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Abstract

The Venta del Moro site (Valencia, Spain) is especially known for its rich content in 

Late Miocene fossil mammals but it also holds other fossil vertebrates, invertebrates and 

plants. A micropaleontological study of a 70-cm long sedimentary section carried out in the 

lacustrine beds of the site has yielded 2 foraminifer, 7 thecamoebian and 19 ostracod taxa 

(two of these last probably new species). A constrained cluster analysis allowed the 

recognition of three consecutive zones based on their micropalaeontological content. The 

variation of the microfossil assemblages closely matches lithology and reflects environmental 

changes in the palaeolake. Anoxic bottom conditions at the base of the sequence (Zone 1) 

prevented the occurrence of aerobic benthic microorganisms. Later, the appearance of 

ostracods and thecamoebians (Zone 2) documents the increasing oxygenation of the lake and 

suggests a permanent freshwater to slightly brackish lake with low temperature and stream 

influence. The dominance of  foraminifers and the changes in the thecamoebian and ostracod 

assemblages in the upper part of the sequence (Zone 3) reflect more stable and oxygenated 

conditions and probably increasing temperature and evaporation in oligohaline temporary 

waters, during the final drying phase of the lake.
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Introduction     

Venta del Moro (Valencia, Spain) is one of the most extraordinary palaeontological 

sites in the continental Late Miocene of the Iberian Peninsula (Aguirre et al. 1973; Morales 

1984; Montoya et al. 2006; Morales et al. 2013). It is well known for its rich and diverse 

collection of fossil mammals, but the site also includes fossils of other groups of vertebrates 

(fish, amphibians, reptiles, birds), invertebrates (bivalves, aquatic and terrestrial gastropods, 

ostracods) and plants (including pollen, leaf remains, charophytes…) Within the Late 

Miocene, Venta del Moro has been included in zone MN13 following the biochronology of 

Mein (1999) and is the reference locality for the Ventian land mammal (see Morales et al. 

2013). A detailed magnetostratigraphic study dated the site at 6.23 Ma (Gibert et al. 2013). 

This situates Venta del Moro slightly after the temporary establishment of the Behring bridge 

between North America and Asia, near the onset of the Late Messinian Glacial Interval and 

during the progressive closure of the Betic corridors connecting the Atlantic and the 

Mediterranean, which eventually would result in the Messinian Salinity Crisis with the partial 

desiccation of the Mediterranean Sea (Morales et al. 2013). As a consequence, Venta del 

Moro exhibits a mixing of autochthonous taxa and immigrants from Africa, Asia and 

Southeast Europe and constitutes a unique document of the mammalian turnover called 

Second Messinian Mammalian Event (MME-2) or Paraethomys Event by Agustí et al. 

(2006), which corresponds to the Second African-Iberian Dispersal (AFD-2) of Gibert et al. 

(2013).

The Venta del Moro site was excavated in two periods, between 1970 and 1980 by a 

team from the “Museo Nacional de Ciencias Naturales” (MNCN-CSIC), and from 1995 to 

2012 by a team from the “Universitat de València”. Among the main results of these 

campaigns, it should be noted that the site constitutes the type locality of nine mammal 
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species (Morales and Aguirre 1976; Morales 1984; Montoya et al. 2009, 2011; Mansino et al. 

2015; Crespo et al. 2018).

During the campaign of 2004, one of the co-authors (P.M.) first noticed the presence 

of Foraminifera in the Venta del Moro site, when examining samples for micro-mammal 

analysis under a binocular microscope; additionally, another co-author (F.M.-J.) also observed 

the occurrence of different ostracod taxa (Montoya et al. 2006). Blázquez et al. (2008) 

subsequently reported in a brief note the occurrence of different species of calcareous 

foraminifers, thecamoebians and ostracods in a series of samples retrieved from the site. 

Although the Foraminifera constitute primarily a marine group, a few species can 

tolerate or even thrive in brackish or hypersaline waters. Several authors have already 

reported the occurrence of calcareous foraminifers in athalassic (non-marine) environments 

worldwide (e.g. Cann and De Dekker 1981; Boudreau et al. 2001; Wennrich et al. 2007; 

Flako-Zaritsky et al. 2011) and in the Iberian Peninsula (e.g. Márquez and Usera 1988; 

Anadón 1992; Usera and Blázquez 1998).

Under the well-known but informal name “thecamoebians” are designated two 

unrelated groups of testate amoebae (orders Arcellinida and Gromida). Fossil thecamoebians 

have long been considered as merely sporadic in the geologic record (e.g. Medioli et al. 

1990). More recent works regard thecamoebians as an extremely resilient and conservative 

group with a long stratigraphic range and apparently very little morphological variation 

through time (e.g. Porter and Knoll 2000; Singh et al. 2015).

The Ostracoda are a small and diverse group of bivalved crustaceans inhabiting almost 

any type of aquatic environment, from temporary ponds and rivers to the deep sea (Horne et 

al. 2002). Their carbonate shell has allowed their common use in palaeoecology and 

palaeogeography as indicators of a variety of environmental variables, mostly water chemistry 

and temperature (Rodriguez-Lazaro and Ruiz-Muñoz 2012; Mesquita-Joanes et al. 2012). 
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However, the knowledge of Miocene ostracods in the Iberian Peninsula and the Balearic 

Islands is very scarce, and mostly related to marine or brackish faunas, with very little insight 

on freshwater ostracods (e.g. Anadón 1992; Gliozzi et al. 2005; Stoica et al. 2016).

The purpose of the present work is to carry out a more detailed study of these three 

groups in the fossiliferous beds of Venta del Moro.

Geographical and Geological Setting

The Venta del Moro site (latitude 39.477º N, longitude 1.343º W) is located in an 

ancient railway trench near the locality of Venta del Moro (Valencia, eastern Spain) (Fig. 1). 

Geologically it belongs to the Cabriel Basin and is included in the upper section of the detritic 

Unit of Los Isidros, within the Venta del Moro-Villatoya Formation, according to the 

stratigraphy described by Robles (1970) for this basin, 50 metres below the top of the 

aforementioned unit (Mathisen and Morales 1981). 

The outcropping series in the trench consists in: a) lacustrine-palustrine deposits, 

represented by limestones and marls, b) fluvial deposits, represented by sandstones and 

conglomerates in channel-like beds, and c) flood plain deposits, represented by alternating red 

clays and sandstones. With an approximate area of 5 x 1.5 km near Venta del Moro, the 

lacustrine-palustrine deposits have been interpreted as originated in a shallow lacustrine 

environment with water level fluctuations and anoxic episodes (Mathisen and Morales 1981). 

These facies are structured in several flooding-stability-drying cycles. The Venta del Moro 

site is located in lignitiferous marls, marls and marly limestones, in the last of the lacustrine 

cycles recognized in the series (Montoya et al. 2006).

Four fossiliferous units were distinguished in the Venta del Moro site. They were 

denominated, from top to bottom (following the excavation order): A, B and C, which 

laterally become thinner and transform into Unit D, consisting of grey, highly biodetritic, 
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sandy marls (Fig. 2). Starting from the base of the series, Unit C is composed by black 

coloured lignitiferous marls. The transition between Units C and B (BC) is gradual and 

characterized by a high concentration of gastropod shells. Units A and B constitute in fact a 

single sedimentary bed of marls, with a dark and detritic base (Unit B) that becomes lighter 

and more enriched in calcium carbonate towards the top (Unit A). The transition between 

them (AB) is also gradual and rich in gastropod shells. As for the lacustrine cycle, units C and 

B represent a stability phase, Unit A is related to the final infilling and drying stages, and Unit 

D is interpreted as a marginal, more energetic and oxygenated facies, colonized by unionid 

bivalves, very abundant in this bed (Montoya et al. 2006).

Methods

During the 2005 excavation campaign, units A, B and the top section of C were 

sampled for their micropalaeontological study, in order to analyze their possible content in 

foraminifers, thecamoebians and ostracods. A 70 cm-long sediment succession was sampled 

in intervals of 5 cm, thus yielding 15 samples named as VVf-1 to VVf-15 (Fig. 3a). Table 1 

shows the correspondence between samples and lithologic beds. The sampling site was 

carefully cleaned and approximately 10 x 10 cm blocks of sediment were extracted by digging 

in the beds in order to obtain non-weathered samples. Subsamples of the extracted blocks of 

sediment in each sample were weighed and washed through sieves of three different pore 

sizes (>400, >125 and >63 m). The residue retained on the sieves was subsequently dried 

under hot lamps, weighed and stored in paper bags. Dried samples (14–64 g weight) were 

then examined under a binocular microscope; foraminiferal and thecamoebian tests and 

ostracod valves were picked up, taxonomically identified and fixed to micropalaeontological 

slides. Additionally, fish otoliths were also recovered and counted. When necessary, samples 

with very abundant microfossils were split. Abundances were expressed as the number of 
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individual tests (ind./g) or ostracod valves per gram of dry sediment. The taxonomic 

identification of thecamoebians was mainly based on Ogden and Hedley (1980). Ostracod 

identification followed mostly Meisch (2000) and Fuhrmann (2012). Selected specimens were 

photographed under a Scanning Electron Microscope (SEM) Hitachi S4800 at the Servei de 

Microscopia Electrònica (SCSIE) of the Universitat de València. A constrained cluster 

analysis was applied to the species density data using the UPGMA method and the Bray-

Curtis distance, in order to establish stratigraphically consecutive zones, by means of the 

software PAST v. 4.04 (Hammer et al. 2001).

Results

Figure 3b illustrates the density variation of Foraminifera, thecamoebians, and 

Ostracoda along the studied interval. Figure 4 details individual taxa variation of foraminifers 

and thecamoebians (Fig. 4a) and ostracods (Fig. 4b) together with fish otoliths and the 3 

constrained cluster zones, with Zones 2 and 3 each subdivided in two subzones (see also 

Table 1). 

Foraminifers

With the exception of a single dubious specimen in sample VVf-5, no Foraminifera 

were found in the lower half of the studied section; the first unequivocal foraminiferal tests 

were recorded in sample VVf-9, being only abundant in Zone 3 of the sequence, 

corresponding to bed A and transition bed AB. Although extremely low initially (<1 ind./g in 

sample VVf-9), the density of Foraminifera rapidly increases upwards, first exceeding 10 

ind./g in sample VVf-12 and reaching a peak of >125 ind./g in the topmost sample VVf-15 

(Figure 3b).
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All foraminifer tests found are calcareous; no agglutinated specimens have been 

detected, and all are reduced in size, collected from the smallest size fraction analyzed (63–

125 m). Almost all identified foraminifers belong to a single species: Paraphysalidia 

paralica Guillem and Usera, 2012 (Figs. 5a-b), which represents 97–100% of the total 

assemblage in all the examined samples (Fig. 4a). 

Apart from a few unidentified individuals in the upper part of the section, the only 

foraminifer besides P. paralica identified in Venta del Moro is Spirillina sp. (Figs. 5c-d). This 

taxon has been detected only in the two uppermost samples VVf-14 and VVf-15 with a very 

low density, never exceeding 3 ind./g (Fig. 4a). All specimens are very small and in their 

initial growth stage. 

Thecamoebians

Up to seven thecamoebian taxa (order Arcellinida) have been found in the studied 

samples (Fig. 4a). Due to their relatively poor preservation state some of the specimens have 

been left in open nomenclature. No thecamoebian tests have been found in the basal samples 

VVf-1 to VVf-3 (Zone 1 and lowermost Zone 2) and they are extremely scarce in the middle 

portion of the studied series (Zone 2), never exceeding 1 ind./g between VVf-4 and VVf-10.  

However, a notable increase is recorded in the upper part (Zone 3, VVf-11 to VVf-15) with a 

peak of 7.5 ind./g in sample VVf-13 (Figs. 3b and 4a). 

Throughout the studied section, the thecamoebian assemblage is predominantly 

constituted by non-spinose centropyxid specimens, with Centropyxis aculeata (Ehrenberg, 

1830) (Figs. 5e-f) as the most abundant species and Centropyxis constricta (Ehrenberg, 1841) 

(Figs. 5g-h) as a secondary taxon. Diflugiids, mainly represented by Difflugia globulosa 

Dujardin, 1837 (Figs. 5i-j) and Difflugia sp. (Figs. 5k-l) are also relatively abundant and may 

attain up to 40% of the total assemblage (Fig 4a).

Page 7 of 30

URL: http://mc.manuscriptcentral.com/ghbi

Historical Biology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

Ostracods

Ostracods are absent in the bottommost part (Zone 1, samples VVf-1 and VVf-2) and 

relatively rare (~0.3–1.2 valves/g) in the lower half of the series (Zone 2). A rapid increase 

starts in sample VVf-10 and peaks (>10 valves/g) in sample VVf-11 (Subzone 3.1), followed 

by a declining trend upwards (Subzone 3.2). In the uppermost part of the series, the density of 

ostracods falls again under 1 valve/g (Figs. 3b and 4b). All the species found are typical 

inhabitants of freshwaters, summing up to 19 different taxa. SEM images of selected 

specimens are shown in Figures 6 and 7. The most common species through the sequence are 

two candonids: Neglecandona cf. neglecta (Sars, 1887) (Fig. 6i) and Candona cf. candida 

(O.F. Müller, 1776) (Fig. 6j). The presence of two undescribed species is remarkable, 

including another candonid, Trapezicandona n. sp. (Figs. 7a-d) and a darwinulid belonging to 

the genus Microdarwinula (Figs. 6b-d). Another common species through the sequence is 

Ilyocypris gibba (Ramdohr, 1808) (Figs. 6g-h), mostly appearing with tubercles on the valves 

(forma gibba). The circum-Mediterranean species Cypris bispinosa Lucas, 1849 (Fig. 7g) is 

present only as remains of its lateral spines and mostly occurs at the top of the sequence, in 

Subzone 3.2 (Fig. 4b).

Discussion

There is relatively good correspondence between lithology and the microfossil 

assemblages. The lignitiferous marls that constitute the lowermost interval (Unit C) are 

indicative of anoxic conditions, which presumably prevented the occurrence of benthic 

organisms, and correspond to the barren Zone 1. The first appearances of ostracods (VVf-3) 

and thecamoebians (VVf-4) in the transition to Unit B (dark grey marls) document the 

increase of oxygen concentration in the bottom waters of the ancient lake, although the 
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abundance of both groups remains low throughout Unit B (≈ Zone 2). Another environmental 

shift, in the limit between Zones 2 and 3, is reflected by the first appearance of the calcareous 

foraminifer P. paralica (VVf-9) and the strong increase in abundance of ostracods (VVf-10), 

and thecamoebians (VVf-11), which coincide with the lithologic transition from Unit B to the 

lighter marls of Unit A (Table 1).

The ostracod assemblage at the first half of the sequence (Zone 2) is dominated by two 

candonids, Neglecandona cf. neglecta and Candona cf. candida. The uncertainty in the 

identification is related to the fact that most valves found belonged to juvenile individuals and 

to the high diversity of similar species in the European Neogene (Krstić 1972). The 

association of these two species in Quaternary sediments and recent environments of 

European freshwater lakes is common (Griffiths 1995; Meisch 2000), although C. candida 

seems to prefer lower temperatures (Horne and Mezquita 2008) and can also be frequent in 

streams. Its decline at the end of Zone 2 (bed B) may therefore indicate an increase in 

temperature and a decrease of stream water input to the lacustrine environment. In Zone 3, N. 

cf. neglecta becomes the most abundant ostracod, coupled with an increase in foraminifers 

and thecamoebians, suggesting an increase in ionic content, perhaps related to increasing 

temperature and evaporation and reduced stream input. At present, N. neglecta occurs in 

carbonate-enriched waters in karstic lakes in the Iberian Peninsula (e.g. Rieradevall and Roca 

1995) and is tolerant to slightly salty waters up to a maximum of 16‰ (Meisch 2000). 

However, the presence of other taxa such as Microdarwinula n. sp., or Trapezicandona n. sp., 

suggests salt content below 5‰. This is probably the first finding of Microdarwinula in 

Miocene sediments, and therefore the oldest record for the genus; moreover, its morphology 

does not conform to other previously described Microdarwinula species (Pinto et al. 2005). 

This is also the first finding of the genus Trapezicandona for the Iberian Peninsula. The 

species resembles Trapezicandona italica Karanovic and Pesce, 2000 and Mixtacandona 
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talianae Gliozzi and Mazzini, 1998 but they differ in the shape of frontal and rear parts of the 

carapace (Mazzini et al. 2017). Nevertheless, these species are usually found in groundwater 

influenced water bodies (caves, wells), suggesting water input from the aquifer into the Venta 

del Moro palaeolake at the top half of the sequence. Finally, the increase in abundance of 

Cypris bispinosa in Subzone 3.2, at the top of the sequence, indicates that some parts of the 

lake, probably littoral areas, were experiencing desiccation, as this species is typical of 

fishless temporary waters, and can tolerate slightly brackish waters, up to a maximum salinity 

of 3.6‰ (Meisch 2000). The decrease in fish otolith remains in Zone 3 (Fig. 4a) also suggests 

a less stable or a shallower water body.

The composition of the thecamoebian assemblage, mostly consisting of centropyxids 

and difflugids, also suggests a permanent body of fresh to slightly brackish waters under 

stress conditions. Centropyxis aculeata, the dominant taxon, is known as an opportunistic 

species that can thrive in stressed environments. Both C. aculeata and C. constricta can live 

in fresh to brackish waters (Scott et al. 2001). Moreover, according to van Hengstum et al. 

(2008), the non-spinose morphotypes of both C. aculeata and C. constricta (as those 

recovered in Venta del Moro) dominate over spinose forms with increasing salinity. 

It can be assumed that the gradual increase in the calcium carbonate (Ca2+ and HCO3
-) 

concentration, inferred from the lithologic change from Unit B to Unit A, allowed the first 

appearance of calcareous foraminifers. Paraphysalidia paralica has been reported, under 

different names, in Holocene sediments of Mediterranean coastal lagoons and in anchialine 

caves and cenotes from Mexico and Bermuda (Guillem and Usera 2012 and references 

therein). At present, this euryhaline species has been found as a dominant taxon in oligohaline 

(0.5–5‰) waters of anchialine caves in Yucatan (van Hengstum et al. 2008, 2009), as 

common to abundant (average 5–25%) in the mesohaline (5–18‰) ponds of the Torreblanca 

(Guillem 2007; Guillem and Usera 2012) and Almenara (Sanjuan and Blázquez 2017) coastal 

Page 10 of 30

URL: http://mc.manuscriptcentral.com/ghbi

Historical Biology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

lagoons and as relatively rare (not exceeding 10% of the assemblage) in polyhaline (18–30‰) 

waters of anchialine caves in Bermuda (van Hengstum and Scott 2011). This suggests that P. 

paralica might be considered as a potential proxy for oligohaline waters. 

According to van Hengstum et al. (2008), a salinity of 3.5 psu marks the transition 

from a thecamoebian-dominated to a foraminifer-dominated assemblage in present day 

Mexican cenotes. In Venta del Moro, Foraminifera outnumber thecamoebians since the very 

first appearance of P. paralica in VVf-9, but both groups show similar (very low) densities up 

to sample VVf-11, after which point foraminifers become overwhelmingly dominant (Fig. 

3b). The 3.5‰ threshold should not be directly inferred in Venta del Moro, due to the 

different methods employed – e.g. van Hengstum et al. (2008) used 45-m sieves – and the 

very different environments (subtropical anchialine caves vs. inland lake), but the available 

evidence suggests an environment of oligohaline waters at least for the upper half of the 

studied section. The occurrence in Venta del Moro of a rich association of otoliths of 

Cyprinodontiformes (Reichenbacher and Montoya 2014), including a fossil form of the 

brackish and freshwater recent fish genus Valencia, provides further evidence coherent with 

the existence of oligohaline waters in at least part of the evolution of the ancient lake. 

Spirillina sp., which appears in the uppermost series, is not uncommon in brackish 

environments. Márquez and Usera (1988) reported the occurrence of Spirillina simplex Le 

Calvez, 1949 in the Miocene lacustrine beds of Buñol. In addition, Spirillina vivipara 

Ehrenberg, 1843 is abundant in the Torreblanca coastal lagoon and has been found in other 

paralic environments in the Iberian Peninsula (Guillem 2007). It can be inferred from the 

extremely tiny and underdeveloped recovered specimens that conditions still remained harsh 

and near the edge of the survival range for this species. The appearance of a second 

foraminiferal taxon, the strong increase of the foraminiferal density, the decreasing abundance 

of thecamoebians and the composition of the ostracod fauna suggest a continuous increase in 
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total dissolved solids (although not exceeding 5‰) and the presence of temporary waters at 

the top of the sequence, which is coherent with the solute saturation in the final drying phase 

of the lake.  

Conclusions

The micropalaeontological analysis of a 70-cm long sedimentary section in the 

lacustrine beds of the Late Miocene mammalian site of Venta del Moro has yielded 

assemblages composed by foraminifers (2 taxa), thecamoebians (7 taxa) and ostracods (19 

taxa, two of them probably new species). This is the first report of Trapezicandona in the 

Iberian Peninsula and the oldest known records of Microdarwinula and Paraphysalidia 

paralica. In close correspondence with the lithological units, the microfossil assemblages 

reflect the environmental evolution of the ancient lake. The barren lowermost interval (Unit 

C, Zone 1) evidences the anoxic bottom conditions, which prevented the occurrence of 

(aerobic) benthic microorganisms. The first appearance of ostracods and thecamoebians 

documents the increasing oxygenation of the lake (Unit B, Zone 2). The composition of the 

ostracod and thecamoebian assemblages supports a permanent freshwater to slightly brackish 

lake with low temperature and stream influence. The first appearance of foraminifers in the 

upper part of Unit B, and the strong abundance increase of the three microfossil groups in the 

transition to Unit A (Zone 3), reflect more stable and oxygenated conditions, growing calcium 

carbonate availability for foraminifer and ostracod shells and probably increasing temperature 

and evaporation as suggested by the decline of Candona cf. candida. The overwhelming 

dominance of Paraphysalidia paralica, together with the appearance of an additional 

foraminiferal taxon (Spirillina sp.) and the ostracod Cypris bispinosa at the uppermost part of 

the studied section (Subzone 3.2), suggests oligohaline temporary waters, which is coherent 

with the increasing total dissolved solids in the final drying phase of the lake.
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Figure captions

Figure 1. Geographic location of the Venta del Moro site. Modified from Mansino et al. 

(2015).

Figure 2. Schematic profile showing the fossiliferous units recognized in the Venta del Moro 

site. Modified from Montoya et al. (2006).

Figure 3. (a) Sampling points along the studied sedimentary section in the Venta del Moro 

site. (b) Density variation along the studied section of foraminifers, thecamoebians and 

ostracods. Note that, for comparison purposes, thecamoebian and ostracod densities are 

expressed respectively as individuals/10 g and valves/10 g. 

Figure 4. Density variation along the studied section of the different taxa of (a): foraminifers 

(dark blue), thecamoebians (light blue) and otoliths (gray) in individuals/g (b): ostracods 

(orange) in valves/g. Constrained cluster zones are also shown. Note the different density 

scales for the different taxa.

Figure 5. SEM images of selected foraminifera and thecamoebians found in the studied 

section of Venta del Moro: a-b Paraphysalidia paralica Guillem and Usera, 2012; c-d 
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Spirillina sp.; e-f Centropyxis aculeata (Ehrenberg, 1830); g-h Centropyxis constricta 

(Ehrenberg, 1841); i-j Difflugia globosa Dujardin, 1837; k-l Difflugia sp. 

Figure 6. SEM images of selected Ostracoda found in the studied section of Venta del Moro 

(I): a Darwinula stevensoni (Brady and Robertson, 1870), left valve, inner view; b 

Microdarwinula sp., dorsal view; c Microdarwinula sp., right valve, inner view; d 

Microdarwinula sp., left valve, inner view; e Ilyocypris getica Masi, 1906, right valve, outer 

view; f Ilyocypris getica Masi, 1906, left valve, inner view; g Ilyocypris gibba (Ramdohr, 

1808) right valve, outer view; h Ilyocypris gibba (Ramdohr, 1808) left valve, inner view; i 

Neglecandona cf. neglecta (Sars, 1887), juvenile, right valve, inner view; j Candona cf. 

candida (O.F. Müller, 1776), juvenile, right valve, inner view. 

Figure 7. SEM images of selected Ostracoda found in the studied section of Venta del Moro 

(II): a Trapezicandona sp., right valve, inner view; b Trapezicandona sp., left valve, inner 

view; c Trapezicandona sp., left valve, outer view; d Trapezicandona sp., dorsal view; e 

Cyclocypris ovum (Jurine, 1820), left valve, inner view; f Herpetocypris intermedia 

Kaufmann, 1900, left valve, inner view; g Cypris bispinosa Lucas, 1849 left valve fragment, 

outer view; h Paralimnocythere cf. relicta (Lilljeborg, 1863), right valve, outer view; i 

Paralimnocythere cf. messanai Martens, 1992, right valve, outer view. 

Table caption

Table 1. Correspondence between samples, sampling depth, fossiliferous beds, lithology and 

constrained cluster zones in the studied sedimentary section in Venta del Moro. Sampling 

depths (Z) are Cartesian coordinates, with X=242 cm and Y=395 cm, referred to a point 

(0,0,0) selected during the 1995-2012 excavation campaigns.
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Figure 1. Geographic location of the Venta del Moro site. Modified from Mansino et al. (2015). 
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Figure 2. Schematic profile showing the fossiliferous units recognized in the Venta del Moro site. Modified 
from Montoya et al. (2006). 
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Figure 3. (a) Sampling points along the studied sedimentary section in the Venta del Moro site. (b) Density 
variation along the studied section of foraminifers, thecamoebians and ostracods. Note that, for comparison 
purposes, thecamoebian and ostracod densities are expressed respectively as individuals/10 g and valves/10 

g 
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Figure 4. Density variation along the studied section of the different taxa of (a): foraminifers (dark blue), 
thecamoebians (light blue) and otoliths (gray) in individuals/g (b): ostracods (orange) in valves/g. 
Constrained cluster zones are also shown. Note the different density scales for the different taxa. 
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Figure 5. SEM images of selected foraminifera and thecamoebians found in the studied section of Venta del 
Moro: a-b Paraphysalidia paralica Guillem and Usera, 2012; c-d Spirillina sp.; e-f Centropyxis aculeata 

(Ehrenberg, 1830); g-h Centropyxis constricta (Ehrenberg, 1841); i-j Difflugia globosa Dujardin, 1837; k-l 
Difflugia sp. 
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Figure 6. SEM images of selected Ostracoda found in the studied section of Venta del Moro (I): a Darwinula 
stevensoni (Brady and Robertson, 1870), left valve, inner view; b Microdarwinula sp., dorsal view; c 

Microdarwinula sp., right valve, inner view; d Microdarwinula sp., left valve, inner view; e Ilyocypris getica 
Masi, 1906, right valve, outer view; f Ilyocypris getica Masi, 1906, left valve, inner view; g Ilyocypris gibba 

(Ramdohr, 1808) right valve, outer view; h Ilyocypris gibba (Ramdohr, 1808) left valve, inner view; i 
Neglecandona cf. neglecta (Sars, 1887), juvenile, right valve, inner view; j Candona cf. candida (O.F. Müller, 

1776), juvenile, right valve, inner view 
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Figure 7. SEM images of selected Ostracoda found in the studied section of Venta del Moro (II): a 
Trapezicandona sp., right valve, inner view; b Trapezicandona sp., left valve, inner view; c Trapezicandona 
sp., left valve, outer view; d Trapezicandona sp., dorsal view; e Cyclocypris ovum (Jurine, 1820), left valve, 

inner view; f Herpetocypris intermedia Kaufmann, 1900, left valve, inner view; g Cypris bispinosa Lucas, 
1849 left valve fragment, outer view; h Paralimnocythere cf. relicta (Lilljeborg, 1863), right valve, outer 

view; i Paralimnocythere cf. messanai Martens, 1992, right valve, outer view. 
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Table 1. Correspondence between samples, sampling depth, fossiliferous beds, lithology and constrained 
cluster zones in the studied sedimentary section in Venta del Moro. Sampling depths (Z) are Cartesian 
coordinates, with X=242 cm and Y=395 cm, referred to a point (0,0,0) selected during the 1995-2012 

excavation campaigns. 
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