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Zusammenfassung 

Benthische Foraminiferen haben sich als nützliche Indikatoren für heutige und vergangene 

aquatische Habitate erwiesen, da sie sensibel und schnell auf Umweltveränderungen in 

verschiedensten Ökosystemen reagieren. Die Kenntnis ihrer heutigen Ökologie lässt eine recht 

sichere Bewertung ihrer fossilen Verwandten mit Hinblick auf paläoökologische 

Rekonstruktionen und Taxonomie zu. Sie liefern hinreichende Informationen in der 

Beobachtung und Bewertung von Übergangs- und Küstensystemen, wie z.B. Ästuaren, 

Küstenlagunen, Deltas und Riffsystemen. Hierbei handelt es sich um produktive Lebensräume 

in Bezug auf Nährstoffeintrag, Sedimentation und Karbonatproduktion. Die 

Untersuchungsgebiete wurden so ausgewählt, dass sie ein weites Spektrum an Habitaten und 

mikropaläontologischen Analysen bereitstellen. Dazu gehören Moorea (südöstlicher Pazifik) 

und Flachwasserhabitate in Gabun und Nigeria im Golf von Guinea. 

Moorea (Gesellschaftsinseln) befindet sich östlich des tropischen marinen 

Diversitätszentrums und liegt ungefähr im Zentrum des Diversitätsgradienten, wodurch es eine 

Übergangslokation zwischen der hochdiversen Fauna des Korallendreiecks und der 

niedrigdiversen Fauna des östlichen Pazifiks repräsentiert. Riffe im Allgemeinen weisen eine 

ausreichende Porosität und Durchlässigkeit auf um unter entsprechenden Bedingungen als 

Speichergesteine für Erdöl und Erdgas zu fungieren. Somit ist Moorea ein ideales 

Untersuchungsgebiet für Biogeographie-, Diversitäts- und Umweltstudien. 

Oberflächensedimente wurden innerhalb von Riff-Lagunen und Buchten genommen um habitat-

spezifische Faunengemeinschaften zu untersuchen, welche als Indikatoren für paläoökologische 

Studien genutzt werden könnten. 

Gabun fördert Erdöl und wird somit mit Umweltverschmutzungen durch offshore 

Exploration, untermeerische Pipelines und dem Entsorgen von Bohrrückständen konfrontiert. In 

der Summe bedrohen diese Verschmutzungen die noch weitestgehend ursprüngliche Diversität 

in Gabuns marinen Ökosystemen. Die tropisch warmen Gewässer der Flachwasserhabitate 

Gabuns enthalten eine reichhaltige Fauna mit vielen potentiell bedrohten Arten sowie besondere 

Ökosysteme wie Mangroven, die sich durch ihre spezielle Foraminiferen-Fauna auszeichnen. 

Für diese Studie wurden Sedimentproben aus dem Libreville Estuar, Point Gentil, sowie der 

Insel Iguela genommen. Darüber hinaus wurden bei Niedrigwasserstand Proben aus den 

Mangroven des Akanda Nationalparks nördlich von Libreville entnommen.  

Die Olonge Lagune in Nigeria ist ein ideales Untersuchungsgebiet für den anthropogenen 

Einfluss auf Faunengemeinschaften. Die Lagune und ihre Flussarme sind von den industriellen 

und städtischen Gebieten von Lagos umgeben – der schnell wachsenden Stadt mit einer 
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geschätzten Population von 16 Millionen Einwohnern. Sedimentproben wurden aus der Lagune 

entnommen und analysiert um Basisdaten zu Art und Ausmaß von Diversitätsveränderungen im 

Zusammenhang mit Stressfaktoren zu erlangen, welche für künftige Kontrollstudien nützlich 

sein könnten.  

Die Foraminiferengemeinschaften der Riffe und Lagunen der Insel Moorea wurden in 

dieser Arbeit untersucht. Bisherige Studien über die Foraminiferen Mooreas beschränkten sich 

auf ausgewählte Habitate, was zu einer eingeschränkten Anzahl an gefunden Arten führte. Es 

handelt sich hierbei um die erste inselweite Untersuchung der Foraminiferen aus Flachwasser- 

und Riff-Habitaten von Moorea. Die benthischen Foraminiferen Mooreas zeigen großräumige 

Verbreitungsmuster Habitat-spezifischer Gemeinschaften. Dies zeigt sich besonders in den 

Häufigkeitsmustern bestimmter Arten, Gattungen und Funktionsgruppen. Generell steigt der 

Diversitätsgradient von der Bucht zur Riffbarriere an, wobei die höchste Diversität in den 

Saumriffen zu finden ist, die ein Mosaik verschiedenster Mikrohabitate bilden. Verschiedene 

Funktionsgruppen (Symbionten-tragend, heterotroph und opportunistisch) wurden dokumentiert 

und für die Berechnung des Foram Index (FI) verwendet, um Habitate zu identifizieren, welche 

für die Karbonatproduktion eine besonders wichtige Rolle spielen. Der FI zeigt, dass die 

innersten Buchten sowie einige der äußeren Saumriffe unter natürlichen oder anthropogenen 

Einflüssen stehen. Diese Resultate können als Grundlage dienen um zunehmende natürliche 

oder anthropogene Einflüsse zu bewerten. Künftige Veränderungen können mit den Daten von 

1992 verglichen werden und deren Einflüsse in künftigen Studien genauer untersucht werden. 

Zusätzlich können Foraminiferen Einflüsse wie globale Erwärmung, Anoxia und Versauerung 

ebenso darstellen wie lokale Faktoren wie Verschmutzung, industrielle Einflüsse oder 

Tourismus. In Moorea wurden insgesamt 364 Arten von Foraminiferen dokumentiert. 

Repräsentative rasterelektronenmikroskopische Aufnahmen wurden in 39 Tafeln dargestellt. 

Dies liefert eine Basis für die Artidentifikation der Foraminiferen von Französisch Polynesia. 

Eine erstmalige Untersuchung der Foraminiferen aus Flachwasser-Habitaten in Gabun 

wurde vorgenommen. Die benthischen Foraminiferengemeinschaften zeigen diverse 

Gesellschaften, welche eine artenreiche und einzigartige Gemeinschaftsstruktur aufweisen. Die 

Artdiversität, welche in einer begrenzten Anzahl an Proben gefunden wurde deutet darauf hin, 

dass die tatsächliche Diversität der benthischen Flachwasserforaminiferen noch deutlich höher 

liegt. Symbionten-tragende Foraminiferen sind häufig und die Anzahl an verschiedenen Arten 

ist hoch. Dies deutet darauf hin, dass die Probenstationen noch nicht sehr durch die 

nahegelegenen Bohrungsaktivitäten beeinflusst sind. Die Foraminiferenfauna von Gabun 

unterscheidet sich im Vergleich deutlich von denen aus Namibia und Südafrika. Es wird 
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angenommen, dass eine biogeographische Barriere die nahe gelegenen Faunen trennt. Durch die 

Erstellung größerer mariner Schutzgebiete in Gabun können marine Reservate geschaffen 

werden und somit die noch relativ unberührten Gewässer Gabuns geschützt werden. 

Zusätzlich wurden die Komposition sowie die vertikale Zonierung benthischer 

Foraminiferen in zwei intertidalen Mangroven-Habitaten aus dem Akanda National Park in 

Gabun untersucht. Insgesamt wurden dabei 21 Arten dokumentiert. Dabei konnten zwei 

Faunenzonen erstellt werden, welche sich durch eine vertikale Begrenzung auszeichnen. Die 

schlammigen Substrate im Umfeld der Mangrovenart Avicennia germinans sind durch eine 

niedrig-diverse, agglutinierte Faunengemeinschaft charakterisiert und wird durch Ammotium 

salsum und Ammobaculites pseudospirale dominiert, wobei sie repräsentativ für einen hohen 

mittleren Wasserstand bei Nipptide sind. Eine moderat diverse Fauna bestehend aus 

agglutinierten und kalkigen Foraminiferen wurde zwischen Rhizomosa racemosa gefunden und 

repräsentiert mittleren Tiefwasserstand bei Nipptide. Die Fauna wird durch Miliammina spp., 

Arenoparella mexicana, Ammotium salsum und Astrononion stelligerum dominiert. Die 

Gezeiten spielen beim Artenreichtum der einzelnen Gemeinschaften eine besondere Rolle. 

Deren Verbreitung zeigt ein hohes Potential für Meeresspiegel-Rekonstruktionen. Diese Studie 

repräsentiert die erste Untersuchung von Mangroven-assoziierten Foraminiferen Gabuns. 

Die vorliegende Arbeit beinhaltet zudem eine Untersuchung der Foraminiferen, 

Thecamoeben und Diatomeen innerhalb der Ologe Lagune im südwestlichen Nigeria. Die 

benthischen Foraminiferen zeigen hier eine geringe Diversität mit nur 4 agglutinierten 

Foraminiferen-Arten. Nur 3 indikative Arten von Thecamoeben wurden zusammen mit 2 großen 

Diatomeen-Arten gefunden. Ihr Vorhandensein zeigt den Einfluss des Süßwassers, sowie das 

Ausmaß an Aktivitäten, welche die Gegend in den letzten Jahren beeinflusst haben. Die 

gefundenen Verbreitungsmuster zeigen individuelle Empfindlichkeiten und Toleranzen und 

betonen das Potential von Studien der Meiofauna in Umweltanalysen. 
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Abstract 

Benthic foraminifera have proved to be useful as present and past indicators in aquatic 

habitats because they are sensitive and react rapidly to environmental changes in various 

ecosystems. The knowledge of their modern ecology presents a potent assessment of their fossil 

counterparts regarding paleoenvironmental reconstructions and taxonomy. They provide ample 

information in the assessment and monitoring of transitional and coastal ecosystems e.g. 

estuaries, coastal lagoons, deltas and reef environments. These are productive environments in 

terms of nutrient dumping, sedimentation and carbonate accretion. The study localities were 

chosen to cover a wide range of both environmental habitats and analytical micropaleontological 

procedures. These are Moorea (southeast Pacific Ocean island), and the nearshore habitats of 

Gulf of Guinea in both Gabon and Nigeria.  

Moorea (Society Archipelago) is located east of the tropical marine diversity hotspot and 

occupies a strategic position on the diversity gradient being almost at the centre, and represents 

a transitional location between the high diversity assemblages of the coral triangle and the lower 

diversity biotas of the eastern PacificMoreover, reefs in general have sufficient porosity and 

permeability to permit the accumulation of crude oil or natural gas under suitable trap 

conditions. As such, Moorea is an ideal setting for biogeographic, biodiversity and 

environmental studies. Surface sediments were taken across the reef-lagoon and inner bay 

settings to study habitat-specific indicator assemblages useful for paeloecological studies. 

Gabon, like other oil producing nations, is faced with the problems of oil spillage and 

pollution which arise from offshore exploration activities, undersea pipelines leakages and the 

discharge of drill cuttings, often contaminated with drilling fluid. These sum up to threaten the 

pristine diversity of Gabon’s marine ecosystems. The tropical warm water of the nearshore 

habitats of Gabon are home to varieties of species of animals most of which are endangered 

species, and the mangroves which are noted for distinct foraminiferal assemblages. For this 

study, surface sediment samples were taken from the Libreville estuary, Point Gentil and the 

Iguela Lagoon. Futher sampling was done at low tide within the mangroves of the Akanda 

National Park, north of Libreville.The Ologe Lagoon Nigeria is an ideal setting to investigate 

anthropogenic impacts on faunal assemblages. The lagoon and its river channels are surrounded 

by industrialized and urbanized areas of Lagos, the rapidly growing capital of Nigeria with an 

estimated population of 16 million inhabitants. Surface sediment samples were taken from the 

lagoon and were analysed to provide a baseline assessment of the nature and magnitude of 

biodiversity changes in response to stressors, and as yardstick for future monitoring.  
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The foraminiferal assemblages across reefal and lagoonal sites in Moorea Island were 

studied. Previous foraminifera studies around Moorea have focused on selected habitats which 

produced limited number of species. This is the first island-wide investigation of the 

foraminifera from shallow-water nearshore and reefal environments around Moorea. The 

benthic foraminifera around Moorea have large-scale spatial distribution patterns of habitat 

specific assemblages. This is evident in the abundance patterns of individual species, genera, 

and functional groups. Generally, diversity gradients increase from bay inlets to the reef barrier, 

but highest species richness is in fringing reefs, an area that represents a mosaic of habitats. The 

functional groups (symbiont-bearing, heterotrophic, opportunistic) were documented and 

utilized in Foram Index (FI) calculations to identify environments that are suitable and critical to 

support calcifying symbiosis and carbonate accretion. The FI indicates that the innermost bays 

and some outer bay fringing reef habitats are under direct natural and anthropogenic influences. 

These findings are sufficient for monitoring rising influences of natural events and 

anthropogenic activities. Future changes can be compared with this baseline data from 1992 and 

the development of those changes over time can be determined by further studies. In addition, as 

global warming, anoxia and acidification of the oceans increase, foraminifera can provide rapid 

indication of these worldwide changes as well as local ones such as pollution, impacts on reefs 

due to industrial development and tourist activities. In Moorea, a total of 364 foraminiferal 

species has been recorded. Images of representative species were taken by Scanning Electron 

Microscope (SEM) and arranged into 39 plates. Generally, this forms the basis of identification 

of benthic species from French Polynesia. 

The first survey of foraminifera from very shallow coastal sites in Gabonese waters was 

carried out. The benthic foraminiferal communities display diverse assemblages of modern 

benthic foraminiferal representing a diversified and unique community structure. The diversity 

of foraminiferal species recovered from the limited number of samples suggests that the true 

diversity of shallow benthic foraminiferal species may be significantly higher. There are 

abundant symbiont-bearing taxa and a high species richness. This is an indication that the 

sampled sites are not yet strongly affected by drilling operations of the oil companies. The 

foraminiferal assemblages from shallow-water equatorial region of Gabon differ markedly from 

those from Namibia and South Africa when compared. It is assumed that there is a 

biogeographic barrier that separates biotas in close geographic proximity. The recent creation of 

a large-scale system of Marine National Parks in territorial waters off Gabon will create a vast 

marine reserve that provides future protection for its pristine waters and Gabonese livelihoods. 
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Moreover, the composition and vertical zonation of modern benthic foraminifera was 

studied at two intertidal mangrove environments in the Akanda National Park, Gabon. A total of 

twenty-one benthic species was recorded. Two faunal zones that are vertically constrained with 

regard to elevation were erected. The muddy substrate around Avicennia germinans mangroves 

is characterized by a low-diverse agglutinated foraminiferal assemblage, dominated by 

Ammotium salsum and Ammobaculites pseudospirale, and indicative for High Mean Water Neap 

Tide elevations. A moderately diverse assemblage of agglutinated and calcareous foraminifera 

was recovered from around Rhizomosa racemose stands and represents biotas at Mean Low 

Water Neap Tide elevation. The assemblage is dominated by species of Miliammina spp., 

Arenoporella mexicana, Ammotium salsum and Astrononion stelligerum. Tides play a critical 

role in the species richness of individual assemblages. Their distribution shows a great potential 

for sea level reconstructions. The study constitutes the first survey of mangrove foraminifera 

from Gabon. 

Investigation of foraminifera, thecamoebians and diatoms within the Ologe Lagoon of 

southwestern Nigeria was performed. The benthic foraminifera show a low diversity with only 

four tolerant agglutinated species. Only three indicator species of thecamoebians were recorded 

along with two large benthic diatoms species. Their presence verifies the extent of freshwater 

invasion as well as the extent of activities that have impacted the habitat over time. The resulting 

patterns of distribution are interpreted to be a function of differential susceptibility and 

individual tolerance levels and highlight the potential of meiofauna studies as a tool for 

environmental monitoring.  
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Chapter 1 

Introduction 

Foraminifera are marine organisms having a fundamental structural cell unit that contains 

specialized organelles in the cytoplasm (eukaryotic protists), which possess granuloreticulose 

pseudopodia and a test (shell). This test can be built of various materials. This gives rise to a 

classification that is based on wall texture and type. Foraminifera could be organic material 

(Allogromiina), agglutinated (Textulariacea, tests formed from foreign particles but glued 

together with a variety of cements), calcium carbonate microgranular (Fusulinacea), calcium 

carbonate porcelaneous (Miliolina), calcium carbonate hyaline (Rotaliina), opaline silica 

(Silicoloculinina). The test morphology varies greatly from single, unilocular forms to 

multilocular chambered forms, with chamber arrangements varying from simple uniserial to 

streptospiral or trochospiral. Apertural openings show a high diversity from single terminal to 

multiple sutural and cribate openings. These features could be adaptive in response to the 

immediate environment of the foraminifera (Loeblich and Tappan 1964a).  

More importantly, foraminifera are characterized by their abundance, extensive variability 

and rapid evolution in all marine habitats and they form a vital part of the marine food chain. 

They constitute about 90% of the deep-sea biomass (Armstrong and Brasier 2005). Loeblich and 

Tappan (1987) listed and described 2455 foraminiferal genera, 878 of which are recent ones 

(Sen Gupta 1999). Their great abundance has made them very useful for biostratigraphy, 

chronology and correlation of stratigraphic surfaces, and paleoecological interpretation 

(Loeblich and Tappan 1987). The first appearance of benthic foraminifera was in the 

Precambrian (Langer 1999; Sen Gupta 1999) while the earliest most-probable and functional 

foraminifera are Precambrian in age (Langer 1999).  

The larger foraminifera, which are very important because they house endosymbionts, are 

exclusively benthic and are either epiphytes or move on or in the sediments. They house 

unicellular algae in their protoplasm where they photosynthesize (Hallock 1988; Langer et al. 

1997; Hallock et al. 2003). An environment with clear water, which can be found best in 

oligotrophic settings of neritic shallow regions, is necessary for photosynthesis. This kind of 

environment is similar to that of corals and it forms part of the bases on which the Foraminifera 

Index was developed (Hallock et al. 2003). The larger foraminifera may build thin transparent 

test walls or light-collecting mechanisms like nodes and pillars in order to optimize the light 

intensity or retard high irradiation by building thicker tests or porcelaneous structures, making 

the walls impenetrable (Hottinger 1997; Hohenegger et al.1999). They are very good reef 
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builders and stabilizers because of their calcium carbonate (CaCO3) production and are therefore 

relevant dwellers in the corals habitat and coastal ecosystems (Langer et al. 1997; Hallock 1999; 

Langer 2008b). Generally benthic foraminifera have substrate modifying capabilities that 

portray them as environmental engineers resulting in fortification of reefal structures.  

The focus of this study is on the use of benthic foraminifera as ecosystem indicators. 

Therefore, the study localities were carefully chosen in southeast Pacific Ocean island of 

Moorea and the nearshore habitats behind the shores of the Atlantic Ocean in Gabon and 

Nigeria. These are timeline studies to document the conditions of the various habitats with 

regard to anthropogenic or natural interferences. 

1.1 Study Localities 

1.1.1 Moorea, (Society Islands) French Polynesia 

Generally, the Society Islands of the French Polynesia (Fig. 1) are peaks of enormous 

shield volcanoes that rise from the floor of the ocean which could be as deep as 4000m, and 

these peaks of volcanoes could reach up to 2200m in Tahiti (Dostal et al. 1982; Duncan and 

McDougall 1976). The volcanoes become less prominent at the end of the island chain, 

subsiding into atolls and then seamounts (Rougerie et al. 1997). The island of Moorea is a high-

volcanic island (total area of 134 km2) located in the South Pacific (17°30’S, 149°50"W) just 11 

km west of Tahiti, and both are part of the Society Islands, French Polynesia. Moorea is a more 

heavily dismembered and eroded cone of volcanoe but still partly preserves the constructional 

form of a shield volcano (e.g. Moorea and Bora Bora: Fig. 2). Coastal cliffs are prominent on 

the north coast but are rarely significant on the south coast. The central caldera region opens to 

the north and is surrounded by a wall of heavily grooved peaks, the highest of which is 1207m 

(Duncan and McDougall 1976). Moorea, just like the rest of the Society Islands, is made up of 

basaltic lavas of alkaline affinities (Dostal et al. 1982). These are significantly young lavas, with 

ages ranging from Pliocene to present, with increasing distance from the hotspot (Rougerie et al. 

1997). From the island of Mehetia which is recently active to the island of Maupti, the average 

age of the islands increases progressively from southeast to northwest, which is about 3.9 to 4.3 

M.y. old (Duncan and McDougall 1976; Dostal et al. 1982; Rougerie et al. 1997).  

Moreover, French Polynesia is washed by the oligotrophic Southeast Pacific Ocean gyre 

centered in the Easter Island zone and longitudinally limited by the equatorial zone northwards 

and the Tropic of Capricorn (Fig. 3). Currents flow westward and counter currents flow 

eastward. Movement of surface water masses inside the gyre is anti-clockwise and directly 

sustained by the trade wind stress (Levitus 1982). The temperature and salinity of the waters 
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around the French Polynesia is maintained by the Equatorial Counter Current (ECC) which runs 

along the South Pacific Convergence Zone (SPCZ) and brings warm, low-salinity waters 

originating from the Solomon Sea axis toward French Polynesia. This may decrease surface 

salinity to 35.5 PSU during the peak of the summer rainy season; but generally, along the Tropic 

of Capricorn, seawater temperature is around 21°C in winter, largely above the 18°C lower 

lethal limit for tropical reef-building corals (Delcroix and Henin 1991; Rougerie et al. 1997). 

 

 

Fig. 1: The Society Islands of the French Polynesia showing the position of Moorea. 

The Society Islands are located east of the tropical marine diversity hotspot with 

significance as recipients and redistributors of biotas via equatorial currents. They represent a 

transitional location between the high diversity assemblages of the coral triangle and the lower 

diversity biotas of the eastern Pacific. The beautiful coral rings (Fig. 4) and variety of habitats 

has made these islands ideal settings for coral health and reef management studies (Salvat 1987; 

Endean  and Cameron 1990; Jokiel and Coles 1990; Cameron et al. 1991; Done et al. 1991; 

Harmelin-Vivien 1994; Hoegh-Guldberg and  Salvat 1995; Chazottes et al 1995; Gleason 1996; 

Adjeroud 1997; Hodgson 1999; Bessat and Buigues 2001; Adjeroud et al. 2002, 2005, 2007a,b; 
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Penin et al. 2007; Baker et al. 2008; Salvat et al. 2008; Juhasz et al. 2010; Lipps 2011). These 

islands are characterized by oceanic climate between a relatively dry and cold season 

(May/October) and wet and warm season (November/April; Bessat and Buigues 2001). These 

islands with barrier and atoll reef-lagoon system are a home to a wide variety of shallow marine 

habitats. The shoreline habitats at Moorea range from the mangrove to the lagoon and to the reef 

environments. They are distributed along the shallow lagoon, which is slightly less than 45 km 

in circumference around the island.  

 

 

Fig. 2: Moorea (A, C, E) and BoraBora (B, D, F) Islands showing high volcanics and beautiful coral beaches 

(http://www.tahiti-tourisme.com) 

 

http://www.tahiti-tourisme.com/


Introduction   5 

 

 

 

Fig. 3:  Map of the Intertropical Pacific. French Polynesia is bathed by the oligotrophic oceanic gyre centered in the 

Easter Island zone. Currents flow westward and counter currents flow eastward. Abbreviations: E.C., Equatorial 

Current; S.E.C., South Equatorial Current; N.E.C.C., North Equatorial Counter Current; E.C.C., Equatorial Counter 

Current (After Rougerie et al 1997) 

The mangrove habitats are predominantly muds and roots in Rhizophora stylosa, shore 

sands and muds under overhanging Hibiscus tiliaceus, Paspalum vaginatum salt grass marshes, 

and mud and rocks without significant vegetation associated with them, with some sand and rare 

beach rock. Towards the outer bay and the coastal fringing reefs the sediments vary in general 

with increases from muddy and silty sediments to sandy and coarse-grained carbonaceous sand 

and rubble along the coast. The reef barrier sediments comprise coral rubble, and coarse detrital 

sand that accumulates in furrows and valley bottoms (Langer and Lipps 2006; Fajemila et al. 

2015). 

In Moorea and in the French Polynesia generally, there is limited information about 

foraminifera (e.g. Vénec-Peyré 1984, 1987, 1988; Langer and Lipps 2006). They are important 

member of tropical biotas and are prominent producers of calcium carbonate which contribute 

significantly to the carbonate budget of coral reefs (Hallock 1981; Langer et al. 1997; Hallock 

2000). Foraminifera are excellent indicators for studies of reef health and they preserve 

environmental information that is useful in interpreting changing ecological conditions and 

paleoecological studies. This study provides a baseline for environmental changes since 1992. 

New information on foraminifera community structure and reef vitality with the aid of the 

FORAM Index, a single metric index indicative of reef health and conditions for carbonate 

accretion were provided (Hallock et al. 2003; Stephenson et al. 2015; Fajemila et al. 2015). 
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Fig. 4: Satelite images of some Society Islands surrounded by barrier reefs; A. Tupai, B. Bora Bora, C. Tahaa and 

Raiatea, D. Moorea (Google earth) 

Moreover, Moorea is an ideal setting for biogeographic studies connecting the high-

diversity western Pacific with the low-diversity eastern Pacific Ocean. It occupies a strategic 

position on the diversity gradient being almost at the centre. The west Pacific Coral Reef 

Triangle between the Great Barrier Reef, the Philippines and Papua New Guinea represents the 

hotspot of marine tropical diversity in modern oceans (Fig. 5; Done et al. 1995; Roberts et al. 

2002; Makled and Langer 2011). This region probably has the highest diversity of reef-building 

organism which includes unicellular foraminifera, especially the larger symbiont-bearing group 

(Langer and Hottinger 2000; Langer and Lipps 2003). This diversity diminishes from the Coral 

Triangle in stepwise drop down along the gradients towards the open Pacific Ocean, down the 

eastern coast of Australia, north along the Kuroshio Current towards Japan and through the 

Torres Strait into the open Indian Ocean (Fig. 6; Haig 1979, 1988a, b, 1993; Langer and Lipps 

2003; Renema 2006, 2008; Makled and Langer 2011). Langer and Hottinger (2000) referred to 

this decrease of species richness from the hotspot of diversity to the open eastern and North 

Pacific Ocean as a transect along the biodiversity gradient. The benthic foraminiferal 
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assemblages from the different habitats within Moorea were documented to complete the record 

along the W-E Pacific biodiversity gradient and to assess their biogeographic relation to 

adjacent faunal provinces of the eastern Pacific and the Indian Ocean (Roberts et al. 2002; 

Veron 1995; Fajemila et al. 2015).   

 

 

Fig. 5: Several studies at different locations represented by number of symbiont-bearing foraminifera taxa recorded. 

The position of Moorea is indicated by a red star (modified after Langer 1997). 

 

1.1.2 Nearshore habitats of Gabon 

Gabon is located on the western flank of Africa bordering the Atlantic Ocean in the Gulf of 

Guinea (Fig. 6). The tropical warm water of the nearshore habitats of Gabon are home to diverse 

communities of marine organisms and plants. These are part of the Guinea Current Large 

Marine Ecosystem (GLMC,) situated along the Atlantic coast of western central Africa 

(McGlade et al. 2002; Friedlander et al. 2014). They house varieties of species of animals 

including manatees, manta rays, hammerhead-, tiger- and whale sharks and leatherback turtles. 

Most of these are endangered species. Gabon, like other oil producing nations, is faced with the 

problems of oil spillage and pollution which arise from offshore exploration activities, undersea 

pipelines leakages and the discharge of drill cuttings, often contaminated with drilling fluid. 

These sum up to threaten the pristine diversity of Gabon’s marine ecosystems. Its effect on the 

ecology of the macro- and micro benthic communities could be predictable. Therefore there has 
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to be a balance between environmental and economic interests in a country where the oil 

precedes accounts for more than 50% of the gross domestic product and 80% of exports is a big 

challenge (Voituriez and Herbland 1982; Loeuff and Cosel 1998; McGlade et al. 2002). In view 

of these the government carved out pristine coastal parks and waters which accouted for more 

than 20% of the country’s coastal waters. Some of these parks house the mangroves (Avicennia 

germinans, Conocarpus erectus, Laguncularia racemosa, Rhizophora harrisonii, Rhizophora 

mangle, Rhizophora racemosa) which are noted for distinct foraminiferal assemblages (e.g. 

Langer and Lipps 2006; Langer et al. 2016b; Fig. 7) 

 

 

Fig. 6: Africa map showing Gabon, Nigeria and study localities. 

The coastal areas are also fed with large quantities of dissolved and particulate organic 

matter from the Congo and Ogooué River which encourages vibrant food chain and rich fishery 

resources that are crucial to coastal populations (Fig.8; Voituriez and Herbland 1982; Loeuff 

and Cosel 1998; McGlade et al. 2002). However, little is known about the marine biodiversity of 

Gabon’s shallow-water. Reports have shown that a strong biogeographic barrier (Benguela 

Barrier; Fig. 9) exists between the Gulf of Guinea and the coasts of Southwestern Africa which 

prevents species from the southwestern region of the African continent and the Indian Ocean 

from colonizing the Gulf of Guinea. This invariably creates a hotspot of distinctive and isolated 
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marine biodiversity in the Gulf of Guinea with a high percentage of native species. (Martin 

1981; Roberts et al. 2002; Toefy et al. 2005; Langer and Schmidt-Sinns 2006a,b; Schmidt-Sinns 

2008; Luiz et al. 2012; Langer et al. 2013a; Friedlander et al. 2014). Low diversity foraminifera 

communities have been recorded from a location off Port Gentil which was used to discharge 

drilling waste from oil platforms (Durrieu et al. 2006; Duchemin et al. 2008). This was a 

posthumous evaluation of aged drilled cuttings with reference to toxicity and most importantly 

alteration in benthic microfaunal community. These studies confirm the usefulness of benthic 

foraminifera as a potent tool for assessing the impact of offshore drilling activities on the 

environment. 

 

 

Fig. 7: Protected areas along the coast of Gabon. The mangrove regions are in green colour (after Vande Weghe 

2005) 
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Fig. 8: Areal images of the coastal areas of Gabon (nationalgeographic.com) 

For this study, surface sediment samples were taken from the Libreville estuary, Point Gentil 

and the Iguela Lagoon. Futher sampling was done at low tide within the mangroves of the 

Akanda National Park, north of Libreville. 
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Fig. 9: Biogeographic provinces and barriers in the Atlantic Ocean. Land barriers: IP, Isthmus of Panama; ALB 

Arabian Land Bridge. Soft barriers: AOP, Amazon–Orinoco Plume; MAB, Mid-Atlantic Barrier; BB, Benguela 

Barrier (After Luiz et al. 2012) 

1.1.3 Ologe Lagoon, Nigeria 

The study locality is situated in the immediate neighborhood of Lagos, southwestern 

Nigeria (Figs. 6, 10). It is within the coastal environment sprawling into the Gulf of Guinea in 

the Atlantic Ocean. The Ologe Lagoon is a hyposaline, brackish water system connected to the 

Atlantic Ocean by strings of channels leading to the Lagos harbor (Fajemila and Langer 2016). 

It is located between latitudes 6° 26’N to 6° 30’N and longitudes 3° 01’E to 3° 07’E. Ologe 

Lagoon has a total surface area of 9.4km2, and is the smallest of nine lagoons that parallel to the 

Atlantic coast (Webb and Hill 1958; Sandison 1966; Sandison and Hill 1966; Adegoke 1975). 

The lagoon is surrounded by rooted mangrove trees (Rhizophora racemosa Meyer) having dense 

undergrowth of shrubs and grasses and coconut palm trees (Cocos nucifera; Fig. 11). At the 

rear, mangroves form overhangs towards the Lake.  

The lagoon is a catchment area of the Owo, Imede, Opunu and Ilo rivers and 

characterized by shallow depths, mud flats and sand bars.  The waters of Ologe Lagoon drain 

through Elete Creek, through which it connects to other rivers and lagoons before it reaches 

Lagos harbor and finally the Atlantic Ocean (Fajemila and Langer 2016).  
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Fig. 10: Satelite image of Ologe Lagoon and the surrounding built-up areas of Lagos, Nigeria (Google earth). 

 

Fig. 11: Ologe Lagoon showing coconut trees and mangrove overhangs (http://mapcarta.com) 
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The lagoon and its river channels are surrounded by industrialized and urbanized areas of Lagos, 

the rapidly growing capital of Nigeria with an estimated population of 16 million inhabitants. 

The industries produce goods ranging from food processing to pharmaceuticals. The effluents 

from these factories eventually find their way into the lagoon. Several studies have shown the 

increase of anthropogenic impact on the natural habitat of the Ologe Lagoon from both 

industrial and residential estates (Clarke et al. 2008; Kumolu-Johnson and Ndimele 2012; 

Samuel et al. 2015). Pollution studies within the nearshore coastal environments in Nigeria have 

long been a subject of environmental concern. However, limited effort has been made in to 

utilize meiofauna components as bioindicators of environmental change. Surface sediment 

samples were taken from the lagoon and were analysed to provide a baseline assessment of the 

nature and magnitude of biodiversity changes in response to stressors, and as yardstick for future 

monitoring.  

1.2 Previous Foraminifera Studies  

1.2.1 Society Islands, French Polynesia 

The first study of foraminifera in the French Polynesian Islands was attributed to the 

H.M.S. Challenger Expedition (1873-1876). It produced 10 new species from around the 

Society archipelago (Brady 1884). This was followed by the Albatross expedition of 1899-1900 

which provided new materials from the Tuamotu, the Marquesas and the Society Islands 

(Cushman 1932, 1933, 1942; Todd 1965). Limited study was seen in the Society Islands until in 

the 80s (Le Calvez and Salvat 1980; Salvat and Vénec-Peyré 1981; Vénec-Peyré and Salvat 

1981; Vénec-Peyré 1981, 1984, 1985, 1987, 1988). Le Calvez and Salvat (1980) and Vénec-

Peyré and Salvat (1981) gave concise reports on the foraminiferal assemblages from the reef-

lagoon system of the island of Moorea and the Scilly Atoll (French Polynesia). By 1985, Vénec-

Peyré listed a total of 182 species that belonged to 39 families (Vénec-Peyré 1984, 1985a). To 

date, this published list of species represented the largest source of information to assess the 

diversity of foraminiferal communities from Polynesia. Vénec-Peyré (1987, 1988, 1985b) also 

noted that lagoonal biocoenoses are less diverse compared to assemblages from the outer slope 

and showed that substrate types control the composition of assemblages. Later, she examined 

living foraminifera on both sides of the barrier reef across a section along the northwestern part 

of Moorea. A total of 87 species were recorded, with 62 in the back-reef area (fringing reef, 

channel and barrier reef) and 72 on the outer slope; 47 were common to both zones. Futhermore, 

Langer and Lipps (2006) documented the foraminifera assemblages associated with the 

introduced mangroves of Moorea. A total of 96 species were recorded from this unique habitat. 
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The assemblages also differ and distinct from other nearshore habitats assemblages. This was 

futher consolidated by the results of Fajemila et al., (2015). They carried out the first island-

wide study of foraminifera around Moorea. New information on the structure, patterns of 

distribution and diversity of benthic foraminiferal assemblages with respect to their role as 

environmental indicators were documented. The position of Moorea on the diversity gradients 

from the highly diverse western epicenter and hotspot of the Coral Triangle to the eastern low 

diversity flanks was also further substantiated. The species list recorded now more than doubles 

the number earlier documented by Vénec-Peyré (1984, 1985a). 

1.2.2 Gulf of Guinea and Southern Africa 

The Gulf of Guinea and its associated countries are located on the eastern frontiers of the 

Atlantic Ocean (Fig. 12). It is the northernmost part of the tropical Atlantic Ocean, between 

Ghana and Gabon. The shallow warm-water coastal-lagoon habitats of this region contain faunal 

assemblages that simply differ from those of the cold-water environment in the southern 

Atlantic coast. There have been few known publications on foraminifera from this region 

(Fayose 1970; Asseez et al. 1974; Adegoke 1975; Adegoke et al., 1976; Bianchi 1992; Dublin-

Green 1994; Durrieu et al. 2006; Duchemin et al. 2008; Sibuet and Vangriesheim 2009; 

Olayiwola and Odebode 2013; Friedlander et al. 2014; Langer et al. 2016a, b; Fajemila and 

Langer 2016). Most of these studies are basically environmental impact assessment using 

foraminifera as a tool or faintly looking at distribution on a temporal scale. The earliest detailed 

reports on foraminifera in the Gulf of Guinea are those from the Nigerian sector (e.g. Asseez et 

al. 1974; Adegoke 1975; Adegoke et al. 1976). Adegoke (1975) studied the foraminifera fauna 

from the polyhaline lagoons of West Africa, stretching from Ivory Coast to the western edge of 

the Niger Delta. He recorded diverse foraminifera assemblages which change from one lagoon 

to another. He also mentioned larger miliolids in the high salinity lagoons of Ghana. The role of 

benthic foraminifera as pollution indicators in the Bonny estuary of the Niger Delta was studied 

by Dublin-Green (1994). He documented 32 benthic foraminifera species belonging to 18 

genera. Fajemila and Langer (2016) investigated and documented the benthic foraminifera, 

thecamoebian and diatom species from the Ologe Lagoon, southwestern Nigeria. This was to 

ascertain its current status, composition, spatial distribution, and response of microfaunal 

assemblages to environmental stressors within the lagoon with regards to its promity to both 

residential and industrial pollutants.  The benthic foraminiferal assemblage is composed of four 

highly specialized agglutinated species of Ammotium salsum, Miliammina fusca, Ammobaculites 

dilatatus and Ammobaculites aff. A. exiguus. The high abundance of Ammotium salsum is 
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considered an indication of environmental stress. The faunal assemblages recovered are 

characterized by low species richness and alpha diversity indices and are typical of shallow, 

marginal-marine hyposaline environments.  

 

Fig. 12: Gulf of Guinea and its coastal countries (modified after Google earth) 

The first survey of shallow-water foraminifera from nearshore coastal waters of Gabon, 

an area from which modern benthic foraminifera are virtually unknown was carried out by 

Langer et al., (2016a). They recorded 39 species which is a higher number when compared with 

the lower diversity recorded at drilling waste disposal sites studied by Durrieu et al., (2003). The 

composition of foraminiferal biotas found off Gabon shows them to be distinct from faunas 

recorded from off Namibia and South Africa (Schmidt-Sinns 2008), indicating the presence of a 

marine biogeographic barrier. Futhermore, studies on the shallow sub- and intertidal microbiota 

are virtually lacking within the coastal settings of Gabon. Bianchi (1992), Sibuet and 

Vangriesheim (2009), Friedlander et al. (2014) have all looked at biotic communities from the 

continental margins near hydrocarbon exploration sites or fishery resources along the shelf and 

slope. In view of this, Langer et al. (2016b) carried out a survey of the intertidal benthic 

foraminifera from the mangroves areas of Gabon. They recorded two distinct foraminifera 

assemblages which are related to sea level fluctuations and are typical of intertidal zonation 

patterns in mangroves and estuaries.  

In Southern Africa, there have been many foraminiferal studies around the coasts of 

western Indian Ocean and the eastern coasts of Atlantic Ocean (Fig. 13). Workers have evolved 
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through ages with different approaches to study the foraminifera assemblages of these regions 

(Wright 1876, 1877; Möbius 1880; Brady 1884; Egger 1893; Heron-Allen and Earland 1914, 

1915; Braga 1961; Moura 1965; Le Calvez 1965; Monier 1973; Battistini et al. 1976; Phleger 

1976a, b; Hottinger 1977; Pereira 1979; Chasens 1981; Montaggioni 1981; Banner and Pereira 

1981; Neagu 1982; Levy et al. 1982; McMillan 1974, 1986; Cooper and Mcmillan 1987; Wright 

et al. 1990; Dale and Mcmillan 1998, 1999; Langer and Hottinger 2000; Perry 2003; Langer and 

Schmidt-Sinns 2008; Pignatti et al. 2012). These studies stretch from the coasts of Somalia 

down south to the adjoining countries of South Africa and Tanzania, and also along the Atlantic 

coasts of South Africa, Namibia and Angola. Shallow-water foraminifera were first identified 

and described by Möbius (1880) on the western Indian Ocean islands of Mauritius and 

Seychelles. This was followed by a very detailed and comprehensive study by Heron-Allen and 

Earland (1914, 1915) on the foraminifera of the Kerimba Archipelago (today Quirimbas 

Islands). They documented 477 species from depths of up to 155m. Two foraminiferal genera, 

Iridia and Nouria, and a few new species were described. Futhermore, Braga (1961) 

documented diverse foraminifera assemblage from materials off the coast of southern 

Mozambique, up to 700m. Shallow-water foraminifera were also studied from an island around 

the bay of Maputo (Moura 1965). Recently, Langer et al. (2013a) documented 158 foraminifera 

species from the Bazaruto Island (Mozambique). Biogeographical data and foraminiferal habitat 

preferences that might be useful in paleoecological studies were also documented. From 

southernmost Somalia to Kenya, foraminifera assemblages have been studied across the fringing 

reefs to the lagoon settings (Pereira 1979; Chasens 1981; Levy et al. 1982). A more 

comprehensive study was carried out in shallow marine habitats and tidal channels across the 

Somali-Kenyan coastal border by Pignatti et al. (2012). A total of 256 foraminiferal species 

were described and documented.  Thissen and Langer (2016) recorded a total of 157 species of 

benthic foraminifera from samples taken around the three main islands of the Zanzibar 

Archipelago. The foraminiferal assemblages recorded represent 88 genera. Among them are 8 

genera of larger symbiont-bearing foraminifera (LBF) which are Borelis schlumbergeri, 

Peneroplis spp., Amphisorus hemprichii, Sorites orbiculus, Amphistegina spp., Neorotalia 

calcar, Assilina spp., and Heterostegina depressa. They constitute about 52.03 % of all 

individuals counted. 

Similarly on the Atlantic coasts of Namibia, Angola or South Africa, foraminifera 

assemblages identical to those of the east African coasts have been documented by few authors 

(Martin 1981; Licari et al. 2003; Toefy et al. 2005; Licari and Mackensen 2005; Langer and 

Schmidt-Sinns 2006a; Schmidt-Sinns 2008). However, regions of southwest Africa have not 
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been thoroughly studied over the years. Schmidt-Sinns (2008) worked on sediment samples 

taken from Cape Town (34.4 ° S) to South Angola (14.2° S) in water depths ranging from 0 to 

200m. A total of 59 genera and 129 benthic species were identified in this study and were 

documented with scanning electron microscope (SEM). Further results on the ontogentic growth 

steps of Cribroelphidium mirum and Pararotalia sp. 1. were also documented (Langer and 

Schmidt-Sinns 2006a). The existence of a biogeographic barrier restricting interactions between 

cold water habitats of southern Africa and the warm water habitats of the Gulf of Guinea was 

further substantiated. This is the most detailed report from the southwestern Atlantic coast of 

Africa.  

 

Fig. 13: Southern Africa showing some of the foraminifera studies and corresponding coastal localities. 

1.3 Benthic Foraminifera in Environmental Assessment and Monitoring 

Climate change and other environmental disturbances are on the increase and these have 

agitated many interest groups and researchers worldwide. The need to use microfossils, 

especially foraminifera, as agents of environmental monitoring, has equally advanced over the 

decades. Foraminifera facilitate biological characterization of a variety of environments ranging 

from freshwater to brackish to marine and they respond very fast to environmental stress, either 

natural or anthropogenic. Because of their small size, they occur in large numbers in small-

diameter core samples, and since they have a hard shell, they yield fossil assemblages that can 
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be used as proxies to reconstruct past environmental conditions (Scott et al. 2001). Moreover, 

the large number of living species (>5000) gave it a relative advantage over other forms of 

microfossils (Armstrong and Brasier 2005). The factors controlling the abundance of 

foraminifera include dissolved oxygen, nutrition, pH, salinity, substrate type and temperature as 

highlighted by many authors (Murray 1968; Alve and Nagy 1986; Boltovskoy et al. 1991; de 

Rijk 1995; Barbosa and Suguio 1999; Debenay et al. 2002; Horton et al. 2003). However, 

Langer et al. (2016b) pointed out the role of elevation with regards to tidal regime within the 

mangroves of Gabon. Moreover, the influence of temperature, sparse vegetation cover and low 

organic content in tropical locations are equally important considerations (Murray 1968; Dublin-

Green 1992; de Rijk 1995). 

Indicator species and or habitat specific assemblages have been put into use, recognizing 

their habitat preferences and the perculiarities of the local environment. Langer and Lipps 

(2003) recognized faunal groups, which are characterized by a number of indicator species, and 

range from the Bay inlets into the lagoon, fringing reef and fore- and back reef sites of Madang, 

Papua New Guinea (Fig. 14). This is very similar in compostion to other reef-lagoons systems, 

within the Pacific Ocean and other parts of the world (Venec-Peyré 1991; Cockey et al. 1996; 

Uthicke and Nobes 2008; Schueth and Frank 2008; Carilli and Walsh 2012; Fujita and Omori 

2015; Fajemila et al. 2015). The mangrove habitat is equally of great importance and the 

forminifera assemblage within it has been studied along different latitudes. The assemblage 

mimics similar species and assemblage, although some are not present in all the latitutes. The 

tropical and subtropical mangroves are characterized by the presence of Miliammina, 

Ammotium, Ammonia and Elphidium species (Debenay et al. 2002; Horton et al. 2003; Langer 

and Lipps 2006; Langer et al. 2016b; Fajemila and Langer 2016). But this is not a thumb rule as 

there are modifications as you change localities. 

Foraminifera have a documented invaluable record as proxies for environmental change 

in temperate, tropical and subtropical ecosystems (Saunders 1958; Bartlett 1966; Madeira-

Falcetta 1974; Hallock 1981; Culver 1990; Scott and Leckie 1990; Asioli et al. 1996; Debenay 

et al. 1998; Scott et al. 2001; Duleba and Debenay 2003; Hallock et al. 2003;  Reinhardt et al. 

2005; Eichler et al. 2006; Hohenegger 2006; Langer and Lipps 2006; Pereira et al. 2006; 

Goldbeck and Langer 2006; Katarina 2007; Qin et al. 2013; Debenay et al. 2015; Eichler et al. 

2015; Martin and Nesbitt 2015; Fajemila et al. 2015; Langer et al. 2016b).  Their use as bio-

indicators in correlation with hydrographic parameters provides important information for 

monitoring their immediate habitat with regards to ecological limits. 
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Fig. 14: Habitat specific assemblages characterizing the four major habitats in the lagoon at Madang (after Langer 

and Lipps 2003). 

Foraminifera respond quickly to anthropogenically induced environmental changes in 

aquatic settings and several workers, during the past decades have attempted to relate 
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foraminiferal distribution patterns to many kinds of pollution (Bandy et al. 1964a, b, 1965a, b; 

Seiglie 1968, 1975; Schafer 1973; Bates and Spencer 1979; Alve 1991). Some studies also 

consider thermal and various kinds of chemical pollution (Schafer 1970, 1973; Buckley et al. 

1974; Seiglie 1975), while others looked at benthic foraminifera showing morphological 

abnormalities in response to increased heavy metal concentrations (e.g. Boltovskoy et al. 1991; 

Alve 1991, 1995; Sharifi et al. 1991; Yanko et al. 1998; Le Cadre and Debenay 2006; Frontalini 

and Coccioni, 2008; Frontalini et al. 2009). 

Heavy metal pollution has been shown as an anthropogenic cause for abnormal tests behavior 

and growth (e.g. Alve 1991, 1995; Frontalini and Coccioni 2008; Frontalini et al. 2009). This 

deformation may occur during the earlier stages or during matured life of the organism. 

Chambers are distorted in shape, size and arrangement with radical number of apertures. These 

are termed aberrant.  Alve (1991) worked on two short sediment cores from heavy metal 

polluted Soerfjord at 15 and 53m water depth were analysed. Soerfjord has been a dump of 

industrial waste for many decades. Test abnormalities were observed as well as normal test 

which were present in all parts of the cores. These were attributed to natural environmental 

stress caused by anthropogenic pollution. Faunal shift from the moderately polluted 

environment of Verneuilina media assemblage to an extremely polluted environment 

characterized by Eggerelloides scabrus assemblage was observed. Frontalini and Coccioni 

(2008) looked at living benthic foraminifera assemblages from the Adriatic Sea Coast of Italy. 

Faunal changes and numbers of test abnormalities were tagged to heavy metal concentrations. 

Ammonia parkinsoniana as the dominant species of the benthic fauna prefers clean to low 

polluted environments and decreases in abundance with rising heavy metal concentration. Other 

species such as Ammonia tepida are more tolerant with relative rise in heavy metal pollution. 

This was the similar situation in the heavily contaminated Santa Gilla lagoon, Cagliari, Italy 

(Frontalini et al. 2009; fig. 14). Many experiments have been done to verify the extent of heavy 

metal pollution effect on foraminifera (e.g. Sharifi et al. 1991; Le Cadre and Debenay 2006). 

Sharifi et al. (1991) have shown that some foraminifera species from Southampton waters were 

able to tolerate pollution while others developed abnornomal test deformities. The deformed 

specimens contain higher levels of elements such as Cu and Zn than non-deformed specimens. 

For instance, it was deduced that Ammonia beccarii produces abnormal tests at 10–20μg/l of 

copper in seawater (Sharifi et al. 1991; Le Cadre and Debenay 2006) and dies at concentrations 

exceeding 200μg/l (Le Cadre and Debenay 2006).  
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Fig. 15: Disfiguration of foraminifera by heavy metals pollution from the Santa Gilla Lagoon, Cagliari, Italy (after 

Frontalini et al. 2009) 
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The distribution and composition of foraminifera assemblages are useful signatures for 

past sea level changes (e.g. Scott and Medioli 1978, 1986; Scott and Leckie 1990: Horton et al. 

2003, 2005; Edwards et al. 2004; Woodroffe et al. 2005; Shaw et al. 2016; Langer et al. 2016b). 

These studies have shown that foraminifera are related to altitude; and the approach requires the 

use of sea-level indicators species which are contained in both contemporary and fossil 

sedimentary deposits (Woodroffe et al. 2005). These sea-level indicators which were developed 

from observed changes in microfossil assemblages with elevation have been used for decades to 

provide reconstructions of Holocene Relative sea-level change for many regions of the world 

(Shennan et al. 2002; Peltier 2002; Shennan and Horton 2002; Horton et al. 2003, 2005; 

Woodroffe et al. 2005). 

When compared to the temperate environments, a few studies worthy of mention have 

been carried out in the tropical coastal environments with regards to relative sea level and 

foraminifera assemblage [Michie (northern Australia, 1987), Scott et al. (Brazil, 1990), Barbosa 

and Suguio (Brazil, 1999), Hayward et al. (New Zealand, 1999b, 2004b), Debenay et al. (west 

coast of Africa, New Caledonia and northern Australia, 2000), Haslett (northern Australia, 

2001), Debenay et al. (French Guiana, 2002), Javaux and Javaux and Scott (Bermuda 1999, 

2003), Horton et al. (Great Barrier Reef coastline, Australia, 2003), and Horton et al. (Indonesia, 

2005), Langer et al. (Gabon, 2016a, 2016b)]. Unfortunately, Woodroffe et al. (2005) pointed out 

that most these studies are concerned with individual sites and do not investigate the potential 

for diversity in foraminiferal faunas over local or regional scales. 

Environmental monitoring and assessment of the endangered coral species in reefal 

regions of the world have led to the development of the FORAM Index (FI) (Hallock et al. 

2003). This is a single metric index to determine the impact of environmental stressors on coral 

reef environments and to assess whether the quality of water is sufficient to support mixotrophy 

(algal symbiosis). This measure is based on foraminiferal shells present in the sediment and is 

independent of coral populations. The larger benthic foraminifera are very good reef stabilizers 

because of their calcium carbonate production and are therefore considered highly relevant 

because they share similar habitats with the corals (Langer et al. 1997; Hallock 1999; Langer 

2008b). By virtue of foraminiferal abundance, the index allows a rapid and cost-effective 

assessment of environmental conditions. Calculation of FI depends on the relative abundances 

of symbiont-bearing, opportunistic and heterotrophic taxa (Table 1) and is particularly 

meaningful in populations that “integrate anthropogenic and natural stressors on the organisms 

over time. 
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The opportunistic taxa are ever expanding, depending on local environmental conditions 

(Hallock et al. 2003); this is evident in Low Isles reef (Northern Great Barrier Reef, Australia), 

Kiritimati (Christmas) and Moorea Islands in the Pacific Ocean (Schueth and Frank 2008; 

Carilli and Walsh 2012; Fajemila et al. 2015). Island Reef-building corals and larger 

foraminifers are both dependent on algal symbionts to enhance growth and calcification (Lee 

and Anderson 1991; Langer et al. 1997; Hallock et al. 2003). Therefore, the survival of Coral 

reefs and foraminifers with algal symbionts is threathened by increase in the nutrient supplies. 

This will eventually lead to their empty tests becoming rare in the sediments, and left overs 

become more abraided and corroded (Cottey and Hallock 1988). Therefore, with continuos 

nutrient supply, coral and calcareous algae rubbles, molluscan debris, and smaller opportunistic 

foraminifers become more common as sediment constituents (Hirshfield et al. 1968; Hallock, 

1988; Cockey et al. 1996; Carilli and Walsh 2012; Fajemila et al. 2015).  

Table 1: Functional groups of foraminifers used in coral reef assessments (After Hallock et al. 2003) 

 
 

The FORAM Index is calculated using the steps highlighted by Hallock et al. 2003: 
 

1. From each subsample examined, sort all foraminiferal specimens by genus, count, and record 

in a spreadsheet, with genera arranged by functional group. 
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2. Calculate the proportion (P) of specimens for each functional group by summing the 

specimens of each genus of that group (N) and dividing by the total number of specimens 

counted (T). 

a) Ps = Ns/T, where subscript “s” represents symbiont-bearing foraminifers 

b) Po = No/T, where subscript “o” represents opportunistic foraminifers 

c) Ph = Nh/T, where subscript “h” represents other small, heterotrophic foraminifers 

 

3. Weight proportions to calculate the FORAM Index (FI): 

FI = (10 x Ps) + (Po) + (2 x Ph) 

 

4. Interpretation: 

FI > 4 indicates environment conducive to reef growth 

FI varying between 3 and 5 indicates environmental change (Coefficient of Variation > 0.1) 

2 < FI < 4 indicates environment marginal for reef growth and unsuitable for recovery 

FI < 2 indicates stressed conditions unsuitable for reef growth 

1.4 Aims of this study and thesis outline 

The enormous information embedded in foraminifera has made it a useful tool in the 

study of modern environments. Because of their great number of species and assemblages, it is 

easier to decipher the response of each foraminifera group to environmental stressors.  Their use 

as as assessment tool was tested both in the Pacific and Atlantic environments. Each 

environment is characterized by definite habitat requirements and any change in these 

requirements would invariably lead to changes in the assemblage group that make up that 

habitat. It is therefore imperative to study the assemblages with regards to these environments.  

This study commenced with the ecological significance of benthic foraminifera with 

regards to spatial distribution and diversity around the reefal Moorea Island, French Polynesia. 

This presents the first Island-wide study of foraminifera around Moorea, and was meant to build 

upon the works of Vénec-Peyré (1991, 1985a, 1985b) and Langer and Lipps (2006). In light of 

this, new information on foraminiferal community structure and distribution within the different 

habitats of Moorea was documented. This enabled us to assess reef health and vitality using the 

FORAM Index (FI), a single metric index indicative of reef health and conditions for carbonate 

accretion (Langer 1997; Hallock et al. 2003; Fajemila et al. 2015). This is presented in Chapter 2 

and was published in PLoS ONE, December 2015.  Chapter 3 contains the first scientific survey 

of modern coastal shallow benthic foraminifera from non-impacted sites of Gabon. This was to 

determine the structure and diversity of communities of benthic foraminifera from six non-

impacted sites in the Gabon Estuary (Port Michel Marine), the Pongara National Park (Point 

Denise) and from Petit Loango in terms of the species richness and composition. The results 

were compared with those of Namibia and South Africa and found to be different and distinct; 
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this could be due to the presence of a marine biogeographic barrier which would have prevented 

fauna migration (Langer et al. 2016a). This was published in Micropaleontology, June, 2016.  

In Chapter 4, studies on the subtidal and intertidal microbiota from the estuary of 

Akanda National Park, Gabon were presented. This is the first scientific survey of modern 

intertidal mangrove foraminifera from Gabon. The compositional structure of benthic 

foraminifera at different intertidal elevations is similar to zonations and patterns in mangroves 

and estuaries, and their potential for sea-level reconstructions were highlighted. The fauna 

assemblages were also compared to other non-mangrove shallow water habitats along the 

western coasts of Africa (Langer et al. 2016b). This was published in Neues Jahrbuch für 

Geologie und Paläontologie, Abhandlungen September, 2016. The utilization of foraminifera, 

thecamoebians and diatoms as ecosystem indicators was put to test within Ologe Lagoon in 

southwestern Nigeria. This was a baseline study to document the current status of the lagoon 

with regards to the abundance and distribution of these species. Their use as bio-indicators in 

correlation with hydrodynamic readings gives information for monitoring, management and 

exploration of lagoon and water resources with regards to ecological limits especially in a highly 

populated environment of Ologe Lagoon (Fajemila and Langer 2016). This is presented in 

Chapter 5 and was accepted for publication in Revue de Micropaléontologie, September, 2016.  

The first Atlas of shallow-water benthic foraminifera from Moorea, Society Archipelago 

is presented in Chapter 6. More than 16000 individuals were picked and identified to species 

level where possible. Images of representative species were taken by Scanning Electron 

Microscope (SEM) and are arranged into 39 plates of 364 species of benthic foraminifera. They 

form the basis of identification of benthic species from the French Polynesia in general 

(Fajemila and Langer, in prep.).  
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Chapter 2 

 

Spatial Patterns in the Distribution, Diversity and Abundance of Benthic Foraminifera 

around Moorea (Society Archipelago, French Polynesia) 

 

Fajemila, O.T., Langer, M.R.,  Lipps, J.H. 

Published in PLoS ONE 10(12) December 2015: e0145752. doi: 10.1371/journal.pone.0145752 

 

Abstract 

Coral reefs are now subject to global threats and influences from numerous anthropogenic 

sources. Foraminifera, a group of unicellular shelled organisms, are excellent indicators of water 

quality and reef health.  Thus, we studied a set of samples taken in 1992 to provide a 

foraminiferal baseline for future studies of environmental change.  Our study provides the first 

island-wide analysis of shallow benthic foraminifera from around Moorea (Society 

Archipelago).  We analyzed the composition, species richness, patterns of distribution and 

abundance of unstained foraminiferal assemblages from bays, fringing reefs, nearshore and 

back- and fore-reef environments. A total of 380 taxa of foraminifera were recorded, a number 

that almost doubles previous species counts. Spatial patterns of foraminiferal assemblages are 

characterized by numerical abundances of individual taxa, cluster groups and gradients of 

species richness, as documented by cluster, Fisher α, ternary plot and Principal Component 

Analyses (PCA).  The inner bay inlets are dominated by stress-tolerant, mostly thin-shelled taxa 

of Bolivina, Bolivinella, Nonionoides, Elongobula, and Ammonia preferring low-oxygen and/or 

nutrient-rich habitats influenced by coastal factors such as fresh-water runoff and overhanging 

mangroves. The larger symbiont-bearing foraminifera (Borelis, Amphistegina, Heterostegina, 

Peneroplis) generally live in the oligotrophic, well-lit back- and fore-reef environments. 

Amphisteginids and peneroplids were among the few taxa found in the bay environments, 

probably due to their preferences for phytal substrates and tolerance to moderate levels of 

eutrophication. The fringing reef environments along the outer bay are characterized by Borelis 

schlumbergeri, Heterostegina depressa, Textularia spp. and various miliolids which represent a 

hotspot of diversity within the complex reef-lagoon system of Moorea. The high foraminiferal 

Fisher α and species richness diversity in outer bay fringing reefs is consistent with the 

disturbance-mosaic (microhabitat heterogeneity) hypothesis. 

Calculations of the FORAM Index (FI), a single metric index to assess reef vitality, indicate that 

all fore- and most back-reef environments support active carbonate accretion and provide habitat 

suitability for carbonate producers dependent on algal symbiosis. Lowest suitability values were 
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recorded within the innermost bays, an area where natural and increasing anthropogenic 

influences continue to impact the reefs. The presence of habitat specific assemblages and 

numerical abundance values of individual taxa show that benthic foraminifera are excellent 

recorders of environmental perturbations and good indicators useful in modern and ancient 

ecological and environmental studies. 

2.1 Introduction 

The Society Islands are located east of the tropical marine diversity hotspot with 

significance as recipients and redistributors of biotas via equatorial currents. They represent a 

transitional location between the high diversity assemblages of the coral triangle and the lower 

diversity biotas of the eastern Pacific. The beautiful coral rings and variety of habitats has made 

these islands ideal settings for coral health and reef management studies. While the coral 

community structure has been extensively studied (Chazottes et al 1995, Gleason 1996, Bessat 

and Buigues 2001, Juhasz et al. 2010), the foraminifera have received localized attention and are 

limited to case studies of specific environments (Vénec-Peyré 1984, 1987, 1988; Langer and 

Lipps 2006) yet they are important members of tropical biotas, as monitoring aids for ecologic 

change, including global warming (Hallock 2000), and in understanding the history and 

development of islands. Foraminifera are prominent producers of calcium carbonate and 

contribute significantly to the calcium carbonate budget of coral reefs (Hallock 1981, Langer et 

al. 1997). Given the present shortage of quantitative data on the spatial distribution of reef 

organisms, we studied an island-wide collection made in 1992 to analyze the structure and 

distribution of foraminiferal communities, to assess their diversity and to identify the dominant 

components in relation to their habitat. Moreover, coral reefs of Polynesia have experienced 

large-scale disturbances such as temperature increases, bleaching events (Hallock 2000), 

hurricanes and cyclones (Salvat et al. 2008), human disturbance through sedimentation, 

pollution and damage on reefs (Salvat 1987; Lipps 2011), and outbreaks of Acanthaster planci 

which were followed by high rates of mortality (Juhasz et al. 2010; Endean  and Cameron 1990; 

Jokiel and Coles 1990; Cameron et al. 1991; Done et al. 1991; Gleason 1996; Harmelin-Vivien 

1994; Hoegh-Guldberg and  Salvat 1995; Adjeroud 1997; Hodgson1999; Adjeroud et al. 2002; 

Adjeroud et al. 2005; Adjeroud et al. 2007a, 2007b; Penin et al. 2007; Baker et al. 2008).  

Because of their abundance, ubiquity and rapid turnover rates, foraminifera are excellent 

indicators for studies of reef health and they preserve environmental information that is useful in 

interpreting changing ecological conditions and paleoecological studies. Our study, because of 

the distribution of collecting sites and number of species documented, provides a baseline for 
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environmental changes since 1992. In light of this we provide new information on foraminiferal 

community structure and assess reef vitality using the FORAM Index (FI), a single metric index 

indicative of reef health and conditions for carbonate accretion (Hallock et al. 2003, Stephenson 

et al. 2015).  

The study of foraminifera in the French Polynesian Islands dates back to the H.M.S. 

Challenger Expedition (1873-1876) when 10 new species were described and documented from 

around the Society archipelago (Brady 1884). Later the Albatross expedition of 1899-1900 

provided new material from the Tuamotu, the Marquesas and the Society Islands (Cushman 

1932, 1933, 1942; Todd 1965). However, these efforts were followed by longer years of 

inattention in the Polynesian corridor until in the 1970s and 80s. Le Calvez and Salvat (1980) 

and Vénec-Peyré and Salvat (1981) gave concise reports on the foraminiferal assemblages from 

the reef-lagoon system of the island of Moorea and the Scilly Atoll (French Polynesia). Salvat 

and Vénec-Peyré (1981) recognized 25 living foraminifera and concluded that the majority of 

the species are cosmopolitan and the population is affected by dwarfism. By 1985, Vénec-Peyré 

listed a total of 182 species that belonged to 39 families (Vénec-Peyré 1984, 1985a). To date, 

this published list of species represented the largest source of information to assess the diversity 

of foraminiferal communities from Polynesia. In light of recent large-scale surveys on 

foraminifera from other areas of the Indo-Pacific where up to 1000 species were recorded 

(Debenay et al. 2012; Loeblich and Tappan 1994; Langer and Lipps 2003; Parker 2009), the 

number currently known appears to be comparatively low. Vénec-Peyré (1987, 1988, 1985b) 

also noted that lagoonal biocoenoses are less diverse compared to assemblages from the outer 

slope and showed that substrate types control the composition of assemblages. Later, she 

examined living foraminifera on both sides of the barrier reef across a section along the 

northwestern part of Moorea. A total of 87 species were recorded, with 62 in the back-reef area 

(fringing reef, channel and barrier reef) and 72 on the outer slope; 47 were common to both 

zones. Mangrove foraminifera were the focus of research by Langer and Lipps (2006) with a 

total of 96 species recorded from introduced mangrove habitats, showing that the assemblages 

are distinct from other nearshore habitats.  

The present paper reports the results of the first island-wide study of foraminifera around 

Moorea. This study presents new information on the structure, patterns of distribution and 

diversity of benthic foraminiferal assemblages with respect to their role as environmental 

indicators. It also contributes to the worldwide biogeographic studies of larger benthic 

foraminifera, which would form an integral part of the diversity gradients from the epicenter and 
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hotspot of the Coral Triangle (Roberts et al. 2002, Veron 1995) towards the flanks of the eastern 

Pacific and into the Indian Ocean. 

2.2  Materials and Methods 

Study area and sampling sites 

This study was conducted around the high island of Moorea, French Polynesia (17°30S, 

149°50W), just 25 km NW of Tahiti and is part of the Society Archipelago in the South Pacific. 

The island, of volcanic origin, is 1.2 million years old and is surrounded by an encircling barrier 

reef only a few thousand years old, at least at their present sea level elevation. Water exchange 

from within the barrier and the open ocean is controlled by several larger and smaller passes in 

the barrier reef. The barrier reef encloses a shallow back-reef and lagoonal area that ranges 

between 500 and 1000m in width. On the northern side are two deep bays (Opunohu and Cook’s 

Bays) that give the island a “heart-shaped” appearance. The island has a total area of 134 km2, a 

circumference of 61 km, a height of 1207 m, and has 49 km2 of reefs, lagoons and nearshore 

habitats (Fig 1). Forty-five sample stations were selected around the island within the bays, 

lagoons, and back- and fore-reef environments for good representation of environmental 

habitats. These comprise the shallow water habitats of Opunohu Bay and Tareu Pass, Cook’s 

Bay and Teavaru Pass, Irihoriu Pass, Teonehua and Matauvau and near Motu Ahi and Point 

Faaupo (Fig 1). Samples were collected in 1992 from the sediment surface by filling plastic bags 

(20x40 cm) with substrata from the top 2cm while Scuba diving and snorkeling. The sampling 

sites cover a depths range from 0-40m. All samples were washed over 63µm mesh sieves and 

dried at 500C in an oven overnight. Foraminifera were picked from each sample and individuals 

of each species were counted. Live foraminifera were grouped with dead tests in our study 

because our aim was to provide general environmental and biogeographic data useful in 

paleoecology. Our samples are thus time-averaged and as such provide an effective means of 

defining reefal habitats (Langer and Lipps 2003).  

More than 16,000 individuals were picked, identified to species level and counted 

wherever possible. Based on their ecological roles in warm-water environments, all genera were 

categorized into three functional groups (symbiont-bearing, heterotrophic and stress-tolerant 

opportunistic taxa; (Hallock et al. 2003) and percent abundances of each group were calculated. 

Images of representative species were taken by Scanning Electron Microscope (SEM) and 

arranged into the plate using the Adobe Photoshop CS6. All samples and illustrated specimens 

will be deposited in the micropaleontological collections of the Museum of Paleontology, 

University of California, Berkeley (no. MF9218 to MF9299 and specimen nos. 16310 to 16399). 
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This work was done under permit No. 568/BCO from Haut-Commissariat de La Republique en 

Polynesie Francaise.  

 

Fig. 1: Location of the 45 sample stations around Moorea, French Polynesia (for details see Table 1) 

The reefal, bay and lagoonal habitats exhibit specific environmental features: these 

include the nature and composition of sediments, fresh water runoff and the coverage by 

mangroves, algae and corals. The shoreline habitats are distributed along the shallow lagoon. 

Within the innermost bays and at several shore sites mangroves (Rhizopora stylosa) trees 

introduced in 1937 line the coastal areas. These habitats are mostly muds and roots in mangrove 

forests, in shore sands and organic-rich mud/silt under overhanging native Hibiscus tiliaceus, in 

Paspalum vaginatum salt grass marshes, and in some sand and beach rock. 

Fringing reefs are located along the shores of the outer bays and are also present as 

patches along the surrounding coast. Their depth usually does not exceed 3 meters. The coral 

assemblage is characterized by Synarea, Psammocora, Montipora and Acropora. Algal 

vegetation within the bay is dominated by Halimeda, Padina, Microdictyon, Caulerpa, 

Turbinaria and Porolithon. The composition of sediments towards the outer bay and the coastal 
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fringing reefs varies in general from site to site by increases from muddy and silty sediments to 

sandy and coarse-grained carbonaceous sand and rubble along the coast.  

The reef barrier is up to 400 meters wide, formed by a shallow reef flat (2m) and 

bordered by a reef crest. The outer reef slope comprises furrowed platforms, buttresses and 

valleys and downward sloping platforms to very deep waters. Acropora, Montipora, and 

Pocillopora corals are among the dominant genera in the fore-reef areas. Sediments comprise 

coral rubble, and coarse detrital sand that accumulates in furrows and valley bottoms. The 

bottom then drops steeply to the ocean floor (2000m). 

Tides at Moorea are semi-diurnal with a maximum range of <0.4 m. Current velocities 

are generally low (0.5 km/h) but may reach up to 3.5 km/h in the channels intersecting the 

passes (Vénec-Peyré 1991;  Lenhardt 1991). Lagoon water temperature is around 27°C with 

variations of up to 5°C. Waters that cross the reef barrier into the lagoon flows back through the 

passes and channels into the open ocean. The average residence time for waters in this system 

has been estimated to be around 6 hours (Delesalle and Sournia 1992). Being located in the 

middle of an ocean and far from continental runoff, the waters surrounding Moorea are 

oligotrophic, except within the innermost bays where occasional runoff from the island and 

sewage disposal eutrophicates Moorea’s pristine waters.  Rarely, storms push seawater into the 

lagoon sufficient to flood the mangrove, marshes, and other near shore habitats and human 

infrastructure. These conditions do not last for more than a few days but may serve to distribute 

organisms to new locations within the lagoon. 

To determine the structure in the foraminiferal data set we performed Q-mode clustering 

techniques with the paired group algorithm using the Bray-Curtis dissimilarity. Cluster analysis 

is a large-scale analytical procedure to detect structural entities within complex data sets. This 

entails data mining and patterns discovery. For the cluster analysis, the data was imported into 

PAST software and analyzed (Hammer et al. 2001). This technique grouped together samples 

with similar faunal assemblages and revealed a typology of environmental signatures embedded 

in a hierarchical dendrogram of foraminiferal assemblages. The full set of samples was 

subjected to Q-mode cluster analyses and the resulting dendrogram referenced to collection 

points.  

For structural refinement a principal component analysis (PCA) was conducted to 

identify similarities and differences among foraminiferal assemblages. This is helpful in a 

multivariate analysis to structure and visualize larger data sets by reducing a large number of 

variables to a few linear combinations (principal components). The eigenvectors are mutually 

perpendicular axes defining the coordinate system of the space and the eigenvalues give a 
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measure of the ‘importance’ of each new axis to the data (Parker and Arnold 1999). For PCA 

the most abundant genera were selected for this analysis (see Table 2). They include: Ammonia, 

Amphistegina, Bolivina, Elphidium, Hauerina, Homotrema, Miliolinella, Peneroplis, 

Quinqueloculina, Schlumbergerina, Sorites, Textularia and Triloculina.  The data sets were 

entered into PAST software and analyzed.  To measure diversity, species richness was 

determined for each sample and illustrated by the Fisher α diversity index (Table 1; Fisher et al. 

1943, Murray 1973). For this, the total number of individuals was plotted against the total 

number of species using the PAST software. This allows a comparison of foraminiferal 

assemblage diversity (species richness) with regards to the sampled habitats. Ternary diagrams 

were employed to accentuate assemblage differences among reefal habitats, by plotting percent 

abundances of wall structural types present in each sample (Murray 1973, 1991) 

For supraspecific identification we follow Loeblich and Tappan 1987 and modifications 

proposed by Hottinger et al. 1993. For species identifications, we have applied the concepts of 

the nearest complete faunal studies from the Sahul Shelf (Loeblich and Tappan 1994), off 

Malaysia west of New Guinea (Millett 1904), the Great Barrier Reef (Baccaert 1987), Madang   

Lagoon and Chuuk Atoll (Langer and Lipps 2003; Makled and Langer 2011), New Caledonia 

(Debenay 2012; Hayward et al. 1999) and Ningaloo Reef (Parker 2009). 

To assess the general state of reefal conditions, the FORAM-Index (FI) was calculated at 

each sample station (Baker et al. 2008; Hallock et al. 2003; Hallock 2012). The FI is a single 

metric index to determine the impact of environmental stressors on coral reef environments and 

to assess whether the quality of water is sufficient to support mixotrophy (algal symbiosis). This 

measure is based on foraminiferal shells present in the sediment and is independent of coral 

populations. By virtue of foraminiferal abundance, the index allows a rapid and cost-effective 

assessment of environmental conditions. Calculations of FI depends on the relative abundances 

of symbiont-bearing, opportunistic and heterotrophictaxa and is particularly meaningful in 

populations that “integrate anthropogenic and natural stressors on the organisms over time” 

(Engle 2000). The FORAM Index is calculated using the following  

equation: FI = (10 x Ps) + Po + (2 x Ph).  

Where FI = FORAM Index, Ps = Number of Larger Symbiont-bearing species/T, Po = 

Proportion of the opportunistic taxa/T, Ph = Proportion of Symbiont-bearing species/T, Po = 

Proportion of the opportunistic taxa/T, Ph = Proportion of smaller heterotrophic taxa/T, and T = 

the total number of foraminifera counted (for details see Hallock et al. 2003). 
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Table 1. Sample sites showing location, depth, calculated Fisher α indices, FORAM–Index (FI) values, and total 

number of genera and species recorded in individual environments. 

 

 

 

Sample 

No 

Location Depth 

(m) 

Fischer 

α index 

Foram 

Index 

No of 

Genera 

No of 

Species 

No of 

Specimen Latitude Longitude 

Lagoon 

M1 17O 28’ 53.96” S 149O 48’ 55.67” W 8 – 10 14.97 3.4 18 53 503 

M3 17O 28’ 36.49” S 149O 47’ 59.91” W 1.5 16.03 2.9 16 51 377 

M4 17O 28’ 31.02” S 149O 48’ 00.02” W 1 3.385 3.2 12 14 280 

M51 17O 29’ 01.85” S 149O 49’ 16.53” W 20 2.512 1.7 13 13 449 

Back-reef  

M16 17O 28’ 57.96” S 149O 49’ 54.73” W 3 14.04 3.6 14 47 396 

M35 17O 28’ 58.07” S 149O 49’ 26.67” W 2.5 30.85 2.5 47 75 325 

M53 17O 33’ 24.12” S 149O 53’ 11.43” W 1-1.4 16.74 3.0 34 50 321 

M54 17O 33’ 47.14” S 149O 52’ 41.24” W 1.4 16.73 3.0 35 51 338 

M58 17O 35’ 15.52” S 149O 51’ 42.40” W 1.4 8.227 3.8 24 31 369 

Fore-reef  

M9b 17O 30’ 10.14” S 149O 45’ 40.19” W 20 1.59 6.4 7 8 242 

M61 17O 35’ 10.39” S 149O 52’ 01.11” W 20-25 4.2 7.7 13 19 383 

M62 17O 35’ 04.42” S 149O 52’ 11.39” W 20-25 12.84 4.9 29 43 353 

M71 17O 32’ 25.53” S 149O 45’ 50.31” W 20 5.133 6.6 17 22 368 

M72 17O 32’ 33.89” S 149O 45’ 59.66” W 20 10.26 6.9 30 38 410 

M93 17O 28’ 49.43” S 149O 51’ 08.23” W 12 10.87 5.7 30 40 422 

M95 17O 29’ 03.78” S 149O 51’ 26.33” W 22 8.99 6.5 26 36 492 

M96 17O 29’ 05.72” S 149O 51’ 28.35” W 20 16.44 5.4 32 52 310 

Mangrove  

M7 17O 33’ 21.26” S 149O 52’ 39.47” W 0-0.5 6.914 2.1 9 30 526 

M8 17O 33’ 02.70” S 149O 51’ 08.71” W 0-0.5 3.856 1.8 11 17 318 

Inner Bay  

M13 17O 30’ 21.29” S 149O 49’ 19.95” W 1.5 15.39 1.6 35 48 329 

M15 17O 30’ 04.87” S 149O 49’ 04.03” W 3 13.32 1.7 34 48 520 

M40 17O 29’ 59.57” S 149O 49’ 15.90” W 10 5.298 1.3 16 40 503 

M41 17O 29’ 57.90” S 149O 49’ 08.45” W 10 – 15 6.476 1.3 17 25 304 

M43 17O 30’ 15.68” S 149O 49’ 23.40” W 6 6.682 1.4 18 25 275 

M47 17O 29’ 26.54” S 149O 49’ 17.87” W 15 – 20 14.07 1.7 34 46 370 

M50 17O 29’ 10.35” S 149O 49’ 26.16” W 20 – 25 17.5 1.8 34 51 320 

M56 17O 34’ 19.16” S 149O 52’ 01.39” W 3.6 14.79 2.0 27 47 350 

M75 17O 30’ 01.20” S 149O 51’ 04.32” W 1.4 5.412 1.5 22 22 315 

M77 17O 30’ 42.00” S 149O 51’ 20.43” W 20 19.53 1.9 38 57 341 

M78 17O 30’ 33.77” S 149O 51’ 17.32” W 24.5 15.62 1.6 24 47 300 

M79 17O 30’ 34.84” S 149O 51’ 07.45” W 20 10.78 1.7 25 37 321 

M83 17O 30’ 22.85” S 149O 51’ 27.00” W 14 21.71 2.6 41 59 311 

Fringing-reef  

M10 17O 29’ 43.24” S 149O 49’ 28.84” W 0.5 17.55 1.9 36 52 327 

M11 17O 29’ 55.20” S 149O 49’ 24.34” W 2 - 2.5 3.235 2.4 35 53 353 

M31 17O 30’ 15.69” S 149O 51’ 12.83” W 1.4 31.19 2.9 41 77 358 

M32 17O 30’ 15.69” S 149O 51’ 12.83” W 1.4 17.51 2.6 41 56 443 

M45 17O 29’ 29.40” S 149O 49’ 31.02” W 0.5-2.5 22.48 2.4 51 62 273 

M48 17O 29’ 27.46” S 149O 49’ 08.07” W 0.5-2.5 30.52 2.1 46 71 292 

M49 17O 29’ 11.57” S 149O 49’ 39.62” W 8 – 10 25.9 2.4 49 69 364 

M52 17O 29’ 09.77” S 149O 49’ 06.10” W 10-15 23.94 2.7 37 57 238 

M57 17O 34’ 01.56” S 149O 52’ 49.55” W 1.3 15.5 2.3 32 46 295 

M69 17O 32’ 47.19” S 149O 46’ 42.45” W 2.5 19.52 2.5 31 54 302 

M86 17O 29’ 51.61” S 149O 51’ 16.16” W 0.5-2.5 26.79 3.5 46 72 373 

M87 17O 29’ 52.23” S 149O 51’ 28.67” W 38 27.5 2.3 48 70 340 

M88 17O 29’ 55.90” S 149O 51’ 43.21” W 0.5-2.5 23.1 4.2 50 70 466 
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Table 2: Generic categorization of functional groups of foraminifera based on ecological preferences in warm water 

environments (Hallock et al. 2003; Yanko et al. 1999; Bernhard and Gupta 1999). 

 

 

2.3  Results 

2.3.1  Structure of foraminiferal assemblages 

A total of more than 16,000 benthic foraminifera belonging to 380 species including 

agglutinated, perforate-hyaline and imperforate-porcellaneous types were recovered from the 45 

samples from around Moorea island. The number of species increases to 422 when additional 

species listed in Vénec-Peyré (1985a) and Langer and Lipps (2006) are included (see Appendix 

I). The foraminiferal assemblages represent 127 genera. Agglutinated foraminifera account for 

16 genera, while porcelaneous and hyaline perforate have 45 and 66 respectively. Ten symbiont-

bearing foraminiferal genera include Amphistegina, Amphisorus, Assilina (Operculina), Borelis, 

Coscinospira, Heterostegina, Monalysidium, Parasorites, Peneroplis and Sorites (Table 2 and 

Fig 2). All species were categorized into symbiont-bearing, heterotrophic and opportunistic taxa 

(Table 2). Symbiont-bearing species represent 18% of all individuals counted, heterotrophic taxa 

make up 66% and opportunistic species account for 16% of all specimens.  

 Symbiont-bearing individuals are particularly abundant at some reefal sites (M9b, M61-

62, M71-72, M93, M95-96) where they represent up to 72% of the total foraminifera. The 

number of individuals in this group gradually increases from back-reef settings to fore-reef 

habitats. They constitute between 0-20% of the samples in Cook’s Bay, 0-28% in Opunohu Bay, 

Symbiont-bearing Opportunistic 

Genera 

Heterotrophic 

Genera 

Amphistegina, 

Amphisorus, 

Assilina(Operculina),   

Borelis, 

Coscinospira, 

Heterostegina, 

Monalysidium  

Parasorites, 

Peneroplis, 

Sorites.  

Ammonia,  

Bolivina, 

Bolivinella,  

Bulimina, 

Buliminella, 

Elongobula, 

Elphidium,  

Fursenkoina, 

Hopkinsina, 

Loxostomina, 

Nonionoides 

Reusella, 

Sigmavirgulina, 

Trifarina 

Abditodentrix, Acervulina, Acupeina, Adelosina, Agglutinella, Ammobaculites, Ammoscalaria, 

Anomalinella, Articulina, Baggina, Bronnimannia, , Cancris, Caronia, Cerebrina, Cibicides, 

Cibrobaggina, Clavulina, Conicospirrilinoides, Cornuspira, Cyclammina, Cycloforina, 

Cymbaloporetta, Discorbinella, Dyocibicides, Endostomina, Eponides, Euthymonacha , 

Falsagglutinella, Fijiela, Fisherinella, Fissurina, , Haddonia, Haynesina,  Hauerina, 

Homotrema, Inaequalina, Lagena, Lobatula, Massilina, Mesosigmoilina, Miliola, Miliolinella, 

Milletiana, Mimosina, Murrayinella, Neoconorbina,  Nubeculina, Nodophtalidium, Oolina, 

Palliotella, Paratrochammina, Pitela, Planispirillina, Planispirinella, Planogypsina, 

Porosononion, Procerolagena,  Pseudogaudryina, Pseudohauerina, Pseudohauerinella, 

Pseudomassilina, Pseudononion, Pseudoschlumbergerina, Pseudotriloculina, Pyrgo, 

Quinqueloculina, Reophax, Rhabdammina, Rosalina, Rotorbis, Sagrinella, Sagrinopsis, Sahulia, 

Schlumbergerina, Septotextularia, , Sigmoihauerina, Sigmoilinita, Sigmoilopsis, Siphonaperta, 

Siphogenerina, Siphonina, Siphotrochammina, Sphaerogypsina, Spirillina, Spiroloculina, 

Spirophthalmidium, Spirosigmoilina, Stictogongylus, Textularia, Tremptophalus, Triloculina, 

Trimorsina, Trochammina, Valvulineria, Verneuilina, Vertebralina, Wiesrenella. 
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7-69% at Motu Ahi and 1-72% at Teonehua. Amphistegina lessonii is the most abundant species 

in this group. It is recorded with particularly high numbers within the reefal settings.  

Opportunistic taxa (Ammonia, Bolivina, Bolivinella, Elphidium, Elongobula, 

Hopkinsina, Loxostomina and Nonionoides) are quite abundant in the bay inlets of Opunohu and 

Cook’s Bay.  Other typical opportunistic species include Bulimina, Buliminella, Fursenkoina, 

Reusella, Sigmavirgulina and Trifarina occur rarely. Percent abundances of all opportunistic 

taxa range between 1-67% in Cook’s and Opunohu Bays, 7-69% at Motu Ahi and 0-32% at 

Teonehua. In general, they are more abundant in the lagoon and bays (Fig. 3a). Their frequency 

decreases towards the back and fore-reef sites where symbiont-bearing taxa often dominate the 

assemblages. 

Heterotrophic species of foraminifera occur in all samples and form the bulk of the 

overall number of species recorded. They range between 25 and 90% of foraminifera in all the 

samples. Highest abundances were recorded at various lagoon, bay and fringing reef sites (M3, 

M4, M7, M13, M16, M35, M51, M79, M83, M86) where they represent between 47and 90 

percent of all individuals counted (Fig 3b). 

 

 

 

 

 

 

Fig 2. Scanning electron micrographs of selected species of indicator foraminifera characterizing the major 

cluster habitats around Moorea Island. Species that bear symbionts: 1. Coscinospira hemprichii Ehrenberg; 2. 

Peneroplis pertusus Forskål; 3. Borelis schlumbergeri Reichel; 4, 5. Amphisorus hemprichii Ehrenberg (Scale bar is 

200µm); 6, 7. Sorites orbiculus Ehrenberg; 8, 9. Parasorites orbitolitoides Hofker; 10. Monalysidium confusa 

McCulloch; 11. Assilina (Operculina) ammonoides Schröter; 12. Amphistegina lessonii d’Orbigny; 13.  

Heterostegina depressa, d’Orbigny; Species associated with the symbiont-bearing taxa: 14. Schlumbergerina 

alveoliniformis Brady; 15. Anomalinella rostrata Brady; 16. Eponides repandus Fitchel and Moll; Opportunistic 

species: 17. Ammonia tepida Cushman; 18. Bolivina striatula Cushman 19. Bolivinella elegans Parr; 20. Bulimina 

sp. 1 (Scale bar is 50µm); 21. Buliminella elegantissima d’Orbigny; 22. Elongobula spicata Cushman and Parker; 

23. Elphidium oceanicum Cushman; 24. Fursenkoina schreibersiana Czjzek; 25. Hopkinsina pacifica, Cushman; 

26. Loxostomina limbata, Brady; 27. Nonionoides grateloupi d’Orbigny; 28. Reusella pacifica Cushman and 

McCulloch; 29. Sigmavirgulina tortuosa Brady; 30. Trifarina bradyi Cushman; Heterotrophic species: 31. 

Sagrinella convallaria, Millett; 32. Wiesnerella auriculata Egger; 33. Quinqueloculina cf. Q. semireticulosa 

Cushman; 34. Quinqueloculina funafutiensis, Chapman; 35. Quinqueloculina exsculpta Heron-Allen and Earland; 

36. Quinqueloculina eburnea d’Orbigny; 37. Quinqueloculina cuvieriana d’Orbigny. Scale bar is 100µm for all 

magnifications.   

http://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.marinespecies.org%2Faphia.php%3Fp%3Dtaxdetails%26id%3D531962&ei=Y0eeVabJCaTYyAPW5Zm4Cg&usg=AFQjCNF1R1xHiJbOGmlq-e18BQGgpdiV2Q&sig2=obdv1P0oSbeU8AlbCGsZQg&bvm=bv.96952980,d.bGQ
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Fig 3. Abundance records of larger symbiont-bearing (LBF), Opportunistic (OPP) and Heterotrophic (HET) 

foraminifera within a) Opunohu and b) Cook’s Bay. 

 

2.3.2  Fisher α diversity indices 

Assemblage indices revealed more genera in the fringing-reef than in the fore-reef, bay 

and lagoonal environments (Table 1). In general, the Fisher α diversity indices increase from the 

bays towards the lagoonal sites, towards fringing reefs, and the back- and fore-reef sites. This 

trend is particularly evident in Opunohu and Cook’s Bay, where species richness and Fisher α 

diversity rises along transects from bay inlets towards fore-reefs (Fig 4).  Individual 

assemblages, however, display a substantial species richness range. Within the bay inlets, 

especially in the Opunohu Bay, the Fisher α index range from 5 (innermost bay sample sites) to 

27 at the outer most oceanward sample station. A similar trend was recorded at Cook’s Bay, 

where Fisher α diversity increases from 6 to 30 towards the open ocean.  

 

Fig 4. Increase in Fisher α diversity indices from the bays to the back-reef habitats. 

 

2.3.3  Cluster Analysis 

  Cluster analysis comparing the composition and abundance data of foraminifera in all 

sample stations revealed the presence of six clusters separated in two major groups (cluster A-F, 

Fig 5). Sample sites belonging to individual clusters were marked with symbols and are plotted 

in Fig 6. The figure shows that individual clusters characterize specific habitats and 
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environmental conditions. These include bays, fringing reefs, lagoon, coastal mangrove areas, 

and back- and fore-reefs.  

Cluster A (Lagoon) 

Cluster A (Lagoon) comprises samples from the northwestern part of the island along the 

Irihoriu Pass and environments of the lagoon floor with coral rubble, fine calcareous sand and 

limited algal cover. It is characterized by smaller miliolids, some larger symbiont-bearing 

foraminifera and Homotrema rubra, a permanently attached taxon. This cluster includes at least 

100 species of foraminifera among which Homotrema rubra, Amphistegina lessonii, Bolivina 

striatula and Peneroplis pertusus are the most abundant species. Other species like Hauerina 

pacifica and Sorites orbiculus occur in minimal proportions 

 

 

Fig 5. Q-mode cluster diagram of sample sites exhibiting the presence of 6 major cluster groups.   
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Fig 6. Map showing locations of the clusters stations. The symbols represent the clusters defined in Fig  5. 

 

Cluster B (Back-reef) 

Cluster B is associated with back-reef slopes and contain sample sites from the Teavaru Pass at 

Cook’s Bay, and from Teonehua and Matauvau in the southwest. The cluster contains a diverse 

assemblage of 135 species of foraminifera including thick-shelled miliolids and various 

symbiont-bearing taxa (Ampistegina spp., Sorites orbiculus, Peneroplis spp.).  The back-reef 

assemblages are characterized by frequent occurrences of Homotrema rubra, Amphistegina 

lessonii, Millettiana millettii, Peneroplis pertusus, Miliolinella oceanica, Quinqueloculina 

seminula and Q. poeyana. Species of Elphidium, Bolivina and Ammonia occur in minimal 

quantities. 

Cluster C (Fore-reef) 

Cluster C includes all sites from fore-reef to 30m depth and reef-top habitats. A total of eight 

samples belong to this cluster: three from fore-reef sites near the Tareu Pass, three from reef-top 

stations near Motu Ahi and two from Teonehua. This cluster consists of 175 species of benthic 

foraminifera (including back-reef taxa). They are characterized by higher abundances of 

Amphistegina lessonii and other symbiont-bearing foraminifera (Heterostegina depressa, Sorites 
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orbiculus, Peneroplis spp.). Amphistegina lessonii accounted for 43%, Eponides repandus for 

5%, Sorites orbiculus for 4%, Anomalinella rostrata for 3% and Heterostegina depressa for 2% 

of all specimens recovered from these sites. Specimens of Homotrema rubra are also prominent 

within this cluster. Other smaller foraminifera accounted for 19%. 

Cluster D (Mangroves) 

Cluster D is associated with coastal mangrove sites from around Teonehua. The foraminiferal 

assemblages of this cluster are characterized by higher abundances of Quinqueloculina and 

several stress-tolerant taxa. Quinqueloculinids constitute more than 60% at these sites followed 

by Ammonia tepida (17%), Elphidium advenum (5%), Elphidium clavatum and Bolivina 

striatula (2% respectively). Peneroplis pertusus is the only symbiont-bearing taxon present at 

these sites. The cluster houses a diverse assemblage of 41 species of benthic foraminifera.  All 

of these foraminifera have come to live together in the mangroves since the plants were 

introduced to Moorea in 1937.  The foraminifera were not introduced with the mangroves as all 

of them live in other assemblages elsewhere on Moorea. In that sense, Cluster D is not a natural 

assemblage with a long history at Moorea. 

Cluster E (Inner Bay) 

Cluster E is associated with the shallow inner inlets of Opunohu and Cook’s Bays. 

Opportunistic taxa constitute the majority of individuals recorded in this cluster (Table 1 and 2). 

Ammonia tepida (12%), Bolivina striatula (13%), Quinqueloculina cf. Q. semireticulosa (9%), 

Elphidium advenum (6%) and Nonionoides grateloupi (3%) are among the most prominent in 

this habitat. Quinqueloculina is represented by 48 species and they constitute 25% of all 

specimens. Species of Bolivina make up 16%, while species of Ammonia and Elphidium are 

present with 12% and 11% respectively.  

Cluster F (Fringing reefs) 

Most of the samples in this cluster come from coastal fringing reef sites present in Opunohu and 

Cook’s Bays and fringing reef sites near Teonehua. The assemblages within this cluster are 

characterized by the presence of larger foraminifera including Borelis schlumbergeri, 

Amphistegina lessonii, Peneroplis pertusus and Heterostegina depressa. Smaller miliolids are 

particularly abundant with Quinqueloculina accounting for 19% of the total assemblage. The 

agglutinated species Textularia foliacea foliacea and T. foliacea oceanica \accounted for 3% 

and 2% respectively.  Hauerina pacifica is the most abundant species within this cluster with 

13% and is present at all sample sites. The cluster includes a total of 250 species of benthic 

foraminifera. 
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2.3.4  Principal Component Analysis (PCA) 

The principal component analyses, based on percent abundance data of the 13 most 

frequent genera (which make up ~75% of the total population of foraminifera counted; Table 3), 

revealed a separation of two major habitats along the axis (Fig 7A). The first habitat group 

includes assemblages from fore-reef, back-reef and lagoon sites and the second is associated 

with taxa from the inner bays, mangroves and fringing reefs. The taxa are shown as vectors and 

their lengths represent the importance of individual genera as calculated by their eigenvalue. 

While the reefal sites are characterized by amphisteginids, Homotrema and Sorites, the 

nearshore mangrove, bay and fringing reef sites are dominated by the abundance of smaller 

miliolids and stress tolerant taxa like Ammonia, Elphidium and Bolivina. The Amphistegina 

vector is strongly related to the reefal sites and Clusters A, B and C where they represent the 

most abundant symbiont-bearing larger foraminifera. Quinqueloculina was the most abundant 

genus in nearshore mangrove settings and at some inner bay inlet sites. Samples from the inner 

Cook’s Bay and the mangrove sites at Teonehua contain abundant Quinqueloculina up to 51%. 

At Opunohu Bay, quinqueloculinids reach values of 35%. A similar pattern emerged when 

factor 1 and 3 were considered (Fig 7B) showing that assemblages differ along two major axis.   

2.3.5  Ternary diagrams 

As an independent line of evidence, percent abundances of wall structural types were 

calculated for each site and plotted in a standard ternary diagram (Fig 8). The resulting graph 

shows that percent abundances of wall structural types fall into two site-specific groups with 

back- and fore-reef and lagoon sites dominated by hyaline perforate taxa which contain few 

agglutinated species. These environments are equivalent to the sample sites present in Clusters 

A, B and C. The diagram further shows that samples from the inner bay, the fringing reefs and 

mangrove areas are generally characterized by a higher percentage of porcellaneous miliolids 

and a larger numbers of agglutinated specimens. Within the environmental fields of standard 

ternary diagrams provided by Murray (1991), the mangrove sites fall within the hyposaline 

lagoon while the fringing reefs and the bay inlets mostly plot at the upper end of a normal 

marine lagoon. The agglutinated taxa have their highest numbers within the inner bays and the 

fringing reef areas of Opunohu and Cook’s Bays and represent the sites that are associated with 

Clusters E and F. Generally the clusters range between a normal marine and a hyposaline lagoon 

with a few samples outside the normal range. This is typical of warm tropical reefal and 

lagoonal settings (Murray 1991). 
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Table 3: Abundance records of selected genera of benthic foraminifera included in the Principal Component 

Analyses (PCA). 
 

 

 

 

           

 
  

M1 5 47 1 1 16 302 2 21 23 7 13 4 3 

M3 5 32 4 10 7 211 9 5 26 4 5 1 0 

M4 5 23 0 0 1 228 1 0 2 0 5 0 0 

M7 67 3 13 48 19 0 0 18 332 0 1 0 4 

M8 88 0 2 16 3 0 1 4 200 0 0 0 0 

M9b 0 137 0 0 0 78 0 0 0 0 7 0 0 

M10 2 0 13 52 53 0 5 11 78 0 2 0 0 

M11 9 2 11 30 74 0 15 7 62 0 2 5 0 

M13 59 2 33 40 13 0 5 0 60 0 2 2 14 

M15 98 0 42 59 7 0 5 3 143 1 0 3 8 

M16 9 55 4 13 3 62 13 7 70 16 7 2 4 

M31 4 2 10 27 55 3 52 24 36 2 7 4 10 

M32 6 2 0 2 118 0 28 25 66 5 11 6 36 

M35 1 3 6 4 10 112 17 17 22 4 10 0 11 

M40 125 0 109 126 0 0 0 0 84 0 0 18 0 

M41 27 0 77 44 0 0 0 0 78 0 0 6 3 

M43 5 0 48 124 0 0 0 0 58 0 0 4 0 

M45 10 3 10 32 17 0 11 7 49 5 7 67 11 

M47 28 0 133 9 0 0 2 0 49 0 0 20 1 

M48 1 1 12 3 33 0 2 5 61 2 2 17 10 

M49 2 3 9 6 47 0 4 7 96 12 8 24 19 

M50 9 0 79 10 3 0 6 0 100 0 0 24 6 

M51 5 0 49 0 0 295 0 0 8 0 0 0 0 

M52 3 5 0 9 42 0 5 3 41 29 6 28 7 

M53 0 8 0 1 7 90 30 10 40 48 18 0 1 

M54 2 21 2 0 15 115 19 7 50 0 13 1 1 

M56 2 0 22 22 2 0 19 5 180 0 0 4 15 

M57 1 1 1 0 51 3 14 7 96 8 6 0 5 

M58 0 43 1 6 1 76 12 4 75 3 35 0 0 

M61 2 247 0 0 0 84 0 4 7 0 18 0 0 

M62 0 134 2 1 6 51 1 6 30 2 27 0 1 

M69 6 0 0 5 27 18 29 5 45 24 6 42 35 

M71 2 173 0 0 0 105 1 0 6 24 23 0 0 

M72 0 132 0 0 13 72 7 12 34 7 41 1 4 

M75 178 0 9 24 0 0 2 0 18 0 0 0 15 

M77 9 3 10 27 7 0 31 2 128 0 2 6 11 

M78 12 0 79 14 0 0 0 0 69 0 0 16 20 

M79 2 0 70 27 0 0 0 0 78 0 0 28 16 

M83 6 22 20 4 16 0 2 2 111 1 0 2 16 

M86 3 51 1 0 30 17 4 9 57 22 15 27 29 

M87 1 6 18 8 10 9 14 6 113 3 5 40 4 

M88 1 60 5 13 61 1 4 13 54 38 22 25 1 

M93 0 127 0 0 3 130 6 3 22 7 7 0 5 

M95 0 251 0 0 1 76 8 4 20 18 1 4 0 

M96 0 101 0 1 4 64 6 5 20 10 4 1 3 

Total 800 1700 905 818 775 2202 392 268 2997 302 338 432 329 
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Fig. 7: Principal Component Analysis (PCA) of the foraminiferafauna showing a) principal components 1 and 2, 

and b) principal components 1 and 3. The symbols represent the clusters as defined in Fig 5. 
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Fig. 8: Ternary diagram showing percent abundances of wall structural types (porcellaneous, hyaline-perforate and 

agglutinated foraminifera) of individual sample sites around Moorea (Murray 1991). The symbols represent the 

clusters groups as defined in Fig 5. 

2.3.6  FORAM-Index (FI) 

In our samples the average FI in sediments was 3.1 ± 1.3. In Cook’s Bay, the average FI 

value is comparatively low (2.1), at least in the innermost bays, and it is dominated by stress-

tolerant opportunistic taxa such as Ammonia, Bolivina, Elphidium, and Nonionoides. Some 

symbiont-bearing taxa were present including Amphistegina lessonii, Peneroplis pertusus and 

Sorites orbiculus. At a few sites in Cook’s Bay the larger benthic foraminifera constitute up to 9 

percent of the samples (M11, M35, M49, M52). FI values lower than 2, indicating an 

environment not suitable for reef accretion (Hallock et al. 2003) were common in the innermost 

parts of both Cook’s and Opunohu Bays and at nearshore sites around Teonehua. In Opunohu 

and Cook’s Bays FI values gradually increase from the innermost parts to the fringing reefs and 

to the fore-reefs (Fig 9). Calculation of the FI values around the reef-top and the fore-and back-

reef areas revealed much higher values ranging from 5.4 to 6.5 at Tareu, from 6.6 to 6.9 at Motu 

Ahi, and up to 7.7 at Teonehua.  
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Fig. 9: FI values plotted along transects in Opunohu and Cook’s Bays showing indices rising from the innermost 

bays towards the reefal sites. 

2.4  Discussion 

2.4.1  Foraminifera Diversity 

Coral reefs and lagoons of the western Pacific Ocean contain extremely diverse 

assemblages of benthic foraminifera (Langer and Lipps 2006, Langer and Lipps 2003, Makled 

and Langer 2011, Debenay et al. 2015). The reefal environments of Moorea also harbor 

particularly diverse assemblages of benthic foraminifera that rival those found elsewhere in the 

Indo-Pacific except for the absence of certain large symbiont-bearing taxa.  At least 422 species 

belonging to agglutinated, perforate-hyaline and imperforate-porcellaneous groups, including 

some larger symbiont-bearing taxa, occur on the island. This species richness more than doubles 

the number of taxa previously documented from Moorea. The number includes 380 species 

found in our study and an additional 42 from Langer and Lipps (2006). In a study that formed an 

integral part of this research project, Vénec-Peyré (1985a) identified within the French 

Polynesian Islands 182 species belonging to 39 families of foraminifera.   

The total number of benthic foraminifera around Moorea is significantly higher than the 

number of corals reported from French Polynesia at large (Adjeroud 1997, Richard 1985, Caley 

and Schluter 1997), and this is likely due to the large number of habitats sampled during this 

campaign. The shallow nearshore habitats around mangrove trees contain almost 100 species 

(Langer and Lipps 2006), indicating that the waters of the Society archipelago harbor a wealth 

of species that remain to be discovered.  Among the total of 380 species are 130 hyaline 

perforate, 217 porcellaneous imperforate and 33 agglutinated taxa.  While 217 species of 

porcellaneous miliolids occur at Moorea, only 101 species are present in the Papuan lagoon 

system (Haig 1988). The greater abundance of miliolids at Moorea is far higher than expected 

considering the location of the lagoon at Papua New Guinea in the heart of the hotspot of 

diversity in the coral triangle (Langer and Lipps 2003, Haig 1988).  No calcarinids, which are 
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common constituents of the highly diverse coral triangle environments (see also Vénec-Peyré 

1991, 1985a; Marie 1970, Langer and Hottinger 2000, Fujita and Omori 2015, Lobegeier 2002), 

are present at Moorea.  

The diversity of foraminiferal biotas is reflected in high Fisher α diversity indices. These 

values are highest around reefal sites, in particular within the fringing reefs, where bay and 

reefal biotas occur together. The Fisher α index generally increases in the number of species 

from the inner bay towards the open ocean (Fig 4), thus confirming a trend that was previously 

recognized along transects in the lagoon at Madang, Papua New Guinea (Langer and Lipps 

2003, 2006). Species richness along transects at Moorea also increases from the shore towards 

the reef barrier, but individual sites vary considerably (Vénec-Peyré 1991). Similar patterns of 

distribution around Moorea were also observed for macrophytes (Payri 1987), fish (Galzin 

1987) and molluscs Richard 1982). The highest number of species-77, are in front of the 

fringing reefs at the outer margins of the two major bays.  There, foraminifera from organic-rich 

inner bay sites, mangroves, Paspallum and Hibiscus habitats in addition to fringing reefs and 

channel habitats amalgamate. Therefore, we attribute this to the imbrications of habitats and 

amalgamation of biotas that occurs along this part of the bays. At Moorea, the richest 

environments occur in those areas that offer a greater variety of biotopes (Vénec-Peyré 1991). 

Foraminiferal assemblage composition differed significantly among habitats. At the 

reefal sites (Clusters A, B and C), Amphistegina lessonii is the dominant taxon with abundances 

of up to 64%. They are particularly prominent at the fore-reef sites of Terau Pass at the entrance 

of Opunohu Bay, a site that is typical of other fore-reef habitats on the island (Vénec-Peyré 

1991). Because of their abundance, ubiquity, significant carbonate production and ability to 

modify the composition of carbonate sediments, amphisteginid foraminifera are considered 

environmental engineers (Langer 2008b). Amphisteginids domination in reefal environments 

(Vénec-Peyré 1991, Fujita and Omori 2015, Sournia 1976, Bicchi and Debenay 2002) may be 

due to their ability to tolerate higher wave energy. Other species frequently found in reefal 

habitats were Homotrema rubra, Anomalinella rostrata, Eponides repandus, Heterostegina 

depressa, with few Schlumbergerina alveoliniformis, Sorites orbiculus and Peneroplis pertusus. 

Schlumbergerina alveoliniformis was more abundant in back-reef habitats, and thus exhibit 

environmental preferences that were also reported at Tahiti (Fujita and Omori 2015). 

Apparently, some of these taxa flourish particularly well in reefal sites (Debenay 2012, Langer 

and Lipps 2003, Hayward et al. 1999, Haig, 1988).  As such, the foraminiferal assemblages from 

reefs at Moorea share similar distributions to those of other western Pacific tropical islands. As 
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very good indicators of reefal habitats, they preserve ecologic information useful in comparative 

analyses over decadal periods and long-term paleoecological studies. 

Quinqueloculina, with over 90 species, strongly affect the configuration of sites within 

the cluster groups (Fig 6) forming the bulk of the lagoonal and nearshore assemblages (M7-8, 

M15, M49, M50, M56, M83, M87). Clusters E and F show numerically abundant and similar 

proportions of Quinqueloculina indicative of back-reef lagoonal habitats (Murray 1991). 

Quinqueloculina seminula and Q. cf. Q. semireticulosa are the most abundant miliolids, and 

they occur in almost all samples, especially within Opunohu and Cook’s Bays. The miliolids in 

total accounted for 45% of all the foraminifera in the lagoon. This pattern is similar to other 

Pacific islands and other Indo-Pacific reef-lagoonal settings (Makled and Langer 2011, Parker 

and Gischler 2011). 

Agglutinated taxa accounted for 4% of all the foraminifera counted. Textularia foliacea 

foliacea and T. foliacea oceanica are most abundant in the fringing-reef and bay habitats and 

both accounted for 1.2% of the total foraminifera assemblage. Symbiont-bearing taxa generally 

decrease in the abundance from the reef sites towards the lagoon and the inner bay habitats.  

Stress tolerant species of Bolivina, Ammonia, Elphidium and Nonionoides occur in greater 

numbers within inner portions of the mangrove-surrounded bay inlets that are covered by dark 

fine-grained and low-oxygen sediments (up to 69%). These species are typical of hypo- to 

normal salinity lagoons (Hallock et al. 2003, Lipps and Langer 1999, Debenay 2000, Scott et al. 

2001). Dark, organic-rich sediments dominate the inner bays creating ideal conditions for such 

assemblages, probably because of increased numbers of bacteria. Anthropogenic activities 

including sewage disposal, fish farming, and uncontrolled tourism contribute to an expansion of 

these areas. To what degree individual factors control specific abundances and the composition 

of the inner bay assemblages remains to be determined. The specificity of inner bay 

foraminiferal associations is, however, important for monitoring ecologic changes and 

reconstruction of paleoenvironments.  

At both Moorea and Madang (PNG), larger symbiont-bearing foraminifera and 

agglutinated species are either extremely rare or absent in the innermost harbor and bays where 

species of Ammonia and Elphidium constitute almost the entire foraminiferal fauna (Langer and 

Lipps 2003). However, in Cook’s and Opunohu Bays, Bolivina and Nonionoides are abundant; 

these two taxa tolerate low-oxygen conditions in sediments rich in organic material (Hallock et 

al. 2003, Bernhard 1986, Haig 1993).  

The cluster diagram (Fig 5) revealed a distribution that centers on environmental factors 

characterizing individual habitats and substrate types. Sites with similar conditions are grouped 
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together and tend to harbor assemblages dominated by specific species and genera. 

Concentration ratios quantified these observations as demonstrated by the Principal Component 

Analysis (PCA) and ternary plot analyses (Figs 7 and 8).  Thick-shelled, symbiont-bearing taxa 

with robust tests, including Amphistegina, Sorites, Parasorites and Heterostegina, accounted for 

the largest proportions in reefal habitats. Amphistegina had the highest concentration of the 

larger benthic foraminifera near reef-top and back- and fore-reef sites. Robust tests are 

particularly resistant to abrasion and enhance their accumulation in carbonate environments 

(Martin 1986). Miliolid species of Quinqueloculina were found in all habitats but abundances 

were notably higher in near-shore and lagoonal environments characterized by phytal 

vegetation. The dominance of smaller non-symbiont bearing miliolids in phytal substrates also 

occur in lagoonal habitats of Scilly Atoll (Vénec-Peyré 1984), Papua New Guinea (Langer and 

Lipps 2003, Haig 1988), New Caledonia (Debenay 2012, Fujita and Omori 2015, Debenay 

2000), Bazaruto, E-Africa (Langer et al. 2013) and the Caribbean (Brasier 1975). 

Each cluster group contains numerically abundant indicator species or genera that do not 

occur in high abundances in other faunal clusters. This implies low horizontal transport rates 

within the reef, lagoon and bay habitats, and signifies that faunal mixing among the cluster 

groups is limited. Foraminiferal death assemblages are mostly autochthonous and thus preserve 

environmental information that is useful in paleoecologic and ecologic interpretations.  

2.4.2  FORAM-Index (FI) 

The FORAM Index, based on total assemblages, indicate a general rising FI towards the 

reef barrier as reflected in the abundance and taxonomic richness of larger symbiont-bearing 

foraminifera. Highest total species richness values occur, however, at the fringing reefs along 

the outer margins of the two major bays due to imbrication of foraminiferal habitats from 

nearshore, reefal, mangrove, bay channel and fringing reefs. The FI of total assemblages from 

Moorea accord with live reef assemblages (Barbosa et al. 2009, Koukousioura et al. 2011, 

Carilli and Walsh 2012, Kelmo and Hallock 2013), indicating that the water quality at most 

back- and fore-reef sites supports calcifying symbiosis and suitable for reef carbonate accretion. 

Moderate to low FI were recorded at nearshore and lagoonal sites of the N-coast between 

Irihoriu Pass and Teavaru (FI 2.0-3.6). These areas have low coral cover and branching corals 

with smaller colonies, probably resulting from greater anthropogenic impacts (Juhasz et al. 

2010) 

Moorea underwent severe bleaching events in 1982, 1983 and every 2–5 years since 

1991 (Gleason 1993, Trapon et al. 2011) as well as natural disturbances resulting in spatio-

temporal heterogeneity in coral reef cover and recruitment (Gleason 1993; Hoegh-Guldberg and 
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Salvat 1995; Adjeroud 1997; Adjeroud et al. 1997; Adjeroud et al. 2007a, 2007b; Penin et al. 

2007), although the reefs recovered in 10 to 12 years (Salvat 1987; Salvat et al. 2008). The FI 

indicate that most fringing reefs and back and fore-reef sites are favorable for reef growth. The 

low FI recorded at the innermost bays sites reflect both the dark organic-rich, fine grained 

substrate and the coverage of mangrove stands. In addition, small rivers enter the bays at their 

southern ends, form small delta-like fans, and are sources of agricultural, sewage and nutrient 

runoff. At least in Opunohu Bay, the FI rise to higher levels at the outer bay margin, while at 

Cook’s Bay, the values indicate a continuous impact on the composition of foraminiferal 

assemblages. Increased runoff, nutrient loading, reef destruction, and a future rise of tourism in 

these areas will certainly be of concern, impacting reefal growth outside the bays and possibly 

affecting carbonate accretion of the reef barrier protecting the island of Moorea.  These impacts 

will be enhanced by climate warming, ocean acidification and sea level rise anticipated in the 

next several decades. 

2.5  Conclusions 

This study together with those of Vénec-Peyré (1991, 1985a, 1985b) constitutes the most 

extensive investigation yet of the foraminifera from shallow-water nearshore and reefal 

environments around Moorea. A total of 422 (380 from our study) species has been recorded, a 

number that more than doubles previously documented inventories of species counts.  The 

benthic foraminifera around Moorea have large-scale spatial distribution patterns of habitat 

specific assemblages. These habitat preferences are also reflected in abundance patterns of 

individual species, genera and functional groups. Diversity gradients generally increase from 

bay inlets to the reef barrier, but highest species richness is in fringing reefs, an area that 

represents a mosaic of habitats. 

The abundance of functional groups of foraminifera (symbiont- bearing, heterotrophic, 

opportunistic) together with Foraminiferal Index (FI) calculations identified environments 

suitable and critical to support calcifying symbiosis and carbonate accretion.  FI indicate that the 

innermost bays and some outer bay fringing reef habitats are under direct natural and 

anthropogenic influences.  

While Moorean reefal foraminifera deserve more scientific attention, particularly 

acquisition of more quantitative data, our findings are sufficient for monitoring rising influences 

of natural events and anthropogenic activities.  Future changes can be compared with our 

baseline data from 1992 and the development of those changes over time can be determined by 

collecting dead specimens from particular time periods.  In addition, as global warming, anoxia 
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and acidification of the oceans increase, foraminifera can provide rapid indication of these 

world-wide changes as well as local ones such as pollution, impacts on reefs due to industrial 

development and tourist activities. Foraminifera are easily collected and the indices, diversity 

and abundances are easily determined in the laboratory. 
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Abstract 

The Gulf of Guinea is a hotspot of marine diversity, with unique biotas. We provide the first 

survey of shallow-water foraminifera from nearshore coastal waters of Gabon, an area from 

which modern benthic foraminifera are virtually unknown. We document the composition of 

benthic assemblages and assess their biogeographic relation to adjacent faunal provinces. Our 

analysis survey documents that shallow-water sediments harbor abundant and relatively diverse 

assemblages of symbiont-bearing and other smaller foraminifera. The 39 species recorded from 

nearshore coastal waters off Gabon contrast with lower diversity assemblages previously 

documented from offshore hydrocarbon drilling waste disposal sites. The assemblages of 

benthic foraminifera recovered suggest a deeply-rooted species diversity, where the true number 

of foraminiferal taxa present in Gabonese’s pristine waters remains yet to be discovered. The 

composition of foraminiferal biotas found off Gabon shows them to be distinct from faunas 

recorded from off Namibia and South Africa, indicating the presence of a marine biogeographic 

barrier. 

3.1  Introduction 

The warm equatorial waters off Gabon provide habitat for diverse communities of 

marine animals and plants. They are part of the Guinea Current Large Marine Ecosystem 

(GCLME,) situated along the Atlantic coast of western central Africa (McGlade et al. 2002; 

Friedlander et al. 2014). They are home to threatened species including significant population of 

West African manatees, manta rays, hammerhead-, tiger- and whale sharks, and its beaches 

represent some of the world’s most important nesting grounds for leatherback turtles. However, 

offshore exploration activities, undersea pipelines and the discharge drill cuttings, often 

contaminated with drilling fluid, are a threat to the pristine diversity of Gabon’s marine 

ecosystems. Balancing environmental and economic interests in a country where the oil sector 

accounts for more than 50% of the gross domestic product and 80% of exports is a major 

challenge. To protect its pristine environment for the future, the country recently decided to 

http://www.micropress.org/microaccess/micropaleontology
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create a large network of marine parks that safeguards more than 20 percent of Gabon's 

territorial waters (Friedlander et al. 2014).   

The coastal regions of Gabon are among the most biologically productive regions of the 

oceans driven by seasonal upwelling and the supply of large quantities of dissolved and 

particulate organic matter from the Congo and Ogooué River (Voituriez and Herbland 1982; 

McGlade et al. 2002; Lœuff and Cosel 1998). The resulting nutrient-rich waters fuel productive 

food webs and rich fishery resources that are crucial to coastal populations. To date, however, 

the marine biodiversity of Gabon’s shallow water biotas has been poorly documented. Previous 

studies have explored biotic communities from the continental margins near hydrocarbon 

exploration sites or fishery resources along the shelf and slope (Sibuet and Vangrieshcim 2009; 

Bianchi 1992; Friedlander at al. 2014 and references therein).  Studies on the shallow sub- and 

intertidal microbiota are virtually lacking. Here we report on the first scientific survey of 

modern coastal shallow benthic foraminifera from non-impacted sites of Gabon. We have 

examined the structure and diversity of communities of benthic foraminifera from six sites in the 

Gabon Estuary (Port Michel Marine), the Pongara National Park (Point Denise) and from Petit 

Loango to determine the species richness and composition of benthic assemblages from non-

impacted sites. We compare them with the low-diversity communities reported by Durrieu et al. 

(2006) and Duchemin et al. (2008) from off Port Gentil (Gabon), a location that was used to 

discharge drilling waste from oil platforms. Particular attention has been paid to the presence of 

symbiont-bearing foraminifera as indicators of pollution and eutrophication and as 

biogeographic index taxa. Finally, the structure, composition and species richness of benthic 

foraminiferal assemblages is compared to tropical shallow-water assemblages from tropical reef 

sites of the eastern coast of Africa (Langer et al. 2013a) and to nearshore shallow-water 

foraminiferal assemblages from Namibia and South Africa. 

 

3.2  Material and Methods 

The coastal areas of Gabon are situated on the west coast of Africa, straddling the 

equator of the tropical Atlantic. True coral reef structures are not known from Gabon but 

scleractinian corals have been reported (Laborel 1974; Friedlander et al. 2014). Sediment 

samples were collected in April 2013 from depths < 2 m by snorkeling and filling plastic bags 

with substrata from the top 2 cm. All samples were dried, transported to the laboratory and 

washed over 63 µm sieves. The sampling sites (Fig. 1 and Table 1) are located within the Gabon 

estuary off Libreville (sites 1-3), off the Point Denise peninsula facing the Atlantic Ocean (site 

4) and in front of the Iguéla Lagoon in the Petit Loango National Park (sites 5-6).  
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Fig. 1: Location of nearshore collection areas along the coastline of Gabon showing the position of the sampling 

sites (for details see Tbl. 1).   

 

Between 159 and 712 individuals of benthic foraminifera were picked from each sample. 

Sediment samples mostly consisted of coarse- to medium-grained sand and a few fragments of 

bivalves, gastropods and benthic foraminifera. Foraminifera were identified to species level, 

documented by SEM microscopy and assembled into a catalogue of taxa (pl. 1–3). For the 

identification of benthic foraminiferal species and higher orders, our taxonomic and systematic 

arrangement follows the arrangement of Loeblich and Tappan (1988) and Langer et al. (2013). 

A complete list of all species with abundance data is provided in Table 3. The structure of 

benthic foraminiferal assemblages from individual sites was examined by analyzing percent 

abundances of 1. individual species groups, 2. wall structural types, 3. key functional groups 

including symbiont-bearing taxa and diversity indices including Fisher α, Shannon-H, 

dominance and total species richness (Tbl. 2).  
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3.3  Results 

Quantitative faunal analyses and species-level identification of the foraminiferal 

assemblages from coastal sites of Gabon revealed the following results (Tbl. 2 and 3, pl. 1-3). 

Examination of 1800 specimens recovered from six shallow-water sites off Gabon yielded a 

total of 39 species of benthic foraminifera belonging to 19 genera. The composition of 

foraminiferal assemblages comprises 14 porcelaneous, 19 hyaline-perforate and 6 agglutinated 

species. Perforate foraminifera are most abundant (63.5-100%) followed by agglutinate 

(<22.7%) and porcellaneous miliolid individuals (<13.9%; see Tbl. 2). Fisher alpha diversity 

indices range between 1.1 and 6.0 in individual samples. Shannon (H) values vary between 0.24 

and 2.10 and dominance values range between 0.18 and 0.91. Foraminifera were abundant at all 

sites analyzed and contained moderately diverse assemblages of benthic foraminifera. The total 

species richness recorded generally ranges between 7 and 21. Particularly high abundances were 

noted at the Port Michel Marine site but species richness at this station was particularly low. 

Only seven taxa of benthic foraminifera were recorded here and the assemblage was dominated 

by Ammonia spp. (see below). 

 
Table 1: Sample site information for the collection localities at Port Michel Marine, Point Denise and from 

nearshore collection areas of the Petit Loango National Park (Gabon, Atlantic Ocean).  

 

Site # Locality Latitude Longitude Depth 

(m) 

Collection Date 

1 Port Michel Marine / Libreville N 0°20’’35.50’ E 9°28’’29.37’ 1  09/April/2013 

2 Point Denise / Libreville N 0°20’’49.42’ E 9°21’’20.02’ 1.5 10/April/2013 

3 Point Denise / Libreville N 0°20’’45.90’ E 9°21’’18.99’ 2 10/April/2013 

4 Point Denise / Turtle Beach N 0°20’’06.82’ E 9°20’’08.33’ 2 10/April/2013 

5 Petit Loango National Park 1 S 1°52’’56.84’ E 9°16’’25.22’ 1 15/March/2013 

6 Petit Loango National Park 2 S 1°52’’57.66’ E 9°16’’26.30’ 1 15/March/2013 

 

Among the species recovered are three taxa that house diatom endosymbionts 

(Amphistegina lessonii, A. papillosa and Pararotalia cf. P. nipponica). Percent abundances of 

benthic symbiont-bearing foraminifera vary significantly and were found to range between 0.6-

49.6percent. Highest values were recorded at the Petit Loango sites (49.2-49.6%). At all other 

sites symbiont-bearing taxa constitute less than 2.4% of the foraminiferal assemblages. 

Maximum values of amphisteginid foraminifera were found with peak abundances at Petit 

Loango (45.3%; site 1) while specimens of Pararotalia occur in high numbers at Petit Loango 

site 2 (44.1%). Peak abundances of symbiont-bearing foraminifera contrast with percent 

abundances of ammoniid foraminifera. Specimens of the genus Ammonia occur with high 
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percentages within the Gabon estuary near Libreville (>32.2%). The highest percentage was 

recorded at the Port Michel Marine where specimens of Ammonia constitute 95.6% of the 

foraminiferal assemblage (see Tbl. 2 and 3). Larger symbiont-bearing foraminifera are virtually 

absent at this site (≤ 1%). Elphidiid foraminifera, known to sequester diatom plastids, attain 

percent abundances of up to 41.1%. The highest values were recorded at both Point Denise 

(21.5%-37.6) and Turtle Beach (21.6%; Tbl. 2). Abundances of non-symbiont-bearing 

porcellaneous taxa were found to range between 9.0 and 13.9%. No miliolid taxa, however, 

were recorded at the innermost sample site at Port Michel Marine (Gabon estuary).  

3.4  Discussion 

3.4.1  Composition of nearshore assemblages 

Today only a few works have been published on shallow benthic foraminifera off 

tropical western Africa (see Mikhalevich 1983, 2008; Debenay and Basov 1993; Debenay and 

Redois 1997). This study represents the first scientific survey of nearshore shallow benthic 

foraminifera from coastal waters off Gabon. Examination of sediment samples recovered from 

shallow coastal environments off Gabon yielded a moderately diverse assemblage of benthic 

foraminifera. Apart from some typical shallow water taxa (Elphidium, Ammonia), foraminiferal 

assemblages possibly comprise some new and endemic species that were previously not 

reported (given here in open nomenclature). Among them is a presumably novel species of 

Elphidium, Elphidium cf. E. fimbriatulum (Cushman), a relatively abundant taxon that 

previously has not been described. The species is characterized by prominent sutures, numerous 

ponticuli spanning interlocular spaces, tubercles, a peripheral keel, multiple openings on the 

apertural face and a prominent umbilical plug (pl.3, figs. 22-25). The species has been found to 

be most abundant within the Gabon estuary off Libreville, reaching up to 21.4% (site 3, Tbl. 3). 

The foraminiferal assemblages analyzed also include three species of symbiont-bearing 

foraminifera (Amphistegina lessonii, A. papillosa and Pararotalia cf. P. nipponica). 

Amphistegina spp. are generally indicative of warm temperate tropical waters and have been 

reported from several other western African locations north of the equator (Larsen 1982, 

Debenay and Basov 1993; Debenay and Redois 1997). Water temperature is among the prime 

factors regulating their distribution (Langer et al. 2012, 2013b) although winter temperatures of 

14°C are tolerated by species of the genus Amphistegina (Zmiri et al. 1974; Mouanga and 

Langer 2014). Amphisteginids are widely used as environmental indicators and are prolific 

producers to tropical reef carbonates (Hallock 2000, 2012; Hallock et al. 2003; Langer et al. 

2013). 
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Table 2: Quantitative faunal analyses of foraminiferal assemblages from Gabon (Atlantic Ocean). Numerical data 

include percent abundances of porcellaneous miliolid, hyaline and agglutinate foraminiferal specimens, relative 

amount of elphidiid and (*) symbiont-bearing taxa (%) among foraminiferal biotas, and diversity and dominance 

indices of individual samples 

 
 

 

Our recordings indicate that amphisteginid foraminifera were particularly abundant at 

one site offshore the Petit Loango National Park (up to 45.3%; Tbl. 2). The collection site off 

Petit Loango (sites 5-6) is situated off the Iguéla Lagoon, an estuarine region with vast 

mangrove habitats where nutrient input allows excess of organic matter to accumulate. In such 

environments, water transparency is usually insufficient to support abundant occurrences of 

symbiont-bearing foraminifera so that stress-tolerant taxa like Ammonia spp. or Elphidium spp., 

which constitute substantial percentages of the foraminiferal assemblages, are dominant 

(Renema 2006; Hallock 2012). The faunal composition and abundance of Ammonia spp. at Port 

Michel Marine (95.6% at site #1), located deep in the Gabun estuary, shows a typical 

assemblage for such a nutrient-loaded setting. The high abundance of Amphistegina and 

Pararotalia at the sites of Petit Loango suggests, however, that runoff from the Iguéla Lagoon 

exerts a limited effect, promoting the hypothesis that the pristine waters offshore may have more 

diverse assemblages. To date, we have identified 39 species belonging to 19 genera. The 

number of species appears to be comparatively low, but given the very shallow samples sites 

(<2m) and limited habitats and samples examined so far, the true diversity of shallow-water 

foraminiferal taxa present in non-polluted areas off Gabon is likely to be much higher than our 

initial survey suggests.  

Moderately to high diverse assemblages of shallow benthic foraminifera were also 

reported by Adegoke et al. (1976), Haake (1980), Larsen (1982), Debenay and Basov (1983), 

Mikhalevich (2008), Reymond et al. (2014, among others) from various sites along the 

northwestern coast of Africa (Nigeria, Mauretania). In a first trial biogeographic survey, 

Debenay and Basov (1983) listed a total of 774 species of foraminifera from the entire shelf and 

slope of West Africa (Strait of Gibraltar to South Africa). Similarly, Mikhalevich (1983, 2008) 
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reported diverse assemblages of 176 species of benthic foraminifera from depths between 0 and 

69 m from the western-equatorial Africa between the Strait of Gibraltar and the Niger estuary. 

This supports the view that foraminiferal taxonomic richness from shallow waters of western 

Africa may be similar to high diversity assemblages reported from tropical areas along the 

eastern coast of Africa (e.g. Heron-Allen and Earland 1915; Langer et al. 2013a; Langer unpubl. 

data). A comprehensive and large-scale survey, however, is required to strengthen this 

hypothesis.  

In the only other studies currently available on recent foraminifera from Gabon, Durrieu 

et al. (2006) and Duchemin et al. (2008) reported on living benthic taxa from shallow sites 

(<30m) around oil and drill cutting disposal sites off Port Gentil (Gabon).  They used 

foraminifera as bio-indicators to assess the impact of discharged drill mud, cuttings and oil-

based drill fluids on benthic communities at disposal sites near oil platforms. In the immediate 

vicinity (≤ 250 m) of the disposal sites, they reported that living foraminifera were present in 

very low quantities with extremely low species richness or fully absent. Nonetheless, they 

concluded that the absence of foraminifera is a minor response to oil drill disposal activities and 

that the residual hydrocarbons present in the sediments have lost most of their toxicity. The 

absence of living foraminifera near the drill charge disposal sites was suspected to be due to ʺthe 

fact that the Van Veen grab did not adequately sample the sediment surfaceʺ. The low density 

and species number of foraminifera was rather attributed to natural eutrophication resulting from 

river runoff of the nearby Ogooué River. However, foraminifera from the mouth of the Ogooué 

River were neither examined by Durrieu et al. (2006) nor Duchemin et al. (2008). Nonetheless, 

they concluded that the environmental impact of the discharge of drill mud, cuttings and oil-

based drill fluids was very minor (or even completely absent), despite the fact that their 

sampling was conducted 12 years after drilling waste was discharged. 

The findings of our study that shallow-water nearshore coastal sediments yield diverse 

assemblages of benthic foraminifera contrast markedly with the conclusions reached by Durrieu 

et al. (2006) and Duchemin et al. (2008). They are in agreement, however, with large-scale 

surveys by Mikhalevich (1983, 2008) and Debenay and Basov (1993), showing that shallow 

shelf and coastal areas in the western tropical Atlantic are generally rich in species of benthic 

foraminifera (see also Haake 1980; Debenay and Redois 1997). The low-diversity assemblages 

reported from drilling waste disposal sites also contrast with studies that show diverse 

assemblages of foraminifera in eutrophic biofacies in deltaic sediments off the Niger or Orange 

River mouth (Martin 1981; Dublin-Green 1994; Schmidt-Sinns 2008; Adegoke et al. 1976).  
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Table 3: Quantitative foraminiferal species contributions from samples collected at nearshore localities off Gabon. 

The total contribution of each species is presented as a percentage of the total assemblage (* denotes species that 

were recorded from southern Africa (Namibia to Cape Town) and ˟ is for species that were recorded from tropical 

shallow sites of eastern Africa. 

 

The effects of drilling waste discharge from oil and gas platforms on benthic biotas has 

recently been summarized by Ellis et al. (2012), showing persistent and large-scale impacts on 

benthic macroscopic communities at distances of up to 20 km. Ellis et al. (2012) also showed 

that the discharge of oil-based fluids, as released off Gabon, has had large-scale (out to 6 km) 
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and persistent (decadal time scale) impacts on benthic communities. A few studies have 

addressed changes in the structure of foraminiferal assemblages to determine the impact of 

hydrocarbon drilling activities (Locklin and Maddocks 1982; Ernst et al. 2006; Morvan et al. 

2004; Denoyelle et al. 2010; Sabean et al. 2009). All studies documented so far showed that 

environmental perturbations resulting from oil drilling discharges resulted in a loss of benthic 

foraminiferal biodiversity, alterations of foraminiferal assemblage structures and shifts in 

abundances and functional groups of foraminifera (e.g. infauna versus epifauna).  

The number of active offshore platforms has increased substantially over the last decades 

and the demand for hydrocarbons is predicted to increase in the future.  The cumulative impact 

of increased numbers of oil platforms in the world’s oceans calls for intensified monitoring the 

impact of drilling waste discharge on benthic communities. Denoyelle et al. (2010) have shown 

that adding foraminiferal studies to the more commonly used macrofaunal approaches may 

provide higher resolution, and a more detailed and discriminative tool for environmental 

monitoring. 

3.4.2  Biogeographical distributions 

The shallow-water species composing benthic foraminiferal assemblages in coastal 

waters off equatorial Gabon differ markedly from tropical foraminiferal biotas of eastern Africa 

(e.g. Heron-Allen and Earland 1915; Langer et al. 2013a). The cold waters off South Africa and 

the Benguela Current represent a major biogeographic barrier where migration is impeded and 

gene flow is limited. This has largely prevented the tropical biotas from the warm Indian Ocean 

to colonize the tropical coasts of western Africa (Teske et al. 2011; Friedlander et al. 2014). 

Seasonal upwelling and the input of freshwater and sediments from the Congo and Ogooué 

rivers constitute an additional barrier that separates biotas in close geographic proximity 

(southwestern Africa and Gulf of Guinea; Lœuff and van Cosel 1998). Consequently, the marine 

biotas of the Gulf of Guinea are unique and true coral reefs, as widely present on the eastern 

coast of tropical Africa, are absent from this region (Roberts et al. 2002). 

The lack of typical tropical faunal constituents is also reflected in the low number of 

symbiont-bearing species of foraminifera that are indicative of oligotrophic tropical warm 

waters (Langer and Hottinger 2000). Only three species of larger symbiont-bearing foraminifera 

were record off Gabon (Amphistegina lessonii, Amphistegina sp., and Pararotalia cf. P. 

nipponica), while more than 10 species of LBF characterize the coastal waters off Mozambique, 

Tanzania and Kenia (Heron-Allen and Earland 1915; Braga 1961; Pereira 1979; Langer et al. 

2013a). Both Amphistegina and Pararotalia are known to tolerate somewhat colder and more 
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nutrient-rich waters (Langer and Hottinger 2000; Langer 2008a; Langer et al. 2013) as present 

off Gabon.  

The position and oceanographic features separating the Gulf of Guinea from areas of 

close proximity have created a hotspot of diversity, unique biotic faunas and a high degree of 

endemism (Roberts et al. 2002). The smaller benthic foraminifera reported in this study also 

differ markedly from shallow-water assemblages recorded from coastal regions of Namibia, 

Angola or the Atlantic coast of South Africa (compare Martin 1981; Toefy et al. 2005; Langer 

and Schmidt-Sinns 2006a,b; Schmidt-Sinns 2008). Our initial survey shows that only about 30% 

of all species documented here were previously recorded from Atlantic coastal sites between 

Cape Town and southern Angola and the western Indian Ocean (compare Heron-Allen and 

Earland 1915 and Langer et al. 2013b; see Tbl. 3). This lends further support to a potent 

biogeographic barrier, separating the tropical Gulf of Guinea from the cold-water ecosystems of 

southern Africa. 

3.5  Conclusions 

The study presented here is a first survey of foraminifera from very shallow coastal sites 

in Gabonese waters. The benthic foraminiferal assemblages are diverse. The diversity of 

foraminiferal species recovered from the limited number of coarse-grained samples suggests 

that the true diversity of shallow benthic species may be significantly higher. The presence of 

abundant symbiont-bearing taxa, in addition to the species richness recorded, indicate, that the 

coastal sites investigated remained largely unaffected by offshore drilling activities. The 

shallow-water benthic foraminiferal assemblages from equatorial Gabon differ markedly from 

tropical foraminiferal biotas of southern Africa, implying a biogeographic barrier that separates 

biotas in close geographic proximity. The recent creation of a large-scale system of Marine 

National Parks in territorial waters off Gabon will create a vast marine reserve that provides 

future protection for its pristine waters and Gabonese livelihoods. 

 

 

 

 

 

 

 

 

 



Chapter Three  63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PLATES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64                                                      Shallow-water benthic foraminifera assemblages from Gabon 

 

 

 

PLATE 1: Scanning electron micrographs of agglutinate and miliolid foraminifers from 

nearshore coastal sites off equatorial Gabon (E Atlantic Ocean; scale bar = 100 µm except 

where otherwise stated).  

1, 2: Spiroplectinella sp.1.  

3, 4: Spiroplectinella sp.2.  

5, 6: Textularia cf. T. porrecta Brady.  

7: Textularia sagittula Defrance.  

8, 10: Tetragonostomina rhombiformis Mikhalevich.  

11, 12: Textularia conica? d’Orbigny.  

13, 14: Siphonaperta cf. S. macbeathi (Vella).  

15, 18: Quinqueloculina sp.1.  

19, 20: Quinqueloculina multimarginata Said.  

21: Quinqueloculina cf. Q. laevigata d’Orbigny.  

2, 23: Quinqueloculina cf. Q. stalkeri Loeblich and Tappan.  

24: Quinqueloculina sp. 2 (scale bar = 50 µm).  

25: Quinqueloculina sp.3.  

26, 27: Quinqueloculina cf. Q. araucana d’Orbigny (scale bar = 50 µm).   

28-30: Quinqueloculina cf. Q. atlantica (Boltovskoy).  

31, 32: Adelosina sp.1.  

33, 34: Spiroloculina cf. S. nitida d’Orbigny.  
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PLATE 2: Scanning electron micrographs of miliolid and hyaline foraminifers from nearshore 

coastal sites off equatorial Gabon (E Atlantic Ocean; scale bar = 100 µm except where 

otherwise stated).  

1-6: Quinqueloculina cf. Q. cuiveriana d’Orbigny.  

7-10: Quinqueloculina sp.4.  

11, 12: Quinqueloculina vulgaris d’Orbigny.  

13: Brizalina striatula Cushman (scale bar = 50 µm).  

14-16: Eponides repandus Fichtel and Moll.  

17, 18: Cibicides sp.1.  

19, 20: Rosalina cf. R. bradyi (Cushman) (scale bar = 50 µm).  

21-23: Cibicidoides wuellerstorfi Schwager.  

24-27: Cibicidoids pachyderma (Rhezak).  

28-31: Amphistegina lessonii d’Orbigny.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Three  67 

 

 

PLATE 2 
 

 

 



68                                                      Shallow-water benthic foraminifera assemblages from Gabon 

 

 

 

PLATE 3: Scanning electron micrographs of hyaline foraminifers from nearshore coastal sites 

off equatorial Gabon (E Atlantic Ocean; scale bar = 100 µm except where otherwise stated).  

1, 2: Nonion fabum Fichtel and Moll.  

3: Anomalinella rostrata (Brady).  

4-6: Pararotalia cf. P. nipponica.  

7-12: Ammonia parkinsoniana d’Orbigny.  

13-16: Ammonia aoteana? Finlay.  

17, 18: Neoeponides procerus (Brady).  

19-21: Elphidium advenum maorium Hayward.  

22-25: Elphidium cf. E. fimbriatulum (Cushman).  

26-28: Elphidium gunteri Cole.  

29, 30: Elphidium magellanicum Heron-Allen and Earland (scale bar = 50 µm).  

31, 32: Elphidium williamsoni Haynes. 
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Chapter 4 

 

Assemblages of recent intertidal mangrove foraminifera from the Akanda National Park, 

Gabon: sea level proxies preserved in faunal assemblages 

 

Langer, M.R.,  Fajemila, O.T., Mannl,  S. 

Published in  Neues Jahrbuch für Geologie und Paläontologie Abhandlungen, 283 (3), 327-338, 

September 2016 

 

Abstract 

The composition and vertical zonation of modern benthic foraminifera was studied at two 

intertidal mangrove environments in the Akanda National Park, Gabon. Foraminifera inhabiting 

the muddy substrates were found to represent a unique assemblage and are distinct from other 

nearshore biotas. A total of twenty-one benthic species were recorded. Numerical analyses of 

faunal assemblages indicate that the distribution of taxa is vertically constrained, divided into 

two faunal zones that are elevation dependent. A low-diverse agglutinated foraminiferal 

assemblage, dominated by Ammotium salsum and Ammobaculites pseudospirale, was found to 

characterize the elevated landward field area in muddy substrates around Avicennia germinans 

mangroves. The assemblage is composed of agglutinated taxa only and is indicative for High 

Mean Water Neap Tide elevations. A moderately diverse assemblage of agglutinated and 

calcareous foraminifera was recovered from around Rhizomosa racemose stands and represents 

biotas at Mean Low Water Neap Tide elevation. The assemblage is dominated by species of 

Miliammina, Arenoporella mexicana, Ammotium salsum and Astrononion stelligerum. The 

species richness of individual assemblages was found to be tide-related and reveals a strong 

trend of decreasing diversity moving up the shore. These distributions resemble typical intertidal 

zonation patterns in mangroves and estuaries and highlight their potential for sea level 

reconstructions. The study constitutes the first survey of mangrove foraminifera from Gabon.   

4.1  Introduction 

The coastal areas of Gabon are situated on the west coast of Africa, straddling the 

equator of the tropical Atlantic. Mangroves are widespread along the entire coastline of Gabon 

and primarily concentrated along long-shore tidal lagoons, open deltaic and estuarine 

embayments. Gabon’s mangrove ecosystems house more than 25% of the protected mangroves 

on Africa’s continent (Corcoran et al. 2007). They serve as nurseries of a large number of 

marine organisms and play an enormous role in coastal protection, fisheries, timber products, as 
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sites for migratory birds and in the countries strategy to preserve biodiversity and to encourage 

sustainable ecotourism (Quammen 2003; Vande Weghe 2005; Corcoran et al. 2007). The 

Akanda National Park is situated along the Atlantic coast of western central Africa and mainly 

comprises mangrove, mudflats and tidal beach habitats. It is located north of Libreville, the 

rapidly growing capital with an estimated one million inhabitants.  

The Atlantic waters off the Akanda NP estuary are part of the Guinea Current Large 

Marine Ecosystem (GCLME,) situated along the Atlantic coast of western central Africa 

(McGlade et al. 2002; Friedlander et al. 2014). Waters entering the Akanda NP embayment 

enter through Mondah Bay which in turn is fed by a number of smaller rivers and creeks (Fig. 

1). The coastal waters of Gabon are among the most productive in the region, driven by seasonal 

upwelling and the supply of large quantities of dissolved and particulate organic matter from the 

Congo and Ogooué River (Voituriez & Herbland 1982; Lœuff & Cosel 1998; McGlade et al. 

2002). The nutrient-loaded waters fuel productive food webs and rich fishery resources that are 

crucial to coastal populations. Despite its high productivity and importance for ecosystem, little 

is known about Gabon’s invertebrate and microfauna in mangrove habitats. Studies on the 

shallow sub- and intertidal microbiota are virtually lacking. Previous studies have explored 

biotic communities from the continental margins near hydrocarbon exploration sites or fishery 

resources along the shelf and slope (Bianchi 1992; Sibuet & Vangriesheim 2009; Friedlander at 

al. 2014 and references therein).  Here we provide the first scientific survey of modern intertidal 

benthic foraminifera from mangrove areas of Gabon. We have examined the composition, 

diversity and structure of benthic communities from sites within the Akanda National Park and 

compare them to coastal assemblages that were recently reported from non-mangrove shallow-

water habitats (Langer et al. 2016). The objectives of this study were to provide the first record 

of foraminiferal mangrove communities from Gabon, to determine the general characteristics of 

the microfauna, and to compare and contrast the assemblages to biotas from other mangrove 

ecosystems of northwestern Africa.  In addition, sampling was conducted at different intertidal 

elevations to quantitatively analyze the vertical distribution of individual species to assess their 

potential as sea-level indicators. 

4.2  Material and Methods 

Sediment samples from the Akanda National Park were collected in 2015 by hand at low 

tide from the top 2cm within the mangroves habitats. The sampling sites are located deep within 

the Mondah Bay mangrove embayment facing the Atlantic Ocean (Fig. 1). Sampling sites were 

selected to provide information on the benthic foraminiferal assemblages at different tidal 



Chapter Four  73 
 

 

elevations. They represent mud flats within Avicennia germinans mangrove trees at a Mean 

High Water Neap tide site (MHWN; Site 1) and a channel location within dense Rhizopora 

racemose stands representing a Mean Low Water Neap tide station (MLWN; Site 2, Table 1 and 

Figs. 2 & 3). The tidal range here is 2.3 m. 

 

Fig. 1: Sample locations within the Akanda National Park, NE of Libreville, Gabon.  

 

The sample material was dried, taken to the laboratory and washed over 63 µm mesh 

sieves. Sediment samples mostly consisted of medium to fine grained muddy sand and a few 

fragments of bivalves, and gastropods. The quantitative analysis focused total assemblages 

(living and dead), to reduce a potential bias of seasonality. Our samples are thus time-averaged, 

and as such provide an effective means of defining habitats (Glenn-Sullivan and Evans 2001). 

The analysis of total assemblages has been more accurate for paleoenvironmental interpretations 

(Scott and Medioli 1980b; Gehrels 1994; Hayward et al. 1999a; Horton 1999; Langer and Lipps 

2003; Tobin et al. 2005; Langer et al. 2012; Mouanga and Langer 2014, 2016; Shaw et al. 

2016). Figure 1 and Table 1 provide details of the sample sites within the Akanda National Park, 

northeast of Libreville inside the Mondah Bay mangrove embayment system. 

Table 1: Sample sites information for localities in the Akanda National Park (Gabon). 

Site # Locality Latitude Longitude Habitat Tidal Elevation Dominant Mangroves 

1 Akanda NP N 0°34‘52.99’ E 9°27‘20.88“ Mud Flats MHWN Avicennia germinans 

2 Akanda NP N 0°34’44.48“ E 9°27‘05.45“ Channel Margin  MLWN Rhizopora racemosa 

 

All taxa were identified to species level, whenever possible, and individuals of each 

species were counted. The composition of benthic foraminiferal communities from each site was 

examined by analyzing percent abundances with reference to individual species groups, wall 
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structural types and diversity indices including Fisher α, Shannon-H, dominance and total 

species richness (Table 2). Images of representative species were taken by Scanning Electron 

Microscope (SEM) and arranged into catalogue of taxa (Figs. 4-6) using Adobe Photoshop CS6. 

For the identification of benthic foraminiferal species and higher orders our taxonomic and 

systematic arrangement follows the arrangement of Loeblich and Tappan (1988), and 

identifications of Debenay (1990), Debenay et al. (2002) and Langer et al. (2016). All species 

are illustrated on Plates (Figs. 4-6) and a complete list of all species with percent abundance 

data is provided in Table 2. 

 

Fig. 2: Avicennia germinans mangrove trees at a Mean High Water Neap tide and Rhizophora racemosa stands 

representing a Mean Low Water Neap tide station (Selected images from Tracey Saxby, Dieter Tracey and Jane 

Thomas, IAN/UMCES, ian.umces.edu/imagelibrary/). 

 

4.3 Results 

The sediments yielded abundant benthic foraminifera and are characterized by low to 

moderate species richness. A total of 2155 foraminifera were recovered (Table 2). The 

foraminiferal assemblages contained a total of 21 species and belong to 16 genera. The 

assemblages are predominantly agglutinated (83.1%) while the perforate taxa make 16.9%. 

Miliolid foraminifera were not recovered. Fisher α diversity indices range between 0.95 and 

3.20 in individual samples (Table 2). Shannon (H) values vary between 0.60 and 2.03 and 

dominance values range between 0.66 and 0.17. Species richness ranges between 5 and 21 and 

genera between 4 and 16. Larger symbiont-bearing foraminifera were not recovered. 

The Avicennia germinans locality (Site 1), representing a MHWN tidal elevation, is 

dominated by two agglutinated species: Ammotium salsum and Ammobaculites pseudospirale. 

They constitute 79.6 and 18.2 % of the entire faunal assemblage at this site (see Table 2). 

Species of Miliammina (Miliammina fusca and M. petila) and Textularia porrecta were found to 

be rare at this locality and make up less than 1.4 % at site 1. The assemblage at this locality is 

composed of agglutinated foraminifera only and characterized by low species richness (5 taxa). 

No other foraminifera were recorded here. 
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Fig. 3: Dense stands of Rhizopora racemosa and Avicennia germinans mangrove trees with stilt roots and 

pneumatophores along channels and on mud flats at low tide within the Akanda National Park. 

 

The MLWN channel site location at the base of the Rhizopora racemose mangrove roots 

(Site 2) is characterized by moderate species richness. A total of 21 species were recovered at 

this site representing both agglutinated and hyaline perforate taxa (77.9 and 22.1%, 

respectively). Again, Ammotium salsum was found to be the dominant species (29.3%) followed 

by Miliammina petila (17.8%), Astrononion stelligerum (16%), Miliammina fusca (11.5%), 

Arenoporella mexicana (10.4%) and Ammonia tepida? (4.4%). Percent abundances of all other 

species recovered at this site range between 0.1 and 2.4%. Foraminiferal species richness 

recorded at the sampling locations revealed strong tide-related trends. This concerns both 

generic and specific diversity, and the composition of assemblages, whereby the moderately 

diverse agglutinated/calcareous fauna from low-lying MLWN areas is replaced by a low-diverse 

assemblage at MHWN that is composed of a few agglutinated taxa only.  

4.4  Discussion 

The distribution and composition of foraminifera assemblages from two intertidal 

mangrove sites within the Akanda National Park (Gabon) were investigated to provide an initial 

survey of the diversity and assess their potential as proxies for past sea level changes. This study 

represents the first scientific survey of benthic foraminifera from mangrove environments of 
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Gabon. The assemblages recovered document the presence of a highly specialized fauna with 

more than 21 species and provide additional evidence that the shallow coastal waters of Gabon 

house a diversified fauna of benthic foraminifera (Langer et al. 2016).  

 

Table 2. Quantitative faunal analysis of foraminiferal assemblages from mangrove localities at Akanda NP 

(Gabon). Numerical data include percent abundances of hyaline and agglutinated foraminiferal specimens, diversity 

and dominance indices of individual samples. 

 

 Akanda1 Akanda1 (%) Akanda2 Akanda 2 (%) 

Ammoastuta salsa 0 0.0 5 0.3 

Ammobaculites pseudospirale 92 18.2 37 2.4 

Ammodiscus siliceus 0 0.0 1 0.1 

Ammonia tepida? 0 0.0 73 4.4 

Ammonia sp. 1 0 0.0 1 0.1 

Ammotium aff. A. cassis 0 0.0 7 0.4 

Ammotium salsum 402 79.6 484 29.3 

Arenoparella mexicana 0 0.0 173 10.4 

Astrononion stelligerum 0 0.0 264 16.0 

Elphidium cf E. selseyense 0 0.0 2 0.2 

Elphidium advenum maorium 0 0.0 24 1.5 

Gaudryina sp. 0 0.0 1 0.1 

Haplophragmoides wilberti 0 0.0 22 1.3 

Miliammina fusca 7 1.4 190 11.5 

Miliammina petila 2 0.4 295 17.8 

Reophax sp. 0 0.0 1 0.1 

Scherochorella sp. 0 0.0 5 0.3 

Sorosphaera sp. 1 0 0.0 1 0.1 

Textularia porrecta 2 0.4 13 0.7 

Textularia sp. 1 0 0.0 16 0.9 

Trochammina inflata 0 0.0 35 2.1 

Total no. of individuals 505 100 1650 100 

No. of species 6 - 20 - 

No. of genera 4 - 16 - 

Hyaline-perforate foraminifera% 0 - 22.1 - 

Agglutinated foraminifera % 100 - 77.9 - 

Dominance_D 0.6645 - 0.1716 - 

Shannon H 0.6080 - 2.038 - 

Fisher α 0.9565 - 3.202 - 

Hyaline-perforate % 0 - 22.1 - 

 

Quantitative faunal analyses of foraminiferal assemblages from MLWN and MHWN 

tide locations within the mangrove habitats revealed significant faunal differences. These 

differences concern the abundance of species (species richness), the composition of 

assemblages, percent abundances of individual taxa and wall structural types. The datasets 

obtained can be broadly divided into an agglutinated assemblage, which is characteristic for 

mudflats at high elevation around Avicennia germinans (MHWN), and an agglutinated/hyaline 

perforate assemblage which is prominent at lower elevations (MLWN). The assemblages of 

foraminifera contain low to moderate diverse communities of benthic taxa with markedly higher 

species richness at the MLWN tide location along the channel margin below the Rhizopora 
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racemose mangrove trees (Site 2). The elevated MHWN tide sampling site within 

pneumatophores of the mangrove Avicennia germinans, in turn, revealed a low-diverse 

assemblage of foraminifera, where only two species constitute 97.8% of the entire faunal 

assemblage. The vertical distributions of foraminiferal faunal assemblages resemble typically 

recorded intertidal zonation patterns, whereby agglutinated taxa dominate at MHWN salt-marsh 

and mangrove environments (de Rijk & Troelstra, 1997; Horton et al. 1999b; Horton et al. 2003; 

Edwards et al. 2004). The combined occurrence of agglutinated and calcareous taxa, including 

Ammonia spp. and Elphidium spp., however is indicative of lower MLWN elevations Rijk & 

Troelstra 1997; Horton et al. 1999b; Woodroffe et al. 2005; Shaw et al. 2016; Debenay et al. 

2002). 

Comparative studies concerning the distribution of intertidal foraminiferal assemblages 

for the purpose of environmental proxies along western Africa allow a direct comparison of our 

findings. Using recent foraminiferal assemblages to identify the distribution of individual taxa 

relative to environmental stress, Debenay (1990) found Ammotium salsum to be the most 

tolerant taxon in paralic environments of western Africa and that diversity of taxa decreases 

with distance from the sea. In mangrove areas from French Guiana, Ammoastuta salsa together 

with Ammotium salsum, Miliammina fusca and Arenoporella mexicana were found to be the 

dominant species in Avicennia germinans and Rhizopora racemose mangrove forests (Debenay 

et al. 2002). In general, agglutinated species of foraminifera are the dominant components of 

mangrove foraminiferal assemblages. However, calcareous species of Ammonia, Elphidium, and 

Cribroelphidium were also reported from other tropical mangrove swamps: Florida (Phleger 

1966), Puerto Rico (Culver 1990), New Zealand (Hayward & Hollis 1994), Brazil (Zaninetti et 

al. 1977, 1979), Australia (Woodroffe et al. 2005), French Polynesia (Langer & Lipps 2006; 

Fajemila et al. 2015). In most places, these taxa are generally restricted to the outer mangrove 

swamps or to sites with lower elevation. Low pH and the availability of calcium were also 

suggested to strongly control the presence of calcareous tests in mangrove habitats (Debenay et 

al. 2002; Woodroffe et al. 2005). 

Changes of foraminiferal assemblages with elevation were recorded in numerous mid-

latitude, temperate nearshore marsh environments showing that individual taxa are highly 

accurate sea-level indicators with narrow vertical ranges and ecological requirements (Scott and 

Medioli 1978, 1980a, 1986; Hayward et al. 1999, 2004). Studies on the vertical distribution in 

tropical intertidal mangrove environments, however, are few and include among others the 

works of Scott et al. 1990, Hayward et al. 1999b, 2004, Debenay 1990, Debenay et al. 2000, 

2002, Javaux 1999, Javaux and Scott 2003, Horton et al. 2003, 2005, and Woodroffe et al. 2005. 
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General themes that emerged from these studies were that 1.) foraminiferal species richness 

decreases with increasing elevation and environmental stress and 2.) that the numerical 

abundance and proportion of agglutinated foraminifera increases with elevation and distance 

from the coast (Adegoke et al. 1976; Debenay 1990; Debenay & Guillou 2002; Langer and 

Lipps 2006; Woodroffe et al. 2005; Horton et al. 2003, 2005). 

The foraminiferal assemblage analysis provided here shows that two faunal zones can be 

recognized. A Mean High Water Neap Tide assemblage characterized by low diversity and high 

relative abundances of Ammotium salsum and Ammobaculites pseudospirale and a moderately 

diverse MLWN Tide assemblage composed of agglutinated and calcareous foraminifera. The 

faunal assemblages are vertically constrained and differ in species richness and numerical 

abundance and composition of individual taxa. Similar patterns and vertical zonations within 

Rhizopora and Avicennia mangrove stands were previously reported by Woodroffe et al. (2005) 

from tropical mangrove communities on the central Great Barrier Reef coastline and from 

paralic environments of West Africa and French Guinea (Debenay 1990; Debenay et al. 2002). 

Similarities in assemblage composition and numerical abundance patterns of individual taxa in 

the tidal frame attest that sea-level signals are preserved in mangrove foraminifera from Gabon 

and highlight their potential for reconstructions of past sea-level changes. 

The fauna recovered from the mangrove habitats of the Mondah embayment of the 

Akanda National Park differs fundamentally from other shallow-water nearshore communities 

of benthic foraminifera that were recently reported from coastal environments of Gabon. Langer 

et al. (2016) have shown that most open coastal environments of Gabon contain moderately 

diverse assemblages of benthic foraminifera including abundant larger symbiont-bearing, 

smaller miliolid, and mostly perforate hyaline taxa. Agglutinated foraminifera, the dominant 

constituents in the mangrove environments at Akanda (>77.9%), were found to be of minor 

importance in open coastal settings and generally remained below 20%. The study provided here 

thus shows, that mangrove communities contain a unique set of species that are distinct from 

other shallow open coastal foraminiferal biotas of Gabon.  

4.5  Conclusions 

This study investigated the composition of intertidal benthic foraminiferal communities 

from the Akanda National Park (Gabon), and represents the first survey of species present in 

mangrove communities of Gabon. The mangrove biotas are moderate to low diverse and harbor 

unique assemblages of species that differ from other nearshore coastal environments of Gabon. 

Two faunal zones were identified and reveal a quantifiable relationship with elevation. The 
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presence of numerically abundant indicator taxa, the composition assemblages and the trend of 

species richness indicate the potential of foraminiferal biotas for reconstructions of sea level 

changes in this region. 
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Figure 4: Scanning electron micrographs of agglutinate foraminifers from Akanda mangroves, 

Gabon (scale bar = 100 µm except where otherwise stated).  

1-4: Sorosphaera sp.  

5: Ammodiscus siliceous (Terquem)  

6: Scherochorella sp. 

7-9: Miliammina fusca (Brady)  

10-13: Miliammina petila Saunders  

14, 15: Reophax sp. 

16-18: Ammobaculites pseudospirale (Williamson)  

19, 20: Ammoastuta salsa Cushman and Brönnimann  

21, 22:  Ammotium aff. A. cassis (Parker) 
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Figure 5: Scanning electron micrographs of agglutinate and hyaline foraminifers from Akanda 

mangroves, Gabon (scale bar = 100 µm except where otherwise stated).  

1-5: Ammotium salsum (Cushman and Brönnimann)  

6, 7: aberrant specimens 

8-12: Trochammina inflata (Montagu) 

13-15: Arenoparella mexicana (Kornfeld) 

16-18: Textularia porrecta Brady 

19-21: Textularia sp. 

22-24: Haplophragmoides wilberti Andersen. 
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Figure 6. Scanning electron micrographs of hyaline foraminifers from Akanda mangroves, 

Gabon (scale bar = 100 µm except where otherwise stated).  

1-5: Astrononion stelligerum (d'Orbigny) 

6-8: Ammonia tepida? 

9. Ammonia sp. 1 

10: Elphidium cf. E. selseyensi Heron-Allen and Earland 

11-20: Elphidium advenum maorium Hayward. 
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Abstract 

The Ologe Lagoon in southwestern Nigeria is a natural habitat located closely to both residential 

and industrial estates. The lagoon is heavily affected by effluents of agricultural and industrial 

runoff including organochlorine compounds and heavy metals (chloropesticides, DDT and 

polychlorinated biphenyls, cadmium, manganese, zinc, copper, lead, iron and nickel). Ologe 

Lagoon is situated in a semi-isolated position and its brackish waters traverse several creeks and 

lagoons before it reaches the Atlantic Ocean. The lagoon experiences minor tidal but noticeable 

salinity and pH variations during the rainy season. During the dry season, however, the waters 

have a comparatively long resident time where sediments act as sink and aggregate 

contaminants over time. Investigations on benthic foraminifera, thecamoebian and diatom 

species were carried out to document the current status, composition, spatial distribution, and 

response of microfaunal assemblages to environmental stressors within the lagoon. The benthic 

foraminifer assemblage is composed of four highly specialized agglutinated species of 

Ammotium salsum, Miliammina fusca, Ammobaculites dilatatus and Ammobaculites aff. A. 

exiguus. They are present at all sample sites with varying abundances. The high abundance of 

Ammotium salsum is considered an indication of environmental stress. Thecamoebian species of 

Difflugia oblonga, Difflugia proteiformis and Pontigulasia compressa were also recorded in 

varying proportions and generally represent less than one percent of the total 

foraminifera/thecamoebian assemblage. The presence of marine brackish-water larger siliceous 

diatoms of Actinoptychus and Campylodiscus species indicates an interaction between the 

lagoon and the marine waters although on the minimal scale with regards to actual salinity 

ranges. The faunal assemblages recovered are characterized by low species richness and alpha 

diversity indices and are typical of shallow, marginal marine hyposaline environments. 

Numerical abundances and spatial distribution patterns suggest taxon-specific habitat 

preferences and highlight their potential for environmental monitoring studies. 
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5.1  Introduction 

Changes in human land use, the runoff of industrial effluents along with a rapid 

population increase have placed pressure on many coastal and nearshore ecosystems. 

Biomonitoring activities play a key role in developing our understanding of how human 

activities and pressures affect marine environments and associated biotas. Because of their 

widespread distribution, narrow ecological tolerance ranges and high reproductive rates, 

foraminifera respond fast to environmental changes and have been established as high-

resolution proxies for biomonitoring (e.g. Alve, 1995; Murray and Alve, 2002; Frontalini and 

Coccioni, 2011; Schönfeld et al. 2012). Pollution of nearshore coastal environments in Nigeria 

has long been subject of environmental concern, jeopardizes biodiversity and poses significant 

risk to human health and socio-economic development. However, little effort has been made in 

Nigerian coastal waters to utilize meiofauna components as bioindicators of environmental 

change. The lack of such baseline data has made it difficult to determine the nature and 

magnitude of biodiversity changes in response to stressors. Here we provide an initial survey on 

benthic foraminifera, thecamoebians and diatoms to document the composition, species richness 

and spatial distribution of microfaunal assemblages and to assess their potential as 

environmental indicators within the Ologe Lagoon (SW Nigeria). 

The Ologe Lagoon is situated in the immediate neighborhood of Lagos, the rapidly 

growing capital of Nigeria with an estimated population of 16 million inhabitants. The 

urbanized surroundings of the lagoon are industrialized areas on the southwestern coast. It is a 

production center for manufacturing ranging from food processing to pharmaceuticals. The 

partially treated effluents from most of these industries are directly discharged into canals and 

streams that eventually flow into the lagoon. The fast population growth and urbanization of the 

Lagos region (United Nations, 2004) modified water usage and drainages within the area. Over 

the past decades, the anthropogenic impact on the natural habitat of the Ologe Lagoon has 

increased from both industrial and residential estates (Clarke et al. 2008; Samuel et al. 2015). 

Ologe Lagoon is well known for fishing activities, but industrial effluents and the accumulation 

of heavy metals in the water have made the lagoon a sink for pollutants with severe 

consequences for aquatic food consumption (WHO, 2008; Samuel et al. 2015). 

Studies on Nigerian lagoons and creeks date back to the late 50s and have been a continues 

routine especially in terms of ecological responses and interactions of macro- and micro-faunal 

assemblages with environmental and hydrodynamic variables (Webb and Hill, 1958; Sandison, 

1966; Sandison and Hill, 1966; Adegoke, 1975; Asseez et al. 1974; Clark et al. 2004, 2008; 

Kumolu-Johnson and Ndimele, 2012). Previous foraminiferal studies were carried out in the 
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coastal waters and within the neritic environments of southern Nigeria (Fayose, 1970; Adegoke 

et al. 1976; Dublin-Green, 1994; Olayiwola and Odebode, 2013). However, few of these studies 

have focused on the interactions between marine and fresh water systems with respect to 

foraminifera assemblages.  

The Ologe Lagoon (Fig. 1) has recently received attention with studies covering 

pollution, macrobenthos, heavy metal accumulation, sedimentology and general ecology (Clark 

et al. 2004, 2008; Kumolu-Johnson and Ndimele, 2012; Imoobe, 2008; Samuel et al. 2015). 

Onuoha et al. (2010) studied phytoplankton diversity within the Ologe Lagoon. They recorded a 

total of 119 species belonging to five algal groups. Clark et al. (2008) investigated the dynamics 

of Desmidacean populations with regards to identification, diversity and the influence of 

physical and chemical parameters on their temporal abundance and spatial distribution. They 

identified eight Desmidacean assemblages. 

Several studies have utilized foraminifera and thecamoebians for biomonitoring within 

aquatic bodies opposite the oceans. They have become a verifiable first-hand tool in ecological 

management and control studies. Foraminifera and thecamoebians have a documented record as 

proxies for environmental change (e.g. Saunders, 1958; Bartlett, 1966; Madeira-Falcetta, 1974; 

Culver, 1990; Scott and Leckie, 1990; Asioli et al. 1996, Debenay et al. 1998, Scott et al. 2001; 

Duleba and Debenay, 2003; Hallock et al. 2003;  Reinhardt et al. 2005; Eichler et al. 2006; 

Langer and Lipps, 2006; Pereira et al. 2006; Katarina 2007; Qin et al. 2013; Eichler et al. 2015; 

Fajemila et al. 2015; Delaine et al. 2015; Langer et al. 2016a,b). Their use as bio-indicators in 

correlation with hydrographic parameters provides important information for the exploration of 

lagoonal water resources with regards to ecological limits. The study provided here is the first 

investigation that includes three groups of microorganisms within the Ologe Lagoon 

(foraminifera, thecamoebians and diatoms), to provide a baseline for future environmental 

monitoring. 

5.2  Materials and Methods 

The Ologe Lagoon is a hyposaline, brackish water system connected to the Atlantic 

Ocean by strings of channels leading to the Lagos harbor (Fig. 1). It is located between latitudes 

6° 26’N to 6° 30’N and longitudes 3° 01’E to 3° 07’E. Ologe Lagoon has a total surface area of 

9.4km2, and is the smallest of nine lagoons that parallel to the Atlantic coast (Webb and Hill, 

1958; Sandison, 1966; Sandison and Hill, 1966; Adegoke, 1975). The lagoon is a catchment 

area of the Owo, Imede, Opunu and Ilo rivers and characterized by shallow depths, mud flats 

and sand bars.  The waters of Ologe Lagoon drain through Elete Creek, through which it 



90                          Foraminifera, Thecamoebians and Diatoms from the Ologe Lagoon, Nigeria 

 

 

 

connects to other rivers and lagoons before it reaches Lagos harbor and finally the Atlantic 

Ocean.  

The Ologe Lagoon is separated from the ocean by the Badagry barrier sand and 

connected to the Lagos harbour through a major tributary running almost parallel to the coast 

(Fig. 2b). It classifies as a hyposaline choked lagoon, with salinity fluctuations between 0.10 ± 

0.01‰ in the raining season and 0.30 ± 0.041‰ in the dry season (Kumolu-Johnson and 

Ndimele 2012). Therefore, the steady freshwater input from River Owo coupled with stagnation 

of the lagoon waters keep the lagoon salinity low, irrespective of the season of the year. The 

relatively long water residence times may lead to eutrophication, accumulation of pollutants, 

and sediment infilling (Kjerfve, 1994). The lagoon is surrounded by rooted mangrove trees 

having dense undergrowth of shrubs and grasses and coconut palm trees (Cocos nucifera; Fig. 

2). At the rear, mangroves form overhangs towards the Lake. The mangrove forests of Nigeria 

are the largest in Africa and are the third largest in the world (Macintosh and Ashton, 2003). 

They are dominated by Rhizophora racemosa Meyer which forms a significant percentage in the 

total mangrove cover of southern Nigeria (Savory, 1953). 

Sampling was carried out in April 2013 at 7 stations within the study area. Sediments 

were collected by boat using a Van Veen grab sampler and filling plastic bags with substrata 

from the top 2cm. All samples were dried, transported to the laboratory and washed over 

standard sieves for micropaleontological research (Langer et al. 2016b). The locations of 

individual sampling sites are shown in Fig. 1 and precisely georeferenced via GPS (Table 1). 

Sediment samples consisted of dark, organic rich mud and fine to coarse-grained siliceous 

sand containing some fragments of gastropods, bivalves.  

Foraminifera, thecamoebians and diatoms were identified to species level wherever 

possible, documented by SEM microscopy and assembled into a catalogue of taxa (Plates 1, 2). 

Between 370 and 430 individuals of benthic foraminifera were picked from each sample. For 

the identification of benthic foraminiferal species and higher orders, our taxonomic and 

systematic arrangement follows the arrangement of Loeblich and Tappan (1988), Mikhalevich 

(1983, 2008), Debenay and Basov (1993), Debenay and Redois (1997), Langer et al. (2013, 

2016b) and Thissen and Langer (2016). For thecamoebians we followed Scott et al. (2001). 

Identification of the diatoms is based on Hendey (1957) and Round et al. (1990). 
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Fig. 1: a.) Location of sampling sites within the Ologe Lagoon.  Circle diagrams show percent abundances of 

individual foraminiferal taxa present in the lagoon. b.) Aerial view of Ologe Lagoon with reference to the Elete and 

Badagry Creek river systems, Lagos harbor and the Lagos Lagoon. 

 

 

The compositions and structure of benthic foraminiferal communities from individual sites was 

examined by analyzing the percent abundances of individual species and diversity indices 

including Fisher α, Shannon_H, Dominance_D, total species richness and Principal Component 

Analysis (PCA) using the PAST3 software (Table 2; Hammer et al. 2001). The foraminiferal 

number (FN) per gram of treated sediment sample was also calculated for all the sites (Schott, 

1955; Ingle, 1967; Table 2). 

Table 1: Sample site information within Ologe lagoon, southwestern Nigeria. 

Site # Latitudes Longitudes DEPTH (m) Material Collection date 

1 N 060 26' 44'' E 0030 02' 32'' 2.4 organic mud 10/April/2013 

2 N 060 27' 16'' E 0030 02' 47'' 2 muddy sand 10/April/2013 

3 N 060 28' 34'' E 0030 06' 14'' 2.8 muddy sand 13/April/2013 

4 N 060 28' 59'' E 0030 05' 52'' 1.8 organic mud 13/April/2013 

5 N 060 28' 00'' E 0030 05' 11'' 7.4 organic mud 12/April/2013 

6 N 060 27' 40'' E 0030 05' 30'' 3.8 organic mud 12/April/2013 

7 N 060 27' 24'' E 0030 05' 44'' 4.8 muddy sand 12/April/2013 
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Fig. 2: Schematic diagram of the Lagoon showing mangroves, shrubs and coconut palm trees (images from Tracey 

Saxby, Kate Moore, Dieter Tracey, Integration and Application Network, University of Maryland Center for 

Environmental Science (ian.umces.edu/imagelibrary/). 

 

5.3 Results 

A total of 2899 foraminifera were recovered from the sediments collected from the 

Ologe Lagoon sites. The foraminiferal fauna was found to contain a highly specialized, low-

diverse assemblage of agglutinated foraminifera composed of four species only. They include: 

Ammobaculites dilatatus, Ammobaculites aff. A. exiguus, Ammotium salsum and Miliammina 

fusca. The species were present at all the sites but with variable proportions.   

Numerical analysis of foraminifera revealed that the highest abundance of foraminifera 

occurs at Site 3 which is closest to the major tributary (Owo River, Fig. 1a, Table 1). The area 

around the Owo River mouth is characterized by high percent abundances of Ammotium salsum, 

where it constitutes up to 85% of the total assemblage (site 3 and 4).  High numerical values of 

Ammotium salsum were also recorded within Elete Creek, the river that drains the lagoonal 

waters towards the Lagos Lagoon and finally to the Ocean (site 6 and 7, Fig. 1a, Table 2). All 

sampling sites with high percentage records of Ammotium salsum were found to correlate with 

low abundances of Miliammina fusca. Percent abundances of Miliammina fusca were found to 

be highest at site 1 and 2m where it represents between 41.9 and 70.2%. These sites are located 

at the southwesternmost end of the lagoon and have the largest distance to the Owo tributary. 

Ammobaculites dilatatus and Ammobaculites aff. A. exiguus, were found with low percent 
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abundances and reach maximum values of 4.15% and 2.95, respectively. Ammobaculites 

dilatatus was found to be most frequent near the transition between the Lagoon and Elete Creek 

(site 5, Fig. 1a, Table 2). Both species of Ammobaculites were found to be particularly rare at 

site 1 where they constitute less than 1% of the total assemblage. The numerical abundance and 

distribution of individual species within the lagoon and Elete Creek is reflected in the Principal 

Component Analysis where Miliammina fusca and Ammotium salsum occur as antagonists (Fig. 

3). 

 

Table 2: Numerical analysis of agglutinated foraminifera, thecamoebians and diatoms from Ologe Lagoon, Nigeria. 

Data include percent abundances of species, diversity and dominance indices and total number of foraminifera, 

thecamoebians and diatoms for individual samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The standardized total foraminiferal number (FN) per gram of dry sediment (>63 μm) 

range between 313 and 1394 (site 3, Table 2). It is higher at shallow sites and lowest at the 

deepest site (site 5). Fisher α diversity indices were low (0.60 and 0.62, Table 2). Shannon (H) 

values vary between 0.53 and 0.89 and dominance values varied between 0.45 and 0.73. 

Thecamoebians were found to be less abundant and also occur as low diversity biotas and with 

variable proportions (Table 2). A total of three species were recovered from all samples: they 

include Difflugia oblonga, Difflugia proteiformis and Pontigulasia compressa. Thecamoebians 

were found to be most frequent at site 3, 4 and 6 and thus track the abundance record of 

 Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Foraminifera 

Taxa_S 4 4 4 4 4 4 4 

Fisher_alpha 0.6098 0.6267 0.6209 0.6242 0.6093 0.6131 0.6100 

Dominance_D 0.5726 0.4630 0.6039 0.7374 0.4510 0.6909 0.4948 

Shannon_H 0.6831 0.8704 0.7109 0.5396 0.8972 0.5862 0.8252 

Ammobaculites dilatatus % 0.69 1.62 2.31 2.91 4.16 0.96 1.86 

A. aff. A. exiguus % 0.93 2.97 2.06 1.58 1.38 2.64 2.09 

Ammotium salsum % 28.14 53.51 74.81 85.15 51.16 81.77 60.83 

Miliammina fusca % 70.24 41.9 20.82 10.36 43.3 14.63 35.22 

Total # (specimens/g sediment) 810.7 1188.4 1394.3 947.4 313.2 725.2 948.5 

Thecamoebians 

Difflugia oblonga % 66.67 9.52 54.76 16.00 41.67 79.81 21.43 

Difflugia proteiformis % 11.11 14.29 14.29 8.00 16.67 3.85 21.43 

Pontigulasia compressa % 22.22 76.19 30.95 76.00 41.67 16.35 57.14 

Total # of specimens 9 21 42 25 12 104 14 

Diatoms 

Actinoptychus senarius (# of Ind.) 32 188 234 11 - - 16 

Campylodiscus echeneis (# of Ind.) 41 45 61 29 - 8 12 

Actinoptychus senarius % 44 81 79 28 - 0 57 

Campylodiscus echeneis % 56 19 21 72 - 100 43 
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Ammotium salsum, which had maximum values near the Owo River tributary and in the Elete 

Creek. Difflugia oblonga was found to be the most abundant taxon followed by Pontigulasia 

compressa.  

The sediment deposits in the lagoon and within Elete Creek were also found to contain 

significant amounts of diatoms. Similar to foraminifera and thecamoebians, the diatom 

assemblage is characterized by low-diversity consisting of two species only. They include 

Actinoptychus senarius and Campylodiscus echeneis. These are large silicate diatoms that are 

common taxa of the brackish - freshwater coastal environments, and not restricted to marine 

environments (Hendey, 1957; Poulíčková and Jahn, 2007). Actinoptychus and Campylodiscus 

were found to be most abundant at site 3 which is closest to the Owo River. No diatoms or 

particularly low abundances of both taxa were recorded near the transition between the Lagoon 

and Elete Creek (site 5, 6, and 7; Fig. 1 and Table 2). 

 

 

 

Fig. 3: Principal components 1 and 2 showing the antagonistic distribution and dominance of Miliammina fusca and 

Ammotium salsum at all the sample sites. Analysis is based on percent abundances of individual taxa. 
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5.4 Discussion 

5.4.1  Foraminiferal assemblage 

   The composition, spatial distribution and diversity of foraminifera and thecamoebian 

assemblages from the Ologe Lagoon were studied to assess their potential as proxies for 

environmental monitoring. The faunal assemblages were found to be low diverse and are 

composed of highly specialized taxa. The fauna recovered differs fundamentally from other 

shallow-water nearshore communities of benthic foraminifera that were reported from coastal 

environments of Nigeria and Gabon (Adegoke, 1975; Adegoke et al. 1976; Langer et al. 

2016a,b). The spatial distribution of selected species display habitat preferences as recorded by 

their numerical abundance. Ammotium salsum was found to be particularly abundant towards 

the upper sites of the lagoon, where there is greater input of organic carbon and effluents, 

especially from the Owo River (Fig. 1a, Table 2). It is less prominent at site 1 and 2 where 

Miliammina fucsa was recorded with considerably higher percentages. Site 1 and 2 are several 

kilometers away from the Owo River mouth. In addition, the spatial distribution of Ammotium 

salsum correlates with high concentrations of heavy metals and organic carbon recorded within 

the lagoon (Clarke et al. 2008; Kumolu-Johnson and Ndimele, 2012; Samuel et al. 2015). This 

suggests that stress tolerance and threshold limits of Ammotium salsum are higher than in all 

other species of foraminifera present within Ologe Lagoon. Similarly, Debenay (1990) and 

Debenay et al. (1989) have reported that Ammotium salsum is the most resistant species both to 

contrasting salinities and other anthropogenic factors. In the Casamance upper estuary setting 

(Senegal), which is subjected to high evaporation during the dry season, Ammotium salsum was 

reported to tolerate extremely high salinity conditions ultimately resulting in a monospecific 

faunal assemblage. In the Ebrie Lagoon (Ivory Coast), which is virtually isolated from the ocean 

and characterized by low salinity organic-rich sediments, Ammotium salsum was found to be the 

most common and abundant species (Debenay et al. 1989; Debenay, 1990).  

   The presence of Miliammina fusca is equally important. It trailed behind Ammotium 

salsum in abundance except for the sites that have the largest distance to the Owo River (Fig. 1a, 

Table 2). Miliammina fusca was also reported from the Ogun estuary (Nigeria), occurring 

together with Miliammina earlandi in minimal proportions (Asseez et al. 1974). In the 

hypersaline Casamance estuary, Miliammina fusca disappears in the dry season due to salinity 

increases leaving the habitat for an Ammotium salsum-Ammonia beccarii assemblage. The 

species reappears during the rainy season when salinity becomes lower whereby it replaces 

Ammonia beccarii (Debenay, 1990).  This type of high contrast salinity  
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Plate 1: Thecamoebians (1-6): 1: Difflugia oblonga Ehrenberg; 2-4: Difflugia proteiformis Lamarck; 5, 6: 

Pontigulasia compressa Carter; Foraminifera (7-15): 7, 8: Ammobaculites dilatatus Cushman; 9, 10: 

Ammobaculites aff. A. exiguus Cushman and Brönnimann; 11, 12: Ammotium salsum (Cushman and Brönnimann), 

13-15: Miliammina fusca (Brady) 

 

changes do not occur within the Ologe Lagoon. Because of their abundance and widespread 

distribution at all latitudes, Ammotium salsum and Miliammina fusca were considered as 

representative species of marshes and other habitats where the influence of fresh water is 



Chapter Five   97 
 

 

significant (Murray, 1971; Asseez et al. 1974; Boltovskoy, 1984; Debenay et al. 2000; Horton et 

al. 2003). The antagonistic spatial abundance patterns of Ammotium salsum and Miliammina 

fusca suggest species-specific tolerance levels to yet to be determined factors of environmental 

stress. These may concern pollution by heavy metals, organochlorine compounds, or agricultural 

or industrial runoff that affect the quality of shallow-water ecosystems (e.g. Alve, 1995b; Le 

Cadre and Debenay, 2006; Armynot du Châtelet et al. 2011). The antagonistic distribution also 

argues in favor of autochthonous assemblages and may thus retain information regarding the 

original community structure (Hayward et al. 1999; Langer and Lipps, 2006).  

   The faunal assemblage within the lagoon show some similarities to other brackish water, 

upper estuary assemblages where the influence of tides is minimal (Scott et al. 1980; Eichler et 

al. 2006). The biotas are composed of abundant agglutinated foraminifera characterized low 

species richness and alpha indices. Low-diversity assemblages of foraminifera are typical of 

shallow hypohaline, marginal marine environments (Scott and Medioli, 1980; Scott et al. 1980; 

Debenay, 1990; Debenay and Guillou, 2002; Debenay et al. 2000, 2006; Barbosa et al. 2005; 

Armynot du Châtelet et al. 2009; Nagy et al. 2011; Leipnitz et al. 2014). For most common 

species of foraminifera, salinity of about 3 ‰ has been considered as the lower limit of 

tolerance (Debenay, 1990; Hayward and Hollis, 1994; Scott et al. 2001). This threshold limit 

explains the low foraminiferal species richness that characterizes Ologe Lagoon. Past 

foraminiferal studies have indicated that the spatial distribution of foraminifera in hyposaline 

coastal lagoonal environments is a direct function of the amount of fresh water input, pH, tidal 

regime, salinity and the availability of calcium carbonate (Debenay, 1990; Debenay and Guilou 

2002).  

  The total number of foraminifera per gram sediment (FN) is fairly similar at the 

shallowest sample sites (Table 2). Generally, a minimal or insignificant decrease was recorded 

with increasing water depth. Ammotium salsum (Pl. 1, figs. 11-12) and Miliammina fusca (Pl. 1, 

figs. 13-15) are species that are very common in areas of lower than normal salinities (Murray, 

1991; Hayward et al. 1999; Debenay et al. 1998; Scott et al. 2001; Eichler et al. 2006). These 

two species dominate in the Ologe Lagoon, with antagonistic proportions that are more 

favorable for Ammotium salsum towards the industrialized area near the Owo tributary. The 

lagoonal setting is vividly an Ammotium – Miliammina habitat as further substantiated by the 

PCA (Fig. 3). At the mouth of the tributaries that flow into the Lagos harbor (Fig. 2b), there is 

an indication of increasing marine influence with the increasing abundances of calcareous 

species as salinity becomes more favorable (Asseez et al. 1974; Adegoke, 1975; Phillips et al. 

2012). Comparable scenarios were observed in different lagoons and estuaries in French Guinea, 
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along the western coast of Africa, Canada and Brazil (Scott et al. 1980; Debenay, 1990; 

Debenay et al. 1989, 1997, 2001; Miranda and Kjerfve, 2002; Eichler et al. 2006). 

5.4.2  Thecamoebian assemblage 

 The thecamoebians occur in all the samples in varying proportions. Although their 

abundances are lower, Difflugia proteiformis (Pl. 1, figs. 1-3),  D. oblonga (Pl. 1, fig. 4)  and 

Pontigulasia compressa (Pl. 1, figs. 5, 6) are characteristics of lower salinities in both temperate 

mangroves and tropical and subtropical mangroves and also indicative of low oxygen habitats 

(Scott et al. 1980; Scott and Medioli, 1980; Kliza, 1994; Jennings et al. 1995; Asioli et al. 1996; 

Patterson et al. 1996; Charman, 2001; Wang and Chappell, 2001; Duleba and Debenay, 2003; 

Reinhardt et al. 2005; Eichler et al. 2006; Katarina, 2007; Qin et al. 2013). Difflugia oblonga, 

which is particularly tolerant to environmental stress (Asioli et al. 1996), is present at almost all 

sample sites. It was recorded with high abundance at Site 6, similar to Ammotium salsum. It is 

assumed that they both share similar environmental parameters at this site.  Apparently, the 

concentration of heavy metals, especially Cu (Samuel et al. 2015), does not restrict their 

distribution within the Ologe Lagoon. 

5.4.3 Diatoms 

 The lagoon is characterized by the presence of two larger brackish water diatoms 

Actinoptychus senarius (Pl. 2, figs. 1-6) and Campylodiscus echeneis (Pl. 2, figs. 7-9). Both are 

large diatoms which are common in marine and associated environments. More importantly, the 

availability of silica for the building of their tests in this oligo-saline environment might have 

encouraged their bloom. Their presence confirms a considerable interaction between the lagoon 

water and the highly saline marine water from the Atlantic Ocean although on the minimal scale 

with regards to actual salinity ranges. The nature and duration of such interaction will be of high 

priority in further studies. These indicator species have been recorded world-wide from coastal 

and lagoonal habitats including shallow mesohaline inland saline lakes in Africa, and 

importantly in some West African ports (Mills, 1932; Hendey, 1957; Archibald, 1983; Foged, 

1984; Gasse, 1986; Krammer and Lange-Bertalot, 1988; Round et al. 1990; Flower, 1993; 

Carvalho et al. 1995; Clarke et al. 2004; Poulíčková and Jahn, 2007).   
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Plate 2: 1-6: Actinoptychus senarius Ehrenberg; 7-9: Campylodiscus echeneis Ehrenberg. 

 

5.5 Conclusions 

Ologe Lagoon is currently undergoing rising anthropogenic threats. This study examined 

the composition, species richness and spatial distribution of foraminifera, thecamoebian and 

diatom assemblages indicating the current situation of the lagoon. The lagoonal biotas are low 



100                          Foraminifera, Thecamoebians and Diatoms from the Ologe Lagoon, Nigeria 

 

 

 

diverse and harbor unique assemblages of species that differ from other nearshore coastal 

environments in this region. Quantitative analyses of total faunas show the presence of 

distinctive species associations. Habitat preferences are indicated for selected species as 

documented by numerical abundance records, spatial distribution patterns and principal 

component analysis. The resulting patterns of distribution are interpreted to be a function of 

differential susceptibility and individual tolerance levels and highlight the potential of 

meiofauna studies as tool for environmental biomonitoring. 
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Chapter 6 

 

Shallow-water benthic Foraminifera from the Island of Moorea 

(Society Islands, French Polynesia) 

 

Olugbenga T. Fajemila, Martin R. Langer (In prep.) 

 

Abstract 

Three hundred and sixty-four species of shallow-water benthic foraminifera were documented 

from the reef-lagoon settings of Moorea, French Polynesia. These settings include inner-bays, 

fringing reefs, lagoon, coastal mangrove, and back- and fore-reefs. The number of taxa differs 

from one habitat to another with the fringing reefs recording the highest of 250 species. The 

fringing reef habitat is characterized by the presence of larger foraminifera including Borelis 

schlumbergeri, Amphistegina lessonii, Peneroplis pertusus and Heterostegina depressa. It is 

further characterized by abundant smaller miliolids with Quinqueloculina species accounting for 

about 19%. The mangrove habitat recorded 41 species which are not a natural assemblage 

because of the introduced nature of the mangroves. The fore-reef, back-reef and the lagoon 

habitats yielded 175, 135 and 100 benthic foraminifera species respectively. Generally, the 

symbiont-bearing benthics are very common and abundant within the reefal environment. 

Amphistegina lessonii is the most abundant making more than 50% at all the reefal sites. The 

inner-bay environments host more of the opportunistic taxa as result of nutrient dumping from 

rivers flowing into the bays. Species of Ammonia, Bolivina, Elphidium, Nonionoides and 

Quinqueloculina are very prominent in this habitat. The foraminifera species were 

systematically described and presented in 39 Plates of Scanning Electron Microscopy images.  

This is the first complete survey and documentation benthic reef foraminifera from Moorea, 

Society Islands. 

6.1  Introduction 

Moorea (134 km2 in area) is a perfect environment for coral health and reef management 

studies (e.g. Endean and Cameron 1990; Jokiel and Coles 1990; Cameron et al. 1991; Done et 

al. 1991; Gleason 1993, 1996; Harmelin-Vivien 1994; Hoegh-Guldberg and Salvat 1995; 

Adjeroud 1997; Hodgson 1999; Bessat and Buigues 2001; Adjeroud et al. 2002; Adjeroud et al. 

2007 a, b; Penin et al. 2007; Juhasz 2010). Most of these studies are usually concerned with 

habitat assessment and monitoring with respect to climatic and anthropogenic influences on 

corals. The island has a standing history of Coral health studies by the presence of the French 
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(CRIOBE - Centre de Recherches Insulaires et Observatoire de l’Environnement) and 

American (Gump) marine stations which have been a point of visit to many researchers over the 

years. 

6.1.1 Oceanography 

French Polynesia is situated within the western flank of the oligotrophic Southeast 

Pacific Ocean gyre that has its center in the Easter Island zone.  This is the Earth’s largest 

system of ocean gyre. It is mostly inactive and contains little marine life (D’Hondt et al. 2009; 

Fischer et al. 2009). This ocean current is bounded at the north by the equatorial zone (Fig. 1). 

Movement of surface water masses inside the gyre is anti-clockwise and directly sustained by 

the trade wind stress (Levitus, 1982). The temperature and salinity of the waters around the 

French Polynesia is maintained by the Equatorial Counter Current (ECC) which runs along the 

South Pacific Convergence Zone (SPCZ) and brings warm, low-salinity waters originating from 

the Solomon Sea axis toward French Polynesia. This may decrease surface salinity to 35.5 PSU 

during the peak of the summer rainy season; but generally along the Tropic of Capricorn, 

seawater temperature is around 21°C in winter, largely above the 18°C lower lethal limit for 

tropical reef-building corals (Delcroix and Henin, 1991; Rougerie et al. 1997). 

 

Fig. 1:  Map of the Intertropical Pacific. Tahiti (Society Island) is bathed by the oligotrophic oceanic gyre centered 

in the Easter Island zone. Currents flow westward and counter currents flow eastward. Abbreviations: E.C., 

Equatorial Current; S.E.C., South Equatorial Current; N.E.C.C., North Equatorial Counter Current; E.C.C., 

Equatorial Counter Current (after Rougerie et al. 1997) 
 

6.1.2 Biogeographic significance of Moorea 

The warm shallow waters of the lagoon-reef settings of Moorea, French Polynesia (Fig. 

2; 17°30S, 149°50W) is relatively high in foraminifera diversity (Vénec-Peyré 1991; Langer and 

http://www.criobe.pf/
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Lipps 2006; Fajemila et al. 2015). The different habitats from the Mangrove to the reef settings 

harbour significant habitat specific foraminifera assemblages which is invariably a reflection of 

the ecologic parameters that make up each habitat (Langer and Lipps, 2006; Fajemila et al. 

2005). Despite the numerous literatures on tropical benthic foraminifera from the Pacific islands 

only a few have detailed description of the lagoon-reef settings foraminifera assemblage. The 

number of available data decreases as you move away from the western Coral Triangle hotspot 

eastwards. Therefore, the benthic foraminifera record becomes scanty especially towards the 

Society Islands which are approximately a stepping stone into the low diversity eastern portion 

of the Pacific. Langer and Hottinger (2000) tried to bridge the gaps in the biogeographic ranges 

of some selected larger benthic foraminifera but the biogeographic significance of Moorea was 

left to speculation until it was defined by Fajemila et al. 2015. Makled and Langer (2011) 

documented 104 species of benthic foraminifera from the shallow-water lagoonal sediments of 

the Caroline Islands (about 2,800km north of the Great Barrier Reef). This is remarkably high 

with regards to the few numbers of sample materials worked upon.  

 

Fig. 2: Moorea, Society Islands (French Polynesia), South Pacific.  

Many Pacific islands have seen heavy patronage of ‘foraminiferologists’ (e.g. Haig 1979; 

1988a, b; 1993; Langer and Lipps 2003; Renema 2006, 2008; Fujita et al. 2014; Fujita and 

Omori 2015). Many quantitative data from these regions and a few qualitative descriptions of 
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the foraminifera species have been carried out especially in the western Pacific Coral Triangle 

Hotspot (CTH) (e.g. Haig 1988, 1993; Cushman 1921; Graham and Militante 1959; Hofker 

1968; Hughes 1977; Langer 1992; Loeblich and Tappan 1994; Langer and Lipps 2003; Debenay 

1985, 1988, 2012; Makled and Langer 2011). Vénec-Peyré (1984, 1987, 1988 and 1991) 

deserves lots of credits in laying down the early foundations in studies of foraminifera around 

Moorea and the Society Islands. By 1985, she had documented more than 180 species from the 

French Polynesia in general. The large-scale survey of Fajemila et al. (2015) further examined 

the diversity of benthic foraminifera and how ocean-lagoon systems interaction has affected 

their distribution with respect to ecologic, then anthropogenic considerations. Moorea, which is 

a strong link between the high diversity region of the western pacific Coral triangle hotspot and 

the less diverse eastern Pacific, is of higher interest considering its position on the diversity 

gradient and the understanding of the distribution of foraminifera species at large (Langer and 

Lipps 2003; Fajemila et al. 2015).  The data generated helps in removing the eastern limits 

towards arriving at a more wholistic and refined biogeographic map of symbiont-bearing 

benthic species as was achieved by Langer and Hottinger (2000) and Lobegeier (2002).  

Many published works were used for comparison with foraminifera from Moorea. These 

include Papua New Guinea (Haig 1979, 1988a, 1988b, 1993; Langer and Lipps 2003), 

Philippines (Cushman 1921; Graham and Militante 1959), Samoa (Cushman, 1924), Marshall 

Islands (Cushman et al. 1954; Todd 1960), Mariana Islands (Todd 1960, Matsumaru and Matsuo 

1976), Jakarta (Hofker 1968), Solomon Islands (Hughes 1977), New Caledonia (Debenay 1985, 

1988, 2012), Banda Arc Region (von Marle 1989), Moorea (Venec-Peyré 1985, 1991) Ryukyu 

Islands (Hatta and Ujie 1992), Timor Sea (Loeblich and Tappan 1994), Caroline Islands 

(Makled and Langer 2011), Raja Ampat, Papua (Förderer and Langer 2016). This is the first 

Atlas of reef foraminifera from the French Polynesia.  

6.2  Materials and Methods 

Forty-five surface sediment samples were selected within the reefal, lagoonal and 

mangrove settings of Moorea in October and November of 1992. This comprises the bays, 

lagoons, and back- and fore-reef habitats. Samples were collected by filling plastic bags (20x40 

cm) with substrata from the top 2cm while Scuba diving and snorkeling. The sampling sites 

cover a depths range from 0-40m and are widely distributed around the Island (Fig. 3; Table 1.). 

All samples were washed over 63µm mesh sieves and dried at 500C.  
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Fig. 3: Moorea with sample sites. 

Foraminifera were picked from each sample and individuals of each species were counted. More 

than 17000 individuals were picked and identified to species level when possible; individuals in 

each species were also counted. Images of representative species were taken by Scanning 

Electron Microscope (SEM) and arranged into 39 plates using the Adobe Photoshop CS6. For 

supraspecific identification we follow Loeblich and Tappan (1987) and modifications proposed 

by Hottinger et al. (1993). For species identifications, we have applied the concepts of the 

nearest complete faunal studies from the Sahul Shelf (Loeblich and Tappan 1994), off Malaysia 

west of New Guinea (Millett 1898-1904), the Great Barrier Reef  (Baccaert 1987), Madang 

Lagoon and Chuuk Atoll (Langer and Lipps, 2003; Makled and Langer, 2011), New Caledonia 

(Debenay 2012), and Ningaloo (Reef Parker 2009). Each foraminifera species is described and 

the corresponding synonyms were duly cited within the systematic section. Moreover, the 

arrangement of the foraminifera species within each plate presented strictly follows the order 

depicted by Loeblich and Tappan (1987, 1994), Makled and Langer (2011) and Langer et al. 

(2013). The elements of the structural presentation in terms of diversity and distribution of the 

various foraminifera species and genera have already been presented and discussed in Fajemila 

et al. (2015). 
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Table 1: Sample sites information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 

No 

Location Depth 

(m) 

Collection 

date Latitude Longitude 

Lagoon   

M1 17O 28’ 53.96” S 149O 48’ 55.67” W 8 – 10 October 1992 

M3 17O 28’ 36.49” S 149O 47’ 59.91” W 1.5 October 1992 

M4 17O 28’ 31.02” S 149O 48’ 00.02” W 1 October 1992 

M51 17O 29’ 01.85” S 149O 49’ 16.53” W 20 October 1992 

Back-reef 

M16 17O 28’ 57.96” S 149O 49’ 54.73” W 3 October 1992 

M35 17O 28’ 58.07” S 149O 49’ 26.67” W 2.5 October 1992 

M53 17O 33’ 24.12” S 149O 53’ 11.43” W 1-1.4 October 1992 

M54 17O 33’ 47.14” S 149O 52’ 41.24” W 1.4 October 1992 

M58 17O 35’ 15.52” S 149O 51’ 42.40” W 1.4 October 1992 

Fore-reef 

M9b 17O 30’ 10.14” S 149O 45’ 40.19” W 20 October 1992 

M61 17O 35’ 10.39” S 149O 52’ 01.11” W 20-25 October 1992 

M62 17O 35’ 04.42” S 149O 52’ 11.39” W 20-25 October 1992 

M71 17O 32’ 25.53” S 149O 45’ 50.31” W 20 October 1992 

M72 17O 32’ 33.89” S 149O 45’ 59.66” W 20 October 1992 

M93 17O 28’ 49.43” S 149O 51’ 08.23” W 12 October 1992 

M95 17O 29’ 03.78” S 149O 51’ 26.33” W 22 October 1992 

M96 17O 29’ 05.72” S 149O 51’ 28.35” W 20 October 1992 

Mangrove 

M7 17O 33’ 21.26” S 149O 52’ 39.47” W 0-0.5 October 1992 

M8 17O 33’ 02.70” S 149O 51’ 08.71” W 0-0.5 October 1992 

Bay inlets 

M13 17O 30’ 21.29” S 149O 49’ 19.95” W 1.5 October 1992 

M15 17O 30’ 04.87” S 149O 49’ 04.03” W 3 October 1992 

M40 17O 29’ 59.57” S 149O 49’ 15.90” W 10 October 1992 

M41 17O 29’ 57.90” S 149O 49’ 08.45” W 10 – 15 October 1992 

M43 17O 30’ 15.68” S 149O 49’ 23.40” W 6 October 1992 

M47 17O 29’ 26.54” S 149O 49’ 17.87” W 15 – 20 October 1992 

M50 17O 29’ 10.35” S 149O 49’ 26.16” W 20 – 25 October 1992 

M56 17O 34’ 19.16” S 149O 52’ 01.39” W 3.6 October 1992 

M75 17O 30’ 01.20” S 149O 51’ 04.32” W 1.4 October 1992 

M77 17O 30’ 42.00” S 149O 51’ 20.43” W 20 October 1992 

M78 17O 30’ 33.77” S 149O 51’ 17.32” W 24.5 October 1992 

M79 17O 30’ 34.84” S 149O 51’ 07.45” W 20 October 1992 

M83 17O 30’ 22.85” S 149O 51’ 27.00” W 14 October 1992 

Fringing-reef 

M10 17O 29’ 43.24” S 149O 49’ 28.84” W 0.5 October 1992 

M11 17O 29’ 55.20” S 149O 49’ 24.34” W 2 - 2.5 October 1992 

M31 17O 30’ 15.69” S 149O 51’ 12.83” W 1.4 October 1992 

M32 17O 30’ 15.69” S 149O 51’ 12.83” W 1.4 October 1992 

M45 17O 29’ 29.40” S 149O 49’ 31.02” W 0.5-2.5 October 1992 

M48 17O 29’ 27.46” S 149O 49’ 08.07” W 0.5-2.5 October 1992 

M49 17O 29’ 11.57” S 149O 49’ 39.62” W 8 – 10 October 1992 

M52 17O 29’ 09.77” S 149O 49’ 06.10” W 10-15 October 1992 

M57 17O 34’ 01.56” S 149O 52’ 49.55” W 1.3 October 1992 

M69 17O 32’ 47.19” S 149O 46’ 42.45” W 2.5 October 1992 

M86 17O 29’ 51.61” S 149O 51’ 16.16” W 0.5-2.5 October 1992 

M87 17O 29’ 52.23” S 149O 51’ 28.67” W 38 October 1992 

M88 17O 29’ 55.90” S 149O 51’ 43.21” W 0.5-2.5 October 1992 
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6.3  Results  

Forty-five samples from Moorea yielded more than 16000 individuals. Further probe 

resulted in a total of 364 species (see list in Appendix II) and 140 genera of benthic 

foraminifera.  This comprises of 31 agglutinated, 211 porcellaneous and 122 hyaline-perforate 

species.  Nine genera of the larger symbiont-bearing benthic foraminifera were recorded. They 

are Amphistegina, Heterostegina, Sorites, Peneroplis, Amphisorus, Assilina, Borelis, 

Parasorites and Coscinospira in order of abundance. They are very prolific within the back-and 

fore-reef habitats with declining population towards the bays and nearshore environments where 

eutrophication is more pronounced. These are calcium carbonate producers and are very 

essential component of the coral community. This assemblage is similar to those documented in 

other parts of the Pacific (Hallock 1981 1984, 1999; Langer et al. 1997; Langer and Hottinger 

2000, Langer and Lipps 2003, Langer and Lipps 2006, Makled and Langer 2011; Langer et al. 

2013, Fujita and Omori 2015). This reduction in the number of species/taxa of the symbiont-

bearing larger benthic foraminifera is expected because of the intermediate position of Moorea, 

east of the high diversity hotspot. Other foraminifera include moderately abundant taxa of 

Ammonia, Anomalinella, Bolivina, Bolivinella, Cymbaloporetta, Elphidium, Elongobula, 

Fursenkoina, Hopkinsina, Loxostomina, Nonionoides, Nubeculina, Planispirillina, 

Porosononion, Pseudoschlumbergerina, Quinqueloculina, Rosalina, Sagrinella, Textularia, 

Tremptophalus and Triloculina. These and all other foraminifera species are described in the 

systematic paleontology section and also figured in the respective plates. 

Generally, within the Cook’s bay, there is significant domination of the opportunistic 

taxa which includes Ammonia, Bolivina, Elphidium, Nonionoides and smaller miliolids. 

Quinqueloculina spp. accounted for 26% of the total foraminifera assemblage within the inner 

bay section of the Cook’s bay while other non-dominant species accounted for another 27%. 

The Opunohu Bay is also a reflection of the distribution in Cook’s Bay except for Fursenkoina 

schreibersiana which accounted for 3% of the population. The inner bays produced assemblages 

which are typical of environments with high nutrient supply thereby giving rise to more 

opportunistic taxa. Amphistegina lessonii could only account for about 2% in Opunohu Bay and 

is very rare in Cook’s Bay sites.  

The back- and fore-reef habitats show significant increase in the number of the 

symbiont-bearing foraminifera. Amphistegina lessonii dominated the assemblage with more than 

50% at most reef sites. Other benthics such as Eponides repandus, Schlumbergerina 

alveoliniformis and Anomalinella rostrata occurred in higher numbers in association with the 

symbiont-bearing taxa. Homotrema rubra is very common at the back reef sites but decreases 
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towards the fore-reef sites and totally absent at the inner bays sites. The mangrove sites are 

dominated by smaller miliolids with many Quinqueloculina spp (63%). Moreover, it is a 

suitable habitat for Ammonia tepida which accounted for 18% of the total population. The 

fringing reef sites house the greatest numbers of foraminifera with more than 250 species. It is 

influenced by the lagoon as well as the bay sites. These are sites located around the Cook and 

Opunohu’s Bay entrances, adjacent to land. There is abundant smaller miliolids and significant 

agglutinated taxa. The presence of Borelis schlumbergeri, Peneroplis arietina and 

Heterostegina depressa were recorded as well as Textularia spp. Amphistegina lessonii is most 

abundant species within this habitat.   

6.4  Systematic Paleontology 

We have identified the benthic foraminifera to species level wherever possible and the 

detailed descriptions and arrangement of the species strictly follows the order depicted by 

Loeblich and Tappan (1987, 1994), Makled and Langer (2011) and Langer et al. (2013). For 

easier morphological comparisons, all the species are illustrated by scanning electron 

microscopy (SEM) and arranged into 39 plates.  

 

Family Reophacidae Cushman, 1910 

 

Genus Reophax de Montfort, 1808 

  

Reophax communis Lacroix, 1930  

Pl. 1, fig. 1 

1930 Reophax communis - Lacroix, p. 4; figs 5-7. 

1939 Reophax communis Lacroix - Cushman and McCulloch, p. 68, pl. 3, fig. 12. 

1981 Reophax communis Lacroix - McCulloch, p. 8, pl. 1, figs. 14, 21, 24 (not 20, 22, 23) 

2012 Reophax communis Lacroix - Debenay, p. 90, 255. 

 

Test is small and uniformly increasing in size with chamber addition (7-8); sutures depressed; initial stage is 

indistinct and probably uniserial; wall roughly agglutinated; aperture terminal with no neck.   

 

Reophax sp. 1  
Pl. 1, figs. 2, 3.  

Test is small, elongate with no distinct chamber arrangement; wall agglutinated, rough and comprised mostly of 

flattened arenaceous materials; aperture is terminal and clearly defined by a broad neck. 

 

Family Lituolidae de Blainville, 1827 

 

Genus Ammobaculites Cushman, 1919 

 

Ammobaculites exiguus Cushman and Brönnimann, 1948 

Pl. 1, figs. 4, 5.  

1948 Ammobaculites exiguus - Cushman and Brönnimann, p. 38; pl. 7, figs 7-8. 

1998 Ammobaculites exiguus Cushman and Brönnimann - Debenay et al.; pl. 1, figs 6, 11. 

1999 Ammobaculites exiguus Cushman and Brönnimann - Hayward et al. p. 85; pl. 1, figs 19-20. 

2012 Ammobaculites exiguus Cushman and Brönnimann - Debenay p. 74, 256. 

 

Test small, elongate, initial portion planispirally coiled, chamber addition later became rectilinear; wall 

agglutinated with coarse grains; aperture is terminal and rounded.  
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Ammobaculites sp. 1 

Pl. 1, figs. 6, 7.  

Test small and rapidly increased in size with chamber addition; initial stage indistinct; sutures depressed; wall 

agglutinated, rough and composed of larger arenaceous grains; aperture is terminal and rounded.. 

 

Ammobaculites sp. 2  
Pl. 1, figs. 8-10.  

Test small and uniformly increasing in size with chamber addition; wall agglutinated and rough and composed of 

larger arenaceous grains; aperture is terminal and shows no distinct apertural neck. 

 

Genus Ammomarginulina Wiesner, 1931 

 

Ammomarginulina ensis Wiesner, 1931 

Pl. 1, fig. 11.  

 

1931 Ammomarginulina ensis - Wiesner, p. 97. 

2010 Ammomarginulina ensis Wiesner - Hayward et al. p. 139, pl. 4, figs. 27, 28. 

2012 Ammomarginulina ensis Wiesner - Debenay, p. 76, 256. 

 

Test flattened, with a planispiral initial stage, it uncoiled later showing oblique sutures which are not well defined; 

wall coarsely arenaceous with rough surface; aperture terminal on a distinct neck. 

 

Family Acupeinidae Brönnimann and Zaninetti, 1984 

 

Genus Acupeina Brönnimann and Zaninetti, 1984 

 

Acupeina triperforata (Millett, 1899a) 

Pl. 1, figs. 12, 13.  

1899a Haplophragmium agglutinans d’Orbigny var. triperforata - Millett, p. 358, pl. 5, figs. 2/a, b. 

1948 Haplophragmium salsum - Cushman and Bronnimann, p. 16, pl. 3, figs. 10-13. 

1965 Lituola salsa (Cushman and Bronnimann) - Brönnimann and Zaninetti, p. 608, figs. 1-3. 

1988 Acupeina triperforata (Millett) – Loeblich and Tappan, pl. 71, figs. 5 and 6. 

1992 Acupeina triperforata (Millett) - Brönnimann et al. p. 16, pl. 2, figs. 10, 11. 

2012 Acupeina triperforata (Millett) – Debenay, p. 74, 257. 

 

Test streptospiral in the initial stage and later uncoiling and rectilinear; gradual increase in size as more chambers 

are added; wall finely agglutinated with a single layer of thickness; sutures are radial, curved and depressed initially 

and nearly straight in adult stages; aperture is terminal and multiple, most times with three openings. 

 

Family Haddoniidae Saidova, 1981 

 

Genus Haddonia Chapman, 1898 

 

Haddonia sp. 1 

Pl. 1, figs. 14-16.  

1993 Haddonia sp. A – Hottinger et al. p. 30, pl. 3, figs. 4-12 

2011 Haddonia sp? Makled and Langer, p. 234, fig. 2/2-7 

 

Test large, relatively coarsely agglutinated; initial chambers indistinct but later additions are uniserially attached; 

sutures are straight, distinct and depressed; aperture looks rounded and terminal in the adult stage. 

 

Family Spiroplectamminidae Cushman, 1927 

 

Genus Spiroplectinella Kisel’man, 1972 

 

Spiroplectinella sp. 1 

Pl. 1, fig. 17.  

Test free, small, coarsely agglutinated with large grains; initial chambers indistinct but later additions are 

uniserially attached; sutures indistinct; aperture terminal. 

 

Family Haplophragmoididae Maync, 1952  
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Genus Haplophragmoides Cushman, 1910 

 

Haplophragmoides sp. 1 

Pl. 1, figs. 18, 19.  

Test small, planispirally enrolled, involute, compressed and biumbilicate, chambers inflated and margin distinctly 

lobulate; wall thin, with moderately coarse agglutinate, exterior slightly rough; aperture an elongate low equatorial 

slit at the base of the apertural face, with a slight lip. 

 

Family Trochamminidae Schwager, 1877 

 

Genus Paratrochammina Brönnimann, 1979 

 

Paratrochammina cf. P. simplissima (Cushman and McCulloch, 1948)  

Pl. 1, figs. 20-24.  

1939 Trochammina pacifica var. simplex - Cushman and McCulloch, p. 104; pl. 11, figs 4/a-c. 

1948 Trochammina pacifica var. simplissima - Cushman and McCulloch, new name, p. 76. 

1994 Paratrochammina simplissima (Cushman and McCulloch) - Loeblich and Tappan, p. 23, pl. 24, figs. 1-12. 

2009 Paratrochammina simplissima (Cushman and McCulloch) - Parker, p. 17, figs. 14/a-c. 

2012 Paratrochammina cf. simplissima (Cushman and McCulloch) - Debenay, p. 87, 258. 

 

Test trochospirally coiled with rounded periphery; 4-5 chambers in the last formed coil; sutures are slightly 

depressed and distinct; wall agglutinated, mostly with roughly equidimentional smaller grains of arenaceous 

materials; aperture single, interiomarginal, extending over the margin of the penultimate chamber across the 

umbilicus. 

 

Paratrochammina sp. 1 

Pl. 1, fig. 25. 

Test free; chambers are trochospirally coiled with 5 chambers in the last formed coil; sutures are slightly depressed 

and distinct; wall agglutinated but finely finished. It has the texture of Paratrochammina simplissima but more 

‘rectangularly’ built. 

 

Genus Trochammina Parker and Jones, 1859 

 

Trochammina inflata (Montagu, 1808) 

Pl. 1, figs. 26-28.  

1808 Nautilus inflatus - Montagu, p. 81; pl. 18, fig. 3. 

1859 Trochammina inflata (Montagu) - Parker and Jones, p. 347. 

1980 Trochammina inflata (Montagu) - Scott and Medioli, p. 44; pl. 3, figs 12-14; pl. 4, figs 1-3. 

2002 Trochammina inflata (Montagu) - Debenay et al.; pl. 1, figs 20, 21. 

2009 Trochammina inflata (Montagu) - Parker fig 18. 

2012 Trochammina inflata (Montagu) - Debenay, p. 101, 258. 

 

Test trochospiral, agglutinated, with inflated chambers; sutures radially depressed and distinct; chambers visible on 

the spiral side; wall smoothly finished; aperture interiomarginal, umbilical-extraumbilical arch with narrow 

bordering lip. 

 

Subfamily Rotaliammininae Saidova, 1981  

 

Genus Siphotrochammina Saunders, 1957 

 

Siphotrochammina lobata Saunders, 1957 

Pl. 1, figs. 29-35.  

1957 Siphotrochammina lobata - Saunders, p. 9; pl. 3, figs. 1, 2. 

1988 Siphotrochammina lobata Saunders - Leoblich and Tappan, p. 124, pl. 193, figs. 1-3. 

1992 Siphotrochammina lobata Saunders - Brönnimann et al. p. 21, pl. 4, figs. 1, 2. 

2006 Siphotrochammina lobata Saunders - Debenay and Luan, pl. 1, figs. 28, 29. 

2012 Siphotrochammina lobata Saunders - Debenay, p. 94, 259. 
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Test free, trochospiral with ovate chambers and rounded periphery, increasing in size away from the initial 

chambers; sutures depressed, distinct and slightly curved; wall finely agglutinated; aperture is interiomarginal at the 

end of a siphon-like lobe projecting from the umbilical margin of the chamber. 

 

Family Verneuilinidae Cushman, 1911 

 

Genus Caronia Brönnimann, Whittaker and Zaninetti, 1992 

 

Caronia exilis (Cushman and Brönnimann, 1948) 

Pl. 2, figs. 1-4.  

1948 Gaudryina exilis - Cushman and Brönnimann, p. 40; pl. 7, figs 15, 16. 

1992 Caronia exilis (Cushman and Brönnimann) - Brönnimann et al. p. 30; pl. 2, figs 1, 2, 5; pl. 17, figs. 1-6. 

2002 Caronia exilis (Cushman and Brönnimann) - Debenay et al.; pl. 1, fig. 7. 

2012 Caronia exilis (Cushman and Brönnimann) - Debenay, p. 77, 259. 

 

Test coarsely agglutinated with closely packed partially globular chambers; initially triserial, later become biserial 

with additional chamber growth; sutures depressed and have subhorizontal orientation; aperture interiomarginal 

elongate arch at the base of the last added chamber. 

 

Family Prolixoplectidae Loeblich & Tappan, 1985  

 

Genus Eggerelloides Haynes, 1973  

 

Eggerelloides scabrus (Williamson, 1858) 

Pl. 2, figs. 5-7.  

1858 Bulimina scabra - Williamson, p. 65, pl. 5, figs. 136, 137. 

1922b Verneuilina scabra (Williamson) - Cushman, p. 55 

1937 Eggerella scabra (Williamson) - Cushman, p. 50, pl. 5, fig. 10 

1987 Eggerelloides scabrus (Williamson 1858) - Loeblich and Tappan, p. 170, pl. 189, figs. 5-7. 

 

Test subconical, trochospiral, initial stage with 4-5 chambers, later with three chambers per whorl; chamber size 

gradually increases as they are added; wall agglutinated; aperture semilunate arch in the middle of apertural face, 

bothered by a rim. 

 

Family Textulariidae Ehrenberg, 1838 

 

Genus Sahulia Loeblich and Tappan, 1985 

 

Sahulia cf. S. barkeri (Hofker, 1978)  

Pl. 2, figs. 8, 9. 

1978 Textularia barkeri - Hofker, p. 27; pl. 1, fig. 3. 

1992a Sahulia barkeri (Hofker) - Hatta and Ujié, p. 57, pl. 2, figs. 2/a, c. 

1993 Sahulia barkeri (Hofker) - Hottinger et al. p. 33, pl. 8, figs. 7-11.  

1994 Sahulia barkeri (Hofker) - Loeblich and Tappan, p. 27, pl. 32, figs. 1-8. 

2009 Sahulia barkeri (Hofker) - Parker, p. 35, figs. 28/a-d. 

2012 Sahulia barkeri (Hofker) - Debenay, p. 92, 263. 

 

Test agglutinated, biserial throughout and forming a cone, breath and length almost equal and almost triangular in 

lateral view; sutures slightly inclined; aperture a low and nearly straight slit at the center of the partially smooth 

flattened terminal face. 

 

Sahulia sp. 1 

Pl. 2, figs. 10, 11.  

Test small, agglutinated, biserial, cone-like, almost as wide as high, subtriangular in lateral view; sutures slightly 

inclined; apertural face broadly oval; aperture a low and nearly straight slit at the center of the flattened apertural 

face.  

 

Sahulia sp. 2  

Pl. 2, figs. 12, 13. 

Test biserial, cone-like, almost two time hish as wide, subtriangular in lateral view; sutures slightly inclined; 

aperture a low and nearly straight slit almost at the center of the smooth flattened terminal face. 
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Genus Textularia Defrance, 1824 

 

Textularia foliacea Heron-Allen and Earland, 1915 

Pl. 2, figs. 14, 15.  

1915 Textularia foliacea – Heron-Allen and Earland, p. 628, pl. 47, figs. 17-20. 

1932 Textularia foliacea Heron-Allen and Earland - Cushman, p. 8, pl. 1, figs. 6-10. 

1949 Textularia foliacea Heron-Allen and Earland - Said, p. 6, pl. 1, fig. 9 

1979 Textularia foliacea Heron-Allen and Earland - Halicz and Reiss, p. 301, pl. 2, figs. 4-9,12-13 

1992a Textularia foliacea Heron-Allen and Earland - Hatta and Ujiie, p. 59, pl. 2, figs. 7a-b 

1993 Textularia foliacea Heron-Allen and Earland - Hottinger et al. p. 37, pl. 13, figs. 15-18, pl. 14, figs. 1-5 

1998 Textularia foliacea Heron-Allen and Earland - Haunold and Piller, p. 13, pl. 1, fig. 14 

2011 Textularia foliacea Heron-Allen and Earland - Makled and Langer, p. 234, fig. 2/17, 18. 

2012 Textularia foliacea Heron-Allen and Earland - Debenay, p. 97, 264. 

 

Test agglutinated, coarse and heterogeneous, elongate, biserial, narrowly compressed with rounded periphery but 

broadly triangular in lateral view, gradually increases in size as more chambers are added; sutures depressed and 

indistinct; aperture a low arch at the base of the last chamber. 

 

Textularia oceanica Heron-Allen and Earland, 1915  

Pl. 2, fig. 16.  

1932 Textularia foliacea Heron-Allen and Earland var. oceanica Cushman - Cushman, p. 8, pl. 1, figs. 11-12 

1940 Textularia foliacea Heron-Allen and Earland var. oceanica Cushman - Lalicker and McCulloch, p. 128, pl. 

14, fig. 12.  

1959 Textularia foliacea Heron-Allen and Earland var. oceanica Cushman - Graham and Militante, p. 28, pl. 2, fig. 

4. 

1993 Textularia foliacea Heron-Allen and Earland var. oceanica Cushman - Hottinger et al, p. 37, pl. 14, figs. 12-

16. 

1994 Textularia foliacea Heron-Allen and Earland var. oceanica Cushman - Loeblich and Tappan, pl. 40, 15-17. 

 

Test agglutinated, very coarse and heterogeneous, club shaped, biserial and rapidly increasing in size with 

additional added chambers; sutures faintly depressed, curved and inclined; aperture a low basal arch at the base of 

the last chamber.  

 

Textularia candeina d'Orbigny, 1839 

Pl. 2, figs. 17-20. 

1839a Textularia candeiana - d'Orbigny, p. 143, pl. 1, figs. 25-27. 

1900a Textufaria sagittula var. candeiana d'Orbigny - Milletti, p. 68-69, pl. 7, fig. 12. 

1977 Textularia candeiana d'Orbig ny - Le Calvez, p. 15-16, pl. 16, figs. 1-3, 25-27. 

1994 Textularia secasensis Lalicker and McCulloch - Loeblich and Tappan, p. 29, pl. 39, figs. 8-14. 

1995 Texularia candeiana d’Orbigny - Yassini and Jones, p. 75, figs. 102, 103. 

2009 Texularia candeiana d’Orbigny - Parker, p. 44, figs. 34/a-f. 

2012 Texularia candeiana d’Orbigny - Debenay, p. 96, 263. 

 

Test agglutinated, coarsely arenaceous, early portion very narrow and compressed, but later chambers enlarging 

rapidly and get more inflated at much later chamber additions. Sutures are fairly distinct and depressed. The 

aperture is a very broad, very low arch at base of final chamber, bordered by a narrow lip on the upper margin. 

 

Textularia agglutinans d’Orbigny, 1839 

Pl. 2, figs. 21-26. 

1839a Textularia agglutinans - d’Orbigny, p. 144; pl. 1, figs 17-18, 32-34. 

1884 Textularia agglutinans d’Orbigny - Brady, pl. 363, figs. 1, 2. 

1899b Textularia agglutinans d’Orbigny - Millet, p. 562. 

1915 Textularia agglutinans d’Orbigny - Heron-Allen and Earland, p. 626. 

1949 Textularia agglutinans d’Orbigny - Said, p. 5, pl. 1, fig. 3. 

1977a Textularia agglutinans d’Orbigny - Le Calvez, p. 13 

1991 Textularia agglutinans d’Orbigny - Cimerman and Langer, p. 21, pl. 10, figs. 1, 2. 

1992 Textularia agglutinans d’Orbigny - Hatta and Ujiie, p. 58, pl. 2, figs. 3/a, b 

1993 Textularia agglutinans d’Orbigny - Hottinger et al. p. 36, pl. 13, figs. 1-9 

1994 Textularia agglutinans d’Orbigny - Loeblich and Tappan, p. 27, pl. 33, figs. 8-12 

1998 Textularia agglutinans d’Orbigny - Haunold and Piller, p. 13, pl. 1, fig. 12 

2012 Textularia agglutinans d’Orbigny - Debenay, p. 95, 263. 
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2013a Textularia agglutinans d’Orbigny - Langer et al. fig. 4/8. 

 

Test coarsely agglutinated, elongate, gradually increasing increasing in width and height toward the apertural end 

rather uniformly, inflated chambers in the later stages, distinct depressed sutures and rounded periphery. In terminal 

view this it is sub-circular to circular in shape. Aperture an elongate slit in a well-marked depression of the inner 

margin of the last-formed chamber 

  

Textularia sp. 1 

Pl. 2, fig. 27. 

Test, elongate, gradually but slowly increasing increasing in width and height, wall coarsely agglutinated; chambers 

do not appear inflated in any stage, distinct depressed sutures and rounded periphery. 

 

Textularia sp. 2 

Pl. 2, figs. 28-30. 

Test coarsely agglutinated, elongate, largely heterogeneous arenaceous grain-sizes, gradually increasing increasing 

in width and height but become larger toward the apertural end, distinct depressed sutures and rounded periphery; 

aperture an elongate low arch basal slit in last-formed chamber 

 

Textularia sp. 3 

Pl. 2, figs. 31-34. 

Test coarsely agglutinated, heterogeneous arenaceous grains, rapid increase in width toward the apertural end; 

inflated last chambers in the later stages, sutures indistinct and rounded periphery; apertural view sub-rounded to 

rounded in shape; aperture an elongate, slightly curved slit in a well-marked depression of the inner margin of the 

last-formed chamber. 

 

Textularia sp. 4 

Pl. 3, figs. 1-3. 

Test agglutinated, long and narrow, gradually increasing in width as more chambers are added; sutures are faintly 

distinct and curved but nearly horizontal towards the periphery; aperture a short slip in a well-marked depression of 

the inner margin of the last-formed chamber. 

 

Textularia sp. 5 

Pl. 3, figs. 4-7. 

Test agglutinated, distinct larger arenaceous grains, globular, increasing rapidly toward the apertural end; sutures 

indistinct. It is rounded in terminal view; aperture a curved slit at the base of the last chamber.  

 

Textularia sp. 6 

Pl. 3, figs. 8. 

Test coarsely agglutinated, heterogeneous arenaceous grains, gradual increase in width toward the apertural end; 

chambers somewhat inflated in the later stages; sutures distinct and depressed; aperture an elongate, slightly curved 

slit on the last-formed chamber. 

 

Genus Septotextularia Cheng and Zheng, 1978 

 

Septotextularia rugosa Cheng and Zheng, 1978 

Pl. 3, fig. 9.  

1884 Textularia rugosa (Reuss) - Brady, p. 363, pl. 42, figs. 23, 24 

1959 Gaudryina (Siphogaudryina) rugulosa Cushman - Graham and Militante, p. 30, pl. 2, figs. 11/a-b 

1985 Septotextularia rugosa Cheng and Zheng - Loeblich and Tappan, p. 207, pl. 15, figs. 1-7 

1987 Gaudryina rugulosa Cushman - Baccaert, p. 32, pl. 11, figs. 2, 3 

2009 Septotextularia rugosa Cheng and Zheng - Parker, p. 39, figs. 29-31. 

2011 Septotextularia rugosa Cheng and Zheng - Makled and Langer, p. 234, figs. 2/27-30 

2012 Septotextularia rugosa Cheng and Zheng - Debenay p. 93, 265. 

 

Test large, up to 2 mm in length, biserial, agglutinated, have thick walls and multiple septulae partitioning the 

chambers, the lower margin of each chamber deeply incised  just anterior to the septa, and with about four 

backward directed projections on each chamber that overlap the sutures; aperture a low arch at the base of the last 

chamber.  

 

Family Pseudogaudryina Loeblich and Tappan, 1985 

 

Genus Pseudogaudryina Cushman, 1936 
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Pseudogaudryina sp. 1 

Pl. 3, figs. 10, 11. 

Test agglutinated, medium sized, subpyramidal in shape but triangular in lateral view, flattened apertural view; 

possesses heterogeneous arenaceous grains; sutures are indistinct; aperture basal slit with indistinct narrow lip. 

 

Family Valvulinidae Berthelin, 1880 

 

Genus Clavulina d'Orbigny, 1826 

 

Clavulina pacifica Cushman, 1924 

Pl. 3, figs. 12-21  

1884 Clavulina angularis d'Orbigny - Brady, p. 396, pl. 48, figs. 22-24 

1924 Clavulina pacifica - Cushman, p. 22, pl. 6, figs. 7-11 

1960 Clavulina pacifica Cushman - Barker, pl. 48, figs. 22-24 

1987 Clavulina pacifica Cushman - Baccaert, p. 35, pl. 11, figs. 7-8 

1994 Clavulina pacifica Cushman - Loeblich and Tappan, pl. 47, figs. 11-15 

2009 Clavulina pacifica Cushman - Parker, p. 26, figs. 21, 22. 

2011 Clavulina pacifica Cushman - Makled and Langer, p. 236, fig. 3/7-10 

2012 Clavulina pacifica Cushman - Debenay, p. 78, 262. 

 

Test agglutinated, finely arenaceous, elongated, with triserial initial portion becoming uniserial at about one third 

from the pointed apical end; test triangular in cross section; chambers slightly inflated and strongly curved 

backwards at each corner; sutures distinct in the triserial portion, depressed in the uniserial part; apertural face 

slightly convex; aperture central, rounded with a simple toothplate. 

 
Family Planispirillinidae Piller, 1978 

 

Genus Conicospirillinoides Cheng and Zheng, 1978 

 

Conicospirillinoides sp. 1 

Pl. 3, figs. 22-26.  

2012 Conicospirillinoides sp. 2 - Debenay, p. 192, 283. 

 

Test planoconvex, rounded at the margin, thick, and in much more overlapping whorls on the flattened side that 

therefore becomes more convex; regular pattern of ornamentation on the flattened side; spines produced on the 

peripheral margin (unlike C. semidecoratus); aperture at the end of the tubular chamber at the periphery. 

 

Conicospirillinoides sp. 2  

Pl. 3, figs. 27-29. 

2012 Conicospirillinoides sp. 1 - Debenay, p. 192, 283. 

Test more rounded, thicker, convex, with many overlapping whorls on the flattened side. 

 

Genus Planispirillina Bermudéz, 1952 

 

Planispirillina cf. P. tuberculatolimbata Chapman, 1900 

Pl. 3, figs. 30-32. 

1900 Spirilina tuberculato-limbata - Chapman, p. 11, pl. 1, figs. 8a-c 

1959 Spirilina tuberculatolimbata Chapman - Graham and Militante, p. 103, pl. 16, figs. 4-5 

1992 Spirilina tuberculatolimbata Chapman - Hatta and Ujiie, Japan, p. 163, pl. 20, fig. 1/a-c. 

2009 Spirilina cf. P. tuberculatolimbata Chapman – Parker, p. 74, fig. 55.  

 

Test shows three to four rows of fine pseudopores in the wall between the raised spiral sutures on the dorsal side 

and evolute coiling on the ventral side with radially arranged tubercles.  

 

Remarks: Our specimen differs from Chapman’s specimen which shows partial involute and randomly arranged 

tubercles. 

 

Planispirillina sp. 1 

Pl. 4, figs. 1, 2.  
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1994 Planispirillina spinigera (Chapman) –Loeblich and Tappan, p. 35, pl. 51, figs. 7-9 

2013a Planispirillina spinigera (Chapman) – Langer et al. figs. 4.17-18 

 

Test shows three to four rows of fine pseudopores in the wall between the raised spiral sutures on the dorsal side 

and involute coiling on the ventral side with randomly arranged tubercles.  

 

Planispirillina sp. 2  

Pl. 4, figs. 3-5.  

Test is thick with a slightly raised ridge that marks out the suture on the ventral side. The periphery is flattened with 

roundly acute edges, and slopes gently inward towards the dorsal side. The dorsal view does not show any distinct 

ornamentation or depression. 

 

Family Spirillinidae Reuss and Fritsch, 1861 

 

Genus Spirillina Ehrenberg, 1843 

 

Spirillina grosseperforata Zheng, 1979 

Pl. 4, figs. 6-9. 

1994 Spirillina grosseperforata Zheng - Loeblich and Tappan, p. 36, pl. 53, figs. 1-8 

2012 Spirillina grosseperforata Zheng - Debenay, p. 232, 282, pl. 19 

2016 Spirillina grosseperforata Zheng - Thiesen and Langer, pl. 11, figs. 4-6. 

 

Test circular in outline with the proloculus at the center. Chambers are added in a planispiral tube coil which 

enlarges gradually away from the proloculus. Coarsely perforated on the spiral side, roughly ornamented with 

transverse ridges and not perforated on the umbilical side. Sutures depressed and distinct. Periphery subacute. 

Aperture at open end of the tube. 

 

Spirillina sp. 1.  

Pl. 4, figs. 10-14. 

1993 Spirillina sp. B - Hottinger et al. p. 75, pl. 86 

2012 Spirillina sp. 3 - Debenay p. 233, 283. 

 

Test circular in outline with the proloculus at the center; chambers are added in a planispiral flattened coil which 

enlarges gradually away from the proloculus; coarsely and randomly perforated on both spiral and umbilical sides. 

Sutures depressed and distinct; periphery subacute; aperture at open end of the tube. 

 

Spirillina sp. 2. 

Pl. 4, figs. 15-21  

1993 Spirillina sp. A - Hottinger et al. p. 75, pl. 86 

 

Test circular in outline with the proloculus at the center; chambers are added in a planispiral flattened coil which 

enlarges gradually away from the proloculus; coarsely and randomly perforated on spiral side; perforations are 

concentrated along the sutures on the umbilical sides; sutures depressed and distinct; periphery subacute; aperture at 

open end of the tube. 

 
Family Cornuspiridae Schultze, 1854 

 

Genus Cornuspira Schultze, 1854 

 

Cornuspira planorbis Schultze, 1854 

Pl. 4, figs. 22-24. 

1854 Cornuspira planorbis Schultze, p. 4, pl. 2, fig. 21. 

1987 Cornuspira planorbis Schultze - Loeblich and Tappan, p. 310, pl. 322, figs 7, 8  

1994 Cornuspira planorbis Schultze - Loeblich and Tappan, p. 37, pl. 56, figs. 1- 7. 

2009 Cornuspira planorbis Schultze - Parker, p. 95, figs. 67/a-c 

2012 Cornuspira planorbis Schultze – Debenay, p. 105, 266. 

2013 Cornuspira planorbis Schultze - Langer et al. p. 161, fig. 4/19  

 

Test circular, large proloculus and simple undivided planispiral, evolute, second chamber; calcareous imperforate 

wall, aperture at the open end of the tube. 
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Cornuspira sp. 1 

Pl. 4, figs. 25-28. 

Test circular, large proloculus and simple divided planispiral, evolute, chambers; calcareous imperforate wall, 

aperture at the open end of the tube. 

 

Family Nubeculariidae Jones, (in Griffith and Henfrey, 1875) 

 

Genus Nubeculina Cushman, 1924 

 

Nubeculina advena Cushman, 1924 

Pl. 4, figs. 29-31.  

1924 Nubeculina advena - Cushman, p. 53, pl. 19, figs. 1-4 

1987 Nubeculina divaricata Brady var. advena Cushman - Baccaert, pl. 13, figs. 6-8 

1988 Nubeculina advena Cushman - Haig, p. 228, pl. 3, figs. 5-7 

1994 Nubeculina advena Cushman - Loeblich and Tappan, p. 38, pl. 59, figs. 1-12  

2009 Nubeculina advena Cushman - Parker, p. 148, figs. 104, 105.  

2011 Nubeculina advena Cushman - Makled and Langer, p. 236, fig. 3/14-19 

2012 Nubeculina advena Cushman - Debenay, p. 112, 267.  

 

Test elongate, coarsely agglutinated with porcelaneous cement and a distinct porcelaneous neck; initial stage 

chambers are hardly visible followed by irregularly arranged chambers with distinct sutures. Aperture is terminal at 

the end of the neck with an everted peristomal lip and few teeth pointing inwards. 

 

Family Fischerinidae Millett, 1898 

 

Genus Planispirinella Wiesner, 1931 

 

Planispirinella exigua (Brady, 1879) 

Pl. 4, figs. 32-35. 

1879 Hauerina exigua - Brady, pt. 2, p. 267. 

1884 Planispirina exigua (Brady) - Brady, p. 196, pl. 12, figs. 1-4, text figs. 5, 6. 

1931 Planispirinella exigua (Brady) - Wiesner, p. 69. 

1958 Planispirinella exigua (Brady) - Collins, p. 374 

1987 Planispirinella exigua (Brady) - Baccaert, p. 36, pl. 12, figs. 1-2 

1987 Planispirinella exigua (Brady) - Loeblich and Tappan, p. 317, pl. 329, figs. 13-16 

1988 Planispirinella exigua (Brady) - Haig, p. 228, pl. 3, figs. 10-12 

 

Test strongly compressed, wall imperforate, smooth; aperture terminal, slit-like, at the end of the final chamber. 

This is quite different from the small, low aperture of Planispirinella involuta Collins 1958. 

 

Planispirinella sp. 1  

Pl. 5, figs. 1-3. 

Test strongly compressed, flattened with no visible thickness at the center, wall imperforate, smooth; aperture 

terminal, low, at the end of the final chamber. Circular in outline, with involute chambers. Alar extensions reaching 

to the center of the test. 

 

Genus Glomulina Rhumbler, 1936 

 

Glomulina? sp. 1 

Pl. 5, figs. 4, 5. 

Test small, free, globular; periphery rounded; wall smooth, imperforate, opaque milky white; chambers consist of a 

large proloculus with a subsequent chamber forming an arch and tightly embracing; aperture terminal, 

subsemicircular, low arch opening without a tooth. 

 

Genus Vertebralina d'Orbigny, 1826 

 

Vertebralina striata d'Orbigny, 1826 

Pl. 5, figs. 6-8.  

1826 Vertebralina striata - d'Orbigny, p. 283 

1987 Vertebralina striata - d'Orbigny - Baccaert, p. 45, pl. 14, figs. 9-11   

1988 Vertebralina striata d'Orbigny - Haig, p. 235, pl. 11, figs. 25, 26 
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1994 Vertebralina striata d'Orbigny - Loeblich and Tappan, p. 39, pl. 60, figs. 1-7. 

2009 Vertebralina striata d'Orbigny - Parker, p. 379, fig. 274 

2011 Vertebralina striata d'Orbigny - Makled and Langer, p. 236, fig. 3/20 

2012 Vertebralina striata d'Orbigny - Debenay, p. 139, 267. 

2013 Vertebralina striata d'Orbigny - Langer et al. p. 161, fig. 4/20. 

2016 Vertebralina striata d'Orbigny - Thiesen and Langer, pl. 3, figs. 4, 5. 

 

Test porcelaneous, strongly compressed, rounded periphery. Chamber arrangement slightly trochospiral and 

involute in initial stages. Surface ornamentation shows longitudinal, diverging and anastomosing costae which 

could vary in relief from almost smooth to heavily striated. Aperture an elongated, distal, subelliptical, assymetrical 

slit with a thick peristomal everted lip. 

 

Genus Wiesnerella Cushman, 1933 

 

Wiesnerella auriculata (Egger, 1893) 

Pl. 5, figs. 9-11.  

1893 Planispirina auriculata - Egger, p. 245, pl. 3, figs. 13-15. 

1987 Wiesnerella auriculata (Egger) - Baccaert, p. 41, pl. 13, figs. 3-5  

1988 Wiesnerella auriculata (Egger) - Haig, p. 235, pl. 11, figs. 32-33. 

1993 Wiesnerella auriculata (Egger) - Hottinger et al. p. 43, pl. 24, figs. 1-4. 

1994 Wiesnerella auriculata (Egger) - Loeblich and Tappan, p. 39, pl. 62, figs. 1-3 

2009 Wiesnerella auriculata (Egger) - Parker, p. 384, fig. 275, 276. 

2011 Wiesnerella auriculata (Egger) - Makled and Langer, p. 236, fig. 3/21. 

2012 Wiesnerella auriculata (Egger) - Debenay, p. 140, 267. 

 

Test calcareous imperforate, smooth, flattened, ovate in lateral view, quinqueloculine, periphery carinate; nearly 

planispiral chamber arrangement with two chambers in a coil. Aperture terminal, rounded with a broad peristomal 

lip, turned towards the less overlapping side of the test. 

 

Family Nubeculariidae Jones, (in Griffith and Henfrey, 1875) 

 

Genus Nodophthalmidium Macfadyen, 1939 

 

Nodophthalmidium antillarum (Cushman, 1922)  

Pl. 5, figs. 12-16. 

1922 Articulina antillarum Cushman, p. 71, pl. 12, fig. 5 

1944 Nodophthalmidium antillarum (Cushman) - Cushman and Todd, p. 65, pl. 11, fig. 3. 

1949 Nodophthalmidium antillarum (Cushman) - Said, p. 20, pl. 2, fig. 3. 

1993 Nodophthalmidium antillarum (Cushman) - Hottinger et al. p. 44, pl. 23, figs. 4-7, text fig. 2. 

2011 Nodophthalmidium antillarum (Cushman) - Makled and Langer, p. 237, fig. 4/15, 16. 

 

Test calcareous imperforate, proloculus is followed by a tubular planispirally enrolled chamber followed in turn by 

rectilinearly arranged subcylinderical chambers with flaring distal end. Aperture terminal, rounded with a broad, 

raised, turned outward lip. Ornamentation several longitudinal thick costae. 

 

Family Ophthalmidiidae Wiesner, 1920 

 

Genus Spirophthalmidium Cushman, 1927 

 

Spirophthalmidium aff. S. prolixum Loeblich and Tappan, 1994  

Pl. 5, figs. 17-19. 

1988 Spirophthalmidium sp. Haig, p. 235, pl. 10, figs. 25-27. 

1994 Spirophthalmidium prolixum Loeblich and Tappan, p. 41, pl. 64, figs. 6-8 

 

Test narrow, elongate, slightly flattened, slightly twisted, periphery rounded, chambers broad, tapering toward the 

aperture, sutures indistinct; wall calcareous, porce1aneous; aperture rounded, produced at the end of a distinct neck. 

 

Spirophthalmidium scabrum Loeblich and Tappan, 1994 

Pl. 5, figs. 20-22.  

1994 Spirophthalmidium scabrum Loeblich and Tappan, p. 41, pl. 64, figs. 4, 5. 

2012 Spirophthalmidium scabrum Loeblich and Tappan - Debenay, p. 135, 268. 
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Test small, proloculus followed by flexostyle, and then by planispirally enrolled chambers of a half-coil in length, 

chambers somewhat overlapping earlier ones, widest at the base, and tapering toward the aperture to about one-

third that diameter; wall imperforate, surface appearing warty with numerous tiny projections; aperture rounded, at 

the end of a produced neck with short bifid tooth. 

 

Spirophthalmidium sp. 1 

1988 Spirophthalmidium sp. Haig, p. 235, pl. 10, fig. 23. 

 

Test narrow, elongate, flattened, twisted, periphery rounded, chambers broad, tapering toward the aperture, sutures 

indistinct; wall calcareous, porce1aneous; aperture rounded, produced at the end of a distinct neck with an obvious 

lip. 

 

Genus Edentostomina Collins, 1958 

 

Edentostomina cultrata (Brady, 1881) 

Pl. 5, figs. 23-26. 

1881 Miliolina cultrata - Brady, p. 45 

1884 Miliolina cultrata Brady - Brady, p. 161, pl. 5, figs. 1, 2 

1958 Edentostomina cultrata (Brady) - Collins, p. 371. 

1959 Quinqueloculina cultrata (Brady) - Graham and Militante, p. 44, pl. 5, figs. 8/a-c 

1987 Edentostomina cultrata (Brady) - Baccaert, p. 39, pl. 12, figs. 3 a-c 

1988 Edentostomina cultrata (Brady) - Haig, p. 218, pl. 1, figs. 15-17 

1994 Edentostomina cultrata (Brady) - Loeblich and Tappan, p. 40, pl. 63, figs. 8-12 

2012 Edentostomina cultrata (Brady) - Debenay, p. 106, 268. 

 

Test compressed, calcareous imperforate, smooth, planispirally enrolled, ovate in outline, with a carinate periphery; 

chambers narrow and elongate, rapidly enlarging, one-half coil in length, all chambers visible from both sides of 

the test; aperture terminal, oval, with an everted lip produced on a short thick neck. 

 

Edentostomina sp. 1 

Pl. 5, figs. 27, 28. 

Test elongate, planispiral, somewhat compressed, calcareous imperforate, smoothly finished; peripheral margin 

carinate; chambers narrow and elongate, rapidly enlarging, all chambers visible from both sides of the test; aperture 

terminal, circular, produced with an everted lip on a long narrow neck. 

 

Family Spiroloculinidae Wiesner, 1920 

 

Genus Adelosina d'Orbigny, 1826 

 

Adelosina laevigata d’Orbigny, 1826 

Pl. 5, figs. 29-32. 

1826 Adelosina laevigata d’Orbigny, p. 303 

1846 Adelosina laevigata d’Orbigny - d’Orbigny, p. 302, pl. 20, figs. 22-24 

1886 Adelosina laevigata d’Orbigny - Schlumberger, p. 549, pl. 16, figs. 19-21, text fig. 6. 

1987 Adelosina laevigata d’Orbigny - Loeblich and Tappan, p. 328, pl. 337, figs. 5-12 

1994 Adelosina laevigata d’Orbigny - Loeblich and Tappan, p. 41, pl. 64, figs. 9, 10. 

 

Test proloculus followed by planispirally enrolled and involute second chamber with distal end produced in a neck. 

Wall calcareous imperforate, porcellaneous, smooth, striate or costate. Aperture terminal, rounded produced on a 

neck with a tooth. 

 

Adelosina sp. 1 

Pl. 5, figs. 33-35. 

Test planispirally enrolled, proloculus visible; wall calcareous imperforate, porcellaneous, smooth, with few 

longitudinal striate at the neck and aboral regions of the test; aperture terminal, rounded produced on a neck with a 

bifid tooth. 

 

Genus Spiroloculina d'Orbigny, 1826 

 

Spiroloculina angulata Cushman, 1917  

Pl. 6, figs. 1-4. 
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1917 Spiroloculina grata Terquem var. angulata - Cushman, p. 36, pl. 7, fig. 5 

1944 Spiroloculina angulata Cushman - Cushman and Todd, p. 50, pl. 7, figs. 18-22 

1987 Spiroloculina angulata Cushman - Haig, p. 234, pl. 10, figs. 1-7 

2011 Spiroloculina angulata Cushman - Makled and Langer, p. 236, fig. 3/22-27. 

2012 Spiroloculina angulata Cushman - Debenay, p. 132, 268. 

 

Test porcelaneous, biloculine, evolute, with both ends of the chambers projecting; chambers are angular in cross-

section, subrectangular in end view and slightly biconcave; chambers distinct, icreasing rapidly but rather evenly in 

size as added; ornamentation composed of longitudinal costae mostly parallel to the periphery; aperture at the end 

of a cylindrical neck with a thin peristomal lip and a bifid tooth.  

 

Spiroloculina antillarum d'Orbigny, 1839 

Pl. 6, figs. 5-8. 

1839 Spiroloculina antillarum d’Orbigny - d’Orbigny, p. 166, pl.v9, figs. 3, 4. 

1944 Spiroloculina antillarum d’Orbigny - Cushman and Todd, p. 44, pl. 6, figs. 28-32 

1977 Spiroloculina antillarum d’Orbigny - Le Calvez, p. 91 

1986 Spiroloculina antillarum d’Orbigny - Debenay, p. 23, pl. 6, fig. 8. 

1993 Spiroloculina antillarum d’Orbigny - Hottinger et al. p. 45, pl. 24, figs. 15-17; pl. 25, figs. 1, 2. 

2009 Spiroloculina antillarum d’Orbigny - Parker, p. 341, figs. 246, 247. 

2011 Spiroloculina antillarum d’Orbigny - Parker and Gischler, p. 43, pl. 2, figs. 1, 2. 

2012 Spiroloculina antillarum d’Orbigny - Debenay, p. 132, 269. 

2013a Spiroloculina antillarum d’Orbigny - Langer et al. p. fig. 4/23  

 

Test elongate, porcelaneous, biloculine, ovate to fusiform in lateral view; slighthly biconcave, chambers nearly 

circular in cross section, but with subangular shoulders between the peripheral and lateral walls; sutures distinct, 

surface ornamented by longitudinal costae, often continuous, extending from the aboral end to the aperture, 

sometimes anastomosing; aperture circular at the end of a cylindrical neck with a weak peristomal lip and a small 

distinctly bifid tooth. 

 

Spiroloculina cf. S. caduca Cushman, 1922a  

Pl. 6, figs. 9-12. 

1922a Spiroloculina caduca - Cushman, p. 61, pl. 11, figs 3, 4. 

1944 Spiroloculina caduca Cushman - Cushman and Todd, p. 46, pl. 7, figs. 1, 2. 

2012 Spiroloculina caduca Cushman - Debenay p. 132, 269. 

 

Test longer than broad, porcelaneous, biloculine, evolute,  much compressed, periphery keeled, acute; chambers 

distinct, increasing rapidly in side with new additions; sutures slightly depressed, surface appears smooth but with 

few irregular, raised costae, more or less oblique in position. Base slightly extended; aperture at the end of a 

cylinderical neck provided with a simple tooth.  

 

Spiroloculina communis Cushman and Todd, 1944 

Pl. 6, figs. 13-16. 

1944 Spiroloculina communis - Cushman and Todd, p. 63, pl. 9, figs. 4-5, 7-8 

1949 Spiroloculina communis Cushman and Todd - Said, p. 14, pl. 1, fig. 37 

1988 Spiroloculina communis Cushman and Todd - Zheng, p. 237, pl. 2, figs. 15, 16; text-fig. 54. 

1992a Spiroloculina communis Cushman and Todd - Hatta and Ujiie, p. 63, pl. 5, figs. 4/a-c 

1993 Spiroloculina aff. S. communis Cushman and Todd - Hottinger et al. p. 45, pl. 25, figs. 10-15 

1997 Spiroloculina communis Cushman and Todd - Cherif et al. p. 262, pl. 2, figs. 13, 14 

1999 Spiroloculina communis Cushman and Todd - Hayward et al. p. 108, pl. 6, figs. 8, 9. 

2012 Spiroloculina communis Cushman and Todd - Debenay, p. 133, 269. 

 

Test porcelaneous, strongly built, biconcave, biloculine, evolute, periphery with sharp edges, sutures distinct, wall 

smooth to slightly ornamented by longitudinal microstriae, Aperture subcircular with a bifid tooth, situated at the 

end of a cylindrical neck with slightly peristomal lip. 

 

Spiroloculina cf. S communis Cushman and Todd, 1944 

Pl. 6, figs. 17-19. 

Test porcelaneous, small, slightly biconcave, biloculine, evolute, periphery with acute edges, sutures distinct, wall 

rough; aperture subcircular with a bifid tooth, situated at the end of a short neck with slightly peristomal lip. 

 

Spiroloculina aff. S. convexa Said, 1949 

Pl. 6, figs. 20-22. 
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 1949 Spiroloculina communis Cushman and Todd, var. convexa - Said, p. 15, pl. 1, fig. 38. 

1993 Spiroloculina convexa Said - Hottinger et al. p. 45, pl. 26, figs. 1-4. 

2012 Spiroloculina convexa, Said - Debenay p. 133, 269. 

 

Test porcellaneous, ovate to fusiform in outline, chambers subtrapezoidal in transverse section deeply biconcave, 

with a fairly convex peripheral wall separated from the lateral ones by acute shoulders; wall is rough and partly 

agglutinated; aperture is terminal at the end of a rounded neck, bordered by a peristomal lip and a small bifid tooth. 

 

Spiroloculina corrugata Cushman and Todd, 1944 

Pl. 6, figs. 23-25. 

1944 Spiroloculina corrugata - Cushman and Todd, p. 51, 61, pl. 8, figs. 22-25. 

1993 Spiroloculina corrugata Cushman and Todd - Hottinger et al. p. 46, pl. 26, figs. 5-9. 

1994 Spiroloculina corrugata Cushman and Todd - Loeblich and Tappan, p. 43 pl. 65, figs. 4-7.  

2012 Spiroloculina corrugata Cushman and Todd - Debenay p. 133, 269. 

 

Test porcellaneous, biloculine, elongated fusiform and slightly biconcave; wall rounded and chambers increasing 

gradually; ornamentation elongated and partly irregular costae, arranged at an angle to the margin; sutures are not 

distinct because of the strong ornamentation; aperture terminal at the end of a neck, lined with costae, bordered by a 

peristomal lip and provided with a bifid tooth. 

 

Spiroloculina mayori Cushman, 1924 

Pl. 6, figs. 26-31. 

1924 Spiroloculina mayori - Cushman, p. 56, pl. 20, figs. 5, 6. 

1944 Spiroloculina mayori Cushman - Cushman and Todd, p. 56, pl. 8, figs. 1-6 

1954 Spiroloculina mayori Cushman - Cushman, Todd and Post, p. 336, pl. 84, fig. 15. 

2012 Spiroloculina mayori Cushman - Debenay, p. 134, 269. 

 

Test elongate, central part of test is very much depressed, side of chambers sharply keeled; wall surface ornamented 

with minute ribs; apertural end is much extended and slender, flattened internally; phialine lip with a bifid tooth; 

sutures fairly distinct. 

 

Spiroloculina samoaensis Cushman, 1924 

Pl. 6, figs. 32, 33. 

1924 Spiroloculina planissima (Lamarck) var. samoaensis - Cushman, p. 58; pl. 21, figs 9, 10. 

1944 Spiroloculina samoaensis Cushman - Cushman and Todd, p. 56, pl. 8, fig. 8. 

2011 Spiroloculina samoaensis Cushman - Makled and Langer, p. 236, fig. 3/47-50 

2012 Spiroloculina samoaensis Cushman - Debenay, p. 134, 269. 

 

Test strongly compressed, depressed contral section, tapering neck and a flattened periphery leading to a sharply 

keeled margin; chambers increasing rapidly with additional ones; wall porcellaneous and ornamented with fine 

raised costae, oblique and anastomosing; aperture terminal at the end of the neck, with a small lip and a bifid tooth. 

 

Spiroloculina scrobiculata Cushman, 1921 

Pl. 6, figs. 34, 35. 

1921 Spiroloculina scrobiculata Cushman, p. 406, pl. 81, fig. 1. 

1944 Spiroloculina scrobiculata Cushman - Cushman and Todd, p. 55, pl. 7, figs. 28, 29. 

1994 Spiroloculina scrobiculata Cushman - Loeblich and Tappan, p. 44, pl. 67, figs. 10-16 

 

Test elliptical in face view and composed of numerous chambers, each circular in transverse section, sutures deep; 

rapid increase in chamber size resulting in biconcave test; aperture at the end of a cylindrical neck with a slightly 

everted lip and a short bifid tooth; wall surface irregularly reticulate with very fine markings. 

 

Spiroloculina sp. 1 

Pl. 6, figs. 36-38. 

Test porcellaneous, biloculine, evolute and slightly depressed at the center portion; wall rounded, smooth, and 

chambers increasing gradually; ornamentation weak costae, sutures are indistinct.arranged at an angle to the 

margin; sutures indistinct; aperture terminal at the end of a neck and provided with a bifid tooth 

 

Spiroloculina sp. 2 

Pl. 7, figs. 1-5. 
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Test porcellaneous, biloculine, elongated fusiform and slender; wall rounded and chambers increasing gradually, 

with the earlier chamber becoming disoriented towards horizontality as more chambers are added; wall surface is 

rough and could be slightly agglutinated in adult stage; sutures are distinct; chambers are narrow and almost equal 

in width but could get inflated at the aboral end; subrectangular in top view but with rounded margins; aperture 

terminal at the end of a neck bordered by a peristomal lip and provided with a bifid tooth. 

 

Spiroloculina sp. 3 

Pl. 7, figs. 6-10. 

Test porcellaneous, biloculine, elongated fusiform but with a conspicuously broad width and subrectangular in top 

view; wall surface is rough; peripheral margin acute; chambers increasing rapidly as more are added, last chambers 

get bulky at the middle but tapers towards both the oral and aboral ends; sutures are distinct and depressed; aperture 

terminal at the end of a slender, rounded neck, with peristomal rim and a bifid tooth. 

 

Spiroloculina sp. 4 

Pl. 7, figs. 11-13. 

2009 Spiroloculina sp. 2 - Parker, p. 352, fig. 257. 

 

Test porcellaneous, biloculine, elongate, small and biconcave; subrectangular in top view; chambers are narrow and 

long; with amost even width, sligthtly robust at the aboral end, broadest at the periphery; wall is smoothly finished 

but with weak costae; sutures are depressed and distinct; aperture is produced on a long neck with a single, short, 

bifid tooth.  

 

Spiroloculina sp. 5 

Pl. 7, figs. 14, 15. 

Test compressed, depressed central section, tapers towards both oral and aboral region; peripheral margin acute;  

chambers increasing steadily with additional ones; wall porcellaneous and ornamented with numerous, fine, raised 

costae, oblique and anastomosing; aperture terminal at the end of the neck. 

 

Family Trilocularenidae Mikhalevich and Kaminski, 2008  

 

Genus Falsagglutinella Loeblich and Tappan, 1994 

 

Falsagglutinella angularis Loeblich and Tappan, 1994 

Pl. 7, figs. 16-18. 

1994 Falsagglutinella angularis - Loeblich and Tappan, p. 45, pl. 69, figs. 12-14. 

 

Test small with triloculine chamber arrangement, rounded periphery, depressed sutures, wall surface agglutinated 

but not in the neck region; aperture rounded and terminal on a produced neck.  

 

Family Hauerinidae Schwager, 1876 

 

Genus Agglutinella El-Nakhal, 1983 

 

Agglutinella sp. 1 

Pl. 7, figs. 19. 

Test is small, elongate, triloculine with a rough, agglutinated wall surface; sutures fairly distinct; aperture terminal 

at the end of a short neck.  

 

Genus Schlumbergerina Munier-Chalmas, 1882 

 

Schlumbergerina alveoliniformis (Brady, 1879) 

Pl. 7, figs. 20, 21. 

1884 Miliolina alveoliniformis - Brady, p. 181, pl. 8, figs. 15-20. 

1988 Schlumbergerina alveoliniformis (Brady) - Haig, p. 234, pl. 9, figs. 18, 19. 

1994 Schlumbergerina alveoliniformis (Brady) - Loeblich and Tappan, p. 46, pl. 72, figs. 9-11. 

2009 Schlumbergerina alveoliniformis (Brady) - Parker, p. 326, figs 237/a-h. 

2012 Schlumbergerina alveoliniformis (Brady) - Debenay, p. 130, 280. 

 

Test fusiform, evolute tubular chambers with miliolid coiling arranged in an irregular quinqueloculine pattern; 

sutures distinct and slightly depressed; wall porcelaneous but covered with agglutinated materials; aperture 

terminal, rounded and composed of trematophores with rounded openings. 
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Genus Siphonaperta Vella, 1957 

 

Siphonaperta hallocki Förderer and Langer, 2016 

Pl. 7, figs. 22-24. 

2016 - Förderer and Langer, p. 13, fig. 6/a-f. 

 

Test ovate, porcelaneous, about two times longer than broad; wall covered with finely agglutinated grains; 

periphery carinate to subacute; chamber arrangement quinqueloculine with five chambers visible from the exterior; 

sutures slightly curved, incised and depressed; chambers angular in oral view; aboral end rounded and produced; 

oral end becoming more slender and leading into a short produced neck; aperture terminal, a wide circular opening 

with a short T-shaped, bifid tooth, that reaches about one third of the apertural diameter, surrounded by a slightly 

thickened and everted peristomal rim. 

 

Siphonaperta cf. S. hallocki Förderer and Langer, 2016 

Pl. 7, figs. 25-27. 

2016 - Förderer and Langer, p. 13, fig. 6/a-f. 

 

Test quinqueloculine, ovate in  lateral view; chambers twisted and curved, with the ultimate and penultimate 

chambers nearly equal in width from aboral to oral ends; wall roughly finished; peripheral margins strongly acute; 

aperture oval, produced at the end of a short thick neck, with a peristomal lip and a short tooth which could be bifid. 

 

Siphonaperta pittensis (Albani, 1974) 

Pl. 7, figs. 28-31. 

1974 Quinqueloculina pittensis - Albani, p. 33, 35, pl. 1, figs. 1-3 

1993 Siphonaperta pittensis (Albani) - Hottinger et al. p. 63, pl. 64, figs. 1-6 

1997 Quinqueloculina pittensis Albani - Haig, p. 272, fig. 4/ 2, 3. 

1998 Siphonaperta pittensis (Albani) - Haunold and Piller, p. 15, pl. 3, fig. 9 

2009 Quinqueloculina pittensis Albani - Parker, p. 236, figs. 169-171.  

2013a Siphonaperta pittensis (Albani) - Langer et al. figs. 4/33-34 

 

Test quinqueloculine, ovate to subcircular in side view; peripheral margins are rounded; chamber sides convex; 

sutures depressed and distinct; wall porcelaneous, surface roughly finished with agglutinated grains incorporated 

into the wall; aperture terminal, rounded, at the end of a short neck with a peristomal lip and a tooth with T-shape 

termination. 

 

Siphonaperta cf. S. pittensis (Albani, 1974) 

Pl. 7, figs. 32-35. 

 

Test elongate, almost two time higher than wide; peripheral margins rounded; chamber sides convex; sutures 

depressed and distinct; wall porcelaneous, surface roughly finished with agglutinated grains incorporated into the 

wall; aperture terminal, semicircular, with a peristomal lip and a  T-shaped tooth. 

 

Siphonaperta sp. 1 

Pl. 8, figs. 1, 2. 

Test almost one and half time as long as wide; peripheral margins rounded; chamber sides convex; sutures 

depressed; wall porcelaneous, surface roughly finished with large agglutinated grains incorporated into the wall; 

aperture terminal, semicircular, with a slightly peristomal lip and a bifid tooth. 

 

Genus Inaequalina Luczkowska, 1971 

 

Inaequalina sp. 2. 

Pl. 8, figs. 3. 

Test is elongate, about two times higher than broad, with oral and aboral ends produced, coiling is regularly 

planispiral with depressed and distict sutures; chambers are distinct and rounded, and do not overlap or wrap around 

one another; aperture rounded, terminal at the end of an equally rounded neck with a simple tooth. 

 

Genus Hauerina d'Orbigny, 1839 

 

Hauerina fragilissima (Brady, 1884) 

Pl. 8, figs. 4-7. 

1884 Spiroloculina fragilisssima - Brady, p. 149, pl. 9, figs. 12-14 



Chapter Six                                                                                                                                        123 

 

 

1917 Hauerina fragilissima (Brady) - Cushman, p. 64, pl. 24, fig. 4.  

1924 Hauerina fragilissima (Brady) - Cushman, p. 68, pl. 25, figs. 2, 3. 

1988 Hauerina fragilissima (Brady) - Haig, p. 220, pl. 2, figs. 3-4 

 

Test much compressed, nearly circular, early chambers quiqueloculine, while later ones which make up the adult 

test spiroloculine; periphery rounded, sutures slightly depressed; wall thin and opalescent; aperture cribate. 

 

Hauerina aff. H. fragilissima (Brady, 1884) 

Pl. 8, figs. 8-14. 

1975 Hauerina fragilissima (Brady) - Ponder, p. 14, text figs. 28-50  

1987 Hauerina fragilissima (Brady) - Baccaert, p. 144, pl. 63, figs. 1-3  

2009 Hauerina fragilissima (Brady) - Parker, p. 107, figs 75a-g. 

2012 Hauerina fragilissima (Brady) - Debenay p. 108 

 

Test partly involute, highly compressed discoid shape; wall delicately thin and opalescent, the sutures appearing as 

conspicuous white lines; uneven surface texture; aperture terminal with a trematophore. 

 

Hauerina pacifica Cushman, 1917 

Pl. 8, figs. 15-25. 

1917 Hauerina pacifica - Cushman, p. 64, pl. 21, fig. 2 

1975 Hauerina pacifica Cushman - Ponder, p. 19, textfigs. 51-68 

1987 Hauerina pacifica Cushman - Baccaert, p. 145, pl. 63, figs. 4-6 

1988 Hauerina pacifica Cushman - Haig, p. 220, pl. 2, figs. 5-7 

2009 Hauerina pacifica Cushman - Parker, p. 109, figs 76a-c; 77a-m; 78a-j. 

2012 Hauerina pacifica Cushman -Debenay p. 108 

 

Test robust, regular to irregularly suboval in front view, less compressed, early quinqueloculine 

chamber arrangement, almost becoming planispiral with two whorls during ontogeny; periphery 

angular to acute; wall roughly textured with weak ribbed ornaments; aperture cribate, with full 

trematophore in specimens with planispiral latter chambers. 

 

Genus Pseudolachlanella Langer, 1992 

 

Pseudolachlanella angusteoralis (Wiesner, 1923) 

Pl. 8, figs. 26-28. 

1923 Lachlanella angusteoralis - Wiesner, p. 73, pl. 14, fig. 184. 

 

Test large, somewhat flattened; wall smooth, porcelaneous, sometimes translucent; aperture long narrow slit, with a 

long tooth with thickened rounded end tip, almost filling the whole aperture 

 

Pseudolachlanella eburnea (d'Orbigny, 1839) 

Pl. 8, figs. 29-31. 

1839a Triloculina eburnea - d’Orbigny, p. 180, pl. 10, figs. 21-23. 

1977 Triloculina eburnea d’Orbigny - Le Calvez, p. 104, pl. 20, figs.1-4. 

1987 Quinqueloculina oblonga (Montagu) subsp. eburnea (d’Orbigny) - Baccaert, p. 98; pl. 46, fig. 3.  

1988 Quinqueloculina cf. Q. incisura (Todd) - Haig, p. 233; pl. 6, figs 13. 

2009 Quinqueloculina eburnea (d'Orbigny) - Parker, figs. 143, 144, 145. 

2012 Pseudolachnella eburnea (d'Orbigny) Debenay p. 115   

 

Test slightly compressed, a little bit longer than broad, cryptocrystalline. Wall smooth and polished, periphery 

rounded, aboral end strongly overlapping preceding chambers; aperture distinct elongate slit which is almost filled 

completely by a long simple tooth. 

 

Pseudolachlanella slitella Langer, 1992 

Pl. 8, figs. 32-35. 

1957 Triloculina incisura Todd, p. 308, pl. 86, fig. 18. 

1988 Quinqueloculina cf. Q. incisura (Todd) - Haig, p. 233, pl. 6, figs. 11-14. 

1992 Pseudolachlanella slitella - Langer, p. 90, pl. 2, figs. 4-6. 

2012 Pseudolachlanella slitella Langer - Debenay p. 115, 275.  

 

http://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=492925
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Test free, elongated, periphery subrounded; wall smooth, calcareous imperforate; chambers one half coil in length, 

early stage cryptoquinqueloculine, latter nearly planispiral; aperture narrow, curved, elongate slit with parallel 

sides, provided with a long slender tooth with thickened ending. 

 

Pseudolachlanella sp. 1 

Pl. 9, figs. 1-7. 

Test elongate, subquadrate, more than two times higher than wide, triloculine; wall roughly finished with numerous 

microstriae; Chambers slightly compressed; periphery rounded; aperture strogly lachlanella, terminal, produced at 

the end of a short neck and provided with a thick lip and long tooth which thickens at the tip end. The tooth almost 

goes through the total lenght of the lachlanella aperture. 

 
Genus Quinqueloculina d'Orbigny, 1826  

 

Quinqueloculina agglutinans d'Orbigny, 1839 

 Pl. 9, figs. 9-11. 

1839a Quinqueloculina agglutinans - d'Orbigny, p. 195, pl. 12, figs 11-13. 

1929 Quinqueloculina agglutinans d'Orbigny - Cushman, p. 22, pl. 1, fig. 1. 

1959 Quinqueloculina agglutinans d'Orbigny - Graham and Militante, p. 41, pl. 4, fig. 10. 

1971 Quinqueloculina agglutinans d'Orbigny - Bock et al. p. 16 , pl. 4, figs 3-5. 

1977a Quinqueloculina agglutinans d'Orbigny - Le Calvez, p. 54, pl. 7, figs 1, 2 (lectotype), 3, 4 , 11-13. 

1988 Quinqueloculina agglutinans d'Orbigny - Haig, p, 223, pl. 4, figs. 12-14 

2009 Quinqueloculina cf. Q. agglutinans d'Orbigny - Parker, p. 175, figs. 124, 125. 

Test longer than broad, quinqueloculine, with broadly rounded periphery. Wall composed of 

agglutinated arenaceous materials externally and roughly finished; sutures faintly distinct; aperture 

lachlanella with a slightly everted lip and a bifid tooth. 

 

Quinqueloculina cf. Q. angulariniformis McCulloch, 1977 

Pl. 9, figs. 12-14. 

1977 Quinqueloculina angulariniformis McCulloch, p. pl. 213, figs. 7-9. 

 

Test free, calcareous, compressed, subfusiform, quinqueloculine, sutures dinstinct and depressed, chambers 

subquadrate and quite symmetrical from the aboral end to the oral end; periphery slightly depressed between keeled 

acute margins; wall ornamented with weakly developed,  fine, longitidunal costate; aperture terminal at the end of a 

short rectangular neck with a peristomal lip and a tooth. 

 

Quinqueloculina arenata Said, 1949 

Pl. 9, figs. 15-18. 

1949 Quinqueloculina  arenata - Said, Red Sea, p. 9, pl. 1, fig. 25. 

1971 Quinqueloculina ammophila Parr - Rasheed, p. 20-2 1, pl. 2, figs 4a-c.u  

1987 Quinqueloculina anguina Terquem var. arenata Said - Baccaert, p. 77, pl. 37, figs. 1-5. 

1988 Quinqueloculina arenata Said - Haig, p. 233, pl. 4,  

1994 Agglutinella arenata (Said); Loeblich and Tappan, p. 45, pl. 69, figs. 6-11, pl. 70, figs. 10-15, pl. 74, figs. 10-

13. 

2009 Quinqueloculina arenata Said - Parker, p. 179, figs. 126-128. 

2012 Quinqueloculina arenata Said - Debenay, p. 119, 270.  

 

Test slender, quinqueloculine, periphery rounded, externally agglutinated and roughly finished; Sutures are greatly 

obscured by the coarsely agglutinated wall; aperture rounded, terminal at the end of a distinct neck provided with a 

short tooth and slightly everted lip. 

 

Quinqueloculina barnadi Rasheed, 1971 

Pl. 9, figs. 19-26. 

1971 Quinqueloculina barnardi - Rasheed, p. 26, 27, pl. 2, fig. 1. 

1977 Quinqueloculina bubnanensis - McCulloch, p. 483, pl. 210, fig. 19, pl. 212, fig. 16. 

1988 Quinqueloculina barnadi Rasheed - Haig, p. 233, pl. 4, figs. 18-20. 

1997 Quinqueloculina barnadi Rasheed - Haig, fig. 3/ 23, 24. 

2001 Quinqueloculina barnadi Rasheed - Lobegeier, p. 291, pl. 7, figs. 4-9. 

2009 Quinqueloculina barnadi Rasheed - Parker figs. 129, 130  

2012 Quinqueloculina barnadi Rasheed - Debenay, p. 119, 270. 
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Test robust, oval in lateral view, peripheral margins are acutely rounded to rounded; wall porcelaneous with 

numerous microstriae; sutures slightly depressed but very distinct; aperture lachlanella, compressed, with a long 

simple tooth.  

 

Remarks: Some of our specimens show smaller lachlanella aperture. 

 

Quinqueloculina cf. Q. bassensis (Parr, 1945) 

Pl. 9, figs. 29-31. 

1945 Triloculina bassensis - Parr, p. 198, pl. 8, figs. 7/a-c  

2009 Quinqueloculina bassensis (Parr) - Parker, p. 184, figs. 131/a-g 

 

Test elongate, quinqueloculine, with slightly compressed chambers, subrectangular in oral view; sutures slightly 

depressed; wall rough with numerous pits which could be caused to abrasion; Aperture subrounded and produced 

on a slightly raised neck, with a thickrim and a slender tooth which could be bifid. 

 

Quinqueloculina carinastriata Wiesner, 1923 

Pl. 9, figs. 32-35. 

1974 Quinqueloculina poeyana carinata - Albani, Australia, p. 35, pl. 1, figs. 4-6 . 

1987 Quinqueloculina poeyana carinata Albani - Baccaert, p. 101, pl. 47, figs. 4, 5. 

1988 Quinqueloculina carinastriata Wiesner - Haig, p. 225, pl. 5, fig. 9, 10. 

1991 Adelosina carinatastriata Wiesner - Cimerman and Langer, p. 28, pl. 20, figs. 1-4. 

1994 Quinqueloculina funafutiensis (Chapman) - Loeblich and Tappan, p. 49, pl. 77, figs. 13-20. 

2005 Adelosina carinatastriata Wiesner - Debenay et al. p. 330, fig. 1/14, 15. 

2009 Quinqueloculina carinastriata Wiesner - Parker, p. 188, figs. 133, 134.  

2012 Quinqueloculina carinastriata Wiesner - Debenay, p. 120, 271. 

 

Test small, oval in outline, subtriangular in cross section, periphery subrounded and ornamented by thick elevated 

costae which are slightly oblique, very distinct and visible; chambers rapidly increasing in size; aperture slightly 

oval, produced on a distinct short neck with a peristomal lip and a short simple tooth. 

 

Quinqueloculina aff. Q. carinata (Wiesner, 1923) 

 Pl. 10, figs. 1-3. 

1923 Quinqueloculina carinata (Wiesner), p. 74, pl. 19, fig. 189. 

1993 Cycloforina (?) carinata (Albani) - Hottinger et al. pl. 32, figs. 1-9. 

 

Test elongate, quinqueloculine; wall strongly ornamented with numerous high-relief longitudinal ridges which runs 

through the entire test to the lip region; both the oral and aboral ends are slightly produced; sutures depressed and 

distinct; aperture subcircular, with thick everted lip, produce at the end of a distinct short neck with a short stem 

bifid tooth. 

 

Quinqueloculina collumnosa Cushman, 1922 

 Pl. 10, figs. 4-7. 

1922a Quinqueloculina collumnosa Cushman, p. 65; pl. 10, fig. 10. 

1929a Quinqueloculina collumnosa Cushman - Cushman, p. 27, pl. 3, figs. 2/a-c. 

2012 Quinqueloculina collumnosa Cushman - Debenay, p. 121, 271. 

 

Test elongate, slightly longer than broad, periphery acute and projecting, the last formed chamber extending out 

beyond the outline of the test at both ends; chambers wavy; wall smooth but couls also contain some agglutinated 

materials. Aperture rounded, with a lip and a tooth, at the end of distinct narrow neck. 

 

Quinqueloculina corrugata (Collins, 1958) 

 Pl. 10, figs. 8, 9. 

1958 Massilina corrugata - Collins, p. 362; pl. 2, figs. 11, 12. 

1978 Massilina corrugata Collins - Cheng and Zheng, p. 177, pl. 6 -12. 

1988 Quinqueloculina corrugata Collins - Haig, p. 233; pl. 5, figs 15-17. 

1994 Lachlanella corrugata (Collins) - Leoblich and Tappan, p. 46, pl. 75, figs. 4-6. 

 

Test quinqueloculine, elongated, periphery truncated; sutures depressed; Wall roughly finished,  irregular,  

transversely corrugate with series of alternating excavations; aperture Lachlanella, slightly produced and recurved, 

with a slightly everted lip and a long tooth that may be bifid at the tip.  

 

Quinqueloculina cf. Q. crassicarinata sp. 1 Collins, 1958 
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 Pl. 10, figs. 10-15. 

 1958 Quinqueloculina crassicarinata - Collins, p. 359; pl. 2, fig. 6. 

1987 Quinqueloculina crassicarinata Collins - Baccaert, p. 84, pl. 39, figs. 3-5. 

1988 Quinqueloculina crassicarinata Collins - Haig, p. 233, pl. 5, figs. 18-20, 

1994 Quinqueloculina crassicarinata Collins - Loeblich and Tappan, p. 48, pl. 77, figs. 4-12. 

2012 Quinqueloculina crassicarinata Collins - Debenay p. 121, 271. 

 

Test stout, subcircular in lateral view, triangular in top view; periphery acute; wall smoothly finished; aperture 

circular, terminal, produced on a short neck, with an everted apertural lip and a short T-shaped tooth.  

 

Quinqueloculina cf. Q. crassicarinata sp. 2 Collins, 1958 

 Pl. 10, figs. 16-21. 

Test elongate, length almost twice as broad, triangular in top view, periphery bluntly acute; wall smoothly finished, 

aperture terminal, circular, produced on a neck with everted lip and a simple tooth. 

 

Quinqueloculina curta Cushman, 1917 

 Pl. 10, figs. 22-28. 

1917 Quinqueloculina disparalis var. curta Cushman, p. 49, pl. 14, fig. 2/a-c. 

1959 Quinqueloculina curta Cushman - Graham and Militante, p. 44, pl. 5, fig. 9/a-c 
 

Test calcareous, porcellaneous, almost as broad as long, broadly triangular in oral view; wall ornamented with 

strong longitudinal costate; periphery rounded but truncated by several costae; aperture terminal, subcircular, wide, 

with everted lip and a simple tooth with thick termination. 
 

Quinqueloculina cuvieriana d’Orbigny, 1839 

 Pl. 10, figs. 29-35. 

2009 Quinqueloculina cuvieriana d'Orbigny- Parker (Fig. 136f-j)  

 

Test porcellaneous, robust, almost as broad as long, triangular in top view, wall has very finely striate wall texture; 

the striae run from along the entire length of the test. Periphery is sharply acute. The aperture is terminal, 

subcircular to lachlanella, with everted lip and a simple tooth. 

 

Quinqueloculina cf. Q. cuvieriana d’Orbigny, 1839 

 Pl. 11, figs. 1-4. 

1839a Quinqueloculina cuvieriana – d'Orbigny, p. 190, pl. 11, figs. 19-21 

1977 Quinqueloculina cuvieriana d'Orbigny- Le Calvez, p. 70, p. 7 1, figs 1, 2, fig. 3 (lectotype). 

1994 Quinqueloculina cuvieriana d'Orbigny- Loeblich and Tappan , p. 48, pl. 78, figs. 1-3, ?7-9 , not 4-6. 

 

Test robust, length almost as broad, subcircular in lateral view, triangular in top view, periphery bluntly acute; wall 

smoothly finished, aperture is circular produced on a very short neck, everted lip and a simple tooth. 

 

Quinqueloculina cf. Q. delicatula Vella, 1957 

 Pl. 11, figs. 5-7. 

1957 Quinqueloculina delicatula - Vella, p. 27, pl. 4, figs. 77-79. 

1999 Quinqueloculina delicatula Vella - Hayward et al. p. 102, pl. 4, figs. 23, 24. 

2009 Quinqueloculina delicatula Vella - Parker, p. 195; figs 137a-g. 

 

Test elongate with angular peripheral margins; margins acutely rounded or truncate; basal end broadly rounded and 

slightly produced; sutures distinct; apertural end produced and truncated with a short neck; wall roughly textured, 

matte and has agglutinated grains superficially attached; aperture rounded, provided with a thickened rim and a 

small bifid tooth.   

 

Quinqueloculina cf. Q. differens McCulloch, 1977  

 Pl. 11, figs. 8-12. 

1977 Quinqueloculina differens - McCulloch, p. pl. 209, fig. 2; pl. 212, fig. 2. 

 

Test elongate, small, subfusiform, slightly twisted, quinqueloculine; wall ornamented with numerous microstriae 

giving it a rough outlook; Chambers somewhat compressed; periphery subrounded; aperture terminal with a 

perisotomal lip, produced at the end of the last chamber and provided with a bifid tooth. 

 

Quinqueloculina distorqueata (Cushman, Todd and Post, 1954) 
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 Pl. 11, figs. 13-18. 

1949 Quinqueloculina bradyana Cushman – Said, p. 9, pl. 1, fig. 22 

1954 Quinqueloculina distorqueata (Cushman) - Cushman, Todd and Post, p. 333, pl. 83, fig. 27. 

1988 Quinqueloculina distorqueata Cushman - Haig, p. 233, pl. 5, figs. 26-28 

1993 Siphonaperta distorqueata (Cushman) - Hottinger et al. p. 63, pl. 62, figs. 4-9, pl. 63, figs. 1-6 

1998 Siphonaperta distorqueata (Cushman) - Haunold and Piller, p. 15, pl. 3, fig. 7 

2009 Quinqueloculina distorqueata (Cushman) - Parker, 195, figs. 138/a-f, 139/a-i. 

2012 Quinqueloculina distorqueata (Cushman) - Debenay, p. 122, 271. 

2013a Siphonaperta distorqueata (Cushman) - Langer et al. fig. 4/32 

 

Test quinqueloculine, nearly as long as broad, subelliptical in lateral view, initial end bluntly pointed, apertural end 

with a short neck, periphery acute or slightly keeled; test rough, covered by agglutinated materials chambers 

longitudinally distorted, giving it its irregular shape; chambers are enlarging rapidly as added; sutures are indistinct 

except for the keel of the preceeding chamber; aperture terminal, rounded with a slightly everted lip and a bifid 

tooth. 

 

Quinqueloculina cf. Q. distorqueata sp. 1 (Cushman, Todd and Post, 1954) 

 Pl. 11, figs. 19-24. 

1993 Lachlanella sp. A - Hottinger et al. p. 52, pl. 38, figs. 1-8 

2009 Quinqueloculina cf. Q. distorqueata Cushman - Parker, p. 197, figs. 140, 141. 

 

Test quinqueloculine, slightly flattened; chambers distorted and twisted; periphery truncated; distinctly carinated, in 

places with irregular knob-like thickenings; aperture lachlanella, terminal with a thick peristomal lip and a long, 

thin bifid tooth. 

 

Quinqueloculina cf. Q. distorqueata sp. 2 (Cushman, Todd and Post, 1954) 

 Pl. 11, figs. 25, 26. 

Test ovate, quinqueloculine, periphery carinate, oral and rounded aboral ends slightly produced; wall roughly 

finished with numerous unevenly striate, matte; chambers slightly inflated; sutures distinct, depressed; aperture 

subrounded, terminal, produced on short neck. 

  

Quinqueloculina eamesii (Rasheed, 1971) 

 Pl. 11, figs. 27-32. 

1971 Triloculina eamesii - Rasheed, p. 36, 37, pl. 12, fig. 1. 

1988 Quinqueloculina eamesii (Rasheed) - Haig, pl. 6, figs. 1-4 

2009 Quinqueloculina eamesii (Rasheed) - Parker, p. 199, fig. 142/a-c. 

 

Test elongate, fusiform,  almost two times higher than wide, calcareous; sutures slightly depressed; five chambers 

visible from the exterior; periphery rounded; wall roughly finished; aperture rounded, terminal at the end of a short 

neck with a thickened peristonal rim and simple tooth. 

 

Quinqueloculina exmouthensis Parker, 2009 

 Pl. 11, figs. 33-35. 

 1993 Cycloforina collumnosa (Cushman) – Hottinger et al. p. 49, pl. 32, figs. 10-15 

1998 Cycloforina collumnosa (Cushman) – Haunold and Piller, p. 16, pl. 3, fig. 13. 

2009 Quinqueloculina exmouthensis – Parker, p. 207, figs. 146/a-h 

2011 Quinqueloculina exmouthensis Parker – Parker and Gischler, p. 43, pl. 2, figs. 10-12 

2012 Quinqueloculina exmouthensis Parker; Debenay p. 122, 272.  

 

Test stout, elongate, quinqueloculine, one and a half to two times higher than broad, broadly oval in lateral view; 

periphery truncated, oral end produced with a fairly long neck while the aboral end rounded. Five distinct chambers 

are shown from the top view. Wall smoothly finished; aperture terminal, circular. 

 

Quinqueloculina exsculpta (Heron-Allen and Earland, 1915) 

 Pl. 11, figs. 36. 

1898a Miliolina bosciana (d'Orbigny) - Millett, p. 267, pl. 6, figs. 1a-b 

1915 Miliolina exsculpta - Heron-Allen and Earland, p. 567, pl. 42, figs. 23-26. 

1979 Quinqueloculina exsculpta (Heron-Allen and Earland) - Whittaker and Hodgkinson, p. 25, pl. 1, figs. 11, 12. 

1988 Quinqueloculina exsculpta (Heron-Allen and Earland) - Haig, p. 233, pl. 6, figs 5-7. 

2009 Quinqueloculina exsculpta (Heron-Allen and Earland) - Parker, p. 210, figs. 149/a-k. 

2012 Quinqueloculina exsculpta (Heron-Allen and Earland) – Debenay p. 122, 272. 
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Test elongated, quinqueloculine; chambers inflated, sutures could be deeply excavated as the case may be; wall 

smoothly finished; aperture produced on a neck that could be long and curved especially in adults, ovate, provided 

with a very short, bifurcate tooth. 

 

Quinqueloculina funafutiensis (Chapman, 1901) 

 Pl. 12, figs. 1-7. 

1901 Miliolina funafutiensis - Chapman, p. 178, pI. 19, figs. 6, 6a. 

1988 Quinqueloculina carinatasriata (Wiesner) - Haig, pl. 5, figs. 6-8.  

1994 Quinqueloculina funafutiensis (Chapman) - Loeblich and Tappan, p. 49, pl. 77, figs. 13-20. 

 

Test small, elongated, subtriangular in cross section, periphery subrounded and ornamented by thick elevated costae 

which are slightly oblique, very distinct and visible; peripheral margin acute, with a costae; chambers rapidly 

increasing in size; aperture rounded, produced on a long neck with a peristomal lip and a short simple tooth. 

 

Quinqueloculina granulocostata Germeraad, 1946 

Pl. 12, figs. 8-11. 

1884 Miliolina linneana (d’Orbigny) – Brady, p. 174, pl. 6, figs. 15, 17-20 

1946 Quinqueloculina granulo-costata - Germeraad p. 63, pI. 6, figs. 15-20. 

1949 Quinqueloculina sulcata d’Orbigny - Said, p. 11, pl. 1, fig. 20 

1977 Quinqueloculina cf.  Q. granulocostata Germeraad - McCulloch, p. 491, pl. 215, fig. 16; pl. 216, fig. 1. 

1982 Quinqueloculina granulocostata Germeraad - Levy et al. p. 136, pl. 2, fig. 6 

1988 Quinqueloculina granulocostata Germeraad - Haig, p. 226, pl. 6, figs. 8-10. 

1993 Pseudotriloculina (?) granulocostata (Germeraad) – Hottinger et al. p. 55, pl. 46, figs. 7-12 

1994 Massilina granulocostata (Germeraad) - Loeblich and Tappan, p. 47, pl. 75, figs. 19-21, pl. 79, figs. 1-12 

2009 Quinqueloculina granulocostata Germeraad - Parker, p. 211, figs. 150, 151. 

2012 Quinqueloculina granulocostata Germeraad - Debenay, p. 123, 272. 

 

Test quinqueloculine, elongate, with prominent costate running the entire length of the test, three on the peripheral 

margin, two of them making carinated shoulders that reach the aboral end of the chamber and join towards the 

aperture; aperture subcircular, slightly produced, with a peristomal lip, but not in all cases provided with a clearly 

defined tooth.   

 

Remarks: Most of the specimens are juvenile and the costae are not so much pronounced like in the adult stages. 

Loeblich and Tappan 1994 (pl. 79, figs. 1-12) shows similar specimens except for those that are bicarinate. Some of 

the Moorea specimens do not also show well formed tooth.  

 

Quinqueloculina inaequalis Cushman, 1921 

Pl. 12, figs. 12-17. 

1921 Massilina inaequalis - Cushman, p. 72, pl. 17, figs. 12, 13. 

1929 Massilina inaequalis Cushman - Cushman, pt. 6, p. 38, pl. 7, figs. 6/a-c. 

1932 Massilina inaequalis Cushman - Cushman, pl. 8, figs. 6, 7.  

1954 Massilina inaequalis Cushman - Graham and Millitante, p. 36, pl. 3, figs. 13, 14. 

2012 Quinqueloculina inaequalis Cushman - Debenay, p. 123, 272. 

 

Test much elongate, initial chambers quinqueloculine while the later ones spiroloculine and elongate. 

Subrectangular in top view; wall surface polished but with numerous fine, linear depressions. Sutures are depressed 

and distinct.  Aperture terminal at the end of a thick neck, with a bifid tooth. 

 

Remarks: Cushman points out that the species is spiroloculina in the adult stage. Our specimen do not show 

spiroloculina at the adult stage, likewise the specimen of Debenay. 

 

Quinqueloculina cf. Q. laevigata d’Orbigny, 1839 

Pl. 12, figs. 18-21. 

1839 Quinqueloculina laevigata - d’Orbigny, p. 143, pl. 3, figs. 32, 33. 

1923 Miliolina laevigata (d’Orbigny) - Wiesner, p. 55, pl. 8, figs. 94-96. 

1929 Quinqueloculina laevigata - Cushman, p. 30, pl. 4, fig. 3. 

1991 Quinqueloculina laevigata - Cimermann and Langer, p. 33, pl. 33, figs. 8-11. 

 

Test elongate, truncated at the apertural end, rounded at the aboral end; periphery rounded, aperture terminal, 

produced on a broad short neck with a tooth and short bifid termination. 
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Quinqueloculina lamarckiana d’Orbigny, 1839 

Pl. 12, figs. 22, 23. 

1839 Quinqueloculina lamarckiana - d’Orbigny, p. 189, pl. 11, figs. 14, 15. 

1884 Quinqueloculina lamarckiana d’Orbigny - Brady, p. 10, pl. 5, fig. 12/a-c. 

1929 Quinqueloculina lamarckiana d’Orbigny - Cushman, p. 26, pl. 2, fig. 6/a-c. 

 

Test nearly as broad as long, chambers distinct, sutures slightly depressed; periphery strongly acute but not 

carinate; chambers triangular in top view; wall smooth and shiny; aperture terminal but not with a distinct lip 

 

Quinqueloculina lizardi Baccaert, 1987 

Pl. 12, figs. 24-28. 

1987 Quinqueloculina oblonga subsp. lizardi - Baccaert, p. 100; pl. 46, figs 6a-b; pl. 47, fig. 1. 

2012 Quinqueloculina lizardi Baccaert - Debenay p. 123, 272. 

2009 Quinqueloculina sp. 21- Parker, p. 319, figs. 232/a-i.   

 

Test elongate, compressed, elliptical in lateral view, quinqueloculine, 3-5 chambers visible; test surface strongly 

pitted with rounded to irregular elongate shallow escavations; periphery could be acute angled in the juvenile 

stages; aperture terminal, slightly compressed, with a small simple tooth.  

 

Quinqueloculina neostriatula Thalmann, 1950 

Pl. 12, figs. 29-35. 

1915 Miliolina undulata (d'Orbigny) - Heron-Allen and Earland, p. 573, pl. 43, figs. 5-8 

1932 Quinqueloculina striatula - Cushman, p. 27, pl. 7, figs. 3-4 

1950 Quinqueloculina neostriatula - Thalmann, p. 45 

1987 Quinqueloculina neostriatula Thalmann - Baccaert, p. 91; pl. 43, figs 1-6. 

1988 Quinqueloculina neostriatula Thalmann - Haig, p. 234, pl. 6, figs. 22-25 

2009 Quinqueloculina neostriatula Thalmann - Parker, p. 225, figs. 162, 163. 

2012 Quinqueloculina neostriatula Thalmann – Debenay p. 124 

 

Test slightly longer than broad, the periphery of the chambers subacute to subrounded; chambers are distinct and 

triangular in section; sutures distinct, only slightly depressed; wall ornamented with numerous faint microstrae to 

more prominent longitudinal anastomosing costate, slightly oblique to the periphery of the chamber; aperture large, 

broad, crescent shaped, with perisotomal lip, and a small low bifid tooth 

 

Quinqueloculina cf. Q. neostriatula Thalmann, 1950 

Pl. 13, figs. 1-3. 

2009 Quinqueloculina neostriatula Thalmann - Parker, p. 225, figs. 162, 163. 

 

Test calcareous, with three chambers visible in lateral view; periphery rounded; chambers slightly inflated; sutures 

distinct; wall porcelaneous, surface roughly finished with numerous microstriae; aperture semicircular, terminal at 

the end of the last chamber, provided with an everted rim and wide tooth.  

 

Quinqueloculina ningalooensis Parker, 2009 

Pl. 13, figs. 4-8. 

2009 Quinqueloculina ningalooensis - Parker, p. 229, figs. 164/a-g, 165/a-k, 166/a-j.  
 

Test small, quinqueloculine, almost two times higher than wide; peripheral margin rounded; chambers slightly 

inflated, about same width along length, with rounded periphery; sutures indistinct, depressed; wall coarsely 

finished; aperture terminal, very slightly produced, circular, with slightly thickened peristomal lip, and a short bifid 

tooth with short bifid extensions. 

 

Quinqueloculina aff. Q. montyi Baccaert, 1987 

Pl. 13, figs. 9-14. 

1987 Quinqueloculina montyi - Baccaert, p. 104, pl. 48, figs. 5-7. 

2009 Quinqueloculina sp. 1 - Parker, p. 288, figs. 211/a-c. 

 

Test ovate in lateral view, slightly higher than wide, calcareous, quinqueloculine; chambers slightly inflated, and 

almost semicircular in apertural view; wall ornamented with very pronounced, low, rounded and sometimes 

anastomosing costae running longitudinally and fading out towards the oral and abvoral ends; aperture semicircular 

bordered by a peristomal lip provided with a short bifid tooth. 

 

Quinqueloculina parkeri (Brady, 1881) 
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Pl. 13, figs. 15-25. 

1884 Miliolina parkeri - Brady, p. 177; pl. 7, figs 14a-c. 

1917 Quinqueloculina parkeri, (Brady) - Cushman, pl. 15, fig. 3. 

1921 Quinqueloculina parkeri, (Brady) - Cushman, p. 440, pl. 86, fig. 4/a-c 

1988 Quinqueloculina parkeri (Brady) - Haig, p. 234; pl. 6, figs 30-33. 

1994 Lachlanella parkeri (Brady) - Loeblich and Tappan, p. 47, pl. 74, figs. 1-6. 

2009 Quinqueloculina parkeri (Brady) - Parker, p. 233, figs 167/a-g; 168/a-j. 

2012 Quinqueloculina parkeri (Brady) - Debenay p. 124,  

 

Test elongate, robust, quinqueloculine, periphery subacuate, aboral end produced; wall surface with pronounced 

transverse ridges or crenulations; aperture terminal, rectangular, lachlanella, produced on a raised neck, with a 

simple long tooth with thickened ending. 

 

Quinqueloculina aff. Q. parvaggluta Vella, 1957  

Pl. 13, figs. 26-35. 

 1957 Quinqueloculina parvaggluta - Vella, p. 27; pl. 4, figs 71-73. 

1988 Quinqueloculina cf. pittensis Albani - Haig, p. 234; pl. 7, figs 9-11. 

1994 Quinqueloculina parvaggluta Vella - Loeblich and Tappan, p. 49; pl. 80, figs 1-9. 

2012 Quinqueloculina parvaggluta Vella - Debenay p. 125, 273. 

 

Test ovate in lateral view, subtriangular in oral view; wall roughly agglutinated, distinct chambers; sutures slightly 

distinct and depressed due to the agglutination; aperture subrounded, produced on a short cylindrical neck provided 

with a short bifid tooth. 

 

Quinqueloculina cf. Q. patagonica d'Orbigny, 1839  

Pl. 14, figs. 1-8. 

1839 Quinqueloculina patagonica - d'Orbigny, p. 74, pl. 4, figs. 14-16.  

1994 Quinqueloculina latidentella - Loeblich and Tappan, p. 49; pl. 80, figs 10-12. 

2009 Quinqueloculina latidentella Loeblich and Tappan - Parker, p. 217, fig. 154/a-f; fig. 155/a-g.  

 

Test elongate, about two times longer than wide, robust, quinqueloculine, periphery margins rounded, aboral end 

produced; wall smooth but with little agglutinated materials; sutures distinct and depressed; aperture terminal, 

circular to semicirculal, produced on a raised neck, with a simple long bifid tooth. 

 

Remarks: this species is in-between Q. patagonica and Q. latidentella. 

 

Quinqueloculina philippinensis Cushman, 1921  

Pl. 14, figs. 9-19. 

1921 Quinqueloculina kerimbatica (Heron-Allen and Earland) var. philippinensis Cushman, p. 438, pl. 89, figs. 2, 

3. 

1959 Quinqueloculina kerimbatica (Heron-Allen and Earland) var. philippinensis Graham and Militante, p. 55, pl. 

8, figs. 1-3. 

1974c Quinqueloculina philippinensis Cushman - Ponder, p. 243-250. 

1988 Quinqueloculina philippinensis Cushman - Haig, pl. 7, figs. 1-8.  

 

Test quinqueloculine, elongate to subcircular to elliptical in lateral view, subacute to rounded periphery; wall 

surface pitted with regular reticulations wchich could be entire, faint or worn out in older specimens; aperture 

terminal at the end of a neck, with a slightly everted thin lip and a simple bifid tooth.  

 

Quinqueloculina poeyana d'Orbigny, 1839 

Pl. 14, figs. 20-30. 

1839a Quinqueloculina poeyana - d'Orbigny, p. 191, pl. 11, figs. 25-27 

1929 Quinqueloculina poeyana d'Orbigny - Cushman, p. 31, pl. f, fig. 2/a-c, specimens examined. 

1977 Quinqueloculina poeyana d'Orbigny - Le Calvez, p. 82, pl. 14, figs. 1, 2 (neotype), figs. 3, 4. 

1997 Quinqueloculina poeyana d'Orbigny - Haig, p. 272, fig. 4; 4, 5. 

2009 Quinqueloculina poeyana d'Orbigny - Parker, p. 237, fig. 173/a-g 

 

Test elongate, quinqueloculine, almost two times as broad as long; rounded periphery; chambers slightly inflated; 

sutures are distinct; wall surface smooth with regular longitudinal costae; aperture terminal at the end of a neck, 

with a slightly everted thin lip and a simple bifid tooth. 
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Quinqueloculina polygona d'Orbigny, 1839  

Pl. 14, figs. 31-33. 

1839a Quinqueloculina polygona - d’Orbigny, in de la Sagra, p. 198; pl. 12, figs 21-23. 

1921 Quinqueloculina polygona d’Orbigny - Cushman, p. 66, pl. 16, figs. 3, 4. 

1929a Quinqueloculina polygona d’Orbigny - Cushman, p. 28, pl. 3, fig. 5/a-c. 

1932 Quinqueloculina polygona d’Orbigny - Cushman, p. 25, pl. 6, fig. 6. 

2012 Quinqueloculina polygona d’Orbigny - Debenay p. 125, 273. 

 

Test longer than broad, quinqueloculine, chambers distinct; slightly concave at the periphery between the two keels; 

sutures slightly depressed; surface usually dull but with numerous fine linear depressions; aperture circular at the 

end of a short distinct neck with a peritomal lip and a bifid tooth. 

 

Quinqueloculina aff. Q. polygona d’Orbigny, 1839   

Pl. 14, figs. 34-36. 

Test quinqueloculine, almost twice long as wide, somewhat compressed laterally, chambers distinct; peripheral 

margin acute; sutures slightly depressed and indistict; wall covered with agglutinated material, matte, but with few 

longitudinal costae; aperture semi-circular at the end of a short distinct neck with a peritomal lip and a simple tooth. 

 

Quinqueloculina cf. Q. polygona d'Orbigny, 1839 

Pl. 15, figs. 1-3. 

1932 Quinqueloculina polygona d’Orbigny - Cushman, p. 25; pl. 6, fig. 6. 

2012 Quinqueloculina polygona d’Orbigny - Debenay p. 125, 273. 

 

Test elongated, almost three times wide as long, quinqueloculine, subrectangular in oral view with four distinct 

acute edges; sutures distinct and depressed; wall nearly smooth, with numerous arenaceous materials; chambers 

compresed, flattened; aperture subrounded, terminally produced at the end of a distinct neck with a short bifid 

tooth. 

 

Quinqueloculina cf. Q. pusilla McCulloch, 1977  

Pl. 15, figs. 4-7. 

1977 Quinqueloculina pusilla - McCulloch, p. 503, pl. 216, fig. 9. 

 

Test elongateand slender, fusiform, about two times higher than wide, quinqueloculine; wall roughly finished with 

numerous arenacoeus materials; Chambers inflated and gradually increasing in size from the proloculus; periphery 

rounded; aperture terminal, produced at the end of a short neck and provided with a bifid tooth. 

 

Quinqueloculina quinquecarinata (Collins, 1958)  

Pl. 15, figs. 8-19. 

1958 Quinqueloculina quinquecarinata - Collins, p. 360, pl. 2, fig. 8 

1987 Quinqueloculina quinquecarinata Collins - Baccaert, p. 103, pl. 48, figs. 1-2 

1988 Quinqueloculina quinquecarinata Collins - Haig, p. 234, pl. 7, figs. 21-25 

1993 Cycloforina quinquecarinata (Collins) - Hottinger et al. p. 49, pl. 33, figs. 7-15. 

2009 Quinqueloculina quinquecarinata Collins - Parker, p. 248, figs. 176, 177. 

2012 Quinqueloculina quinquecarinata Collins – Debenay p. 125, 273. 

 

Test small, elongate, quinqueloculine; sutures depressed and distinct; chambers distinct with sharply acute and 

carinate peripheral margins; wall smooth and gloosy; aperture produced at the end of a short neck with a somewhat 

thick lip a bifid tooth.  

 

Quinqueloculina aff. Q. quinquecarinata (Collins, 1958) 

Pl. 15, figs. 20-25. 

Test free, calcareous, quinqueloculine, nearly as broad as long; sutures dinstinct and depressed, chambers 

compressed, slightly produced at the aboral end; periphery strongly acute but not carinate; wall smoothly finished 

ans shiny; aperture subcircular, terminal at the end the last chamber with a thick rim and a short bifid tooth. 

 

Quinqueloculina cf. Q. rugosa d'Orbigny, 1826 

Pl. 15, figs. 26-29. 

1826 Quinqueloculina rugosa - d’Orbigny, p. 302; no. 24. 

1917 Quinqueloculina rugosa d’Orbigny - Cushman, p. 53. 

1921 Quinqueloculina rugosa d’Orbigny - Cushman, p. 429, pl. 100, fig. 6/a-c. 

1971 Quinqueloculina rugosa d'Orbigny - Rasheed, p. 22, 23, pl. 4, fig. 1.  

1988 Quinqueloculina cf. Q. rugosa d’Orbigny - Haig, p. 234; pl. 8, figs 1-5. 
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2012 Quinqueloculina cf. Q. rugosa d’Orbigny - Debenay, p. 126, 273. 

 

Test longer than broad, sutures depressed and chambers distinct; wall being conspicuously pitted and rugose, not 

from accretion of extraneous material but likely to abraision; aperture subrounded with thick rim and a slender bifid 

tooth, produced at the end of a distinct neck. 

 

Quinqueloculina seminula (Linnaeus, 1758)  

Pl. 15, figs. 30-37.  

1758 Serpulum seminulum - Linnaeus, p. 76, not figured. 

1964 Quinqueloculina seminula (Linné) - Loeblich and Tappan, fig. 349, nos 1a-c. 

1994 Quinqueloculina incisa Vella - Loeblich and Tappan, p. 49; pl. 80, figs 13-15. 

2009 Quinqueloculina seminula (Linnaeus) - Parker p. 251, figs 180a-l; 181a-j; 182a-f. 

2012 Quinqueloculina seminula (Linnaeus) - Debenay p. 126, 273.  

 

Test elongate, ovate in lateral view, cryptoquinqueloculine to quinqueloculine; periphery rounded; chambers 

slightly inflated aborally; sutures slightly depressed; wall smooth, glossy and polished; aperture arched without a 

neck, provided with a bifid tooth and a thick rim. 

 

Quinqueloculina aff. Q. semiplicata (McCulloch, 1977) 

Pl. 16, figs. 1-3. 

1977  Quinqueloculina semiplicata – McCulloch, p. 507, pl. 217, figs. 7-8, 11, 13, 17, p. 218, figs. 1, 13 

1993  Cycloforina semiplicata (McCulloch) – Hottinger et al. p. 49, pl. 34, figs. 1-8 

1998  Cycloforina semiplicata (McCulloch) – Haunold and Piller, p. 16, pl. 3, fig. 16 

 

Test elongate, quinqueloculine, almost two times higher than broad; periphery rounded, somewhat serrate; wall 

rough and faintly agglutinated, ornamented by columns of horizontal to slightly inclined grooves, collumns forming 

sinous margins of chambers; aperture rounded, terminal on a short neck with a simple bifid tooth.  

 

Quinqueloculina sidebottomi (Rasheed, 1971) 

Pl. 16, figs. 4-12. 

1971 Triloculina sidebottomi - Rasheed, p. 38-39, pl. 6, fig. 4 

1988 Quinqueloculina sidebottomi (Rasheed) - Haig, p. 234, pl. 8, figs. 10-14 

2009 Quinqueloculina sidebottomi Rasheed - Parker, Fig. 184a-c 

2013 Cycloforina sidebottomi Rasheed - Langer et al. pl. 4, fig. 37. 

 

Test small, cryprtoquinqueloculine, rounded periphery; three chambers visible in the final whorl; wall ornamented 

with numerous costae which runs through the entire test to the lip region, but could be few in others; sutures 

depressed; aperture rounded with a thick lip, produce at the end of a distinct short neck provided with a simple 

tooth. 

 

Quinqueloculina cf. Q. sidebottomi (Rasheed, 1971) 

Pl. 16, figs. 13-17. 

2013 Cycloforina sidebottomi Rasheed - Langer et al. pl. 4, fig. 37 

 

Test small, cryprtoquinqueloculine, rounded periphery; wall smoothly finished; sutures depressed; aperture rounded 

with a thick inverted lip, produce at the end of a distinct short neck provided with a simple tooth. 

 

Quinqueloculina cf. Q. socorroensis McCulloch, 1977 

Pl. 16, figs. 18-23. 

1977 Quinqueloculina socorroensis - McCulloch, p. 508, pl. 215, figs. 10, 15. 

1988 Quinqueloculina sulcata d'Orbigny - Haig, pl. 8, figs. 20, 21, not figs. 18, 19, specimens examined. 

1992a Quinqueloculina polygona d 'Orbigny - Hatta and Ujiie, p. 68, pl. 8, figs 5a, b. 

2009 Quinqueloculina cf. Q. socorroensis McCulloch - Parker, figs. 185/a-d, 186/a-f. 

 

Test slender, not robust, elongate, almost four times longer than broad,  with straight and angular edges, the aboral 

and oral ends are produced; wall surface is roughly finished and ornamented by longitudinally aligned striae; 

aperture subcircular, at the end of a long neck, thick rim and a bifid tooth. 

 

Quinqueloculina subcuneata Cushman, 1921 

Pl. 16, figs. 24-26. 

1921 Quinqueloculina crassa d’Orbigny var. subcuneata - Cushman p. 423; pl. 89, figs 4a-c. 
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1929 Quinqueloculina crassa d’Orbigny var. subcuneata Cushman - Cushman, p. 30; pl. 5, figs 1a-c. 

1932 Quinqueloculina crassa d’Orbigny var. subcuneata Cushman - Cushman, p. 21; pl. 5, figs 8a-c. 

1966 Quinqueloculina subcuneata Cushman - Todd, p. 130; pl. 17, fig. 6. 

2012 Quinqueloculina subcuneata Cushman - Debenay p. 126, 273. 

 

Test short, almost as long as broad, slightly inflated, subcircular, subtriangular in top view; chambers distinct with 

five visible externally; periphery sharp angled; wall ornamented with raised costae almost parallel to one another 

within the chambers; aperture an oval arch with a simple tooth thickened at the tip. 

 

Quinqueloculina subpolygona Parr 1945 

Pl. 16, figs. 27-35. 

1945 Quinqueloculina subpolygona - Parr, p. 196, pl. 12, figs. 2/a-c. 

1999 Quinqueloculina subpolygona Parr - Hayward et al. p. 104, pl. 5, figs. 11-13. 

2009 Quinqueloculina subpolygona Parr - Parker, p. 262, figs. 191/a-j, 192/a-l. 

2012 Quinqueloculina subpolygona Parr - Debenay, p. 127, 273. 

 

Test elongate, somewhat compressed, about 2 times as long as broad; chambers with a quadrangular periphery; 

aperture subquadrangular, Lachlanella type, with a peristomal lip, provided with a long narrow tooth with a small 

bifid end and produced on a very short neck. 

 

Quinqueloculna cf. Q. subpolygona Parr 1945 

Pl. 16, figs. 36-38. 

2009 Quinqueloculina subpolygona Parr - Parker, p. 262, figs. 191/a-j, 192/a-l. 

2012 Quinqueloculina subpolygona Parr - Debenay, p. 127, 273. 

 

Test elongate, nearly twice as long as broad, biconcancave in oral view, initial chambers quinqueloculine, later 

chambers spiroloculine, last chambers almost similar in width; periphery acute angled, rectangular in oral view; 

wall rough, covererd with agglutinated materials; aperture subquadrangular, produced on a short neck with thick 

rim and a bifid tooth. 

 

Quinqueloculina cf. Q. tantabiddyensis? Parker, 2009 

Pl. 17, figs. 1-4. 

2009 Quinqueloculina tantabiddyensis Parker, p. 265, figs. 192/a-j; 193/a-h, 194/a-l, 195/a-f. 
 

Test elongate, quinqueloculine, almost three times higher than wide, roundly triangular in crosssection; wall smooth; oral 

end truncated, aboral end rounded; periphery rounded; sutures depressed and distinct; aperture produced, high arch, with 

peristomal lip, provided with a simple bifid tooth. 

 

Remarks: our specimen lack the Lachlanella-type aperture decribed originally by Parker 2009. 

 

Quinqueloculina transversestriata (Brady, 1881) 

Pl. 17, figs. 5-7. 

1881 Miliolina transversestriata - Brady, p. 45; pl. 4, fig. 6. 

1884 Miliolina transversestriata Brady – Brady, p. 177, pl. 4, figs. 6a-c 

1915 Miliolina transversestriata Brady – Heron Allen and Earland, p. 566, pl. 42, figs. 17-20 

1957 Triloculina transversestriata (Brady) – Todd, p. 288, pl. 85, figs. 16 a-b 

1958 Quinqueloculina transversestriata (Brady) – Collins, p. 370 

1988 Quinqueloculina transversestriata (Brady) - Haig, p. 234; pl. 8; figs 22-24. 

2011 Pitella transverstriata (Brady) - Makled and Langer, figs. 6/17-21. 

2012 Quinqueloculina transverstriata (Brady) - Debenay, p. 127, 274.  

 

Test elongate, laterally compressed, more than two times longer than broad; periphery subacute; wall surface 

ornamented by numerous obliquely transverse costae; surface could also be smooth; aperture produced on a short 

neck, rounded, with a slightly thickened rim and a small simple tooth. 

 

Quinqueloculina vandiemeniensis Loeblich and Tappan, 1994 

Pl. 17, figs. 8-11. 

1994 Quinqueloculina vandiemeniensis - Loeblich and Tappan, p. 51; pl. 83, figs 1-3. 

2009 Quinqueloculina vandiemeniensis Loeblich and Tappan - Parker, p. 277; figs. 201a-h; 202a-k; 203a-j. 

2012 Quinqueloculina vandiemeniensis Loeblich and Tappan - Debenay p. 128. 
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Test quinqueloculine, small, elongate, with nearly parallel sides and subacute periphery, subrectangular in outline. 

Sutures depressed; wall calcareous, porcelaneous, smooth, oral and aboral ends truncated: aperture terminal, with 

thickened rim, not produced, provided with a short, thick bifid tooth. 

 

Quinqueloculina zhengi Parker, 2009 

Pl. 17, figs. 12-21. 

1957 Quinqueloculina fusiformis Petri, p. 36, pl. 1, figs. 10, 11. 

1979 Quinqueloculina fusiformis Zheng, p. 126, 206, pl. 5, figs. 7a-d, tf. 3. 

1993 Quinqueloculina fusiformis Zheng - Ujiie and Rifardi, p. 122, p l. 1, fig. 5. 

2009 Quinqueloculina zhengi Parker, p. 285, figs. 206, 207. 

2012 Quinqueloculina zhengi Parker - Debenay p. 128, 274. 

 

Test quinqueloculine, small, elongate, about two times higher than wide, ovate in lateral view, triangular in cross-

section; oral and aboral end slightly produced, periphery carinate, typically becoming bicarinate towards the oral 

and aboral ends; ultimate and penultimate chambers are bicarinate; sutures depressed and curved; aperture terminal, 

subrounded and produced at the end of a distinct neck with an everted lip and a slender bifid tooth. 

 

Quinqueloculina. cf. Q. zhengi Parker, 2009 

Pl. 17, figs. 22-28. 

2009 Quinqueloculina zhengi Parker, p. 285, figs. 206, 207. 

 

Test small, quinqueloculine, slightly compressed, with carinated periphery; wall roughly finished with numerous 

fine striae; sutures depressed; Chamber distinct, and moderately enlarging; aperture rounded, produced at the end of 

a distinct neck, with a peristomal rim and a bifid tooth. 

 

Quinqueloculina sp. 1 

Pl. 17, figs. 29, 30. 

Test large, quinqueloculine; chambers distinct, twisted and curved, slightly inflated and elogated at both the aboral 

to oral ends; wall roughly finished; periphery subacute to subrounded; sutures depressed; aperture rounded, 

produced at the end of a distinct neck that is tilted, with short bifid tooth. 

 

Quinqueloculina sp. 2 

Pl. 17, figs. 31-34. 

Test small, twice as long as wide, quinqueloculine; sutures slightly distinct and slightly depressed; wall nearly 

smooth, with numerous oblique micro striae; chambers compresed and flattened, with sharply acute periphery; 

aperture rectangularly elongated, terminally produced at the end of a flattened neck with a long simple tooth. 

 

Quinqueloculina sp. 3 

Pl. 18, figs. 1-3. 

Test free, calcareous, compressed, subfusiform, quinqueloculine, subrectangular in oral view; sutures distinct and 

depressed; chambers slightly inflated, symmetrical from the aboral end to the oral end; wall rough, ornamented 

with numerous micro striae;; periphery slightly rounded; aperture compressed, subrounded, terminal at the end of a 

distinct neck with a peristomal lip and a long tooth. 

 

Quinqueloculina sp. 4 

Pl. 18, figs. 4, 5. 

Test free, calcareous, quinqueloculine, a little longer than thick rim and a short bifid tooth.broad; sutures dinstinct 

and depressed, chambers inflated; periphery margin strongly acute to rounded; wall smoothly finished ans shiny; 

aperture subcircular, terminal at the end the last chamber with a  

 

Quinqueloculina sp. 5 

Pl. 18, figs. 6-8. 

2012 Quinqueloculina sp. 1 - Debenay, p. 128, 274. 

 

Test quinqueloculine, longer than broad, elliptical in side view, somewhat compressed; sutures fairly distinct, 

chambers polygonal in section; periphery keeled, the keel dichotomously branching towards the aboral end; 

periphery concave between the keels; wall smooth; aperture subcircular at the end of a short neck, and with a short, 

anvil-shaped tooth. 

 

Quinqueloculina sp. 6 

Pl. 18, figs. 9-11. 



Chapter Six                                                                                                                                        135 

 

 

Test free, calcareous, quinqueloculine, sutures slightly distinct and depressed; chambers distinct and compressed; 

periphery rounded at the penultimate chamber but keeled at the last chamber; wall ornamented with many oblique 

well developed, longitidunal costate; aperture oval, terminal at the end of a short neck with a short simple tooth. 

 

Quinqueloculina sp. 7 

Pl. 18, figs. 12-14. 

Test free, almost equal in height and width, calcareous, quinqueloculine, sutures slightly distinct and depressed, 

oval in oral view; chambers distinct and compressed, two last chambers increasing rapdly in size; periphery 

rounded; wall smoothly finished,; aperture oval, terminal at the end of a short neck with a simple tooth. 

 

Quinqueloculina sp. 8 

Pl. 18, figs. 15-17. 

Test oval in lateral view, almost two times higher than wide, quinqueloculine, sutures slightly distinct and 

depressed; chambers inflated; periphery rounded but ornamented with low relief longitudinal costae which 

terminate at the neck and aboral ends; aperture terminal, produced on a broad short neck with a short tooth with 

large bifid termination. 

 

Quinqueloculina sp. 9 

Pl. 18, figs. 18-23. 

Test small, subfusiform, quinqueloculine, three chambers visible; wall smoothly finished; Chambers somewhat 

compressed; periphery subrounded; aperture terminal with a thick lip, produced at the end of the last chamber and 

provided with a bifid tooth. 

 

Quinqueloculina sp. 10 

Pl. 18, figs. 24-26. 

Test small, quinqueloculine; wall roughly finished with numerous pits; Chambers slightly inflated and disinct; 

periphery rounded; aperture terminal, produced at the end of a short neck and provided with a small bifid tooth. 

 

Quinqueloculina sp. 11 

Pl. 18, figs. 27-29. 

Test elongate, robust, about two times higher than wide, quinqueloculine; wall smoothly finished with faint striae; 

Chambers inflated; periphery rounded; aperture terminal produced at the end of a tapering short neck and provided 

with a small bifid tooth. 

 

Quinqueloculina sp. 12 

Pl. 18, figs. 30-32. 

Test elongate, subquadrate, more than two times higher than wide, quinqueloculine, calcareous; sutures slightly 

depressed; chambers distinct and slightly compressed; periphery subacute; wall roughly finished; aperture 

subrounded, terminal at the end of a short neck with a thickened peristonal rim and simple tooth that thickens at the 

end tip. 

 

Quinqueloculina sp. 13 

Pl. 18, figs. 33-35. 

Test elongate, about three times higher than wide, quinqueloculine, subtriangular in apertural view, oral and aboral 

ends produced, periphery acute; wall matte, covered in thin anastomosing striae; sutures distinct and depressed; 

aperture rounded, terminal on a short neck with a thick lip and a slightly bifid tooth. 

 

Quinqueloculina sp. 14 

Pl. 19, figs. 1-4. 

1988 Quinqueloculina sp. C - Haig, p. 230, pl. 9, figs. 7-9 

2009 Quinqueloculina sp. 13 - Parker, p. fig. 225. 

 

Test elongate, quinqueloculine, almost two times higher than broad, subtriangular in oral view; oral and aboral ends 

produced; chambers slightly inflated inflated; wall roughly finished; sutures slightly slighthly depressed, broadly 

curved; aperture terminal,  oval, produced on short neck, with everted peristomal lip and a short slightly bifid tooth. 

 

Quinqueloculina sp. 15 

Pl. 19, figs. 5-7. 

1951b Quinqueloculina cf. agglutinans d'Orbigny - Asano,p. 2, figs. 4, 5. 

1988 Quinqueloculina agglutinans d'Orbigny - Haig, p. 233, pl. 4, figs. 12-14. 

1994 Agglutinella agglutinans (d'Orbigny) - Loeblich and Tappan, p. 44, pl. 70, figs. 1-9. 

1997 Quinqueloculina agglutinans d'Orbigny; Haig, p. 271, not figured, specimens examined. 
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2009 Quinqueloculina sp. 2 - Parker, p. 175, fig. 212. 

 

Test quinqueloculine, slightly higher than wide, ovate in lateral view, broadly triangular in oral view, periphery 

broadly rounded, oral end truncated, aboral end produced and rounded;; chambers inflated at the aboral end; sutures 

indistinct, concealed by the coarse agglutinated grains; ; wall coarsely agglutinated with large rounded agglutinated 

grains incorporated into the wall structure; aperture low arch-shaped , with smooth peristomal rim that is slightly 

thickened, with tooth; tooth T- shaped, short, less than half of aperture height. 

 

Quinqueloculina sp. 16 

Pl. 19, figs. 8-10. 

Test elongate, quinqueloculine, almost two times higher than broad; periphery margin acutely rounded, somewhat 

serrate; wall rough and faintly agglutinated, ornamented by columns of vertical to slightly inclined grooves, 

collumns forming sinous margins of chambers; aperture rounded, terminal on a short neck with a simple bifid tooth 

 

Quinqueloculina sp. 17 

Pl. 19, figs. 11-13.                             

2012 Quinqueloculina bradyana Cushman - Debenay p. 120, 271. 

 

Test small, slightly longer than broad, chambers angular, slightly plicated laterally; aperture 

lachlanella, terminal with a slightly everted lip and a simple tooth. 

 

Quinqueloculina sp. 18 

Pl. 19, fig. 14. 

Test small, elongated, quinqueloculine; chambers inflated, sutures slightly distinct; wall smooth; aperture produced 

on a short curved neck, rounded, provided with a very short, bifurcate tooth. 

 

Quinqueloculina sp. 19 

Pl. 19, figs. 15-17. 

Test longer than broad, quinqueloculine, chambers distinct; wall very coarsely costate with somewhat irregular 

contour, aperture rounded at the end of a short strongly costate neck, slightly everted rim and provided with a bifid 

tooth. 

 

Quinqueloculina sp. 20 

Pl. 19, figs. 18-19. 

Test very small, almost as long as broad, quinqueloculine, chambers indistinct; wall covered with agglutinate 

materials, wavy costate with irregular contour:, aperture rounded at the end of the last chamber, with slightly 

thickened rim and a tooth. 

 

Quinqueloculina sp. 21 

Pl. 19, figs. 20, 21. 

Test robust, length almost as broad, triangular in top view, periphery margin bluntly acute; wall matte, roughly 

finished, show somewhat fine striae up to the neck region, with coarse-grained agglutinated materials; aperture is 

circular produced on a very short neck, finished with an everted lip and a simple tooth. 

 

Quinqueloculina sp. 22 

Pl. 19, figs. 22-24. 

Test elongate, laterally slightly compressed, more than two times longer than broad; peripheral margin carinate; 

wall surface smooth; aperture produced on a short neck, rounded, with a slightly thickened rim and a small simple 

tooth. 

 

Quinqueloculina sp. 23   

Pl. 19, figs. 25-31 

Test elongate, almost three time higher than wide, quinqueloculine, sutures slightly distinct and depressed; 

periphery slightly concave between the raised costae, some specimen show fewer costae; wall ornamented with 

longitudinal costae from the aboral end to the apertural end;  aperture terminal, produced on a broad short neck with 

a short tooth with large bifid termination. This is probably a new species. 

 

Genus Affinetrina Luczkowska, 1972  

 

Affinetrina sp. 1 

Pl. 19, figs. 32, 33. 
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Test free, porcelaneous imperforate, quinqueloculine, laterally compressed; chambers one-half coil in length, 

slightly inflated, sutures slightly depressed but distinct; periphery rounded; wall ornamented with numerous 

microstriae giving it a rough appearance; aperture terminal, lachlanella type with peristomal lip and a long simple 

tooth. 

 

Genus Miliolinella Wiesner, 1931  

 

Miliolinella australis (Parr, 1932) 

Pl. 19, figs. 34-36. 

1932 Quinqueloculina australis - Parr, p. 7, pl. 1, fig. 8. 

1954 Miliolinella australis (Parr) - Cushman, Todd and Post, p. 334, pl. 84, figs. 3, 4. 

1957  Miliolinella australis (Parr) - Todd, p. 286, pl. 87, fig. 15. 

1974a Miliolinella australis (Parr) - Ponder, p. 127-133, pl. 1, figs 1-5, pl. 2, figs. 1-5, pl. 3, figs. 1-12. 

1987  Miliolinella australis (Parr) - Baccaert, p. 137, pl. 60, figs. 6, 7. 

1988 Miliolinella australis (Parr) - Haig, p. 224, pl. 2, fig. 14. 

2009 Sigmamiliolinella australis (Parr) - Parker, p. 330, figs. 239/a-c  

 

Test, robust, sigmoiline, subcircular lateral view; periphery broadly rounded; Chambers semicircular in shape and 

slightly inflated; wall covered partialy by calcite coating; aperture is terminal with a thick lip and a flaplike tooth.  

 

Remarks: Parker (2009) placed this species in Sigmamiliolinella australis because of the sigmoiline chamber 

arrangement. 

 

Miliolinella cf. M. circularis (Bornemann, 1855) 

Pl. 20, fig. 1. 

1855 Triloculina circularis - Bornemann, p. 349, pl. 19, fig. 4. 

1994 Miliolinella heligmateira - Loeblich and Tappan, p. 51, pl. 89, figs. 16-18. 

2009 Miliolinella circularis (Bornemann) - Parker, p. 120, figs. 85/a-c. 

 

Test milioline, almosr perfectly circular in lateral view; three chambers visible in lateral view; wall smooth and 

translucent; aperture a low arch, with flap-shaped tooth in front of the aperture. 

 

Miliolinella labiosa (d'Orbigny, 1839) 

Pl. 20, figs. 2-4.  

1839a Triloculina labiosa - d’Orbigny, p. 178, pl. 10, figs. 12-14. 

1954 Triloculinella labiosa (d’Orbigny) - Cushman, Todd and Post, p. 334, pl. 84, figs. 5, 6. 

1988 Miliolinella labiosa (d’Orbigny) - Zheng, p. 250, pl. 22, fig. 8. 

1994 Miliolinella labiosa (d’Orbigny) - Loeblich and Tappan, p. 52, pl. 87, figs. 10-12. 

2012 Miliolinella labiosa, (d'Orbigny) - Debenay p. 109, 275. 

 

Test much wider than high, irregular in outline, surface largely composed of the two last-formed chambers; 

chambers often somewhat irregular; periphery rounded; surface smooth but dull; aperture irregular, a sinuous arch, 

with a smoothly finished narrow bordering lip but without a true tooth. 

 

Miliolinella oceanica (Cushman, 1932) 

Pl. 20, figs. 5-7. 

1932 Triloculina oceanica Cushman, 1932, p. 54, pl. 12, fig. 3. 

1974 Miliolinella oceanica (Cushman) - Ponder, p. 133-137, pl. 4, figs. 1-5; pl. 5, figs. 1-11. 

1988 Miliolinella oceanica (Cushman) - Haig, p. 224, pl. 2, figs. 16-18. 

2009 Miliolinella oceanica (Cushman) - Parker, p. 120, fig. 86/a-h. 

2013 Miliolinella oceanica (Cushman) - Langer et al. fig. 5/42. 

 

Test higher than wide, quinqueloculine coil; wall roughly finished; sutures slightly depressed; chambers are 

angular; aperture miliolinella-like. 

 

Miliolinella pilasensis McCulloch, 1977 

Pl. 20, figs. 8-13.  

1977 Miliolinella pilasensis - McCulloch, p. 566, pl. 238, fig. 16. 

1994 Triloculinella pilasensis (McCulloch) - Loeblich and Tappan, p. 57, pl. 99, figs 1-9. 

2012 Miliolinella pilasensis McCulloch - Debenay p. 110. 
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Test robust, subcircular in lateral view, somewhat compressed; periphery rounded; sutures depressed abd distinct; 

last formed chamber  strongly inflated at its initial end, tapered towards the aperture; wall imperforate, smooth and 

polished; aperture a low arch with an apertural flap that leaves only a long narrow opening. 

 

Miliolinella subrotunda (Walker and Boys, 1784) 

Pl. 20, figs. 14-17. 

1784 Serpula subrotunda dorso elevata - Walker and Boys, p. 2, pl. 1, fig. 4 

1808 Vermiculum subrotundum - Montagu, p. 521, pl. 1, fig. 4. 

1923 Miliolina subrotunda (Walker and Boys) - Wiesner, p. 69, pl. 13, figs. 165-169 

1964 Miliolinella subrotunda (Montagu) - Loeblich and Tappan, p. 466, pl. 350, figs. 1-3. 

1988 Miliolinella labiosa (d'Orbigny) - Haig, pl. 2, fig. 15 

2009 Miliolinella subrotunda (Montagu) - Parker, p. 124, figs. 88/a-j, figs. 89/a-g. 

2012 Miliolinella subrotunda (Montagu) - Debenay, p. 110, 275. 

 

Test milioline, 3-4 inflated chambers visible, strongly overlapping previous ones, arranged almost planispirally in 

adults; wall smooth, sometimes translucent; aperture somewhat triangular in profile, low and broad flap-shaped 

tooth in front of the aperture, that may lack in some specimens. 

 

Miliolinella cf. M. subrotunda (Walker and Boys, 1784) 

Pl. 20, figs. 18, 19. 

Test milioline, somewhat twisted; wall covered partialy by calcite coating; aperture somewhat large, with low and 

broad flap-shaped tooth in front of the aperture. 

 

Miliolinella sp. 1 

Pl. 20, figs. 20, 21. 

Test milioline, robust, subcircular in lateral view; wall smooth, sometimes translucent; aperture a low arch, broad 

flap-shaped tooth in front of the aperture. 

 

Miliolinella sp. 2 

Pl. 20, figs. 22, 23. 

Test milioline, subcircular in lateral view, somewhat compressed; wall smooth, sometimes translucent; aperture a 

low arch, broad flap-shaped tooth in front of the aperture. 

 

Miliolinella sp. 3 

Pl. 20, figs. 24-26. 

Test  free, calcareous, initial quinqueloculine; sutures depressed and distinct; wall smooth, thin, imperforate; three 

chambers visible on each side; aperture curved, semicircular opening filled in part by a flaplike tooth. 

 

Genus Pseudomassilina Lacroix, 1938. 

 

Pseudomassilina cf. P. australis (Cushman, 1932) 

Pl. 20, figs. 27-29. 

1932 Massilina australis - Cushman, p. 32, pl. 8, fig. 2. 

1987 Pseudomassilina australis (Cushman) - Loeblich and Tappan, p. 341, pl. 349, figs. 20-22. 

 

Test flattened, initial quinqueloculine; wall calcareous imperforate, smooth, planispirally enrolled, with a carinate 

periphery; chambers broad, flattened and elongate, rapidly enlarging; all chambers visible from both sides of the 

test; aperture terminal, oval, with an everted lip produced at the end of the last chamber. 

 

Genus Pseudotriloculina Cherif, 1970 

 

Pseudotriloculina cf. P. limbata (d’Orbigny, 1826) 

Pl. 20, figs. 30-32. 

1949 Quinqueloculina limbata d’Orbigny - Said, pl. 2, fig. 14. 

1993 Pseudotriloculina sp. B - Hottinger, p. 57, pl. 49, figs. 1-7. 

2013 Pseudotriloculina sp. C - Makled and Langer, p. 239, fig. 5/35-37. 

Test small, flattened, calcareous; sutures faint; Chambers are indistinct; wall smoothly finished, carinated by two to 

three longitudinal costae; periphery subacute; aperture rounded produced on a short neck with a thick everted lip 

and a bifid tooth. The tooth is charactyerized by a short stem and a u shaped bifid extensions. 

 

Pseudotriloculina cf. P. oblonga (Montagu, 1803) 



Chapter Six                                                                                                                                        139 

 

 

Pl. 21, figs. 1-7.  

1803 Vermiculum oblongum - Montagu p. 522, pl. 14, fig. 9. 

1988 Quinqueloculina cf. Q. oblonga Montagu - Haig, p. 234; pl. 6, figs 26-29. 

2012 Quinqueloculina cf. Q. oblonga Montagu - Debenay p. 124, 272. 

 

Test elongate, quinqueloculine, subelliptical in lateral view, oval in cross section; sutures faintly depressed and 

distinct; wall smooth and shiny; aperture terminal, ovate, without an everted lip and provided with a bifid tooth 

with long base and short branches. 

 

Pseudotriloculina subgranulata (Cushman, 1918) 

Pl. 21, figs. 8-14.  

1918 Triloculina subgranulata Cushman, p. 290; pl. 96, fig. 4. 

1987 Triloculina linneiana d’Orbigny var. subgrabulata Cushman - Baccaert, p. 129, 130; pl. 58, figs 1, 2. 

1993 Pseudotriloculina subgranulata (Cushman) – Hottinger et al. p. 56, pl. 47, figs. 8-13, pl. 48, figs. 1-8. 

1998 Pseudotriloculina subgranulata (Cushman) – Haunold and Piller, p. 19, pl. 5, fig. 8 

2009 Quinqueloculina subgranulata (Cushman) - Parker, p. 259, figs. 187/a-j 

2011 Pseudotriloculina subgranulata (Cushman) - Makled and Langer, fig. 5/25-30.  

2012 Pseudotriloculina subgranulata (Cushman) – Debenay, p. 116, 276, pl. 7 

 

Test large, cryptoquinqueloculine, three chambers visible laterally; sutures distinct and depressed; chambers are 

slightly inflated; wall finely granular with surface undulations; periphery rounded; aperture large, subrounded, with 

thickened peristomal lip and a large bifid tooth. 

 

Pseudotriloculina cf. T. sommeri (Tinoco, 1955) 

Pl. 21, figs. 15-17. 

1955 Triloculina sommeri Tinoco, p. 24, pl. 2, figs. 8, 9.  

1988 Quinqueloculina akneriana d'Orbigny - Zheng, p. 192, pl. 3, figs. 12, 13, pl. 4, figs. 1-3, pI. 6. fig. 4. pl. 23, 

figs. 7, 8, pI. 30, figs. 1, 2, text fig. 9. 

1994 Triloculina sommeri Tinoco - Leoblich and Tappan, p. 56, pl. 84, figs. 1-12. 

 

Test subcircular in lateral view, somewhat compressed; three chambers visible in lateral view; sutures faintly 

depressed; wall smooth; aperture subcircular, with a simple tooth. 

 

Pseudotriloculina sp. 1 

Pl. 21, figs. 18-21. 

Test calcareous, two chambers visible laterally; periphery rounded; sutures slightly depressed; wall porcelaneous, 

surface slightly rough; aperture roughly subquadrate, terminal at the end of the last chamber, provided with a bifid 

tooth. 

 

Pseudotriloculina sp. 2 

Pl. 21, figs. 22-24. 

Test calcareous, three chambers visible laterally; periphery rounded; sutures slightly depressed; wall porcelaneous, 

surface smooth; aperture roughly subquadrate, terminal at the end of the last chamber, provided with a bifid tooth. 

 

Pseudotriloculina sp. 3 

Pl. 21, figs. 25-27. 

1932 Triloculina oblonga d’Orbigny - Cushman, p. 50, pl. 11, figs. 10/a-c. 

1959 Triloculina oblonga d’Orbigny - Graham and Militante, p. 56, pl. 8, figs. 8, 9. 

 

Test elongate, more than two times longer than broad, triloculine arrangement with three chambers always visible 

with the last formed chamber broadest near the initial end and longer than the preceeding ones; sutures slightly 

depressed; periphery rounded; wall smooth and usually polished;   aperture oval with a long narrow tooth with bifid 

termination. 

 

Pseudotriloculina sp. 4 

Pl. 21, figs. 28, 29. 

Test calcareous, two chambers visible laterally; periphery rounded; sutures slightly depressed; wall porcelaneous, 

surface slightly rough; aperture roughly subquadrate, terminal at the end of the last chamber, provided with a u-

shaped bifid tooth. 

 

Pseudotriloculina sp. 5 

Pl. 21, figs. 30-32. 
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Test free, porcelaneous imperforate, quinqueloculine, laterally compressed; chambers one-half coil in length, 

slightly inflated, sutures slightly depressed but distinct, periphery rounded, aperture terminal, subcircular, with a 

very thick peristomal lip and a shorth simple tooth. 

 

Pseudotriloculina sp. 6 

Pl. 21, figs. 33-36. 

Test small, slightly compressed laterally, about two time as wide as long, elliptical in lateral view, elongated with a 

rounded periphery; five chambers visible; wall imperforate, ornamented by numerous, deep, longitudinal grooves; 

aperture terminal, circular, produced on a short neck, provided with a short T-shaped tooth 

 

Pseudotriloculina sp. 7 

Pl. 22, figs. 1-3. 

Test porcelaneous, almost two times higher than wide, oval in apertural view; chambers arranged in triloculine 

pattern, with three visble in lateral view; periphery rounded, wall surface with anastomosing microstriae giving the 

test a rough appearance; aperture U-shaped, bothered by a thickened peristomal lip and provided with a short bifid 

tooth  

 

Pseudotriloculina? sp. 8 

Pl. 22, figs. 4, 5. 

Test large, elongated; wall smooth, porcelaneous; three chambers visible on the lateral side; aperture semicircular, 

with a thickened lip but no tooth. 

 

Genus Pyrgo Defrance, 1824 

 

Pyrgo denticulata (Brady, 1884)  

Pl. 22, figs. 6, 7. 

1884 Biloculina ringens (Lamarck) var. denticulata - Brady, p. 143; pl. 3, figs. 4, 5. 

1987 Pyrgo denticulata (Brady) - Baccaert, p. 113; pl. 51, figs. 5, 6; pl. 52, fig. 1. 

1988 Pyrgo denticulata (Brady) - Haig, p. 233, pl. 3, fig. 28. 

2009 Pyrgo denticulata (Brady) - Parker, p. 168, figs. 119/a-h. 

2012 Pyrgo denticulata (Brady) - Debenay, p. 117, 276. 

 

Test biloculine, involute, sub-circular in outline, with a carinate peripheral margin and a serrated aboral margin; 

wall smooth; aperture at the end of the last chamber, ovate, provided with a broadly T-shaped tooth with prominent 

lateral extensions and a narrow stem. 

 

Pyrgo phlegeri Andersen, 1961 

Pl. 22, figs. 8-10. 

1961 Pyrgo phlegeri - Andersen, p. 38, pl. 8, fig. 1. 

1993 Pyrgo phlegeri Andersen - Hottinger et al. p. 57, pl. 50, figs. 7-12. 

2012 Pyrgo phlegeri Andersen - Debenay, p. 117, 277. 

 

Test biloculine, oval; periphery subacute, sutures faintly depressed; wall imperforate, smooth; aperture low and 

wide at the end of the last chamber, provided with a peristomal lip and tooth which has a broad base with prominent 

lateral extensions.  

 

Pyrgo sarsi (Schlumberger, 1891) 

Pl. 22, figs. 11-13.  

1891 Biloculina sarsi - Schlumberger, p. 166,  pl. 9, figs. 55-59; text-figs. 10-11. 

1921 Biloculina sarsi Schlumberger - Cushman, p. 471, pl. 97, fig. 1; text-figs 48-50. 

1988 Pyrgo sarsi (Schlumberger) - Zheng, p. 229; pl. 12, figs 6-10; pl. 13, figs. 1, 2; pl. 31, figs. 19-22; text-fig. 46. 

1994 Pyrgo sarsi (Schlumberger) - Loeblich and Tappan, p. 54, pl. 94, figs. 1-9. 

2012 Pyrgo sarsi (Schlumberger) - Debenay, p. 117, 277. 

 

Test nearly circular in laterally, ends slightly truncated; periphery acute angled, somewhat produced; wall smooth; 

aperture broad, with the broadly T-shaped tooth, with prominent lateral extensions and a narrow stem. 

 

Pyrgo striolata (Brady, 1884) 

Pl. 22, figs. 14-19. 

1884 Biloculina ringens (Lamarck) var. striolata – Brady, p. 143, pl. 3, figs. 7-8. 

1915 Biloculina ringens (Lamarck) var. striolata Brady – Heron-Allen and Earland, p. 551 
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1917 Biloculina denticulata Brady var. striolata Brady – Cushman, p. 80, pl. 33, figs. 2-3 

1929 Pyrgo denticulata (Brady) var. striolata (Brady) – Cushman, p. 69, pl. 18, fig. 5 

1993 Pyrgo striolata (Brady) (s.l.) – Hottinger et al. p. 57, pl. 51, figs. 5-11 

 

Test biloculine, involute in the adult stage, subrectangular; sutures distinct and depressed, sigmoidal in lateral view; 

wall smooth but ornamented with highly variable distinct longitudinal costae; aperture low and wide at the end of 

the last chamber, provided with a peristomal lip and tooth which has a broad base with prominent lateral 

extensions. 

 

Pyrgo cf. P. striolata (Brady, 1884) 

Pl. 22, figs. 20-22. 

1917 Biloculina denticulata Brady var. striolata Brady – Cushman, p. 80, pl. 33, figs. 2-3 

1929 Pyrgo denticulata (Brady) var. striolata (Brady) – Cushman, p. 69, pl. 18, fig. 5 

1993 Pyrgo striolata (Brady) (s.l.) – Hottinger et al. p. 57, pl. 51, figs. 5-11 

 

Test biloculine, involute; sutures distinct and depressed, sigmoidal in lateral view; wall smooth; aperture low and 

wide at the end of the last chamber, provided with a peristomal lip and tooth which has a broad base with prominent 

lateral extensions 

 

Pyrgo sp. 1 

Pl. 22, figs. 23, 24. 

2012 Pyrgo sp. 3 - Debenay, p. 118, 277. 

 

Test biloculine, ovate, elongate, tapering gradually to the apertural end, somewhat truncate; chambers somewhat 

obliquely added; periphery rounded, sutures depressed; wall imperforate, smooth; aperture elliptical provided with 

a flattened T-shaped tooth with a thick base. 

 

Genus Triloculina d’Orbigny, 1826 

 

Triloculina cf. T. assymetrica Said, 1949 

Pl. 22, figs. 25-28. 

1949 Triloculina asymmetrica - Said, p. 18, pl. 2, fig. 11. 

1993 Triloculina asymmetrica Said - Hottinger et al. p. 64, pl. 66, figs. 4-9. 

1998 Triloculina asymmetrica Said - Haunold and Piller, p. 20, pl. 6, fig. 2. 

2013 Triloculina trigonula (Lamarck) - Langer et al. p. 167, pl. 6, figs. 39, 40. 

 

Test longer than wide, triloculine, shows three visible chambers; periphery broadly convex and the angles rounded; 

broadly twisted in end view; sutures distinct, slightly depressed; wall smooth; aperture terminal, rounded with a 

bifid tooth 

 

Triloculina barnadi Rasheed, 1971 

Pl. 22, figs. 29-31. 

1971 Triloculina terquemiana (Brady) var. barnardi - Rasheed, p. 37; pl. 10, fig. 3. 

1988 Triloculina barnardi Rasheed - Haig, p. 235; pl. 11, figs 19-21. 

2009 Triloculina barnardi Haig - Parker, p. 358, figs 260a-m. 

2012 Triloculina barnardi Haig - Debenay, p. 136, 277. 

 

Test longer than broad, triloculine, with sharp carinae; wall surface ornamented by low longitudinal costae that is 

strong; wall smooth and polished; aperture roughly triangular, produced on a short neck, with an  everted lip and an 

elongate tooth which is bifurcated at the tip. 

 

Triloculina cf. T. barnadi Rasheed, 1971 

Pl. 22, figs. 32-35. 

Test longer than broad, triloculine; wall surface ornamented by low longitudinal costae that is strong on the initial 

chambers; wall smooth and polished; aperture roughly triangular, produced on a short neck, with a slightly  everted 

lip and an elongate tooth that is thickened at the tip. 

 

Triloculina bicarinata d'Orbigny, 1839 

Pl. 23, figs. 1-3.  

1839a Triloculina bicarinata - d’Orbigny, in De la Sagra, p. 158, pl. 10, figs. 18-20. 

1992a Triloculina bicarinata d’Orbigny - Hatta and Ujiié, p. 73, pl. 11, figs. 8/a-b. 

2012 Triloculina bicarinata d’Orbigny - Debenay p. 136, 278. 
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Test slightly longer than broad, triloculine; sutures faintly depressed and distinct;  chambers distinct with a truncate 

periphery; wall ornamented by reticulate pits; aperture elongated, with slightly everted lip and a tooth with bifid 

termination slightly extending above the outline of the aperture. 

 

Triloculina earlandi Cushman, Todd and Post, 1954  

Pl. 23, figs. 4-7.  

1954 Triloculina earlandi - Cushman, Todd and Post, p. 338; pl. 85, fig. 3. 

1988 Triloculina funafutiensis (Chapman) - Haig, p. 235; pl. 11, figs 22-24. 

1992a Triloculina earlandi Cushman - Hatta and Ujiié, p. 73, pl. 12, figs. 1/a-c. 

2009 Triloculina earlandi Cushman - Parker, p. 362, figs. 262/a-h. 

2012 Triloculina earlandi Cushman - Debenay p. 136, 278. 

 

Test, more than two times longer than broad, fusiform, with three visible chambers; periphery broadly rounded; 

wall smooth, matte, with longitudinal fine costate; aperture subcircular to ovate at the end of a broad neck, provided 

with a thickened lip and a short bifid tooth. 

 

Triloculina elongotricarinata Debenay, 2012  

Pl. 23, figs. 8-11. 

2012 Triloculina elongotricarinata - Debenay, p. 136. 

 

Test slender, elongate, more than two times longer than broad, triloculine arrangement with three chambers always 

visible, triangular in oral view; acute margins; wall smooth and polished; aperture high-arch shaped, provided with 

a long thin tooth with a short bifid termination. 

 

Triloculina fichteliana d’Orbigny, 1839 

Pl. 23, figs. 12-16. 

1839a Triloculina fichteliana - d’Orbigny, in De la Sagra, p. 171, pl. 9, figs. 8-10. 

1915 Miliolina fichteliana (d’Orbigny) - Heron-Allen and Earland, p. 560 

1977 Triloculina fichteliana d’Orbigny - Le Calvez, p. 106 

1993 Triloculina fichteliana d’Orbigny - Hottinger et al. p. 65, pl. 66, figs. 10-15 

1998 Triloculina fichteliana d’Orbigny - Haunold and Piller, p. 20, pl. 6, fig. 3 

2012 Triloculina fichteliana d’Orbigny - Debenay, p. 137, 278. 

2013a Triloculina fichteliana d’Orbigny - Langer et al. figs. 6/30, 31. 

 

Test small, ovate in lateral view; periphery broadly rounded; chambers distinct, three visible in the adult stage; 

sutures slightly depressed; wall ornamented by regular, well-spaced longitudinal costae; aperture ovate, produced at 

the end of the last chamber with a slightly everted peristomal lip and a narrow tooth with thickened or bifid 

termination. 

 

Triloculina cf. T. fichteliana sp. 1 d’Orbigny, 1839 

Pl. 23, figs. 17-21. 

Test small, ovate in lateral view; periphery broadly rounded; chambers distinct, three visible in the adult stage; 

sutures depressed and distinct; wall smooth, ornamented by  few well-spaced longitudinal costae; aperture 

semicircular, produced at the end of the last chamber with everted lip and a narrow tooth with thickened or bifid 

termination. 

 

Triloculina cf. T. fichteliana sp. 2 d’Orbigny, 1839 

Pl. 23, figs. 22-24. 

Test triloculine, calcareous, somewhat compressed, with rounded angles; periphery rounded; sutures slightly 

depressed; wall porcelaneous, surface smooth, with numerous, regular, distinct longitudinal costate; aperture 

roughly semicircular, terminal at the end of the last chamber, provided with a bifid tooth. 

 

Triloculina kawea Förderer and Langer 2016 

Pl. 23, figs. 25-35. 

2016 Triloculina kawea - Förderer and Langer, p. 11, fig. 5. 

 

Test triloculine, calcareous, roughly triangular in end view, with rounded angles; three chambers are visble in 

lateral view; sutures slightly depressed; wall porcelaneous, matte, roughly finished, covered with numerous 

microstriae; aperture slightly elongated and subquadrate, terminal at the end of the last chamber, provided with a 

thick rim and a moderately long tooth with a thick end. 
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Triloculina cf. T. lalibertadensis McCulloch, 1977 

1977 Triloculina lalibertadensis - McCulloch, p. 555, pl. 221, fig. 15. 

Pl. 24, figs. 1-3. 

Test medium size, triloculine, subequilateral triangular in end view, with acute angles; sutures depressed and 

distinct; wall thin, white, porcelaneous, imperforate; last formed chamber wider than long, forming narrow, uniform 

overhang for preceeding two chambers; aperture low, long arch terminal to slightly ventral in position; tooth broad, 

low, shallow, slightly bifid at corners; tooth filling about half of apertural opening.  

 

Triloculina littoralis Collins, 1958 

Pl. 24, figs. 4-11. 

1918a Miliolina limbata (d'Orbigny) - Sidebottom, p. 7, pl. 1, figs. 16, 17.  

1958 Triloculina littoralis Collins, p. 369, pl. 3, fig. 12.  

1959 Triloculina linneana d'Orbigny.-Graham and Militante, p. 55, pl. 8, fig. 7.  

1971 Triloculina sidebottomi Rasheed, p. 38, pl. 6, fig. 4.  

1991 Quinqueloculina boueana d'Orbigny -Van Marle, p. 64, pI. 3. fig. 8.  

1992 "Triloculina littoralis" Collins – Levy et al. p. 124. pl. 2, figs. 5, 6. 

1987 Triloculina littoralis Collins - Baccaert, p. 130, pl. 58, figs. 3/a, b. 

1994 Triloculina littoralis Collins - Loeblich and Tappan, p. 55, pl. 95, figs. 11-13 

 

Test small, cryptoquinqueloculine, rounded periphery; three chambers visible in the final whorl; wall ornamented 

with numerous costae which runs through the entire test to the lip region, but could be few in others; sutures 

depressed; aperture rounded with a thick peristomal lip, produce at the end of a distinct short neck provided with a 

simple tooth. 

 

Triloculina cf. T. rotunda Schlumberger, 1893 

Pl. 24, figs. 12-14.  

1826 Triloculina rotunda - d’Orbigny, p. 299, no. 4. 

1893 Triloculina rotunda d’Orbigny - Schlumberger, p. 206; pl. 1, figs 48-50. 

1958 Triloculina rotunda d’Orbigny - Le Calvez and Le Calvez, p. 192; pl. 6, figs 57-58. 

 

Test slightly longer  than wide, broadly rounded;  chambers rotund with the two last chambers making up most of 

the visible test surface; sutures very slightly depressed; surface of the test smooth and shining; aperture rounded, 

with a slightly thickened lip and a short protruding bifid tooth.  

 

Triloculina serrulata McCulloch, 1977 

Pl. 24, figs. 15-21. 

1977 Triloculina serrulata - McCulloch, p. 558, pl. 225, figs. 1-2, 4 

1993 Triloculina serrulata McCulloch - Hottinger et al. p. 65, pl. 67, figs. 1-9 

1998 Triloculina serrulata McCulloch - Haunold and Piller, p. 20, pl. 6, fig. 4 

2011 Triloculina serrulata McCulloch - Parker and Gischler, p. 43, pl. 3, figs. 13-15 

2012 Triloculina serrulata McCulloch - Debenay, p. 137, 278, 

2013a Triloculina serrulata McCulloch - Langer et al. fig. 6/32 

 

Test small, triloculine, broadly ovate in lateral view, roughly triangular in end view; peripheral margins slightly 

convex, separated from the lateral walls by strongly protruding carinate shoulders; wall matte, covered with very 

fine, longitudinal and anastomosing microstriae; aperture terminal, subcircular and produced on a short neck with a 

thick peristomal lip and a bifid tooth.  

 

Triloculina cf. T. striatotrigonula Parker and Jones, 1865 

Pl. 24, figs. 22-24. 

1865 Triloculina striatotrigonula - Parker and Jones, p. 438. 

1999 Triloculina striatotrigonula Parr - Hayward et al. p. 105; pl. 5, figs 25, 26. 

2012 Triloculina striatotrigonula Parker and Jones - Debenay, p. 138, 278. 

 

Test ovate in lateral view; periphery broadly rounded; chambers distinct, three visible in the adult stage; sutures 

slightly depressed; wall numerously ornamented by regular, longitudinal costae; aperture rounded to circular, 

produced at the end of the last chamber with a bifid tooth. 

 

Triloculina cf. T. tricarinata (d'Orbigny, 1826) 

Pl. 24, figs. 25-28.  

1826 Triloculina tricarinata - d’Orbigny, p. 299. 
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1884 Miliolina tricarinata d’Orbigny - Brady, p. 165; pl. 3, figs 17 a-c. 

1993 Triloculina tricarinata d’Orbigny - Hottinger et al. p. 65; pl. 68, figs 7-12. 

1994 Triloculina tricarinata d’Orbigny - Loeblich and Tappan, p. 56; pl. 96, figs 1-7. 

2009 Triloculina tricarinata d’Orbigny - Parker, p. 368, figs. 265/a-k.  

2012 Triloculina tricarinata d’Orbigny - Debenay 138, 278. 

 

Test triloculine, somewhat longer than broad with three visible chambers in the adult,; chambers triangular in end 

view with isometric straight sides; acute to carinate margins; wall smooth, often polished; aperture low-arch-shaped 

provided with large T-shaped bifid tooth. 

 

Triloculina trigonula (Lamarck, 1804) 

Pl. 24, figs. 29-31 

1804 Miliolites trigonula - Lamarck, p. 351 

1884 Miliolina trigonula (Lamarck) - Brady, pl. 3, figs. 15-16 

1915 Miliolina trigonula (Lamarck) - Heron- Allen and Earland, p. 561 

1932 Triloculina trigonula (Lamarck) - Cushman, p. 56, pl. 13, fig. 1 

1993 Triloculina trigonula (Lamarck) - Hottinger et al. p. 66, pl. 69, figs. 1-10 

1998 Triloculina trigonula (Lamarck) - Haunold and Piller, p. 20, pl. 6, fig. 6 

2012 Triloculina trigonula (Lamarck) - Debenay, p. 138, 278. 

2013a Triloculina trigonula (Lamarck) - Langer et al. figs. 6/39, 40. 

 

Test longer than wide, triloculine, adult shows three visible chambers; periphery broadly convex and the angles 

rounded; broadly triangular in end view; sutures distinct; wall smooth; aperture terminal, rounded with a large bifid 

tooth. 

 

Triloculina cf. T. trigonula (Lamarck, 1804) 

Pl. 24, figs. 32-35. 

2009 Triloculina trigonula (Lamarck) - Parker, p. 366, figs. 266/a-k, 267/a-k. 

 

Test longer than wide, triloculine, three chambers visible; periphery broadly rounded; sutures distinct; wall smooth; 

aperture terminal, elongated with a long tooth thickened at the bifid tip. 

 

Triloculina triquetrella Loeblich and Tappan, 1994 

 Pl. 25, figs. 1-4. 

1994 Triloculina triquetrella - Loeblich and Tappan, p. 56, pl. 96, figs. 8-10. 

2009 Triloculina triquetrella Loeblich and Tappan - Parker, p. 369, figs. 268, 269.  

 

Test triloculine, calcareous, triangular in end view, with carinate angles; chambers overlapping the previous 

chamber at the base; wall porcelaneous, surface smooth; aperture oval, terminal on a distinct neck, with flared rim, 

provided with a bifid tooth. 

 

Triloculina cf. T. triquetrella Loeblich and Tappan, 1994 

Pl. 25, figs. 5-7. 

Test triloculine, calcareous, triangular in end view, with carinate angles; chambers overlapping the previous 

chamber at the base; sutures distinct; wall porcelaneous, surface smooth with faint longitudinal costate; aperture 

roughly circular, terminal at the end of the last chamber, provided with a thick rim and a thick stem bifid tooth. 

 

Triloculina sp. 1 

Pl. 25, figs. 8-11. 

Test triloculine, calcareous, triangular in end view, with rounded angles; chambers slightly inflated with three 

visible in lateral view; sutures distinct; wall porcelaneous, surface smooth with faint longitudinal costate; aperture 

rounded, terminal at the end of the last chamber, provided with a thick rim and a short bifid tooth. 

 

Triloculina sp. 2 

Pl. 25, figs. 12-14. 

Test triloculine, calcareous, only two chambers are visible in lateral view, triangular in end view, with acute angles; 

sutures slightly depressed; wall porcelaneous, surface smooth, with regular, distinct longitudinal costate; aperture 

oval, terminal at the end of the last chamber, provided with a bifid tooth. 

 

Triloculina sp. 3 

Pl. 25, figs. 15-17. 
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Test triloculine, calcareous, with three chambers visible in lateral view; with rounded angles; chambers slightly 

inflated; sutures distinct; wall porcelaneous, surface rounghly finished; aperture large, triangular, terminal at the 

end of the last chamber, provided with an everted rim but no distinct tooth.  

 

Genus Mesosigmoilina Zheng, 1981  

 

Mesosigmoilina minuta (Zheng, 1979) 

Pl. 25, fig. 18.  

1979 Pseudosigmoilina minuta - Zheng, p. 129, text-fig. 6, pl. 7, figs. 2, 3.  

1994 Spirophthalmidium prolixum Loeblich and Tappan, p. 41, pl. 64, figs. 6-8. 

2009 Mesosigmoilina minuta (Zheng) - Parker, p. 115, figs. 81/a-d 

 

Test small, narrow, elongate, flattened, delicate, slightly twisted,  periphery angular, bordered by a thin prominent 

carina; chambers broadest at the base and tapering toward the aperture; wall calcareous, porce1aneous; aperture 

rounded, produced at the end of a distinct neck. 

 

Genus Pseudoschlumbergerina Cherif, 1970 

 

Pseudoschlumbergerina ovata (Sidebottom, 1904) 

Pl. 25, figs. 19-21.  

1904 Sigmoilina ovata - Sidebottom, p. 6, fig. 1, pl. 2, figs. 12, 13. 

1973 Quinqueloculina (Pseudoschlumbergerina) ovata (Sidebottom) - Cherif, p. 94, pl. 13, fig. 9, pl. 15, figs. 3, 4. 

1993 Pseudoschlumbergerina ovata (Sidebottom) - Hottinger et al. p. 55, pl. 46, figs. 1-6. 

2013 Pseudoschlumbergerina ovata (Sidebottom) - Langer et al. fig.7/1. 

 

Test porcellaneous, subelliptical in lateral view, polygonal in oral view, initial arrangement indistinctly 

quinqueloculine but later sigmoiline; periphery subangular; wall covered with fine irregular microstriae; chambers 

somewhat compressed, about seven chambers are visible from the exterior; aperture terminal, arch shaped, with 

peristomal lip and a bifid tooth with broad stem. 

 

Genus Sigmella Azbel’ and Mikhalevich, in Mikhalovich 1983 

  

“Sigmella sp” 

Pl. 25, figs. 22-28. 

Test free, calcareous, quinqueloculine, sutures dinstinct and depressed, chambers inflated, rounded and twisted, the 

penultimate chamber rises above the aperture in lateral view; periphery rounded; wall ornamented with many 

weakly developed, longitidunal costate which run from the aboral end to the oral end; aperture subcircular, terminal 

at the end the last chamber with a short bifid tooth. 

 

Genus Sigmoihauerina Zheng, 1979 

 

Sigmoihauerina involuta (Cushman, 1946) 

Pl. 25, figs. 29-31. 

1946 Hauerina involuta - Cushman, p. 13, pl. 2, figs. 25-28 

1972 Pseudohauerina occidentalis involuta (Cushman) - Ponder, p. 149, textfigs. 4, 7-8, 9A, 11, 12A, 13A, 16 

1987 Pseudohauerina occidentalis involuta (Cushman) - Baccaert, p. 146, pl. 63, figs. 7 a-b, pl. 64, figs. 1-2 

1988 Pseudohauerina involuta (Cushman) - Haig, p. 228, pl. 3, figs. 16-18 

1994 Sigmoihauerina involuta (Cushman) - Loeblich and Tappan, p. 58, pl. 100, figs. 8-12 

2009 Pseudohauerina involuta (Cushman) - Parker, p. 158, figs. 112/a-i. 

2011 Sigmoihauerina involuta (Cushman) - Makled and Langer, fig.6/38-42. 

2012 Pseudohauerina involuta (Cushman) - Debenay, p. 114, 280. 

 

Test subcircular in lateral view, compressed, initial stage milioline, later planispiral with usually more than two 

chambers per whorl, distinctly involute; wall ornamented with slightly curved ribs that correspond to the internal 

septula and numerous longitudinal striae; aperture terminal, with trematophore. 

                  

Genus Sigmoilinella Zheng, 1979  

 

Sigmoilinella tortuosa Zheng, 1979  

Pl. 25, figs. 32-34. 

1979 Sigmoilinella tortuosa - Zheng, p. 130, 131, 208, 209, pl. 7, fig. 4, text fig. 7. 

1988 Quinqueloculina cf. Q. collumnosa Cushman - Haig, p. 233, pl. 5, figs. 11-14. 
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1997 Sigmoilinella tortuosa Zheng - Haig p. 273, fig. 4, nos 20, 21. 

2009 Sigmoilinella tortuosa Zheng - Parker, p. 330, figs 242/a-j. 

2012 Sigmoilinella tortuosa Zheng - Debenay, p. 131, 279. 

 

Test compressed, sigmoiline, twisted, calcareous; wall ornamented by two important peripheral carinae and few 

other non-prominent carinae; wall smoothly finished but could contain some other arenacoeus materials attached to 

it: aperture terminal produced on a long neck, with short and small slightly bifid tooth 

 

Sigmoilinella sp. 1 

Pl. 26, figs. 1-5. 

Test compressed, sigmoiline, slightly twisted, calcareous; wall ornamented by several prominent longitudinal 

costae; aperture terminal produced on a short raised neck, with a slightly everted lip. 

 

Genus Sigmoilinita Seiglie, 1965 

 

Sigmoilinita costata (Schlumberger, 1893)  

Pl. 26, figs. 6-8. 

1893 Sigmoilina costata - Schlumberger, p. 61, pl. 1, figs. 51, 52. 

1958 Sigmoilina costata Schlumberger - Le Calvez J and Y, p. 20, pl. 7, figs. 69, 70. 

1991 Sigmoilinita costata (Schlumberger) - Cimerman and Langer, p. 47, pl. 45, figs. 1-6. 

2012 Sigmoilinita costata (Schlumberger) - Debenay, p. 131, 279. 

 

Test fusiform in lateral view and sigmoid in horizontal section, slightly compressed; chambers of uniform diameter, 

arranged in a sigmoid pattern, later tending to become planispiral; periphery rounded; sutures distinct, very slightly 

depressed; wall ornamented by numerous longitudinal costae; aperture subcircular, produced on a distinct neck, 

with a peristomal rim and a short tooth. 

 

Genus Spirosigmoilina Parr, 1942 

 

Spirosigmoilina bradyi Collins, 1958 

Pl. 26, figs. 9, 10. 

1884 Spiroloculina crenata Karrer - Brady, p. 156, pl. 10, figs. 24-26. 

1915 Spiroloculina crenata (Karrer) - Heron-Allen and Earland, p. 557, pl. 39, figs. 6-8 

1917 Massilina crenata (Karrer) - Cushman, p. 57, pl. 20, figs. 2/a, c. 

1958 Spirosigmoilina bradyi - Collins, p. 365.  

1960 Hauerina speciosa (Karrer - Barker, p. 20, pl. 10, figs. 24-26 

1988 Spirosigmoilina bradyi Collins - Haig plate 11, fig 1-6. 

2009 Spirosigmoilina bradyi Collins - Parker, p. 357, figs. 259/a-f. 

2011 Spirosigmoilina bradyi Collins - Makled and Langer, figs. 7/5, 6. 

2012 Spirosigmoilina bradyi Collins - Debenay, p. 135, 279. 

 

Test subcircular in laterar view, somewhat flattened; early chambers arranged in a sigmoiline coil, central part 

raised; later chambers narrow and low, planispirally arranged, each chamber one-half coil in length; wall 

ornamented by regulate crenulation; aperture a simple terminal opening with a short simple tooth. 

 

Spirosigmoilina parri Collins, 1958  

Pl. 26, figs. 11, 12. 

1958 Spirosigmoilina parri - Collins, p. 365, pl. 3, figs. 3, 4. 

1988 Spirosigmoilina parri Collins - Haig, p. 235, pl. 11, figs. 7-10. 

1994 Spirosigmoilina parri Collins - Loeblich and Tappan, p. 58, pl. 102, figs. 9-17; pl. 103, figs 1-5. 

2012 Spirosigmoilina parri Collins - Debenay, p. 135, 279. 

 

Test subcircular, flattened; early chambers sigmoiline, leading to a raised central portion; later chambers 

compressed, planispirally arranged, each chamber one-half coil in length; wall matte; aperture rounded, terminal at 

the end of the last formed chamber with a peristomal lip and a short simple tooth. 

 

Genus Articulina d'Orbigny, 1826  

 

Articulina pacifica Cushman, 1944 

Pl. 26, figs. 13, 14.  

1944a Articulina pacifica - Cushman, p. 17, pl. 14, figs. 14-18 
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1959 Articulina pacifica Cushman - Graham and Militante, p. 34, pl. 3, fig. 6 

1987 Articulina pacifica Cushman - Baccaert, p. 151, pl. 66, fig. 2 

1988 Articulina pacifica Cushman - Haig, p. 218, pl. 1, figs. 9, 10. 

2009 Articulina pacifica Cushman - Parker, p. 90, figs. 64/a-e.  

2012 Articulina pacifica Cushman - Debenay, p. 104, 280. 

 

Test initially milioline, latter with a few vase-shaped chambers laterally compressed; wall surface covered with 

prominent longitudinal costae, usually 13 to 15; apertural terminal, provided with a very prominent everted lip. 

 

Articulina queenslandica Collins, 1958 

Pl. 26, figs. 17, 18. 

1958 Articulina queenslandica - Collins, p. 366, pl. 3, figs. 8-10 

1987 Articulina queenslandica Collins - Baccaert, p. 153, pl. 66, figs. 4 

2012 Articulina queenslandica Collins - Debenay, p. 104, 280. 

 

Test elongate initially milioline with later uniserial chamber additions, widened at the base; wall porcelaneous, 

ornamented with 4 or 5 longitudinal costae on the first uniserial chamber, and could more with additional 

chambers; aperture terminal, rounded, with a narrow everted lip. 

 

Articulina sagra d'Orbigny, 1839 

Pl. 26, figs. 15, 16.  

1839a Articulina sagra - d’Orbigny, p. 183, pl. 9, figs. 23-26. 

1915 Articulina sagra d’Orbigny - Heron-Allen and Earland, p. 585, pl. 45, figs. 22-25. 

1917 Articulina sagra d’Orbigny - Cushman, p. 59, pl. 22, figs. 7, 8. 

1994 Articulina mucronata (d’Orbigny) - Loeblich and Tappan, p. 59, pl. 104, figs. 1-4. 

2012 Articulina sagra d’Orbigny - Debenay, p. 104, 280. 

 

Test elongate, compressed, initially milioline, and later ones usually two or three in linear series, increasing 

progressively in size; wall furnished with longitudinally costate; aperture narrowly elliptical, with a thick projecting 

everted lip. 

 

Genus Sigmoilopsis Finlay 1947 

 

Sigmoilopsis elliptica? (Galloway and Wissler, 1927) 

Pl. 26, figs. 19-21. 

1927 Sigmoilina elliptica - Galloway and Wissler, p. 39; pl. 7, figs. 2/a-b. 

1995 Sigmoilopsis elliptica (Galloway and Wissler) - Yassini and Jones p. 92, figs. 148-150. 

1999 Sigmoilopsis elliptica (Galloway and Wissler) - Hayward et al. p. 104, pl. 5, figs. 16-18. 

2012 Sigmoilopsis elliptica (Galloway and Wissler) - Debenay, p 131, 279.  

 

Test elongate, fusiform; chambers tubular, cylindrical, rapidly enlarging; wall covered with a layer of arenaceous 

matter which could be pitted; aperture rounded,  terminal at the end of a cylindrical neck, with a thickened lip. 

 

Genus Miliola Lamarck, 1804 

 

Miliola sublineata (Brady, 1884) 

Pl. 26, figs. 22-24. 

1884 Miliolina circularis (Bornemann) var. sublineata - Brady, p. 169; pl. 4, figs. 7/a-c. 

1898b Miliolina circularis (Bornemann) var. sublineata Brady - Millett, p. 501, pl. 11, figs. 4/a, b. 

1988 Miliola sublineata (Brady) - Haig, p. 220, pl. 2, figs. 10, 11. 

1992a Cribromiliolinella milletti (Cushman) - Hatta and Ujiié, p. 69, pl. 9, figs. 4, 5. 

2011 Miliola sublineata (Brady) - Makled and Langer, figs. 5/9-11. 

2012 Miliola? Sublineata (Brady) - Debenay, p. 109, 280. 

 

Test rounded in outline, elliptical in oral view, three chambers visible in lateral view; periphery rounded; chambers 

spirally arranged; sutures depressed and distinct; wall ornamented with thin, numerous, somewhat irregular 

longitudinal costae, pitted; aperture terminal, cribrate. 

 

Family Riveroinidae Saidova, 1981 

 

Genus Pseudohauerinella McCulloch, 1981 
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Pseudohauerinella dissidens (McCulloch, 1977) 

Pl. 26, figs. 25, 26. 

1915 Spiroloculina crenata Karrer - Heron- Allen and Earland, p. 557, pl. 41, figs. 6-8 

1977 Pseudohauerina dissidens - McCulloch, p. 237, pl. 102, fig. 7. 

1981 Pseudohauerinella dissidens (McCulloch) - McCulloch, p. 6. 

1993 Pseudohauerinella dissidens (McCulloch) - Hottinger et al. p. 67, pl. 74, figs. 1-8. 

1998 Pseudohauerinella dissidens (McCulloch) - Haunold and Piller, p. 21, pl. 6, fig. 15 

2012 Pseudohauerinella dissidens (McCulloch) - Debenay, p. 114, 281. 

2013 Pseudohauerinella dissidens (McCulloch) - Langer et al. figs. 7/11, 12. 

 

Test small, porcellaneous, lenticular in lateral view, polygonal in end view, quinqueloculine with gradually 

increasing angle between successive chambers; sutures depressed; Wall covered by longitudinal, irregular 

microstriae and possessing irregularly distributed pits; aperture terminal at the end of the last chamber, truncated, 

produced with a thick peristomal lip and a bifid tooth. 

 

Pseudohauerina orientalis (Cushman, 1946) 

Pl. 26, figs. 27, 28. 

1946 Hauerina orientalis - Cushman, p. 43; pl. 10, figs 16-17.  

1988 Pseudohauerina orientalis (Cushman) - Haig, p. 228, pl. 3, figs. 19, 20. 

1994 Hauerina orientalis (Cushman) - Loeblich and Tappan, p. 60, pl. 76, figs. 12-14. 

2009 Pseudohauerina orientalis (Cushman) - Parker, p. 162, figs. 113, 114. 

2011 Pseudohauerina orientalis (Cushman) - Makled and Langer, figs. 7/1-4. 

2012 Pseudohauerina orientalis (Cushman) - Debenay, p. 114, 281. 

2013 Pseudohauerina orientalis (Cushman) - Langer et al. figs. 7/9, 10. 

 

Test oval in outline, robust, less compressed, initial chambers inflated and quinqueloculine, later partially evolute 

planispiral additions with usually more than two chambers per whorl; wall covered with fine, more intense 

reticulate ornament, with transverse ribs that correspond internally to septula that partially divide the chambers; 

aperture cribrate trematophore, but not fully developed, lyre-shaped in juveniles.  

 

Pseudohauerina sp. 1 

Pl. 26, fig. 29 

Test compressed, initial chambers show milioline chamber arangement, later ones either embracing and extending 

in to the center to hide the previously formed chambers or becoming elongate and more or less encircling the 

periphery; ornamentation strong tranverse or radial crenulations crossed by numerous fine longitudinal striae which 

in this case are strongly abraided ; aperture terminal with a trematophore. 

 

Family Alveolinidae Ehrenberg, 1839 

 

Genus Borelis de Monfort 1808 

 

Borelis schlumbergeri (Reichel, 1937) 

Pl. 26, figs. 30-32. 

1880 Alveolina boscii Defrance - Möbius, p. 79, pl. III, fig. 1 

1915 Alveolina boscii (Defrance) - Heron-Allen and Earland, p. 606 

1937 Neoalveolina pygmaea (Hanzawa) schlumbergeri - Reichel, p. 110, pl. 10, figs. 1-3. 

1977 Borelis schlumbergeri (Reichel) - Hottinger, p. 93, figs. 29/a-h. 

1984 Borelis schlumbergeri (Reichel) - Reiss and Hottinger, p. 215, fig. G10 

1993 Borelis schlumbergeri (Reichel) - Hottinger et al. p. 68, pl. 75, figs. 1-17. 

1997 Borelis schlumbergeri (Reichel) - Haig, p. 270, fig. 3/16. 

1998 Borelis schlumbergeri (Reichel) - Haunold, Baal and Piller, p. 156, pl. 1, figs. 1-3 

2012 Borelis schlumbergeri (Reichel) - Debenay, p. 104, 281. 

2013 Borelis schlumbergeri (Reichel) - Langer et al. fig. 7/14 

 

Test porcelaneous, planispiral, involute, elongate along the coiling axis; wall ornamented by low, wavy ridges 

situated along the chamberlet sutures, and by indistinct pustules between the ridges; 4-6 chambers per whorl 

separated by depressed sutures; apertures terminal, one basal row of circular to irregularly quadrangular apertures 

on the apertural face; each aperture with thickened rim; a rectangular to faintly bifid mask hides partly each 

apertural opening. 

 

Family Peneroplidae Schultze, 1854  
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Genus Coscinospira Ehrenberg, 1839 

 

Coscinospira hemprichi Ehrenberg, 1839 

Pl. 26, figs. 33, 34. 

1839 Coscinospira hemprichi - Ehrenberg, p. 131, pl. 2, fig. 2. 

1993 Coscinospira hemprichi Ehrenberg - Hottinger et al. p. pl. 77, figs. 1-3 

2012 Coscinospira hemprichi Ehrenberg - Debenay, p. 106, 281. 

2013 Coscinospira hemprichi Ehrenberg - Langer et al. fig. 7/15. 

 

Test porcelaneous, planispirally coiled, with a very shallow umbilical pit; sutures depressed; chambers slightly 

inflated; wall surface including the shallow umbilical depression is covered with strong acute ribs, perpendicular to 

the sutures, alternating irregularly from one chamber to the other; the ribs fuse with the peristomes of the multiple 

aperture that occupy the center of the apertural face. 

 

Genus Euthymonacha Loeblich and Tappan, 1994 

 

Euthymonacha polita (Chapman, 1900) 

Pl. 27, figs. 1, 2. 

1900 Peneroplis (Monalysidium) polita - Chapman, p. 4, pl. 1, fig. 5. 

1987 Monalysidium politum Chapman - Baccaert, p. 61, pl. 110, fig. 8. 

1994 Euthymonacha polita (Chapman) - Loeblich and Tappan, p. 61, pl. 110, fig. 8. 

2009 Euthymonacha polita (Chapman) - Parker, p. 103, figs. 72, 73. 

2012 Euthymonacha polita (Chapman) - Debenay, p. 107, 281. 

 

Test small, porcelaneous, with no initial coil, made up of somewhat irregular row of loosely attached cylindrical 

chambers, typically of uniform size; sutures deeply incised and distinct and straight; numerous pseudopores aligned 

parallel to the longitudinal axis giving a striated appearance; aperture terminal with an everted, crenulated lip that 

extends beyond the test.  

 

Genus Monalysidium Chapman, 1900 

 

Monalysidium acicularis (Batsch, 1791) 

Pl. 27, figs. 3-7. 

1791 Nautilus (Lituus) acicularis - Batsch, p. 3, 6, pl. 6, figs. 16/a, b. 

1993 Monalysidium acicularis (Batsch) - Hottinger et al. p. 70, pl. 78, figs. 1-14. 

2009 Monalysidium acicularis (Batsch) - Parker, p. 138, figs. 98, 99. 

2012 Monalysidium acicularis (Batsch) - Debenay, 111, 281. 

 

Test porcelaneous, initial stage planispiral, biconvex with chambers somewhat compressed, latter uniserial, 

cylindrical, long and thin; wall with longitudinal costae separated by irregular rows of large pseudopores; aperture 

terminal, with crenulations folding irregularly inwards, forming a dendritic pattern that slightly extends beyond the 

test. 

 

Genus Peneroplis de Montfort 1808 

 

Peneroplis arietina (Batsch, 1791) 

Pl. 27, figs. 9-13. 

1791 Nautilus (Lituus) arietinus Batsch, p. 4, pl. 6, fig. 15c. 

1884 Peneroplis arietinus (Batsch) - Brady, p. 204, pl. 13, figs. 16, 17. 

1930 Spirolina arietina (Batsch) - Cushman, p. 43, pl. 15, figs. 4, 5. 

1933 Spirolina arietina (Batsch) - Cushman, p. 62, pl. 19, figs. 4, 5. 

1987 Peneroplis arietina (Batsch) - Baccaert, p. 60, pl. 19, figs. 3/a-c; pl. 20, figs. 1-4; pl. 21, figs. 1/a-c.  

 

Test compressed, early portion planispiral coil, become uniserial in later stages; sutures distinct; wall ornamented 

with numerous low costae perpendicular to the sutures and parallel to the coiling direction; aperture terminal, 

multiple, consisting of a series of independent pores in the central portion of the apertural face. 

 

Family Soritidae Ehrenberg, 1839 

 

Genus Parasorites Seiglie and Rivera, 1977 
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Parasorites orbitolitoides (Hofker, 1930)  

Pl. 27, figs. 14-19. 

1930 Praesorites orbitolitoides - Hofker, p. 149, pl. 55, figs. 8, 10; pl. 57, figs. 1-5; pl. 61, figs. 3-14. 

1988 Parasorites orbitolitoides (Hofker) - Haig, p. 228, pl. 3, figs. 8, 9. 

1992a Parasorites orbitolitoides (Hofker) - Hatta and Ujiié, p. 80, pl. 17, figs. 1, 2; pl. 18, figs. 1, 2. 

2012 Parasorites orbitolitoides (Hofker) - Debenay, p. 113, 282. 

 

Test calcareous, porcelaneos, discoidal, flattened; wall thickness hardly increased towards the periphery; initial 

stage planispiral, later chambers annular, subdivided into one layer of chamberlets by alternating radial partitions; 

wall smooth and polished; apertures small, round, numerous in one row at the periphery. 

 

Parasorites cf. P. orbitolitoides (Hofker, 1930) 

Pl. 27, figs. 20-24. 

2009 Parasorites cf. P. orbitolitoides (Hofker) - Parker, p. 149, figs. 106, 107. 

 

Test calcareous, porcelaneos, discoidal, flattened; wall thickness hardly increased towards the periphery; initial 

stage distinctly planispiral or peneropline, later chambers annular, subdivided into one layer of chamberlets by 

radial partitions; wall smooth and polished; apertures sub-circular to elongate, oriented perpendicular to the plane 

of the test are in a medial row, typically bordered by a thin peristomal rim. 

 

Genus Sorites Ehrenberg, 1839 

 

Sorites orbiculus (Forskål, 1775) 

Pl. 27, figs. 25-30. 

1775 Nautilus orbiculus - Forskål, p. 125. 

1840 Sorites orbiculus (Forskål) - Ehrenberg, pl. 3, fig. 2 

1984 Sorites orbiculus Ehrenberg - Reiss and Hottinger, p. 205, figs. 65/a-d 

1991 Sorites orbiculus Ehrenberg - Cimerman and Langer, p. 50, pl. 51, figs. 1-5 

1992 Sorites orbiculus (Forskål) - Hatta and Ujiie, p. 80, pl. 17, figs. 5a-6b, pl. 18, figs. 5, 6. 

1993 Sorites orbiculus (Forskål) - Hottinger et al. p. 72, pl. 83, figs. 1-13 

1994 Sorites orbiculus (Forskål) - Loeblich and Tappan, p. 63, pl. 112, figs. 6-8 

1998 Sorites orbiculus (Forskål) - Haunold, Baal and Piller, p. 156, pl. 2, figs. 1-3 

2012 Sorites orbiculus (Forskål) - Debenay, p. 131, 282. 

2013a Sorites orbiculus Ehrenberg - Langer et al. fig. 7/20 

 

Test discoidal, biplanar, relatively thin; chamberlets addition is annular concentric, giving the sutures a 

characteristic scalloped appearance; wall smooth; apertures ovate or 8-shaped, bordered with a small rim, usually 

one on each side of the chamberlets, positioned in a medial row on the peripheral surface. 

 
Family Valvulamminidae Loeblich and Tappan, 1987 

 

Genus Discorinopsis Cole, 1941 

 

Discorinopsis aguayoi (Bermudez, 1935) 

Pl. 28, figs. 1-3. 

1935 Discorbis aguayoi - Bermudez, p. 204, pl. 15, figs. 10-14. 

1953 Discorinopsis aguayoi (Bermudez) - Phleger, et al. p. 7, pl. 4, figs. 23, 24. 

1963 Trichohyalus aguayoi (Bermudez) - Bermudez and Seiglie, p. 176, pl. 26, fig. 4. 

2003 Discorinopsis aguayoi (Bermudez) - Javaux and Scott, p. 14, fig. 6, no 1, 2. 

2012 Discorinopsis aguayoi (Bermudez) - Debenay, p. 194, 262 

 

Test low trochospiral, auriculate; spiral side convex, umbilical side flattened to concave; umbilical face partially 

covered with a spongy mass of shell material; sutures limbate, imperforate, strongly curved on the spiral side, 

obscured on the umbilical side; wall coarsely perforate; aperture a series of openings through the shell material that 

obscured the umbilical side. 

 

Family Vaginulinidae Reuss, 1861 

 

Genus Lenticulina Lamarck, 1804 
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Lenticulina sp. 1 

Pl. 28, figs. 4, 5. 

Test hyaline, planispiral, involute, biconvex, robust, subcircular in outline; periphery bluntly rounded with a narrow 

keel; 5 chambers visble in the final whorl (although our specimen is broken); umbilical region flush and 

transparent; sutures flush and limbate, gently curved; apertural face truncated, slightly depressed, with a thick 

limbate margin; presence of equatorial slit on the apertural face. 

 

Family Lagenidae Reuss, 1861 

 

Genus Lagena Walker and Jacob, 1798 

 

Lagena spicata Cushman and McCulloch, 1950 

Pl. 28, figs. 6, 7.  

1950 Lagena sulcata var. spicata - Cushman and McCulloch, p. 360, pl. 48, figs 3, 7. 

1995 Lagena striata paucistriata - Yassini and Jones, p. 106, 107, figs. 323-325. 

1999 Lagena spicata Cushman and McCulloch - Hayward et al. p. 116, pl. 7, figs. 4, 5. 

2012 Lagena spicata Cushman and McCulloch - Debenay, p. 152, 289. 

 

Test rounded to flask-shaped with an elongate neck; wall ornamented with very strong numerous longitudinal 

costae sometimes continuing up the apertural neck; basal end posseses a definite spine; neck cylindrical or tapering; 

aperture terminal, rounded, bordered with a phialine lip. 

 

Lagena strumosa Reuss, 1858 

Pl. 28, figs. 8.  

1858 Lagena striata strumosa - Reuss, p. 434. 

1993 Lagena strumosa Reuss - Hottinger et al. pl. 90, figs. 18-25.  

1995 Lagena striata strumosa Reuss - Yassini and Jones, p. 107, figs. 321, 322, 326, 327, 330, 331. 

2012 Lagena strumosa Reuss - Debenay, p. 153, 289. 

 

Test globular, robust, flask-shaped, with an elongate neck; basal end with a definite spine; surface covered with fine 

longitudinal striae which do not continue to the neck region, the neck shows several irregular annuli and fine 

spines; aperture terminal at the end of the neck, with a distinct expanded lip. 

 

Genus Procerolagena Puri, 1954 

 

Procerolagena oceanica (Albani, 1974) 

Pl. 28, figs. 9, 10.  

1974 Lagena oceanica - Albani, p. 37, pl. 1, figs 7, 10, 11. 

1993 Lagena oceanica Albani - Hottinger et al. p. 78, pl. 90, figs. 9-11. 

1994 Pygmaeoseistron oceanicum (Albani) - Loeblich and Tappan, p. 80, pl. 144, figs. 4-7. 

2012 Procerolagena oceanica (Albani) - Debenay, 160, 290. 

 

Test club-shaped with a long, tapering, almost cylindrical neck, largest width close to the base; wall ornamented by 

a few distinct raised costae limited to the truncated basal portion of the test; base provided with a number of short 

spines; aperture rounded (although our specimen is broken close to the aperture), at the end of the neck, surrounded 

by a thick phialine lip. 

 

Genus Krebsina McCulloch, 1981 

 

Krebsina subtenuis (Cushman, 1936) 

Pl. 28, figs. 11, 12. 

1884 Bolivina tenuis - Brady, p. 419; pl. 52, fig. 29. 

1936 Bolivina subtenuis - Cushman, p. 57; pl. 8, fig. 10. 

1994 Krebsina subtenuis (Cushman) - Loeblich and Tappan, p. 82, pl. 146, figs. 12-16. 

2012 1994 Krebsina subtenuis (Cushman) - Debenay, p. 174, 291. 

 

Test strongly compressed, trochospiral, thin, elliptical in outline, slightly convex on both sides; peripheral margin 

acute; chambers few in number, long, curved, obliquely set; aperture on the oblique face of the terminal chamber, 

surrounded by radiating lines.  

 

Family Glandulinidae Reuss, 1860  
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Genus Euglandulina McCulloch, 1977 

 

Euglandulina striatula (Cushman, 1917) 

Pl. 28, figs. 13-18. 

1917 Nodosaria (Glandulina) laevigata d’Orbigny var. striatula - Cushman, p. 653. 

1921 Nodosaria (Glandulina) laevigata d’Orbigny var. striatula - Cushman, p. 186; pl. 33, fig. 2. 

1977 Euglandulina striatula (Cushman) - McCulloch, p. 14, pl. 96, fig. 17. 

1994 Euglandulina striatula (Cushman) - Loeblich and Tappan, p. 96, pl. 168, figs. 1-5. 

2012 Euglandulina striatula Loeblich and Tappan - Debenay, p. 164, 296. 

 

Test elongated, tapering at both ends, spindle-shaped, circular in cross section; widest at about midpoint; apertural 

end rounded; sutures horizontal and flush, hardly visible; lastformed chamber more than half the entire length of the 

test, tapering towards the aperture; wall strongly ornamented by longitudinal costae; aperture radiate. 

 

Euglandulina sp. 1 

Pl. 28, figs. 19-21. 

Test small, unilocular, tapering at both ends, circular in cross section; basal part apiculate; wall ornamented by faint 

costae; aperture radiate. 

 

Family Ellipsolagenidae Silvestri, 1923 

 

Genus Oolina d’Orbigny, 1839 

 

Oolina aff. O. stellula Loeblich and Tappan, 1994 

Pl. 28, figs. 22, 23. 

1994 Reussoolina stellula - Loeblich and Tappan, p. 81, pl. 144, figs. 9-12. 

2012 Oolina stellula (Loeblich and Tappan) - Debenay, p. 156, 295. 

 

Test small, unilocular, flask-shaped, widest towards basal end; wall calcareous, hyaline, smooth, plain without 

ornamentaion; aperture radiate, slightly produced but without a distinct neck 

 

Genus Fissurina Reuss, 1850 

 

Fissurina lucida (Williamson, 1848) 

Pl. 28, figs. 24-26. 

1848 Entosolenia marginata (Montagu) var. lucida - Williamson, p. 17, pl. 2, fig. 17. 

1994 Fissurina lucida (Williamson) - Hayward and Triggs, pl. 1, figs. 17/q, w. 

1994 Fissurina lucida (Williamson) - Loeblich and Tappan, p. 90, pl. 156, figs. 1-3. 

1995 Fissurina lucida (Williamson) - Yassini and Jones, p. 124, fig. 873. 

2012 Fissurina lucida (Williamson) - Debenay, p. 147, 292. 

 

Test pear-shaped, somewhat compressed; periphery rounded; wall smooth, clear and transluscent in the central part; 

test compressed towards the aperture; aperture terminal, long narrow slit. 

 

Genus Palliolatella Patterson and Richardson 1987 

 

Palliolatella cf. P. fasciata carinata (Sidebottom, 1906) 

Pl. 28, figs. 27, 28.  

1906 Lagena fasciata (Egger) var. carinata - Sidebottom, p. 7, pl. 1, fig. 17. 

1968 Fissurina fasciata carinata (Sidebottom) - Albani, p. 105, pl. 8, fig. 17. 

1994 Duplella trinalmarginata - Loeblich and Tappan, p. 88, pl. 154, figs 4-8. 

1995 Fissurina fasciata carinata (Sidebottom) - Yassini and Jones, p. 123, figs.  399, 400, 404, 429. 

2012 Palliolatella fasciata carinata (Sidebottom) - Debenay, p. 157, 293. 

 

Test compressed, circular outline; periphery bordered by a narrow keel; lateral surfaces contain numerous random 

pits which ar bounded by by two narrow peripheral costae that interrupt at each end of the test; aperture fissurine, 

not produced. 

 

Buchnerina aff. B. lacunata (Burrows and Holland, in Jones 1895) 

Pl. 28, figs. 29, 30. 
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1895 Lagena lacunata - Burrows and Holland in Jones, p. 205, pl. 7, figs. 12/a, b.  

1968 Fissurina lacunata (Burrows and Holland) - Albani, eastern Australia, p. 105, pl. 8, fig. 16. 

1989 Palliolatella lacunata (Burrows and Holland) - Albani and Yassini, p. 394, figs. 5/g, h.  

1994 Cerebrina lacunata (Burrows and Holland) - Loeblich and Tappan, p. 76, pl. 135, figs. 8-15. 

2009 Cerebrina lacunata (Burrows and Holland) - Parker, p. 395, figs. 284/a-l, 285/a-i.  

2012 Cerebrina lacunata (Burrows and Holland) - Debenay, p. 142, 289. 

 

Test compressed, subcircular in outline, except the slightly produced apertural end; periphery surrounded by a 

prominent central keel with two raised lateral keels; central part of the test with coarse pits vertically aligned; 

aperture ovate and produced with a short entosolenian tube. 

 

Buchnerina sp. 1 

Pl. 28, figs. 31-33. 

Test elongate, ovate, laterally compressed; periphery tricarinate with not so much pronounced central keel and two 

closely placed secondary keels; wall smooth, covered with faint irregular anastomosing costae; aperture produced 

on a distinct neck, rounded. 

 

Buchnerina sp. 2 

Pl. 28, figs. 34, 35. 

Test elongate, ovate, laterally compressed; periphery tricarinate with a central keel and two closely placed 

secondary keels; a third more central annular ridge enclosed the central area of the test, which is finely perforated; 

aperture produced on a distinct neck, rounded. 

 

Family Bolivinitidae Cushman, 1927 

 

Genus Abditodendrix Paterson, 1985 

 

Abditodentrix rhomboidalis (Millett, 1899) 

Pl. 29, figs. 1, 2.  

1899b Textularia rhomboidalis - Millett, p. 559, pl. 7, fig. 4. 

1992b Brizalina? rhomboidalis (Millett) - Hatta and Ujiié, p. 172, pl. 26, fig. 2. 

1994 Tortoplectella rhomboidalis (Millett) - Loeblich and Tappan, p. 113, pl. 216, figs. 1-6. 

2009 Abditodentrix rhomboidalis (Millett) - Parker, p. 427, figs. 308/a-i.  

2012 Abditodentrix rhomboidalis (Millett) - Debenay, p. 170, 299. 

 

Test biserial, triangular in lateral view, rhomboidal in apertural view; periphery obliquely twisted, sides slightly 

concave, especially in the later stage; Sutures thickened and raised; chambers rapidly increasing in size as added; 

large scattered pores except for a narrow imperforate region adjacent to the aperture; aperture an areal slit, 

commencing a slight distance above the base of the rhomboid apertural face and extending obliquely upward, 

bordered by a distinct lip which curves inwards at both sides of the aperture.  

 

Family Bolivinidae Glaessner, 1937 

 

Genus Bolivina d’Orbigny, 1839 

 

Bolivina striatula Cushman, 1922 

Pl. 29, figs. 3-5. 

1922a Bolivina striatula - Cushman, p. 27, pl. 3, fig. 10 

1987 Brizalina (?) striatula (Cushman) - Baccaert, p. 183, pl. 74, figs. 3-5 

1991 Brizalina striatula (Cushman) - Cimerman and Langer, p. 60, pl. 62, figs. 6-9 

1993 Brizalina striatula (Cushman) - Hottinger et al. p. 92, pl. 112, figs. 3-8 

1998 Brizalina striatula (Cushman) - Haunold and Piller, p. 24, pl. 8, fig. 13 

2009 Bolivina striatula Cushman - Parker, p. 433, figs. 313/a-h. 

2012 Bolivina striatula Cushman - Debenay, p. 171, 298. 

 

Test elongate, gradually increasing in size from the somewhat rounded initial end to the broad apertural end; 

chambers numerous, distinct, slightly inflated; sutures very slightly depressed and distinct; initial portion of the test 

less compressed than the later stages; early portion of the test with numerous longitudinal striations occupying 

sometimes more than half the length of the test; final chambers being smooth, sometimes punctate; aperture 

elongated, narrow at the base and wide at the upper portion, one side with a thick rim, the other smooth and 

bending inwards to form the toothplate 
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Bolivina aff. B. striatula Cushman 1922 

Pl. 29, figs. 6, 7. 

 

Test small, biserial; chambers few; wall smooth, but perforated; chambers low, becoming higher as added, 

periphery rounded; sutures distinct, depressed, strongly oblique; aperture elongate, arched, in the median plane, at 

the base of the last-formed chamber. 

 

Bolivina variabilis (Williamson, 1858) 

Pl. 29, figs. 8-10. 

1858 Textularia variabilis - Williamson, p. 76; pl. 6, figs 162, 163. 

1994 Bolivina variabilis (Williamson) - Loeblich and Tappan, p. 111, pl. 216, figs. 7-15. 

1995 Bolivina doniezi Cushman and Wickenden - Yassini and Jones, p. 129, figs. 520, 521, 525. 

2009 Bolivina variabilis (Williamson) - Parker, p. 434, figs. 315/a-k 

2012 Bolivina variabilis (Williamson) - Debenay, p. 172, 298. 

 

Test elongate, variable in size; test gradually enlarging as added, periphery rounded to subcarinate; chambers 

numerous, slightly inflated; sutures indistinct, somewhat obscured by the rough ornamentation; unevenly pitted 

wall texture, pores surrounded by ridges forming a polygonal pattern; aperture a broad loop bordered by a thick 

rim, with a distinct toothplate. 

 

Family Bolivinellidae Hayward, 1980 

 

Genus Bolivinella Cushman, 1927 

 

Bolivinella elegans Parr, 1932 

Pl. 29, figs. 11, 12. 

1884 Textularia folium Parker and Jones - Brady, p. 357, pl. 42, figs 4-5. 

1932 Bolivinella elegans - Parr, after Brady, p. 223-224. 

1959 Bolivinella elegans Parr - Graham and Militante, p. 78, pl. 12, figs. 8, 9a, b. 

1994 Rugobolivinella elegans (Parr) - Loeblich and Tappan, p. 113, pl. 220, figs. 1-6. 

2009 Bolivinella elegans Parr - Parker, p. 436, figs. 316/a-f. 

2012 Rugobolivinella elegans Debenay, p. 177, 299. 

 

Test compressed, fan-shaped, biserial; initial small chambers, later ones narrow, moderately recurved and 

increasing rapidly in width as added; sutures with thin raised ridges which connect with the medial rib; medial rib 

straight, single from the proloculus to one third of the test and branching upward into two medial ribs separated by 

a sinuose medial groove; periphery acute; terminal face truncate, with almost parallel sides tapering toward the 

periphery; aperture cribrate, situated around the suture between the two last chambers sometimes with a somewhat 

larger opening on the suture. Our specimen does not show the expected spinose projections at the chamber margins, 

probably broken off.  

 

Family Cassidulinidae d’Orbigny, 1839 

 

Genus Globocassidulina Voloshinova, 1960 

 

Globocassidulina crassa (d'Orbigny, 1839) 

Pl. 29, figs. 13, 14.  

1839c Cassidulina crassa - d’Orbigny, p. 56, pl. 7, figs. 18-20. 

1983 Globocassidulina crassa (d’Orbigny) - Nomura, p. 37, pl. 3, figs. 9, 10; pl. 6, fig. 17; pl. 18, figs. 3-5. 

2012 Globocassidulina crassa (d'Orbigny) - Debenay, p. 239, 300. 

 

Test biserial, planispirally enrolled biserial plane; test small and slightly compressed; periphery nearly circular, 

consisting of lobes, with last chamber slightly extended; peripheral margin rounded; chambers moderately inflated, 

gradually increasing in size as added; about 4 pairs of chambers in the last whorl; sutures distinct, gently curved; 

wall smooth, distinctly perforated; aperture an elongate slit parallel to the suture, with a short branch extending into 

the apertural face (areal branch); aperture bordered by an apertural ridge along its lower margin, a narrow lip along 

its upper margin, and a cristate tooth near the areal branch. 

 

Globocassidulina subglobosa (Brady 1881) 

Pl. 29, figs. 15-17.  

1881 Cassidulina subglobosa - Brady, p. 60. 
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1884 Cassidulina subglobosa Brady - Brady, p. 430, pl. 54, figs. 17a-c. 

1921 Cassidulina subglobosa Brady - Cushman, p. 171, pl. 22, fig. 2. 

1966 Globocassidulina subglobosa (Brady) - Belford, p. 149, pl. 25, figs. 11-16. 

1983 Globocassidulina subglobosa (Brady) - Nomura, p. II 20; pl. 2, figs. 8/a-c, 9; pl. 13, figs. 5, 6. 

2012 Globocassidulina subglobosa (Brady) - Debenay, p. 239, 300. 

 

Test biserial, planispirally enrolled biserial plane; test globular, periphery broadly rounded, not lobulate, last 

chamber somewhat projecting; sutures indistinct; wall coarsely perforated, with depressed pore margins, apertural 

face imperforate with faint striations radiating from the aperture; aperture a narrow elongate opening extending 

almost orthogonally over the apertural face; a small lip is present on one margin, and a narrow tooth extends along 

the opposite side. 

 

Family Stainforthiidae Reiss, 1963 

 

Genus Cassidelina Saidova, 1975 

 

Cassidelina? sp. 1 

Pl. 29, figs. 18-20. 

Test small, elongate, tapers towards the initial end; chambers robust and inflated; sutures distinct and depressed; 

wall smooth, ornamented with few longitudinal costae, punctate; aperture terminal, rounded, at the end of the last 

chamber with thick rim.    

 

Family Siphogenerinoididae Saidova, 1981 

 

Genus Hopkinsinella Bermúdez and Fuenmayor, 1966 

 

Hopkinsinella glabra (Millett, 1903) 

Pl. 29, figs. 21-25. 

1903a Uvigerina auberiana d’Orbigny var. glabra - Millett, p. 268, pl. 5, figs. 8, 9. 

1993 Hopkinsinella glabra (Millett) - Haig, 170, pl. 1, figs. 15-17. 

1994 Hopkinsinella glabra (Millett) - Loeblich and Tappan, p. 118, pl. 232, figs. 1-11. 

2012 Hopkinsinella glabra (Millett) - Debenay, p. 174, 301. 

 

Test elongate, somewhat twisted, laterally compressed, biserial; sutures oblique and depressed; height increases 

relatively as chambers are added; wall smooth; aperture terminal with the last added chamber, on a short neck, 

surrounded by a recurved rim. 

 

Family Bolivinitidae Cushman, 1927 

 

Genus Loxostomina Sellier de Civrieux, 1969 

 

Loxostomina limbata (Brady, 1884)  

Pl. 29, figs. 25-27. 

1884 Bolivina limbata - Brady, p. 419; pl. 52, figs 26-28, 

1915 Bolivina limbata Brady - Heron-Allen and Earland, p. 646 

1987 Loxostomina (?) limbatum (Brady) - Baccaert, p. 264-265; pl. 106, fig. 11. 

1994 Loxostomina limbata (Brady) - Loeblich and Tappan, p. 119; pl. 233, figs 1-8. 

2009 Loxostomina limbata (Brady) - Parker, p. 456; figs 329a-k, 330a-h 

2011 Loxostomina limbata (Brady) - Makled and Langer, figs. 8/30-35 

2012 Loxostomina limbata (Brady) - Debenay, p. 175, 302. 

 

Test elongate, compressed, gradually tapering to the rather bluntly rounded apical end, often somewhat twisted, 

thickest along the median line, thinning toward the lateral margins, which are slightly rounded; wall calcareous, 

smooth, punctate; sutures thickened and limbate, only slightly depressed; early biserial chambers ornamented by a 

few strong costae; aperture terminal, elongate-oval, surrounded by a distinct thickened lip. 

 

Loxostomina mayori (Cushman, 1922) 

Pl. 29, figs. 29, 30.  

1922 Bolivina mayori - Cushman, p. 27, pl. 3, figs. 5, 6. 

1937 Loxostoma mayori (Cushman) - Cushman, p. 195, pl. 22, figs. 16-21. 

1942 Loxostoma mayori (Cushman) - Cushman, p. 38, pl. II, figs. 1, 2. 

1960 Loxostomum sp. Brady - Baker, p. 108, pl. 53, figs. 14, 15. 
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1969 Loxostomina mayori (Cushman) - Sellier de Civrieux, p. 163, pl. 7, figs. 1,2, pl. 8, figs. 5-9. 

1976 Loxostomina mayori (Cushman) - Sellier de Civrieux, p. 30, pl. 29, figs. 4-10 

1987 Loxostomina mayori (Cushman) - Loeblich and Tappan, p. 516, pl. 567, figs. 6-10. 

1994 Loxostomina mayori (Cushman) - Loeblich and Tappan, p. 119, pl. 233, figs. 9-14. 

 

Test elongate, somewhat compressed, nearly uniform width; chambers numerous, distionct; sutures depressed; wall 

thin, translucent, coarsely punctate, ornamented with few longitudinal costae; aperture terminal, elongate, extending 

nearly across the peripheral end of the last formed chamber with a slightly projecting lip. 

 

Rectobolivina? sp. 1 

Pl. 29, figs. 31, 32. 

Test elongate, tubular, initial end broadly rounded; periphery slightly lobulate; chambers distinct; sutures slightly 

limbate, flush with the surface; wall smooth, very finely perforate; apertural face terminal rounded. 

 

Genus Sagrinella Saidova, 1975 

 

Sagrinella convallaria (Millett, 1900) 

Pl. 29, figs. 33-35. 

1900b Bolivina convallaria - Millett, p. 544; pl. 4, figs. 6/a-b. 

1958 Loxostomum convallarium (Millett) - Collins, p. 395, pl. 5, fig. 2. 

1959 Loxostomum convallarium (Millett) - Graham and Militante, p. 83, pI. 12. fig. 27 

1954 Loxostomum convallarium (Millett) - Cushman, Todd and Post, p. 353. pl. 88, figs. 4, 5. 

1993 ‘Sagrina’ gr. convallaria (Millett) - Haig, p. 170, pl. 2, figs. 10-18. 

1993 Sagrinella convallaria (Millett) - Hottinger et al. p. 98, pl. 122, figs. 8-11. 

1994 Sagrinella convallaria (Millett) - Loeblich and Tappan, p. 120, pl. 236, figs. 1-8. 

2012 Sagrinella convallaria (Millett) - Debenay, p. 178, 302. 

 

Test elongate, straight, biserial, tapering towards the initial end; periphery serrated; chambers numerous, inflated, 

with the peripheral margin acute; wall punctate; sutures deeply sunk; apertural end greatly projecting; aperture 

terminal, large and variable in form. 

 

Genus Saidovina Haman, 1984 

 

Saidovina carinata (Millett, 1900) 

Pl. 29, figs. 36-38.  

1900b Bolivina karreriana Brady var. carinata - Millett, p. 546, pl. 4, fig. 8. 

1911 Bolivina karreriana Brady var. carinata Millett - Cushman, p. 41, fig. 66. 

1921 Bolivina karreriana Brady var. carinata Millett - Cushman, p. 132, pl. 27, fig. 1. 

1959 Loxostomum karrerianum (Brady) var. carinatum (Millett) - Graham and Militante, p. 83, pl. 12. figs. 28, 29. 

1994 Saidovina carinata (Millett) – Loeblich and Tappan, p. 121, pl. 237, figs. 1-8 

 

Test laterally compressed, tapering; wall calcareous, ornamented by longitudinal raised costse, occasionally 

branching or anastomosing, continued even on the last-formed chamber; aperture reaching to the preceding 

chamber instead of remote from it, and with the lateral borders distinctly carinate; the aperture is more elongate 

with a long tooth-like projection. 

 

Saidovina karreriana (Brady1881) 

Pl. 30, figs. 1-4. 

1881 Bolivina karreriana - Brady, p. 58.  

1884 Bolivina karreriana Brady - Brady p. 424, pl. 53, figs. 19-21 

1911 Bolivina karreriana Brady - Cushman, p. 40, fig. 65 

1937 Loxostoma karreriana (Brady) - Cushman, p. 184, pl. 21, fig. 17 

1994 Saidovina karreriana (Brady) - Loeblich and Tappan, p. 121, pl. 236, figs. 16-20. 

 

Test elongate, tapering, the apical end occasionally rounded; chambers inflated; sutures much depressed; wall 

calcareous, ornamented by longitudinal raised costse, occasionally branching or anastomosing, continued even on 

the last-formed chamber; aperture broadly oval, subterminal, occasionally with a small tooth projecting into the 

orifice, bordered with a raised lip. 

 

Saidovina sp. 1 

Pl. 30, figs. 5-7. 
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Test elongate, laterally compressed; chambers increasing gradually as added, slightly inflated; sutures much 

depressed; wall ornamented by longitudinal raised costse, occasionally branching or anastomosing, continued even 

on the last-formed chamber; aperture a longitudinal slit, bordered with a thin lip. 

 

Genus Sagrinopsis Sellier de Civrieux, 1969 

 

Sagrinopsis fimbriata (Millett, 1900) 

Pl. 30, fig. 8.  

1900a Bigenerina fimbriata Millett, p. 72, pl. 1, figs. 2-4. 

1994 Sagrinopsis fimbriata (Millett) - Loeblich and Tappan, p. 122, pl. 239, figs. 1-10. 

2009 Sagrinopsis fimbriata (Millett) - Parker, p 465, figs. 335/a-e. 

 

Test elongate, subcircular to ovate in cross section, later stage somewhat compressed; biserial to uniserial chamber 

arrangement with early stage triserial; sutures prominent, raised and ornamented with characteristic deep pits; 

aperture elongated oval, terminal. 

 

Genus Siphogenerina Schlumberger, in Milne-Edwards 1882.  

 

Siphogenerina raphana (Parker and Jones, 1865) 

Pl. 30, figs. 9, 10.  

1865 Uvigerina (Sagrina) raphanus Parker and Jones, p. 364, pl. 18, figs. 21-24. 

1884 Sagrina raphanus (Parker and Jones) – Brady, p. 585, pl. 75, figs. 21-24 

1915 Sagrina raphanus (Parker and Jones) – Heron-Allen and Earland, p. 677. 

1924 Siphogenerina raphanus (Parker and Jones) - Cushman, p. 28, pl. 8, figs 1, 2. 

1962 Siphogenerina raphanus (Parker and Jones) - Graham and Militante, p. 124, p. 87, pl. 13, fig. 8. 

1992 Rectobolivina raphana (Parker and Jones) - Hatta and Ujiie, p. 174, pl. 26, figs. 11-12 

1994 Siphogenerina raphana (Parker and Jones) - Loeblich and Tappan, p. 123, pl. 240, figs. 1-11. 

2009 Siphogenerina raphana (Parker and Jones) - Parker, p. 469, figs. 338/a-j.  

2012 Siphogenerina raphana (Parker and Jones) - Debenay, p. 169, 302. 

2013a Rectobolivina raphana (Parker and Jones) - Langer et al. figs. 7/27-28 

 

Test elongate, cylindrical, tapering slightly toward the initial end; initial end rounded, oral end convex and broad; 

early chambers biserially arranged, later uniserial and rectilinear for most of the test; chambers of the uniserial 

section broader than long; sutures distinct; wall ornamented bymany well developed longitudinal costae with 

regular spacing and running the full length of the test; aperture rounded with a prominent rim. 

 

Siphogenerina striata (Schwager, 1866)  

Pl. 30, figs. 11, 12. 

1866 Dimorphina striata Schwager, p. 251, pl. 7, fig. 99. 

1893 Siphogenerina (Sagrina) striata (Schwager) - Egger? p. 316, pl. 9, figs. 32, 34, 35, 64, 65. 

1913 Siphogenerina (Sagrina) striata (Schwager) - Cushman, p. 107, pl. 47, figs. 4, 5. 

1921 Siphogenerina striata (Schwager) - Cushman, pl. 56, fig. 5 

1960 Siphogenerina striata (Schwager) - Baker, p. 158, pl. 75, fig. 26.  

 

Test elongate, cylindrical, tapering slightly toward the initial end; sutures depressed, marking well defined limits 

even in the costae; wall ornamented by numerous  well developed longitudinal costae  that  are less independent of 

the chambers, with regular spacing and running the full length of the test to the aperture; aperture rounded with a 

prominent rim.  

 

Siphogenerina sp. 1 

Pl. 30, figs. 13, 14. 

Test elongate, cylindrical, tapering slightly toward the initial end; sutures slightly depressed;  wall ornamented by 

few well developed, wavy, longitudinal costae  that  are somewhat anastomosing; aperture terminal, rounded with a 

prominent rim at the end of the last chamber. 

 

Genus Allassoida Loeblich and Tappan, 1994 

 

Allassoida virgula (Brady, 1879) 

Pl. 30, figs. 15-17. 

1879 Sagrina virgula - Brady, p. 275, pl. 8, figs. 19-21. 

1924 Siphogenerina virgula (Brady) - Cushman, p. 29, pl. 8, figs, 3, 4. 

1994 Allassoida virgula (Brady) - Loeblich and Tappan, p. 121, pl. 238, figs. 1-11. 
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2011 Siphogenerina virgula (Brady) - Makled and Langer, figs. 8/36-38.  

2012 Allasoida virgula (Brady) - Debenay 162, 302. 

 

Test elongate, composed of numerous inflated chambers, slightly taping towards the initial end; early stage 

trochospiral, becoming uniserial abruptly with 4-5 gradually enlarging chambers; the unoiserial portion make the 

most of the test; wall hispid; aperture large, with a broad everted lip having backwark pointing acicular spines at the 

border. 

 

Family Buliminidae Jones, (in Griffith and Henfrey, 1875) 

 

Genus Bulimina d’Orbigny, 1826 

 

Bulimina sp. 1 

Pl. 30, figs. 18, 19. 

Test elongate, triserial : chambers slightly  inflated, strongly overlapping: suture constricted: wall calcareous,  

surface of chambers smooth; proximal margin of chambers undercut and bearing prominent spines; aperture 

elongate, loop-shaped, bordered by a distinct lip and a prominent tooth plate. 

 

Family Buliminellidae Hofker, 1951 

 

Genus Buliminella Cushman, 1911 

 

Buliminella elegantissima (d'Orbigny, 1839)  

Pl. 30, fig. 20. 

1839c Bulimina elegantissima - d’Orbigny, p. 51, pl. 7, figs. 13, 14. 

1995 Buliminella elegantissima (d’Orbigny) - Yassini and Jones, p. 144, figs. 638-640 and 643-645. 

1998 Buliminella elegantissima (d’Orbigny) - Debenay et al. pl. 4, figs. 2, 3. 

1999 Buliminella elegantissima (d’Orbigny) - Hayward et al. p. 133, pl. 9, figs. 18, 19. 

2012 Buliminella elegantissima (d’Orbigny) - Debenay p. 188, 303. 

 

Test elongate, fusiform, a high trochospiral coil of only 2-3 whorls of numerous elongate chambers, the last whorl 

taking about two/third of the test; sutures slightly curved, almost parallel to the axis of the test, slightly depressed; 

wall finely perforate, surface smooth; aperture a loop in the depressed face of the final chamber with a high rim and 

a simple internal toothplate.  

 

Family Uvigerinidae Haeckel, 1894 

 

Genus Trifarina Cushman, 1923 

 

Trifarina bradyi Cushman, 1923 

Pl. 30, figs. 21-23.  

1923 Trifarina bradyi - Cushman, p. 99, pl. 22, figs. 3-9. 

1987 Trifarina bradyi Cushman - Loeblich and Tappan, p. 526, pl. 574, figs. 10-13. 

1994 Trifarina bradyi Cushman - Loeblich and Tappan, p. 128, pl. 251, figs. 6-16. 

2012 Trifarina bradyi Cushman - Debenay, p. 183, 304.  

 

Test elongate, triangular in transverse section, slightly tapering toward either end, often somewhat twisted; carinae 

at three angles, thin and fairly high, running from oral to aboral ends; chambers distinct, earlier portion irregularly 

twisted; sutures distinct but not depressed; wall thin, translucent, punctate, smooth; aperture terminal, central, at the 

end of a short tubular neck, usually with a phialine lip and a toothplate. 

 

Family Reussellidae Cushman, 1933 

 

Genus Fijiella Loeblich and Tappan, 1962 

 

Fijiella simplex (Cushman, 1929) 

Pl. 30, figs. 24, 25.  

1929b Trimosina simplex - Cushman, p. 158, text fig. 2. 

1991 Fijiella simplex (Cushman) - Revets, p. 4, pl. 2, figs 1-4. 

1994 Fijiella simplex (Cushman) - Loeblich and Tappan, p. 129, pl. 252, figs. 5, 6. 

2009 Fijiella simplex (Cushman) - Parker, p. 449, figs. 323/a-m. 
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2012 Fijiella simplex (Cushman) - Debenay, p. 180, 304. 

 

Test medium sized, triangular in both side and end views, peripheral margin acute, carinate, spinose, straight or 

somewhat lobulate; chambers triserial throughout, uniformly increasing in size as added; sutures distinct, not 

depressed, very slightly limbate, rather evenly curved; wall calcareous, coarsely perforate, especially along the 

borders, smooth, fairly thick but translucent; apertural face slightly convex, fairly smooth; aperture a narrow slit 

partially covered with a curved, denticulate lip and provided with a large perforated toothplate that forms rounded 

supplementary openings on the central part of the apertural face 

 

Genus Reussella Galloway, 1933 

 

Reussella pacifica Cushman and McCulloch, 1948 

Pl. 30, figs. 26, 27.  

1948 Reussella pacifica Cushman and McCulloch, p. 251, pl. 31, fig. 6. 

1987 Reussella “simplex” (Cushman) - Baccaert, p. 190, pl. 75, figs. 3-5. 

2009 Reussella pacifica Cushman and McCulloch - Parker, p. 463, figs. 333/a-c. 

2012 Reussella pacifica Cushman and McCulloch - Debenay p.182, 304. 

 

Test elongate, triangular in transverse section, the sides somewhat concave, periphery acute with a distinct, 

somewhat blunt spine at the basal angle of each chamber projecting outward and somewhat backward; chambers 

distinct, not inflated, increasing gradually and rather evenly in size as added; sutures distinct, nearly straight, 

slightly limbate; wall translucent, distinctly perforate; aperture a small, opening at the inner margin of the last 

formed chamber.  

 

Family Trimosinidae Saidova, 1981 

 

Genus Mimosina Millett, 1900 

 

Mimosina affinis Millett, 1900 

Pl. 30, figs. 28, 29. 

1900b Mimosina affinis - Millett, p. 548, p1. 4, fig. 11. 

1993 Mimosina affinis Millett - Hottinger et al. p. 104, pl. 133, figs. 9-12; pl. 134, figs. 1-3. 

2012 Mimosina affinis Millett - Debenay p. 180, 305. 

 

Test elongate, triserial; chambers slightly inflated, strongly overlapping, punctate, last chamber almost half of test: 

suture slightly constricted: wall calcareous, distinctly perforate, with fine longitudinal ribs; aperture a wide and low 

basal arch, with a second ovate opening that is nearly terminal, each bordered by a narrow imperforate lip  

 

Mimosina spinulosa Millett, 1900 

Pl. 30, figs. 30-34. 

1900 Mimosina spinolosa - Millett, p. 548. 

1993 Trimosina gr. spinolosa (Millett) - Haig, p. 170, pl. 4, figs. 19-23. 

1987 Trimosina milletti Cushman - Loeblich and Tappan, p. 528, pl. 576, figs. 5, 6. 

 

Test elongate, triserial in the early stage, later, tending to become biserial, chambers, subglobular and inflated, 

sutures depressed; wall coarsely and densely perforated, ornamented with thin, short ridges running parallel to each 

other; aperture a wide and low basal arch, with a second ovate opening that is nearly terminal, each bordered by a 

narrow imperforate lip.  

 

Family Fursenkoinidae Loeblich and Tappan, 1961 

 

Genus Fursenkoina Loeblich and Tappan, 1961 

 

Fursenkoina schreibersiana (Czjzek, 1848) 

Pl. 30, figs. 35-40. 

1848 Virgulina schreibersiana - Czjzek, p. 147, pl. 13, figs. 18-21. 

1937 Virgulina schreibersiana Czjzek - Cushman, p. 13, pl. 2, figs. 11-20. 

1994 Fursenkoina schreibersiana (Czjzek) - Loeblich and Tappan, p. 131, pl. 257, figs. 1-12. 

1996 Fursenkoina schreibersiana (Czjzek) - Revets, p. 12, pl. 8, figs. 5-8. 

2012 Fursenkoina schreibersiana (Czjzek) - Debenay p. 174, 306.  
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Test elongate, slightly compressed, periphery broadly rounded, initial portion strongly twisted; chambers inflated, 

twisted obliquely, longer than wide; sutures distinct and depressed; wall smooth, thin, finely perforate; aperture 

elongate, with a thin lip, often failing to reach the base of the apertural face, but continuing onto the terminal end of 

the test. 

 

Genus Sigmavirgulina Loeblich and Tappan, 1957 

 

Sigmavirgulina tortuosa (Brady, 1881) 

Pl. 31, figs. 1, 2.  

1881 Bolivina tortuosa - Brady, p. 57. 

1960 Sigmavirgulina tortuosa (Brady) - Baker, p. 108, pl. 52, figs. 31, 32.  

1987 Sigmavirgulina tortuosa (Brady) - Loeblich and Tappan, p. 531; pl. 579, figs 1-5. 

1999 Sigmavirgulina tortuosa (Brady) - Hayward et al. p. 136, pl. 9, figs. 30, 31. 

2009 Sigmavirgulina tortuosa (Brady) - Parker, p. 466, figs. 337/a-f. 

2012 Sigmavirgulina tortuosa (Brady) - Debenay p. 179, 306. 

 

Test small, elongate, twisted; periphery margins carinate; sutures flush; wall coarsely perforated; aperture slit-

shaped with thick rim, bisected by a toothplate. 

 

Family Bagginidae Cushman, 1927 

 

Genus Baggina Cushman, 1926b 

 

Baggina phillipinensis (Cushman, 1921) 

Pl. 31, figs. 3-5.  

1921 Pulvinulina philippinensis - Cushman, p. 331, pl. 58, fig. 2. 

1994 Baggina philippinensis (Cushman) - Loeblich and Tappan, p. 134, pl. 265, figs. 1-6. 

2012 Baggina philippinensis (Cushman) - Debenay, p. 187, 307. 

 

Test globular, low trochospiral; chambers inflated and rapidly enlarging per whorl; last formed  chamber making 

almost half of the test volume; periphery broadly rounded; sutures distinct, slightly depressed, radial and curve; 

wall smooth, glassy, punctate; but with an imperforate area on the umbilical side just above the aperture; aperture 

broad umbilical opening at the base of the apertural face. 

 

Family Cancrisidae Chapman, Parr and Collins, 1934 

 

Genus Cancris de Montfort, 1808 

 

Cancris auriculus (Fichtel and Moll, 1798) 

Pl. 31, figs. 6-9. 

1798 Nautilus auricula - Fichtel and Moll, p. 108, pl. 20 

1921 Pulvinulina auricula (Fichtel and Moll) - Cushman, p. 329, pl. 69, figs. 6a-c 

1959 Cancris auriculus (Fichtel and Moll) - Graham and Militante, p. 91, pl. 23, figs. 18 a-b 

1974 Cancris auriculus (Fichtel and Moll) - Lutze, p. 29, pl. 6, figs. 108-109 

1987 Cancris auriculus (Fichtel and Moll) - Baccaert, p. 197, pl. 78, figs. 1/a-d 

1994 Cancris auriculus (Fichtel and Moll) - Loeblich and Tappan, p. 134, pl. 265, figs. 7-10. 

2009 Cancris cf. C. auriculus (Fichtel and Moll) - Parker, p. 522, figs. 371/a-i. 

2012 Cancris auriculus (Fichtel and Moll) - Debenay, p. 189, 307. 

 

Test elongate, auriculate in outline, biconvex, dorsal side slightly convex; peripheral margin acute, carinated; 

chambers arranged trochospirally, increasing rapidly in size; sutures arched, slightly depressed and strongly 

recurved backward at the periphery on the spiral side, more depressed and nearly radial on the umbilical side; wall 

thin and smooth, transluscent, finely perforate, except a semicircular region on the septal face; aperture a narrow 

slit at the base of the last chamber on the umbilical side, with a broad apertural flap extending over the umbilicus. 

 

Genus Valvulineria Cushman, 1926b 

 

Valvulineria aff. V. minuta (Schubert, 1954) 

Pl. 31, figs. 10-12. 

1884 Discorbina rugosa (d'Orbigny) - Brady, p. 652, pl. 91, fig. 4 (not pl. 87, fig. 3).  

1904 Discorbina rugosa (d'Orbigny) var. minuta Schubert, p.  420.  
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1954 Valvulineria minuta (Schubert) - Parker, p. 527, pl. 9, figs. 4-6. 

1994 Valvulineria minuta (Schubert) - Loeblich and Tappan, pl. 268, figs. 4-9 

2012 Valvulineria minuta (Schubert) - Debenay, p. 215, 307. 

 

Test trochospiral, subcircular in lateral view; periphery broadly rounded; spiral side evolute with about two visible 

whorls, umbilical side involute, deep umbilicus; about 8 chambers in the last whorl; sutures distinct and depressed, 

gently curved; umbilical end of latter chambers extending over the umbilical depression into flaps; wall smooth, 

finely punctate; aperture an arched slit at the base of the apertural face, extending beneath the umbilical flap. 

 

Family Eponididae Hofker, 1951 

 

Genus Eponides De Montfort, 1808 

 

Eponides repandus (Fichtel and Moll, 1798) 

Pl. 31, figs. 13-18. 

1798 Nautilus repandus – Fichtel and Moll, p. 35, pl. 3, figs. a-d 

1915 Pulvinulina repanda (Fichtel and Moll) - Heron-Allen and Earland, p. 713 

1984 Eponides repandus (Fichtel and Moll) - Rögl and Hansen, p. 31, pl. 2, figs. 5-7, pl. 3, figs. 2, 3, textfig. 9 

1992 Eponides repandus (Fichtel and Moll) - Hatta and Ujiie, p. 179, pl. 30, figs. 1/a-c, 2 

1993 Eponides repandus (Fichtel and Moll) - Hottinger et al. p. 106, pl. 137, figs. 1-10 

1994 Eponides repandus (Fichtel and Moll) - Loeblich and Tappan, p. 136, pl. 268, figs. 10-13 

1995 Eponides cribrorepandus (Asano and Uchio) - Yassini and Jones, p. 157; figs 779-780. 

2009 Eponides repandus (Fichtel and Moll) - Parker, p. 603; figs. 429/a-f. 

2012 Eponides repandus (Fichtel and Moll) - Debenay, p. 196, 307. 

 

Test almost equally biconvex, peripheral margin acute, often slightly lobulated, carinate; chambers distinct, not 

inflated, increasing rather evenly in size as added, with about 5-7 chambers per whorl, the ventral side somewhat 

truncated; sutures distinct, limbate on both surfaces, the dorsal ones gently curved, ventral ones nearly radial; wall 

smooth except for the slightly raised sutures on the dorsal side, finely perforate; aperture a broad low 

interiomarginal arch extending from the umbilicus to the periphery, often with a few supplementary areal openings. 

 

Genus Poroeponides Cushman, 1944 

 

Poroeponides lateralis (Terquem, 1878) 

Pl. 31, figs. 19-21. 

1878 Rosalina lateralis - Terquem, p. 25, pl. 2, fig. 11 

1944b Poroeponides lateralis (Terquem) - Cushman, p. 34, pl. 4, figs. 23/a-b. 

1993 Poroeponides lateralis (Terquem) - Hottinger et al. p. 107, pl. 138, figs 1-9. 

2012 Poroeponides lateralis (Terquem) - Debenay, p. 210, 308.  

 

Test trochospiral, biconvex, oval in lateral view,  evolute on the spiral side and involute on the unbilical side; 

sutures limbate, curved and oblique on the spiral side, but depressed, curved, nearly radial on the umbilical side; 

Umbilical region depressed, partially closed by a small umbilical flap from each chamber; primary aperture 

interiomarginal, etraumbilical, composed of an elongate, narrow slit extending at the base of the ultimate chamber 

from the umbilicus to the peripheral keel and bordered above by a narrow lip, supplementary rounded areal 

openings scattered over the apertural face. 

 

Family Heleninidae Loeblich and Tappan, 1987 

 

Genus Helenina Saunders, 1961  

 

Helenina sp. 1 

Pl. 31, figs. 22-25. 

Test small, low trochospiral, both sides flattened, periphery rounded, peripheral margin lobulate; test composed of 

two whorls visible on the spiral side; chambers enlarging gradually, 7 in the final whorl; sutures curved, oblique, 

depressed, on both sides; large overlapping umbilical flaps of successive chambers closing the umbilicus;wall 

distinctly perforate, surface smooth; aperture an extra-umbilical interiomarginal slit bordered by a lip, 

supplementary infrasutural apertural slits present on both sides. 

 

Genus Rhaptohelenina Clark, 1993 

 

Rhaptohelenina sp. 1 
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Pl. 31, figs. 26-28. 

Test small, low trochospiral, subcircular in lateral view, wider breadth, biconvex, spiral side evolute, umbilical side 

involute, with a narrow umbilicus; periphery rounded, weakly lobulate; chambers increasingly inflated as added; 

sutures flush; wall thick, smooth, finely perforate, but with large pores along the periphery of the spiral side; 

aperture multiple with primary aperture a low arch on the umbilical side running from the umbilicus about two third 

of way to periphery, then curving obliquely upwards; secondary apertures consist of large sutural openings on both 

sides of the test. 

 

Family Discorbidae Ehrenberg, 1838 

 

Genus Rotorbis Sellier de Civrieux, 1977 

 

Rotorbis auberii (d’Orbigny, 1839) 

Pl. 31, figs. 29-31. 

1839 Rosalina auberii d’Orbigny, p. 94, pl. 4, figs. 5-8 

1922a Discorbis mira Cushman, p. 39, pl. 6, figs. 10, 11. 

1977 Discorbis auberi (d’Orbigny) - Le Calvez, p. 77, pl. 9, figs. 5-8. 

1987 Discorbis mira (Cushman) - Baccaert, p. 198, pl. 78, figs. 2-5. 

1988 Neoeponides auberi (d’Orbigny) - Loeblich and Tappan, p. 558, pl. 605, figs. 5-7. 

1994 Rotorbis auberi (d’Orbigny) - Loeblich and Tappan, p. 137, pl. 278, figs. 1-11. 

2009 Rotorbis cf. R. auberii? (d'Orbigny, 1839) - Parker, p. 728, figs. 513/a-h 

2012 Rotorbis auberi (d’Orbigny) - Debenay, p. 212, 309. 

 

Test small, low trochospiral, oval in lateral view, dorsal side evolute forming a low cone, ventral side involute, 

nearly flat; periphery acute angled and keeled; chambers crescent shaped on the spiral side; sutures arched, flush, 

spiral suture limbate; wall coarsely punctate on both sides, with pores almost arranged in rows parallel to the 

sutures on the spiral side; aperture a low interiomarginal arch, partially hidden by a low lip running from the 

umbilicus nearly to the peripheral keel with a supplementary re-entrant. 

 

Family Rosalinidae Reiss, 1963 

 

Genus Neoconorbina Hofker, 1951a 

 

Neoconorbina sp. 1 

Pl. 31, figs. 32-35. 

Test trochospiral, dome shaped, planoconvex; spiral side conical with a rounded apex; umbilical side flat, 

peripheral edge acute; 5-7 long and narrow chambers in the last whorl; flattened side ornamented with moderately 

large tubercles near the centre and riblets radiating to the periphery, obscuring the radiate sutures between 

chambers; wall coarsely perforate on the conical side, finely perforate on the flattened side; aperture on the 

flattened side, hardly recognisable. 

 

Neoconorbina sp. 2 

Pl. 32, figs. 1-4. 

Test subcircular, trochospiral, flattened; periphery acute keeled; sutures curve, depressed on the umbilical side, 

slightly limbate on the spiral side; chambers crescent shaped, both on the spiral and umbilicus side; wall coarsely 

perforate on both sides; aperture umbilical. 

 

Genus Rosalina d’Orbigny, 1826 

 

Rosalina bradyi (Cushman, 1915) 

Pl. 32, figs. 5-9. 

1884 Discorbina globularis d’Orbigny - Brady, p. 643, pl. 86, figs. 8/a-c 

1915 Discorbina globularis d’Orbigny - Heron-Allen and Earland, p. 694, pl. 51, figs. 36-39 

1915 Rosalina globularis d’Orbigny var. bradyi - Cushman, p. 12, pl. 8, fig. 1. 

1960 Rosalina bradyi (Cushman) - Barker; pl. 86, figs. 8a-c. 

1991 Rosalina bradyi (Cushman) - Cimerman and Langer, p. 66, pl. 71, figs. 1-5 

1993 Rosalina bradyi (Cushman) - Hottinger et al. p. 110, pl. 142, figs. 11, 12; pl. 143, figs. 1-6 

1994 Rosalina bradyi (Cushman) - Ujiie and Hatta, p. 14, pl. 3, fig. 4 

1999 Rosalina bradyi (Cushman) - Hayward et al. p. 142, pl. 11, fig. 1. 

2012 Rosalina bradyi (Cushman) - Debenay, p. 211, 310. 
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Test flat, trochospiral, evolute and slightly convex on the spiral side, flat to slightly concave on the umbilical side; 

periphery rounded; sutures limbate, curved back at the periphery; umbilical side with the chambers more or less 

inflated; last-formed chamber with a more or less bifid indentation extending inward from umbilical region; spiral 

surface coarsely perforated, umbilical surface smooth and imperforate; aperture a low interiomarginal arch on the 

umbilical side, with narrow bordering lip. 

 

Rosalina floridana (Cushman, 1922) 

Pl. 32, figs. 10-14.  

1922a Discorbis floridana Cushman, p. 39, pl. 5, figs 11, 12. 

1971 Rosalina floridana (Cushman) - Schnitker, p. 210, pl. 5, fig. 19. 

1993 Rosalina floridana (Cushman) - Sgarrella and Moncharmont-Zei, p. 218, pl. 17, fig. 6 

2012 Rosalina floridana (Cushman) - Debenay 211, 310. 

 

Test rotaliform, periphery subacute, dorsal much convex, ventral side concave, somewhat umbilicate; chambers 

comparatively few, 5 or 6 in the last-formed coil; wall coarsely punctate on the dorsal side, on the ventral side 

punctate near the periphery, but on the inner concave portion smooth, with very fine punctate; sutures in the initial 

portion slightly limbate, those of the later portion not limbate, rather indistinct, very slightly depressed; aperture an 

elongate, arched opening at the base of the last-formed chamber, opening on the umbilicate area, often with a slight, 

thin lip.  

 

Rosalina globularis d'Orbigny, 1826 

Pl. 32, figs. 15-17. 

1826 Rosalina globularis - d’Orbigny, p. 271, pl. 13, figs 1-4. 

1884 Discorbina globularis (d’Orbigny) - Brady, p. 643, pl. 86, fig. 13. 

1992 Rosalina globularis d’Orbigny - Hansen and Revets, p. 177, pl. 6, figs 4-6, 9. 

2009 Rosalina globularis d’Orbigny - Parker, p. 718, figs. 504/a-l. 

2012 Rosalina globularis d’Orbigny - Debenay, 211, 310. 

 

Test rotaliform, dorsal side much convex and evolute, ventral side concave and involute; chambers few with 5 or 6 

in the last coil; peripheral margin broadly rounded; sutures on spiral side curved and depressed, on umbilical side 

somewhat indistinct; umbilicus open; chambers with a triangular folium and hook-shaped sutural notches; on the 

dorsal side coarsely punctate, on the ventral side punctate near the periphery, but on the inner concave portion 

smooth, with very fine punctate; aperture interiomarginal with a low lip in the peripheral-most region, aperture 

continues to umbilicus, under the folium.  

 

Rosalina sp. 1. 

Pl. 32, figs. 18-21.  

Test compressed, umbilical side flattened with slightly depressed umbilicus and circular umbilical plug, spiral side 

slightly convex, lateral outline ovate and non lobate, peripheral margins rounded; coiling low trochospiral, evolute 

on spiral side, partially evolute on umbilical side ; chambers low and narrow, arcuate on spiral side; suture curved 

backwards, raised and limbate on the spiral side, straightened, radial and flush on the umbilical side; wall smooth, 

coarsely perforate on the spiral side, imperforate on the umbilical side; aperture interiomarginal, extending under 

the folium with a thin lip on the upper margin. 

 

Rosalina sp. 2 

Pl. 32, figs. 22-24. 

Test compressed, umbilical side flattened with much depressed umbilicus, spiral side slightly convex; peripheral 

margins subacute to subrounded; coiling low trochospiral, evolute on spiral side; suture curved backwards, raised 

and limbate on the spiral side; wall coarsely perforate on the spiral side, imperforate on the umbilical side but with 

a central plug; aperture a low interiomarginal slit, bordered by a thickened lip. 

 

Genus Rotorboides Sellier de Civrieux, 1977 

 

Rotorboides granulosus (Heron-Allen and Earland, 1915) 

Pl. 32, figs. 25-28. 

1915 Discorbina valvulata var. granulosa Heron-Allen and Earland, p. 695 

1987 Rotorboides granulosus (Heron-Allen and Earland) - Loeblich and Tappan, p. 561, pl. 609, figs. 5-7 

2012 Rotorboides granulosus, (Heron-Allen and Earland, 1915) - Debenay, p. 213, 310. 

 

Test free, low trochospiral, nearly circular in lateral view; periphery broadly rounded; spiral side convex, evolute, 

6-9 chambers in final whorl separated by limbate sutures, umbilical side flattened; umbilical chamber wall drawn-

out and covering the umbilical surface by fusing with plates of earlier chambers; spiral side coarsely perforated, 
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more or less ornamented by an anastomosing, imperforate network; umbilical side imperforate; aperture a low 

interiomarginal slit, extending almost to periphery, bordered by a thickened lip continuous with the drawn-out 

umbilical chamber wall. 

 

Genus Tretomphalus Möbius 1880 

 

Tretomphalus bulloides (d'Orbigny, 1839)  

Pl. 32, figs. 29-32. 

1839 Rosalina bulloides d 'Orbigny, p. 98, pl. 3, figs. 2-5. 

1880 Tretomphalus bulloides (d'Orbigny) - Möbius, p. 98, pl. 10, figs. 6-9. 

1981 Tretomphalus bulloides (d'Orbigny) - Venec-Peyre, p. 124, 126, 127, pl. 3, fig. 3; pl. 4, figs. 3, 4. 

1985 Rosalina (Tretomphalus) bulloides (d'Orbigny) - Banner et al. p. 164, pl. 1, figs. 1-5. 

1993 Tretomphalus bulloides (d'Orbigny) - Hottinger et al. p. 112, pl. 146, figs 1-7. 

2009 Tretomphalus bulloides (d'Orbigny) - Parker, p. 748, figs. 523/a-h, 524/a-l. 

 

Test free, subglobular, early chambers rotaliform, 4 to 5 chambers  in the last coil; wall coarsely perforate, forming 

a cap to which is attached a large final "balloonchamber"; final chamber subspherical, with coarse perforations on 

the ventral side, and within a "float-chamber" with numerous rimmed rounded openings at the base. 

 

Family Bronnimanniidae Loeblich and Tappan, 1984 

 

Genus Bronnimannia Bermudez, 1952 

 

Bronnimannia haliotis (Heron-Allen and Earland, 1924) 

Pl. 32, figs. 33-35.  

1924 Discorbina haliotis - Heron-Allen and Earland, p. 173, pl. 13, figs. 99-101. 

1965 Bronnimannia haliotis (Heron-Allen and Earland) - Todd, p. 27, pl. 5, fig. 2. 

1994 Bronnimannia haliotis (Heron-Allen and Earland) - Loeblich and Tappan, p. 141, pl. 287, figs. 7-12. 

2012 Bronnimannia haliotis (Heron-Allen and Earland) - Debenay, p. 188, 311. 

 

Test low trochospiral, oval in lateral view, and somewhat biconcave, prominent in the last-formed chambers; 

periphery rounded, without prominent imperforate keel; spiral side is very finely perforate while the umbilical side 

is uniformly imperforate; initial coil on this imperforate surface appears to stand apart from the final whorl of 

chambers; aperture a low, interiomarginal slit beneath the umbilical flap.  

 

Family Glabratellidae Loeblich and Tappan, 1964 

 

Genus Murrayinella Farias, 1977 

 

Murrayinella murrayi (Heron-Allen and Earland, 1915) 

Pl. 33, figs. 1, 2.  

1915 Rotalia murrayi Heron-Allen and Earland, p. 721, pl. 53, figs. 27-34. 

1997 Murrayinella murrayi (Heron-Allen and Earland) - Haig, p. 277, figs. 7/11, 12. 

2009 Murrayinella cf. M. murrayi (Heron-Allen and Earland) - Parker, p. 657, figs. 464/a-k. 

2012 Murrayinella murrayi (Heron-Allen and Earland) - Debenay, p. 202, 312. 

 

Test small, trochospirally enrolled, unequally biconvex; chambers inflated to globular; wall calcareous, perforate 

rugose to dense hispid surface; spiral side evolute, gently convex, umbilical side involute, highly convex; about 4 to 

6 rapidly enlarging chambers in the last whorl; periphery broadly rounded, lobulated; umbilicus closed; sutures 

deeply depressed, oblique on the spiral side, almost radial on the umbilical side; aperture an extraumbilical 

umbilical slit-shaped opening, obscured by the ornament. 

 

Family Buliminoididae Seiglie, 1970 

 

Genus Elongobula Finlay, 1939 

 

Elongobula milletti (Cushman, 1933) 

Pl. 33, figs. 3, 4.  

1933b Buliminella milletti Cushman, p. 78, pl. 8, figs. 5, 6. 

1942 Buliminella milletti Cushman - Cushman, p. 7, pl. 3, figs. 3, 4. 

2009 Elongobula milletti (Cushman) - Parker, p. 446, figs. 321/a-h.  
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2012 Elongobula milletti (Cushman) - Debenay, p. 194, 

 

Test small, enrolled trochospirally, tapering, initial end bluntly rounded or pointed; diameter increases toward the 

apertural end; chambers distinct, four or more making up the last whorl, slightly inflated; sutures flush with the 

surface or slightly depressed, especially the spiral suture, slightly limbate; wall smooth, very finely perforate; 

apertural face broadly rounded with numerous radial grooves running into the depressed area at the center; aperture 

a semielliptical opening at the base of the apertural face which is nearly covered by a large apertural flap flush with 

aperetural face. 

 

Elongobula parallela (Cushman and Parker, 1931) 

Pl. 33, figs. 5-8.  

1931 Buliminella parallela Cushman and Parker, p. 13, pl. 3, figs. 15/a-c. 

1969 Buliminoides parallela (Cushman and Parker) - Seiglie, p. 330, pl. 1, figs. 1-5. 

1993 Elongobula parallela (Cushman and Parker) - Revets, p. 262, pl. 3, figs. 10-13. 

1994 Floresina durrandi Revets - Loeblich and Tappan, p. 126, pl. 245, figs. 1-6. 

2009 Elongobula parallela (Cushman and Parker) - Parker, p. 446; figs. 322/a-l. 

2012 Elongobula parallela (Cushman and Parker) - Debenay, p. 194, 313. 

 

Test elongate, tubular, both ends broadly rounded; periphery slightly lobulate; chambers distinct, in 3 or more 

whorls; sutures slightly limbate, flush with the surface; wall smooth, very finely perforate, ornamented with faint 

anastomosing costate over the lower parts of the test; apertural face terminal with radial grooves; aperture central, 

partially hidden by a broad flap. 

 

Family Siphoninidae Cushman, 1927  

 

Genus Siphonina Reuss, 1850  

 

Siphonina tubulosa Cushman, 1924 

Pl. 33, figs. 9-12.  

1924 Siphonina tubulosa Cushman, p. 40, pl. 13, figs 1-2. 

1965 Siphonina tubulosa Cushman - Todd, p. 22, pl. 15, fig. 4. 

1992b Siphonina tubulosa Cushman - Hatta and Ujiié, p. 186, pl. 35, figs. 1, 2. 

2009 Siphonina tubulosa Cushman - Parker, p. 731, figs. 515/a-i. 

2012 Siphonina tubulosa Cushman - Debenay, p. 213, 313. 

 

Test free, low trochospiral, compressed, circular in outline, keeled; last formed whorl consisting of 3-4 chambers; 

sutures somewhat depressed, oblique; sutures radial and depressed on the umbilical side; umbilicus closed: wall 

finely perforate, surface ornamented with few raised conical projections, this is also observed at the periphery; 

aperture elliptical, just above the base of the final chamber and nearly equatorial in position, produced on a 

compressed short tubular neck and bordered with a phialine lip. 

 

Family Discorbinellidae Sigal, 1952 

 

Genus Discorbinella Cushman and Martin, 1935 

 

Discorbinella bertheloti (d'Orbigny, 1839) 

Pl. 33, figs. 13-15. 

1839b Rosalina bertheloti d’Orbigny, p. 135, pl. 1, figs. 28-30. 

1884 Discorbina bertheloti (d’Orbigny) - Brady, p. 650, pl. 89, figs. 10-12 (ZF 1384). 

1993 Discorbinella bertheloti (d’Orbigny) - Hottinger et al. p. 114, pl. 150, figs. 1-4. 

1994 Discorbinella bertheloti (d’Orbigny) - Loeblich and Tappan, p. 147, pl. 309, figs. 13-15. 

1999 Discorbinella bertheloti (d’Orbigny) - Hayward et al. p. 152, pl. 14, figs. 1-3. 

2012 Discorbinella bertheloti (d'Orbigny) - Debenay, p. 194, 314. 

 

Test compressed but not flattened, plano-convex; spiral side convex, involute to slightly advolute; umbilical side 

flat to concave, involute to slightly advolute; peripheral outline nearly circular to slightly elliptical, peripheral 

marigin carinated; flat side with shallow umbilicus and folia on the last 3-4 chambers; chambers 6-8 in the final 

whorl, slightly inflated on convex side, increasing in size gradually and then rapidly for the last 3-4; sutures 

depressed, curved and slightly thickened on both sides; wall smooth, distinctly and regularly perforate on both 

sides; aperture equatorial to interiomarginal, broadly arch-shaped with a thickened lip, with  supplementary 

posterior foliar openings. 
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Family Cibicididae Cushman, 1927 

 

Genus Cibicides Montford, 1808 

 

Cibicides mabahethi Said, 1949 

Pl. 33, figs. 16-22.  

1949 Cibicides mabahethi Said, p. 42, pl. 4, fig. 20. 

1993 Cibicides mabahethi Said - Hottinger et al. p. 115, pl. 151, figs. 6-12. 

2012 Cibicides mabaheti Said - Debenay, p. 190, 315. 

 

Test low trochospiral, planoconvex to slightly biconvex; spiral side evolute, umbilical side involute, prominently 

convex, with a broad imperforate umbilical knob; peripheral outline becoming slightly lobulate in adult; peripheral 

margin acute, carinated; sutures curved on both sides, slightly limbate on the spiral side and slightly depressed on 

the umbilical side; wall coarsely perforated on the spiral side, perforations scattered, mostly along the sutures, on 

the umbilical side; aperture extraumbilical equatorial, provided with a thick rim and extending into a supplementary 

spiral aperture remaining open in the last few chambers. 

 

Remarks: Specimens depicted by Hottinger et al 1993 and Debenay 2012 show some perforations on the umbilical 

side. This feature was not described originally by Said 1949. 

 

Cibicides phillipensis Collins, 1974 

Pl. 33, figs. 23-29. 

1974 Cibicides phillipensis - Collins, p. 49, pl. 4, figs. 41/a-c. 

2009 Cibicides phillipensis Collins - Parker, p. 532, figs. 377/a-c. 

 

Test trochospiral, plano-convex, bluntly-keeled, and somewhat lobulated in the later chambers; spiral side flat or 

slightly convex; umbilicate side is involute wth about seven chambers in the final whorl; wall coarsely perforate, 

sutures slightly depressed; all chambers visible; sutures limbate and flush; wall coarsely perforate; aperture a short 

arched slit with a narrow imperforate lip, reaching periphery on the involute side, together with a very slow narrow 

slit along the spiral suture which is visble only in the last chamber. 

 

Cibicides pseudolobatulus Perelis and Reiss, 1975 

Pl. 33, figs. 30-35. 

1975 Cibicides pseudolobatulus - Perelis and Reiss, p. 77, pl. 4, figs. 1-7. 

1993 Cibicides pseudolobatulus Perelis and Reiss - Hottinger et al. p. 116, pl. 153, figs. 1-6. 

2012 Cibicides pseudolobatulus Perelis and Reiss - Debenay, p. 190, 315. 

 

Test trochospiral, plano-convex, spiral side flattened and evolute, involute and convex on the umbilical side;  

Sutures depressed, radial, curved backward at the periphery, on the spiral side broadly limbate; peripheral margin 

acute, carinate; peripheral outline faintly lobulate; wall coarsely perforate on the spiral side, less dense but coarse 

on the umbilical side; aperture interiomarginal, extraumbilical-equitorial, bordered by a lip and extending onto the 

spiral side where it remains open in the last few chambers. 

 

Genus Lobatula Fleming, 1828 

 

Lobatula lobatula Walker and Jacob, 1798 

Pl. 34, figs. 1-3. 

1798 Nautilus lobatulus - Walker and Jacob in Kanmacher, p. 642, pl. 14, fig. 36. 

1884 Truncatulina lobatula d’Orbigny - Brady, p. 660, pl. 92, fig. 10; pl. 93, figs. 1, 4, 5; pl. 115, figs. 4, 5. 

1951a Cibicides lobatulus (Walker and Jacob) - Asano, p. 17, figs. 36-38. 

1994 Lobatula lobatula (Walker and Jacob) - Loeblich and Tappan, p. 150, pl. 316, figs. 8-11; pl. 319, figs 1-7. 

2012 Lobatula lobatula (Walker and Jacob) - Debenay, p. 201, 315. 

 

Test trochospiral with a strongly variable morphology; spiral side flat, sutures thickened, depressed to slightly 

limbate, oblique and curved backward at the periphery; umbilical side gently convex with depressed sutures radial 

around the slightly depressed umbilicus, periphery rounded to angular or carinate; peripheral outline lobulate; wall 

coarsely perforate, except keel, apertural lip and area bordering the aperture; aperture an interiomarginal, equatorial 

arch, bordered by a lip and extending onto the spiral side beneath a narrow folium.  

 

Lobatula mayori (Cushman, 1924) 

Pl. 34, figs. 4-7. 
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1924 Truncatulina mayori - Cushman, p. 39, pl. 12, figs. 3, 4. 

1993 Cibicides (?) mayori (Cushman) - Hottinger et al. p. 116; pl. 152, figs. 1-6. 

2012 Lobatula mayori (Cushman) - Debenay, p. 201, 315. 

 

Test trochospiral, planoconvex, compressed, evolute and flattened on spiral side, involute and convex on umbilical 

side; last chambers weakly lobulate, peripheral margin acute with a carina; 6-8 chambers in the last coil; sutures 

depressed and distinct, radial to slightly curved on umbilical side; on spiral side curved, broadly limbate and in last 

chambers; wall coarsely perforated on spiral side, much more perforated on the last chambers of umbilical side; 

aperture interiomarginal, extraumbilicalequatorial with thick rim, extending into a supplementary spiral aperture 

with rim, remaining open in the last few chambers. 

 

Family Planorbulinidae Schwager, 1877 

 

Genus Planorbulina d’Orbigny 1826 

 

Planorbulina sp. 1 

Pl. 34, figs. 8-10. 

Test planoconconvex, spiral side flattened, umbilical side convex; outline slightly lobulate, peripheral margin 

acutely rounded and non carinate; coiling initially a cibicidid-like low trochospiral coil, later chambers added 

irregularly in a single plane; chambers slightly inflated; wall smooth, transluscent, irregularly perforate throughout. 

sutures slightly depressed, slightly depressed on the umbilical side; aperture a low equatorial slit that extends from 

half way down the apertural face over the periphery to the suture on the spiral side, bordered on the upper margin 

by a thin lip; supplementar y apertures are low slits along the sutures of both the spiral and umbilical sides of the 

test, bordered on the upper margin by a thin lip. 

 

Planorbulina sp. 2 

Pl. 34, figs. 11, 12. 

Test flattened, planoconconvex, spiral side flattened, umbilical side convex; peripheral margin acutely rounded and 

non carinate; coiling initially a cibicidid-like low trochospiral coil, later chambers added in a single plane; wall 

smooth, transluscent, irregularly perforate throughout; sutures slightly depressed and straight on both sides,; 

aperture a low equatorial slit. 

 

Family Cymbaloporidae Cushman, 1927 

 

Genus Cymbaloporella Cushman, 1927 

 

Cymbaloporella tabellaeformis (Brady, 1884) 

Pl. 34, figs. 13-17.  

1884 Cymbalopora tabellaeformis - Brady, p. 637, pl. 102, figs 15-18. 

1928 Cymbaloporella tabellaeformis (Brady) - Cushman, p. 288, pl. 44, figs. 7/a, b. 

1960 Cymbaloporella tabellaeformis (Brady) - Baker, p. 210, pl. 102, figs. 15-18 

1965 Cymbaloporella tabellaeformis (Brady) - Todd, p. 38, pl. 19, fig. 5. 

1987 Cymbaloporella tabellaeformis (Brady) - Baccaert, p. 224, 225, pl. 90, figs. 1-5. 

1993 Cymbaloporella tabellaeformis (Brady) - Hottinger et al. p. 119; pl. 159, figs. 1-6. 

2009 Cymbaloporella tabellaeformis (Brady) - Parker, p. 548, figs. 389/a-j, 390/a-e. 

2012 Cymbaloporella tabellaeformis (Brady) - Debenay, p. 235, 316. 

 

Test compressed, early chambers trochoid, later ones in annular series; evolute on the spiral side, involute on the 

umbilical one; chambers elongated at the periphery, giving a tabular appearance to the test, with a nearly plane 

spiral side; umbilical side centrally depressed; wall calcareous, coarsely perforate on the spiral side, more finely so 

on the umbilical side; apertures numerous small openings surrounded by a produced rim along the umbilical side 

sutures. 

 

Genus Cymbaloporetta Cushman, 1928  

 

Cymbaloporetta sp. 1 

Pl. 34, figs. 18, 19. 

Test hihg conical cymbaloporetta-like earlier portion, without the ballon chamber; wall coarsely and densely 

perforated in the initial stage, the umbilical side is imperforate; umblical side shows numerous lateral apertures. 

 

Cymbaloporetta sp. 2 

Pl. 34, figs. 20-25. 
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Test low conical cymbaloporetta-like earlier portion and a rounded bulging ballon chamber; initial Cymbaloporetta 

like stage slightly convex, slightly protruding out all around the balloon chamber; wall coarsely and densely 

perforated in the initial stage, somewhat less so in the balloon chamber that is, however, distinctly perforated; 

numerous large rimmed openings at the base of the balloon chamber. 

 

Cymbaloporetta sp. 3 

Pl. 34, figs. 26-28. 

Test small, low trochospiral evolute on the spiral side, involute on the umbilical one; five chambers visible on the 

umbilical side; wall distinctly perforate on the spiral side, umbilical side imperforate with radial sutures and having 

lateral apertures with thick rim, arranged opposite one another; sutures indistinct on the spiral side; later chambers 

added in cycles, being mushroom-shaped in outline on the umbilical side. 

 

Genus Millettiana Banner, Pereira and Desai, 1985 

 

Millettiana milletti (Heron-Allen and Earland, 1915) 

Pl. 34, figs. 29-31. 

1903b Cymbalopora bulloides - Millett, p. 697, pl. 7, figs 4/a-c. 

1915 Cymbalopora milletti - Heron-Allen and Earland, p. 689, pl. 51, figs. 32-35. 

1993 Millettiana milletti (Heron-Allen and Earland) - Hottinger et al. p. 120, pl. 160, figs. 9-13. 

2009 Millettiana milletti (Heron-Allen and Earland) - Parker, p. 640, figs. 452/a-k, 453/a-g. 

2012 Millettiana milletti (Heron-Allen and Earland) - Debenay, 244, 317. 

 

Test small, high domed, trochospiral and strongly spiro-convex; chambers crescent shaped on the spiral side, 

triangular on the umbilical side; wall distinctly perforate on the spiral side, umbilical side imperforate with radial 

sutures; sutures limbate on the spiral side; later chambers added in cycles, being mushroom-shaped in outline on the 

umbilical side, and having lateral apertures; the planktic stage has a balloon chamber, which, when fusing with the 

enclosed float chamber produces branching tubes, reflected externally as vermicular ridges; float chambers with 

irregularly distributed holes, each surrounded by a prominent rim. 

 

Family Acervulinidae Schultze, 1854  

 

Genus Acervulina Schultze, 1854 

 

Acervulina mabahethi (Said, 1949) 

Pl. 35, figs. 1-14. 

1949 Planorbulina mabahethi - Said, p. 44, pl. 4, fig. 26, holotype examined. 

1993 Acervulina mabahethi (Said ) - Hottinger et al. , p. 122, 123, pl. 165, figs. 1-7; pl. 166, figs. 1-8 

1997 Acervulina mabahethi (Said) - Haig, p. 275, fig. 5/26, specimens examined 

2009 Acervulina mabahethi (Said) - Parker, p. 475, figs. 342/a-j, 343/a-i. 

2012 Acervulina mabahethi (Said) - Debenay, p. 234, 317. 

 

Test attached, low trochospiral, cibicidid-like forms with globular final chambers and thickly rimmed apertures, 

later chambers added irregularly, either in irregular cycles on a flattened substrate, or in irregular directions, 

according to the shape of the substrate; these have a distinct opening to the proloculus on the spiral side which 

corresponds to an opening in the proloculus on the attached side of adult specimens; wall thick, coarsely perforate, 

with interpore ridges; all apertures are restricted to sutural positions; main apertures on opposite sides of the 

chambers in a peripheral position, with a thickened peristomal rim; supplementary apertures in the depressed 

sutures, with an arched peristome. 

 

Genus Planogypsina Bermúdez, 1952 

 

Planogypsina acervalis (Brady, 1884) 

Pl. 35, figs. 15-17. 

1884 Planorbulina acervalis - Brady, p. 657, pl. 92, fig. 4. 

1987 Planorbulina acervalis Brady - Baccaert, p. 220, pl. 88, figs. 1-3. 

1993 Planogypsina acervalis (Brady) - Hottinger et al. p. 125, pl. 169, figs. 1-9; pl. 170, figs 1-8. 

2009 Planogypsina acervalis (Brady) - Parker, p. 697, figs. 490/a-d; 491/a-i. 

2012 Planogypsina acervalis (Brady) - Debenay, p. 246, 317. 

 

Test large, attached, irregularly discoidal, the shape depends substrate, and preferably flattened substrate; attached 

side flattened, free side more or less convex; peripheral margin acute; periphery lobulate; chambers nearly 
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isometric, subglobular, inflated, added evenly in all directions on a flat substrate, with the addition of minute 

chambers on the free surface of the test; chambers may be added irregularly and in several layers in specimens that 

are restricted in growth by the substrate; wall coarsely perforated, ventral lateral chamberlet walls smooth, 

perforated by coarse loosely spaced pores; each chamber has two arched apertures bordered by a rim at the contact 

with previous chambers, and a large number of peripheral, tubular apertures; small sutural apertures open on both 

sides of the test. 

 

Genus Sphaerogypsina Galloway, 1933 

 

Sphaerogypsina globula (Reuss, 1848) 

Pl. 35, figs. 18, 19. 

1848 Ceriopora globulus - Reuss, p. 33, pl. 5, fig. 7. 

1860 Orbitolina concava Lamarck var. vesicularis - Parker and Jones, p. 31, 38. 

1993 Sphaerogypsina globulus (Reuss) - Hottinger et al. p. 128, pl. 173, figs. 1-10. 

2009 Sphaerogypsina globula (Reuss) - Parker, p. 736, figs. 517/a-j. 

2012 Sphaerogypsina globula (Reuss) - Debenay, p. 249, 317. 

  
Test large,  spherical to subspherical, sometimes irregularly shaped, constructed of many layers of small, polygonal 

and closely packed chambers; neighboring chambers belonging respectively to the ultimate and penultimate layers 

are, with respect to each other, out of level for half their height in radial direction; upper surface of the chambers 

coarsely perforate; septa thick, elevated and imperforate; apertures multiple consisting of small rounded openings 

or small slits at the base of the free chamber walls. 

 

Family Homotrematidae Cushman, 1927  

 

Genus Homotrema Hickson, 1911 

 

Homotrema rubra (Lamarck, 1816) 

Pl. 35, fig. 20.  

1816 Millepora rubra - Lamarck, p. 202. 

1993 Homotrema rubra (Lamarck) - Hottinger et al. p. 128, pl. 174, figs. 1-6; pl. 175, figs. 1-8. 

1994 Homotrema rubrum (Lamarck) - Loeblich and Tappan, p. 154, pl. 335, figs 1-4. 

2009 Homotrema rubra Lamarck - Parker, p. 626, figs. 444/a-i, 445/a-c, 446/a-e. 

2012 Homotrema rubra (Lamarck) - Debenay, p. 241, 318. 

 

Test very large, attached, generally arborescent with erected branches; test red in color; early chambers in spiral or 

clustered arrangement, later in numerous layers; upper chamber wall coarsely perforate, surrounded by an 

imperforate rim that is the elevated portion of the imperforate intercameral walls; apertures at the end of the 

branches, with sponge spicules glued into the tubular peristomal extension of the aperture. 

 

Family Epistomariidae Hofker, 1954  

 

Genus Monspeliensina Glacon and Lys 1968 

 

Monspeliensina sp. 1 

Pl. 35, figs. 21-22.  

Test small, spiral side convex, peripheral margin broadly rounded; coiling low trochospiral, evolute on the spiral 

side, involute on the umbilical side; chambers gradually in size rapidly; sutures depressed and incised , straight and 

slightly radial; wall smooth , hyaline, on umbilical side densely coarsely perforate, on spiral side smooth and 

imperforate; aperture an extraumbilical interiomarginal slit; infrasutural apertures on spiral side a slit shaped 

openings parallel to the suture, in earlier whorls becoming closed. 

 

Family Amphisteginidae Cushman, 1927  

 

Genus Amphistegina d’Orbigny, 1826 

 

Amphistegina lessonii d'Orbigny, 1826 

Pl. 35, figs. 24-29. 

1826 Amphistegina lessonii - d’Orbigny, p. 304. 

1978 Amphistegina lessonii d’Orbigny - Larsen, p. 225, pl. 5, figs. 8, 9, 11, 12; pl. 7, fig. 2. 

1993 Amphistegina lessonii d’Orbigny - Hottinger et al. p. 132, pl. 184, figs. 1-11; pl. 185, figs. 1-7. 

2009 Amphistegina lessonii d’Orbigny - Parker, p. 498, figs. 355/a-d. 
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2012 Amphistegina lessonii d'Orbigny - Debenay, p. 215, 318. 

 

Test low trochospiral, lenticular, dorsal side more convex than the umbilical side; peripheral margin  acute; spiral 

side varying from involute to partially evolute, umbilical side involute; umbo small, flush, transparent and 

imperforate; chambers about 12-16 in the last whorl, broad and low, strongly curved back at the periphery; 

umbilical side shows star-shaped supplementary chamberlets arranged in a pattern that extends about two thirds of 

the distance from the umbilicus to the periphery; test smooth, except the papillate area; apertural face angled near 

the margin; aperture situated on the umbilical side, extending almost to the periphery, slitlike and interiomarginal, 

with a narrow overhanging lip ornamented by a single row of papillae.  

 

Amphistegina cf. A. papillosa Said, 1949 

Pl. 35, figs. 30-34. 

1949 Amphistegina radiata (Fichtel and Moll) var. papillosa - Said, p. 39, pl. 4, fig. 12. 

1976 Amphistegina papillosa Said - Larsen, p. 8, pl. 4, figs. 1-5; pl. 7, fig. 4; pl. 8, fig. 4. 

1992b Amphistegina papillosa Said - Hatta and Ujiié, p. 196, pl. 42, fig. 3. 

1999 Amphistegina papillosa Said - Hayward et al. p. 157, pl. 15, fig. 7. 

2012 Amphistegina papillosa Said - Debenay, p. 216, 319. 

 

Test very low trochospiral, flat, lenticular, biconvex, subcircular in outline; peripheral margin acute but not keeled; 

wall ornamented with ver few raised pustules on both sides; aperture small, rounded, opening slightly toward the 

umbilical side, but nearly peripheral in position, surrounded by a small subcircular field of pustules. 

 

Family Nonionidae Schultze, 1854  

 

Genus Haynesina Banner and Culver, 1978 

 

Haynesina depressula (Walker and Jacob, 1798) 

Pl. 36, figs. 1-5. 

1798 Nautilus depressulus - Walker and Jacob, p. 641, fig. 33. 

1997 Haynesina depressula depressula (Walker and Jacob) - Hayward et al. p. 98, pl. 19, figs. 4-7. 

1999 Haynesina depressula (Walker and Jacob) - Hayward et al. p. 158, pl. 15, figs. 10, 11. 

2012 Haynesina depressula (Walker and Jacob) - Debenay, p. 222, 319. 

 

Test subcircular, laterally compressed, rounded to lobulate in outline; peripheral margin rounded; slightly inflated 

involute chambers in final whorl; sutures curved backwards, slightly depressed in early portion, becoming deeply 

depressed; umbilicus large, star shaped, extends along the sutures; wall finely perforate with numerous tubercles 

along the sutures, in the umbilical depression and around the aperture; aperture a series of openings at the base of 

the last chamber. 

 

Genus Nonion Montfort, 1808 

 

Nonion subturgidum (Cushman, 1924) 

Pl. 36, figs. 6, 7. 

1924 Nonionina subturgida - Cushman, p. 47, pl. 16, fig. 2. 

1994 Nonion subturgidum (Cushman) - Loeblich and Tappan, p. 158, pl. 343, figs. 1-9. 

2000 Nonion subturgidum (Cushman) - Revets, p. 371, pl. 4, figs. 31, 32. 

2009 Nonion cf. N. subturgidum (Cushman) - Parker, p. 671, figs. 474/a-j. 

2012 Nonion subturgidum (Cushman) - Debenay, p. 227, 319. 

 

Test free, bilaterally symmetrical, laterally compressed, last formed coil about 10 chambers, increasing somewhat 

in length as added, periphery rounded, apertural face rounded truncate, sutures distinct, slightly depressed and 

flushed at periphery; wall finely punctate, slightly umbilicate; depressed umbilical area often filled with secondary 

material; aperture at the base of the last-formed chamber on the median line.  

 

Nonion sp. 1 

Pl. 36, figs. 8-10. 

Test elongated, bilaterally symmetrical, compressed, last-formed coil composed of 10 chambers, gradually 

increasing in length as added; periphery rounded; sutures slightly depressed but flush towards the peripheral 

margin; apertural face broadly rounded; wall smooth, very finely perforate; aperture an equatorial slit at the base of 

the last-formed chamber. 
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Nonion sp. 2 

Pl. 36, figs. 11-14. 

Test small, bilaterally symmetrical, slightly compressed,  nearly as wide as long, last-formed coil composed of 10 

chambers, gradually increasing in length as added; periphery broadly rounded; sutures slightly depressed but flush 

towards the peripheral margin; apertural face broadly rounded; wall smooth, very finely perforate; aperture an 

equatorial slit at the base of the last-formed chamber. 

 

Genus Nonionoides Saidova, 1975 

 

Nonionoides grateloupi (d’Orbigny, 1839) 

Pl. 36, figs. 15-21. 

1839a Nonionina grateloupi - d’Orbigny, p. 46, pl. 6, figs 6-7. 

1939 Nonion grateloupi, (d'Orbigny) - Cushman, p. 21, pl. 6, figs. 1-7. 

1992b Nonionoides grateloupi (d’Orbigny) - Hatta and Ujiié, p. 196, pl. 43, fig. 1. 

1994 Nonionoides grateloupi (d’Orbigny) - Loeblich and Tappan, p. 158, pl. 342, figs. 1-5. 

2009 Nonionoides grateloupi (d’Orbigny) - Parker, p. 675, figs 475/a-h. 

2012 Nonionoides grateloupi (d'Orbigny) - Debenay, p. 227, 320. 

 

Test planispiral,  mostly involute, compressed laterally, low trochospiral, composed of tall, narrow chambers; 

periphery rounded; chambers numerous, usually 10 to 12 in the last-formed coil in adults, chambers increasing 

rapidly in length, especially in the last few chambers; sutures distinct, slightly depressed; wall translucent, smooth, 

finely perforate with hispid ornament in the umbilical depression; aperture equatorial slit, at the base of the 

lastformed chamber extending from the suture on the umbilical side to a short way along the spiral suture on the 

spiral side. 

 

Genus Pseudononion Asano, 1936 

 

Pseudononion granuloumbilicatum Zheng, 1979 

Pl. 36, figs. 22, 23. 

1979 Pseudononion granuloumbilicatum - Zheng, p. 229, pl. 25, fig. 9. 

1994 Pseudononion granuloumbilicatum Zheng - Loeblich and Tappan, p. 158, pl. 344, figs. 5-10. 

2012 Pseudononion granuloumbilicatum Zheng - Debenay, p. 210, 320.  

 

Test laterally compressed, broadly auriculate in outline, periphery rounded, slightly lobulate; two whorls visible on 

the dorsal side; umbilical side involute, umbilical area depressed; chambers slightly inflated, low and broad, 

gradual increase in size as added, about 8 in the final whorl; sutures depressed and distinct; umbilical end of 

chambers slightly curved outwards, coarsely granulated, forming a serrate rim around the umbilicus; wall thin, 

finely perforated, surface smooth; aperture an arched slit at the base of the last chamber, extending from the 

umbilicus to the spiral side. 

 

Family Almaenidae Myatlyuk, in Rauzer-Chernousova and Fursenko 1959  

 

Genus Anomalinella Cushman, 1927 

 

Anomalinella rostrata (Brady, 1881) 

Pl. 36, figs. 24-28. 

1881 Truncatulina rostrata - Brady, p. 65. 

1915 Truncatulina rostrata Brady - Heron-Allen and Earland, p. 709, pl. 52, figs. 33-36. 

1992 Anomalinella rostrata (Brady) - Hatta and Ujiié, p. 197, pl. 43, fig. 3. 

1994 Anomalinella rostrata (Brady) - Loeblich and Tappan, p. 160, pl. 349, figs. 1-8. 

2012 Anomalinella rostrata (Brady) - Debenay, p. 217, 320. 

 

Test lenticular, planispiral, involute; chambers gradually enlarging in the final whorl; sutures raised, imperforate; 

periphery margin angular, carinate, with a less elevated second keel paralleling the periphery a slight distance to 

one side of the median plane; wall coarsely perforate except keels; aperture a low arch at the base of the last 

chamber, with protruding bordering lip, supplementary aperture consisting of an elongate slit on the periphery 

between the two keels, those of earlier chambers secondarily closed. 

 

Family Heterolepidae Gonzales-Donoso, 1969  

 

Genus Anomalinoides Brotzen 1942 
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Anomalinoides sp. 1 

Pl. 36, figs. 29-31. 

Test moderately small , concavoconvex, umbilical side depressed, spiral side convex, peripheral margins subacute , 

slightly angular, outline slightly lobulate; coiling low trochospiral, evolute on spiral side, partially involute on 

umbilical side; wall with a few random large perforations on the spiral side, imperforate on the umbilical side; 

chambers 8 to eleven in final whorl, subquadratic in shape, slightly higher than long, slightly inflated on the 

umbilical side, increasing in size gradually; sutures flush to slightly depressed , curved and slightly sigmoidal on 

the umbilical side and slightly curved and oblique on the spiral side; aperture extends from the half-way along 

apertural face on the umbilical side over the periphery and along the entire length of the spiral side of the chamber, 

bordered on the upper margin by a thickened lip; spiral side apeture of previous two to three chambers remains 

open. 

 

Anomalinoides sp. 2 

Pl. 36, figs. 32-35. 

Test small, trochospiral, subcircular in lateral view; periphery broadly rounded; spiral side evolute with about two 

visible whorls, umbilical side involute; about 7 chambers in the last whorl; sutures distinct and slightly depressed, 

gently curved; umbilical end of latter chambers extending over the umbilical depression into flaps; wall smooth, 

finely punctate; aperture aperture an extraumbilical interiomarginal slit, extending beneath the umbilical flap. 

 

Family Gavelinellidae Hofker, 1951 

 

Genus Anomalinulla Saidova, 1975 

 

Anomalinulla glabrata (Cushman, 1924) 

Pl. 37, figs. 1-3. 

1924 Anomalina glabrata - Cushman, p. 39; pl. 12, figs 5 

1993 Anomalinulla glabrata (Cushman) - Hottinger et al. p. 139, pl. 197, figs. 6-11. 

1995 Melonis asymmetrica - Yassini and Jones, p. 170, figs. 915, 918, 919. 

2009 Anomalinulla glabrata (Cushman) - Parker, p. 508, figs. 361/a-l. 

2012 Anomalinulla glabrata (Cushman) - Debenay, p. 187, 321. 

 

Test biconvex, low trochospiral, laterally compressed; periphery broadly rounded; all chambers visible from the 

dorsal side; umbilical side slightly convex with a distinctly excavated umbilicus; sutures flush, becoming slightly 

depressed between the last few chambers; wall smoothly finished and evenly perforate on the spiral side, but 

imperforate on the apertural face; aperture a curved opening at the base near the periphery and ventral angle of the 

last formed chamber, bordered by a lip that continues into a small folium. 

 

Anomalinulla sp. 1 

Pl. 37, figs. 4-7. 

Test low trochospiral, with flattened sides; umbilicus slightly depressed; sutures flush; wall smooth and perforate 

on both sides; aperture an equatorial slit that starts a short way along the chamber on the spiral side and extends to 

the spiral suture on the umbilical side of the test; aperture bordered by a lip that continues into a small folium; 

apertures of the previous chambers remaining open for most of the last whorl. 

 

Genus Hanzawaia Asano 1944 

 

Hanzawaia grosepunctata? (Earland, 1934) 

Pl. 37, figs. 8-10. 

1934 Cibicides grossepunctatus - Earland, p. 184, pl. 8, figs. 39-41. 

1994 Hanzawaia grossepunctata (Earland) - Loeblich and Tappan, p. 164, pl. 364, figs. 9-13; pl. 365, figs. 1-13. 

2001 Hanzawaia grossepunctata (Earland) - Szareck, p. 147, pl. 26, figs. 6, 7. 

2012 Hanzawaia grossepunctata (Earland) - Debenay, p. 198, 322. 

 

Test low trochospiral, subcircular laterally, planoconvex; chambers numerous, enlarging rapidly as added; sutures 

depressed, and slightly curved back at the periphery; periphery subangular; umbilical side involute, convex with 

clear central boss; spiral side flattened, partially evolute with apertural flap from each chamber extending centrally 

over earlier whorls; wall coarsely perforate; aperture interiomarginal and equatorial.  

 

Family Rotaliidae Ehrenberg, 1839  

 

Genus Ammonia Brünnich, 1772 



Chapter Six                                                                                                                                        173 

 

 

 

Ammonia convexa (Collins, 1958)  

Pl. 37, figs. 11-14. 

1958 Streblus convexus - Collins, p. 414, pl. 5, figs. 10/a-c. 

1987 Ammonia convexa (Collins) - Baccaert, p. 232, pl. 94, figs. 4-6. 

1993 Ammonia convexa (Collins) - Hottinger et al. p. 142, pl. 201, figs. 1-14. 

1994 Ammonia tepida (Cushman) - Loeblich and Tappan, p. 165, pl. 371, figs. 1-3, not figs 4-10. 

2004 Ammonia convexa (Collins) - Hayward et al, p. 262, pl. 2, fig. T13; pl. 3, fig. T13; pl. 4, fig. T13. 

2012 Ammonia convexa (Collins) - Debenay, p. 185, 322.  

 

Test slightly biconvex, low trochospiral; spiral side evolute, umbilical side involute; peripheral margin acutely 

rounded; about 10 chambers in the last whorl, only the last ones slightly inflated; slightly raised sutures, curved on 

the spiral side, nearly radial on the umbilical side; long furrows along last few radial sutures on umbilical side, and 

very large umbilical plug; wall smooth; aperture an arch at the base of the apertural face. 

 

Ammonia tepida (Cushman, 1926) 

Pl. 37, figs. 15-18. 

1926b Rotalia beccarii (Linnaeus) var. tepida - Cushman, p. 79, pl. 1. 

1987 Ammonia (?) tepida (Cushman) - Baccaert, p. 233, pl. 94, fig. 7; pl. 95, figs 1-3. 

2004 Ammonia tepida (Cushman), molecular type T - Hayward et al, p. 262, pl. 2, fig. T; pl. 3, fig. T; pl. 4, fig. T 

2009 Ammonia cf. A. tepida (Cushman) - Parker, p. 492, figs. 352/a-m. 

2012 Ammonia tepida (Cushman) - Debenay, p. 185, 186, 323. 

 

Test small, almost equally biconvex, low trochospiral, the dorsal side slightly more than the ventral; chambers 6 or 

7 in the last-formed whorl; peripheral margin rounded, lobulated periphery; sutures slightly limbate above, 

ventrally much depressed; umbilicus deep, toward the umbilicus the chambers separated, forming angular, open 

spaces; wall smooth, finely punctate; aperture, a narrow slit beneath the inner angle of the last-formed chamber, 

often supplemented by a nearly circular, small opening near the base of the ventral face of the last-formed chamber. 

 

Family Elphidiidae Galloway, 1933 

 

Genus Porosononion Putrya in Voloshinova, 1958 

 

Porosononion sp. 1 

Pl. 37, figs. 19-24. 

2012 Porosononion sp. 1 - Debenay, p. 230, 325. 

 

Test small, planispirally enrolled, partly evolute, slightly elongated, laterally compressed with flattened sides; 

peripheral margins rounded; sutures depressed around the umbilicus, but flush at the periphery, slightly curved 

backward; 6-9 slightly inflated chambers in the last whorl, enlarging regularly as added, with a foliar extension in 

the depressed umbilici; umbilici, depressed sutures, base of the apertural face and foliar extensions highly 

ornamented by pustules and minute spines; wall smooth, transparent, coarsely perforate, except for the middle part 

of the apertural face; aperture a row of openings along the base of the apertural face, mostly covered by 

ornamentation. 

 

Genus Elphidium Montfort, 1808 

 

Elphidium botaniense Albani, 1981 

Pl. 37, figs. 25-28. 

1981 Elphidium botaniense - Albani, p. 155, figs. 4j, n. 

1995 Elphidium botaniense Albani - Yassini and Jones, p. 176; figs. 1030-1033. 

1997 Elphidium advenum botaniense Albani - Hayward et al. p. 66, pl. 3, figs 1-4. 

2009 Elphidium botaniense Albani - Parker, p. 572, figs. 404/a-h. 

2012 Elphidium botaniense Albani - Debenay, p. 218, 324. 

 

Test biconvex, broadly circular in outline, slightly lobulate at the peripheral margin; periphery acute, with a strong 

rounded keel; 10-12 chambers in the last whorl; sutures depressed and strongly curved backward; sutural bridges 

almost the same length as the width of the visible chamber wall; umbilical area with rounded umbilical boss and 

fine papillae; wall smooth and glassy; aperture a row of multiple openings along the base of the final chamber. 

 

Elphidium clavatum Cushman, 1930 

Pl. 37, figs. 29-31. 
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1930 Elphidium incertum (Williamson) var. clavatum - Cushman, p. 20, pl. 7, fig. 10. 

1997 Elphidium excavatum clavatum Cushman - Hayward et al. p. 76, pl. 9, figs. 1-4. 

2012 Elphidium clavatum Cushman - Debenay, p. 219, 324. 

 

Test small to medium-sized, involute, broadly subcircular in outline, but slightly lobulated in later stage; test 

laterally compressed with almost parallel sides; peripheral margin broadly rounded; about 10 slightly inflated and 

gently curved chambers in the last whorl; sutures depressed with few moderately short sutural bridges; umbilical 

area usually with fine papillae; wall finely perforated, papillae along the sutures and in the umbilical area; aperture 

a series of basal pores, somewhat obscured by small pustules.  

 

Elphidium lene (Cushman and McCulloch, 1940) 

Pl. 37, figs. 32-34. 

1940 Elphidium incertum (Williamson) var. lene - Cushman and McCulloch, p. 170, pl. 19, figs. 2, 4. 

1997 Elphidium lene Cushman and McCulloch - Hayward et al. p. 84, pl. 13, figs. 1-8. 

2009 Elphidium lene Cushman and McCulloch - Parker, p. 579, figs. 408/a-h, 409/a-i. 

2012 Elphidium lene Cushman and McCulloch - Debenay, p. 220, 324.  

 

Test planispirally enrolled, laterally compressed; periphery slightly lobulate, broadly rounded; chambers broad, 

somewhat inflated, 9-10 in the last whorl; sutures slightly curved with many short septal bridges; apertural face 

typically high; chambers with foliar projections that partially cover the umbilicus; wall finely perforated, smooth 

and glassy; aperture an equatorial slit at the base of the last chamber. 

 

Elphidium maorium Hayward, 1997  

Pl. 37, fig. 35. 

1997 Elphidium maorium - Hayward et al. p. 69, pl. 4, figs. 11-16; pl. 5, figs. 1-5. 

2012 Elphidium maorium (Hayward) - Debenay, p. 220, 324. 

 

Test small, smoothly circular outline, last portion lobulate; profile biconvex with sides flat and parallel centrally; 

periphery acutely rounded with a thickened area along the periphery that may be slightly keeled; 11slightly inflated 

chambers in the last whorl; sutures slightly curved backward towards periphery, with a few narrow septal bridges; 

umbilical area with a small solid circular boss; fine papillae in the sutures, the umbilical area and along the 

aperture; wall finely perforate; aperture a series of small openings at the base of the apertural chamber 

 

Elphidium milletti (Heron-Allen and Earland, 1915) 

Pl. 38, figs. 1-4. 

1915 Polystomella milletti - Heron-Allen and Earland, p. 735, pl. 53, figs. 38-42. 

1987 Parrellina milletti (Heron-Allen and Earland) - Baccaert, p. 245-246, pl. 100, figs. 4, 5; pl. 101, fig. 1. 

1993 Parrellina? cf. P.? milletti (Heron-Allen and Earland) - Hottinger et al. p. 152, pl. 218, figs. 5-9; pl. 219, figs. 

1-4. 

2009 Elphidium milletti (Heron-Allen and Earland) - Parker, p. 582, figs. 411/a-i; 412/a-f. 

2012 Elphidium milletti (Heron-Allen and Earland) - Debenay, p. 221, 325. 

 

Test medium sized, planispirally enrolled, laterally compressed with flattened sides almost parallel; chambers 

somewhat inflated, leading to a slightly lobulate periphery; peripheral margin more rounded; sutures depressed with 

short and broad sutural bridges; umbilicus depressed; wall ornamented with beads that coalesce and form short 

raised ridges; on later chambers, discontinuous raised ridges are aligned obliquely to the test periphery in a chevron 

pattern; apertural face covered with short spines; aperture at the base of the last chamber, obscured by the spines 

 

Elphidium oceanicum Cushman, 1933 

Pl. 38, figs. 5-7. 

1933 Elphidium oceanicum - Cushman, p. 49, pl. 12, figs. 7a, b. 

1995 Cribrononion schmitti (Cushman and Wickenden) - Yassini and Jones, p. 179, fig. 1040. 

1997 Elphidium oceanicum Cushman - Hayward et al. p. 88; pl. 15, figs 1-5. 

2009 Elphidium oceanicum Cushman - Parker, p. 586, figs. 413/a-e, 414/a-j. 

2012 Elphidium oceanicum Cushman - Debenay, p. 221, 325. 

 

Test small, nearly circular in lateral view; periphery broadly rounded; umbilical region depressed, and often with 

dense hispid ornament; chambers distinct, increasing rapidly in width, last ones somewhat inflated, leading to a 

lobulate periphery, usually about 9 in the last whorl; sutures slightly depressed, with short flush sutural bridges; 

wall translucent, very finely perforate; aperture consisting of one or more openings at the base of the apertural face, 

obscured by the ornamentation. 
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Elphidium cf. E. pseudonodosum Cushman, 1939 

Pl. 38, figs. 8-10. 

1939 Elphidium pseudonodosum Cushman, p. 50, pl. 13, fig. 12. 

2016 Elphidium pseudonodosum Cushman - Langer unpublished data 

 

Test large, biconvex, circular in outline, with umbilical boss irregularly pitted; periphery surrounded by a thin 

narrow carina; chambers numerous; sutures slightly curved backwards, with numerous sutural bridges; base of each 

chamber merging with the umbilical boss; aperture a row of multiple openings along the base of the final chamber 

 

Elphidium cf. E. sagrum (d’Orbigny, 1839) 

Pl. 38, figs. 11-14. 

1839 Polystomella sagra - d’Orbigny, p. 55, pl. 6, figs. 19, 20. 

1918 Polystomella sagra d’Orbigny - Cushman, p. 75, pl. 26, figs. 5/a, b. 

1930 Elphidium sagrum (d’Orbigny) - Cushman, p. 24, pl. 9, figs. 5, 6. 

2016 Elphidium sagrum (d’Orbigny) - Langer  Unpublished data 

 

Test involute, equally biconvex, lenticular; periphery subcircular, somewhat lobulated in the last-formed portion; 

sides convex; peripheral margin acutely rounded, often with a blunt keel; chambers numerous, somewhat inflated, 

especially in the lastformed portion, gently curved backward; sutures depressed, with sutural bridges only about 

onethird the width of the chamber; umbilical region usually with a boss; wall smooth, translucent, very finely 

perforate, ornamented by numerous small pustules around the aperture, the sutures and the umbilical boss; aperture 

a series of rounded pores, at the base of the apertural face. 

 

Elphidium simplex Cushman, 1933 

Pl. 38, figs. 15, 16. 

1933 Elphidium simplex - Cushman, p. 52, pl. 12, figs. 8, 9.  

1939 Elphidium simplex Cushman - Cushman, p. 62. pl. 17, fig. 10. 

1960 Elphidium simplex Cushman - Asano, p. 200. pl. 22, fig. 4. 

1992 Elphidium simplex Cushman - Azazi, pl. 1, figs. 20, 21. 

1994 Elphidium simplex Cushman - Loeblich and Tappan, p. 170, pl. 385, figs. 1-12. 

 

Test nearly circular in lateral view, periphery rounded, becoming very slightly lobulated in the later portion in side 

view, umbilical region occupied by a large flat boss; chambers 'numerous, distinct, 10 to 12 in the last-formed coil, 

of rather uniform shape, increasing very slightly in size as added, the later ones slightly inflated; sutures distinct, 

depressed, rather strongly curved, retral processes often indistinct, but usually visible, especially in the later 

chambers; aperture one or more openings at the base of the apertural face. 

 

Elphidium toddi n.sp. Langer et al 

Pl. 38, figs. 17, 18. 

2016 Elphidium toddi Langer Unpublished data 

 

Test large, circular in outline, strongly biconvex, with a very large, unpitted umbilical boss; periphery acute with a 

narrow rounded keel; chambers numerous, about 30 in the last whorl; apertural face very low; sutures almost 

straight, radial; sutural bridges extending on the chamber wall, resulting in continuous ridges parallel to the 

periphery; aperture a row of multiple openings along the base of the final chamber. 

 

Elphidium tongaensis (Cushman, 1931)  

Pl. 38, figs. 19-21. 

1931b Ozawaia tongaensis - Cushman, p. 80, pl. 10, figs. 7-10. 

1997 Elphidium advenum tongaense (Cushman) - Hayward et al. p. 70; pl. 5, figs. 13-18. 

2012 Elphidium tongaensis (Cushman) - Debenay, p. 221, 325. 

 

Test medium sized, planispirally enrolled, somewhat evolute, laterally compressed, slightly lobulated outline; sides 

flat to slightly concave, periphery acutely rounded; 10-12 somewhat inflated chambers in the last whorl; sutures 

depressed, moderately curved backwards, marked by numerous narrow septal bridges; umbilicus large, partly filled 

with a solid semicircular boss; wall finely perforated, fine papillae in the umbilical area and in the sutures; aperture 

made up of numerous openings at the base of the apertural face. 

 

Elphidium williamsoni Haynes, 1973 

Pl. 38, figs. 22-25. 

1973 Elphidium williamsoni - Haynes, p. 207, pl. 24, fig. 7; pl. 25, figs. 6, 9; pl. 27, figs. 1-3. 



176                                                    Shallow-water benthic Foraminifera from the Island of Moorea 

 

 

 

 

1993 Elphidium williamsoni Haynes - Hottinger et al. p. 150, pl. 215, figs. 1-5. 

1997 Elphidium excavatum williamsoni Haynes - Hayward et al. p. 78, pl. 10, figs. 1-8. 

2009 Elphidium cf. E. williamsoni Haynes - Parker, p. 591, figs. 418/a-l, 419/a-e. 

2012 Elphidium williamsoni Haynes - Debenay, p. 221, 325. 

 

Test medium sized, planispiral, laterally compressed, chambers numerous, could be more than 11; outline evenly 

rounded, with last chambers slightly inflated, leading to a somewhat lobulate periphery; sutures flush, becoming 

slightly depressed between latter chambers, interrupted at the periphery; sutural bridges numerous, as long as 

chamber width; umbilicus simple, depressed, partially filled with the irregular ends of chambers; aperture at the 

base of the last chamber, often obscured by tuberculate ornaments. 

 

Elphidium cf. E. williamsoni Haynes, 1973 

Pl. 38, figs. 26-28. 

1973 Elphidium williamsoni - Haynes, p. 207, pl. 24, fig. 7; pl. 25, figs. 6, 9; pl. 27, figs. 1-3. 

1993 Elphidium williamsoni Haynes - Hottinger et al. p. 150, pl. 215, figs. 1-5. 

1997 Elphidium excavatum williamsoni Haynes - Hayward et al. p. 78, pl. 10, figs. 1-8. 

2009 Elphidium cf. E. williamsoni Haynes - Parker, p. 591, figs. 418/a-l, 419/a-e. 

2012 Elphidium williamsoni Haynes - Debenay, p. 221, 325. 

 

Test small sized, planispiral, laterally compressed, chambers numerous, could be more than 10; outline evenly 

rounded, with last chambers slightly inflated, leading to a somewhat lobulate periphery; sutures distinct, numerous 

sutural bridges; umbilicus simple, slightly depressed, partially filled with the irregular ends of chambers; aperture at 

the base of the last chamber, with few tuberculate ornaments. 

 

Family Nummulitidae de Blainville, 1827 

 

Genus Operculina d’Orbigny, 1826 

 

Operculina ammonoides (Gronovius, 1781) 

Pl. 38, figs. 29-36. 

1781 Nautilus ammonoides - Gronovius, p. 282, pl. 19, figs. 5, 6. 

1993 Assilina ammonoides (Gronovius) - Hottinger et al. p. 154, pl. 222, figs. 1-8; pl. 223, figs. 1-14; pl. 224, figs. 

1-8; pl. 225, figs. 1-9. 

2000 Operculina ammonoides (Gronovius) - Hohenegger et al. p. 18, pl. 2, figs. 7-12; pl. 5, figs. 7-12. 

2009 Assilina ammonoides (Schröter) - Parker, p. 515, figs. 367/a-j. 

2012 Operculina ammonoides (Gronovius) - Debenay, p. 228, 326. 

 

Test large, compressed, planispiral, evolute, flaring; chambers flat, curved, irregular in size, shape and number; 

sutures raised, imperforate, curved backwards at the peripheral end; ornamented with low pustules that are higher in 

the umbilical region; peripheral chord distinct; aperture at the base of the apertural face concealed under a mask 

structure. 

 

Genus Heterostegina d’Orbigny, 1826 

 

Heterostegina curva Moebius 1880 

Pl. 39, figs. 1-3. 

1893 Heterostegina curva Moebius - Egger, p. 434, pl. 20, figs. 26-33. 

1933 Heterostegina curva Moebius - Cushman, p. 59, pl. 17, figs. 1-5. 

1977 Heterostegina curva Moebius - McCulloch, p. 228, pl. 99 figs. 5, 6. 

 

Test complanate, slightly inflated, marginate, periphery subacute, chambers numerous, involute, the central portion 

much thickened but smooth and not umbonate, marginal edge slightly grooved with faint lines, chambers undivided 

centrally, with the bramching usually at the periphery; aperture at the base of the last chamber. 

 

Heterostegina depressa d’Orbigny, 1826 

Pl. 38, figs. 4-7. 

1826 Heterostegina depressa - d’Orbigny, p. 305, pl. 17, figs. 5-7. 

1933 Heterostegina depressa d’Orbigny - Cushman, p. 57, pl. 16, figs. 4-9. 

1993 Heterostegina depressa d’Orbigny - Hottinger et al. p. 157, pl. 228, figs. 1-11; pl. 229, figs. 1-8; pl. 230, fig. 

9. 

1994 Heterostegina depressa d’Orbigny - Loeblich and Tappan, p. 171; pl. 389, figs. 1-6; pl. 390, figs. 1-3. 
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2003 Heterostegina depressa d’Orbigny - Renema, p. 355, 356, figs. 30/a, b. 

2011 Heterostegina depressa d’Orbigny - Makled and Langer, fig. 10/14. 

2012 Heterostegina depressa d’Orbigny - Debenay, p. 222, 326. 

 

Test complanate, the early portion usually somewhat involute and thickened, later portion very thin and flaring, 

early chambers only slightly divided, becoming increasingly so in the later stages; periphery thin and rounded with 

a thickened shell margin produced by numerous longitudinal anastomosing grooves and adjacent imperforate 

elongated ridges (marginal cord); chambers elongate, curved, numerous, divided into chamberlets by transverse 

partitions usually alternating in adjacent chambers; sutures distinct, slightly limbate, not raised but occasionally 

very slightly depressed in the adult, strongly curved, often somewhat sigmoid; aperture at the base of the final 

chamber masked by a thick shell deposit, together with a series of pores along the apertural face. 

 

Family Bagginidae Cushman, 1927  

 

Genus Cribrobaggina McCulloch, 1977 

 

Cibrobaggina reniformis (Heron-Allen and Earland, 1915)  

Pl. 38, figs. 8-11. 

1915 Discorbina reniformis - Heron-Allen and Earland, p. 696, pl. 52, figs. 7-14. 

1977 Cribrobaggina socorroensis - McCulloch, p. 342, pl. 201, figs. 3-5. 

1978 Latecella reniformis (Heron-Allen and Earland) - Cheng and Zheng, p. 260, pl. 19, figs. 4/a-q, 6/a-c; pl. 22, 

fig. 11. 

2009 Cribrobaggina reniformis (Heron-Allen and Earland) - Parker, p. 546, figs. 388/a-k. 

2012 Cibrobaggina reniformis (Heron-Allen and Earland, 1915) - Debenay, p. 235, 307. 

 

Test reniform to nearly spherical, with a broadly rounded periphery; chambers low trochospiral coil of about two 

whorls; sutures flush and indisinct; wall coarsely perforated, area adjacent to the umbilicus at the base of the 

apertural face imperforate; aperture a curve slit in the middle or slightly to one side of the edge of the test. 

 

Unassigned genus  

 

Genus Stictogongylus Loeblich and Tappan, 1994 

 

Stictogongylus rugata (Heron-Allen and Earland, 1928) 

Pl. 39, figs. 12-14. 

1928 Sphaeridia rugata - Heron Allen and Earland, p. 295, pl. 3, figs. 38-43. 

1994 Stictogongylus vandiemenensis - Loeblich and Tappan, p. 171, pl. 392, figs. 1-8. 

2009 Stictogongylus rugata (Heron Allen and Earland) - Parker, p. 740, figs. 519/a-g, 520/a-f. 

2012 Stictogongylus rugata (Heron-Allen and Earland) - Debenay, p. 161, 326. 

 

Test small, globular, small trochospiral  early stage,  followed by a thick  walled inflated final chamber that makes 

up 90% of the test; sutures indistinct, test appearing unilocular; wall irregularly ridged with many fine pores, except 

for the apical region which appears smooth and has a few larger openings arranged in an incomplete spiral pattern. 

 

Genus 1 sp. 1 

Pl. 39, figs. 15-17. 

2009 Genus 1 sp. 1 - Parker, p. 758, fig. 531/a-h 

 

Test small, subcircular in outline, low trochospiral, spiral side slightly convex; sutures flush and slightly depressed; 

umbilical side partially evolute, with with apertural flap from later chambers, sutures radial and depressed; 

periphery rounded; wall calcareous, few coarse perforations; aperture an equatorial and interiomarginal arch. 
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PLATE 1 

Scale bar is 100μm for all magnifications except otherwise stated. 

1: Reophax communis Lacroix, 50um  

2, 3: Reophax sp. 1  

4, 5: Ammobaculites exiguus, (Cushman & Brönnimann) 5 (50um)  

6, 7: Ammobaculites sp. 1 50um   

8-10: Ammobaculites sp. 2 50um  

11: Ammomarginulina ensis 50um   

12, 13: Acupeina triperforata, (Millett)  

14-16: Haddonia sp. 1    

17: Spiroplectinella sp. 1  

18, 19: Haplophragmoides sp. 1 

 20-24: Paratrochammina cf. P. simplissima, (Cushman & McCulloch)  

25: Paratrochammina sp. 1 

26-28: Trochammina inflata (Montagu) 

29-35: Siphotrochammina lobata (Saunders) 
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PLATE 1 
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PLATE 2  

 

Scale bar is 100μm for all magnifications except otherwise stated. 

 

1-4: Caronia exilis (Cushman & Brönnimann)   

5-7: Eggerelloides scabrus (Williamson) 

8, 9: Sahulia cf. S. barkeri (Hofker)  

10, 11: Sahulia sp. 1. 

12, 13: Sahulia sp. 2. 

14-19: Textularia agglutinans d'Orbigny  

20-23: Textularia candeina d'Orbigny  

24, 25: Textularia foliacea Cushman 

26: Textularia oceanica Cushman  

27: Textularia sp. 1  

28-30: Textularia sp. 2  

31-34: Textularia sp. 3  
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PLATE 2 
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PLATE 3 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Textularia sp. 4  

4-7: Textularia sp. 5 

8: Textularia sp. 6  

9: Septotextularia rugosa? Cheng and Zheng, 200um.  

10, 11: Pseudogaudryina sp. 1 

12-21: Clavulina pacifica Cushman 

22-26: Conicospirillinoides sp. 1 

27-29: Conicospirillinoides sp.2.   

30-32: Planispirillina cf. P. tuberculatolimbata (Chapman)  
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PLATE 3 
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PLATE 4 

Scale bar is 100μm for all magnifications except otherwise stated. 

1, 2: Planispirillina sp. 1  

3-5: Planispirillina sp. 2  

6-9: Spirillina groseperforata Zheng. 

10-14: Spirillina sp. 1  

15-21: Spirillina sp. 2  

22-24: Cornuspira planorbis, Schultze,  

25-28: Cornuspira sp. 1 

29-31: Nubeculina advena, Cushman, 500um 

32-35: Planispirinella exigua (Brady) 
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PLATE 4 

 

 



186                                                    Shallow-water benthic Foraminifera from the Island of Moorea 

 

 

 

 

PLATE 5 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Planispirinella sp. 1 

4, 5: Glomulina? sp. 1 

6-8: Vertebralina striata d'Orbigny  

9-11: Wiesnerella auriculata (Egger) 

12-16: Nodophthalmidium antillarum, (Cushman, 1922) 12-14, 16 (50um) 

17-19: Spirophthalmidium aff. S. prolixum Loeblich and Tappan 

20-22: Spirothalmidum scabrum Loeblich & Tappan, 1994 50um 

23-26: Edentostomina cultrata Brady 

27, 28: Edentostomina sp. 1 

29-32: Adelosina laevigata (d'Orbigny) 

33-35: Adelosina sp. 1 
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PLATE 5 
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PLATE 6 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Spiroloculina angulata Cushman 

5-8: Spiroloculina antillarum d'Orbigny 

9-12 Spiroloculina cf. S. caduca Cushman 

13-16: Spiroloculina communis Cushman & Todd 

17-19: Spiroloculina cf. S. communis Cushman & Todd 

20-22: Spiroloculina convexa Said 

23-25: Spiroloculina corrugata Cushman & Todd 

26-31: Spiroloculina mayori Cushman 

32, 33: Spiroloculina samoaensis Cushman  

34, 35: Spiroloculina scrobiculata Cushman 

36-38: Spiroloculina sp. 1. 
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PLATE 6 
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PLATE 7  

Scale bar is 100μm for all magnifications except otherwise stated. 

1-5: Spiroloculina sp. 2 

6-10: Spiroloculina sp. 3 

11-13: Spiroloculina sp. 4.  

14, 15: Spiroloculina sp. 5 50um 

16-18: Falsagglutinella angularis Loeblich & Tappan  

19: Agglutinella sp. 1 

20, 21: Schlumbergerina alveoliniformis (Brady)  

22-24: Siphonaperta hallocki Förderer and Langer 

25-27: Siphonaperta cf. S. hallocki Förderer and Langer 

28-31: Siphonaperta pittensis (Albani)  

32-35: Siphonaperta cf. S. pittensis (Albani)  
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PLATE 7 
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PLATE 8  

Scale bar is 100μm for all magnifications except otherwise stated. 

1, 2: Siphonaperta sp. 1 

3: Inaequalina sp. 1 

4-7: Hauerina fragilissima (Brady)  

8-14: Hauerina aff. H. fragilissima (Brady) 

15-25: Hauerina pacifica Cushman 

26-28: Pseudolachlanella angusteoralis (Wiesner) 

29-31: Pseudolachlanella eburnea (d'Orbigny) 

32-35: Pseudolachlanella slitella Langer 
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PLATE 8 
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PLATE 9 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-7: Pseudolachlanella sp. 1 

8-11: Quinqueloculina agglutinans d'Orbigny 

12-14: Quinqueloculina angulariformis McCulloch, 

15-18: Quinqueloculina arenata Said 

19-28: Quinqueloculina barnadi (d‟Orbigny) 

29-31: Quinqueloculina cf. Q. bassensis (Parr) 

32-35: Quinqueloculina carinatastriata Wiesner 
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PLATE 9 
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PLATE 10 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Quinqueloculina aff. Q. carinata d’Orbigny 

4-7: Quinqueloculina collumnosa Cushman 

8, 9: Quinqueloculina corrugata (Collins) 

10-15: Quinqueloculina cf. Q. crassicarinata sp. 1 Collins 

16-21: Quinqueloculina cf. Q. crassicarinata sp. 2 Collins 

22-28: Quinqueloculina curta Cushman 

29-35: Quinqueloculina cuvieriana d’Orbigny 
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PLATE 10 

 

 



198                                                    Shallow-water benthic Foraminifera from the Island of Moorea 

 

 

 

 

PLATE 11 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Quinqueloculina cf. Q. cuvieriana d’Orbigny 

5-7: Quinqueloculina cf. Q. delicatula Vella 

8-12: Quinqueloculina cf. Q. differens McCulloch 

13-18: Quinqueloculina distorqueata Cushman 

19-24: Quinqueloculina cf. Q. distorqueata sp. 1 Cushman 

25, 26: Quinqueloculina cf. Q. distorqueata sp. 2 Cushman 

27-32: Quinqueloculina eamesii (Rasheed) 

33-35: Quinqueloculina exmouthensis Parker 

36: Quinqueloculina exsculpta (Heron-Allen and Earland) 
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PLATE 11 
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PLATE 12 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-7: Quinqueloculina funafutiensis (Chapman) 

8-11: Quinqueloculina cf. Q. granulocostata Germeraad 

12-17: Quinqueloculina ineaqualis Cushman 

18-21: Quinqueloculina cf. Q. laevigata d’Orbigny 

22, 23: Quinqueloculina lamarckiana d’Orbigny 

24-28: Quinqueloculina lizardi Baccaert 

29-35: Quinqueloculina neostriatula Thalmann 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Six                                                                                                                                        201 

 

 

PLATE 12 
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PLATE 13 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Quinqueloculina cf. Q. neostriatula Thalmann 

4-8: Quinqueloculina ningalooensis Parker 

9-14: Quinqueloculina montyi Baccaert 

15-25: Quinqueloculina parkeri (Brady) 

26-35: Quinqueloculina aff. Q. parvaggluta Vella 
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PLATE 13 
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PLATE 14 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-8: Quinqueloculina patagonica d’Orbigny 

9-19: Quinqueloculina philippinensis Cushman 

20-30: Quinqueloculina poeyana d'Orbigny 

31-33: Quinqueloculina polygona d'Orbigny 

34-36: Quinqueloculina aff. Q. polygona d'Orbigny 
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PLATE 14 
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PLATE 15 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Quinqueloculina cf. Q. polygona d'Orbigny 

4-7: Quinqueloculina pusilla d'Orbigny 

8-19: Quinqueloculina quinquecarinata (Collins)  

20-25: Quinqueloculina aff. Q. quinquecarinata (Collins)  

26-29: Quinqueloculina cf. Q. rugosa d'Orbigny 

30-37: Quinqueloculina seminula Linnaeus 
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PLATE 15 
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PLATE 16 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Quinqueloculina aff. Q. semiplicata (McCulloch)  

4-12: Quinqueloculina sidebottomi (Rasheed) 

13-17: Quinqueloculina cf. Q. sidebottomi (Rasheed) 

18-23: Quinqueloculina cf. Q. socorroensis McCulloch 

24-26: Quinqueloculina subcuneata Cushman 

27-35: Quinqueloculina subpolygona Parr 

36-38: Quinqueloculina cf. Q. subpolygona Parr 
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PLATE 16 
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PLATE 17 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Quinqueloculina cf. Q. tantabiddyensis? Parker 

5-7: Quinqueloculina transversestriata (Brady) 

8-11: Quinqueloculina vandiemeniensis Loeblich and Tappan  

12-21: Quinqueloculina zhengi Parker  

22-28: Quinqueloculina cf. Q. zhengi Parker 

29, 30: Quinqueloculina sp. 1 

31-34: Quinqueloculina sp. 2 
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PLATE 17 
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PLATE 18 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Quinqueloculina sp. 3 

4, 5: Quinqueloculina sp. 4 

6-8: Quinqueloculina sp. 5  

9-11: Quinqueloculina sp. 6  

12-14: Quinqueloculina sp. 7 

15-17: Quinqueloculina sp. 8 

18-23: Quinqueloculina sp. 9 

24-26: Quinqueloculina sp. 10 

27-29: Quinqueloculina sp. 11 

30-32: Quinqueloculina sp. 12 

33-35: Quinqueloculina sp. 13 
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PLATE 18 
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PLATE 19 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Quinqueloculina sp. 14 

5-7: Quinqueloculina sp. 15 

8-10: Quinqueloculina sp. 16  

11-13: Quinqueloculina sp. 17  

14: Quinqueloculina sp. 18 

15-17: Quinqueloculina sp. 19 

18, 19: Quinqueloculina sp. 20 

20, 21: Quinqueloculina sp. 21 

22-24: Quinqueloculina sp. 22 

25-31: Quinqueloculina sp. 23 

32, 33: Affinetrina sp. 1 

34-36: Miliolinella australis (Parr) 
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PLATE 19 
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PLATE 20 

Scale bar is 100μm for all magnifications except otherwise stated. 

1: Miliolinella cf. M. circularis (Bornemann) 

2-4: Miliolinella labiosa (d'Orbigny)  

5-7: Miliolinella oceanica (Cushman) 

8-13: Miliolinella pilasensis McCulloch, 

14-17: Miliolinella subrotunda (Walker and Boys) 

18, 19: Miliolinella cf. M. subrotunda (Walker and Boys) 

20, 21: Miliolinella sp. 1 

22, 23: Miliolinella sp. 2 

24-26: Miliolinella sp. 3 

27-29: Pseudomassilina cf. P. australis (Cushman) 

30-32: Pseudotriloculina cf. P. limbata 
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PLATE 20 
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PLATE 21 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-7: Pseudotriloculina cf. P. oblonga (Montagu)  

8-14: Pseudotriloculina subgranulata (Cushman)  

15-17: Pseudotriloculina cf. T. sommeri (Tinoco) 

18-21: Pseudotriloculina sp. 1 

22-24: Pseudotriloculina sp. 2 

25-27: Pseudotriloculina sp. 3 

28, 29: Pseudotriloculina sp. 4 

30-32: Pseudotriloculina sp. 5 

33-36: Pseudotriloculina sp. 6 
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PLATE 21 
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PLATE 22 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Pseudotriloculina sp. 7  

4, 5: Pseudotriloculina? sp. 8 

6, 7: Pyrgo denticulata (Brady) 

8-10: Pyrgo phlegeri Andersen 

11-13: Pyrgo sarsi (Schlumberger) 

14-19: Pyrgo striolata (Brady) 

20-22: Pyrgo cf. P. striolata (Brady) 

23, 24: Pyrgo sp. 1 

25-28: Triloculina cf. T. assymetrica Said 

29-31: Triloculina barnadi Rasheed  

32-35: Triloculina cf. T. barnadi Rasheed 
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PLATE 22 
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PLATE 23 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Triloculina bicarinata d'Orbigny 

4-7: Triloculina earlandi Cushman  

8-11: Triloculina elongotricarinata Debenay 

12-16: Triloculina fichteliana d’Orbigny 

17-21: Triloculina cf. T. fichteliana sp. 1, d’Orbigny 

22-24: Triloculina cf. T. fichteliana sp. 2. d’Orbigny  

25-35: Triloculina kawea Förderer and Langer 
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PLATE 23 
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PLATE 24 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Triloculina cf. T. lalibertadensis McCulloch  

4-11: Triloculina littoralis Collins  

12-14: Triloculina cf. T. rotunda Schlumberger 

15-21: Triloculina serrulata McCulloch 

22-24: Triloculina cf. T. striatotrigonula Parker & Jones 

25-28: Triloculina cf. T. tricarinata d’Orbigny 

29-31: Triloculina trigonula (Lamarck) 

32-35: Triloculina cf. T. trigonula (Lamarck) 
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PLATE 24 
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PLATE 25 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Triloculina triquetrella Loeblich and Tappan 

5-7: Triloculina cf. T. triquetrella Loeblich and Tappan 

8-11: Triloculina sp. 1 

12-14: Triloculina sp. 2 

15-17: Triloculina sp. 3 

18: Mesosigmoilina minuta (Zheng)  

19-21: Pseudoschlumbergerina ovata (Sidebottom)  

22-28: Sigmella sp. 

29-31: Sigmoihauerina involuta (Cushman) 

32-34: Sigmoilinella tortuosa Zheng  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Six                                                                                                                                        227 

 

 

PLATE 25 
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PLATE 26 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-5: Sigmoilinella sp. 1 

6-8: Sigmoilinita costata (Schlumberger)  

9, 10: Spirosigmoilina bradyi Collins  

11, 12: Spirosigmoilina parri Collins 

13, 14: Articulina pacifica Cushman 

15, 16: Articulina sagra d'Orbigny  

17, 18: Articulina queenslandica Collins 

19-21: Sigmoilopsis elliptica? (Galloway and Wissler) 

22-24: Miliola sublineata (Brady) 

25, 26: Pseudohauerinella dissidens (McCulloch) 

27, 28: Pseudohauerina orientalis (Cushman) 

29: Pseudohauerina sp. 1 

30-32: Borelis schlumbergeri (Reichel) 

33, 34: Coscinospira hemprichi Ehrenberg 
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PLATE 26 
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PLATE 27 

Scale bar is 100μm for all magnifications except otherwise stated. 

1. 2: Euthymonacha polita (Chapman) 

3-7: Monalysidium acicularis (Batsch) 

8-13: Peneroplis arietina (Batsch) 

14-19: Parasorites orbitolitoides (Hofker)  

20-24: Parasorites cf. P. orbitolitoides (Hofker)  

25-30: Sorites orbiculus (Forskål) 
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PLATE 27 
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PLATE 28 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Discorinopsis aguayoi (Bermudez)  

4, 5: Lenticulina sp.  

6, 7: Lagena spicata Cushman & McCulloch 

8: Lagena strumosa Reuss 

9, 10: Procerolagena oceanica (Albani) 

11, 12: Krebsina subtenuis (Cushman) 

13-18: Euglandulina striatula  

19-21: Euglandulina sp. 1 

22, 23:  Oolina aff. O. stellula (Loeblich & Tappan)  

24-26: Fissurina lucida Williamson  

27, 28: Palliolatella fasciata carinata (Sidebottom)  

29, 30: Buchnerina lacunata (Burrows & Holland) (50um) 

31-33: Buchnerina sp. 1.  

34, 35: Buchnerina sp. 2.  
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PLATE 28 
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PLATE 29 

Scale bar is 100μm for all magnifications except otherwise stated. 

1, 2: Abditodentrix rhomboidalis (Millett)  

3-5: Bolivina striatula Cushman  

6, 7: Bolivina aff. B striatula Cushman 

8-10: Bolivina variabilis (Williamson)  

11, 12: Bolivinella elegans Parr  

13, 14: Globocassidulina crassa, (d'Orbigny) (50um) 

15, 17: Globocassidulina subglobosa (Brady) 13, 14 (50um) 

18-20: Cassidelina sp. 1 

21-25: Hopkinsinella glabra (Millett) 10, 11(50um)  

26-28: Loxostomina limbata (Brady)  

29, 30: Loxostomina mayori (Cushman)  

31, 32: Rectobolivina? sp. 1 

33-35: Sagrinella convallaria (Millett)  

36-38: Saidovina carinata (Millett) 
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PLATE 29 
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PLATE 30 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Saidovina karrerianum Collins  

5-7: Saidovina sp. 1 

8: Sagrinopsis fimbriata (Millett) (50um)  

9, 10: Siphogenerina raphana, (Parker & Jones,)  

11, 12: Siphogenerina striata (Schwager)  

13, 14: Siphogenerina sp. 1 

15-17: Alasoida virgula (Brady)  

18, 19: Bulimina sp. 1 (50um) 

20: Buliminella elegantissima (d'Orbigny)  

21-23: Trifarina angulosa Cushman  

24, 25: Fijiella simplex (Cushman)  

26, 27: Reussella pacifica Cushman & McCulloch  

28, 29: Mimosina affinis (50um)  

30-34: Mimosina spinulosa Millett 

35-40: Fursenkoina schreibersiana (Czjzek) (50um)  
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PLATE 30 
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PLATE 31 

Scale bar is 100μm for all magnifications except otherwise stated. 

1, 2: Sigmavirgulina tortuosa (Brady)  

3-5: Baggina phillipinensis (Cushman) 

6-9: Cancris auriculus (Fichtel and Moll)  

10-12:  Valvulineria aff. V. minuta (Schubert) 

 13-18: Eponides repandus (Fichtel and Moll)  

19-21: Poroeponides lateralis (Terquem)  

22-25: Helenina sp. 1 

26-28: Rhaptohelenina sp. 1 

29-31: Rotorbis auberii (d'Orbigny) 

32-35: Neoconorbina sp. 1.   
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PLATE 31 
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PLATE 32 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Neoconorbina sp. 2  

5-9: Rosalina bradyi (Cushman)  

10-14: Rosalina floridana (Cushman)  

15-17: Rosalina globularis d'Orbigny 

18-21: Rosalina sp. 1.  

22-24: Rosalina sp. 2  

25-28: Rotorboides granulosus (Heron-Allen and Earland)  

29-32: Tretomphalus bulloides (d'Orbigny)  

33-35: Bronnimannia haliotis (Heron-Allen and Earland)  
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PLATE 32 
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PLATE 33 

Scale bar is 100μm for all magnifications except otherwise stated. 

1, 2: Murrayinella murrayi (Heron-Allen and Earland)  

3, 4: Elongobula milletti (Cushman) 3 (50um)  

5-8: Elongobula parallela, (Cushman and Parker) 5 (50um)  

9-12: Siphonina tubulosa Cushman  

13-15: Discorbinella bertheloti (d'Orbigny)  

16-22: Cibicides mabahethi Said  

23-29: Cibicides phillipinensis Collins  

30-35: Cibicides pseudolobatulus Perelis & Reiss  
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PLATE 33 
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PLATE 34 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Lobatula lobatula (Walker and Jacob) 

4-7: Lobatula mayori (Cushman)  

8-10:  Planorbulina sp. 1 

11, 12: Planorbulina sp. 2  

13-17: Cymbaloporella tabellaeformis (Brady)  

18, 19: Cymbaloporetta sp. 1,  

20-25: Cymbaloporetta sp. 2.  

26-28: Cymbaloporetta sp. 3. 

29-31: Millettiana milletti (Heron-Allen and Earland)  
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PLATE 34 
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PLATE 35 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-14: Acervulina mabahethi (Said)  

15-17: Planogypsina acervalis, (Brady)  

18, 19: Sphaerogypsina globula (Reuss) 

20: Homotrema rubra (Lamarck)  

21-23: Monspensilina sp.1  

24-29: Amphistegina lessonii d'Orbigny  

30-34: Amphistegina cf. A. papillosa Said  
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PLATE 35 
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PLATE 36 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-5: Haynesina depressula (Walker & Jacob)  

6, 7: Nonion subturgidum Loeblich & Tappan  

8-10: Nonion sp. 1  

11-14: Nonion sp. 2  

15-21: Nonionoides grateloupi (d'Orbigny)  

22, 23: Pseudononion granuloumbilicatum Zheng  

24-28: Anomalinella rostrata (Brady) 

29-31: Anomalinoides sp. 1  

32-35: Anomalinoides sp. 2 
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PLATE 36 
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PLATE 37 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Anomalinulla glabrata (Cushman)  

4-7: Anomalinulla sp. 1 

8-10: Hanzawaia grosepunctata? (Earland)  

11-14: Ammonia convexa Collins  

15-18: Ammonia tepida (Cushman)  

19-24: Porosononion sp. 1  

25-28: Elphidium botaniense Albani  

29-31: Elphidium Clavatum Cushman  

32-34: Elphidium lene Cushman & McCulloch   32, 33 (50um)  

35: Elphidium maorium Hayward  
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PLATE 37 
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PLATE 38 

Scale bar is 100μm for all magnifications except otherwise stated. 

1-4: Elphidium milletti (Heron-Allen & Earland)  

5-7: Elphidium oceanicum Cushman  

8-10: Elphidium cf. E. pseudonodosum Langer 

11-14: Elphidium cf. E. sagrum (d'Orbigny)  

15, 16: Elphidium simplex Cushman  

17, 18: Elphidium toddi Langer  

19-21: Elphidium tongaensis (Cushman)   

22-25: Elphidium williamsoni Haynes  

26-28: Elphidium cf. E.  williamsoni Haynes 

29-36: Assilina ammonoides (Gronovius).  
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PLATE 38 
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PLATE 39  

Scale bar is 100μm for all magnifications except otherwise stated. 

1-3: Heterostegina curva Moebius.  

4-7: Heterostegina depressa d'Orbigny  

8-11: Cibrobaggina reniformis (Heron-Allen & Earland) (50um) 

12-14: Stictogongylus rugata (Heron-Allen & Earland) (50um) 

15-17: Genus 1 sp. 1 
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PLATE 39 
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7.  Conclusion 

 

The foraminifera assemblage cutting across reefal and lagoonal sites were studied in 

Moorea Island, Polynesia. This is the most extensive investigation of benthic foraminifera from 

shallow-water nearshore and reefal environments around Moorea. A total of 364 species has 

been recorded; a number that more than doubles previously documented inventories of species 

counts. The benthic foraminifera around Moorea have large-scale spatial distribution patterns of 

habitat specific assemblages which can be used to find oil reservoirs in fossil reef settings. 

These habitat preferences are also reflected in abundance patterns of individual species, genera 

and functional groups. Diversity gradients generally increase from bay inlets to the reef barrier, 

but highest species richness is in fringing reefs, an area that represents a mosaic of habitats. The 

abundance of functional groups of foraminifera (symbiont- bearing, heterotrophic, 

opportunistic) together with Foraminiferal Index (FI) calculations identified environments 

suitable and critical to support calcifying symbiosis and carbonate accretion. FI indicate that the 

innermost bays and some outer bay fringing reef habitats are under direct natural and 

anthropogenic influences. While Moorean reefal foraminifera deserve more scientific attention, 

particularly acquisition of more quantitative data, our findings are sufficient for monitoring 

rising influences of natural events and anthropogenic activities. Future changes can be compared 

with our baseline data from 1992 and the development of those changes over time can be 

determined by collecting dead specimens from particular time periods. In addition, as global 

warming, anoxia and acidification of the oceans increase, foraminifera can provide rapid 

indication of these worldwide changes as well as local ones such as pollution, impacts on reefs 

due to industrial development and tourist activities. 

In a similar manner, the shallow coastal sites in Gabonese waters also yielded benthic 

foraminiferal communities with diverse assemblages of modern benthic foraminiferal 

representing a diversified and unique community structure. The presence of abundant symbiont-

bearing taxa, in addition to the species richness recorded, indicate, that the coastal sites 

investigated remained largely unaffected by offshore drilling activities. The shallow-water 

benthic foraminiferal assemblages from equatorial Gabon differ markedly from tropical 

foraminiferal biotas of southern Africa implying a biogeographic barrier that separates biotas in 

close geographic proximity. Moreover, the composition and vertical zonation of modern benthic 

foraminifera was studied at two intertidal mangrove environments in the Akanda National Park, 

Gabon. A total of twenty-one benthic foraminiferal species were recorded and numerical 

analyses indicate two faunal zones that are restricted to elevation. The muddy substrate around 

Avicennia germinans mangroves is characterized with low-diverse agglutinated foraminiferal 
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assemblage, dominated by Ammotium salsum and Ammobaculites pseudospirale. This 

assemblage is composed of agglutinated taxa only and is indicative for High Mean Water Neap 

Tide elevations. A moderately diverse assemblage of agglutinated and calcareous foraminifera 

was recovered from around Rhizomosa racemose stands and represents biotas at Mean Low 

Water Neap Tide elevation. The assemblage is dominated by species of Miliammina, 

Arenoporella mexicana, Ammotium salsum and Astrononion stelligerum. The study is the first 

survey of mangrove foraminifera from Gabon. 

The investigation of foraminifera, thecamoebians and diatoms within the Ologe Lagoon 

settings of southwestern Nigeria revealed that the lagoon is currently undergoing rising 

anthropogenic threats. The composition, species richness and spatial distribution of 

foraminifera, thecamoebian and diatom assemblages indicating the current situation of the 

lagoon were adequately documented. The diversity is low but harbor unique assemblages of 

species that differ from other nearshore coastal environments in this region. Habitat preferences 

are indicated for selected species as documented by numerical abundance records, spatial 

distribution patterns and principal component analysis. The potential of meiofauna studies as 

tool for environmental biomonitoring was highlighted by the resulting patterns of distribution 

which in turn is attributed to proximity and tolerance levels of individual species. 
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Appendix 1: Supporting Information (List S1) for Chapter 2. 
List of foraminiferal species in alphabetical order (*denotes additional species recorded by 

Langer and Lipps, 2006; **denotes additional species recorded by Vénec-Peyré, 1985). Species 

identified to generic level only are summarized under their generic name (spp.).  

 
Abditodentrix rhomboidalis (Millett 1899) 

Acervulina mabahethi (Said 1949) 

Acervulina inhaerens Schultze, 1854** 
Acupeina 

triperforata (Millett 

1899) 
Adelosina laevigata d’Orbigny 1826 

Adelosina sp.  

Agglutinella 
agglutinans 

(d’Orbigny 1839)  

Ammoastuta salsa Cushman & 
Brönnimann, 1948* 

Ammobaculites agglutinans (d’Orbingy, 

1846)** 
Ammobaculites exiguus Cushman & 

Brönnimann, 1948 

Ammomassilina alveoliniformis (Millett, 
1898)** 

Ammonia convexa Collins, 1958* 

Ammonia tepida (Cushman, 1926)* 
Ammonia cf. A. tepida (Cushman, 

1926)* 

Ammoscalaria compressa (Cushman & 
McCulloch, 1939) 

Ammotium sp.* 

Amphisorus hemprichii Ehrenberg, 1839  
Amphistegina gibbosa d’Orbigny, 

1839**  

Amphistegina lessonii d’Orbigny, 1843  
Amphistegina lobifera Larsen, 1976**  

Amphistegina quoyi d’Orbigny, 1826**  
Amphistegina radiata (Fichtel and Moll, 

1798)**  

Amphistegina sp.* 
Anomalina globulosa Chapman and 

Parr, 1884**  

Anomalina? maculosa Todd, 1957**  
Anomalinella rostrata (Brady, 1881) *   

Anomalinoides sp* 

Anomalinulla glabrata (Cushman, 1924)  
Articulina alticostata Cushman, 1944* 

Articulina pacifica Cushman, 1944  

Articulina queenslandica Collins, 1958 
Articulina sagra d'Orbigny, 1839 

Assilina ammonoides (Gronovius, 

1781)  
Baggina phillipinensis (Cushman, 1921) 

Bolivina compacta Sidebottom, 1905**   

Bolivina currai Selier de Civrieux, 
1976**   

Bolivina doniezi Cushman & 

Wickenden, 1929   
Bolivina earlandi Parr, 1950**   

Bolivina lowmani Phleger and Parker, 

1951**   
Bolivina rhomboidalis Millett, 1895**   

Bolivina seminuda Cushman, 1911**   

Bolivina spathulata (Williamson, 
1859)**   

Bolivina spinata Cushman, 1937**   

Bolivina striatula Cushman 1922* 
Bolivina sublitoralis Cellier de Civrieux, 

1976**   

Bolivina cf. B. suezensis Said, 1949 
Bolivina torqueata Cushman & 

McCulloch, 1942**   

Bolivina variabilis (Williamson, 1858)  
Bolivinella elegans Parr 1932   

Bolivinella folia (Parker and Jones, 

1865)**  
Brizalina cf. B. subspathulata 

(Boomgaart, 1949) * 

Brizalina sp. * 
Borelis schlumbergeri (Reichel, 1937) 

Bulimina aculeta d’Orbingy, 1826**  

Bulimina marginata d’Orbingy, 1826**  
Bulimina spp. 

Buliminella elegantissima (d'Orbigny, 

1839)  
Buliminella madagascariensis 

d'Orbigny, 1826**  

Buliminella miletti Cushman, 1939**  
Buliminoides williamsonia (Brady, 

1984)**  

Bronnimannia haliotis (Heron-Allen & 
Earland, 1924) 

Calcarina calcar d’Orbingy, 1826** 

Cancris auriculus (Fichtel & Moll, 
1798) 

Caronia exilis (Cushman & 

Brönnimann, 1948)  
Carpenteria monticularis (Carter, 

1877)** 

Cerebrina lacunata (Burrows & 
Holland, 1895)  

Cibicidella variabilis (d’Orbingy, 

1826)** 
Cibicides advenum (d’Orbingy, 1826)** 

Cibicides mabaheti Said, 1949 
Cibicides mayori (Cushman, 1924) 

Cibicides pseodulobatulus Perelis and 

Reiss, 1975* 
Cibicides pseudoungerianus (Cushman, 

1922)** 

Cibicides cf. C. refulgens de Montfort, 
1808 

Cibicides spp. 

Cibrobaggina reniformis (Heron-Allen 
& Earland, 1915)  

Clavulina difformis Brady, 1884 

Clavulina cf. C. multicamerata 
Chapman, 1907 

Clavulina pacifica Cushman, 1924 

Clavulina sp. 
Clavulina tricarinata d’Orbingy, 

1839**  

Clavulina angularis d’Orbingy, 1826** 
Clavulinoides sp.* 

Conicospirillinoides sp. Cheng & 

Zheng, 1978  
Cornuspira foliacea (Philippi, 1844),  

Cornuspira 

planorbis  Schultze, 
1853. * 

Cornuspira selseyensis Heron-Allen & 

Earland, 1909  
Coscinospira hemprichi Ehrenberg, 

1839  

Cribroelphidium poeyanum (d’Orbingy, 
1839)**  

Cyclammina  subtrullisata, (Parr, 1950)  

Cycloclypeus carpenteri  Brady, 1881**  
Cyclogyra involvens (Reuss, 1849)** 

Cycloforina cf. C. carinata (Albani 

1974) * 
Cycloforina cf. C. granulocostata* 

Cymbaloporella tabellaeformis (Brady, 

1884)**   
Cymbaloporetta bermudezi (Sellier & 

Civrieux, 1976) * 

Cymbaloporetta bradyi (Cushman, 
1924)   

Cymbaloporetta sauammosa 

(d’Orbingy, 1839)**   
Cymbaloporetta spp.  

Chrysalidinella dimorpha ( Brady, 

1881)**  
Discorbinella cf. D. bertheloti 

(d'Orbigny, 1839) 

Discorbinella sp.* 
Discorbis cf. D. mira Cushman, 1922* 

Dyocibicides sp Cushman & Valentine, 

1930 
Eggerelloides sp. 

Elongobula milletti (Cushman, 1933) 

Elongobula spicata (Cushman & Parker, 
1942) 

Elongobula parallela (Cushman & 

Parker, 1931) 
Edentostomina cultrata (Brady 1881) * 

Edentostomina spp. 

Elphidium advenum (Cushman, 1922)  
Elphidium cf. E. articulatum (d'Orbigny, 

1839)* 

Elphidium botaniensis Albani, 1981 
Elphidium clavatum Cushman, 1930 

Elphidium craticulatum (Fichtel & Moll, 
1798)* 

Elphidium cf. E. excavatum Cushman, 

1930 
Elphidium oceanicum Cushman, 1933 

Elphidium lene Cushman & McCulloch, 

1940 
Elphidium cf. E. crispum (Linnaeus, 

1758) 

Elphidium maorium Hayward, 1997 
Elphidium milletti (Heron-Allen & 

Earland, 1915) 

Elphidium simplex Cushman, 1933 
Elphidium williamsoni Haynes, 1973* 

Elphidium cf. E. williamsoni Haynes, 

1973 
Elphidium spp. 

Epistominella tubulifera (Heron-Allen 

and Earland, 1915)** 
Eponides repandus (Fichtel & Moll, 

1798) * 

Eponides sp. 
Euthymonacha polita (Chapman, 1900) 

Falsagglutinella angularis Loeblich & 

Tappan, 1994 
Fischerinella diversa McCulloch, 1977 

Fijiela simplex (Cushman, 1929) 

Fissurina bispinata Ujiié, 1963 
Fissurina lacubrata (Burrows and 

Holland, 1895)** 

Fissurina cf. F. tuberculata Brady** 
Fissurina squammoso-marginata Brady, 

1884** 

Fissurina spp. 
Fursenkoina schreibersiana (Czjzek, 

1848) 

Fursenkoina sp.* 
Gaudryina cf. G. collinsi Cushman, 

1936** 
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Gaudryina triangularis angulata 
Cushman, 1924** 

Gavelinopsis sp Hofker, 1951 

Glabratella erecta (Sidebottom, 
1908)** 

Glabratella globosa (Sidebottom, 

1909)** 
Glabratella makinoi Uchio, 1952** 

Glabratella patelliformis (Brady, 

1884)** 
Globocassidulina crassa (d'Orbigny, 

1839) 

Globocassidulina subglobosa (Brady, 
1881) 

Gypsina vesicularis (Parker & Jones, 

1860) * 
Haddonia sp. Chapman, 1898  

Haynesina depressula (Walker & Jacob, 

1798)  
Hauerina bradyi Cushman, 1918** 

Hauerina compressa d’Orbingy, 1846**  

Hauerina diversa Cushman, 1946 
Hauerina fragilissima (Brady, 1884) 

Hauerina ornatissima (Karrer, 1868) 

Hauerina pacifica Cushman, 1917* 
Heterostegina depressa d'Orbigny, 1826 

Heterostegina cf. H. curva Moebius, 

1880 
Heterostegina sp. * 

Homotrema rubra (Lamarck, 1816) 

Hopkinsina victoriensis Collins, 1974 
Hopkinsinella glabra (Millett, 1903) 

Lagena desmophora Jones, 1872** 

Lagena filicusta Reuss, 1862** 
Lagena spicata Cushman & McCulloch, 

1950 

Lagena spiralis Brady, 1884** 
Lagena striata d‘Orbingy, 1839** 

Lagena strumosa Reuss, 1858  

Lenticulina sp. 

Lituotuba minuta Collins, 1958* 

Lituotuba sp.* 

Lobatula lobatula (Walker & Jacob, 
1798)  

Loxostomina cf. L. africana (Smitter, 

1955) * 
Loxostomina limbata (Brady, 1881)   

Loxostomina mayori (Cushman, 1922) 

Loxostomum convalarium (Millett, 
1900)**   

Massilina crenata (Karrer, 1868)**  

Massilina granulocostata (Germeraad, 
1946) 

Massilina inaequalis Cushman, 1921  
Mesosigmoilina minuta (Zheng, 1979) 

Miliola sublineata (Brady, 1884) 

Miliolinella australis (Parr, 1932) 
Miliolinella heligmateira Loeblich & 

Tappan, 1994  

Miliolinella labiosa (d'Orbigny, 1839) 

Miliolinella cf. M. labiosa (d'Orbigny, 

1839) 

Miliolinella oceanica (Cushman, 1932)  
Miliolinella cf. M. oceanica (Cushman, 

1932) * 

Miliolinella pilasensis McCulloch, 1977 
Miliolinella subrotunda (Montagu, 

1803)  

Miliolinella spp. 
Millettia tesselata (Brady, 1884)** 

Millettiana milletti (Heron-Allen & 

Earland, 1915) * 
Mineacea mineacea (Pallas, 1766)** 

Monalysidium acicularis (Batsch, 1791) 

Monalysidium confusa (McCulloch, 
1977)  

Monalysidium sp. 
Mimosina histrix Millett, 1900 

Mimosina sp. 

Murrayinella murayyi (Heron-Allen & 
Earland, 1915) 

Neoconorbina albida McCulloch, 1977 

Neoconorbina terquemi ( Rhzehak, 
1888)**  

Neoconorbina tuuberocapitula 

(Chapmann, 1889)**  
Neoconorbina spp. 

Nodophthalmidium antillarum 

(Cushman, 1922) 
Nonionoides grateloupi (d'Orbigny, 

1826) 

Nonion sloani (d'Orbigny, 1839)** 
Nonion sp. 1 

Nonion sp. 2 

Nubeculina advena Cushman, 1924 
Oolina striatopunctata (Parker and 

Jones, 1923)** 

Oolina sp. 
Palliolatella fasciata carinata 

(Sidebottom, 1906)  

Parasorites orbitolitoides (Hofker, 
1930) 

Parasorites cf. P. orbitolitoides 

Paratrochammina simplissima 
(Cushman & McCulloch, 1948)* 

Paratrochammina cf. P. simplissima 

(Cushman & McCulloch, 1948) 
Paratrochammina stoeni Brönnimann & 

Zaninetti, 1979 * 

Paratrochammina sp. 
Parrellina milletti (Heron-Allen & 

Earland, 1915) * 

Parrina bradyi (Millett, 1898)** 
Patellina corrugata Williamson, 

1858**  

Pitella haigi Langer, 1992* 
Peneroplis pertusus (Forskål, 1775) 

Pitella transversestrita (Brady 1881)* 

Planogypsina squamiformis 
(Champman, 1901)** 

Planispirillina decorata Brady, 1884** 

Planispirillina papillosa (Cushman, 
1913)** 

Planispirillina spinigera (Chapman, 

1900) 
Planispirillina cf. P. tuberculatolimbata 

(Chapman, 1900) 

Planispirinella exigua (Brady, 1879)** 
Planispirinella involuta Collins, 1958 

Planogypsina acervalis (Brady, 1884)* 
Planorbulinella larvata (Parker and 

Jones, 1865)** 

Planorbulinoides reticanulatus (Parker 
and Jones, 1862)** 

Poroeponoides lateralis (Terquem, 

1878) * 

Proroeponides cribrorepandus Asano 

and Uchio, 1951** 

Porosononion sp.  
Procerolagena oceanica (Albani, 1974) 

Pseudogaudryina sp. 

Pseudohauerinella dissidens 
(McCulloch, 1977)  

Pseudohauerina orientalis (Cushman, 

1946) 
Pseudomassilina cf. P. australis 

(Cushman, 1932) 

Pseudononion granuloumbilicatum 
Zheng, 1979 

Pseudononion sp. 

Pseudoschlumbergerina ovata 
(Sidebottom, 1904) 

Pseudotriloculina subgranulata 
(Cushman, 1918) 

Pseudotriloculina sp. 

Pyrgo canariensis (d'Orbigny, 1839)** 
Pyrgo denticulata (Brady, 1884)** 

Pyrgo elongata (d'Orbigny, 1826)** 

Pyrgo oblonga (d'Orbigny, 1839)* 
Pyrgo striolata (Brady, 1884)* 

Prygo spp. 

Quinqueloculina agglutinans d'Orbigny, 
1839 

Quinqueloculina angulariformis 

McCulloch, 1977 
Quinqueloculina arenata Said, 1949 

Quinqueloculina barnadi Rasheed 

1971* 
Quinqueloculina bicarinata d'Orbigny, 

1826* 

Quinqueloculina bosciana d'Orbigny, 
1839** 

Quinqueloculina bradyana Cushman, 

1917 
Quinqueloculina collumnosa Cushman, 

1922 

Quinqueloculina corrugata (Collins, 
1958)* 

Quinqueloculina crassicarinata Collins, 

1958 
Quinqueloculina cuvieriana d'Orbigny, 

1839 

Quinqueloculina debenayi, Langer 1992 
Quinqueloculina cf. Q. debenayi 

Langer, 1992 

Quinqueloculina deliculata Vella, 1957 
Quinqueloculina disparilis d'Orbigny, 

1826 

Quinqueloculina distorqueata Cushman, 
1954 

Quinqueloculina cf. Q distorqueata 

Cushman, 1954 

Quinqueloculina eburnea (d'Orbigny, 

1839) 

Quinqueloculina exmouthensis Parker, 
2009 

Quinqueloculina exsculpta (Heron-

Allen & Earland, 1915)  
Quinqueloculina ferox (Rhumbler, 

1907)** 

Quinqueloculina funafutiensis 
(Chapman, 1900) 

Quinqueloculina granulocostata 

Germeraad, 1946  
Quinqueloculina cf. Q. granulocostata 

Germeraad, 1946 
Quinqueloculina incisa Vella, 1957  

Quinqueloculina cf. Q. incisa Vella, 

1957* 
Quinqueloculina cf. Q. incisura Todd 

1957 

Quinqueloculina jugosa Cushman, 1944 

Quinqueloculina lamarckina d'Orbigny, 

1839** 

Quinqueloculina latidentella Loeblich & 
Tappan, 1994* 

Quinqueloculina lizardi Baccaert, 1987 

Quinqueloculina neostriatula Thalmann, 
1950 

Quinqueloculina cf. Q. oblonga 

(Montagu, 1803) 
Quinqueloculina parkeri (Brady, 1881)  

Quinqueloculina parvaggluta Vella, 

1957  
Quinqueloculina philippinensis 

Cushman, 1921 

Quinqueloculina poeyana d'Orbigny, 
1839 



Appendix I   299 
 

 

Quinqueloculina polygona d'Orbigny, 
1839 

Quinqueloculina pulchella d'Orbigny, 

1826 
Quinqueloculina quinquecarinata 

Collins, 1958 

Quinqueloculina cf. Q. rugosa 
d'Orbigny, 1839 

Quinqueloculina samoensis Cushman, 

1924** 
Quinqueloculina seminula (Linne 1767) 

Quinqueloculina cf. Q. semireticulosa 

Cushman, 1932 
Quinqueloculina sidebottomi (Rasheed, 

1971) 

Quinqueloculina cf. Q. socorroensis 
McCulloch, 1977 

Quinqueloculina stelligera 

Schlumberger, 1893 
Quinqueloculina subcuneata Cushman, 

1921 

Quinqueloculina subulosa Cushman, 
1942** 

Quinqueloculina subparkeri McCulloch, 

1977 
Quinqueloculina subpolygona Parr, 

1945 

Quinqueloculina sulcata d’Orbingy, 
1826** 

Quinqueloculina tantabiddyensis Parker, 

2009 
Quinqueloculina tricarinata d’Orbingy, 

1839** 

Quinqueloculina tropicalis Cushman, 
1924 

Quinqueloculina vandiemeniensis 

Loeblich & Tappan, 1994 
Quinqueloculina viennensis Le Calvez, 

1958** 

Quinqueloculina zhengi Parker, 2009 

Quinqueloculina spp. 

Rectoglandulina sp.* 

Reophax cf. R. bacillaris Brady, 1881* 
Reophax communis Lacroix, 1930 

Reophax irregularis Parker, 1954 

Reophax scorpiurus Montfort, 1808** 
Reophax sp. 

Reusella pacifica Cushman and 

McCulloch, 1948 
Reusella simplex Cushman, 1929** 

Reusella spinulosa (Reuss, 1850)**  

Rhabdammina sp. 
Rosalina advena (Cushman, 1931)** 

Rosalina bradyi (Cushman, 1915)* 
Rosalina concinna (Brady, 1884)** 

Rosalina globularis d'Orbigny, 1826 

Rosalina orbicularis Terquem, 1876** 
Rosalina sp.  

Rotorbis cf. R. auberii (d'Orbigny, 

1839) 

Rotorbis sp. 

Rotorboides granulosus (Heron-Allen & 

Earland, 1915) 
Sagrinella convallaria (Millett, 1900) 

Sagrinopsis fimbriata(Millett, 1900) 

Sahulia sp. 
Saidovina cf. S. carinata (Millett, 1900)  

Schlumbergerina alveoliniformis 

(Brady, 1879) 
Septotextularia rugosa Cheng & Zheng, 

1978 

Sigmavirgulina tortuosa (Brady, 1881) 
Sigmohauerina bradyi (Cushman, 1917) 

Sigmoihauerina involuta (Cushman, 

1946) 
Sigmoilinella cf. S tortuosa Zheng, 1979 

Sigmoilinita costata (Schlumberger, 
1893) 

Sigmoilopsis elliptica (Galloway & 

Wissler, 1927)  
Siphonaperta distorqueata (Cushman, 

1954)  

Siphonaperta pittensis (Albani, 1974)  
Siphonaperta cf. S. pittensis (Albani, 

1974) * 

Siphonaperta wiesneri (Parr, 1950) * 
Siphonaperta subagglutinata (Asano, 

1936) 

Siphogenerina raphana (Parker & 
Jones, 1865)  

Siphogenerina striata (Schwager, 1866) 

Siphogenerina virgula (Brady, 1879) * 
Siphogenerina sp. 

Siphonina tubulosa Cushman, 1924 

Siphonaperta pittensis (Albani, 1974)  
Siphoninoides echinatus (Brady, 

1879)**  

Siphotextularia crispata (Brady, 1884) 
Sorites marginalis Lamarck, 1816)** 

Sorites orbiculus (Forskål, 1775) 

Sphaerogypsina globula (Reuss, 1848) 
Spirillina grosseperforata Zheng, 1979 

Spirillina cf. S. sigillata McCulloch, 

1977* 
Spirillina spp. 

Spirolina arietina (Batsch, 1791) * 

Spirolina pedum d'Orbigny, 1826** 
Spiroloculina acescata Cushman, 1932 

Spiroloculina angulata Cushman, 1917 

Spiroloculina antillarum d'Orbigny, 
1839* 

Spiroloculina caduca Cushman, 1922 

Spiroloculina communis Cushman & 
Todd, 1944 

Spiroloculina cf. S. communis* 

Spiroloculina convexa Said, 1949 

Spiroloculina corrugata Cushman & 

Todd, 1944 

Spiroloculina exima Cushman, 1922** 
Spiroloculina mayori Cushman, 1924 

Spiroloculina caduca Cushman, 1922 

Spiroloculina ornata d’Orbingy, 1839** 
Spiroloculina samoaensis Cushman, 

1924 

Spiroloculina scrobiculata Cushman, 
1921 

Spiroloculina spp. 

Spirophtalmidium cf. S. eleganitissimum 
(Said, 1949)* 

Spirophthalmidium prolixum Loeblich 
& Tappan, 1994 

Spirophthalmidium scabrum Loeblich & 

Tappan, 1994 
Spirophthalmidium sp. 

Spirosigmoilina bradyi Collins, 1958 

Spirosigmoilina parri Collins, 1958 

Stictogongylus rugata (Heron-Allen & 

Earland, 1928) 

Strebloides sp. 
Svratkina australensis (Chapman, Parr 

and Collins, 1934)** 

Textularia agglutinans d'Orbigny, 1839 
Textularia candeiana d'Orbigny 1839 

Textularia cushmani Said, 1949 

Textularia earlandi Parker, 1952** 
Textularia foliacea foliacea Heron-

Allen and Earland, 1915 

Textularia foliacea oceanica Heron-
Allen & Earland, 1915 

Textularia lateralis Lalicker, 1935** 

Textularia pseudorugosa Lacroix, 
1932** 

Textularia stricta Cushman, 1911** 

Textularia spp. 
Tretomphalus bulloides (d'Orbigny, 

1839) 

Tretomphalus concinnus (Brady, 1884) 
Trichohyalus aguayoi (Bermúdez, 

1935)* 

Triloculina asymetrica Said, 1949* 
Triloculina barnadi Rasheed 1971 

Triloculina bicarinata d'Orbigny, 1839 

Triloculina earlandi Cushman, 1954 
Triloculina elongotricarinata Debenay, 

2013 

Triloculina fichteliana d'Orbigny, 1839 
Triloculina cf. T. fichteliana d'Orbigny, 

1839 

Triloculina inflata d'Orbigny, 1846** 
Triloculina laevigata d'Orbigny, 1826** 

Triloculina linneana d'Orbigny, 1839** 

Triloculina marioni Schlumberger, 
1893**  

Triloculina oblonga (Montagu, 1803)  

Triloculina cf. T. oblonga (Montagu, 
1803)  

Triloculina planciana d'Orbigny, 

1839** 
Triloculina rotunda Schlumberger, 

1893  

Triloculina schreiberiana d'Orbigny, 
1839** 

Triloculina subgranulata Cushman, 

1918* 
Triloculina serrulata McCulloch, 1977 

Triloculina cf. T. striatotrigonula Parr, 

1941 
Triloculina tricarinata d´Orbigny, 

1826* 

Triloculina cf. T. tricarinata d'Orbigny, 
1826* 

Triloculina trigonula (Lamarck, 1804)*  

Triloculina triquetrella Loeblich & 

Tappan, 1994  

Triloculina webbiana d'Orbigny, 

1839** 
Triloculina spp. 

Triloculinella parisa Loeblich & 

Tappan, 1994 
Triloculinella pseudooblonga (Zheng, 

1980) 

Trifarina bradyi Cushman, 1923  
Trimosina orientalis Cushman, 1933  

Trochammina inflata (Montagu, 1808)* 

Ungulatella pacifica Cushman, 1931**  
Uvigerina porrecta Brady, 1879** 

Vagulina pauciloculata (Brady, 1884)** 
Valvulineria candeiana (d’Orbingy, 

1839)** 

Vertebralina striata d'Orbigny, 1826*  
Wiesnerella auriculata (Egger, 1893)* 
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Appendix II: Moorea Species List for Chapter 6 (In Alphabetical order) M1-M51 

 
  M1 M3 M4 M7 M8 M9b M10 M11 M13 M15 M16 M31 M32 M35 M40 M41 M43 M45 M47 M48 M49 M50 M51 

Abditodentrix rhomboidalis 0 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0 7 0 1 2 0 
Acervulina mabahethi 0 0 0 0 1 0 1 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acupeina triperforata 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adelosina laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 
Adelosina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 1 0 0 
Agglutinella sp. 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 7 15 0 2 0 0 0 0 0 
Affinetrina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Allasoida virgula 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 4 0 0 5 6 3 0 0 
Ammobaculites exiguus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ammobaculites sp. 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ammobaculites sp. 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Ammomarginulina ensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Ammonia convexa 2 5 5 0 7 0 2 9 2 8 9 4 3 1 4 0 0 2 0 0 0 5 0 
Ammonia tepida 3 0 0 67 81 0 0 0 57 90 0 0 3 0 121 27 5 8 28 1 2 4 5 
Amphistegina lessonii 47 32 23 3 0 137 0 2 2 0 55 2 2 3 0 0 0 3 0 1 3 0 0 
A. cf. A. papillosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinella rostrata 5 3 4 2 0 5 0 0 0 0 10 3 3 5 0 0 0 0 0 1 0 1 0 
Anomalinoides sp. 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinoides sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinulla glabrata 0 0 0 0 0 0 0 1 1 0 0 0 3 1 0 0 0 0 0 2 0 0 0 
Anomalinulla sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Articulina pacifica 0 0 0 0 0 0 1 0 0 0 0 2 1 0 1 0 0 1 0 0 0 0 0 
Articulina queenslandica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 
Articulina sagra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Baggina phillipinensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 3 2 2 2 0 
Bolivinella elegans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolivina striatula 1 1 0 13 1 0 4 3 28 39 0 7 0 3 85 55 21 7 102 3 4 69 39 
Bolivina cf. B. striatula 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolivina variabilis 0 3 0 0 1 0 8 8 4 3 4 3 0 3 24 22 27 3 31 9 5 10 11 
Borelis schlumbergeri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bulimina sp. 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Buliminella elegantissima 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bronnimannia haliotis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Buchnerina aff. B. lacunata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Buchnerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Buchnerina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cancris auriculus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 4 0 4 1 3 4 0 
Caronia exilis 1 0 0 0 0 0 0 0 0 7 0 0 1 0 0 0 0 2 1 0 0 0 0 
Cassidelina? sp. 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cibicides mabahethi 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Cibicides phillipensis 1 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 
Cibicides pseodulobatulus 0 4 0 0 0 0 4 0 0 1 2 0 0 2 0 0 1 3 0 7 3 0 0 
Cibrobaggina reniformis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
Clavulina pacifica 1 0 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 2 6 0 0 2 0 
Conicospirrilinoides sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Conicospirrilinoides sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cornuspira planorbis 0 1 0 0 0 0 5 0 0 8 0 2 1 1 0 0 5 2 3 6 5 0 4 
Cornuspira sp. 1 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Coscinospira hemprichi 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
Cymbaloporella 
tabellaeformis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cymbaloporetta sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cymbaloporetta sp. 2 0 0 0 2 0 0 1 1 0 2 21 0 0 3 0 3 0 0 3 0 2 0 0 
Cymbaloporetta sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Discorbinella bertheloti 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Discorinopsis aguayoi 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Eggerelloides scabrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 
Elongobula milletti 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 
Elongobula parallela 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 2 0 0 
Endostomina cultrata 0 0 0 0 0 0 6 6 6 5 0 0 0 0 0 0 0 5 4 5 8 4 1 
Endostomina sp. 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium botaniensis 0 0 0 0 2 0 12 9 18 0 0 16 0 0 98 0 0 0 0 0 0 0 0 
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  M1 M3 M4 M7 M8 M9b M10 M11 M13 M15 M16 M31 M32 M35 M40 M41 M43 M45 M47 M48 M49 M50 M51 

Elphidium clavatum 0 0 0 19 1 0 0 0 0 0 0 5 0 0 21 0 0 0 0 0 0 0 0 
Elphidium lene 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium maorium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium milletti 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Elphidium oceanicum 0 1 0 0 0 0 0 0 0 7 0 0 0 0 1 0 0 0 0 0 0 3 0 
E.  cf. E. pseudonodosum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium williamsoni 0 0 0 0 2 0 1 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
E. cf. E. williamsoni 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Elphidium cf. E Sagrum 1 2 0 29 11 0 38 19 21 35 11 5 0 4 4 44 124 32 8 3 6 7 0 
Elphidium simplex 0 0 0 0 0 0 0 0 0 11 0 1 0 0 2 0 0 0 0 0 0 0 0 
Elphidium toddi 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium tongaensis 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eponides repandus 3 1 0 0 0 9 0 3 0 0 3 3 9 4 0 0 0 1 0 0 5 0 0 
Euglandulina striatula 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Euglandulina sp. 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euthymonacha polita 0 0 0 0 0 0 0 2 0 1 0 0 1 1 0 0 0 3 0 1 0 0 0 
Falsagglutinella angularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Fijiela simplex 2 5 1 0 0 0 0 0 0 0 4 1 0 0 0 0 0 1 1 0 0 2 0 
Fissurina lucida 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fursenkoina schreibersiana 0 0 0 0 0 0 4 1 5 5 4 0 0 0 5 6 0 0 2 4 1 1 0 
Genus 1 sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Globocassidulina crassa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Globocassidulina subglobosa 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 3 3 0 1 4 0 
Glomulina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haddonia sp. 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Hanzawaia grossepunctata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Haplophragmoides sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haynesina depressula 0 0 0 0 0 0 6 0 0 0 0 7 11 2 0 0 0 0 0 0 0 4 0 
Hauerina fragilissima 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
H. aff. H. fragilissima 2 0 1 0 0 0 5 6 8 1 0 6 6 5 0 0 0 4 0 1 3 0 0 
Hauerina pacifica 14 7 0 19 3 0 48 68 5 6 3 49 112 5 0 0 0 13 0 32 46 3 0 
Helenina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterostegina curva 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterostegina depressa 7 0 2 0 0 0 1 7 0 0 3 7 5 3 0 0 0 4 0 9 6 0 0 
Homotrema rubia 302 211 228 0 0 78 0 0 0 0 62 3 0 112 0 0 0 0 0 0 0 0 295 
Hopkinsinella glabra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 
Inaequalina sp. 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Krebsina subtenuis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagena spicata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagena strumosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lenticulina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lobatula lobatula 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lobatula mayori 1 1 0 0 0 0 0 0 0 1 2 0 0 2 0 0 0 0 0 1 3 0 0 
Loxostomina limbata 1 1 0 2 0 0 10 0 0 0 0 2 2 2 8 0 0 6 2 4 1 3 2 
Loxostomina mayori 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 3 4 2 0 0 
Mesosigmoilina minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Miliola sublineata 0 0 0 0 0 0 0 2 0 0 0 2 0 4 0 0 0 3 0 0 0 1 0 
Miliolinella australis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella cf. M. circularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella labiosa 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella oceanica 2 7 1 0 0 0 4 9 0 2 5 43 20 11 0 0 0 11 1 1 2 2 0 
Miliolinella pilasensis 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 
Miliolinella subrotunda 0 0 0 0 0 0 1 5 5 3 8 7 8 3 0 0 0 0 1 1 2 4 0 
M. cf. M. subrotunda 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Millettiana milletti 7 2 0 1 1 4 0 1 0 0 9 2 15 7 0 0 0 2 0 0 2 0 0 
Monalysidium acicularis 1 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 
Monspeliensina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Mimorsina affinis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Mimorsina spinolosa 1 0 0 0 0 0 0 0 6 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Murrayinella murayyi 0 0 0 0 0 0 2 5 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 
Neoconorbina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Neoconorbina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nodophthalmidium antillarum 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 5 0 0 2 0 2 
Nonion subturgidum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nonion sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nonion sp. 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Nonionoides grateloupi 0 0 0 0 0 0 6 2 35 28 0 2 8 0 4 6 3 1 0 1 1 0 0 
Nubeculina advena 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 
Oolina aff. O. stellula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Operculina ammonoides 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 0 0 0 0 0 
Palliolatella fasciata carinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parasorites orbitolitoides 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 
P. cf. P. orbitolitoides 0 0 0 0 0 0 0 1 0 1 6 3 0 1 0 0 1 6 0 0 0 1 0 
Paratrochammina cf. P. 
simplissima 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Paratrochammina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 14 7 0 0 
Peneroplis arietina 21 5 0 18 4 0 11 7 0 3 7 24 25 17 0 0 0 7 0 5 7 0 0 
Planispirillina cf. P. 
tuberculalimbata 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2 0 1 0 
Planispirillina sp. 1 3 5 0 2 0 1 0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 1 0 
Planispirillina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Planispirinella exigua 0 0 0 0 0 0 1 3 1 15 0 0 0 1 0 0 0 13 0 3 9 0 0 
Planispirinella sp. 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 4 0 0 0 0 0 
Planorbulina sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Planorbulina sp. 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Planogypsina acervalis 0 4 6 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 1 0 0 
Poroeponides lateralis 1 1 2 0 0 3 0 0 0 0 6 0 0 1 0 0 0 0 0 0 0 0 0 
Porosononion sp. 1 0 0 0 0 0 0 0 0 0 48 0 0 0 0 0 0 0 0 0 0 3 0 0 
Procerolagena oceanica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Pseudogaudryina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudohauerinella dissidens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudohauerina orientalis 4 2 0 0 0 0 0 0 0 0 0 1 0 5 0 0 0 0 0 0 7 0 0 
Pseudohauerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudolachlanella 
angusteoralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudolachlanella eburnea 3 4 0 4 0 0 11 3 0 8 9 1 17 1 0 6 7 8 15 15 16 11 3 
Pseudolachlanella slitella 0 1 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 
Pseudolachlanella sp. 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomassilina cf. P. australis 0 0 0 0 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudononion 
granulounbilicatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudoschlumbergerina ovata 0 4 0 0 0 0 11 14 0 0 0 7 17 0 0 0 0 0 0 3 0 0 0 
Pseudotriloculina cf. P. limbata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
P. cf. P. oblonga 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
P. subgranulata 0 2 0 0 0 0 0 2 0 0 10 0 0 4 0 0 0 3 1 0 0 14 0 
P. cf. P. sommeri 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudotriloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudotriloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudotriloculina sp. 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 6 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 7 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyrgo denticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Pyrgo phlegeri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyrgo sarsi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyrgo striolata 3 0 0 1 0 0 0 2 0 0 0 1 3 3 0 0 0 0 0 0 1 0 0 

Pyrgo cf. P. striolata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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Prygo sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina agglutinans 0 0 0 7 1 0 2 4 0 11 0 0 0 1 0 0 0 0 2 1 8 6 2 

Q. cf. Q. angulariniformis 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina arenata 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 

Quinqueloculina barnadi 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. cf. Q. bassensis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Q. aff. Q. carinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Q. carinatastriata 0 0 0 0 0 0 5 0 0 3 2 1 0 0 18 0 0 0 6 4 2 9 0 

Q. collumnosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 

Q. corrugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q.  cf. Q. crassicarinata sp. 1 2 0 0 0 0 0 1 0 0 0 0 0 2 2 0 0 0 0 0 1 2 2 0 

Q. cf. Q. crassicarinata sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Quinqueloculina curta 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Quinqueloculina cuvieriana 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 2 0 0 

Q. cf. Q. cuvieriana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 3 1 2 8 

Q. cf. Q. delicatula 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Q. cf. Q. differens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Q. distorqueata 1 1 0 0 0 0 2 0 0 0 0 1 3 5 7 0 1 0 0 9 17 0 0 

Q.  cf. Q distorqueata sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 

Q.  cf. Q distorqueata sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina eamisii 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 

Q. exmouthensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina exsculpta 2 0 0 0 0 0 10 0 0 14 11 1 3 0 14 9 13 9 0 0 6 20 1 

Q. funafutiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Q. granulocostata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina ineaqualis 0 1 0 1 0 0 4 1 0 0 0 7 2 1 0 0 0 2 0 0 0 0 0 

Q. cf. Q. laevigata 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. lamarckiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina lizardi 0 0 0 0 0 0 22 26 33 35 14 4 5 0 31 59 34 12 13 14 34 22 0 

Q. neostriatula 4 4 0 2 0 0 0 1 0 1 3 0 0 0 0 0 0 0 1 0 0 1 0 

Q.  cf. Q. neostriatula 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. ningaloensis 0 0 0 0 0 0 6 5 3 6 0 0 0 0 0 0 2 0 7 4 10 5 0 
Q. aff. Q. montyi 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina parkeri 3 0 1 1 0 0 2 13 0 0 4 2 7 5 0 0 0 0 0 0 3 0 0 
Q.  aff. Q. parvaggluta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Q. cf. Q. patagonica 0 1 0 0 0 0 0 0 0 0 2 9 1 0 10 0 0 1 0 0 0 1 0 
Q. philippinensis 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 1 0 0 0 0 0 0 0 
Quinqueloculina poeyana 2 8 0 0 12 0 0 0 3 0 15 0 0 0 0 0 0 2 0 0 0 0 0 
Quinqueloculina polygona 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 1 0 0 0 
Q. aff. Q. polygona 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Q. cf. Q. polygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Q. cf. Q. pusilla 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Q. quinquecarinata 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 6 1 0 1 0 
Q. aff. Q. quinquecarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. cf. Q. rugosa 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina seminula 0 0 0 312 185 0 19 8 13 45 0 1 15 0 0 0 0 10 0 1 0 13 0 
Q.  aff. Q. semiplicata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. sidebottomi 1 0 0 1 0 0 0 0 7 17 3 1 0 0 4 2 1 0 3 4 2 4 0 
Q. cf. Q. sidebottomi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q.  cf. Q. socorroensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. subcuneata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. subpolygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q.  cf. Q. subpolygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Q.  cf. Q. tantabiddyensis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Q. transverstrita 0 3 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 5 0 0 0 3 0 
Q. vandimeniensis 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 
Quinqueloculina zhengi 1 1 0 0 0 0 2 1 0 0 5 3 4 2 0 0 0 0 1 3 1 3 0 
Q. cf. Q. zhengi 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Quinqueloculina sp. 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Quinqueloculina sp. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 6 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 8 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Quinqueloculina sp. 10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 11 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 18 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Quinqueloculina sp. 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Reophax communis 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
Reophax sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Rectobolivina? sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Reusella pacifica 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Rhaptohelenina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rosalina bradyi 3 7 0 2 1 0 5 11 3 0 6 11 0 4 0 1 0 2 0 0 2 0 0 
Rosalina floridana 1 2 0 0 1 0 0 4 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 
Rosalina globularis 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Rosalina sp. 1 1 0 0 0 0 0 3 0 1 1 0 0 13 0 0 0 0 0 22 2 0 1 0 
Rosalina sp. 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rotorbis auberii 0 0 0 0 0 0 13 32 3 0 23 4 12 1 0 0 0 0 0 1 0 0 0 
Rotorboides granulosus 0 3 0 0 0 0 0 1 0 0 3 1 1 2 0 0 0 0 0 0 0 0 0 
Saidovina carinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saidovina karrerianum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saidovina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sagrinella convallaria 0 0 0 0 0 0 0 0 4 3 0 2 0 1 4 3 8 1 4 1 0 0 0 
Sagrinopsis fimbriata 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sahulia cf. S. barkeri 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sahulia sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sahulia sp. 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schlumbergerina 
alveoliniformis 7 4 0 0 0 0 0 0 0 1 16 2 5 4 0 0 0 5 0 2 12 0 0 
Septotextularia rugosa 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Sigmavirgulina turtosa 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 3 2 0 4 3 4 0 1 
Sigmella sp 0 0 0 2 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmoihauerina involuta 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Sigmoilinella tortuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmoilinella sp. 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmoilinita costata 0 0 0 0 0 0 1 7 0 0 0 0 0 0 0 0 0 0 6 13 10 10 0 
Sigmoilopsis elliptica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Siphonaperta hallocki 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Siphonaperta cf. S. hallocki 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Siphonaperta pittensis 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Siphonaperta cf. S. pittensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Siphonaperta sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Siphogenerina raphana 0 1 0 0 0 0 3 3 0 3 0 1 2 2 4 8 5 0 8 2 1 1 0 

Siphogenerina striata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 

Siphogenerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Siphonina tubulosa 0 0 0 0 0 0 1 0 0 0 0 0 3 3 0 0 0 0 0 1 0 0 0 

Trochammina  inflata 0 2 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 2 0 1 1 1 0 
Valvulineria aff. V. minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vertebralina striata 0 0 0 4 0 0 4 6 2 2 0 12 1 6 0 0 0 6 0 0 1 1 1 
Wiesrenella auriculata 0 1 0 0 0 0 1 0 2 0 3 7 9 0 0 0 0 2 0 3 0 0 0 
Siphotrochammina lobata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Sorites orbiculus 13 5 5 1 0 7 2 2 2 0 7 7 11 10 0 0 0 7 0 2 8 0 0 

Sphaerogypsina globula 0 2 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 

Spirillina grosseperforata 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spirillina sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 2 0 0 0 

Spirillina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Spiroloculina cf. S. caduca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina angulata 0 0 0 1 0 0 0 0 0 0 1 12 2 6 0 0 0 0 0 3 0 0 0 

Spiroloculina antillarum 0 0 0 0 0 0 1 3 0 0 0 0 1 2 0 0 0 4 0 0 0 0 0 

Spiroloculina communis 1 1 1 1 1 0 0 2 0 1 0 3 0 1 0 5 0 2 5 7 4 5 0 

S. cf. S. communis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina cf. S. convexa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina corrugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina mayori 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Spiroloculina samoaensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina scrobiculata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 4 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 

Spiroloculina sp. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

Sprirophthalmidium aff. S. 
prolixum 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Spirophthalmidium scabrum 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 

Spitopplectinella sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spirosigmoilina bradyi 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 

Spirosigmoilina parri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

Stictogongylus rugata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia agglutinans 2 0 0 0 0 0 0 0 0 0 0 0 0 0 18 6 0 0 0 0 0 0 0 

Textularia candeiana 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 22 17 0 0 22 0 

Textularia foliacea 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 27 0 1 3 2 0 

Textularia oceanica 1 0 0 0 0 0 0 4 2 2 0 2 5 0 0 0 0 18 0 2 8 0 0 

Textularia sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 14 13 0 0 

Textularia sp. 4. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 5 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Tretomphalus bulloides 0 0 0 0 0 1 0 0 0 0 0 2 1 1 0 0 0 0 1 1 0 3 0 

Triloculina cf. T. assymetrica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina barnadi 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina cf. T. barnadi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina bicarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina earlandi 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
T. elongotricarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 
Triloculina fichteliana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T.  cf. T. fichteliana sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T.  cf. T. fichteliana sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina kawea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T. cf. T. lalibertadensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina littoralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 
Triloculina rotunda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina serrulata 0 0 0 2 0 0 0 0 2 1 0 0 3 0 0 0 0 0 0 0 0 0 0 
T. cf. T. striatotrigonula 0 0 0 0 0 0 0 0 4 0 0 0 6 0 0 0 0 3 0 1 1 0 0 
T. cf. T. tricarinata 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina trigonula 2 0 0 0 0 0 0 0 5 2 1 1 7 8 0 3 0 8 1 5 3 5 0 
Triloculina cf. T. trigonula 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Triloculina triquetrella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina cf. T. triquetrella 0 0 0 0 0 0 0 0 0 3 0 7 19 0 0 0 0 0 0 3 13 0 0 
Triloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trifarina bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 
  499 380 282 526 320 245 325 358 331 522 402 357 443 314 503 305 273 349 362 291 366 321 380 
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Abditodentrix rhomboidalis 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
Acervulina mabahethi 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acupeina triperforata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adelosina laevigata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Adelosina sp. 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Agglutinella sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 6 0 0 0 0 0 0 
Affinetrina sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Allasoida virgula 0 0 1 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 
Ammobaculites exiguus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Ammobaculites sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ammobaculites sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Ammomarginulina ensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ammonia convexa 0 0 0 0 1 0 2 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 
Ammonia tepida 3 0 2 2 0 0 0 0 5 0 0 178 9 12 2 6 2 1 1 0 0 0 
Amphistegina lessonii 5 8 21 0 1 43 247 134 0 173 132 0 3 0 0 22 51 6 60 127 251 101 
A. cf. A. papillosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 9 3 2 2 
Anomalinella rostrata 1 2 5 0 1 4 2 13 0 8 1 0 0 0 0 0 1 2 13 13 22 27 
Anomalinoides sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinoides sp. 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinulla glabrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anomalinulla sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Articulina pacifica 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Articulina queenslandica 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Articulina sagra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Baggina phillipinensis 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 
Bolivinella elegans 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolivina striatula 0 0 1 15 0 1 0 1 0 0 0 9 9 73 56 16 1 3 3 0 0 0 
Bolivina cf. B. striatula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolivina variabilis 0 0 1 7 1 0 0 1 0 0 0 0 1 6 14 4 0 15 2 0 0 0 
Borelis schlumbergeri 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 3 0 0 0 
Bulimina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Buliminella elegantissima 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bronnimannia haliotis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Buchnerina aff. B. lacunata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Buchnerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Buchnerina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Cancris auriculus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 
Caronia exilis 0 0 0 1 0 0 0 0 1 0 0 39 0 0 0 1 2 0 0 0 0 1 
Cassidelina? sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cibicides mabahethi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cibicides phillipensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 
C. pseodulobatulus 0 0 2 0 0 0 1 2 0 0 0 0 2 0 0 0 0 3 0 4 1 2 
Cibrobaggina reniformis 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0 0 1 0 0 1 0 0 
Clavulina pacifica 3 1 0 0 1 0 1 0 0 0 1 0 0 1 0 0 2 7 3 2 8 8 
Conicospirrilinoides sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Conicospirrilinoides sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Cornuspira planorbis 0 0 0 5 1 3 0 2 0 0 1 0 0 0 0 3 0 5 0 0 0 0 
Cornuspira sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coscinospira hemprichi 0 0 1 0 0 0 0 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 
Cymbaloporella tabellaeformis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Cymbaloporetta sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Cymbaloporetta sp. 2 0 1 1 0 0 0 0 2 4 0 2 0 2 1 0 0 0 1 0 0 0 0 
Cymbaloporetta sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Discorbinella bertheloti 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Discorinopsis aguayoi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eggerelloides scabrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elongobula milletti 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Elongobula parallela 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Endostomina cultrata 2 0 0 3 0 0 0 0 2 0 0 6 13 0 3 4 1 1 0 0 0 0 
Endostomina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium botaniensis 0 0 0 8 0 0 0 0 0 0 0 18 25 3 17 0 0 0 0 0 0 0 
Elphidium clavatum 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Elphidium lene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 

 

 

 

 



Appendix II  307 

 

 

 

Appendix II: Moorea Species List (M52-M96) 

 
  M52 M53 M54 M56 M57 M58 M61 M62 M69 M71 M72 M75 M77 M78 M79 M83 M86 M87 M88 M93 M95 M96 

Elphidium maorium 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium milletti 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Elphidium oceanicum 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
E. cf. E. pseudonodosum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Elphidium williamsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. cf. E. williamsoni 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium cf. E Sagrum 8 0 0 3 0 0 0 1 5 0 0 6 2 11 10 0 0 5 13 0 0 0 
Elphidium simplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium toddi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elphidium tongaensis 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eponides repandus 0 3 4 0 6 9 1 13 0 5 7 0 2 0 0 0 2 0 9 32 29 53 
Euglandulina striatula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Euglandulina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euthymonacha polita 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 2 0 0 0 
Falsagglutinella angularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fijiela simplex 0 2 2 0 1 0 0 0 0 0 6 0 0 0 0 2 0 5 3 2 0 0 
Fissurina lucida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fursenkoina schreibersiana 0 0 0 3 0 0 0 0 0 0 0 1 0 21 14 5 0 0 1 0 0 0 
Genus 1 sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Globocassidulina crassa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 
G. subglobosa 0 0 0 0 0 0 0 1 0 0 0 2 1 1 1 0 0 4 1 0 1 0 
Glomulina sp. 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haddonia sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hanzawaia grossepunctata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haplophragmoides sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Haynesina depressula 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hauerina fragilissima 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 2 2 0 0 
Hauerina aff. H. fragilissima 0 1 0 0 0 0 0 0 3 0 7 0 0 0 0 2 0 0 1 0 1 1 
Hauerina pacifica 42 6 15 2 51 1 0 6 22 0 6 0 7 0 0 14 30 9 60 3 0 3 
Helenina sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Heterostegina curva 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterostegina depressa 10 2 4 0 1 0 3 1 4 11 0 0 3 0 0 5 9 1 45 17 14 16 
Homotrema rubia 0 90 115 0 3 76 84 51 18 105 72 0 0 0 0 0 17 9 1 130 76 64 
Hopkinsinella glabra 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Inaequalina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Krebsina subtenuis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Lagena spicata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Lagena strumosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Lenticulina sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lobatula lobatula 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lobatula mayori 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 2 1 
Loxostomina limbata 3 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 2 0 0 1 
Loxostomina mayori 1 0 0 0 0 0 0 0 0 0 0 0 0 4 5 3 0 5 2 0 0 0 
Mesosigmoilina minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliola sublineata 0 1 0 3 2 0 0 0 0 0 3 0 0 0 0 0 1 2 2 0 0 0 
Miliolinella australis 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Miliolinella cf. M. circularis 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella labiosa 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella oceanica 5 17 14 3 6 8 0 2 22 1 1 0 2 0 0 0 4 13 4 5 8 3 
Miliolinella pilasensis 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella subrotunda 0 10 4 16 6 3 0 5 3 0 6 2 27 0 0 2 0 1 0 1 0 2 
Miliolinella cf. M. subrotunda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miliolinella sp. 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Millettiana milletti 1 13 17 0 5 46 8 17 4 0 42 0 0 0 0 0 11 5 0 2 0 1 
Monalysidium acicularis 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monspeliensina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Mimorsina affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mimorsina spinolosa 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Murrayinella murayyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Neoconorbina sp. 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neoconorbina sp. 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nodophthalmidium antillarum 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 5 1 2 0 0 0 
Nonion subturgidum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nonion sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nonion sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nonionoides grateloupi 0 0 0 11 0 0 0 0 1 0 0 6 8 8 9 7 1 1 0 0 0 0 
Nubeculina advena 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 7 0 5 4 
Oolina aff. O. stellula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Operculina ammonoides 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 14 0 15 0 0 0 
Palliolatella fasciata carinata 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parasorites orbitolitoides 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 5 0 2 0 
P. cf. P. orbitolitoides 1 4 1 4 3 3 0 4 5 2 0 0 2 0 0 1 9 5 4 3 0 0 
Paratrochammina cf. P. 
simplissima 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Paratrochammina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Peneroplis arietina 3 10 7 5 7 4 4 6 5 0 12 0 2 0 0 2 9 6 13 3 4 5 
Planispirillina cf. P. 
tuberculalimbata 

0 3 1 0 0 3 0 1 0 0 0 0 0 0 0 0 1 0 0 2 3 0 

Planispirillina sp. 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 

Planispirillina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Planispirinella exigua 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 0 1 0 0 0 

Planispirinella sp. 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Planorbulina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Planorbulina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Planogypsina acervalis 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Poroeponides lateralis 0 0 0 0 0 1 0 0 1 0 3 0 0 0 0 0 0 15 11 7 10 6 

Porosononion sp. 1 0 0 0 1 0 0 0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 0 

Procerolagena oceanica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudogaudryina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Pseudohauerinella dissidens 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 

Pseudohauerina orientalis 0 2 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 4 1 1 1 

Pseudohauerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Pseudolachlanella 
angusteoralis 

0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudolachlanella eburnea 1 5 0 15 0 7 0 6 3 0 5 0 17 2 1 17 4 14 5 4 0 1 

Pseudolachlanella slitella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudolachlanella sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudomassilina cf. P. australis 0 0 0 0 0 0 0 0 0 0 0 4 5 0 0 0 0 0 0 0 0 0 

Pseudononion 
granulounbilicatum 

0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Pseudoschlumbergerina ovata 0 0 0 0 2 0 0 0 0 0 2 0 0 0 1 0 1 7 4 1 2 0 

Pseudotriloculina cf. P. limbata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina cf. P. oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina subgranulata 2 8 21 1 35 14 0 12 9 1 3 0 0 2 0 0 2 8 2 1 0 1 

P. cf. P. sommeri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Pseudotriloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Pseudotriloculina sp. 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 4 0 

Pseudotriloculina sp. 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Pseudotriloculina sp. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudotriloculina sp. 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyrgo denticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0 3 1 1 

Pyrgo phlegeri 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyrgo sarsi 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Pyrgo striolata 1 2 0 0 4 5 2 3 0 0 0 0 0 0 0 5 3 1 3 4 1 3 

Pyrgo cf. P. striolata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prygo sp. 1 0 0 2 0 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 0 1 3 

Quinqueloculina agglutinans 4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 3 0 0 0 0 
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Q.  cf. Q. angulariniformis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina arenata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 

Quinqueloculina barnadi 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Q. cf. Q. bassensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. aff. Q. carinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. carinatastriata 0 0 0 29 0 1 0 1 2 0 0 0 22 6 8 2 1 2 0 0 0 0 

Quinqueloculina collumnosa 0 1 2 0 0 0 0 2 0 0 0 0 0 1 1 3 1 2 0 0 0 1 

Quinqueloculina corrugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Q.  cf. Q. crassicarinata sp. 1 2 2 0 0 1 0 0 4 0 0 3 0 1 0 1 5 0 2 14 10 7 6 

Q.  cf. Q. crassicarinata sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina curta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina cuvieriana 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q.  cf. Q. cuvieriana 0 0 0 1 7 2 0 0 4 5 0 0 0 0 0 0 2 1 1 0 0 0 

Q.  cf. Q. delicatula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. cf. Q. differens 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinquelocilina distorqueata 5 0 0 3 0 0 1 0 0 0 0 0 0 0 0 7 9 0 17 0 0 0 

Q.   cf. Q distorqueata sp. 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Q.  cf. Q distorqueata sp. 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina eamisii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina exmouthensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Quinqueloculina exsculpta 4 0 0 4 0 0 0 0 3 0 0 0 1 12 14 12 3 0 0 0 0 0 

Quinqueloculina funafutiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Q. granulocostata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina ineaqualis 2 1 0 1 4 0 0 0 0 3 3 0 1 1 0 0 1 1 3 0 0 0 

Q. cf. Q. laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Quinqueloculina lamarckiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Quinqueloculina lizardi 6 0 4 13 0 0 0 0 9 0 0 8 47 33 40 55 8 18 0 0 0 0 

Quinqueloculina neostriatula 1 7 0 2 4 4 0 0 0 1 18 0 0 1 0 0 4 6 1 0 0 0 

Q.  cf. Q. neostriatula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quinqueloculina ningaloensis 2 1 0 11 2 0 0 0 0 0 0 0 2 0 5 0 3 5 0 0 0 0 
Q. aff. Q. montyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Quinqueloculina parkeri 11 6 9 3 4 6 3 6 9 1 5 0 0 0 0 0 7 3 7 2 7 0 
Q.  aff. Q. parvaggluta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Q.  cf. Q. patagonica 0 2 0 26 0 0 0 0 0 1 0 0 0 0 2 3 0 1 0 0 0 0 
Q. philippinensis 0 0 2 0 0 1 2 2 0 0 2 0 2 0 0 2 0 0 1 0 4 2 
Quinqueloculina poeyana 0 3 7 6 55 38 1 5 7 0 1 0 0 0 0 0 7 22 2 0 0 0 
Quinqueloculina polygona 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 2 2 1 1 1 3 
Q.  aff. Q. polygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. cf. Q. polygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina cf. Q. pusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q.  quinquecarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 
Q.  aff. Q. quinquecarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Quinqueloculina cf. Q. rugosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina seminula 0 10 24 68 26 15 0 2 7 0 0 9 23 2 3 0 1 24 1 0 0 1 
Q.  aff. Q. semiplicata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Quinqueloculina sidebottomi 0 0 0 3 0 0 0 0 0 0 0 0 3 4 2 0 0 5 0 0 0 0 
Q.  cf. Q. sidebottomi 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 
Q.  cf. Q. socorroensis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Quinqueloculina subcuneata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Quinqueloculina subpolygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
Q.  cf. Q. subpolygona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q.  cf. Q. tantabiddyensis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q. transverstrita 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 0 
Q. vandimeniensis 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Quinqueloculina zhengi 0 1 1 1 0 1 0 0 2 1 0 1 9 3 0 1 1 2 1 3 1 1 
Quinqueloculina cf. Q. zhengi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Quinqueloculina sp. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Quinqueloculina sp. 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 12 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Quinqueloculina sp. 15 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 16 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 17 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 1 
Quinqueloculina sp. 20 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 21 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina sp. 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Quinqueloculina sp. 23 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Reophax communis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Reophax sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rectobolivina? sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Reusella pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhaptohelenina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Rosalina bradyi 1 0 1 0 5 5 0 0 2 0 0 0 5 0 0 3 3 2 0 0 0 1 
Rosalina floridana 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 
Rosalina globularis 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rosalina sp. 1 0 0 2 0 0 0 0 0 1 0 0 0 26 0 0 0 0 0 0 3 0 2 
Rosalina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rotorbis auberii 0 0 1 0 1 0 0 2 3 0 0 0 2 0 0 4 3 2 0 0 0 0 
Rotorboides granulosus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Saidovina carinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Saidovina karrerianum 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Saidovina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Sagrinella convallaria 0 0 0 0 0 0 0 0 1 0 0 1 2 6 12 0 0 0 1 0 0 0 
Sagrinopsis fimbriata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sahulia cf. S. barkeri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Sahulia sp. 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sahulia sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schlumbergerina 
alveoliniformis 29 48 0 0 8 3 0 2 24 24 7 0 0 0 0 1 22 3 38 7 18 10 
Septotextularia rugosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmavirgulina turtosa 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 3 0 0 0 0 
Sigmella sp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmoihauerina involuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmoilinella tortuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 
Sigmoilinella sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sigmoilinita costata 1 0 0 2 0 0 0 0 0 0 0 0 5 0 7 0 1 1 0 0 0 0 
Sigmoilopsis elliptica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Siphonaperta hallocki 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Siphonaperta cf. S. hallocki 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Siphonaperta pittensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
siphonaperta cf. S. pittensis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 1 0 0 0 
Siphonaperta sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Siphogenerina raphana 0 0 2 0 0 1 0 0 2 0 0 0 2 0 1 5 0 2 4 2 0 0 

Siphogenerina striata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Siphogenerina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Siphonina tubulosa 0 2 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Siphotrochammina lobata 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 0 0 0 0 0 0 0 

Sorites orbiculus 6 18 13 0 6 35 18 27 6 23 41 0 2 0 0 0 15 5 22 7 1 4 

Sphaerogypsina globula 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 

Spirillina grosseperforata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Spirillina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 2 0 0 

Spirillina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Spiroloculina cf. S. caduca 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
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Spiroloculina angulata 2 1 5 0 4 5 0 3 2 1 0 0 1 0 0 0 3 5 1 6 1 7 

Spiroloculina antillarum 0 3 1 1 0 3 0 0 0 0 1 0 0 0 0 0 1 1 2 0 0 2 

Spiroloculina communis 1 0 0 0 0 0 0 0 1 0 0 0 0 14 0 3 0 2 0 0 0 0 

Spiroloculina cf. S. communis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina cf. S. convexa 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 7 0 

Spiroloculina corrugata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiroloculina mayori 0 0 1 0 1 0 0 1 3 0 0 0 0 1 0 0 0 1 2 3 3 7 

S. samoaensis 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

S. scrobiculata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Spiroloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 5 0 0 0 0 0 0 0 

Spiroloculina sp. 3 0 0 0 8 0 0 0 0 0 0 0 0 0 2 23 0 0 0 0 0 0 0 

Spiroloculina sp. 4 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 

Spiroloculina sp. 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sprirophthalmidium aff. S. 
prolixum 

0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 

Spirophthalmidium scabrum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Spitopplectinella sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Spirosigmoilina bradyi 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 0 0 0 1 0 

Spirosigmoilina parri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 

Stictogongylus rugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia agglutinans 0 0 1 1 0 0 0 0 0 0 1 0 2 2 0 1 0 24 5 0 4 1 

Textularia candeiana 0 0 0 3 0 0 0 0 2 0 0 0 1 3 0 0 1 11 12 0 0 0 

Textularia foliacea 7 0 0 0 0 0 0 0 21 0 0 0 1 3 0 0 0 0 5 0 0 0 

Textularia oceanica 21 0 0 0 0 0 0 0 19 0 0 0 2 0 0 1 26 5 3 0 0 0 

Textularia sp. 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 4. 0 0 0 0 0 0 0 0 0 0 0 0 0 8 28 0 0 0 0 0 0 0 

Textularia sp. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Textularia sp. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tretomphalus bulloides 0 1 1 0 1 0 0 1 2 1 0 0 0 0 1 1 0 1 0 1 0 0 

Triloculina cf. T. assymetrica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Triloculina barnadi 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 
Triloculina cf. T. barnadi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Triloculina bicarinata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina earlandi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Triloculina elongotricarinata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina fichteliana 0 0 0 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 0 
T.  cf. T. fichteliana sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
T.  cf. T. fichteliana sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Triloculina kawea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
T. cf. T. lalibertadensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Triloculina littoralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina rotunda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Triloculina serrulata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T. cf. T. striatotrigonula 0 0 0 0 0 0 0 0 6 0 0 0 0 0 1 6 8 0 0 0 0 0 
Triloculina cf. T. tricarinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina trigonula 3 0 1 13 0 0 0 0 11 0 3 11 4 5 4 7 9 1 1 3 0 0 
Triloculina cf. T. trigonula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina triquetrella 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triloculina cf. T. triquetrella 3 0 0 0 0 0 0 0 13 0 0 2 7 15 11 0 8 0 0 0 0 0 
Triloculina sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Triloculina sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Triloculina sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Trifarina bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trochammina inflata 1 0 0 1 0 0 0 0 0 0 0 0 0 4 0 17 0 0 2 0 0 0 
Valvulineria aff. V. minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Vertebralina striata 1 5 3 18 13 2 0 0 2 0 1 0 0 0 0 1 3 0 0 3 0 1 
Wiesrenella auriculata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1 1 0 0 0 
  234 318 338 352 297 368 382 349 302 374 415 315 341 302 320 312 379 379 495 431 508 371 
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