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Here we present a comprehensive revision of the phylogeny of Cenozoic planktonic foraminifera. It integrates
stratigraphic ranges, morphological traits and evolutionary relationships, resulting in an updated phylogenetic framework.
The work expands the previous taxonomic coverage to include microperforate clades, adding 136 morphospecies and 29
new genera, while removing 15 previously included species. Stratigraphic ranges have been calibrated to the latest
Geologic Time Scale (GTS2020), providing a more accurate timeline for evolutionary events. The digital phylogeny
visualization using TimeScale Creator allows users to interact with these data, including morphospecies images and
ecological information, facilitating further research into macroevolutionary processes. This resource provides a valuable
platform for exploring biodiversity dynamics and species responses to environmental change throughout the Cenozoic
and serves as a framework for integrating fossil and molecular data.
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Introduction

By examining biodiversity through time, phylogenetic
research enables us to explore how evolution influences
the development of traits (Revell, 2013), the pace of
evolutionary change (Castiglione et al., 2018), and the
environmental factors that shape evolutionary processes
(Stockdale & Benton, 2021). Phylogenies based on
time-calibrated molecular data from modern taxa are
widely used to investigate such evolutionary processes
(Morard, Fiillberg et al., 2019), but are subject to limita-
tions such as a lack of direct evidence for extinction
(Harvey et al., 1994) and assumptions related to the esti-
mation of diversification rates (Nee et al.,, 1994). The
fossil record, by comparison, contains a wealth of infor-
mation about past biodiversity and has long been used
as a tool to investigate evolutionary trends (Varela
et al., 2018) and the response of biodiversity to chang-
ing environments (Lowery et al., 2020). Furthermore, it
provides a unique advantage for studying macroevolu-
tion, as it can provide a deep-time perspective (Benson,
2018) by comparison to modern phylogenetic
approaches (Weiner et al., 2015). Phylogenies based on
fossil taxa have provided insight into evolutionary

processes such as morphological and trait evolution
(Revell, 2013), diversification rates (Cantalapiedra et al.,
2017), biogeography (Floeter et al., 2008; Woodhouse
et al., 2023), and how species respond to climate change
(Polly, 2019).

Much of the fossil record is notoriously incomplete,
and subject to preservation and sampling biases that
limit our ability to accurately observe the histories of
taxa through time (Benton et al., 2000). A key area of
opportunity to circumnavigate these biases is to utilize
the marine microfossil record which, due to the environ-
mental controls on deposition and preservation potential,
includes some of the richest species-level records
throughout deep time (Yasuhara et al., 2017). Planktonic
foraminifera (Fig. 1) may possess the most extensive
species-level fossil record among all organisms (Aze
et al., 2011). Despite variations in sampling intensity
over time and space (Lloyd et al., 2012), their abun-
dance (Aze et al, 2011) and high species richness
(Yasuhara et al,, 2017) and the exceptional recovery
rates of continuous sedimentation (Lloyd et al., 2012)
together offer one of the most comprehensive species-
level fossil records available for research (Ezard et al.,
2011). In turn this reduces the impact of sampling biases
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Figure 1. Scanning electron microscope images of the calcite shells of A, the macroperforate planktonic foraminifera Globigerinella
adamsi from the south-west Indian Ocean GLOW Cruise, GLOW 2 Box top, 10°39'07.2"S, 41°46'15.6"E; and B, the microperforate
planktonic foraminifera Globigerinita glutinata from Zone M12, ODP Hole 714 A Core 7 Section 1 100-105cm, Indian Ocean.

Scale bars = 100 pm.

by showing a continual stretch of time, limiting the
number of issues affecting the phylogenetic tree, (e.g.
stratigraphic range lengths are revised (as the first and
last recorded occurrence of each species can be seen
within the same core) for large parts of the fossil
record.

There has been a long history of work investigating
the evolution of phylogenetic relationships of the plank-
tonic foraminifera, initially due to their utility as bio-
stratigraphic markers (Berggren, 1969; Berggren, Hilgen
et al., 1995; Petrizzo et al., 2024; Wade et al., 2011).
The most recent Cenozoic phylogenetic compilation was
produced by Aze et al. (2011) and included the largest
clade of planktonic foraminifera, Globigerinoidea. Since
that time there have been a number of important syn-
thetic taxonomic updates to this group (Arenillas & Arz,
2017; Wade, Olsson et al., 2018) and many detailed bio-
metric studies (Fabbrini et al., 2023; Latas et al., 2023;
Soldan et al., 2014). In light of these efforts we present
an updated phylogeny relational database expanded
beyond just globigerinids to include all Cenozoic plank-
tonic foraminifera. In this study the database from ‘A
Concise Geologic Time Scale 2016° (GTS2016) (Ogg
et al., 2008) and the digital tree (Fordham et al., 2018)
derived from the phylogeny of Aze et al. (2011) is
expanded to include all Cenozoic planktonic foramini-
fera, recalibrated to GTS2020 (Gradstein et al., 2020)

and linked to biostratigraphic datums, while maintaining
pop-up and digital information on species ecologies,
biogeographies and key morphological traits, providing
an unparalleled resource for empirical analyses aimed at
investigating macroevolutionary processes and responses
of biodiversity to climate change.

Planktonic foraminifera phylogeny

Planktonic foraminifera are single-celled zooplankton
with multiple evolutionary origins, stretching from the
Early Jurassic (Hart et al., 2003, Petrizzo et al., 2025).
This work focuses on the Cenozoic due to the maturity
of the taxonomy during this time period. Planktonic for-
aminifera can be split into two morphological categories
dictated by the porosity of their calcite test wall:
macroperforate forms (Superfamily Globigerinoidea)
have pores generally at least 1 pm in diameter (Fig.
la), while microperforate forms (Superfamilies
Globigerinitoidea, Guembelitrioidea, some Bolivinoidea,
and the genus Neogallitellia) possess pores generally
smaller than 1 pm (Fig. 1b) (Wade, Olsson et al., 2018).
The Globigerinoidea, the most abundant group today,
are represented by at least 51 extant and 330 extinct
morphospecies throughout the last 66 million years.
This Cenozoic diversity of Globigerinoidea has been
suggested to have evolved from a single common
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ancestor, Muricohedbergella holmdelensis, which is
thought to be one of only two morphospecies to transi-
tion the Cretaceous—Paleogene boundary 66 million
years ago (Arenillas et al., 2004; Aze et al., 2011; Lui
& Olsson, 1994; Olsson et al., 1999). However, alterna-
tive stratophenetic phylogenies for the earliest Cenozoic
have proposed a benthic origin for the Globigerinoidea
(Arenillas & Arz, 2017; Arenillas et al., 2022), rather
than from Cretaceous planktonic foraminifera, and
recent molecular work has suggested that the spinose
and non-spinose Globigerinoidea may have a separate
evolutionary  origin  (Morard et al, 2022).
Globigerinitoidea, Guembelitrioidea, Bolivinoidea and
Neogallitellia have lower levels of diversity in our mod-
ern oceans (at least 21 extant species) and throughout
the Cenozoic (69 extinct species) and appear to have
originated multiple times from benthic ancestors
throughout their evolutionary history (Morard et al.,
2022). A partial reason for fewer microperforate species
in comparison to macroperforate taxa may be that they
are often smaller in size and can more easily be missed
and that smaller size fractions are often not looked at in
many studies (Huber et al., 2006).

The high-abundance planktonic foraminifera in
oceanic environments has resulted in vast accumulations
of their biomineralized remains settling on the seafloor
(Berger, 1970; de Vargas et al., 1997). The relative qui-
escence of the deep sea allows for millions of years of
evolutionary history to be recorded at individual sites,
often capturing a representative range for individual spe-
cies (Aze et al., 2011). Using material drilled by the
Deep-Sea Drilling Project (DSDP) and its successors the
Ocean Drilling Program (ODP), Integrated Ocean
Drilling Program (IODP) and International Ocean
Discovery Program (also abbreviated IODP), the reso-
lution of the record can be as good as 0.001 million
years (Hodell et al., 2023), which allows for high-reso-
lution palaeobiological and palacoceanographic recon-
structions (Herndndez-Almeida et al., 2013).

The ease of distinguishing morphospecies coupled
with their excellent fossil record has resulted in plank-
tonic foraminifera being widely used for biostratigraphy,
with a long history of taxonomic and phylogenetic
research (see summary in Aze et al., 2011). Due to
developments in the field, the taxonomy of this group is
under constant revision (e.g. Wade, Olsson et al., 2018).
These developments include the erection of new species
from core material being accessed in previously under-
studied regions of our global oceans (Gohl et al., 2021),
technological advances in molecular analysis (Morard
et al., 2022), and the revision of taxonomic concepts as
part of the efforts of the Paleogene Planktonic
Foraminifera Working Group (PPFWG) (Olsson et al.,

1999; Pearson et al., 2006; Wade, Olsson et al., 2018).
The phylogeny produced in Aze et al. (2011) incorpo-
rated the earlier efforts of the PPFWG that were avail-
able at the time (Olsson et al., 1999; Pearson et al.,
2006), and was restricted to the Cenozoic
Globigerinoidea, as this group was considered to be the
most well studied and to have the richest fossil record.
The recently established Neogene and Quaternary
Planktonic Foraminifera Working Group (NQPFWG)
will revisit the most comprehensive synthetic taxonomic
revision of the Neogene planktonic foraminifera that
was completed in the 1980s (Blow, 1979; Bolli et al.,
1985; Kennett & Srinivasan, 1983) and the construction
of this phylogeny is tasked with providing a phylogen-
etic framework against which the NQPFWG can test
existing evolutionary hypotheses across all groups of
planktonic foraminifera.

Terminology
This paper presents phylogenies of the Superfamily
Globigerinoidea and several different planktonic groups
belonging to Subclass Rotaliana species for the last 66
million years. The phylogenies are presented as both
‘morphospecies’ and ‘evolutionary lineage’ trees.
‘Morphospecies’ are assigned on the basis of morpho-
logical characteristics and are the units commonly used
to describe taxa in the fossil record using a typological
approach (Pearson, 1998a, 1998b). By tracing morpho-
species through the stratigraphic record it is possible to
determine ancestor—descendant relationships on the basis
of  morphological similarity and intergradation
(Gingerich, 1990). These observed relationships under-
pin the production of morphospecies phylogenies, and
allow populations to be grouped in a consistent way
when working through the fossil record and into the
modern (Brummer & Kucera, 2022; Wade, Olsson
et al., 2018). However, due to the nature of the typo-
logical approach for delimiting species based on morph-
ology, arbitrary lines are often drawn through
morphological space in order to usefully subdivide fossil
populations. This does not necessarily mean that a true
cladogenetic (speciation) or extinction event has been
captured; rather, it indicates that there has been a not-
able change in morphology that can be used to define a
new morphospecies concept. Where there is full mor-
phological intergradation between a morphospecies
ancestor and descendant, despite morphological evolu-
tion, this can be termed an anagenetic or
‘pseudospeciation’ event and the subsequent losses of
morphospecies throughout these evolutionary clines are
identified as ‘pseudoextinctions’. ‘Evolutionary lineages’
are assigned to fossil populations that demonstrate this
morphological integration, and are the units used in the
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Figure 2. Schematic illustration of anagenetic vs cladogenetic
patterns in the fossil record. A, Continuous morphological
variation within a single population (grey envelope) through
time. B, Discretization of that continuous variation into five
morphospecies (n = 5) with grey shading representing areas of
morphospace that is occupied by morphologies that fully
intergrade between two adjacent morphospecies, vertical lines
showing species’ stratigraphic ranges. In this phylogeny both
anagenetic and cladogenetic species events are represented. C,
Inferred phylogeny under a cladogenetic events only model,
recovering three evolutionary lineages (n = 3). D, Simplified
depiction of two modes of cladogenesis: budding (lower red
circle) and bifurcation (upper red circle), both arising from a
single ancestral lineage (vertical line). Adapted from Ezard
et al. (2012).

lineage phylogenies. The lineage phylogeny aims to
retain only true cladogenetic events, thereby removing
all cases of anagenesis (Fig. 2).

Speciation events in the morphospecies or lineage
phylogenies may be referred to as either ‘budding’
events, where the ancestor continues to survive after
giving rise to its descendant, or ‘bifurcating’ events
when two descendants are produced from one ancestor
at the same time with the ancestor not surviving the spe-
ciation event (Foote, 1996) (Fig. 2d).

All morphospecies have been assigned to an
‘ecogroup’ and a ‘morphogroup’ (Supplementary infor-
mation: S1. Morphospecies Key Information in
Lamyman et al.,, 2026). Morphogroups represent the
assignment of morphospecies to one of 23 groups, based
on test architecture and gross morphology. Ecogroups
represent the ecological and geographic affinity of mor-
phospecies based on modern-day observations and dis-
tributions, fossil distributions and geochemical analysis
of their calcite tests (Aze et al., 2011; Schiebel &
Hemleben, 2017). The analysis of stable carbon (5'°C)
and oxygen (3'%0) isotopes in foraminiferal calcite
allow us to determine water column depth habitats based
on the biotic and abiotic processes that influence these
signals. 8'®0 is subject to temperature-dependent frac-
tionation and as such increasing values indicate cooler/

deeper depth habitats, whereas 8'°C is influenced by
metabolic processes, photosymbiont activity and ambient
water column productivity. Combined, these two param-
eters can fingerprint ecological preferences.

Scope of the study

The morphospecies and lineage phylogenies of this
study expand the taxonomic coverage of those presented
in Aze et al. (2011) and Fordham et al. (2018) (which
transferred the phylogenies of Aze et al. (2011) onto the
TimeScale Creator platform with explicit time-scale cal-
ibrations and enhanced database structure) to include all
Cenozoic morphospecies which were planktonic for at
least a significant part of their life cycle. As with Aze
et al. (2011), this study is intended primarily as a com-
pilation exercise, designed to gain enough detail (mor-
phospecies with evidenced stratigraphic  ranges,
proposed relationships, and other pertinent information)
in order to put together a phylogeny which is, within
the Cenozoic, as fully connected with plausible ances-
tor—descendant links as practicable. Similarly, corre-
sponding lineages are proposed from both literature and
unpublished observations. Note that, as a compilation
exercise, our phylogenies have, as much as proved prac-
ticable to complete them, attempted to employ genera
and morphospecies taxa in current usage. The status of
taxa not included in our study will best be sought in
taxonomic studies, especially those from the Planktonic
Foraminifera Working Groups, both those already avail-
able and those to be expected.

Our focus on a phylogeny at finer taxonomic levels
(morphospecies and species-level lineage) reflects our
view that advancement in taxonomy in our research
community is encouraged when a fully specified and
connected tree at those finer levels is available for scru-
tiny. This will raise the risk of ‘getting it wrong’, but
subsequently addressing those mistakes will come with
valuable  additional  information = or  insights.
Alternatively, reliance upon only classifications in which
taxa are grouped into broad higher-level groups may be
‘safer’, but such an approach probably tends to retain
knowledge gaps, such as ‘incertae sedis’, for much lon-
ger, thus impeding progress. The tree is both a synthesis
and a hypothesis and we expect future work to lead to
further refinements.

Methods

A phylogeny of morphospecies

The morphospecies phylogeny presented in this work
represents a summary of existing data from several sour-
ces that report the stratigraphic ranges and proposed
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evolutionary relationships of Cenozoic species. To main-
tain taxonomic consistency across the species included
in the phylogeny, stratigraphic and evolutionary infor-
mation was derived mainly from a number of key pub-
lished works with a focus on a synthetic taxonomic
approach and substantial and integrated evidence
towards the existence of newly named species. Much of
this work has been carried out by the PPFWG for taxa
from the first half of the Cenozoic, which is presented
in three key atlases (Olsson et al., 1999; Pearson et al.,
2006; Wade, Olsson et al., 2018) in addition to the syn-
thetic works that cover the species from the later part of
the Cenozoic (Kennett & Srinivasan, 1983; Spezzaferri
et al., 2015), as well as living species (Brummer &
Kucera, 2022). Taxa were not included on the basis of
new molecular genetic information unless formally taxo-
nomically defined, and there have been a number of
more detailed studies that have resulted in updates in
this synthetic new work (e.g. Fabbrini et al., 2023;
Latas et al., 2023; Spezzaferri et al., 2015). The online
database mikrotax (Huber et al., 2017) was used in com-
bination with searching published literature to reduce
synonyms. Where ancestor—descendant relationship dis-
putes were found in the literature, the relationships from
the most up-to-date synthetic taxonomic works were
preferred. A cladistic approach has been consciously
avoided in this work as it presents several issues when
trying to produce a phylogeny of planktonic foramini-
fera due to the extensive homeomorphy present in this
group. Iterative, convergent morphological evolution has
resulted in the reoccurrence of species morphologies
through time that can result in parsimonious cladistic
relationships that significantly conflict with stratigraphic
knowledge of species durations (Stewart, 2003).
Accordingly, in producing phylogenies of fossil taxa
with such a high-resolution and rich fossil record, strati-
graphic information can, and should, be incorporated for
the range histories of included taxa. An example of this
is the ‘stratophenetic’ approach (Gingerich, 1990),
whereby ancestor—descendant populations are traced
through time based on the occurrence of specific mor-
phological traits observed within the fossil data (e.g.
supplementary apertures) being displayed by all taxa in
the same group, allowing for the evolutionary relation-
ships between species to be identified (Wiley, 1978).

Conversion to a lineage phylogeny

Following the methodology of Aze et al. (2011), any
instances of pseudospeciation or pseudoextinction identi-
fied in the phylogeny were examined using literature
that documented taxon divergence in morphospace.
When such sources were unavailable, qualitative deci-
sions were made regarding the timing and pattern of

species branching based on observed branching events
and additional data, including personal observations and
discussions with colleagues. Further to Aze et al. (2011)
and this study, it is hoped that, as part of a future
upgrade to both mikrotax and our relational database,
sources and evidence for ancestry for both morphospe-
cies and lineages will be systematically documented
(see e.g. evidence for ancestor—descendant proposals in
Fordham et al., 2016).

The phylogenetic framework established by Aze et al.
(2011) remains unchanged unless new taxonomic evi-
dence has emerged, reflecting revisions in the morpho-
species phylogeny incorporated into this updated work.
All newly identified instances of pseudospeciation and
pseudoextinction, resulting from the inclusion of add-
itional data and the development of the microperforate
phylogeny, were evaluated using the same process as in
Aze et al. (2011).

Assignment of taxa to morphogroups and
ecogroups

All species were assigned to a morphogroup based on
the morphological traits possessed by their test e.g. the
nature of spinosity, presence/absence of a keel, wall tex-
ture, aperture position and number, etc. (see Bolli et al.,
1957 for a glossary of morphological terms)
(Supplementary information: S1. Morphospecies Key
Information in Lamyman et al., 2026).

Ecogroups were also assigned to each morphospecies
based upon the geochemical data collected from their
tests and known geographic occurrences of each species
(Supplementary information: S1. Morphospecies Key
Information in Lamyman et al., 2026). The carbon
(8"3C) and oxygen (3'%0) isotopic signatures recorded
within the calcite tests allows the reconstruction of the
surrounding water column, enabling the study of plank-
tonic foraminifera in relation to their environment.
When using this information other factors must be con-
sidered including cryptic diversity, migration, algal pho-
tosymbiosis, test size, metabolic fractionation,
foraminiferal diet, food availability, temperature and
reproductive cycle length (Birch et al., 2013). These fac-
tors can create a false ecogroup signal unless monitored
closely; to account for these features and reduce their
impact, known marker species can create a baseline for
other species to be compared against and relative
ecogroups assigned (Birch et al., 2013). As ours is a
phylogeny focusing mainly on extinct taxa, gathering
palaecoecological information has been limited to infer-
ences made using geochemical fingerprinting and geo-
graphical distributions seen throughout geological time.
This is common practice for micropalaeontological
research studying past environmental conditions (Birch
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et al., 2013; Wade, Olsson et al., 2018). In many cases
there is no geochemical information on taxa included in
the phylogeny; in such instances we assign to ecogroups
based on phylogenetic affinity and geographic informa-
tion, but detail clearly in the appendix where ecogroups
are inferred and not underpinned by data with the quali-
fier ‘No Data’. The inferred ecological groupings used
within this study include (1) open-ocean mixed-layer
tropical/subtropical with photosymbionts (based on very
high 8'3C and relatively low 8'%0); (2) open-ocean
mixed-layer tropical/subtropical without photosymbionts
(based on high 8'°C and relatively low 8'*0); (3) open-
ocean thermocline (based on low 8'°C and relatively
high 3'®0); (4) open-ocean sub-thermocline (based on
very low 8'°C and very high 8'0); (5) high latitude;
(6) upwelling/high-productivity areas (Aze et al., 2011);
and (7) benthic or a much deeper part of the water col-
umn (based on extremely low &'°C and extremely
high 5'%0).

Species age range determination

Following on from the databased version of Aze et al.
(2011) as presented in Fordham et al. (2018), all ages
for stratigraphic ranges that are expressed in Ma (mil-
lions of years ago) are explicitly recorded against stand-
ard time scales (e.g. Gradstein et al., 2020), and dates
that have been updated are retained in our database so
that a history of date assignments is accumulated
(Supplementary information: S3. Supporting Information
and S4. Relational Database in Lamyman et al., 2026).
However, for the revision of many ranges presented in
this work, specific age tables have been introduced into
the database (one table each for morphospecies and line-
ages) allowing easier and more-transparent selection
when more than one date was available in the literature
for each morphospecies or lineage. This also eases the
use of ranges which contain multiple separate dates (in
different range-line styles), depicting less reliable strati-
graphic occurrences and conjectured ranges. The
updated morphospecies dating table primarily uses ages
expressed as percentages within specific stratigraphic
zones (%-up zones). When calibrated age data were
unavailable, species' ages were estimated directly from
published range charts, such as those provided by
Kennett and Srinivasan (1983) where species occur-
rences are represented as percentages of the way
through a particular zone. Wherever possible, however,
we have used more explicit and preferred methods
involving defined time-stratigraphic units. For lineages,
we have followed the approach of Aze et al. (2011),
either providing a direct numerical age (Ma) for lineage
origination or extinction or linking lineage events dir-
ectly to morphospecies-level occurrences.

With regard to transparency and consistency of date
choices, a significant improvement in this work is its
introduction of datum lists from sources additional to
Wade et al. (2011), though it is currently only a short
list including other planktonic foraminifera biogeochro-
nological zonations (Berggren, Hilgen et al., 1995;
Berggren, Kent et al., 1995; Huber & Quillévéré, 2005;
King et al., 2020), relevant sections in The Geological
Timescale publications (Gradstein et al., 2012; Ogg
et al., 2008; Raffi et al., 2020), and studies focused on a
particular site(s) (Berggren et al., 2000; Luciani &
Giusberti, 2014). All these datums have been compiled
against a single list of datum names, and then those
relevant to the morphospecies events in this work have
been judged (with reasons recorded in the database) for
their phylogenetic plausibility, given the ancestry built
into the tree — e.g. a datum may be inapplicable for this
work if it is markedly affected by palaeogeographic con-
trols, given that the tree is intended to reflect globally
relevant timing. A separate table lists, for each datum,
its single or multiple sources and the Ma value from
each source; the table then records which source has
been adopted (as for Aze et al., 2011, the time scale for
each source is recorded in a separate table). Those
datums selected then override the corresponding already
adopted date(s).

Calibration to GTS2020 of adopted dates that were
expressed in Ma against Cande and Kent (1995) (CK95)
or the Geological Time Scales (GTS2004, GTS2012,
GTS2016) was made directly against geomagnetic polar-
ity chrons. Prior to this, dates originally given against
Berggren, Kent et al. (1995) (BKSA95) or Berggren and
Pearson (2005) (BP05) were calibrated to CK95 using
all shared datums (not only markers) from Wade et al.
(2011) [WPBP11(CK95): 110 datums for BKSA95; 46
datums for BP05)].

Completeness analysis

The completeness and accuracy of our phylogeny
depend on the fossil record being sufficiently complete
that the stratigraphic ranges assigned to morphospecies
can be trusted. We used these data in the Triton data-
base (Fenton et al., 2021) to generate a minimum esti-
mate of the completeness of the record for Cenozoic
planktonic foraminifera.

We matched 501,629 macroperforate and 40,673
microperforate occurrence records from Triton (down-
loaded on 21 April 2021) to the 480 morphospecies in
the phylogeny. Where Triton was based on the phyl-
ogeny of Aze et al. (2011), all records are now updated
to the new phylogeny presented here. Of the 390 macro-
perforate morphospecies in the tree, 43 have no occur-
rence records in Triton, whilst 9 species have records
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within Triton but their recorded occurrences fall outside
of the assigned ranges in this study. Amongst the micro-
perforate forms, 38 have no occurrence records in
Triton, whilst 6 are present in Triton but not within their
ranges. Amongst these absent planktonic foraminiferal
morphospecies, some are recently described species (e.g.
Globoturborotalita eolabiacrassata [Spezzaferri, Olsson
et al., 2018]) that had not been documented on ocean
drilling biostratigraphic reports, and so are not included
in Triton, whereas other taxa are often from the early
Cenozoic with shorter stratigraphic ranges, where scien-
tific drilling often encounters operational issues that
make it harder to recover complete cores and accurately
assign ages to samples from this time. For each of the
remaining 384 morphospecies, we calculated the propor-
tion of its duration (according to the phylogeny) that is
represented in the database, as the proportion of time
bins containing at least one recorded occurrence.

At a bin length of 1 million years, 233 species
(60.7%) have complete fossil records, i.e. every bin con-
tains a record. Across the 384 species, the mean com-

pleteness is 86.4% (macroperforate =  88.4%,
microperforate = 71.2%) and the median completeness
is 100% (macroperforate = 100%, microperforate =

89.4%) (see Supplementary information: S3. Supporting
Data for full completeness data for each species in
Lamyman et al.,, 2026). These results, especially when
the limitations of Triton are considered, suggest that the
species-level fossil record of Cenozoic macroperforate
planktonic foraminifera is at least as good as the genus-
level records of the best-preserved macroinvertebrate
groups (quantified by Foote & Sepkoski, 1999). Further,
note the mean completeness for macroperforate taxa is
now 5% higher than that calculated by Aze et al.
(2011). This indicates substantial improvements in the
known recorded occurrences of planktonic foraminifera
even with the addition of another 51 macroperforate
morphospecies. However, it is important to recognize
that this value is likely to represent a conservative
underestimate of true completeness, as the shipboard
biostratigraphic data that largely underpin Triton were
not collected with the primary aim of exhaustively
recording species occurrences; sampling and reporting
have historically focused on biostratigraphically inform-
ative taxa, with non-target species recorded more
opportunistically.

Visualization and systematics listing

The preferred visualization of the phylogenies presented
in this work are morphospecies and lineage trees drawn
directly (without editing) from TimeScale Creator data-
packs output from our database (Supplementary

information: S2. Morphospecies and Lineage Phylogeny
Visualizations in Lamyman et al., 2026).

Pop-ups in this work have been designed to be easier
to follow and more colourful and engaging (see
Supplementary information: S5. Evolutionary Trees in
Lamyman et al.,, 2026): genus, morphogroup and
ecogroup names are coloured; now that Chronos (an
online planktonic foraminifera taxonomy database) has
been decommissioned, morphospecies links are to the
World Register of Marine Species (WoRMS) and mikro-
tax; source details for the stratigraphic range are now
colour-coded to highlight those dates adopted, or
replaced by a datum, and details of associated datums
are introduced; references specific to that morphospecies
are now given a separate subsection.

Results

A revised phylogeny of the Cenozoic planktonic fora-
minifera is presented (Fig. 3), incorporating several sig-
nificant adjustments to taxonomy, phylogenetic
relationships, stratigraphic ranges, and age calibrations
since Aze et al. (2011). Notable changes include the
addition of 141 morphospecies, comprising 90 microper-
forate and 51 macroperforate species, which has led to
an increase in species richness over time, particularly in
the Oligocene and lower Miocene (Fig. 4). Furthermore,
32 genera have been added, while 15 morphospecies
now considered synonyms have been removed from the
phylogeny (Table 1). In this expanded tree, 65 taxo-
nomic names have been updated from the Aze et al.
(2011) version. All stratigraphic ranges have been reca-
librated to align with GTS2020. Some species, such as
Globigerinella radians, have undergone changes based
on molecular evidence. Additionally, the family
Hastigerinidae has been incorporated into the
Globigerinoidea phylogeny, and Bolivina has been
included in the microperforate group as some members
of this genus are now recognized to have a planktonic
phase in their life cycle.

Completeness

Our completeness analysis demonstrated a mean com-
pleteness of 88% and a median completeness of 100%
for 1 Myr time bins (Table 1). However, it should be
noted that species could have sparse records within their
stratigraphic ranges for three reasons: they might have a
very incomplete fossil record; they might have a com-
plete record, but these data are from cores not in Triton;
or they might be underrepresented in Triton because of
taxonomic changes or due to the lack of observation
during shipboard analyses due to certain species falling
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Figure 4. Diversity of the Cenozoic planktonic foraminifera.
Diversity curves show the number of morphospecies (grey) and
evolutionary lineages (black) through time for: (top) Rotaliana,
(middle) Globigerinoidea, and (bottom) all planktonic
foraminifera combined. (For additional diversity visualizations
see Data Repository anudc:6398, Figures: Slides 16-20.)

below the size of standard sieve size fractions, or having
no perceived stratigraphic value. Sparse records are
therefore not straightforward to interpret. The complete-
ness assessment, especially when the limitations of
Triton are considered, suggest that the species-level fos-
sil record of Cenozoic macroperforate planktonic fora-
minifera is at least as good as the genus level records of
the best-preserved macroinvertebrate groups (Foote &
Sepkoski, 1999).

Data records

Supporting data for this article includes listings of all
included species, their ancestral relationships, strati-
graphic ranges, ecogroup, and morphogroup assign-
ments, relevant references, and age calibrations across
different timescales, facilitating comparison with previ-
ous studies. All supporting data, including datapacks
and the database, is available in the Supplementary
information (in Lamyman et al., 2026) and provides fig-
ures for the phylogenetic trees, TimeScale Creator data-
packs to access the trees interactively (pop-ups for
morphospecies and lineages include summary informa-
tion; images can display on the trees and within pop-
ups), links to the relational database (Supplementary
information: S4. Relational Database in Lamyman et al.,
2026), and tables which include a detailed list of all
included species, their ancestral relationships, strati-
graphic ranges, and ecogroup and morphogroup assign-
ments, along with relevant references, as well as a
comprehensive listing of age calibrations across different
timescales, facilitating comparison with previous studies,
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Table 1. A table showing the differences in morphospecies, lineages and genera included in this work
compared to that of Aze et al. (2011) (please see Supplemental materials S3. Supporting Information,
for full completeness data for each species in Lamyman et al., 2026). The morphospecies (MS)
completeness represents the proportion of a species’ duration shown as both mean and median values
(according to the phylogeny) that is represented by at least one recorded occurrence in the Triton

database at a bin length of one million years.

Aze et al. (2011) This study % increase
Morphospecies (MS) 339 480 42
Lineages (L) 210 268 28
Genera 48 80 67
%Completeness MS (mean) 83 88 5
%Completeness MS (median) 100 100 0

including the phylogeny presented by Aze et al. (2011).
Genus abbreviations, as much as practicable, follow
those used in previous sources (see S3. Supporting Data
in Lamyman et al., 2026).

Discussion

Superfamily Globigerinoidea

In this study, the major changes to the Globigerinoidea
of Aze et al. (2011) come from the 2018 release of the
Oligocene Atlas (Wade, Olsson et al.,, 2018). This
includes the addition of two new genera, Quiltyella
(Spezzaferri, Coxall et al., 2018) and Ciperoella (Olsson
et al., 2018), new species (e.g. Globoturborotalita pseu-
dopraebulloides, Dentoglobigerina eotripartita and
Subbotina projecta), alterations to stratigraphic ranges
(e.g. Acarinina echinata and Paragloborotalia birnagae)
and name changes (e.g. Globigerinoides trilobus to
Trilobatus trilobus [Spezzaferri et al., 2015]). The
Oligocene Atlas (Wade, Olsson et al., 2018) also fav-
oured some changes to the ancestral relationships incor-
porated into the Globigerinoidea evolutionary tree of
Aze et al.’s (2011) ancestry of the Globigerinoidea (see
Data Repository anudc:6398, Figures: Slides 54-59).
These changes, which had major phylogenetic implica-
tions, highlighted the limited understanding of the ori-
gins of some important genera e.g.: Dentoglobigerina —
Blow's (1979, p. 1299) original descent from Subbotina,
rather than Acarinina (Olsson, Hemleben et al., 2006, p.
404), was termed ‘probable’ (Wade, Pearson et al.,
2018, p. 335); Globorotaloides — Coxall and Spezzaferri
(2018, p. 103) favoured Subbotina as ancestor, rather
than Parasubbotina (Olsson et al., 2006, p. 83), but still
considered this uncertain; and Turborotalita — Pearson
and Kucera (2018, p. 387) proposed the -earliest-
Paleocene ‘Praemurica nikolasi’ as its initial species,
informed by its ‘possibly spinose wall’ rather than the
Olsson et al. (2006) middle-Eocene origin from
Globoturborotalita. For Paragloborotalia and immediate
descendants (Fohsella, Globorotalia,

Neogloboquadrina), the Oligocene Atlas (Wade, Olsson
et al., 2018) provided a firmer, if still not well under-
stood, ancestry. Aze et al. (2011, p. 907) had provision-
ally descended their two ‘Paragloborotalia’ species
(‘P pseudokugleri ~and ‘P  kugleri) from
Dentoglobigerina, which thus became an eventual
ancestor for Fohsella, Globorotalia and the other
‘globorotaliine’ genera, and also for Neogloboquadrina,
given their choice of ‘P.” kugleri as ancestor to their N.
(not Paragloborotalia) continuosa. However, Leckie
et al. (2018) provided a somewhat simpler and more
plausible phylogeny. They returned pseudokugleri (and
descendant kugleri) and continuosa to Paragloborotalia,
these species descended from P. nana, and, with the
other Paragloborotalia, ultimately descended from
Parasubbotina, thus consolidating the Globorotaliidae.
More-specific changes to the Globigerinoidea of Aze
et al. (2011) have also been implemented. Within
Dentoglobigerina, Fayolle and Wade (2021) evidenced a
likely origin from Acarinina for two sub-quadrate to
sub-circular species, informally referred to as ‘D.” eotri-
partita and ‘D.’ tripartita, each considered a distinct lin-
eage, extending the Truncorotaloididae into the middle
Miocene. Globigerina megastoma 1is returned to
Globigerina from Beella, influenced by the variability
of its type collection (Holmes, 1984) and that of the G.
bulloides group (Rogl & Bolli, 1973). Globigerina pseu-
dobesa (‘Turborotalia pseudobesa Salvatorini, 1967’),
included in Globigerinella obesa by Aze et al. (2011),
is here also considered descended from G. bulloides,
acknowledging the quite strong descriptive and illustra-
tive evidence from Tjalsma (1971) (see also Spaak,
1981 and Fordham, 1986). Aze et al. (2011) included
‘Globigerinoides bulloideus Crescenti, 1966’ within
Globigerina bulloides but, influenced especially by
Zachariasse (1975) and Molina (1979), and following
Popescu and Crihan (2011), we now include it as
Globoturborotalita bulloidea, descended from G. woodi
and possibly ancestral to G. apertura. Also related to
Globoturborotalita, we now include the suggestion of
Bronnimann et al. (1987) that Soldaniella toscanae is
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possibly descended from G. druryi based on the small
illustrated collection in Fordham (1986) showing simi-
larities to his phena druryi, opsionepenthoides and
columbae. For now it is considered a separate lineage,
but note that the collections so far are too meagre to
interpret intergradation with confidence (Fordham, 1986,
p. 113). Globigerinoides rublobatus (Latas et al., 2023),
including both pink and white morphotypes, is added as
a short-lived lineage offshoot from G. conglobatus. Two
morphospecies of Neogloboquadrina additional to the
phylogeny of Aze et al. (2011) are now included: N.
atlantica and, as its descendant, N. inglei. However, the
early history of Neogloboquadrina remains unclear
(Weitkamp et al., 2023) but, of the proposals made, we
particularly note the suggestion of Hilgen et al. (2000)
that N. atlantica intergrades with N. acostaensis sensu
lato, and their speculation that they are ancestor and
descendant, respectively. However, for now we assign
both N. atlantica and N. acostaensis as descendants of
Paragloborotalia continuosa. The subsequent evolution
of Neogloboquadrina is also not well understood and
our current recognition of morphospecies and lineages
will probably prove to be simplistic.

Our inclusion of Globorotalia panda (‘G. menardii
panda Jenkins, 1960”) largely follows Cifelli and Scott
(1986), but with a provisional inclusion of both ‘G.
magnifica Bizon and Glagon, 1978’ and ‘G. (G.) ichino-
sekiensis Takayanagi and Oda, 1976°, and with, for
now, probably overly simplistic relative timings during
the Langhian which result in G. archeomenardii giving
rise to our more-inclusive G. panda prior to the origin
of G. praemenardii. The restoration of Globoconella tri-
angula (‘Globorotalia inflata triangula Theyer, 19737)
in Lam and Leckie (2020) is adopted as a descendant of
Globoconella inflata; its recognition may encourage
investigation of evolutionary histories such as biogeo-
graphical isolation and absorption or incipient speciation
(Scott et al., 1990, p. 91). Also related to G. inflata,
Neoacarinina blowi Thompson, 1973 ranges from Zone
PL3 and so would most plausibly descend from G.
puncticulata and is considered to then eventually bud as
a separate lineage. Neoacarinina is retained as a mono-
specific genus in recognition of its distinctive pustules
(Poore & Berggren, 1975, Saito et al., 1981).

A few additional select adjustments to the
Globigerinoidea tree have been adopted from recent
studies in record-rich stratophenetics (Fabbrini et al.,
2021, 2023, 2024; Pearson & Penny, 2021; Wade et al.,
2021). Several changes have also been made where
molecular studies have provided strong evidence that
stratophenetic placement of morphospecies has been
misplaced or unrecognized. Examples of these involve:
Neogloboquadrina incompta, now recognized as a

lineage separate from Neogloboquadrina pachyderma
(Darling et al., 20006); Globigerinella radians (Weiner
et al., 2015); Globigerinoides elongatus (Aurahs et al.,
2011); Globigerinoides tenellus (Morard, Fullberg et al.,
2019); Globorotaloides oveyi; and the widely known
Globorotalia menardii, now revised as a Mediterranean
species separate to Globorotalia cultrata (Brummer &
Kucera, 2022; Stainforth et al., 1975, 1978).

The Globigerinoidea remains the most likely home
for a few difficult-to-place genera. Based on (albeit
weak) stratophenetic evidence, it is suggested that
Turborotalita is an ancestor worth investigating for both
Berggrenia and Orcadia, for want of a better alternative
(Fordham, 1986). The stratophenetic evidence tying
these three genera together is based on morphological
similarities including the possession of small macroper-
forate low-trochospiral tests, tightly coiled with 41/ to
51/, chambers in the final whorl of Turborotalita quin-
queloba (Pearson & Kucera, 2018) and 5 in the final
whorl of both Berggrenia primoripumilio (Fordham,
1986) and Orcadia riedeli (Kennett & Srinivasan,
1983). All taxa are observed to possess slowly enlarging
sub-globular to globular chambers towards the final
whorl (Fordham, 1986; Kennett & Srinivasan, 1983;
Pearson & Kucera, 2018). This evidence is classed as
weak due to the lack of physical observational data
showing the transition between these genera.

Building on the hypothesis that Turborotalita is an
ancestor of Berggrenia and Orcadia (Fordham, 1986),
along with Pearson and Kucera’s (Pearson & Kucera,
2018) suggestion that Praemurica nikolasi was the first
Turborotalita, Koutsoukos (2014) presented detailed
stratophenetic observations that place this long-lived
Cenozoic group within the explosive radiation of
Globigerinoidea in the earliest Cenozoic. This position-
ing helps explain the “extremely long-branched”
(Aurahs et al., 2009) nature of living Turborotalita quin-
queloba in molecular trees. Speculatively, this phyl-
ogeny also assigns the even more deeply divergent
(Aurahs et al., 2009) Hastigerina a similar, albeit strati-
graphically unsupported, origin within the earliest
Globigerinoidea.

Other than Globigerinoidea

The Cenozoic planktonic groups recognized in this
study, additional to the Superfamily Globigerinoidea,
are the Superfamily Globigerinitoidea, Superfamily
Guembelitrioidea, and select members of the genera
Bolivina and Neogallitellia of Subclass Rotaliana
(higher level names follow the World Foraminifera
Database [Hayward et al., 2022]). For these groups, the
sources most useful for construction of the phylogenies
presented in Aze et al. (2011) could usually be
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redeployed (e.g. Atlas of Paleocene planktonic foramini-
fera [Olsson et al., 1999], Atlas of Eocene planktonic
foraminifera [Pearson et al., 2006] and Neogene plank-
tonic foraminifera: A phylogenetic atlas [Kennett &
Srinivasan, 1983]).

Appreciation of the fossil record of many planktonic
morphospecies in the Rotaliana tends to be poorer,
partly due to their typically more fragile and/or smaller
tests, the latter sometimes below the standard sieve sizes
employed (Bronnimann & Resig, 1971; Darling et al.,
2009; Smart & Thomas, 2007). This sampling bias is
exacerbated by the still only rare use in the discipline of
representative sampling (e.g. complete picking from a
microsplitter [Fordham, 1986; Hayward et al., 2010;
Resig, 1989; Thomas, 1987]), resulting in the larger
and/or more-distinctive specimens receiving most of the
attention in a typical study. These sampling biases have
the potential to affect the construction of the phylogen-
etic tree, as taxa may be missed whilst completing
assemblage counts due to the destruction of the foramin-
ifera (if fragile) or smaller specimens not being studied
in average micropalaeontological size fractions (which
these groups tend to be), leading to reduced stratigraphic
ranges and taxa missing from the fossil record.

Another issue in the study of planktonic Rotaliana is
the frequent use of a single (or very limited range of)
magnification(s) in taxonomic illustrations, which tends
to obscure the substantial size differences that exist
among species. This contributes to a reduced apprecia-
tion of the relevance of size difference between morpho-
species, further compromising phylogenetic
understanding of especially the taxa with smaller tests
(an issue mirrored in molecular studies [Morard,
Fillberg et al., 2019; Morard et al., 2018]) and com-
pounding the sampling biases already discussed.

Bolivina. In this study the Neogene ‘Streptochilus’ mor-
phospecies represented in previous synthetic taxonomic
works (Huber et al., 2006; Smart & Thomas, 2018)
have been included in Bolivina. At this provisional stage
of integrating the long list of ‘Streptochilus’ morphospe-
cies into Bolivina lineages, there appears to be a case
for most of the taxa to be closely related to one of two
highly variable species (B. variabilis and B. inflata),
each of which for now is lumped into a single lineage.
With this approach, the lineage with B. variabilis
encompasses highly variable morphology (especially
with regard to the test surface) and the lineage with B.
inflata has a much more consistently smooth-walled
appearance. By choosing these taxa, this study is sup-
porting the ‘Streptochilus’ phylogeny of Fordham
(1986), rather than those presented by Resig (1993).
These and the other Bolivina lineages provisionally rec-
ognized in this study can for now only speculatively

and somewhat vaguely be assigned as coming from a
Bolivina clade, which is also the case for the
Maastrichtian—Paleogene Rectoguembelina and
Zeauvigerina.

Superfamily Guembelitrioidea

This study places Cassigerinella eocaenica as the even-
tual ancestor of Dentigloborotalia anfracta based on
morphological similarity (Brummer, 1988; Pearson,
Spezzaferri et al., 2018), given that Riveroinella marti-
nezpicoi has been considered a likely descendant of C.
eocaenica (Pearson, Spezzaferri et al., 2018). As part of
this proposal, Quilty’s (1976) suggested ancestry,
‘Globorotalia (Turborotalia) bauerensis’ -
‘Globorotalia (Turborotalia) akersi’ — ‘Globorotalia
(Turborotalia) anfracta’, seems worthy of consideration,
though further detailed investigation is required to pro-
vide convincing evidence for the ancestries of
Riveroinella and Dentigloborotalia (Brummer, 1988).

Superfamily Globigerinitoidea

The Paleogene portion of our tree for the
Globigerinitoidea is derived mainly from the Eocene
and Oligocene atlases (Huber et al., 2006; Pearson,
Wade et al., 2018); we have not attempted a comprehen-
sive update of the Paleogene Globigerinitoidea, though
Antarcticella, now considered planktonic (Huber et al.,
2020), has been added. The post-Paleogene portions of
the tree, available from Kennett and Srinivasan (1983,
text-fig. 8, 18, 25) and Li (1987, fig. 8A, B), have
required some further input, summarized here (for fur-
ther details of the changes, See S3. Supporting
Information). Tenuitella minutissima is herein consid-
ered a laterally compressed morphospecies, close to its
primary type, descended from 7. gemma (with its range
questionably extended to the early Miocene), and ances-
tral to the short-lived T. pieste. Tenuitella angustiumbili-
cata is dubiously expanded into the middle Miocene,
incorporating Li’s ‘Tenuitellinata cf. T. pseudoedita’. It
gives rise to 7. jamesi (Li et al., 1992), T. cf. minutis-
sima (Li’s version of the morphospecies, which is less
laterally compressed, bearing more-inflated chambers
than its holotypic namesake), which, following Li, is in
turn ancestral to 7. neobrevispira. Li et al. (1992) have
T. selleyi, as an even smaller morphospecies, that
appears to survive to the Pleistocene; a living presence
awaits confirmation.

Broadly following Kennett and Srinivasan (1983),
Globigerinatella insueta, Globigerinita parkerae (their ‘G.
parkerae’), and Candeina nitida are derived from G. gluti-
nata, though we employ Globigerinatella sp. of Pearson
(1995) as the intermediary ancestor for G. insueta, and return
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to Blow (1969) with C. praenitida as that for C. nitida.
Globigerinita minuta is also needed as an intermediary ances-
tor between G. glutinata and the high-spired G. uvula, given
that its highly divergent molecular results (Morard, Vollmar
et al., 2019) support its distinction in living populations
(Brummer, 1988c; Hemleben et al., 1989); a provisional sur-
vey of fossil illustrations to attempt to distinguish G. minuta
and G. uvula suggests the latter succeeds the former in the
early Miocene (Spezzaferri, 1994). Our compilation suggests
changes to relationships usually envisaged among the three
living ‘tenuitelliform’ morphospecies. The suggestion of
Parker (1967) that Globigerinita iota descended from G. glu-
tinata appears well supported by illustrated Pliocene—
Pleistocene sequences (Fordham, 1986), so there seems little
reason to transfer it from Globigerinita. Regarding
Bronnimann and Resig’s (1971) ‘Globorotalia (Turborotalia)
parkerae’, we support Li’s doubt that it was a Tenuitella by
somewhat speculatively pointing to ancestral forms previ-
ously considered part of the main G. glutinata lineage
sequence; we nomenclaturally resurrect that ancestor as G.
polypetala (Fordham, 1986) and so assign Bronnimann and
Resig’s morphospecies to Globigerinita, noting that it would
then be a junior homonym in need of a new name. Finally,
despite the almost absent nominal fossil record of Boltovskoy
et al.’s (1982) South Atlantic ‘Globigerina atlantisae brasi-
lensis’ (= ‘Toddella grata ph. compressa’ [Fordham, 1986],
‘T. fleisheri’ [Li, 1987]), we find enough (albeit scattered and
small) possible precursors to suggest an early Oligocene ori-
gin from 7. munda, firstly to the poorly understood 7. brevis-
pira (‘Globigerina brevispira’ Subbotina [Subbotina et al.,
1960]), and then to the living 7. brasilensis by the middle
Miocene (see S3. Supporting information in Lamyman et al.,
2026).

Polyphyletic taxa

At present this work includes a polyphyletic genus
retained from recent synthetic works. Neogloboquadrina
descends from Paragloborotalia continuosa four times:
to Neogloboquadrina pachyderma, Neogloboquadrina
incompta, Neogloboquadrina atlantica, and
Neogloboquadrina acostaensis (Aze et al., 2011). It is
anticipated that a resolution to this issue will come from
more detailed study of these taxa as part of the
NQPFWG taxonomic and phylogenetic revisions.

Conclusions

This study presents the most comprehensive revision to
date of the Cenozoic planktonic foraminifera phylogeny,
integrating stratigraphy, morphology, ecology and evolu-
tionary relationships into a unified, updated framework.
Taxonomic coverage is expanded to include all

Cenozoic clades, with the addition of 141 morphospe-
cies and 32 genera and the removal of outdated or
redundant taxa, yielding markedly improved resolution
and accuracy. All stratigraphic ranges are recalibrated to
the GTS2020 timescale, ensuring temporal consistency
and enabling evolutionary events to be placed within a
robust global chronostratigraphical context. Parallel mor-
phospecies and lineage phylogenies further strengthen
evolutionary inference by distinguishing cladogenetic
events from anagenetic change.

Completeness analyses confirm that the fossil record
of Cenozoic planktonic foraminifera is among the most
complete known, providing an exceptionally detailed
record of origination and extinction and establishing the
group as an outstanding model system for macroevolu-
tionary studies of biodiversity dynamics, trait evolution
and environmental response.

Delivered as a digital, interactive resource, the phylogeny
functions as both a synthesis and a platform for future
research, linking morphological, ecological and stratigraphic
data and enabling integration with molecular datasets. It will
underpin the work of the Neogene and Quaternary
Planktonic Foraminifera Working Group by providing a
robust phylogenetic baseline for taxonomic revision and
hypothesis testing, while more broadly advancing macroevo-
lutionary analyses and reinforcing planktonic foraminifera as
a premier system for studying biodiversity—environment
interactions through deep time.
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