen content.

Biofacies 2 can be characterized as an environment influenced
by the estuary, with high hydrodynamics and tolerant to physical
variables. Since Quinqueloculina lamarckiana, characterized by a
resistant carapace and cosmopolitan character, tolerant to physical
variables such as high hydrodynamics, for being exposed to wave
action.*

The Eastern Platform presented as dominant species the
Quinqueloculina lamarckiana, in which foreheads with occurrence of
tafonomic processes such as wear and dark coloration were found.
This may also be associated with erosion as it almost absolutely
dominates the stations.

The species Ammonia tepida indicates the influence of coastal
waters because it is able to withstand large variations in salinity, being
typical of estuarine regions and coastal waters influenced by fluvial
environments.>** It is also characterized as an infaunal genus, typical
of muddy sediments and high organic content,* thus characterizing
biofacies 3.

Univariate analysis

Table 4 presents univariate analysis data, where we observe that
the number of species (S) of foraminifera ranges from 10 species in
sample 8 to 17 in samples 3 and 4, which can be related to the samples
farthest from the shoreline, which presented the highest values of
species numbers.

Table 4 Statistical data concerning biotic parameters, in which the number of
species (S), the number of foraminifera individuals (N), the equitability ('), the
diversity (H’) and the dominance (Lambda or D) areanalyzed

Stations S N J H'(loge) Lambda (D)
1 12 504 0,675827 1,679368 0,293651
2 ) 1344 0,515969 1,397269 0,341119
B 17 7124 0,549305 1,556298 0,322873
4 17 1536 0,573532 1,624937 0,31234

5 14 2120 0,52213  1,377932 0,336408
6 ) 1122 0,562456 1,52316  0,318239
7 12 492 0,576411 1,432328 0,33254

8 10 364 0,695909 1,602389 0,303254
9 I 332 0,652513 1,564658 0,307374
10 10 696 0,696235 1,60314  0,29852
11 10 714 0,62373  1,436191 0,317951
12 I 960 0,643109 1,542109 0,311042
Maximum 17 7124 0,696235 1,679368 0,341119
Minimum 10 332 0,515969 1,377932 0,293651

Average 12,83333 1442,333 0,607261 1,528315 0,316276
Standard

2,65718 1867,448 0,065448 0,096788 0,014942
Deviation

As for the number of individuals (N), sample 9 presents the lowest
number (332 individuals) and the highest number (7124 individuals)
was found in sample 3. The lowest values were found near the
continent, with the exception in both parameters for station 7, which
even though it is the farthest from the coastline, presents similar
behavior, and may relate this lower number of individuals with lower
concentrations of nutrients and salinity.
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Analyzing the equitability (J’), which refers to the distribution
mode of the number of individuals among the different species, station
10 had the highest stability (69%) and the lowest stability in station
2 (52%).

The diversity index (H’) was highest at station 1, with 504
individuals distributed among 12 species; and lowest at station 5, with
2120 individuals divided among 14 species.

Finally, analysing the dominance (D’ or Lambda) of the samples,
it is observed higher in sample 2, with 1344 individuals distributed
among 15 species and sample 1 lower values, with 504 individuals
divided among 12 species. Observed that, generally, the behavior of
diversity is inverse to that of dominance.

It can be seen from Table 3 that the dominant species was Q.
lamarckiana, followed by Q. patagonica.

Multivariate analysis
MDS

The MDS reveals the distinction of six groups, which are
arranged (Figure 12), reflecting their similarities in biotic and abiotic
parameters. They are:

I. Group I (sample 1), characterized by presenting the highest
percentage of the gravel fraction, shows an oscillation
in dominance between the species Q. patagonica and Q.
lamarckiana and presents a higher diversity of species;

II. Group II (Sample 2) presents almost all of its granulometry in
the sand fraction (99.52%, being the sample that obtained the
highest value for the parameter), dominance of the species Q.
lamarckiana and lower equitability and with higher dominance;

III. Group III (samples 3 and 4) characterized by being poorly
sorted, with dominance of the species Q. lamarckiana and still
being the stations with the highest number of species;

IV. Group IV (samples 5, 6 and 7) refers to stations with greater
depths and with dominance of the species Q. lamarckiana and
Q. patagonica;

V. Group V (samples 8, 9 and 10) has the highest amounts of sand,
and also has high diversity rates and the lowest numbers of
species;

VI. Group VI (samples 11 and 12) shows low Calcium Carbonate
concentrations and dominance of the species Q. lamarckiana.

It was also possible to locate the groups spatially (Figure 13).

[Transform: Log(X+1)
[Resemblance™ S17 Bray Curtis similarity

I 2D Stress: 0,12
VI @

1\%
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Figure 12 MDS analysis for the Pirangi campaign.
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Figure 13 Geographical distribution of the stations highlighting the groups
of the MDS analysis.

PCA

The Principal Component Analysis employed to the abiotic
parameters reveals five groups, evidenced in Figure 14 and Table
S, which indicates that the abiotic parameters explain 55.4 of the
foraminifera distributions and Table 6, the data obtained, inform
that the PC1 and PC2 values are the most important for the study
(configuring a total of 52.3%). Table 6 presents data that allow the
construction of Figure 14, with the values of PCI referring to the X
axis and PC2 referring to the Y axis of the Cartesian plane. According
to Table 6 it is observed that 4 groups were formed: group P1,
with samples 6 and 7, in which depth (m), salinity, organic matter
content (%), clay content (%), bottom temperature (°C) and surface
temperature (°C) are similar.

Table 5 Product generated by Principal Component Analysis (PCA) for
Pirangi Beach

f:'lrr]::apoarllents *PO) Eigenvalue Variation (%)  Variation (%)
| 3,44 28,6 28,6
2 3,21 23,7 55,4
3 2,17 18,0 734
4 1,15 9,6 83,0
5 1,00 8,3 91,3

Table 6 PCI to PCS5 values for the abiotic data applied in Principal Component

Analysis (PCA).

Variable PCl PC2

Gravel (%) 0,102 0,104
Sand (%) 0,362 0,209
Silt (%) -0,360 -0,231
Clay (%) -0,199 0,262
Organic Matter (%) -0,305 0,338
CaCO3 content (%) 0,222 0,409
Depth (m) -0,114 0,475
Surface Temperature (°C) -0,263 0,238
Bottom temperature (°C) -0,299 0,219
Surface Salinity -0,021 0,430
Surface Oxygen -0,453 -0,160
Bottom Oxygen -0,411 -0,032
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Figure 14 Product plot of the PCA analysis for Pirangi area showing the
groupings of the stations for the PCland PC2 values, with the arrangement of
the abiotic parameters for each quadrant.

Group P2, shows similarity of Calcium Carbonate content (%),
sand content (%), and gravel content (%), and is formed by samples
1,2,3,and 5.

Group P3, is characterized by the similarity of samples 8, 9 and 12
in bottom and surface oxygen content (%) and silt content (%). And
the P4 group, composed of samples 4, 10 and 11, similar as to depth,
salinity and organic matter content. It was also possible to locate the
groups geographically (Figure 15).

Legend .
P1 P2 |

Figure 15 Geographical distribution of the stations highlighting the groups
from the PCA analysis.

Cluster

The CLUSTER analysis based on the biological table between
the stations (Mode Q) points to the dendogram (Figure 16) with
differentiation into five groups, with emphasis on the biological
similarities and relating them to the abiotic characteristics of the
stations. The groups are:

I. Group I (sample 1), identical to group I from the MDS
analysis. The dominant species of this group are Q. patagonica,
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Spiroloculina planulata, and Q. lamarckiana, which also showed
the highest amounts of the gravel fraction;

II. Group II (Samples 10, 11 and 12), presents as dominant species
the species Q. lamarckiana and Q. patagonica; related to this,
these are stations characterized by having the lowest percentages
of calcium carbonete and for being better selected;

I1II. Group III (samples 7, 8 and 9) with the species Q. patagonica
and Q. lamarckiana as dominant, shows lower values of these
species. In sample 7, Elphidum articulatum, is also dominant.
Ammonia tepida is dominant in samples 8 and 9. And sample
8, also presents as dominant species the species Milliolinela
subrotunda and Pyrgo rigens. This group is characterized by a
great diversity and by presenting all the abiotic parameters very
similar;

IV. Group IV (samples 3,4 and 6): the dominant species in this group
are Q. lamarckiana, Q. patagonica, and Discorbis valvulatus. It
is also important to note that sample 3 is the only station where
the species Q. miletti is dominant in the area. These stations are
still poorly selected;

V. Group V (samples 2 and 5) is the most diverse group, with Q.
patagonica and Q. lamarckiana as the dominant species and
stations in which the sand fraction predominates.

VI. And so, as for the other multivariate analyses, it was also
possible to locate the groups geographically (Figure 17).
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Figure 16 Dendogram of Pirangi stations according to the similarity of
dominant foraminifera species.

Legend
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Figure 17 Geographical distribution of the stationsshowing the groups of
the CLUSTER analysis.
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The variables that most influenced the abundance of foraminifera
were the gravel content, followed by the sand content. The parameter
which is least related to foraminifera abundance was bottom oxygen.

Discussion

From the physical-chemical parameters it was noted that the
stations closest to the river estuary (mainly stations 10 and 11)
presented different values from the other stations, which may be a
product of the influence of continental waters and urban waste from
the localities near the Pium River.

In addition, at stations 10 and 11 there are fewer species and low
numbers of individuals, characterizing it as a region with low nutrient
concentrations and salinity (with salinity measuring 21 at station 10).

In contrast, it was observed that the samples with the highest
numbers of species were also the samples with the highest numbers
of individuals (stations 2, 3, 4, 5, and 6), possibly signifying higher
concentrations of nutrients and salinity, and also being the stations
farthest from the shoreline.

Looking at the multivariate statistics, Sample 1, characterized by
the highest percentage of the gravel fraction and the highest diversity
of species, also shows dominance of Quinqueloculina patagonica,
followed by Spiroculina planulata, the latter only influencing this
station, characterizing the station as the most different from the others.
This led us to consider it a biofacies different from the other stations.

Biofacies 1, with a higher gravel value and dominance of
Quinqueloculina patagonica evidences the influence of the Pium
River estuary and southward wind flows.

Biofacies 2 is characterized by a high concentration of sand
fraction, low CaCO, and as an estuarine influenced, high hydrodynamic
environment.

Finally, biofacies 3 composed of the stations classified by the
average as very fine sand besides presenting high concentrations
of CaCO,, with the dominance of Ammonia tepida means estuary
influence indicating a northward flow of the Pium River.

Environmental stress and foraminiferal indicators in
the Pirangi beach reef

The Pirangi Beach Reef system reveals significant environmental
heterogeneity influenced by the proximity to the Pium River estuary.
Stations located closer to the estuarine input (especially 10 and 11)
exhibit altered physicochemical parameters—most notably reduced
salinity (as low as 21) and low nutrient availability—conditions
that correspond with low foraminiferal diversity and abundance.
These patterns point to the influence of continental waters and
untreated urban waste, underscoring anthropogenic pressure on the
reef ecosystem. In contrast, stations farther from the estuary (e.g.,
stations 2—6) show a higher richness and abundance of benthic
foraminifera, correlating with increased salinity and nutrient levels,
and suggesting relatively healthier environmental conditions. The
multivariate analysis identified distinct biofacies based on species
dominance and sediment composition, particularly Quinqueloculina
patagonica and Ammonia tepida, which are known indicators of high-
energy or stressed environments. The presence and dominance of
opportunistic and stress-tolerant taxa like Ammonia tepida, combined
with taphonomic evidence of test alteration, highlight the utility of
foraminiferal assemblages as bioindicators. This suggests a clear
potential for implementing the FORAM Index (Foraminiferal Index)
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in future monitoring efforts. The index, especially when integrated
with taphonomic assessments, can offer quantitative evaluations of
water quality and reef health, particularly in systems subject to strong
hydrodynamics and pollution gradients like Pirangi. These findings
reinforce the value of benthic foraminifera in long-term biomonitoring
programs, while also demonstrating how community shifts reflect
ecological degradation linked to estuarine discharge. Such insights
are crucial for guiding conservation strategies and for supporting the
designation of environmentally sensitive areas.’*’

Concluding remarks

We thus conclude that both Quinqueloculina lamarckiana and the
other three dominant species characterize this region of Pirangi Beach
as a high hydrodynamic environment, stressful to the attachment of
organisms. The present study can be used for monitoring activities
and for future environmental preservation projects. It is also suggested
that studies with the application of the Foram Index (IF) to provide a
numerical classification for the area to evaluate the water quality in
the environment are adequate to support myxotrophy as the dominant
nutritional mode in the ecosystem associated or not with the analysis
of the tafonomy of the species, since especially in the Pirangi region
the shells have shown to be very altered.
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