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ABSTRACT 

Olsson, Richard K., Christoph Hemleben, William A. Berggren, and Brian T. Huber, 
editors. Atlas of Paleocene Planktonic Foraminifera. Smithsonian Contributions to Paleobiol- 
ogy, number 85, 252 pages, 37 figures, 71 plates, 1999.•Sixty-seven species of Paleocene 
planktonic foraminifera are described and illustrated, including three species of Eoglobigerina, 
four species of Parasubbotina, five species of Subbotina, two species of Hedbergella, 10 species 
of Globanomalina, six species of Acarinina, 12 species of Morozovella, three species of Igorina, 
four species of Praemurica, one species of Guembelitria, one species of Globoconusa, three 
species of Parvularugoglobigerina, two species of Woodringina, six species of Chiloguembe- 
lina, one species of Rectoguembelina, and four species of Zeauvigerina. Taxonomic 
classification of normal perforate taxa are organized according to wall texture. Spinose 
cancellate genera include Eoglobigerina, Parasubbotina, and Subbotina; cancellate nonspinose 
genera include Igorinina and Praemurica; smooth-walled genera include Hedbergella and 
Globanomalina; and muricate genera include Acarinina and Morozovella. Taxonomic 
classification of microperforate taxa (including Guembelitria, Globoconusa, Parvularugoglo- 
bigerina, Woodringina, Chiloguembelina, Rectoguembelina, and Zeauvigerina) are organized 
according to test morphology. 

Scanning electron microscope (SEM) images of type species described by Morozova in the 
collections of the Geological Institute, Academy of Sciences (GAN), Moscow, and the type 
material described by Subbotina in the collections of the All Union Petroleum Scientific 
Research Geological Prospecting Institute (VNIGRI), St. Petersburg, are shown on Plates 8-12. 
Twelve species described by Morozova, nine species described by Subbotina, and one species 
described by Bykova are illustrated. In addition, SEM images of 28 holotypes and two paratypes 
from the Smithsonian Institution collections are shown on Plates 13-17, and the lectotype for 
Globigerina compressa Plummer, 1926, and the neotype for Globorotalia monmouthensis 
Olsson, 1961, are designated and illustrated with SEM images. 

Paleobiogeographic maps showing the global distribution of 29 commonly occurring 
Paleocene taxa are included in the atlas, as well as figures showing the stratigraphie ranges of 
species by genus and stratigraphie first and last appearances. The biostratigraphic framework 
used in the atlas is the revised biostratigraphy given in Berggren et al., 1995, which is 
summarized in the atlas. Wall texture and morphological relationships between species and 
genera form the basis of phylogenetic interpretations. This is discussed in the section "Wall 
Texture, Classification, and Phylogeny" and is referenced to Plates 1-7. 
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Introduction 

(by R.K. Olsson, W.A. Berggren, and Ch. Hemleben) 

The Paleogene Planktonic Foraminifera Working Group of 
the International Subcommission on Paleogene Stratigraphy, 
International Union of Geological Sciences, was formed in 
1987 following a meeting (organized by W.A. Berggren) at the 
British Petroleum Research Centre in Sunbury on Thames, 
U.K., of researchers interested in improving the understanding 
of Paleogene planktonic foraminiferal taxonomy and lineage 
phylogenies. The consensus of the meeting was that a concerted 
effort among workers was needed to unravel conflicting 
taxonomic usages of Paleogene taxa due to misunderstanding 
and lack of access to type collections, particularly in the former 
Soviet Union. The origins of many of the important biostrati- 
graphic lineages was obscure so that the radiation of Paleogene 
planktonic foraminifera was poorly understood, and, in fact, 
some long-held concepts proved to be erroneous. Some of the 
important questions included the origin of the basal Cenozoic 
radiation, the taxa involved and how to distinguish them, the 
origin of the genus Acarinina, and the phylogeny of the 
morozovellids. In the following years, important breakthroughs 
in research led to the evolution of the working group's 
understanding of the taxonomy and phylogeny of Paleogene 
planktonic foraminifera. 

Richard K. Olsson, Department of Geological Sciences, Rutgers 
University, New Brunswick, New Jersey 08903. Christoph Hemleben, 
Institute und Museum för Geologie und Paläontologie, Universität 
Tübingen, D-72076 Tübingen, Germany. William A. Berggren, 
Department of Geology and Geophysics, Woods Hole Océanographie 
Institute, Woods Hole, Massachusetts 02543. Brian T. Huber, 
Department of Paleobiology, MRC NHB 121, National Museum of 
Natural History, Smithsonian Institution, Washington, D.C. 20560. 
Reviewer:  William  V. Sliter (deceased),  U.S.  Geological Survey, 
Menlo Park, California. 

The first official meeting of the Paleogene Planktonic 
Foraminifera Working Group was held at the Institute of 
Geology and Paleontology at the University of Tübingen, 
Tübingen, Germany. In order to achieve a meaningful 
reconstruction of the taxonomy and phylogeny of Paleogene 
planktonic foraminifera the working group decided to focus on 
unraveling the origins and evolution of the earliest Paleocene 
(Danian) taxa so as to identify lineages of species that could be 
traced into the later Paleocene and ultimately through the 
Paleogene. 

An important step in the understanding of Danian taxonomy 
came about with the visit by W.A. Berggren and F. Rögl to 
study type collections of V.G. Morozova housed in Moscow 
and with the study of Russian species in the collections of W.A. 
Berggren and H.P. Luterbacher. The work of Ch. Hemleben 
provided a preliminary understanding of a classification of 
living species, which was based on whether or not spines were 
used in their biological behavior, a division that Parker (1962) 
clearly showed could be applied to living plankonic foraminif- 
era based on the presence or absence of spines. His work 
focused on the identification in fossilized specimens of the 
spinose condition, because spines are used only when the 
individual is alive and are shed during gametogenesis. The 
presence of spine holes and spine bases in and on the chamber 
walls of fossil specimens indicated a spinose condition. The 
importance of wall structure was emphasized by Steineck and 
Fleisher (1978) in their seminal paper on a phylogenetically 
based classification of planktonic foraminifera. An important 
breakthrough in using wall texture and structure in the 
taxonomic classification of Paleocene planktonic foraminifera 
was announced at the 1989 meeting of the working group in 
Tübingen. This was the discovery by Ch. Hemleben and R.K. 
Olsson of spinose wall texture in specimens of Eoglobigerina 
eobulloides (Morozova) from Zone Pa in the Danian section at 
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Millers Ferry, Alabama. This discovery showed that the 
spinose condition had developed in planktonic foraminifera 
following the terminal Cretaceous mass extinction. It was an 
innovation not present in Cretaceous planktonic foraminifera, 
and it meant that a phylogenetic classification based on wall 
texture might be applied to Danian planktonic foraminifera. In 
addition to E. eubulloides, Parasubbotina pseudobulloides 
(Plummer) was subsequently shown to have a spinose wall 
texture. This discovery abruptly uprooted long-held notions 
about Paleocene planktonic foraminiferal phylogenies (Bolli, 
1957a; Blow, 1979) in which P. pseudobulloides was consid- 
ered the ancestor of the nonspinose post-Danian muricate 
morozovellid radiation. The study by F.T Banner (1989) of the 
planktonic foraminiferal genus Globanomalina clarified the 
taxonomy of the smooth-walled group of Paleocene planktonic 
foraminifera and showed that wall texture was highly important 
in tracing phylogeny and in identifmg lineages. His work 
identified the earliest Danian species, Globanomalina archeo- 
compressa (Blow), as the first species of a smooth-walled 
nonspinose lineage. By the next meeting in 1990 in Tübingen 
the first Danian cancellate nonspinose species, Praemurica 
táurica (Morozova), was identified. It was now clear that 
Danian planktonic foraminifera consisted of four groups based 
on wall texture. These four groups had the same kind of wall 
texture as did the four groups of living planktonic foraminifera 
(Hemleben et al., 1991). The wall textures are microperforate, 
normal perforate smooth-walled nonspinose, normal perforate 
cancellate nonspinose, and normal perforate cancellate spinose. 
Using this classification (Olsson et al, 1992), the new genera 
Parasubbotina and Praemurica were erected to represent two 
distinct Danian lineages. 

During the 1991 and 1992 meetings in Tübingen and the 
1993 meeting of the working group at the Cushman Labora- 
tory, National Museum of Natural History (NMNH), Smith- 
sonian Institution, Washington, D.C., details of the Danian 
phylogeny had been worked out (Pearson, 1993), and the origin 
of the smooth-walled, cancellate nonspinose, and cancellate 
spinose groups from Hedbergella was demonstrated (Liu and 
Olsson, 1994); however, two opposing interpretations of the 
origin of the morozovellids remain unresolved as this atlas goes 
to press. At issue is the derivation of this group from either 
Praemurica, the traditional view, or from Globanomalina, 
which is a newly developed view. The traditional view, based 
on the original hypothesis of Bolli (1957a), is emphasized in 
the recent work of Norris (1996) and Kelly et al. (1996). The 
alternate view, which is based on the studies of Olsson and 
Hemleben (1996), emphasizes the development of the charac- 
teristic heavy pustulose wall texture of these groups from a 
smooth-walled Globanomalina ancestor. These views and their 
alternate phylogenetic interpretations are presented in "Wall 
Texture, Classification, and Phylogeny," below. 

During the first meeting of the working group it was 
recognized that the microperforate wall texture separated a 
distinct group of planktonic foraminifera that dominate the 

lowest Danian assemblages. This group was viewed as 
opportunistic following the terminal Cretaceous mass extinc- 
tion of planktonic foraminifera. It included Chiloguembelina, 
Globoconusa, Guembelitria, Parvularugoglobigerina, and 
Woodringina. Confusion over the difference between the 
normal perforate and microperforate species had led Brinkhuis 
and Zachariasse (1988) and Keller (1988) to erroneously 
identify microperforate specimens from the lower Danian at El 
Kef as normal perforate species (cancellate spinose and 
cancellate nonspinose). Thus, clarification and phylogeny of 
the microperforate group became an objective of our working 
group. By 1992 the phylogeny of the microperforates from the 
Cretaceous survivor species Guembelitria cretácea (Cushman) 
had been constructed (D'Hondt, 1991; Liu and Olsson, 1992). 
Confusion with regard to the possible Cretaceous origin of 
Chiloguembelina, however, prompted a careful morphologic 
comparison of Danian Chiloguembelina with the species 
Chiloguembelina waiparaenis Jenkins, which, although de- 
scribed from the Danian of New Zealand, occurs in the 
uppermost Cretaceous at Ocean Drilling Program (ODP) Site 
758 in the Southern Ocean. At the 1993 meeting in 
Washington, D.C., it was shown that waiparaensis has a 
distinctive morphology separating it from Chiloguembelina 
and that it is properly placed in the genus Zeauvigerina, which 
has a Cretaceous to Paleocene range. Zeauvigerina, which is 
restricted to the southern latitudes, is tentatively placed in the 
Heterohelicidae as it does not have a phylogenetic relationship 
with the Guembelitriidae (Huber and Boersma, 1994). 

Work on the origin and phylogeny of Acarinina by WA. 
Berggren and R.D. Norris led to an important revision of 
Paleocene Zone P4. They showed that the consecutive 
appearances of A. subsphaerica Subbotina and A soldadoensis 
(Brönnimann) allow Zone P4 to be divided into three subzones. 
This plus other refinements has resulted in an updated version 
of the Berggren and Miller (1988) zonation of the Paleocene 
(Berggren and Norris, 1993; Berggren et al., 1995), which is 
summarized in this volume (Figure 1 ). 

An important development in the clarification of Russian 
species appears on Plates 8-12, where many holotypes are 
illustrated by SEM for the first time. F Rögl was able to borrow 
the type material described by Morozova in the collections of 
the Geological Institute, Academy of Sciences (GAN) in 
Moscow and the type material described by Subbotina in the 
collections of VNIGRI in St. Petersburg and was able to obtain 
low KV SEM images of these species. One big surprise is that 
the widely used but poorly understood species, Globigerina 
fringa Subbotina, has a coarsely cancellate wall and thus is not 
closely related to any of the earliest Danian taxa. In fact, this 
species appears to be described from an upper Danian 
stratigraphie level and has affinities with Subbotina cancellata. 
This illustrates the pitfalls for workers who use poorly 
illustrated drawings of Russian species in identifying taxa for 
biostratigraphic studies. These SEM images of Russian types 
and the personal  observations  of Russian taxa by  WA. 
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-FO: A. soldadoensis (56.5) 

-LA: A. subsphaerica (57.1) 

-FO: G. pseudomenardii (59.2) 

-FO: /. albeari (60.0) 

-FO:M. angulata (61.0) 

-FO: Pr. uncinata (61.2) 

"FO: G. compressa (63.0) 

-FO: Ps. triloculinoides (64.5) 

-LA: Par. eugubina (64.9) 

-FO: Par. eugubina (64.97) 

-LA: most Late Cretaceous 
taxa (65.0) 

LA: M. acuta (54.7) 
FO: M. gracias (54.9) 
FO: G. australiformis (55.5) 
FO: M. subbotinae (55.9) 

LA: A. nitida & mckannai (56.3) 
FO: M. aequa & A. coalingensis (56.5) 

FO: A. mckannai (59.1) 
FO: A. nitida & subsphaerica (59.2) 
LA: Ps. varianta & variospira (59.2) 

FO: A. strabocella (60.5) 
FO: M. conicotruncata (60.9) 
FO: /. pusilla (61.0) 

FO: M. praeangulata (61.2) 
FO: G. imitata (61.3) 

FO: Ps. varianta (63.0) 

LA: Par. extensa (64.9) 

FO: Gc. daubjergensis & W. claytonensis (64.97) 

FO: G. archeocompressa & Par. extensa; 
LA: hedbergellids 

FIGURE 1.•Paleocene biostratigraphic zonation showing the first occurrence (FO) and last appearance (LA) of 
zonal species and other important bioevents. 

Berggren and F Rögl have greatly improved the understanding 
of these species, their taxonomy, and their synonymy. In 
addition to the SEM images of Russian types (Plates 8-12), 
low KV SEM images taken by B.T. Huber of types in the 
Cushman collections are also shown (Plates 13-17). The atlas 
also includes SEM images of topotypes of Globanomalina 
australiformis (Jenkins), Hedbergella holmdelensis Olsson, 
Hedbergella monmouthensis (Olsson), Morozovella acutispira 
(Bolli and Cita), Woodringina hornerstownensis Olsson, and 
specimens of Parvularugoglobigerina eugubina (Luterbacher 
and Premoli Silva) from the type level at Gubbio, Italy. 

The atlas includes a section on the newly revised zonation 
for the Paleocene (Figure 1), with range charts showing the 

maximum known range of each species organized according to 
generic classification, which, in turn, is organized by wall- 
texture groups (Figure 2). Other range charts show the order of 
the first appearances of taxa (Figure 3) and the last appearances 
of taxa (Figure 4). The section on wall texture and classification 
describes the basis for the classification used in this atlas and 
illustrates in Plates 1-6 the comparison of the types of wall 
texture in living species and Paleocene species of planktonic 
foraminifera. The section on taxonomy includes the species 
considered valid by the working group and includes a 
synonymy of species considered to be junior synonyms by 
personal observation of working group members. Most of the 
species are illustrated by a plate of figures in order to illustrate 


