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Abstract: The larger foraminifera found in the material from the Chichen Itzá Formation of Campeche 
(SE Mexico) were studied in detail. The architectural analyses allow the description of four new species 
and a new genus, namely, two agglutinated conical foraminifera, Coskinolina yucatanensis n.sp. and 
Pseudofallotella drobneae n. gen. n.sp., one new alveolinid, Borelis hottingeri n.sp., and one new rota-
liid, Dictyoconoides boneti n.sp. The larger foraminifera of the Chichen Itzá Formation are distributed 
across two different associations: one includes Pseudofallotella drobneae, Neotaberina sp., Rhabdorites 
sp., Borelis hottingeri, Dictyoconoides boneti, Kathina sp., Miscellaneidae, Ranikothalia soldadensis and 
Hexagonocyclina cristensis, while the other assemblage is composed of Coskinolina yucatensis, Fallotel-
la causae, Rhabdorites sp., Borelis floridanus and Cincoriola cf. ovoidea. Some of these genera, inclu-
ding Neotaberina and Dictyoconoides, are cited in the Caribbean paleobioprovince for the first time in 
this paper. The first association is dated as Thanetian (SBZ 3? to SBZ 4) by the presence of Ranikotha-
lia soldadensis. Though the age of the second association remains uncertain, a similar age has been in-
ferred. 

Key Words: Paleocene; Yucatán; Mexico; larger foraminifera; biostratigraphy. 

Citation : VICEDO V., BERLANGA J.A. & SERRA-KIEL J. (2014).- Paleocene larger foraminifera from the 
Yucatán Peninsula (SE Mexico).- Carnets de Géologie [Notebooks on Geology], Brest, vol. 14, nº 4, p. 
41-68. 

Résumé : Les grands foraminifères paléocènes de la péninsule du Yucatán (SE du Mexique).- 
Les grands foraminifères observés dans du matériel provenant de la Formation Chichen Itzá de l'État 
de Campeche (SE Mexique) ont été étudiés en détail. Des analyses de leur architecture ont permis de 
décrire quatre nouvelles espèces et un nouveau genre, deux foraminifères coniques à test agglutinant, 
Coskinolina yucatanensis n.sp. et Pseudofallotella drobneae n.gen. n.sp., un nouvel alvéolinidé, Borelis 
hottingeri n.sp., et un nouveau rotaliidé, Dictyoconoides boneti n.sp. Les grands foraminifères de la 
Formation Chichen Itzá sont groupés dans deux associations distinctes : une première avec Pseudofal-
lotella drobneae, Neotaberina sp., Rhabdorites sp., Borelis hottingeri, Dictyoconoides boneti, Kathina 
sp., Miscellaneidae, Ranikothalia soldadensis et Hexagonocyclina cristensis, une seconde avec Coskino-
lina yucatensis, Fallotella causae, Rhabdorites sp., Borelis floridanus et Cincoriola cf. ovoidea. Quel-
ques-uns de ces genres, notamment Neotaberina et Dictyoconoides, sont signalés ici pour la première 
fois dans la province paléobiogéographique caraïbéenne. La première association est datée du Thané-
tien (SBZ 3? à SBZ 4) du fait de la présence de Ranikothalia soldadensis. Bien qu'il y ait encore une in-
certitude quant à l'âge de la seconde association, nous avons retenu la même position stratigraphique. 

Mots-clefs : Paléocène ; Yucatán ; Mexique ; grands foraminifères ; biostratigraphie. 

Resumen: Los macroforaminíferos del Paleoceno de la península de Yucatán (SE México).- 
Los macroforaminíferos encontrados en el material procedente de la Formación Chichen Itzá en Cam-
peche (SE México) han sido estudiados en detalle. Los análisis arquitecturales han permitido la descrip-
ción de cuatro nuevas especies y un nuevo género, a saber, dos aglutinados cónicos, Coskinolina yuca-
tanensis n.sp. y Pseudofallotella drobneae n.gen. n.sp.; un nuevo alveolínido, Borelis hottingeri n.sp., y 
un nuevo rotálido, Dictyoconoides boneti n.sp. Los macroforaminíferos de la Formación Chichen Itzá 
están distribuidos en dos asociaciones diferentes: una de ellas incluye Pseudofallotella drobneae, Neo-
taberina sp., Rhabdorites sp., Borelis hottingeri, Dictyoconoides boneti, Kathina sp., Miscellaneidae, Ra-
nikothalia soldadensis y Hexagonocyclina cristensis, mientras que la otra asociación está formada por 
Coskinolina yucatensis, Fallotella causae, Rhabdorites sp., Borelis floridanus y Cincoriola cf. ovoidea. 
Algunos de estos géneros, como Neotaberina y Dictyoconoides, se citan en la paleobioprovincia del Ca-
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ribe por primera vez. La primera asociación ha sido datada como Tanetiense (SBZ 3? a SBZ 4) por la 
presencia de Ranikothalia soldadensis. A la segunda asociación le ha sido inferida una edad similar. 

Palabras clave: Paleoceno; Yucatán; México; macroforaminíferos; biostratigrafía. 

Resum: Els macroforaminífers del Paleocè de la península de Yucatán (SE Mèxic).- Els macro-
foraminífers trobats al material procedent de la Formació Chichen Itzá en Campeche (SE Mèxic) han 
estat estudiats en detall. Les anàlisis arquitecturals han permès la descripció de quatre noves espècies i 
un nou gènere, a saber, dos aglutinats cònics, Coskinolina yucatanensis n.sp. i Pseudofallotella drob-
neae n.gen. n.sp.; un nou alveolínid, Borelis hottingeri n.sp., i un nou rotàlid, Dictyoconoides boneti 
n.sp. Els macroforaminífers de la Formació Chichen Itzá es troben distribuïts en dues associacions dife-
rents: una inclou Pseudofallotella drobneae, Neotaberina sp., Rhabdorites sp., Borelis hottingeri, 
Dictyoconoides boneti, Kathina sp., Miscellaneidae, Ranikothalia soldadensis i Hexagonocyclina cristen-
sis, mentre que l'altra està formada per Coskinolina yucatensis, Fallotella causae, Rhabdorites sp., 
Borelis floridanus i Cincoriola cf. ovoidea. Alguns d'aquests gèneres, com Neotaberina i Dictyoconoides, 
es citen a la paleobioprovíncia del Carib per primera vegada. La primera associació ha estat datada 
com Tanetià (SBZ 3? a SBZ 4) per la presència de Ranikothalia soldadensis. A la segona associació li ha 
estat inferida una edat similar. 

Paraules clau: Paleocè; Yucatán; Mèxic; macroforaminífers; biostratigrafia. 

1. Introduction 

Larger foraminifera represent one of the 
most successful groups of fossils through geolo-
gical times. They can be found repeatedly in the 
geological record from Paleozoic to recent ti-
mes, but it was during the Permian, Jurassic, 
Cretaceous and Paleogene when larger forami-
nifera were particularly important in terms of 
abundance and taxonomic diversity (HOTTINGER, 
1982), becoming one of the most important 
fossil groups in biostratigraphy. The use of lar-
ger foraminifera in biostratigraphy is conditional 
on the correct identification of the taxa, and 
this identification requires detailed architectural 
analysis. External and internal characters must 
be described in detail in order to make correct 
identifications, which avoid contradictions and 
inconsistences in the biostratigraphical and 
paleogeographical distribution of larger forami-
niferal taxa and enhance their value as a tool to 
date shallow-water deposits. A relatively recent 
example of the usefulness of larger foraminifera 
in biostratigraphy was the definition of the shal-
low benthic zones (SBZs) for the Paleogene 
deposits of the Tethyan paleobioprovince (SER-
RA-KIEL et al., 1998). Tethyan Paleogene larger 
foraminifera were studied and described in 
detail prior to using them as biostratigraphical 
markers. This biozonation cannot be extrapola-
ted to the Caribbean paleobioprovince because 
the Paleogene larger foraminifera of that area 
are still poorly known and taxonomic revisions 
are needed in order to clarify their taxonomic 
and biostratigraphic position. During last centu-
ry, authors such as VAUGHAN (1929, 1945, 
among others), COLE (1941, 1944, 1957, among 
others), CAUDRI (1944, 1975, 1996), BUTTERLIN 
and MOULLADE (1968), FROST and LANGENHEIM 
(1974), KLUGER and CAUDRI (1975), PÊCHEUX 
(1984, 1995), ROBINSON and WRIGHT (1993), 
BERLANGA (1997), SERRA-KIEL et al. (2007), 
DROBNE and ĆOSOVIĆ (2009) and VICEDO et al. 
(2013) have revised the taxa of the Paleogene 
of the Caribbean bioprovince, but much more 
research is needed to build a reliable future bio-
zonation equivalent to the SBZ of the Tethyan 
paleobioprovince.  

This paper focuses on the enhancement of 
the biostratigraphic value of the larger foramini-
fera taxa found in the Paleocene rocks of the 
Yucatán Peninsula (SE Mexico). In particular, 
the main goals of this paper are: 1) to present 
a detailed taxonomic study of the larger forami-
nifera, 2) to characterise the larger foraminifera 
assemblages, assigning ages and paleoenviron-
mental interpretations, and 3) to make a tenta-
tive trans-Atlantic correlation comparing the 
evolutionary trends in the taxa involved with 
those of their consorts from the Tethyan paleo-
bioprovince. 

2. Material and methods 

The material was collected during the field 
trips carried out in the 1990s by the micropa-
laeontologist Prof. Esmeralda CAUS, from the 
Universitat Autònoma de Barcelona, and PEMEX 
geologists. The samples studied in this work 
were collected from the Chichen Itzá Formation 
in several outcrops along the road between 
Escárcega and Campeche (Campeche State, SE 
Mexico) (Fig. 1). A long, continuous stratigra-
phic section could not be obtained because of 
the scarcity of large outcrops in this flat area of 
Mexico. The Chichen Itzá Formation was men-
tioned for the first time by BUTTERLIN and BONET 
(1960) to describe a group of carbonate rocks 
outcropping in the surroundings of the archaeo-
logical locality of Chichen Itzá. The formation 
was formally described two years later by the 
same authors (BUTTERLIN & BONET, 1963), after 
studying in detail all the Cenozoic formations of 
the Yucatán Peninsula. In the original descrip-
tion, the Chichen Itzá Fm. was defined as being 
mainly composed of fossiliferous limestones 
exhibiting some variations in terms of lithology 
and age, which led the authors to describe 
three different superposed members: Xbacal 
(lower Eocene), Pisté (middle Eocene) and 
Chumbec (middle-upper Eocene). The fossil 
assemblages of these members are all very rich 
in larger foraminifera, but the material studied 
in this paper comes exclusively from the lowest 
unit, the Xbacal Mb. This member consists of 
thin-bedded to massive limestones and marls 
(100-200 m thick) that outcrop in the southern 
sector of the state of Campeche. 
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Figure 1. Geographical location of the studied samples. Escárcega, X: -90,80566803180; Y: 18,61150448100. 
Champotón-1, X: -90,71832692450; Y: 18,97268548020. Champotón-2, X: -90,73470254970; Y: 19,19421930200. 
Champotón-3, X: -90,73379612940; Y:19,26029960940.  

The material analysed in this paper was pre-
viously studied by BERLANGA (1997), but it was 
necessary to undertake a comprehensive review 
of the specimens described there to correct so-
me identifications. Detailed analysis of around 
400 random sections of larger foraminifera were 
used to identify the morphotypes. The figured 
material from Yucatán Peninsula is housed in 
the micropaleontological collection of the Uni-
versitat Autònoma de Barcelona, Spain, under 
the catalogue code 95-Me. 

3. Systematic micropaleontology 

Phylum Foraminifera 

Order Textulariida 
DELAGE & HEROUARD, 1896 

Superfamily Ataxophragmioidea 
SCHWAGER, 1877 

Family Coskinolinidae MOULLADE, 1965 

Genus Coskinolina STACHE, 1875 

Type species: Coskinolina liburnica STACHE, 
1875 

Remarks: Taking into consideration the 
description of STACHE (1875) and the posterior 
revisions made by SCHROEDER (1974) and HOT-
TINGER and DROBNE (1980), the genus Coskinoli-
na (type species C. liburnica STACHE, 1875) can 
be defined as follows: agglutinated tests with 
pseudo-keriothecal texture, early trochospiral, 
pfenderinid coiling, and later becoming uniserial 
with numerous low chambers rapidly enlarging 
in diameter. Chambers exhibit marginal apertu-
res and endoskeleton consisting of interseptal 
pillars. No exoskeleton is present in the peri-
phery of the chamber lumen.  

The pseudo-keriothecal texture in Coskinoli-
na, called "closely spaced, transverse pores" in 
DOUGLASS (1960), "keriothecal substructure" in 
HOTTINGER and DROBNE (1980) and "pseudo-
keriothecal wall texture" in VECCHIO and HOTTIN-

GER (2007), has also been observed in speci-
mens of other Paleocene agglutinated conical 
taxa such as Pfendericonus HOTTINGER & DROBNE, 
1980, and Coleiconus HOTTINGER & DROBNE, 
1980, but it has been difficult to identify among 
the population of Coskinolina studied in this 
work. Specifically, the pseudo-keriothecal tex-
ture is only visible in some specimens (see Fig. 
3.D); in others, it is not observed and this is 
attributed to it being masked by diagenetic pro-
cesses. Hence, it is worth underlining the diffi-
culty of using this characteristic to identify taxa.  

Coskinolina yucatanensis n.sp. 

 Figs. 2 - 3 
1997 Coskinon? sp. BERLANGA, p. 78, Pl. 3, figs. 1-6 
Holotype. Fig. 2.B (95-ME-38-01) 

Paratypes. Figs. 2.A (95-ME-38-02), 2.H 
(95-ME-38-03), 2.I (95-ME-38-04), 3.L (95-ME-
38-05). 

Type locality. Champotón-1; X: -90,7183269 
2450; Y: 18,97268548020 (Fig. 1). 

Type level. Thanetian (SBZ 3? and SBZ 4), 
Chichen Itzá Formation. 

Derivation of name. Named after the Yuca-
tán Peninsula, where the type material was 
collected. 

Material. Sample Champotón-1 (Fig. 1). 

Description. The test is agglutinated with 
irregular conical morphology. The size of the 
shell in megalospheric generation reaches about 
1.6 mm in length and 1.2 mm in diameter. Mi-
crospheric forms have not been found. Megalo-
spheric specimens begin with a spherical prolo-
culus in subapical position of about 0.14 mm in 
diameter (see Fig. 3.L) and this is followed by 1 
½ to 2 trochospiral whorls. In this early trocho-
spiral stage of growth, 6-7 chambers compose a 
whorl. The final stage of the ontogeny consists 
of 7-8 chambers with slightly increasing diame-
ter in a uniserial arrangement (see Fig. 2.A-B). 
The marginal chamber walls are thick and  
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Figure 2. Coskinolina yucatanensis n.sp. from the Paleocene of Campeche (SE Mexico). Scale bar = 0.3 mm. A-F, 
longitudinal, slightly oblique sections. G-I, transversal sections. A-B, C-I, megalospheric specimens. C, microspheric? 
specimen. A, 95-Me-38-02 (Paratype). B, 95-Me-38-01 (Holotype). C, 95-Me-38-06. D, 95-Me-38-07. E, 95-Me-38-
08. F, 95-Me-38-09. G, 95-Me-38-10. H, 95-Me-38-03 (Paratype). I, 95-Me-38-04 (Paratype). 

Abbreviations: f: foramen; m a: marginal aperture; m f: marginal foramen; p: pillar; s: septum. See HOTTINGER, 
2006, for definition of terms. 
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Figure 3. Coskinolina yucatanensis n.sp. from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm for pic-
tures A-C and E-O; 0.075 mm for picture D. A-C, G-O, oblique sections. Note the embryo in apical position in picture 
L. D, detail of the chamber wall of the specimen 3 showing the pseudo-keriothecal structure. E-F, longitudinal sec-
tions. A, 95-Me-38-11-12. B, 95-Me-38-13. C, 95-Me-38-14. D, 95-Me-38-15. E, 95-Me-38-16. F, 95-Me-38-17. G, 
95-Me-38-18. H, 95-Me-38-19. I, 95-Me-38-20. J, 95-Me-38-21. K, 95-Me-38-05. L, 95-Me-38-22 (Paratype). M, 95-
Me-38-23. N, 95-Me-38-24. O, 95-Me-38-56. 

Abbreviations: ch: chamber; f: foramen; p: pillar; s: septum. See HOTTINGER, 2006, for definition of terms. 

chamber sutures are almost flush. Adult cham-
bers show an endoskeleton that consists of in-
terseptal pillars (see Fig. 2.C, F), continuous 
from one chamber to the next. The pillared en-
doskeleton appears later during the trochospiral 
stage of growth. No exoskeleton is present in 
the marginal chamber lumen. Numerous fora-
mina are distributed in the centre of the septum 
(see Fig. 2.H), this being strongly concave in 
some cases (see Fig. 3.E). Marginal foramina 
are smaller in size and arranged in more or less 
circular pattern. Foramina and pillars are con-
tinuously arranged from one chamber to the 
next.  

Differences and similarities. The new species 
C. yucatanensis differs from other species of 
the genus by having a smaller overall size of 
the shell and by its low conical -almost cylindri-
cal in some cases- uniserial stage. The megalo-
sphere in C. yucatanensis n.sp. is about 0.14 
mm in diameter followed by 12-14 chambers 
trochospirally arranged in 1 ½ to 2 whorls, 
whereas in the type species C. liburnica the 
megalosphere has a diameter of up to 0.4 mm 
followed by a deuteroconch and 5-11 chambers 
trochospirally arranged in ½ to 1 ½ whorls. The 
maximum cone diameter observed in C. yucata-
nensis n.sp. is around 1.2 mm, and in C. libur-
nica is 1.75-2 mm. The megalospheric genera-
tion of the new species also shows strong diffe-
rences with respect to the other species attribu-
ted to the genera Coskinolina. Coskinolina ro-
berti (SCHLUMBERGER, 1905) has a megalosphere 
of 0.35-0.4 mm in diameter, a nepionic stage 

composed of about 8-10 chambers arranged in 
½ to 1 ½ whorls and a maximum cone diameter 
of around 3 mm. Coskinolina douvillei (DAVIES, 
1930) shows a megalosphere of around 0.35 
mm in diameter followed by a deuteroconch 
and 6-10 chambers arranged in a trochospiral 
(almost planispiral in some cases) of about half 
a whorl. Coskinolina perpera HOTTINGER & DROB-
NE, 1980, exhibit a megalosphere of 0.34-0.45 
mm followed by a large deuteroconch and 5-11 
nepionic chambers trochospirally arranged in 
1/3 to 2/3 whorls. 

Three other species have been reported as 
belonging to the genus Coskinolina: C. depressa 
(AZZAROLI, 1952) and C. dispansa (AZZAROLI, 
1952) described from the Middle-Upper Eocene 
of Somalia by AZZAROLI (1952), and C. cuvillieri 
(POIGNANT, 1960) found in the Upper Eocene of 
France (POIGNANT, 1960). Though the differen-
ces between these three species are still under 
debate due to a lack of material and of detailed 
studies, the Caribbean species C. yucatanensis 
n.sp. can be clearly differentiated from these 
three Tethyan relatives by its smaller size and 
its nepionic trochospiral architecture. 

Finally, the Eocene Indo-Pacific species 
Coskinolina rotaliformis (COLE, 1957) is not a 
truly Coskinolina because it shows a simple 
exoskeleton based on spaced beams (see Pl. 
233, figs. 11-26 in COLE, 1957). 

Associated larger foraminifera. This form oc-
curs associated with Fallotella causae BERLANGA, 
1997, Cincoriola cf. ovoidea (HAQUE, 1958), 
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Rhabdorites sp. and Borelis floridanus COLE, 
1941. 

Superfamily Orbitolinoidea MARTIN, 1890 

Family Orbitolinidae MARTIN, 1980 

Subfamily Dictyoconinae MOULLADE, 1965 

Genus Fallotella MANGIN, 1954 

Type species Fallotella alavensis MANGIN, 
1954 

Description. The shell is agglutinated with 
conical shape and a reduced trochospiral early 
stage of growth. The chamber wall is thin 
without any ultrastructure. The megalosphere is 
located in an apical position and it is followed 
by a kidney-shaped deuteroconch. The external 
wall is relatively thick (no epidermis). The exo-
skeleton consists of first and second order ra-
dial beams. No rafters are present, but a slight 
ridge or thickening parallel to the septa is loca-
ted at the central part of the chamber, inside 
the surface of the external wall. The endoskele-
ton consists of pillars with a rounded transverse 
section that changes to bean-shaped or irregu-
lar in the distal part of the chamber. The aper-
tural face is slightly convex and shows apertu-
res distributed in the central part and in a single 
row around the periphery (marginal apertures). 

Remarks. According to one of the most im-
portant papers dealing with Tertiary conical lar-
ger foraminifera (HOTTINGER & DROBNE, 1980), 
the genus Fallotella has a simple to moderately 
complex exoskeleton "consisting either of 
beams only or of beams and rafters". Among 
the "Fallotella morphotypes" figured in the pre-
sent paper and those of HOTTINGER and DROBNE 
(1980), the nature of the external wall is simi-
lar: somewhat thinner than in Ataxophragmiids 
and thicker than an orbitolinid epiderm, but two 
different types of exoskeleton can be distingui-
shed, with and without rafters. The exoskeleton 
of the adult chambers of the type species F. 
alavensis consists of two orders of beams (pri-
mary and secondary), no rafters are present 
but only a slight central thickening in later sta-
ges of growth that cannot be considered a true 
rafter. Therefore, the forms having a more 
complex exoskeleton consisting of one genera-
tion of rafters and several generations of beams 
should be removed from this genus. 

Fallotella causae BERLANGA, 1997 emend. 

 Figs. 4 - 5 
1997 Fallotella causi n.sp. BERLANGA, p. 71-73; Pl. 

1, figs. 1-5, Pl. 2, fig. 5 
2007 Fallotella sp. SERRA-KIEL et al., p. 365; Pl. 1, 

fig. 11 

Paralectotypes. Fig. 4.B (95-ME-36-02), 4.C 
(95-ME-36-03), 4.I (95-ME-36-04), 4.J (95-ME-
36-05), 4.K (95-ME-36-06). 

Type locality. Escárcega; X: -90,805668031 
80; Y: 18,61150448100 (Fig. 1). 

Type level. Thanetian (SBZ 3? and SBZ 4), 

Chichen Itzá Formation. 

Derivation of name. Given in honour of Prof. 
Esmeralda CAUS (Universitat Autònoma de Bar-
celona), distinguished specialist of larger fora-
minifera. 

Material. Samples Escárcega and Champo-
tón-1 (Fig. 1). 

Remarks on the emendation. The original 
name given by BERLANGA (1997) to this species 
was F. causi, named after Prof. Esmeralda CAUS. 
The International Code of Zoological Nomencla-
ture (1999) states "31.1.2. A species-group na-
me, if a noun in the genitive case (see Article 
11.9.1.3) formed directly from a modern perso-
nal name, is to be formed by adding to the 
stem of that name -i if the personal name is 
that of a man, -orum if of men or of man (men) 
and woman (women) together, -ae if of a wo-
man, and -arum if of women; [...]". Following 
these indications, the name of the species F. 
causi has been emended to F. causae. Moreo-
ver, it was necessary to designate paralectoty-
pes, which show the architectural characte-
ristics not visible in the holotype of BERLANGA 
(1997). 

Description. The test is agglutinated and 
high conical in shape. The dimorphism between 
microspheric and megalospheric forms is 
restricted to the early spiral stages. The cone 
surface is smooth and the wall is thin. The ne-
pionic stage of the megalospheric generation 
consists of a protoconch with a diameter of 
0.12-0.14 mm in apical position followed by a 
small, kidney-shaped deuteroconch (see Fig. 
4.F). The next 3-5 chambers are spirally arran-
ged in a very low trochospiral. The sections of 
the specimens interpreted as microspheric 
forms by their early, tight stages of growth are 
not perfectly centred (Fig. 4.B), thus their em-
bryos cannot be accurately ascertained. The 
adult conical shell shows a maximum axial 
length of 1.5 mm with a maximum diameter 
observed of around 1 mm. There are 13-14 
chambers per 1 mm of axial cone length. The 
endoskeleton and exoskeleton appear early in 
the course of ontogeny, later in the spiral, ne-
pionic stage or in the first chamber of the uni-
serial, adult stage (see Fig. 4.I). The exoskele-
ton consists of beams of first and second order 
intercalated (see Fig. 4.J, M), larger and shorter 
respectively. There are no rafters, but a slight 
thickening in the peripheral part of the chamber 
has been observed in the latest stages of 
growth (see Fig. 4.B). In young specimens with 
a cone diameter of 0.5 mm, there are only 4 
beams per quadrant (see Fig. 4.L), while in the 
adult forms, with a cone diameter about 1 mm, 
there are 5-6 beams and 4-6 intercalated 
beams per quadrant. The endoskeleton is com-
posed of thin pillars with a subcircular transver-
se section in the proximal part of the chamber, 
and bean-shaped or irregular outline towards 
the distal part (see Fig. 4.M). The apertures are 
relatively large and distributed in the central 
part of the apertural face.  
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Figure 4. Fallotella causae BERLANGA, 1997, from the Paleocene of Campeche (SE Mexico). Scale bar = 0.3 mm. A, 
D-G, I, axial sections. B-C, H, longitudinal sections close to the axial plane. J-M, transversal sections. A, 95-Me-36-
01. B, 95-Me-36-02 (Paralectotype). C, 95-Me-36-03 (Paralectotype). D, 95-Me-36-07. E, 95-Me-36-08. F, 95-Me-
36-09. G, 95-Me-36-10. H, 95-Me-36-11. I, 95-Me-36-04 (Paralectotype). J, 95-Me-36-05 (Paralectotype). K, 95-Me-
36-06 (Paralectotype). L, 95-Me-36-12. M, 95-Me-36-13. 

Abbreviations: b: beam; i b: intercalary beam; f: foramen; m t: marginal thickening; p: pillar; pr: proloculus. See 
HOTTINGER, 2006, for definition of terms. 
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Figure 5. Fallotella causae BERLANGA, 1997, from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm. A-D, 
G-K, oblique sections. E-F, longitudinal sections. A, 95-Me-36-14. B, 95-Me-36-15. C, 95-Me-36-16. D, 95-Me-36-17. 
E, 95-Me-36-18. F, 95-Me-36-19. G, 95-Me-36-20. H, 95-Me-36-21. I, 95-Me-36-22. J, 95-Me-36-23. K, 95-Me-36-
24. 

Abbreviations: b: beam; i b: intercalary beam; m f: marginal foramen (aperture); p: pillar. See HOTTINGER, 2006, for 
definition of terms. 

Differences and similarities. Fallotella causae 
differs from the type species F. alavensis mainly 
by its smaller size. The former shows a proto-
conch with a diameter of 0.12-0.14 mm, 1.5 
mm of axial cone length and 1 mm of maximum 
cone diameter. The latter exhibits a protoconch 
with a diameter of 0.15-0.18 mm, 2.1 mm of 
axial cone length and 1.5 mm of maximum co-
ne diameter. 

Remarks. The other species ascribed to the 
genus Fallotella, as F. cookei (MOBERG, 1928), 
show well-developed rafters. Therefore, it 
should be removed from the genus Fallotella. 

Associated larger foraminifera. This form oc-
curs associated with Coskinolina yucatensis 
n.sp., Cincoriola cf. ovoidea, Rhabdorites sp. 
and Borelis floridanus. 

Genus Pseudofallotella n. gen. 

Derivation of name: Pseudo- (latin word of 
"false") has been given due to the resemblance 
to Fallotella specimens. 

Type species. Pseudofallotella drobneae 
n.sp. 

Diagnosis. Agglutinated, high to low-conical 
shells. The chamber wall is thin with no ultra-
structure. In megalospheric generation, embryo 
placed in apical position and composed of pro-
toconch followed by deuteroconch. Embryo of 
microspheric generation unknown. Adult discoi-
dal chambers increasing in diameter through 
course of ontogeny; uniserially arranged. Exo-
skeleton of one generation of rafters and prima-
ry, secondary and sporadically, tertiary beams. 
Endoskeleton of pillars alternating in position 
from one chamber to the next. Pillars with a 

rounded periphery in transversal section, chan-
ging to bean-shaped towards distal part of 
chamber. Apertural face flat to slightly convex 
with multiple apertures. Apertures distributed in 
centre of apertural face and in single row at pe-
riphery (marginal apertures).  

Remarks. As pointed out above, HOTTINGER 
and DROBNE (1980) grouped together different 
morphotypes with "simple exoskeletons with or 
without one rafter series but combined with a 
thick, structure less marginal chamber wall". In 
fact, the genus Fallotella grouped forms with 
both types of exoskeleton, consisting of rafters 
or equatorial slight thickening ("rudimentary 
rafters"). These authors also affirmed that the 
characteristics of the marginal wall and the type 
of the exoskeleton reflect basic cellular activi-
ties. This assertion would support using both ty-
pes of exoskeleton as criteria to separate taxa. 
However, because of the complexity of some 
larger foraminifera groups, in particular the Ter-
tiary conical group, a precise hierarchy of the 
morphological characters used in taxonomic 
classification has not yet been agreed on, despi-
te the efforts of many authors (see LOEBLICH & 
TAPPAN, 1987, introduction to HOTTINGER, 2006, 
and VECCHIO & HOTTINGER, 2007). Such is the ca-
se of the families Coskinolinidae and Orbitolini-
dae. Some taxa ascribed to them have been 
transferred from subgeneric to generic status in 
subsequent research (e.g., Coleiconus, Coski-
non, Daviesiconus, etc.). In any case, it is ge-
nerally accepted that larger foraminifera species 
are defined in terms of dimensions, and the 
presence or absence of architectural elements 
must be considered as criteria of supraspecific 
rank.  
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Figure 6. Pseudofallotella drobneae n. gen. n.sp. from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm. 
A, C, D, G, oblique sections. B, E-F, H-I, N-O, longitudinal sections. J, axial section. K-M, transverse sections. A, 95-
Me-47-09. B, 95-Me-47-10. C, 95-Me-47-11. D, 95-Me-47-12-13. E, 95-Me-47-14. F, 95-Me-47-15. G, 95-Me-47-16. 
H, 95-Me-47-17. I, 95-Me-47-18. J, 95-Me-47-19. K, 95-Me-47-20. L, 95-Me-47-21. M, 95-Me-47-22. N, 95-Me-47-
23. O, 95-Me-47-02 (Paratype). 

Abbreviations: b: beam; f: foramen; p: pillar; r: rafter; s: septum. See HOTTINGER, 2006, for definition of terms. 
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Figure 7. Pseudofallotella drobneae n. gen. n.sp. from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm 
for pictures A-C and E-L; 0.3 mm for picture D. A, transverse, oblique section. B, D, G-H, L, oblique sections. C, E, 
axial sections. F, J, longitudinal sections. I, K, tangential sections. A, 95-Me-47-03 (Paratype). B, 95-Me-47-24. C, 
95-Me-47-04 (Paratype). D, 95-Me-47-25. E, 95-Me-47-01 (Holotype). F, 95-Me-47-26. G, 95-Me-47-27. H, 95-Me-
47-28. I, 95-Me-47-29. J, 95-Me-47-30. K, 95-Me-47-31. L, 95-Me-47-32. 

Abbreviations: f: foramen; p: pillar; r: rafter; s: septum; b: beam; i b: intercalary beam; m f: marginal foramen 
(aperture); pr: proloculus. See HOTTINGER, 2006, for definition of terms. 

Taking all these issues into consideration 
and after studying many morphotypes of coni-
cal larger foraminifera, the two, Fallotella and 
Pseudofallotella exoskeleton types can easily be 
distinguished in random thin sections. Leaving 
aside the biological or ecological meaning of the 
presence of a rafter in the marginal chamber 
wall, the usefulness of using this feature of the 
exoskeleton to identify taxa in almost all types 
of random sections –from centred to tangential 
sections– and considering the generic criterion 
of presence/absence of architectural elements, 

have lead us to consider these two types of exo-
skeleton as diagnostic criteria of generic rank. 
Therefore, a new genus Pseudofallotella has 
been created with the aim of bringing together 
all the forms previously ascribed to the genus 
Fallotella but differing with its type species F. 
alavensis by having a dissimilar exoskeleton ex-
hibiting rafters from early stages of growth. The 
species F. cookei, F. kochanskae and F. kochan-
skae persica, which also show well developed 
rafters, should be revised as they should likely 
be assigned to the new genus Pseudofallotella.  
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Figure 8. Pseudofallotella drobneae n. gen. n.sp. from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm 
for pictures A-I and K; 0.15 mm for picture J. A, F, oblique sections. B-D, G, I, longitudinal sections. E, transversal 
section. H, K, axial section. J, detail of the marginal chamber wall of specimen I. A, 95-Me-46-06. B, 95-Me-46-07. C, 
95-Me-46-08. D, 95-Me-46-09. E, 95-Me-46-10. F, 95-Me-46-11. G, 95-Me-46-12. H, 95-Me-46-13. I, 95-Me-46-14. 
J, 95-Me-46-15. K, 95-Me-46-30. 

Abbreviations: d: deuteroconch; f: foramen; b: beam; i b: intercalary beam; m f: marginal foramen (aperture); chw: 
chamber wall; p: pillar; pr: proloculus; r: rafter; s: septum. See v for definition of terms. 

Pseudofallotella drobneae n.sp.  

 Figs. 6 - 7 - 8 
1997 Dictyoconus sp. BERLANGA, p. 76; Pl. 2, figs. 

1-2; Pl. 4, figs. 1-5 

Holotype. Fig. 7.E (95-ME-47-01). 

Paratypes. Figs. 6.O (95-ME-47-02), 7.A 
(95-ME-47-03), 7.C   (95-ME-47-04). 

Type locality. Champotón-3, X: -90,7337961 
2940; Y: 19,26029960940 (Fig. 1). 

Type level. Thanetian (SBZ 3? and SBZ 4), 
Chichen Itzá Formation. 

Material. Samples Champotón-2 and Cham-

potón-3 (Fig. 1). 

Derivation of name. Given in honour of Dr 
Katica DROBNE, distinguished specialist of larger 
foraminifera. 

Description. Specimens show medium to 
high conical shells. The wall is thin and the cone 
surface is smooth. The megalospheric and 
microspheric generations show a slight dimor-
phism. The nepionic stage of megalospheric ge-
neration begins with a sub-spherical protoconch 
of around 0.22 mm in apical, slightly eccentric 
position and a bean-shaped deuteroconch (Fig. 
6.J). The embryo is followed by uniserial cham- 
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Figure 9. Borelis floridanus COLE, 1941 (A-O), Cincoriola cf. ovoidea (HAQUE, 1958) (P-T), Neotaberina sp. (U-V, X-
B') and Rhabdorites sp. (W, C'-D') from the Paleocene of Campeche (SE Mexico). Scale bar = 0.6 mm. A-B, F-H, J, L, 
axial sections. C-D, K, M, tangential sections. E, I, U-D', oblique sections. O, equatorial, slightly oblique section. P-R, 
T, axial, slightly oblique sections. S, transverse section. Note the aligned position of the foramina between two 
adjacent chambers in Cincoriola cf. ovoidea (HAQUE, 1958) (Q-R). A, 95-Me-38-25. B, 95-Me-38-26. C, 95-Me-38-27. 
D, 95-Me-38-28-29. E, 95-Me-38-30. F, 95-Me-38-31. G, 95-Me-38-32. H, 95-Me-38-33. I, 95-Me-38-34. J, 95-Me-
38-35. K, 95-Me-38-36. L, 95-Me-38-37. M, 95-Me-38-38. N, 95-Me-38-39. O, 95-Me-38-40. P, 95-Me-38-41. Q, 95-
Me-38-42. R, 95-Me-38-43. S, 95-Me-38-44. T, 95-Me-38-45. U, 95-Me-38-46. V, 95-Me-38-47. W, 95-Me-38-48. X, 
95-Me-38-49. Y, 95-Me-38-50. Z, 95-Me-38-51. A', 95-Me-38-52. B', 95-Me-38-53. C', 95-Me-38-54. D', 95-Me-38-
55. 

Abbreviations: ch: chamber; f: foramen; p: pile; pr: proloculus; prp: preseptal space; s: septum; sl: septulum. See 
HOTTINGER, 2006, for definition of terms. 
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bers that rapidly acquire a discoidal shape exhi-
biting endo- and exoskeleton. The nepionic sta-
ge of the microspheric generation is unknown. 
Megalospheric forms have a maximum axial 
length of around 1.4 mm and a maximum cone 
diameter of 1.8 mm. The exoskeleton is consti-
tuted by two to three intercalary beams (secon-
dary and tertiary) between adjacent primary 
beams (see Fig. 7.A, D), and one generation of 
rafters (see Figs. 7.K, 8.J). Large specimens 
with a maximum axial length of 2.5 mm and 
the maximum cone diameter of 2.4 mm have 
been interpreted as belonging to the microsphe-
ric generation (Figs. 6.O, 7.F). The rafters are 
more developed in large forms (possibly micro-
spheric forms). At a cone diameter of between 
0.7-1 mm there are 5-7 primary beams and 10-
11 intercalated beams. The apertural face is 
slightly convex and shows a cribate distribution 
with marginal apertures in a circular arrange-
ment (see Fig. 7.A). 

Differences and similarities. The specimens 
of F. cookei differ from P. drobneae n.sp. by 
their more flattened shell of low conical shape 
and larger megalosphere. The new species P. 
drobneae exhibits a protoconch of 0.20-0.22 
mm and maximum cone diameters of 1.8 mm 
for A forms and 2.4 mm for B forms. Fallotella 
cookei shows a protoconch of 0.28-0.32 mm 
and the maximum cone diameters observed are 
2.5 mm for A forms and 3.9 mm for B forms. P. 
drobneae n.sp. differs from F. kochanskae and 
F. kochanskae persica by its larger shell. The 
maximum axial length in F. kochanskae and F. 
kochanskae persica does not reach more than 
1.4 mm, whereas there are specimens of P. 
drobneae n.sp. as long as 2.5 mm. 

Associated larger foraminifera. This form 
occurs associated with Ranikothalia soldadensis 
(VAUGHAN & COLE, 1941), Hexagonocyclina 
cristensis (VAUGHAN, 1924), Dictyoconoides bo-
neti n.sp., Kathina sp., Miscellaneidae indet., 
Neotaberina sp., Rhabdorites sp. and Borelis 
hottingeri n.sp. 

Order Miliolida DELAGE & HEROUARD, 1896 

Superfamily Alveolinacea EHRENBERG, 1839 

Family Alveolinidae EHRENBERG, 1839 

Genus Borelis MONTFORT, 1808 

Type species: Borelis melonoides MONTFORT, 
1808 = Nautilus melo FICHTEL & MOLL, 1798 

Remarks. This genus is characterized by a 
glomerulus with streptospiral arrangement, 
septula aligned from one chamber to the next, 
preseptal passage and apertures in a single 
row. The absence of floors in the chamberlets of 
our specimens implies that they do not belong 
to Quasiborelis HANZAWA, 1967. 

In the Tethyan domain, the genus Borelis 
appears in the geological record for the first ti-
me in Neogene deposits. The presence of this 
genus in the Paleocene rocks of Yucatán would 

indicate that it occupied the ecological niche of 
Glomalveolina HOTTINGER, 1962, which is very 
abundant in the Tethys but absent in the Carib-
bean paleobioprovince.  

Borelis floridanus COLE, 1941 

 Fig. 9.A-O 
1941 Borelis gunteri var. floridana. COLE, p. 35; Pl. 

18, figs. 3-4 
1944 Borelis floridana COLE. COLE, p. 121; Pl. 9, 

figs. 1-5 
1957 Borelis floridanus COLE. LEVIN, p. 143; Pl. 2, 

figs. 3-4 
1960 Borelis floridanus COLE. BUTTERLIN & BONET, p. 

11; Pl. 1, fig. 7 
non 1960 Borelis floridanus COLE. BUTTERLIN & 

BONET, p. 11; Pl. 1, figs. 4-6 
1981 Quasiborelis floridanus (COLE). BUTTERLIN, p. 

24; Pl. 4, fig. 4 
1997 Quasiborelis? floridanus (COLE). BERLANGA, p. 

82-83; Pl. 5, fig.s 1-2, 4-8; Pl. 6, figs. 5-6 
2013 "Quasiborelis" floridanus COLE. VICEDO et al., 

p. 176; figs. 5.12-5.14 

Material. Samples Champotón-1 (Fig. 1). 

Description. Specimens have porcelaneous, 
spherical shells. Dimorphism has not been ob-
served. The nepionic stage (glomerulus) con-
sists of a small proloculus of around 4 to 6 µm 
followed by one to two whorls of non-subdivi-
ded chambers streptospirally arranged (Fig. 
9.A-B). The adult chambers are arranged in a 
planispiral growth pattern and they show septu-
la subdividing the chamber lumen into cham-
berlets. Septula are aligned from chamber to 
chamber (Fig. 9.A-C) and the preseptal passage 
occupies 1/3rd of the chamber. No postseptal 
passage has been identified. The outline of the 
chamberlets in axial section is subcircular in the 
first whorls and subrectangular, higher than wi-
de, in the latest stages of growth. The apertu-
res are aligned in a single row. The maximum 
equatorial diameter observed is about 1 mm. 

Associated larger foraminifera. This form oc-
curs associated with Fallotella causae, Coskino-
lina yucatensis, Rhabdorites sp. and Cincoriola 
cf. ovoidea. 

Borelis hottingeri n.sp.  

 Fig. 10.A-M 
1960 Borelis floridanus COLE. BUTTERLIN & BONET, p. 

11; Pl. 1, figs. 4, 6 
1997 "Borelis" sp. BERLANGA, p. 84; Pl. 6, figs. 7-8; 

Pl. 7, figs. 1-8 

Holotype. Fig. 10.I (95-ME-46-01) 

Paratypes. Fig. 10.A (95-ME-46-02), 10.F 
(95-ME-46-03), 10.H (95-ME-46-04), 10.K (95-
ME-46-05). 

Type locality. Champotón-2, X: -90,7347025 
4970; Y: 19,19421930200 (Fig. 1). 

Type level. Thanetian (SBZ 3? and SBZ 4), 
Chichen Itzá Formation. 

Derivation of name. Given in honour of Prof. 
Lukas HOTTINGER, distinguished specialist of lar-
ger foraminifera. 
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Figure 10. Borelis hottingeri n.sp. (A-M), Rhabdorites sp. (N-O, R-S), Hexagonocyclina cristensis (VAUGHAN, 1924) 
(P), and Ranikothalia soldadensis (VAUGHAN & COLE, 1941) (Q, T) from the Paleocene of Campeche (SE Mexico). Scale 
bar = 0.6 mm for pictures A-N, P-S; 0.3 mm for picture O. A, oblique-centred section. B, D, oblique sections close to 
the axial plane. C, K-M, tangential sections. E, G, Q, oblique sections close to the equatorial plane. F, equatorial 
section. H, subequatorial section. I, J, R-S, axial sections. P, oblique section. N, tangential (left) and equatorial 
section (right). Note that the shells are partially dissolved. O, transverse, slightly oblique section. Note the absence of 
pillars in the central part of the chamber, typical from the genus Rhabdorites. A, 95-Me-46-02 (Paratype). B, 95-Me-
46-16. C, 95-Me-46-17. D, 95-Me-46-18. E, 95-Me-46-19. F, 95-Me-46-03 (Paratype). G, 95-Me-46-30. H, 95-Me-
46-04 (Paratype). I, 95-Me-46-01 (Holotype). J, 95-Me-46-20. K, 95-Me-46-05 (Paratype). L, 95-Me-46-21. M, 95-
Me-47-33. N, 95-Me-46-22-23. O, 95-Me-46-24. P, 95-Me-46-25. Q, 95-Me-46-26. R, 95-Me-46-27. S, 95-Me-46-
28. T, 95-Me-46-29. 

Abbreviations: bl: basal layer; f: foramen; pr: proloculus; prp: preseptal space; s: septum; sl: septulum. See 
HOTTINGER, 2006, for definition of terms. 

Material. Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Description. The shell has a porcelaneous, 
spherical to ovoidal morphology. Dimorphism 
has not been observed. The early stages of 

growth of the megalospheric generation (glo-
merulus) consist of a small proloculus of about 
5 µm in diameter followed by streptospiral 
whorls (Fig. 10.I). The adult chambers are ar-
ranged planispirally and are subdivided into 
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chamberlets by septula that are aligned from 
one chamber to the next (see Fig. 10.C, L). The 
preseptal passage extends from pole to pole 
and occupies about 1/3rd of the chamber. No 
postseptal passage has been identified. The 
apertures are aligned in a single row (Fig. 
10.B). The maximum equatorial diameter ob-
served is about 1.2 mm. The specimens studied 
are characterized by having a slight flosculinisa-
tion in their chambers (thickening of the basal 
layer in the equatorial zone). The outline of the 
chamberlets in axial section is circular to sub-
rectangular. For 7-8 planispiral whorls the axial 
diameter is around 1.5 mm, equatorial diameter 

around 1.2 mm and the elongation index is 
1.25.  

Differences and similarities. Borelis hottinge-
ri n.sp. differs from B. floridanus by its larger 
size, its more elongated morphology and its 
tighter spiral (Fig. 11).  

Associated larger foraminifera. This form oc-
curs associated with Ranikothalia soldadensis, 
Hexagonocyclina cristensis, Dictyoconoides bo-
neti, Kathina sp., Miscellaneidae indet., Neota-
berina sp., Rhabdorites sp. and Pseudofallotella 
drobneae. 

 

Figure 11. 1, Drawing of Borelis floridanus COLE, 1941 (specimen represented in Fig. 9.A). 2, Drawing of Borelis hot-
tingeri n.sp. (specimen represented in Fig. 10.I). Note the differences between the two species in the outline of the 
chamberlets in axial section and the size of the glomerulus. Scale bar = 1 mm. 

Superfamily Soritoidea EHRENBERG, 1839 

Family Soritidae? EHRENBERG, 1839 

Remarks. The Soritidae Family, as conceived 
by LOEBLICH and TAPPAN (1987), includes several 
morphotypes with very dissimilar test features. 
Soritidae includes specimens with simple endo-
skeleton, cylindrical/conical tests and simple 
aperture (e.g., genus Praerhapydionina WESSEM, 
1943), but also includes morphotypes with 
complex endoskeleton, discoidal tests and mul-
tiple apertures (e.g., archaiasines). This com-
plex group (soritids sensu lato) requires revi-
sion prior to correctly assigning morphotypes to 
different families or subfamilies. We tentatively 
include Neotaberina HOTTINGER, 2007, and Rhab-
dorites FLEURY, 1996, within this family due to 
their architectural similarities to some soritids. 

Genus Neotaberina HOTTINGER, 2007 

Type species: Neotaberina neaniconica HOT-
TINGER, 2007 

Neotaberina sp. 

 Figs. 9.U-V, X-B', 12.C, E-H, M   
1997 Pseudorhapydionina?, BERLANGA, Pl. 9, fig. 9 

Material. Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Description. Specimens show porcelaneous, 
conical to sub-cylindrical shells. The embryonic 
and nepionic stages are not adequately known, 
but the specimens of this species seems to start 
with a small proloculus followed by chambers 
arranged planispirally. In the ephebic growth 
stage chambers acquire a uniserial arrangement 
resulting in a conical to sub-cylindrical shell-
shape (Figs. 9.A', 12.C). The apertural face is 
convex. The adult chambers show an endoske-
leton consisting of septula and pillars (Fig. 12.E, 
G). Radial septula alternate regularly with radial 
rows of foramina (Fig. 12.E, H). The septula are 
interrupted in the adaxial area of the chamber, 
where pillars take place. The endoskeletal ele-
ments and foramina are aligned from one 
chamber to the next. The morphotype studied 
reach a maximum axial length of 1.6 mm and a 
diameter of 0.7 mm. 

Differences and similarities. The specimens 
of Neotaberina from the Paleocene of SE Mexico 
described in this work can be clearly differentia-
ted from the type species N. neaniconica HOT-
TINGER, 2007, from the late Middle Eocene of 
Iran by its size and complexity. Neotaberina 
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neaniconica is characterized by reaching an 
axial length of at least 2.5 mm and a diameter 
of the cone of 1.8 mm, whereas Neotaberina 
sp. shows an axial length of 1.6 mm and a dia-
meter of 0.7 mm. Moreover, the latter is sim-
pler exhibiting fewer septula per mm. 

Remarks. The genus Neotaberina is first 
mentioned for the Caribbean area in this work. 
Taking into consideration the associated larger 
foraminifers and the nature of the test (size and 
complexity) of Neotaberina sp., this morphoty-
pe seems to be older than the Tethyan Eocene 
form N. neaniconica. Unfortunately, the absen-
ce in our material of sections of the nepionic 
stage means that the Caribbean morphotype 
cannot be described as a new species. 

Associated larger foraminifera. This form oc-
curs associated with Pseudofallotella drobneae, 
Borelis hottingeri, Rhabdorites sp., Ranikothalia 
soldadensis, Hexagonocyclina cristensis, Dictyo-
conoides boneti, Kathina sp., and Miscellaneidae 
indet. 

Genus Rhabdorites FLEURY, 1996 

Type species: Rhapydionina malatyaensis 
SIREL, 1976 

Rhabdorites sp. 

 Figs. 9.W, C'-D', 10.N-O, R-S, 12.A-B, D   
1997 Rhabdorites cf. malatyaensis, BERLANGA, Pl. 

10, figs. 1-8. 

Material. Samples Champotón-1, Champo-
tón-2 and Champotón-3 (Fig. 1). 

Remarks. Some specimens with porcela-
neous shells and uniserial, conical shapes have 
been identified among the material studied and 
have been attributed to the genus Rhabdorites 
FLEURY, 1996. The small number of specimens 
identified means that it is not possible to 
describe the morphotype to species level, but 
its basic architecture has been identified. It 
consists of radial partitions placed in the peri-
pheral part of the saucer-shaped chambers, 
interpreted as septula, and multiple apertures 
(Fig. 10.O). The radial rows of foramina alter-
nate with septula. No pillars are present in the 
adaxial part of the chamber. The megalosphere 
seems to be relatively large and followed by 
spirally arranged chambers building half a whorl 
(Fig. 10.S). 

The presence of Rhabdorites in the Carib-
bean paleobioprovince during Paleocene times 
was indicated by BERLANGA (1997). The present 
paper supports that statement in the light of 
new material from the Yucatán Peninsula. 

Associated larger foraminifera. This form oc-
curs associated with Fallotella causae, Coskino-
lina yucatensis, Cincoriola cf. ovoidea, Neotabe-
rina sp., Borelis floridanus, Ranikothalia solda-
densis, Hexagonocyclina cristensis, Dictyoconoi-
des boneti, Kathina sp., Miscellaneidae indet., 
Borelis hottingeri and Pseudofallotella drobneae 
n.sp. 

Suborder Rotaliina 
DELAGE & HEROUARD, 1896 

Family Miscellaneidae 
SIGAL in PIVETEAU, 1952 

Miscellaneidae indet. 

 Fig. 12.I-L, N-R   
1997 Miscellanea sp., BERLANGA, Pl. 18, figs. 1-8. 

Material. Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Remarks. The specimens attributed to the 
Family Miscellaneidae show lamellar-perforate 
shells, planispiral-involute chamber arrange-
ment and external ornamentation based on 
pustules produced by the addition of successive 
outer lamellas (see Fig. 12.Q-R). The aperture 
seems to be single, small and in an interiomar-
ginal position (Fig. 12.Q), but more material is 
needed in order to confirm this feature as well 
as the presence of an umbilical plate. Having 
single or multiple apertures is the taxonomic 
criterion to separate the two subfamilies of 
miscellaneids: Miscellaneinae KACHARAVA in RAU-
ZER-CHERNOUSSOVA & FURZENKO, 1959, includes 
forms with simple aperture; and Miscellanitinae 
HOTTINGER, 2009, groups forms with multiple 
apertures. The abundance of miscellaneiforms 
in the Paleocene of the Caribbean paleobiopro-
vince combined with the lack of detailed 
structural analysis call for further research on 
this group in the near future. 

Associated larger foraminifera. This form 
occurs associated with Ranikothalia soldadensis, 
Hexagonocyclina cristensis, Dictyoconoides 
boneti n.sp., Kathina sp., Neotaberina sp., 
Rhabdorites sp., Borelis hottingeri and Pseudo-
fallotella drobneae. 

Family Discocyclinidae GALLOWAY, 1928 

Genus Hexagonocyclina CAUDRI, 1944 

Type species: Orbitoclypeus? cristensis 
VAUGHAN, 1924 

Hexagonocyclina cristensis 
(VAUGHAN, 1924) 

 Figs. 10.P, 12.S-T, 13 
1929 Discocyclina cristensis (VAUGHAN). VAUGHAN, p. 

8-9; Pl. 2, figs. 1-2 
1944 Hexagonocyclina cristensis (VAUGHAN). 

CAUDRI, p. 362-363 
1960 Discocyclina (Discocyclina) cristensis 

(VAUGHAN). BUTTERLIN & BONET, p. 14-15; Pl. 3, 
figs. 1-4 

1981 Discocyclina cristensis (VAUGHAN). BUTTERLIN, 
p. 48-49; Pl. 26, figs. 3-4 

1984 Discocyclina cristensis (VAUGHAN). PÊCHEUX, p. 
128-129; Pl. 8, figs. 16-17 

1997 Hexagonocyclina cf. cristensis (VAUGHAN). 
BERLANGA, p. 113-116; Pl. 24, figs. 1-6 

Material. Samples Champotón-2 and 
Champotón-3 (Fig. 1). 
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Figure 12. Rhabdorites sp. (A-B, D), Neotaberina sp. (C, E-H, M), Miscellaneidae indet. (I-L, N-R), Hexagonocyclina 
cristensis (VAUGHAN, 1924) (S-T), and Ranikothalia soldadensis (VAUGHAN & COLE, 1941) (U-V), from the Paleocene of 
Campeche (SE Mexico). Scale bar = 0.6 mm for pictures A-D, F-G, I-L, N-V; 0.3 mm for pictures E, H, M. A-D, 
longitudinal sections. E, G-H, M, transverse sections. F, I, L, N-O, S, oblique sections. K, U, axial sections. J, P, 
tangential sections. Q, R, T, subaxial sections. In pictures E, H and M, note the presence of pillars in the central part 
of the chamber, and foramina that alternate with septula, both characteristics are typical from the genus 
Neotaberina. A, 95-Me-47-34. B, 95-Me-47-35. C, 95-Me-47-36. D, 95-Me-47-37. E, 95-Me-47-38. F, 95-Me-47-39. 
G, 95-Me-47-40. H, 95-Me-47-41. I, 95-Me-47-42. J, 95-Me-47-43. K, 95-Me-47-44. L, 95-Me-47-45. M, 95-Me-47-
46. N, 95-Me-47-47. O, 95-Me-47-48. P, 95-Me-47-49. Q, 95-Me-47-50. R, 95-Me-47-51. 19. S, 95-Me-47-52. T, 
95-Me-47-53. U, 95-Me-47-54. V, 95-Me-47-55. 

Abbreviations: ch: chamber; f: foramen; p: pillar; sl: septulum. See HOTTINGER, 2006, for definition of terms. 
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Figure 13. Hexagonocyclina cristensis (VAUGHAN, 1924) from the Paleocene of Campeche (SE Mexico). Scale bar = 1 
mm. A-B, equatorial section. C, detail of the embryonic apparatus. Note the presence of the auxiliary chambers. A, 
95-Me-47-56. B, 95-Me-47-57. 

Description. Lamellar perforate specimens 
with discoidal morphology. The embryonic ap-
paratus consists of protoconch, deuteroconch 
and two auxiliary chambers at the junction bet-
ween protoconch and deuteroconch (see Fig. 
13.C). The equatorial diameter is around 1.6 
mm and the diameter of the protoconch is 80 
µm. Adult chamberlets are hexagonal.  

Associated larger foraminifera. This form oc-
curs associated with Ranikothalia soldadensis, 
Dictyoconoides boneti, Kathina sp., Miscellanei-
dae indet., Neotaberina sp., Rhabdorites sp., 
Borelis hottingeri, and Pseudofallotella drob-
neae. 

Family Nummulitidae BLAINVILLE, 1827 

Genus Ranikothalia CAUDRI, 1944 

Type species: Nummulites nuttalli DAVIES, 
1927 

Ranikothalia soldadensis 
(VAUGHAN & COLE, 1941) 

 Figs. 10.Q, T, 12.U-V, 14, 15.D-F, 16.A-D 
1941 Miscellanea soldadensis n.sp. VAUGHAN & 

COLE, p. 36; Pl. 4, figs. 8-9 
1944 Ranikothalia soldadensis (VAUGHAN & COLE). 

CAUDRI, p. 23; Pl. 4, fig. 19; Pl. 5, figs. 24, 26? 
1945 Miscellanea soldadensis (VAUGHAN & COLE). 

VAUGHAN, p. 30; Pl. 5, figs. 2-5 
1960 Operculina catenula (CUSHMAN & JARVIS). BUT-

TERLIN & BONET, p. 11-14; Pl. 2, figs. 1-5 
1975 Ranikothalia soldadensis (VAUGHAN & COLE). 

CAUDRI, p. 539; Pl. 1, figs. 1, 4; Pl. 2, figs 1, 6, 
8; Pl. 6, figs. 1, 3; Pl. 7, figs. 1-5, Pl. 8, figs. 1-
3 

1996 Ranikothalia soldadensis (VAUGHAN & COLE). 
CAUDRI, p. 1185; Pl. 5.4; Pl. 9.1 

1997 Ranikothalia soldadensis (VAUGHAN & COLE). 
BERLANGA, p. 145-151; Pl. 30, figs. 1-4; Pl. 31, 
figs. 1-3; Pl. 32, figs. 1-6; Pl. 33, fig. 1  

Material. Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Description. The microspheric and megalo-
spheric forms show flattened lenticular shell-
shape with rounded periphery. The ornamenta-
tion is formed by radial filaments slightly curved 
at the periphery and piles concentrated in the 

umbonal area. The microspheric generation is 
characterized by having a marginal cord strong-
ly thickened up to 1/3rd of the chambers height 
(Fig. 14.A). The maximum equatorial diameter 
observed in this form is around 8.25 mm and 
the thickness in axial section 0.7-1 mm with 3 
½ to 5 whorls and 72 to 100 chambers in total, 
around 35 chambers being present in the last 
whorl. The maximum diameter in megalosphe-
ric forms varies from 2.5-3 mm and the thick-
ness from 0.6-0.9 mm for 3 to 3 1/2 whorls and 
45 to 52 chambers in total, there being about 
25 chambers in the last whorl. The embryonic 
apparatus of the megalospheric generation is 
isolepidine, and consists of a subspherical pro-
loculus with a maximum diameter of 0.180-
0.300 mm and a deuteroconch of about 0.200 
mm in diameter (see Fig. 14.C-D). The follo-
wing chambers are planispiral with regular spi-
ral growth and involute arrangement, except for 
microspheric forms that are evolute in the last 
whorls. The chambers are higher than long with 
a subrectangular outline in equatorial section. 
The septa are straight or slightly inclined and 
curved backward to the top of the chambers. 
The ceiling of the chambers is arched or someti-
mes flattened. 

Differences and similarities. Ranikothalia sol-
dadensis differs from the Caribbean species 
Ranikothalia bermudezi (VAUGHAN & COLE, 1941) 
by its flatter morphology, tighter spiral and 
smaller test size (Fig. 15).  

Remarks. Considering the external ornamen-
tation, the planispiral growth from involute to 
evolute arrangement of the chambers, its out-
line and distribution, we consider that the forms 
attributed in this work to Ranikothalia soldaden-
sis belong to the same phylogenetic branch as 
Ranikothalia sindensis (DAVIES, 1927) from the 
Tethyan realm. There is, however, sufficient 
controversy regarding the Tethyan specimens 
attributed to R. sindensis, that it is worth men-
tioning here. This species was described by 
DAVIES (1927) as Operculina sindensis in Paleo-
cene rocks (Khairabad limestones Formation) 
from Pakistan. Some years later, DAVIES and 
PINFOLD (1937) constrained the biostratigraphic 
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Figure 14. Ranikothalia soldadensis (VAUGHAN & COLE, 1941) from the Paleocene of Campeche (SE Mexico). Scale 
bar = 1 mm. A, axial section, microspheric form. B, equatorial section, microspheric form. C-F, equatorial sections, 
megalospheric forms. G-H, axial sections, megalospheric forms. A, 95-Me-47-58. B, 95-Me-47-59. C, 95-Me-47-60. 
D, 95-Me-47-61. E, 95-Me-47-62. F, 95-Me-47-63. G, 95-Me-47-64. H, 95-Me-47-65. 

 

Figure 15.  Drawings of the Ranikothalia bermudezi (PALMER, 1934) (A-C), and Ranikothalia soldadensis (VAUGHAN & 
COLE, 1941) (D-F) from the Paleocene of Campeche (SE Mexico). Scale bar = 1 mm. Note the differences between 
the two species in the axial outline. Specimens of R. soldadensis from the Paleocene of Campeche (SE Mexico); spe-
cimens of R. bermudezi from the Paleocene of Chiapas (SE Mexico). 
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Figure 16. Drawings of equatorial sections of Ranikothalia soldadensis (VAUGHAN & COLE, 1941) (A-D) from the 
Paleocene of Campeche (SE Mexico), Ranikothalia sindensis (DAVIES, 1927) (E-F) from Ruisseau de la Mède (France), 
and Ranikothalia sindensis (DAVIES, 1927) (G-I) from Dor M'Sid (Libya). Scale bar = 1 mm. 



Carnets de Géologie [Notebooks on Geology] - vol. 14, n° 4 

61 

 

Figure 17. Dictyoconoides boneti n.sp. (A-P, R-S), and Kathina sp. (Q, T-Y) from the Paleocene of Campeche (SE 
Mexico). Scale bar = 0.6 mm. A-B, D, H-J, Q, T-W, oblique sections close to the axial plane. C, E, F-G, K-O, Q, S, X-
Y, axial sections. P, R, transverse, slightly oblique sections. A-M, megalospheric specimens. N-P, microspheric 
specimens. A, 95-Me-47-65. B, 95-Me-47-66. C, 95-Me-47-05 (Holotype). D, 95-Me-47-67. E, 95-Me-47-68. F, 95-
Me-47-69. G, 95-Me-47-70. H, 95-Me-47-71. I, 95-Me-47-72. J, 95-Me-47-73. K, 95-Me-47-74. L, 95-Me-47-75. M, 
95-Me-47-76. N, 95-Me-47-77. O, 95-Me-47-06 (Paratype). P, 95-ME-47-07 (Paratype). Q, 95-Me-47-78. R, 95-ME-
47-08 (Paratype). S, 95-Me-47-79. T, 95-Me-47-80. U, 95-Me-47-81. V, 95-Me-47-82. W, 95-Me-47-83. X, 95-Me-
47-84. Y, 95-Me-47-85. 

Abbreviations: ch: chamber; "ch": "chamberlet"; dp: dorsal pile; f: foramen; foa: foliar aperture; fol: folia; fu: 
funnel; ilsp: interseptal interlocular space; pr: proloculus; ump: umbilical pile; up: umbilical plate. See HOTTINGER, 
2006, for definition of terms. 

range of R. sindensis to the upper Thanetian-lo-
wer Eocene? age, equivalent to SBZ 4-SBZ 5? 
according to SERRA-KIEL et al. (1998). The con-
troversy appeared when HOTTINGER (1977) 
described and illustrated R. sindensis from Ruis-
seau de la Mède (France) and Dor M'Sid (Li-
bya). Though DAVIES (1927) and DAVIES and PIN-
FOLD (1937) only illustrated the external surface 
of the test with no equatorial sections of R. 
sindensis (op. cit.: see Pl. 19, fig. 10-13 and Pl. 
4, fig. 21), the morphotype described by HOT-
TINGER seems to be very different showing smal-
ler microspheric specimens (5.5 mm versus 7-
12 mm). Moreover, HOTTINGER's forms were da-
ted as lower Thanetian or SBZ 3. Thus, R. sin-
densis sensu HOTTINGER (1977) must be separa-

ted as a different species from the original spe-
cies of DAVIES. 

The specimens of R. soldadensis studied dif-
fer from R. sindensis sensu HOTTINGER by having 
larger microspheric forms (8.2 mm versus 5.5 
mm), a larger diameter proloculus in megalo-
spheric forms (0.240-0.260 mm versus 0.180-
0.225 mm) and a laxer spiral in both genera-
tions (see Fig. 16). Thus, the morphotype 
described in this paper as R. soldadensis can be 
considered a more evolved form than R. sin-
densis described by HOTTINGER (1977), and both 
would be in the same phylogenetic branch. 

In contrast, R. soldadensis is architecturally 
closer to the R. sindensis from Pakistan. Unfor-
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tunately, as noted above, DAVIES (1927) and 
DAVIES and PINFOLD (1937) did not illustrate any 
equatorial sections, but only the external sur-
face of the test (op. cit.: see Pl. 19, fig. 10-13 
and Pl. 4, fig. 21). Therefore, verifying the pos-
sible synonymy of R. soldadensis with R. sin-
densis would require the re-characterization of 
the holotype or the topotypes, and this is far 
beyond the scope of this paper. Nonetheless, 
the external similarities between the two spe-
cies suggest that the range of R. soldadensis is 
above SBZ 3, likely SBZ 4. 

The recently described Ranikothalia polat-
liensis SIREL (2013) from the Tethyan paleobio-
province seems to be also closely related to R. 
soldadensis, but the former differs from the 
latter by both its larger proloculus (0.350-0.450 
mm versus 0.180-0.300 mm) and loosely coiled 
early whorls.  

Associated larger foraminifera. This form oc-
curs associated with Hexagonocyclina cristensis, 
Dictyoconoides boneti, Kathina sp., Miscellanei-
dae indet., Neotaberina sp., Rhabdorites sp., 
Borelis hottingeri, and Pseudofallotella drob-
neae. 

Family Rotalidae EHRENBERG, 1839 

Subfamily Rotaliinae EHRENBERG, 1839 

Subfamily Lockhartinae HOTTINGER, 2014 

Genus Dictyoconoides NUTTALL, 1925 

Type species Conulites cooki CARTER, 1861 

Dictyoconoides boneti n.sp. 

 Fig. 17.A-P, R-S  
1997 Lockhartia? sp. BERLANGA, p. 99; Pl. 17, figs. 

1-9.  

Holotype. Fig. 17.C (95-ME-47-05). 

Paratypes. Fig. 17.O (95-ME-47-06), 17.P 
(95-ME-47-07), 17.R (95-ME-47-08). 

Type locality. Champotón-3, X: -90,7337961 
2940; Y: 19,26029960940. (Fig. 1). 

Type level. Thanetian (SBZ 3? and SBZ 4), 
Chichen Itzá Formation. 

Material. Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Derivation of name. Given in honour of Fe-
derico BONET, who worked on the stratigraphy of 
the Yucatán Peninsula. 

Description: Specimens show lamellar-perfo-
rate, low-conical shells. No B-Forms have been 
found. The A-Forms show the low-trochospiral 
morphology with evolute dorsal side and flatte-
ned or slightly convex ventral side. The oblique 
longitudinal section showed the chamber arran-
gement in two simultaneous spirals (Fig. 17.B-
C). The longitudinal length reaches 0.650 mm 
with a diameter of 2 mm. The wall is bilamellar-
perforate and thick with coarse pores on the 
dorsal side; the periphery is rounded, without 
keels. The dorsal side shows the piles located at 

the junction of chamber and whorl sutures, the-
se sutures being slightly depressed (Fig. 17.A). 
The umbilical or ventral side is filled with nume-
rous vertical piles and shows funnels subdivided 
by numerous folia (Fig. 17.K, O); between two 
adjacent piles there are spaces similar to 
"chamberlets" (Fig. 17.K). The apertures are in-
teriomarginal and located near the periphery on 
the umbilical side. Proloculus are located in api-
cal position with a maximum diameter of 0.120 
mm.  

Remarks. This new species differs from Dic-
tyoconoides flemingi described by DAVIES and 
PINFOLD (1937) from Paleocene of Pakistan by 
being smaller in size and by the presence of 
abundant piles on the dorsal side. 

Associated larger foraminifera. This form oc-
curs associated with Ranikothalia soldadensis, 
Hexagonocyclina cristensis, Kathina sp., Miscel-
laneidae indet., Neotaberina sp., Rhabdorites 
sp., Borelis hottingeri, and Pseudofallotella 
drobneae. 

Subfamily Kathininae HOTTINGER, 2014 

Genus Kathina SMOUT, 1954 

Type species: Kathina delseota SMOUT, 1954 

Kathina sp. 

 Fig. 17.Q, T-Y  
1997 Kathina? sp. BERLANGA, Pl. 16, figs. 4-5.  

Material: Samples Champotón-2 and Cham-
potón-3 (Fig. 1). 

Description. Specimens have lamellar-perfo-
rate, low conical shells. No B-Forms have been 
found. The A-Forms show low-trochospiral mor-
phology with rounded, unkeeled periphery. The 
dorsal side is flattened or slightly convex and 
the umbilical side markedly convex. The wall of 
the chambers is thick with coarse pores. The 
longitudinal length reaches 0.6 mm with a dia-
meter of 0.95 mm. The folia are fused in umbi-
lical zone forming piles; between these piles 
there are funnels connected with spiral canal 
(see Fig. 17.Y). The apertures are arched in 
interiomarginal position and located below the 
dorsal side (Fig. 17.X). The dorsal side is 
smooth and show piles only at the junction of 
the first chamber sutures.  

Remarks. This form differs from Kathina ma-
jor, K. delseota and K. selveri characterized by 
SMOUT (1954) in Paleocene rocks from Qatar in 
its smaller size and differs from Kathina perna-
vuti characterized by SIREL (1972) in Paleocene 
rocks from Anatolia (Turkey) in its less flatte-
ned morphology. However, the scarcity of this 
form in our samples does not allow greater 
taxonomic precision. 

Associated larger foraminifera. This form oc-
curs associated with Ranikothalia soldadensis, 
Hexagonocyclina cristensis, Dictyoconoides bo-
neti, Miscellaneidae indet., Neotaberina sp., 
Rhabdorites sp., Borelis hottingeri, and Pseudo-
fallotella drobneae. 
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Genus Cincoriola HAQUE, 1958 

Type species: Punjabia ovoidea HAQUE, 1956 

Cincoriola cf. ovoidea (HAQUE, 1958) 

 Fig. 9.P-T  
1997 Cincoriola? sp. BERLANGA, p. 98; Pl. 15, figs. 

1-3 
1998 Cincoriola?. SIREL, p. 77, figs. 15-17 
1998 ?Kathina melona RAHAGHI. ACCORDI et al. p. 

174, 196; Pl. 3, fig. c; Pl. 14, figs. 1-3 

Material: Sample Champotón-1 (Fig. 1). 

Description: The shell is lamellar perforate 
with thick walls and trochospiral chamber ar-
rangement. The ventral side is highly convex. 
The septa cover all the umbilical face and show 
numerous foramina. The foramina between two 
continuous chambers are aligned in parallel 
spirals (see Fig. 9.R). 

Remarks. Due to the scarcity of specimens 
of this form in our material we prefer to use the 
term confer for the specific assignment.  

Associated larger foraminifera. This form oc-
curs associated with Fallotella causae, Coskino-
lina yucatensis, Rhabdorites sp., and Borelis 
floridanus. 

4. Age and distribution 

Two different associations of larger foramini-
fera have been distinguished in the material 
studied. The first one is represented by Fallo-
tella causae, Coskinolina yucatensis n.sp., 
Rhabdorites sp., Borelis floridanus and Cinco-
riola cf. ovoidea and the second by Pseudofallo-
tella drobneae n.sp., Neotaberina sp., Rhabdori-
tes sp., Borelis hottingeri n.sp., Ranikothalia 
soldadensis, Hexagonocyclina cristensis, Dictyo-
conoides boneti n.sp., Kathina sp. and Miscella-
neidae indet. 

The presence of Ranikothalia soldadensis al-
lows the second association to be dated as Tha-
netian, SBZ 3? or SBZ 4 (Paleocene as pointed 
out by KLUGER & CAUDRI, 1975). However, no 
index fossil has been found in the stratigraphic 
interval containing the first association. The 
similarities of some of the larger foraminifera 
found in the two assemblages, such as Rhabdo-
rites and Neotaberina, suggest a similar age to 
the second association, though a slightly older 
age cannot be ruled out. Inferring an older age 
to the first association with respect to the se-
cond would be justified by the absence of the 
relatively complex conical form Pseudofallotella 
in the former, and its presence in the latter. 
Moreover, in the Tethyan paleobioprovince the 
presence of Fallotella alavensis is restricted to 
the SBZ 3; therefore, a similar age for the Ca-
ribbean consort F. causae is plausible.  

The larger foraminifera associations defined 
in VICEDO et al. (2013) for the Paleocene of 
Chiapas State (SE Mexico), one of them with 
Taberina cubana KEIJZER, 1946, and the other 
one with Ranikothalia bermudezi (PALMER, 
1934), are younger than, at least, the associa-

tion of R. soldadensis. More regional stratigra-
phic studies are needed, however, to constrain 
the ages and the paleobiogeographic distribu-
tion of all the assemblages.  

The evolutionary trends shown by Paleogene 
agglutinated conical foraminifera on both sides 
of the Atlantic were thoroughly discussed in 
HOTTINGER & DROBNE (1980). However, the lack 
of representatives of conical forms in the Paleo-
cene of the Caribbean paleobioprovince preven-
ted the authors from providing a complete com-
parison of the morphotypes of equivalent time 
levels during this interval. Thus, one of the ma-
jor arguments on which HOTTINGER & DROBNE 
(1980) based their conclusions about the evolu-
tion of conical forms was that common taxa in 
the two paleobioprovinces seemed to appear in 
different stratigraphic levels (specimens the ge-
nus Fallotella in the Caribbean paleobioprovince 
were known only from the middle Eocene depo-
sits). This assumption allowed the authors to 
conclude that species found in the two areas 
developed in parallel lineages without any phy-
logenetic relationships and that the evolution of 
Paleogene conical foraminifera was independent 
on the two sides of the Atlantic. The descrip-
tions presented in this paper of the Paleocene 
conical forms found in the Yucatán peninsula 
(Mexico) shed new light on this issue. The pre-
sence of representatives of the genera Coskino-
lina and Fallotella in the Paleocene of the Carib-
bean paleobioprovince means that the distribu-
tion patterns in the two areas are similar and 
confirms the similar evolution of the architectu-
ral features of the taxa. The similar evolutio-
nary trends are also confirmed by the presence, 
on both sides of the Atlantic, of Eocene complex 
forms with subepidermal network such as Dic-
tyoconus (in the Tethyan) and Cushmania (in 
the Caribbean). 

Concerning the other taxa of larger foramini-
fera studied in this work, representatives of 
Ranikothalia, Cincoriola, Kathina and ortophrag-
minids were present on both sides of the Atlan-
tic during Paleocene times. On the other hand, 
the genera Borelis, Neotaberina, Rhabdorites 
and Dictyoconoides were restricted to the Carib-
bean paleobioprovince at that time (representa-
tives are stratigraphically higher in Tethyan pa-
leobioprovince). The differences between the 
representatives, at least at the specific level, of 
the taxa found in the Paleocene deposits on 
both sides of the Atlantic seems to confirm that 
Caribbean and Tethyan paleobioprovinces can 
be clearly differentiated by their fossil assem-
blages. However, further research is needed to 
improve our knowledge of the taxa and their 
paleobiogeographic and stratigraphic distribu-
tion (endemisms, processes of evolutionary 
convergence, migratory fluxes,…). 

5. Palaeoenvironmental interpretation 

Previous work concerning the palaeoenviron-
mental distribution of larger Paleogene forami-
nifera has been reported by HALLOCK (1988), 
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TEIXELL & SERRA-KIEL (1988), TRAVÉ et al. (1996), 
ROMERO et al. (2002), BEAVINGTON-PENNEY & RACEY 
(2004), ĆOSOVIĆ et al. (2004), BEAVINGTON-PEN-
NEY et al. (2006) and ROBINET et al. (2013). In 
our work, the data obtained from different iso-
lated outcrops in Campeche, and those from 
Chiapas (VICEDO et al., 2013), make it possible 
to comment on the ecological requirements of 
the morphotypes studied from the Paleocene ti-
mes in the Caribbean area. The paleoenviron-
mental interpretation of the previous study of 
BERLANGA & CAUS (1999) dealing with the micro-
facies of the Xbcal Mb. has been considered in 
this review. 

In recent times, the larger foraminifera are 
among the major sediment producers in the 
shallow-marine domain of tropical-subtropical 
climatic areas (WEFER et al., 1981) cha-
racterized by stable nutrient-deficient environ-
ments (mesotrophic to oligotrophic) (HALLOCK, 
1988). These features involve an anti-estuarine 
circulation, the absence of rejuvenation cur-
rents (up-welling) and the absence of nutrient 
input from emerged continents (runoff) (HOTTIN-
GER, 1990). Thus, considering the architectural 
similarities of the taxa studied in this paper and 
those of the current foraminifera (e.g., nummu-
litids and alveolinids), we infer similar ecologi-
cal requirements for the fossil assemblages. 

According to their morpho-functional cha-
racteristics, the genera Taberina, Neomurciella 
and Raadshoovenia (discoidal-flabelliform and 
planar morphology of test, and peripheral distri-
bution of apertures) have similarities with mo-
dern soritid Amphisorus. Hence, we assume 
that they have similar environmental require-
ments. In the Red Sea, at depths of up to 35 
meters, Amphisorus hemprichii lives under nor-
mal marine conditions and epiphytically on 
Halophila leaves (REISS & HOTTINGER, 1984). The 
predominance of these genera and the presence 
of microspheric forms of the genera with long 
life-times (annual, not seasonal) imply the pre-
sence of perennial vegetation (vascular plants) 
and the development of seagrass cover in an 
inner-ramp under oligotrophic conditions in the 
Paleocene outcrops from Chiapas. 

The current forms of the genus Borelis live 
at depths of 10 to 60 meters mostly between 
25 and 35 meters, in normal-salinity, low-ener-
gy nutrient-poor marine environments with very 
low terrigenous input, and on either soft or hard 
substrates. Borelis lives on Halophila leaves or 
on hard substrate (REISS & HOTTINGER, 1984).  

We consider that Rhabdorites and Neotabe-
rina with planispiral to uniserial arrangement of 
the chambers and the kind of apertures (criba-
te) have the same palaeoenvironmental requi-
rements as current forms of peneroplids. These 
forms live as phytal dwellers or on the soft sub-
strate (FABER, 1991) and at a maximum depth 
of around 70 meters, though they are more 
likely to be found within the top 40 meters 
(REISS & HOTTINGER, 1984). 

Regarding the genus Ranikothalia, as a num-
mulitid, it is able to colonize the environment 
within deeper photic zones under oligotrophic 
conditions. For instance, in the Red Sea the ge-
nus Operculina can live around a depth of 60 m 
and Heterostegina around 100 m as free-forms 
under oligotrophic conditions (REISS & HOTTIN-
GER, 1984). 

The ecological requirements of other larger 
foraminifera without current equivalent forms 
can also be inferred from their morphostructu-
re. For example, the genera Fallotella, Coskino-
lina (orbitolinids) and Dictyoconoides (rotalid) 
have no equivalents since their extinction at the 
Eocene-Oligocene boundary (VECCHIO & HOTTIN-
GER, 2007). The similar aperture distribution (at 
the base of the conical test) of these genera 
indicates that these forms could not live on the 
ecological soft substrate with a basal trophic 
level. As a hypothesis, we consider that these 
forms were able to live as free-forms on the 
vegetal substrate or on bioclastic debris. 

Finally, the orthophragminids such as the 
Hexagonocyclina genus are considered to be the 
larger foraminifers that lived the deepest, up to 
the lower limit of the photic zone (FERRÀNDEZ-
CAÑADELL & SERRA-KIEL, 1992). 

Considering the data obtained in this work 
and by VICEDO et al. (2013), the four assembla-
ges described from the Paleocene rocks of Cam-
peche and Chiapas can be interpreted as depo-
sits of an inner to middle ramp setting (Fig. 
18). However, some particularities can be ob-
served: whereas Taberina and its associates of 
Chiapas are considered to live in seagrass, the 
association with Ranikothalia and Hexagonocy-
clina indicate the deeper part of the inner ramp 
or even the middle ramp. 

6. Conclusions 

The detailed study of the larger foraminifera 
found in the Chichen Itzá Formation in Campe-
che (SE Mexico) has allowed us to describe 
three new species and one new genus of larger 
conical foraminifera, Fallotella causae, Coskino-
lina yucatanensis and Pseudofallotella drob-
neae. In addition, one new species of alveolinid, 
Borelis hottingeri, and one new species of rota-
liid, Dictyoconoides boneti, have been identified 
among the material studied. 

Two larger foraminiferal associations inter-
preted as deposited in the deeper part of the 
inner ramp, or even the middle ramp, have 
been defined. One is characterized by the 
presence of Coskinolina yucatensis, Fallotella 
causae, Rhabdorites sp., Borelis floridanus and 
Cincoriola cf. ovoidea, and the other by Pseudo-
fallotella drobneae, Neotaberina sp., Rhabdori-
tes sp., Borelis hottingeri, Dictyoconoides bone-
ti, Kathina sp., Miscellaneidae, Ranikothalia sol-
dadensis, and Hexagonocyclina cristensis. The 
genera Cincoriola, Neotaberina, Rhabdorites 
and Dictyoconoides have been cited in the Ca-
ribbean paleobioprovince for the first time in 
this paper. 
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Figure 18. Paleoenvironmental distribution of the Paleocene larger foraminifera from Chiapas and Yucatán Peninsula 
(SE Mexico). 

The two foraminiferal associations in Campe-
che described in this paper, interpreted as 
deposits of an inner to middle ramp setting, to-
gether with those defined in Chiapas by VICEDO 
et al. (2013) characterize the Paleocene of sou-
thern Mexico. Combining data from these two 
studies, the estimated age for the two assem-
blages of Campeche is Thanetian (SBZ 3? and 
SBZ 4). 
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