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Abstract. Marine diatoms couple the global carbon and silicon cycles, and their fossil record tracks oceanographic and
climatic changes in deep-time. The Eocene/Oligocene Transition (EOT) marks the onset of Antarctic glaciation and major
ocean reorganization and is a key interval in diatom evolutionary history. Although high-latitude plankton responses to polar
cooling are extensively studied, it remains challenging to determine how cooling-driven changes in circulation, stratification
and nutrient supply propagated and shaped low-latitude assemblages. Here we reconstruct species-level diatom diversity
from exhaustive full-assemblage counts and integrate these data with diatom and radiolarian productivity from Deep Sea
Drilling Project (DSDP) Site 366 (Sierra Leone Rise, equatorial Atlantic) spanning 38-32 Ma. Diatom diversity at DSDP
366 varies in step with Southern Ocean diversity records across the same interval. Extinction rates and community-structure
metrics indicate a major reorganization of tropical diatom communities that is consistent with changes in upper-ocean
stratification. We identify a sharp shift in community structure at ~33.5 Ma, pointing to a rapid ecological response in the

earliest Oligocene.

1 Introduction

The relationship between plankton and climate is central to understanding ocean ecosystems and global biogeochemical
cycles. Through photosynthesis and particle export, phytoplankton regulate carbon exchange between the atmosphere and
the ocean interior, shaping both marine productivity and climate feedback (e.g., Eppley and Peterson, 1979; Kwon et al.,
2009; De La Rocha and Passow, 2014; Nowicki et al., 2022; Siegel et al., 2023). Among phytoplankton, diatoms hold a
unique position by welding together the global carbon and silicon cycles through their minute siliceous shells. Although they
contribute less than one quarter of total marine primary productivity, they account for roughly 40% of the organic carbon
exported from surface waters to the deep ocean (Jin et al., 2006; Tréguer et al., 2018; Behrenfeld et al., 2021). By mediating
these key fluxes, diatoms influence ocean chemistry and climate from seasonal to geological timescales (e.g., Yool and

Tyrrell, 2003; Ragueneau et al., 2006; Renaudie, 2016; Tréguer et al., 2021). Yet their long-term ecological responses to
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climate change remain far from being resolved, because most reconstructions of diversity dynamics rely on biostratigraphic
data compilations rather than quantitative, species-level assessments (e.g., Rabosky and Sorhannus, 2009; Lazarus et al.,
2014; Crampton et al., 2016). While these compilations have provided a valuable framework for interpreting large-scale
evolutionary trends, they offer only a coarse view of past macroevolutionary behavior (Lazarus, 2011). Developing species-
level, quantitative reconstructions of diatom communities are therefore essential to understand how marine ecosystems

responded to major climatic transitions.

Among major Cenozoic climatic transitions, the late Eocene to early Oligocene transition (hereafter EOT, in this work we
focus on a 38 to 32 Ma range) stands out as a pivotal interval for investigating how diatom communities responded to large-
scale cooling and oceanographic reorganization. Progressive Paleogene cooling culminated at this time in the establishment
of a permanent Antarctic ice sheet and a major reorganization of ocean circulation (e.g., Kennett, 1977; Barker, 2001;
Zachos et al., 2001; Westerhold et al., 2020; Lear et al., 2008; Coxall et al., 2005; Hutchinson et al., 2021; Galeotti et al.,
2022). Diatom assemblages experienced major ecological and taxonomic restructuring, accompanied by a marked rise in
biogenic productivity and opal accumulation (Fenner, 1982, 1985, 1986; Baldauf and Barron, 1990; Lazarus et al., 2014;
Renaudie, 2016; Rodrigues de Faria et al., 2024; Ozen et al., 2025b). These shifts signal a large-scale reorganization of
ocean circulation during the EOT, consistent with the established coupling between biogenic opal deposition and
oceanographic dynamics (Lisitzin, 1972; Miskell et al., 1985; Baldauf and Barron, 1990; Cortese et al., 2004). Nevertheless,
identifying the processes that control opal deposition remains challenging, because variations in productivity, circulation,
and preservation interact differently across ocean basins and through time, obscuring the primary drivers (Ragueneau et al.,

2000, 2006; Cortese et al., 2004; Renaudie, 2016; Westacott et al., 2021).

Regional records illustrate this complexity. In the Southern Ocean, biosiliceous productivity rose sharply in the Late Eocene,
likely linked to the deepening of Southern Ocean gateways and the nascent Antarctic Circumpolar Current (Diekmann et al.,
2004; Schumacher and Lazarus, 2004; Anderson and Delaney, 2005; Renaudie, 2016; Rodrigues de Faria et al., 2024; Ozen
et al., 2025b). In the North Atlantic, enhanced biosiliceous accumulation in neritic settings, where diatoms dominated the
plankton assemblages during the Late Eocene (Witkowski et al., 2020), while records show elevated diatom deposition at
equatorial Atlantic topographic highs such as Deep Sea Drilling Project (DSDP) Site 366 (east equatorial Atlantic; Fig. 1)
and Ocean Drilling Program (ODP) Site 925 (west equatorial Atlantic; Fig. 1) (Fenner, 1982; Barron and Baldauf, 1989;
Baldauf and Barron, 1990; Nilsen et al., 2003). In contrast, radiolarians dominated Eocene biosiliceous deposition in the
equatorial Pacific, with diatoms expanding only in the Early Oligocene when large centric taxa proliferated (~33-32 Ma) in
response to thermocline shoaling and enhanced nutrient supply (Moore et al., 2014). Collectively, these patterns reveal that
biosiliceous deposition across the EOT was asynchronous and regionally variable, reflecting spatially heterogeneous and
temporally offset responses in global silica cycling and surface productivity. As polar cooling intensified, diatom

assemblages became increasingly provincial (Fenner, 1985), yet this provincialism did not translate into true endemism
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(Baldauf and Barron, 1990; Baldauf and Manjonel, 1989). The occurrence of several Early Oligocene species in both
hemispheres’ polar regions instead indicates that cross-equatorial dispersal pathways persisted despite strengthened thermal

gradients (Barron and Baldauf, 1989; Baldauf and Barron, 1990; Gladenkov, 2016).

Within this broader framework, the equatorial Atlantic represents a key region of interhemispheric oceanographic and
climatic interactions (e.g., Brandt et al., 2023). During the Late Eocene, its eastern sector served as a critical gateway for
deep-ocean circulation (Jones et al., 1995; Wagner, 2002). Although the timing remains poorly constrained,
sedimentological evidence, including erosional structures, suggests increasing deep-water activity in this region (Stein and
Fauggres, 1989; Jones et al., 1995), pointing to the emergence of an abyssal circulation system resembling the modern
Atlantic Meridional Overturning Circulation (AMOC). Indeed, the onset of AMOC in the late Eocene has been proposed as a
mechanism that may have contributed to changing global heat distribution and Antarctic glaciation (Borrelli et al., 2014;
Elsworth et al., 2017). Biogenic opal records from in eastern and western equatorial Atlantic (DSDP Site 366 and ODP Site
925; Fig. 1) document a pronounced rise in accumulation and shifts in diatom assemblages beginning in the Middle- to Late-
Eocene transition (~38-36 Ma; Fenner, 1982; Nilsen et al., 2003) and continuing through the EOT, paralleling widespread
ecological and productivity shifts: taxonomic reorganizations among diatoms and radiolarians in southern high latitudes
(Funakawa and Nishi, 2008; Pascher et al., 2015; Ozen et al., 2025a), evolutionary responses in coccolithophores at southern
mid-latitudes (Ma et al., 2023), increased productivity and opal flux in the southern high-latitudes (Diester-Haass and Zahn,
1996; Diekmann et al., 2004; Anderson and Delaney, 2005; Pascher et al., 2015; Rodrigues de Faria et al., 2024; Ozen et al.,
2025b), and enhanced opal accumulation in the northern mid-latitudes (Witkowski et al., 2021). This temporal coherence
across the EOT points to coordinated ecosystem responses to global climate perturbations. Understanding how these
perturbations propagated throughout the Atlantic basin to reshape diatom diversity, productivity and community structure is
essential for identifying the mechanisms that drove diatom biogeographic and ecological reorganization during this

transition.

While these regional patterns outline the large-scale reorganization of marine ecosystems, resolving how diatom
communities responded at the species level remains a key challenge. Quantitative, species-level reconstructions of diatom
diversity across the EOT (or the Cenozoic) remain scarce, particularly from low-latitude settings. Earlier work by Fenner
(1982; 1984) laid the foundation for understanding diatom diversity in the eastern equatorial Atlantic across this interval (see
also Corliss et al., 1984). Recent advances from Southern Ocean studies now provide an updated view of high-latitude
diatom community dynamics (Ozen et al., 2025a; 2025b), revealing complex ecological responses to cooling and glaciation.
Understanding how tropical diatom assemblages responded to these high-latitude climatic changes is critical for assessing
the role of low-latitude regions in global biogeochemical cycling and climate feedback. The equatorial Atlantic is
particularly well suited to address this question through the diatom record: as a region of interhemispheric oceanographic

exchange, it likely preserves both direct and indirect responses to circulation changes and Antarctic climate forcing.
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Here, we present for the first time a quantitative, full-assemblage based reconstruction of diatom species diversity in the
eastern equatorial Atlantic spanning approximately 38 to 32 Ma, based on DSDP Site 366 (Sierra Leone Rise, NW Africa;
Fig. 1). This dataset enables us to address the following key questions: (1) How did diatom diversity dynamics and
community composition evolve in the equatorial Atlantic across the EOT? (2) Did changes in the equatorial Atlantic diatom
assemblages align temporally with climatic and oceanographic shifts documented in the southern high latitudes? (3) What do
shifts in the relative productivity of diatoms versus radiolarians reveal about nutrient dynamics and water column structure
during this interval? By integrating diversity patterns with accumulation rates and community composition analysis, we aim
to provide new insights into the coupling between low-latitude marine ecosystems and global climate change during the
EOT.

2 Methods

We analyzed 14 samples collected between 396 and 499 meters below sea floor (mbsf), spanning Core 8, Section 2 to Core
19, Section 1 of DSDP Site 366 (Sierra Leone Rise; Fig. 1; Lancelot et al., 1978) in the eastern equatorial Atlantic
encompassing the EOT. Of these, 12 samples were used to collect diatom diversity data, samples from Cores 17 and 19 were
virtually barren of diatoms and radiolarians. However, these samples were considered in the interpretation of opal
abundance, as the absence of biogenic silica provides hints into the diagenetic alteration of the biogenic siliceous record

which is a critical mechanism that should be incorporated into diatom studies.
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Figure 1: Paleogeographic reconstruction of the late Eocene (35 Ma) showing the location of DSDP Site 366 (red). Additional sites
on the map were referenced in discussions synthesizing DSDP 366 results within regional and global frameworks. Paleogeography
and paleobathymetry adapted from Straume et al. (2024).

The biogenic opal record of the equatorial Atlantic is limited to a few sites (Barron et al., 2015), with DSDP Site 366
standing out as one of the key records. This site preserves a continuous (~90 m) sequence of biogenic opal spanning the
EOT. Diatom preservation within this interval has been qualitatively described as ‘good’ (Fenner, 1982, 1986; Corliss et al.,
1984). The most detailed study of this section to date was carried out by Fenner (1982), who reported continuous diatom
occurrence from Core 16 to Core 6. Our observations confirm that dissolution did not significantly affect the Late Eocene
and Early Oligocene intervals. However, diatom (and radiolarian) abundance and preservation are closely coupled, as export
flux must exceed a threshold in the surface ocean to overcome dissolution and allow effective sequestration (e.g., Takahashi.

1991; Kierboe, 1993; Jackson, 2001).

2.1 Sample preparation

Microscope slides were prepared following the procedures of Moore (1973) and Lazarus (1994), with a modification
involving the use of a 10 pm sieve for diatoms. Approximately 0.5 gram of dry sediment was treated sequentially with

hydrogen peroxide (H202) and pentasodium triphosphate (NasP3O10) under low heat, followed by hydrochloric acid (HCI),
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before sieving. A measured portion of the residue was then allowed to settle randomly onto three coverslips placed at the

bottom of a beaker, following the method described by Lazarus (1994).

2.2 Diatom and radiolarian mass accumulation rates

To determine the absolute abundances (ab) of diatoms and radiolarians, specimens were enumerated within a specific area on

the slides. These values were calculated using the following equation:

ab=N x (%) x(%) x(%)

In this equation, N represents the number of specimens counted, while A4, and A,, denote the beaker area (6079 mm?) and
the measured area (in mm?), respectively. V;, refers to the total volume of prepared residue (mL), V;, is the volume actually

used (mL) and w is the dry sediment weight (g).

We subsequently derived accumulation rates by calculating the product of the absolute abundance, the dry bulk density
based on shipboard measurements, and the linear sedimentation rates (LSR). The LSRs were determined using the revised

age model for DSDP Site 366 which can be found in Supplementary Text S1.

2.3 Diatom diversity and its dynamics

In this study diversity is defined as total species richness. A total of 14,446 diatom specimens from 12 samples were counted
(Supplementary Diversity Data). The counting procedure followed Renaudie and Lazarus (2013), with species-level
identifications made whenever possible. Counting continued until at least 1,000 specimens were recorded, though this
threshold varied depending on diatom abundance. In samples with low diatom abundance, all observable specimens were

counted to maximize taxonomic resolution.

Species identifications were based primarily on published descriptions, especially Fenner’s (1982, 1984) work on the
equatorial Atlantic. When existing species concepts proved insufficient, or when consistent morphological features did not
match documented taxa, specimens were assigned to provisional categories. Each category was documented with reference
images and concise, keyword-based differential diagnoses to ensure clarity and reproducibility. We note that all
identifications were made using light microscopy, and some species concepts may be revised with future SEM-based work.
A complete catalog of all taxa observed in this study is archived on Zenodo, https://doi.org/10.5281/zenodo.18723713 (Ozen
et al., 2026).
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Raw species counts underestimate true diversity because of variable sampling effort, incomplete detection of rare species,
preservation differences, and taxonomic uncertainties. We applied the Chaol estimator (Chao, 1984) to correct diversity
values for unseen taxa and calculated 95 percent confidence intervals for each estimate. This approach provides a more
accurate measure of diatom diversity by compensating for differences in sample coverage and allows for more consistent

comparison across samples.

2.4 Extinction rates

Determining true extinction horizons is challenging because stratigraphic records are incomplete and species occurrences are
sparse. As a result, observed species ranges typically underestimate their actual temporal ranges. Although no method can
fully resolve this discrepancy, accounting for temporal gaps in species occurrences allows more realistic estimates of taxon
longevity (Marshall, 1997). To do this, we applied a range-estimation approach in which the 50th percentile of observed
occurrence gaps was added to each species’ first and last appearance datums (FADs and LADs), refining estimates of their

temporal ranges.

Extinction rates (lineages per million years) were then calculated using Foote’s boundary-crosser method (Foote, 2000).
Species occurrences were adjusted using their refined FADs and LADs: if an estimated range extended across a sampled
horizon, the species was treated as present in that sample. This procedure incorporates improved range estimate while

retaining sample-level resolution and avoids the loss of precision that would result from time-binning.

2.5 Community similarity

To understand assemblage evolution across the EOT, we calculated sample-to-sample community similarity using the Bray-
Curtis similarity index (Bray and Curtis, 1957), which ranges from 0 (no similarity) to 1 (complete similarity). This measure
is commonly used in ecological studies (Magurran, 2004, p. 174; Clarke and Warwick, 2001) and is useful to apply here

because the total number of specimens counted in each sample is similar, so sampling is not severely uneven.

Beyond community similarity, we examined rank-abundance shifts of the most common species in the Eocene and
Oligocene to assess assemblage reorganization across the Eocene/Oligocene boundary (E/O). We also calculated pairwise
Spearman rank correlations (Spearman, 1904) of log-abundance values between samples. To evaluate shifts in these
correlations across the boundary, we compared the distributions of within-epoch correlations (Eocene-Eocene and
Oligocene-Oligocene) with cross- Eocene/Oligocene boundary (Eocene-Oligocene) correlations using the Mann-Whitney U
test (Mann and Whitney, 1947). This approach allowed us to quantify diatom assemblage change across the

Eocene/Oligocene boundary while distinguishing shifts that are independent of extinction patterns.
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Using our species-level diversity dataset (see Supplementary Diversity Data), we further investigated environmental signals
reflected by changing dominant diatom genera. We first excluded rare genera by retaining only genera with a peak relative
abundance of 10% or greater, and subsequently re-normalized remaining genera to give their normalized relative abundance

for each studied sample.

All analyses were performed using Python programming language (Python Software Foundation, version 3.11). Pairwise
Spearman correlations and Mann-Whitney U tests were carried out using the scipy.stats module (Virtanen et al., 2020). All
code used for these analyses is available online in the following  GitHub  repository:

https://github.com/oezenvolkan/Ozenetal2026b.

3 Results
3.1 Observed diatom diversity decreases after ~34 Ma

Observed species diversity at DSDP Site 366 remains between 50 and 60 species throughout the late Eocene (Fig. 2a).
Diversity approaches its highest at ~34 Ma, at the onset of the Eocene/Oligocene boundary, reaching nearly 80 species. In
younger, Oligocene samples, values decrease to levels comparable to those recorded in the oldest samples (~37.8 Ma).
Chaol estimates show a similar overall pattern (Fig. 2a). A notable divergence between observed and estimated diversity

values occurs at ~36.8 Ma, where the estimated diversity reaches values comparable to the Chaol estimate at ~34 Ma.
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Figure 2: (a) Diatom diversity (scatter points) with Chaol diversity estimates (solid line, 95% confidence envelope). (b) Foote
boundary-crosser extinction rates. (c¢) Diatom and radiolarian accumulation rates (diatom or radiolarian em kyr). (d)
Equatorial Atlantic sea surface temperature (SST) reconstructions: brown datapoints with solid line represent SST values from
ODP Site 959 (after Cramwinckel et al., 2018), while light-brown scatter points show SST values from ODP Sites 925 and 929
(after Liu et al., 2009). (e) Atmospheric CO; concentrations (ppm) values across the EOT (from Zhang et al. 2013; Anagnostou et
al. 2020). (f) Global composite benthic foraminiferal $'*0 and (g) 3'*C records (from Westerhold et al., 2020).

3.2 Extinction rates rise near the Eocene/Oligocene boundary

Extinction rates remain close to zero throughout the late Eocene, except for a small increase between ~37 and 36.5 Ma (Fig.
2b). The observed taxon ranges during the late Eocene indicate a continuity without substantial turnover (Fig. 3). This trend
shifts in the latest Eocene, with extinction rates rising from ~34.5 onward, peaking at ~33.5 Ma, and remaining elevated in

the Oligocene samples (Fig. 2b).
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Figure 3: Taxon ranges for each species observed at DSDP 366, with estimated (see Methods) stratigraphic ranges. Horizontal
lines show sampled horizons. In stratigraphic range plots, single-occurrence species are not shown. Taxon range continuity
represents the percentage of occurrences of species within their observed ranges.

3.3 Diatom and radiolarian mass accumulation rates

During the Late Eocene, diatom and radiolarian MARs show a similar trend (Fig. 2c). This relationship is also reflected in
the diatom-radiolarian (D/R) ratio, which remains nearly constant in the Eocene samples (Fig. S1). Both groups increase in
abundance across the Middle- to Late-Eocene transition, reaching a maximum at ~36.5 (Fig. 2c). After this maximum,
accumulation rates decline to values similar to those before 37 Ma, then climb modestly again toward 34 Ma, reaching levels

comparable to the ~36.5 Ma maximum.

From ~34 Ma onward, the diatom and radiolarian records diverge. Radiolarian accumulation rates decrease into the Early
Oligocene, whereas diatom accumulation rates remain relatively stable. A notable exception occurs in a single sample at

~33.5 Ma, where diatom accumulation rates drop to their lowest recorded values.

3.4 Diatom community similarity and assemblage dynamics

To examine changes in community composition beyond species diversity and abundance, we calculated community
similarity using Bray-Curtis index (Bray and Curtis, 1957; see Methods section 2.5), where values range from 0 (complete

dissimilarity) to 1 (complete similarity).

10
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The two samples predating 37 Ma (below ca. 461.5 mbsf) exhibit relatively high self-similarity, with values exceeding 0.6
(Fig. 4). Similarity between these older (>37 Ma) communities and younger late Eocene communities declines sharply.
Samples between 37-36 Ma represent communities which have affinities with communities in both older and younger
intervals. Within the latest Eocene, after 36 Ma, diatom communities show higher mutual similarity (Fig. 4), though values
among Late Eocene samples rarely exceed 0.6. At the E/O, community similarities undergo reorganization. After 34 Ma,
similarity between Early Oligocene and Late Eocene samples declines. However, the earliest Oligocene communities retain
affinity with their Late Eocene counterparts. The most pronounced shift in community similarity however occurs at 33.5 Ma,

and marks a fundamental shift in community composition
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Figure 4: Global 5'%0 records and temporal self-similarity of diatom communities. (Top) Global composite benthic foraminiferal
8'%0 records spanning the study interval (data from Westerhold et al., 2021). (Bottom) Temporal self-similarity of diatom
assemblages at DSDP Site 366. The contour plot displays pair-wise Bray-Curtis similarity values for all sample combinations
analyzed. Both axes represent sample age (Ma). Data points (black) along the diagonal mark the analyzed samples, and contours
indicate the interpolated similarity values (see scale; 1 = identical communities, 0 = no similarity). Dashed lines mark the phase-
shift in diatom community compositions at 33.5 Ma.
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To examine assemblage shifts independent of extinction, we compared rank abundances of the most abundant species that
are consistently observed across the entire study interval. Around sixty percent of these species shifted rank substantially
260 Dbetween the Late Eocene and Early Oligocene (Fig. S2). We quantified these shifts using pairwise Spearman rank
correlations of log-transformed abundance values. These correlations are consistent with rank-abundance changes, with
within-epoch correlations (n = 34, Eocene-Eocene and Oligocene-Oligocene) exceeding cross-E/O correlations (n = 32), as
confirmed by a Mann-Whitney U test (U = 340; p = 0.00451; Fig. S3). The relative abundances of the dominant diatom
genera also shifted across the E/O (Fig. 5). During the Late Eocene, the dominance profile was broadly stable, with the genus
265 Hemiaulus being the most abundant group. In the earliest Oligocene, this composition changed as genus Cestodiscus became

the dominant genus, accompanied by a substantial decrease in the relative abundance of Hemiaulus (Fig. 5).
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Figure 5: Relative abundance of dominant diatom genera at DSDP Site 366. The figure displays the normalized relative
270 abundances of the most common genera across the study interval. The dashed line marks the Eocene/Oligocene boundary at 33.9
Ma.
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4 Discussion

The diatom record at DSDP 366 resolves three intervals of ecological change that define the low-latitude response across the
Late Eocene-Early Oligocene transition: (1) increasing productivity and emerging community change between 38 and 36
Ma, corresponding to the Middle- to Late-Eocene transition, (2) relative stability from 36 to 34.5 Ma, and (3) the turnover
associated with the E/O (34.5 and younger). These intervals illuminate how large-scale climatic and circulation shifts,
previously documented in circum-Antarctic regions, manifested in the equatorial Atlantic. Specifically, we assess whether
low-latitude diatom communities merely tracked broader paleoceanographic reorganization or if their diversity, productivity,

and community structure responded to distinct, local environmental constraints.

4.1 Tempo and mode of diatom diversity and productivity dynamics across the Eocene/Oligocene Transition
4.1.1 Changes across the Middle-to-Late Eocene transition (38-36 Ma)

Diatom diversity at DSDP Site 366 remains stable between 38 and 36 Ma in raw species counts (Fig. 2a), yet Chaol
diversity estimates rise sharply near 36.8 Ma, coinciding with a shift in community structure (Fig. 4). Similarity values
indicate a transitional interval between ~37 and 36 Ma. During this interval, assemblages retain affinities with both older and
younger samples but become increasingly self-similar toward the latest Eocene (Fig. 4). Biogenic opal production also
intensifies: diatom and radiolarian MARs increase by nearly an order of magnitude and peak around 36.5 Ma (Fig. 2c).
Although detailed comparison is difficult due to the low time resolution of our Site 366 data, a broadly comparable increase
is recorded in the western equatorial Atlantic, where opal accumulation at ODP Site 925 rises between 38-36 Ma (Fig. S4).
Together, this consistent reorganization of productivity, diversity and community composition suggests that DSDP Site 366
records capture a regional shift in surface ocean conditions in the equatorial Atlantic, likely linked to changes in upwelling

intensity and export production during the Middle-to-Late Eocene transition.

The significance of this interval extends beyond the equatorial Atlantic, with parallel changes reported from the Southern
Ocean and North Atlantic. Between 38 and 36 Ma, multiple Southern Ocean records show marked increases in productivity,
evidenced by higher biogenic barium accumulation, benthic foraminiferal accumulation and rising opal fluxes (Diester-
Haass and Zahn, 1996; Diekmann et al., 2004; Anderson and Delaney, 2005; Rodrigues de Faria et al., 2024; Ozen et al.,
2025b). Diatom diversity and abundance also increased (Lazarus et al., 2014; Renaudie, 2016; Ozen et al., 2025a). In the
Indian Ocean sector of the Southern Ocean, nannofossils indicate a shift to a more eutrophic phase (Villa et al., 2014),
radiolarians and diatoms undergo taxonomic turnover in the southern high latitudes (Funakawa and Nishi, 2008; Pascher et
al., 2015; Ozen et al., 2025a) and coccolithophores experienced an ecological shift in the southern Atlantic (Ma et al., 2023).
The North Atlantic also shows elevated opal accumulation within this interval (Witkowski et al., 2021). The temporal

alignment of these changes across regions provides essential context for the DSDP 366 diatom record and motivates a key
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question: does the eastern equatorial Atlantic diatom record track the propagation of the high-latitude signals and what does

it reveal about the degree of coupling between polar and low-latitude ecosystems during the EOT?

The coherence of the 38—-36 Ma productivity signals suggests a driver that operates at the basin-scale rather than through
local factors alone. This interpretation is consistent with benthic foraminiferal $'30 and 8'3C records, which were interpreted
as marking a transition from thermally homogeneous deep waters to a regime dominated by cold Southern Component Water
(SCW) at intermediate depths by ~37.6 Ma (Langton et al., 2016). By ~36.6 Ma, SCW influence expanded into the
equatorial Atlantic (Langton et al., 2016) coinciding with peak diatom and radiolarian accumulation at DSDP 366. The
changes temporally align with proposed onset of a proto-AMOC around 38 Ma (Borrelli et al., 2014) and with evidence for
thermal differentiation in the southern Atlantic (Langton et al., 2016). Ideally positioned to capture this oceanographic
reorganization, the eastern equatorial Atlantic likely preserves physical evidence of this reorganization in the form of
widespread erosional hiatuses generated by intensified bottom currents in the early Late Eocene (Stein and Faugeres, 1989).
Recent work shows that deep-sea hiatuses are often linked to major reorganizations of Cenozoic deep-water circulation
(Dutkiewicz and Miiller, 2022), reinforcing the interpretation that southern-sourced overturning cell expanded northward

through the Atlantic during this time.

We interpret the increase in biosiliceous accumulation at DSDP Site 366 as the biological fingerprint of this oceanographic
reorganization. The near-absence of siliceous microfossils before ~38 Ma partially reflects diagenesis (Lancelot et al., 1978;
Fenner, 1982), but it may also indicate that diatom production remained below the threshold needed for sustained export and
preservation in the water column (e.g., Takahashi, 1991; Kierboe, 1993; Jackson, 2001). The increasing influence of SCW
(Langton et al., 2016) likely raised the silica saturation of deep waters, facilitating biogenic opal to accumulate even before

peak production was reached at 36.6 Ma.

4.1.2 Late Eocene relative stability (36-34.5 Ma)

The latest Eocene interval at DSDP 366 (~36-34.5 Ma) marks a phase of relative stability in both diatom diversity and
community structure. Diversity values vary little (Fig. 2a), communities become more self-similar (Fig. 4), and extinction
rates remain close to zero (Fig. 2b). This stability is not unique to DSDP Site 366. In the sub-Antarctic Atlantic, diatom
diversity and community composition show a similar steady pattern (Ozen et al., 2025a) following the major shifts of the
Middle- to Late-Eocene transition. In the arc of Late Eocene change, this stability stands out as the “Calm Before the Storm”

that led into the Eocene/Oligocene shift (Prothero, 1994, p. 151).

Throughout the Eocene section, diatom and radiolarian MARs track each other closely and diatom-to-radiolarian (D/R) ratio
remains stable (Fig. 2¢; Fig. S1). Experimental and sediment studies show that diatom assemblages are more sensitive to

dissolution than radiolarians (Lisitzin, 1972; Johnson, 1974; Lazarus, 2011), and a selective dissolution effect tends to lower
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D/R ratio. The use of D/R as a simple preservation and productivity proxy in other EOT sections provides further context
(e.g., Moore et al., 2014; Pascher et al., 2015). Thus, the nearly constant D/R ratio before 34 Ma argues against a progressive
increase in differential dissolution at DSDP Site 366 and supports the view that the Late Eocene diversity signal is primarily

ecological.

Records across the Southern Ocean and Atlantic indicate the ~36-34 Ma interval as a period of stable, relatively low
productivity phase following the large environmental and evolutionary changes that unfolded between 38 and 36 Ma. In the
southwest Pacific, radiolarian diversity and diatom abundance drop at 36 Ma, remaining low until the E/O (Pascher et al.,
2015). Southern Ocean and sub-Antarctic sites (ODP 689, 748, 1090; Fig. 1) show similar shift to a lower base level in bio-
barium, diatom, opal, and benthic foraminiferal accumulation rates (Diester-Haass and Zahn, 1996; Diekmann et al., 2004;
Anderson and Delaney, 2005; Rodrigues de Faria et al., 2024; Ozen et al., 2025b). This pattern extends to the western
equatorial Atlantic, where ODP Site 925 records a near shutdown of biogenic opal burial between 36 and 34 Ma (Nilsen et
al., 2003; Fig. S4). Such widespread coherence hints at a common oceanographic regime in the latest Eocene, potentially
conditioned by the deepening of the Tasman Gateway and a strengthening circum-Antarctic circulation (Stickley et al., 2004;

Borrelli et al., 2014; Rodrigues de Faria et al., 2024).

4.1.3 Changes surrounding the Eocene/Oligocene boundary: 34.5 Ma onwards

The late Eocene to Early Oligocene interval at DSDP Site 366 records a major ecological shift in diatom communities. From
~34.5 Ma on, extinction rates rise and peak near ~33.5 Ma, and diatom diversity drops that does not recover to Late Eocene
levels (Fig. 2a-b). Diatom productivity reaches a second maximum near 34 Ma, and radiolarian productivity peaks at about
the same time (Fig. 2¢). The strongest ecological transition occurs at around 33.5 Ma, when extinction, diversity and
community similarity show threshold-like shifts (Fig. 2a-b and 4), consistent with earlier work from the region (Corliss et al.,
1984; Fenner, 1982).

A central feature of this transition is the divergence between diatom and radiolarian productivity. From ~34 Ma onward,
radiolarian productivity declines and shows no clear recovery in the earliest Oligocene (Fig. 2c¢). In contrast, diatom
productivity remains comparable to Late Eocene values, interrupted only by a pronounced minimum at ~33.5 Ma before
rebounding to higher levels (Fig. 2c). Our sampling resolution does not resolve when ~33.5 Ma diatom MAR minimum
begins within the 34-33 Ma interval and how abrupt it is. However, a pronounced transient productivity low near ~33.5 Ma,
the Early Oligocene Glacial Maximum (EOGM) (or Oi-1; see Hutchinson et al., 2021 and references therein for
nomenclature), is a well-documented feature of the tropical marine record (e.g., Griffith et al., 2010; Erhardt et al., 2013;
Moore et al., 2014). In the eastern equatorial Pacific, barite and opal accumulation rates show a transient minimum linked to
upper-ocean reorganization and thermocline deepening, while synchronous peaks in benthic foraminiferal accumulation rates

likely reflect increased deep-water oxygenation (Moore et al., 2014). Although our sampling resolution limits the precise
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temporal extent of this minimum at DSDP Site 366, this coherence between eastern equatorial Pacific and Atlantic records
might suggest a tropical response to high-latitude forcing and offers a testable basis for linking these ecosystems to the likely

propagated effects of Southern Ocean gateway evolution, as emphasized for the eastern equatorial Pacific by Moore et al.
(2014).

The recovery in diatom productivity following the transient minimum at ~33.5 Ma is not matched by a recovery in diversity.
Diversity remains low even as diatom productivity returns to higher levels (Fig. 2a-c). Extinction rates were already rising in
the latest Eocene, suggesting that the diversity loss in the earliest Oligocene reflects a true biological signal rather than an
artifact of reduced abundance in diatoms, consistent with earlier studies (Corliss et al., 1984). This contrast suggests an
environmental filtering favoring a subset of taxa capable of sustaining productivity comparable to levels seen across the Late

Eocene.

This environmental filtering is unlikely to be driven by surface cooling in the tropical Atlantic. Surface temperature change
is often linked to plankton overturning in the paleorecord (e.g., Trubovitz et al., 2020; Ozen et al., 2025a) but tropical
Atlantic SST records suggest relatively stable surface ocean temperatures across the boundary (e.g., Liu et al., 2009;
Cramwinckel et al., 2018; Fig. 2d). Therefore, the signal at DSDP 366 appears more consistent with (1) changes in upper-
ocean stratification and thermocline depth, (2) associated shifts in nutrient supply into the sunlit zone, (3) changes in deep-
water expansion. Under this set of mechanisms, sustained diatom productivity alongside constantly declining radiolarian
productivity can arise if mixed-layer stability and thermocline depth change to favor a narrower set of diatom taxa, while
simultaneously reducing the habitat for radiolarian fauna adapted to the warm, thick mixed-layer conditions of the Late

Eocene (e.g., Lazarus, 2005).

This structural shift is evident in diatom community evolution and dominant assemblage profiles. In the Late Eocene at
DSDP Site 366, the assemblage is dominated by Hemiaulus (Fig. 5), a genus plausibly associated with stable, stratified
upper-ocean conditions (e.g., Guillard and Kilham, 1977; Kemp et al., 2000; Kemp and Villareal, 2018). With the onset of
the Oligocene, the assemblage shifts to a genus Cestodiscus-dominated phase (Fig. 5; see also Corliss et al., 1984; Fenner,
1986). An increase in Cestodiscus abundance is a recurrent feature of the E/O records at the southern high latitudes,
especially at Antarctic-proximal sites (ODP 689 and 748, Fig. 1; Ozen et al., 2025a), where the earliest Oligocene conditions
are generally interpreted as more strongly mixed, eutrophic conditions with the Oligocene cooling, as evidence by numerous
studies (e.g., Diester-Haass and Zahn, 1996; Salamy and Zachos, 1999; Villa et al., 2014; Rodrigues De Faria et al., 2024;
Ozen et al., 2025b). The link between the rise of genus Cestodiscus and increasing intensity of surface currents, mixing and
nutrient availability has already been suggested by Fenner (1986), and later data align with her interpretations (Ozen et al.,
2025a). The appearance of similar dominance shifts at DSDP Site 366, together with decline of genus Hemiaulus into the

earliest Oligocene is consistent with a change in upper-ocean mixing and nutrient supply affecting low-latitude ecosystems,
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potentially reflecting the imprints of wider oceanographic reorganization associated with Antarctic glaciation and Southern

Ocean gateway evolution.

Species-level community similarity trends also support this view. While the immediate post-E/O assemblages retain Eocene
affinities, diatom communities cross an ecological threshold at ~33.5 Ma where similarity values show a phase shift (Fig. 4).
This transition is not explained by increasing extinction rates, and thus species loss in the earliest Oligocene, as taxa that
persist across the study interval reorganize substantially in relative abundance, producing marked reshuffling of the rank-
abundance structure (Fig. S2). Moreover, species rank abundance profiles are more similar within epochs than across the
E/O suggesting that Oligocene conditions favored a new set of niche selecting diatoms. Together, these patterns indicate a
dynamic re-sorting of community structure consistent with changing physical oceanographic conditions in the earliest
Oligocene eastern equatorial Atlantic, potentially involving shifts in stratification and nutrient delivery under global cooling.
This interpretation is consistent with recent evidence from the western equatorial Atlantic, where planktonic foraminiferal
assemblages document a substantial restructuring of ocean stratification across the E/O, specifically characterized by the
collapse of the stable oligotrophic surface mixed layer and the expansion of sub-thermocline habitats (Woodhouse et al.,

2025).

Conclusion

The EOT (~38-32 Ma) at DSDP Site 366 captures a fundamental ecological restructuring in low-latitude diatom
communities. While extinction rates remained low through most of the Eocene, they rose sharply in the earliest Oligocene,
marking a threshold event at ~33.5 Ma that coincided with a significant change in community composition. Unlike high-
latitude plankton, where SST changes have been linked to extinction events, our results indicate that in the equatorial
Atlantic, oceanographic processes, particularly an inferred collapse of the stratified upper ocean niche, likely played a
dominant role in shaping diatom assemblages. The relative stability of diatom productivity in the earliest Oligocene, coupled
with a sharp decline in radiolarians and reduced diatom diversity, suggests that the EOT was characterized not by a uniform
productivity collapse but by a structural shift in upper ocean stratification selecting taxa over stability adapted groups. This
study provides direct evidence that low-latitude diatom communities underwent substantial reorganization, not simply as a
response to temperature change, but as part of a broader transformation in ocean circulation and the development of

temperature gradients driven by high-latitude climatic and oceanographic shifts propagating across ocean basins.
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