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Abstract

Three zones are differentiated in the marine sector of the Guadalquivir estuary (SW Spain), according to a multidisciplinary analysis (water,
sediment, foraminifera). Both salinities and pH increase from the innermost areas (zone 1: Ammonia tepida) to the mouth (zone 3: Ammonia
beccarii), with an intermediate zone 2 (Ammonia beccarii-Triloculina trigonula). Both density and diversity are low to very low, except near the
transition between zones 2 and 3. Planktonic foraminifera decrease sea Ward from zone 1 to zone 3.

Introduction

Benthic foraminifera are among the main environmental
The of these
microorganisms is conditioned by diverse physical-chemical
parameters of the waters (salinity, dissolved oxygen, pH), as
well as by the characteristics of the substrate where they live
(granulometry, geochemistry) [1-3]. Its abundance and diversity
can be altered by changes in the dynamics of the environment,
erosion of the bottom or anthropic contamination, among
other factors [4,5]. In southwestern Spain, several studies
have analyzed the spatial distribution of benthic foraminifera
in the different sedimentary environments of three estuaries
(Guadiana, Piedras and Tinto-Odiel) [6-8].

markers in coastal areas. distribution

In a synthetic way, the main species of each of them are the
following:

a) High salt marsh: Trochammina inflata.

b) Low salt marsh: Entzia macrescens.

c) Channel margin: Ammonia inflata and Astrononion
stelligerum.

d) Marine channel: Ammonia beccarii and Quinqueloculina
spp.

In this short note, we present the first data about the benthic
foraminifera of the Guadalquivir river (SW Spain). The data
obtained are related to several parameters of both waters and
sediments in which they have been found.

Study Area

The Guadalquivir river is the main fluvial stream of
southwestern Spain (657 km). This river has a very irregular
regime, with an annual average of 185 m3s™ and a maximum of
more than 1,000 m3s* [9,10]. These flows are partially controlled
by several dams located upstream. The tidal regime is mesotidal
and semidiurnal, with an average tidal range of 3.6 m [11]. The
marine estuary of the Guadalquivir River is constituted by the
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Dofiana National Park (SW Spain), one of the most important
wetlands in southwestern Europe (Figure 1: 54,215 ha).
This Biosphere Reserve includes a rich variety of ecosystems
(freshwater ponds, dunes, cheniers, sandy ridges), with a wide
fluvio-tidal marshland (27,000 ha) drained by numerous ebb-
tide channels. This complex inner scenario is protected by the
NW-SE elongated Dofiana spit (Figure 1).

Methods

The field campaign was held in February 2017. The
physicochemical variables of water (pH, conductivity, redox
potential and temperature) were determined in situ at
three sampling points (Figure 1: A-B-C) by using portable
multiparameter equipment (CrisonMM40). The electrodes were
calibrated prior to sampling and tested between each sampling
point. Conductivity was transformed to salinity in the following

chapters, according to the data obtained in numerous points
of the studied area [12]. Five sediment samples (Figure 1: 1-5)
were obtained with a Van Veen grab. These samples were stored
in labeled self-sealing plastic bags until further analysis in the
laboratory at 42C until they reached the laboratory, where they
were dried in an oven at 602C until constant weight was reached.
The particle-size distribution of the collected sediments was
studied using a Malvern Mastersizer 2000 (Malvern Instruments
Ltd., UK) belonging to the Department of Earth Sciences
(University of Huelva, Spain). Five sediment subsamples were
separated for micropaleontological analysis. Forty grams of
sediment were wet sieved through a 63 um mesh sieve and
the residue was dried in an oven at 70 °C. All foraminifera
were picked from each subsample, with the calculation of the
percentages of both the benthic foraminiferal species and the
planktonic/ benthic index (P/B, in %).
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Figure 1: Marine sector of the Guadalquivir river estuary: main geomorphological features and location of both water and sediment samples.
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Results and Discussion
Waters and sediments

In winter, conductivity values of this marine estuary are low
to very low, increasing from the most internal areas (1,817 puS;
salinity <lo/00) to the mouth (7,624 uS; salinity: 3.50/00-6.4
0/00). These data coincide with those provided by previous
research (<5°/00) [13]. These waters are alkaline, with arising pH

towards the sea (7.31-7.88). Eh (85.3-93.4 mV) and temperature
(13°C-14.6°C) increase in the same direction. Bottom sediments
of the innermost zone present similar percentages of sand and
silt (Figure 2: sample 1). Near the mouth, bioclastic sands are
dominant, with numerous fragments of molluscs, bryozoans
and echinoid spines, among others. Silt can become dominant in
some cases, coinciding with lower flow rates (Figure 2: sample
3) (Figure 2)
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Figure 2: Zonation of the area studied, according to the water parameters, granulometry and foraminiferal distribution.
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Benthic foraminifera: abundance and diversity

A total of 406 benthic foraminifera were collected from
the five samples (mean-M-: 81 individuals picked per sample),
belonging to 32 genera and 45 species. Suborden Rotaliina is
dominant in all samples (55.71%-75.76%; M: 66.36%), with
miliolids as main secondary component (18.18%-41.43%; M:
29.77%). This distribution is typical of normal marine lagoons,
estuarine channels or normal marine marshes [8,14]. The most
abundant species are Ammonia beccarii (3.03%-38.46%; M:
18.97%), Triloculina trigonula (5.13%-18.18%; M: 12.59%),
Quinqueloculina seminulum (0-10%; M: 6.05%), Quinqueloculina

Table 1: Sixteen benthic species present in different sample

vulgaris (0-10%; M: 6.05%) and Ammonia tepida (0-30.03%;
M: 6%). Sixteen benthic species are present in an isolated
sample, such as A. tepida (sample 1: 30.03%). Density of these
microorganisms is low to very low (<1 individual/gram-4
individuals/gram), with a very low number of individuals in
the innermost areas, at the confluence with a tributary channel
(sample 1). In other estuaries, this scarcity or even the absent of
this group has been observed in the main channels subjected to
a strong erosion of the bottom or high hydrodynamic gradients
[15]. Diversity is low in most samples (13-19 species), with a
remarkable increase in sample 4 (34 species) (Table 1).

. 1 2 3 4 5
Suborden :pecu;s/
EINpLES Individuals % Individuals % Individuals % Individuals % Individuals %
Lagena costata 1 0.64
Lagenina Lagena sp. 1 0.64
Pseudonad(?sarm 1 0.64
aequalis
Adelosina laevigata 5 3.21
Adelosina pulchella 2 1.28 5 6.4
Mlllzolmel.la 7 4.49
circularis
Quinqueloculina
Miliolina seminulum 7 10 6 8.7 8 5.13 5 6.4
Quinqueloculina 7 10 6 8.7 8 5.13 5 6.4
vulgaris
Triloculina oblonga 3 4.29 9 5.77
Triloculina
. 6 18.18 12 17.14 8 11.59.59 17 10.9.9 4 5.13
trigonula
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Rotaliina

Ammonia beccarii 1 3.03 16 22.85 10 14.49 25 16.03 30 38.46.8
Ammonia inflata 8 5.13
Ammonia tepida 10 30.03.03
Astrqnomon 2 6.06 8 11.59.59
stelligerum
Bulimina aculeata 1 1.43
Bulimina costata 1 1.43
Cancris auriculus 7 4.49
Elphidium 1 1.43 3 1.92 4 5.13
advenum
Elphidium 2 2.9
complanatum
Elphidium crispum 1 3.03 1 1.43 10 16.41 2 2.56
Elphidium 2 1.28 2 2.56
macellum
Eponides 1 1.45 1 0.64 3 3.84
antillarum
Gavelinopsis 1 3.03 8 1111.11.43 3 1.92 6 7.69.769
praegeri
Glandulina glans 1 0.64
Hansems“ca 1 1.45 1 0.64
soldanii
Haynesz.na 2 2.86 10 1.45 2 1.28
germanica
Haynesina 1 3.03 1 1.43 2 1.28 2 2.56
depressula
Hete"ro{ep? ) 6.06 2 1.28 2 2.56
bellincionii
Lamarckiana 5 3.21 3 3.84
scabra
Melonis soldanii 1 1.43 4 2.56
Neoconorbl'na 2 6.06 3 4.29
terquemi
Neoepom.des 2 2.86 3 1.92 1 1.28
auderi
Nodosaria 1 1.43
raphanus
Nonion commune 1 1.45 7 4.49
Orthomorphlna 1 0.64
tenuicostata
Planorbulina 1 3.03 1 1.43 7 10.14
mediterranensis
Planulina 3 9.09 2 2.9 1 0.64 2 2.56
ariminensis
Rosalina globularis 1 1.45 1 0.64
Sphaeroidina
bulloides ? 18
lelgerma 1 1.45
mediterranea
Uvzger{na 1 3.03 2 1.28 1 1.28
peregrina
Uvigerina 2 1.28 1 1.28
striatissima
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Entzia macrescens 1 1.45
Textulariina TS:(;ZILZ;Z] 143
Tro;i:;;rltgiina 6.06 1.43 4 5.8 1.28

Number of Individuals 33 70 69 156 78

Number of Species 13 19 16 34 17
P/B Index (%) 29.2 27.7 28.2 20.3 17.5

Suborden Lagenina (%) 0 0 0 1.92 0
Suborden Miliolina (%) 18.18 41.43 28.99 35.91 24.33
Suborden Rotaliina (%) 75.76 55.71 63.76 60.89 75.67

Suborden Textulariina (%) 6.06 2.86 7.25 1.28 0

Abundance (in %), density and diversity of benthic foraminifera and evolution of the P/B index (in %).

Planktonic foraminifera show a surprising pattern, since they
gradually diminish towards the sea from sample. The highest
values were found in the innermost sample (P/B: 29.2%), while
this group drops by 18% near the mouth. These microorganisms
are introduced in suspension into the estuary by the tidal flows
[16] and are deposited in the bottom when the speed of tidal
currents decreases. The low values detected near the mouth
may be due to a selective destruction of its thin shells in relation
to the thicker shells of most benthic foraminifera, owing to the
strong bottom currents of this area [17].

Marine Estuary of the Guadalquivir River: Foramin-
iferal Zonation

Benthic foraminiferal distribution on the marine estuary of
the Guadalquivir river allows to differentiate three zones. There
is a gradation from the most internal sectors (Zone 1) to the
mouth (Zone 3).

Zone 1 (Ammonia tepida zone): This zone is characterized
by the lowest salinity (<lo/o00) and pH values (7.3). In its
silty-sandy bottom sediments, benthic foraminifera are very
scarce and poorly diversified, with Ammonia tepida (30%) and
Trigonulina trigonula (>18%) as main species. Ammonia tepida
is a very common euryhaline species in estuarine environments,
and can survive over a broad range of temperatures and seasonal
regimes [18,19]. This zone presents the highest P/B values
(>29%).

Zone 2 (Ammonia beccarii-Triloculina trigonula zone):
This intermediate zone is characterized by very low salinities
and an increase of the sandy contents in the bottom sediments.
Ammonia beccarii replaces Ammonia tepida as dominant
species, whereas the percentages of Triloculina trigonula
decrease seaward. Ammonia beccarii is better adapted than
Ammonia tepida to hydrodynamic stress conditions in estuarine
environments, such as those present in the main channels near
the mouths [7]. The joint presence of Trochammina inflata and
Entzia macrescens indicates the erosion of adjacent salt marshes,
where these species are dominant [20].

Zone 3 (Ammonia beccarii zone): The Guadalquivir river
mouth presents both low densities (<2 individuals per gram)

and diversity (17 species). The foraminiferal assemblage is
dominated by Ammonia beccarii (<38%), together with several
species of Quinqueloculina (>19%) and Elphidium (14%). This
assemblage is typical of shallow marine shelfs and the marine
sectors of numerous estuaries [21,22]. Moreover, this energetic
area shows the lower P/B values (17.5%).
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