
Research paper

Size variation of Eprolithus floralis across Oceanic Anoxic Event 2 (Late 
Cretaceous) in the Eastbourne section

Edna de Jesus Francisco Tungo a,b, Elisabetta Erba c, Gerson Fauth a,b, Cinzia Bottini c,*

a Post – Graduate Program in Geology, Universidade do Vale do Rio dos Sinos – UNISINOS University, São Leopoldo, Rio Grande do Sul, Brazil
b ITT Oceaneon – Instituto Tecnológico de Paleoceanografia e Mudanças Climáticas, Unisinos University, São Leopoldo, Brazil
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A B S T R A C T

Morphometric analyses of Eprolithus floralis were conducted in the Eastbourne section (southeast England, UK) to 
quantify size changes of this nannofossil species across Oceanic Anoxic Event 2 (OAE 2; Cenomanian/Turonian 
boundary, ~94 Ma). The total and inner diameters exhibit a reduction of 3 % and 2.4 %, respectively, relative to 
the overall mean size during OAE 2 with minimum values (~1 μm smaller) occurring at carbon isotope peak B. A 
recovery of 8.4 % and 5.7 % in two distinct morphotypes were identified: the rounded morphotype is ca. 0.5 μm 
smaller than the spiky one and starts to be more abundant just prior to OAE 2. The spiky morphotype accounts for 
61 % before and 56 % after OAE 2 where it also shows largest average sizes and the smallest diaphragm. 
Morphometric shifts coincide with the onset of intense volcanism from the Caribbean Plateau whereas the size 
increase parallels the decline in volcanic activity, suggesting a possible link between environmental recovery and 
morphological diversification.

Size and abundance minima of E. floralis and Biscutum constans at peak B suggest a shared physiological 
response, likely reduced calcification, to maximum environmental stress and possibly ocean acidification. 
However, E. floralis shows earlier size recovery, indicating higher ecological tolerance. No clear correlation is 
found with the Plenus Cold Event, excluding temperature as a primary control of E. floralis abundance and size.

1. Introduction

The Late Cretaceous was marked by a complex environmental 
perturbation known as Oceanic Anoxic Event 2 (OAE 2; ~94 Ma) (e.g., 
Schlanger and Jenkyns, 1976; Scholle and Arthur, 1980; Schlanger et al., 
1987; Jenkyns, 2010). This event led to widespread oceanic dysoxia/ 
anoxia (e.g., Pancost et al., 2004; Meyer and Kump, 2008; Dickson et al., 
2016; Ostrander et al., 2017) evidenced by the deposition of organic C- 
rich lithologies, such as the Bonarelli Level and its equivalents, which 
are widely recorded in pelagic and hemipelagic successions (Schlanger 
and Jenkyns, 1976; Schlanger et al., 1987; Zimmerman et al., 1987; Erba 
et al., 2019; Robinson et al., 2019). The development of anoxic condi
tions induced substantial changes in the global carbon cycle (e.g., Bice 
et al., 2006; Förster et al., 2007; Wagreich et al., 2011; Yao et al., 2021) 
reflected in the positive carbon-isotope excursion (CIE) that defines the 
stratigraphic extent of OAE 2 (e.g., Arthur et al., 1988; Tsikos et al., 
2004; Voigt et al., 2007, 2008; Jarvis et al., 2011; Owens et al., 2018; 
Gale et al., 2019; Jones et al., 2023). This excursion comprises four 

distinct peaks, labeled A to D by Jarvis et al. (2006) and Voigt et al. 
(2007, 2008).

The primary driver of OAE 2 is attributed to elevated atmospheric 
CO₂, primarily linked to the activity of the Caribbean Large Igneous 
Province (LIP), which released vast amounts of greenhouse gases into 
the ocean-atmosphere system (e.g., Snow et al., 2005; Turgeon and 
Creaser, 2008; Jarvis et al., 2011; Du Vivier et al., 2014; Percival et al., 
2015, 2025; Grasby et al., 2019; Jones et al., 2021). These emissions 
triggered an abrupt and prolonged warming, contributing to the highest 
recorded sea-surface temperatures of the Late Cretaceous (e.g., Förster 
et al., 2007; Sinninghe Damsté et al., 2010; O’Brien et al., 2017; Huber 
et al., 2018; Macdonald et al., 2019). Volcanic activity and/or basalt- 
seawater interaction likely played an additional role in enriching 
seawater with key nutrients, driving substantial biological responses 
(Orth et al., 1993; Erba, 2004; Snow et al., 2005; Turgeon and Creaser, 
2008; Duggen et al., 2010; Langmann et al., 2010; Du Vivier et al., 2014; 
Jenkyns et al., 2017; Faucher et al., 2017; Jones et al., 2021; Petrizzo 
et al., 2025).
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Thus, OAE 2 represents a crucial case study for understanding the 
response of organisms to extreme oceanic environmental disruption. 
This study focuses on calcareous nannoplankton, which is a group highly 
responsive to environmental changes but also relatively resilient (Erba, 
2004; Erba and Parente, 2025). Specifically, we examine the behavior of 
Eprolithus floralis (Stradner, 1962; Stover, 1966), a heavily calcified 
nannolith belonging to the Polycyclolithaceae Family. Eprolithus floralis 
is known for its affinity to cooler waters and is typically more abundant 
at higher latitudes (e.g., Roth and Krumbach, 1986; Bralower, 1988; 
Erba, 1992, 2004; Premoli Silva et al., 1999; Herrle et al., 2003).

Previous studies have demonstrated that some taxa within calcar
eous nannoplankton underwent size and/or abundance reduction in 
response to elevated CO₂ concentrations during the Toarcian T-OAE 
(Faucher et al., 2022 and reference therein), the Weissert OAE (Erba and 
Tremolada, 2004; Erba et al., 2019; Möller et al., 2020), and the early 
Aptian OAE 1a (Erba, 1994, 2004; Erba et al., 2010, 2019). Morpho
metric data are available for a few species across OAE 2 (Faucher et al., 
2017), that should be extended to other components of the nannofossil 
assemblage. We aim to assess whether the response of E. floralis parallels 
that of coccolith-bearing species such as Biscutum constans to determine 
if a common environmental factor influenced their calcification. Previ
ous studies have shown that B. constans underwent a global and syn
chronous size reduction, with maximum dwarfism occurring around 
peak B of the CIE (Faucher et al., 2017). This reduction has been 
interpreted as an adaptive strategy to cope with ocean acidification and/ 
or toxic metal influxes (Faucher et al., 2017). Given the affinity of 
E. floralis for cooler waters, we also aim to explore the role, if any, of 
temperature variations across OAE 2 on its size and abundance.

To address these objectives, we selected the Eastbourne succession 
(Sussex, England) (Fig. 1), a stratigraphically well constrained reference 
section for OAE 2 for which morphometric data of B. constans are 
available (Faucher et al., 2017). The Eastbourne section also provides a 
well-defined record of the Plenus Cold Event (PCE) which represents a 
transient cooling episode associated with a temporary decline in atmo
spheric pCO₂ (Kuypers et al., 1999; Voigt et al., 2006; Förster et al., 
2007; Barclay et al., 2010; Sinninghe Damsté et al., 2010; Jarvis et al., 
2011; Gale et al., 2019; O’Connor et al., 2020) and global-scale bottom- 
water reoxygenation (Eicher and Worstell, 1970; Eicher and Diner, 
1985; Paul et al., 1999; Förster et al., 2007; Keller et al., 2008; Eldrett 
et al., 2014; Dodsworth, 2016; Bryant et al., 2021; Amaglio et al., 2023) 
occurred between the second buildup of the CIE (before peak A) and 
peak B (e.g., Förster et al., 2007; Jarvis et al., 2011; Jenkyns et al., 2017; 
O’Connor et al., 2020). The Eastbourne section was previously studied 
for calcareous nannofossil quantitative data by Lamolda et al. (1994), 

Paul et al. (1999) and Linnert et al. (2011) and for biostratigraphy by 
Tsikos et al. (2004) and Petrizzo et al. (2025). Here, we present quan
titative and morphometric data of E. floralis performed on the same 
samples studied for morphometries by Faucher et al. (2017) to assess the 
effects of OAE 2 perturbations.

2. Eastbourne (UK)

The Eastbourne section in southeast England (UK) is one of the most 
expanded and well-studied records of the Cenomanian/Turonian 
boundary interval (CTBI), particularly for OAE 2. This section was 
deposited in the Anglo-Paris Basin at a paleolatitude of ~35◦N (Gale, 
1995, 1996; Paul et al., 1999; Fig. 1) and consists of a 27-m-thick pelagic 
stratigraphic sequence divided into three main lithological Units: Grey 
Chalk (rhythmically bedded marly chalk), Plenus Marls (greenish-grey 
marls and clay-rich chalk), and White Chalk (coccolith- and calcisphere- 
dominated nodular limestone) subdivided in the Ballard Cliff and in the 
overlying Holywell Members (see Gale et al., 2005 and references 
therein). Samples for this study were collected at Gun Gardens.

The section was biostratigraphically constrained for planktonic 
foraminifera (Tsikos et al., 2004; Falzoni et al., 2018) and calcareous 
nannofossils (Tsikos et al., 2004; Petrizzo et al., 2025) as well as through 
chemostratigraphy (Tsikos et al., 2004). Specifically, the characteristic 
positive δ13C excursion of OAE 2 is recorded between the base of the 
Plenus Marls and the lower part of the Holywell Member and records all 
4 peaks labeled “A” to “C” by Jarvis et al. (2006) and peak “D” by Voigt 
et al. (2007, 2008).

3. Calcareous nannofossil analyses

A total of 44 samples were prepared following the standard tech
nique outlined by Bown and Young (1998). Quantitative and morpho
metric analyses were performed using a Leitz Laborlux 12 polarizing 
microscope at a magnification of 1250× equipped with a Deltapix light 
camera at the University of Milan.

For each sample, quantitative analyses were performed counting up 
to 300 specimens in each smear slide to assess the relative abundance 
(%) of E. floralis relative to the total number of counted specimens. 
Morphometric analyses were performed by taking digital pictures of 30 
specimens per sample. The preservation was carefully assessed to avoid 
diagenetically altered specimens (partially dissolved or overgrown), if 
any.

Eprolithus floralis is characterized by a relatively tall, multiradiate 
structure with nine petaloid wall-cycle elements surrounding a broad 
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Fig. 1. Paleo-location of the Eastbourne section at approximately 94 Ma (latest Cenomanian), after Faucher et al. (2017).
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central area spanned by a median diaphragm. For each specimen, the 
“total diameter”, “inner diameter”, and “diaphragm diameter” were 
measured with the ImageJ software using the macros by Young et al. 
(2014), as specified in Fig. 2.

Data were statistically elaborated in Excel and Past software version 
4.03 (Hammer et al., 2001) to obtain mean, median, minimum, 
maximum, 95 % confidence intervals and standard deviation. Pearson 
correlation coefficient and p-value were also calculated to test any 
relationship between the measured parameter as well as with E. floralis 
abundance. Independent-sample t-tests were performed to determine 
whether size variations between intervals were statistically significant 
(p < 0.05). Effect sizes were quantified using Cohen’s d (Cohen, 1988) to 
assess the magnitude of differences independently of sample size. One- 
sample t-tests were performed to compare interval means against 
reference values, such as the overall mean of the respective parameter. 
Results of statistical analyses are reported in the Supplementary Data 
Appendix A, Supplementary Fig. S1 and Table S1.

Reduction rates were calculated to highlight size variation and to 
compare the similar or different patterns of the three parameters 
considered.

4. Results

The morphometric analysis revealed variations in the three 
measured parameters (Fig. 3). The total diameter shows an average of 
6.3 ± 0.8 μm, ranging from an average minimum of 5.4 μm to a 
maximum of 7.2 μm, differing by nearly 2 μm. The smallest specimen 
detected is 3.6 μm whereas the largest is 8.8 μm in total diameter. The 
ratio between internal variability (sdv ≈ 0.8 μm) and variability across 
samples (range ≈ 1.8 μm) suggests that the observed differences among 
samples are not due to statistical noise but possibly reflect primary 
variations.

Before OAE 2 specimens are relatively larger (average 6.6 μm), while 
smaller specimens occur during OAE 2 (average 6.1 μm). The smallest 
E. floralis specimens are around peak B (average 6 μm). After peak C, 
specimen size starts to increase, and largest specimens are detected 
above peak D (average 6.9 μm) (Fig. 3).

The inner diameter ranges from a minimum average of 4.8 μm to a 
maximum average of 5.9 μm, with a total average of 5.3 ± 0.70 μm. The 
overall variability among samples (range ≈ 1.1 μm) is higher than the 
variability within individual samples. This ratio between within-sample 
variability and between-sample variation suggests that the observed 
changes in inner diameter possibly reflect genuine differences rather 
than random noise. Fluctuations of the inner diameter follow those of 
the total diameter and show higher values prior to OAE 2 (average 5.6 
μm) while smaller average size (5.2 μm) is detected within the OAE 2 

interval, with the smallest average (5.1 μm) between peak A and peak B. 
After peak C, the inner diameter starts to increase and largest values are 
observed above peak D (average 5.6 μm), (Fig. 3).

t-tests and Cohen’s d values calculated on total and inner diameters 
indicate that the size variations observed from pre-OAE 2 to OAE 2 and 
afterward are statistically significant (Supplementary Table S1). The 
total and the inner diameters display similar patterns and are highly 
correlated (r = 0.940; p < 0.001, Supplementary Fig. S1).

The diaphragm diameter has an average value of ~3 ± 0.43 μm, 
ranging from 2.6 μm to 3.2 μm, and shows fluctuations of very minor 
amplitude. Standard deviation range 0.25–0.54 μm is of comparable 
magnitude to the variability between samples (≈ 0.65 μm) suggesting 
that observed differences may largely reflect within-sample variability 
rather than systematic shifts. Slightly larger values were detected in the 
OAE 2 interval, except around peak B where the diaphragm diameter is 
smaller in average (ca. 2.6 μm), (Fig. 3). Smaller diaphragm diameter 
values occur above peak C with average of 2.8 μm. t-tests indicate that 
only the size variation from OAE 2 to post-OAE 2 is significant (Sup
plementary Table S1). No correlation was observed between the dia
phragm diameter and the total diameter (r = 0.227, Supplementary 
Fig. S1) and between the diaphragm diameter and the inner diameter (r 
= 0.332, Supplementary Fig. S1).

Two distinct morphotypes were observed, each exhibiting a specific 
shape of the termination of the elements: the spiky morphotype is 
characterized by more elongated and pointed elements, whereas the 
rounded morphotype exhibits shorter and rounded elements (Fig. 3, 
Plate 1). The two morphotypes show differences in average size, size 
patterns, and relative abundance, as follows.

Rounded morphotype: among E. floralis specimens, the average 
abundance of rounded morphotype is 64 % (Fig. 4). This morphotype is 
more abundant during OAE 2 (76 %) compared to pre- (39 %) and post- 
OAE 2 (44 %) intervals (Fig. 4). In particular, rounded specimens 
constitute 83 % of the total E. floralis in the interval comprised between 
the base of the first buildup of the CIE and just above peak B. In this 
interval the average of the total diameter of the rounded morphotype is 
relatively low, being ~6.2 ± 0.80 μm. The total diameter of this mor
photype ranges from a minimum average value of 5.4 μm to a maximum 
average of 8.1 μm (Fig. 3). The inner diameter (average) ranges from a 
minimum average of 4.7 μm to a maximum average of 6.9 μm with 
average of 5.2 ± 0.69 μm. The average diaphragm length is 3 ± 0.42 μm, 
ranging from 2.5 μm to 3.2 μm. Prior to OAE 2, specimens of the rounded 
morphotype are larger (average 6.4 μm), and the smallest specimens 
were observed between peak A and B where the mean total diameter is 
5.9 μm. After peak B specimens show a recovery in the average size and 
above OAE 2 reach the largest average total diameter (6.9 μm) but have 
smaller average diaphragm (2.9 μm) compared to the average prior to 

 Measured parameter

Total diameter Inner diameter Diaphragm diameter

 (c) (b)(a)

Fig. 2. Morphometric parameters measured in Eprolithus floralis: a) Total diameter: The circumference diameter encompassing the specimen. b) Inner diameter: the 
diameter of the circumference tangent to the intersection of the petals. c) Diaphragm diameter: The diameter of the diaphragm.
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and during OAE 2 (3 μm). Size variations observed from pre-OAE 2 to 
OAE 2 and afterward are statistically significant (Supplementary 
Table S1).

Spiky morphotype: among E. floralis specimens, the average abun
dance of the spiky morphotype is 37 % with highest values prior to and 
after OAE 2, representing 61 % and 56 % of the total E. floralis, 

Fig. 3. Eastbourne (Gun Gardens) section, SE England. δ13Ccarb is according to Tsikos et al. (2004). Ammonite stratigraphy is after Gale et al. (2005); Planktonic 
foraminifera biozones are from Falzoni and Petrizzo (2020). Calcareous nannofossil biozones follows Tsikos et al. (2004) and Petrizzo et al. (2025). Peaks A, B, C and 
D after Jarvis et al. (2006) and Voigt et al. (2008). Plenus Cold Event (PCE) interval after Jenkyns et al. (2017). Morphometries of Eprolithus floralis (dark green), 
rounded morphotype (light blue), and spiky morphotype (pink) are from this work. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.)

Plate 1. Eprolithus floralis specimens from Eastbourne (Gun Gardens) section, SE England photographed with the light polarizing microscope under cross-polarized 
light. Specimens 1 to 12 are rounded E. floralis morphotype, specimens from 13 to 18 are spiky E. floralis morphotype.
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respectively (Fig. 4). A decrease in relative abundance is observed in the 
OAE 2 interval, where the spiky specimens account for 24 % of the total 
E. floralis. This morphotype shows a total diameter average of ~6.7 ±
0.81 μm, ranging from 5.6 μm to 7.1 μm (Fig. 3). The inner diameter 
(average of 5.5 ± 0.69 μm) ranges from average values of 4.4 μm to 6 
μm. The diaphragm diameter ranges from average values of 2.2 μm to 
3.6 μm, with a total average of 2.9 ± 0.40 μm. The spiky specimens have 
larger total and inner diameter before OAE 2 (average total diameter 6.6 
μm, inner diameter 5.6 μm) and show a moderate size decrease from the 
OAE 2 onset to peak B (average total diameter 6.3 μm, inner diameter 
5.3 μm). After peak B the average total and inner diameters are char
acterized by a marked recovery in size reaching values similar to those of 
the pre-OAE 2 interval. Largest spiky specimens are detected after OAE 2 
(average total diameter 7 μm, inner diameter 5.8 μm). Most of total and 
inner diameter size variations have resulted to be significant (Supple
mentary Table S1). The diaphragm average diameter is similar prior to 
and during OAE 2 (2.9 μm and 3 μm, respectively) whereas it decreases 
above OAE 2 down to an average of 2.7 μm, which is the only statisti
cally significant diaphragm size variation (Supplementary Table S1).

For both morphotypes, the total and inner diameter are the only 
parameters showing significant correlation, with strong linear re
lationships (r = 0.924 for the spiky and r = 0.947 for the rounded), 
(Supplementary Fig. S1).

The relative abundance of all E. floralis specimens ranges from 0.3 to 
4 % with an average of 1.4 %. The highest percentages (4 %) correspond 
to the lower part of the Plenus Marls between the OAE 2 onset and peak 
A. Lower relative abundances correspond to the upper part of the Plenus 
Marls, Ballard Cliff Member and the Holywell Member (Fig. 4).

A moderate negative correlation is displayed between E. floralis 
relative abundance and size, indicating that several samples with more 
abundant E. floralis are also those with the smallest specimens (Sup
plementary Fig. S1).

The subdivision into two morphotypes shows that the rounded E. 
floralis is significantly smaller than the spiky morphotype (p < 0.001; 
Supplementary Table S1), with an average size difference of ~0.5 μm 
and becomes more abundant during OAE 2. Notably, the rounded mor
photype begins to increase in relative abundance just prior to the onset 
of OAE 2, comprising 58 % of the E. floralis population, and reaches its 

peak dominance (83 %) from the base of the CIE to just above peak B. 
Following peak B, the spiky morphotype gradually increases in relative 
abundance and eventually dominates again after OAE 2, accounting for 
56 % of the E. floralis assemblage (Fig. 4).

The prevalence of the rounded morphotype during OAE 2 signifi
cantly affects the overall size trends of E. floralis, largely driving the 
observed ~6 % reduction in both total and inner diameters during this 
interval. In contrast, the spiky morphotype primarily controls the 
average size of E. floralis populations before and after OAE 2, exhibiting 
total diameter values that are 3.4 % and 8.4 % larger than the total 
average, respectively (Fig. 5a, Supplementary Fig. S2).

Importantly, the spiky morphotype exhibits only a minor size 
reduction during OAE 2 (− 2.8 %), with average sizes remaining rela
tively stable from the onset of OAE 2 through peak B (Fig. 5b, Supple
mentary Fig. S2). This stability is further supported by t-tests, which 
indicate no statistically significant variation in total diameter and only 
minor variation in inner diameter (Supplementary Table S1). 
Conversely, the rounded morphotype displays a stepwise size decline, 
with a 5.2 % reduction in the total diameter at the onset of OAE 2 and a 
further 2.9 % decrease between peaks A and B, where the smallest sizes 
are recorded. A recovery in size of the spiky morphotype occurs just 
above peak B (+5.4 %), while the rounded morphotype exhibits its main 
size increase at peak C (+5.5 %).

In both morphotypes, the diaphragm diameter displays a contrasting 
trend compared to the total and inner diameters. In the OAE 2 interval, 
diaphragm values increase by approximately 1 % relative to pre-OAE 2 
sizes (although not statistically significant, Fig. 5, Supplementary 
Table S1), followed by a significant 5 % decrease after OAE 2 (Fig. 5, 
Supplementary Table S1). These variations result in specimens that 
change in size and shape over time as follows.

In the pre-OAE 2 interval, both spiky and rounded morphotypes are, 
on average, relatively large, with diaphragm diameters close to the total 
average (Fig. 6). During OAE 2, up to peak B, the spiky morphotype 
becomes slightly smaller but exhibits a moderately larger diaphragm, 
while the rounded specimens are significantly smaller and with a larger 
diaphragm. From just after peak B to the end of OAE 2, the spiky mor
photype tends to be larger and continues to show an enlarged dia
phragm, whereas the rounded specimens follow a similar trend only from 

Fig. 4. Eastbourne (Gun Gardens) section stratigraphy as in Fig. 3. Eprolithus floralis total relative abundance (%), total diameter size and relative abundances of 
rounded and spiky morphotype (% of the total E. floralis pool) are from this work. Mean of total diameter of spiky (pink), rounded (blue) and all specimens (black) 
divided per interval, specifically: in the left graph, intervals follow the stratigraphy (pre-OAE 2; base of OAE 2 – peak A; peak A - peak B; peak B - peak C; peak C - 
peak D; after OAE 2); on the right graph, intervals follow those of morphotype abundances indicated with the dashed blue horizontal lines. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Spiky

Rounded

Fig. 5. Eastbourne, stratigraphy as in Fig. 3 Increase/decrease in % of all E. floralis specimens (a), spiky (b) and rounded (c) with respect to total mean of the studied 
interval (red) and with respect to the averages of the intervals marked by the base of OAE 2, peak A, B, C and D (black). Total diameter/diaphragm ratio (black) and 
inner diameter/diaphragm (yellow) of (a) all E. floralis specimens, (b) spiky and (c) rounded. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)
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just after peak C upwards. In the post-OAE 2 interval, both morphotypes 
are larger than they were before OAE 2 and display notably smaller 
diaphragms. Among the two E. floralis morphotypes, the rounded one 
seems to be more sensitive, showing greater size variation but also 
appearing better adapted to OAE 2 conditions as evidenced by higher 
relative abundance. Conversely, the spiky morphotype seems to prefer 
the more stable conditions of the interval before and after OAE 2 and 
exhibits smaller size fluctuations.

5. Discussion

5.1. Nannofossil preservation

The assessment of potential dissolution effects on the morphometric 
variations and relative abundances of E. floralis and its morphotypes is 
particularly critical during OAE 2, an interval known, in some localities, 
to be associated with selective (e.g., Wunstorf section, Linnert et al., 
2010) or even complete (e.g. Bonarelli Level in the Umbria-Marche 
Basin, Italy, Erba et al., 2019 and reference therein) dissolution of the 
nannoflora. Such an evaluation is essential to rule out diagenetic over
print as the primary driver of the observed patterns. Here, we present 
several lines of evidence supporting the interpretation that size varia
tions recorded at Eastbourne primarily reflect a biotic response. 

a) The general preservation of calcareous nannofossils in the studied 
samples of Eastbourne, is moderate-good to good. Calcareous nan
nofossils exhibit minor etching and overgrowth and delicate taxa 
such as B. constans, Z. erectus and D. ignotus are present throughout 
the studied interval (Linnert et al., 2011; Faucher et al., 2017). Ac
cording to the diversity indices (species richness and Shannon Index 
of Linnert et al., 2011) there are only minor variations in nannofossil 
preservation with slightly poorer preservation observed only within 
the lower part of the Ballard Cliff Member.

b) Samples with the lowest total nannofossil abundances, located in the 
lower part of the Ballard Cliff Member, contain at least 10 % of small- 
sized taxa such as B. constans and D. ignotus (Linnert et al., 2011) and 
do not coincide with lowest average sizes of E. floralis, nor with shifts 
in the relative abundance of spiky versus rounded morphotypes. 
Notably, the rounded morphotype begins to increase in abundance 

just before OAE 2 and gradually peaks from just below peak A to ca. 
peak B — thus not coinciding with the OAE 2 onset or with the in
tervals of lowest nannofossil abundance. This pattern argues against 
preservation as the primary driver of the enrichment of rounded 
forms. Moreover, the co-occurrence of both morphotypes indicates 
that shape is primarily biologically controlled rather than the result 
of selective dissolution.

c) Under the assumption that diagenetic dissolution preferentially af
fects the outer portions of nannoliths, a reduction in total diameter 
would be expected while the inner diameter would remain unaltered 
or less impacted. Consequently, the two parameters should display a 
weak or negligible correlation. The data, however, show a strong 
positive correlation between total and inner diameter also across 
both spiky and rounded morphotypes, further reinforcing a primary 
biogenic rather than diagenetic control.

d) Eprolithus floralis size changes do not correspond systematically with 
lithological shifts. The decrease in mean size begins before the base 
of the Plenus Marls, minimum size values occur within the Plenus 
Marls, and recovery in size starts in the middle part of the Ballard 
Cliff Member. Overall, there is no clear one-to-one correspondence 
between smaller mean sizes and lithology (marlstones vs. chalks), 
further excluding a diagenetic control on size variations.

5.2. Eprolithus floralis size and abundance

Morphometric analysis of E. floralis across OAE 2 reveals significant 
size variation and the co-occurrence of two distinct - spiky and rounded – 
morphotypes, each characterized by different mean dimensions and 
relative abundances.

Compared to B. constans (Faucher et al., 2017), both the overall di
mensions of E. floralis and those of the rounded morphotype display 
broadly similar size patterns, particularly around peak B where mini
mum average sizes are recorded. Outside this interval, however, size 
fluctuations differ partially, possibly reflecting varying sensitivities and 
response times (Fig. 6). For instance, E. floralis begins to decrease in size 
slightly before the onset of OAE 2, whereas B. constans shows a size 
reduction right at the onset of the event. The recovery phase of 
B. constans begins between peaks B and C, and the full recovery occurs 
after peak D whereas the size of E. floralis shows an increase surpassing 

Fig. 6. Eastbourne stratigraphy as in Fig. 3. Os(i) from the Vocontian Basin (Du Vivier et al., 2014). Trace metals - Cr/Al (Pearce et al., 2009). Biscutum constans size 
after Faucher et al. (2017) and relative abundance after Linnert et al. (2011). Eprolithus floralis data (this work). First Occurrence of Eprolithus moratus and 
E. octopetalus from Petrizzo et al. (2025). Drawings of the two E. floralis morphotypes showing size variations across the intervals discussed in the text, relative to the 
overall mean dimensions (in yellow), are reported. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.)
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average values at peak C. In the post-OAE 2 interval, B. constans does not 
return to pre-OAE 2 size, while E. floralis clearly exceeds the dimensions 
characteristic of the pre-OAE 2 interval.

It is therefore of remark that, despite the distinct paleoecological 
affinities of B. constans and E. floralis, both taxa experienced an almost 
synchronous maximum reduction in size at peak B (Fig. 6), which is 
unlikely to be coincidental.

As E. floralis is considered a cold-water species, its abundances would 
be expected to increase across the PCE. Indeed, E. floralis is generally 
more abundant within the Plenus Marls (in agreement with Lamolda 
et al., 1994, and Paul et al., 1999), but peak values occur only during the 
initial build-up of the CIE (prior to and at peak A), corresponding to the 
early part of the PCE. In contrast, relative abundances decrease during 
the δ13C trough—despite the PCE—arguing against temperature as the 
primary driver in this interval close to peak B (Fig. 6).

According to literature data (e.g. Kuroda et al., 2007; Turgeon and 
Creaser, 2008; Du Vivier et al., 2014; Schröder-Adams et al., 2019; Jones 
et al., 2023), volcanism linked to the Caribbean Plateau Large Igneous 
Provinces, began approximately 23,000 years before the onset of OAE 2 
and reached peak intensity between the start of OAE 2 and carbon 
isotope peak B, with the climax occurring at peak B. Estimates of CO₂ 
concentrations indicate elevated levels during this interval, likely 
contributing to ocean acidification and global warming.

It is possible that, as previously proposed for B. constans alongside 
with other species such as Discorhabdus rotatorius, and Zeugrhabdotus 
erectus (Faucher et al., 2017), ocean acidification exerted control over 
the calcification of E. floralis, temporarily favoring the emergence of 
smaller specimens, possibly better adapted to stressful conditions. 
Notably, using geochemical evidence (Du Vivier et al., 2014) there is a 
clear correspondence between the onset of volcanism and the initial 
reduction in E. floralis size, as well as the increased relative abundance of 
the rounded morphotype (Fig. 6). Indeed, at the waning of volcanic ac
tivity (between peaks B and C) presumably CO₂ emissions started to 
decline and the average size of the rounded E. floralis began to increase, 
trending back toward pre-OAE 2 values.

This supports the idea that, similarly to B. constans (Faucher et al., 
2017), E. floralis produced smaller specimens as a physiological strategy 
to cope with increased ocean acidification. It is noteworthy that the most 
pronounced size reductions in both species occurred at peak B, which 
corresponds with the period of most intense volcanic activity, highest 
atmospheric CO₂ concentrations, and maximum trace metal enrichments 
(e.g., Snow et al., 2005; Förster et al., 2007; Jarvis et al., 2011; Zheng 
et al., 2013; Du Vivier et al., 2014; Jenkyns et al., 2017; O’Connor et al., 
2020; Percival et al., 2020).

The delayed size recovery in B. constans compared to E. floralis may 
reflect a higher sensitivity of B. constans to altered seawater chemistry, 
with its recovery in size occurring around peak D at the end of OAE 2. 
The new dataset confirms that B. constans was a highly responsive spe
cies (e.g., Erba et al., 2010; Lübke et al., 2015; Faucher et al., 2017; 
Bottini and Faucher, 2020; Möller et al., 2020) as its size fluctuations are 
more pronounced compared to other coccoliths (W. barnesiae) and 
nannoliths (E. floralis).

A decrease in size and abundance of specific nannofossils during 
OAEs is not novel and has been observed in heavily calcified nannoliths, 
such as Schizosphaerella during the T-OAE (e.g. Mattioli and Pittet, 2002; 
Suan et al., 2008, 2010; Mattioli et al., 2009; Reolid et al., 2014; 
Clémence et al., 2015; Peti and Thibault, 2017; Erba et al., 2019; Menini 
et al., 2021; Peti et al., 2021; Faucher et al., 2022), and the nannoconids 
during the Weissert Event (Erba and Tremolada, 2004; Barbarin et al., 
2012; Erba and Parente, 2025) and OAE 1a (Erba, 1994; Erba and 
Tremolada, 2004; Erba et al., 2019; Erba and Parente, 2025). In these 
three cases, the abundance crises and/or size reduction was interpreted 
as the response to CO2 excess in the ocean/atm system. At Eastbourne, 
OAE 2 is marked by a decrease in size and abundance of E. floralis, 
partially resulting in the dominance of the smaller rounded morphotype 
and extremely low abundances of the larger spiky specimens. The 

patterns exhibited by E. floralis during OAE 2 resemble those observed in 
Schizosphaerella during the T-OAE (Faucher et al., 2022), with smaller 
specimens becoming dominant over larger ones. What emerges from the 
data collected in this study is that different nannofossil species exhibited 
varying levels of sensitivity and adaptive capacity, employing strategies 
that were sometimes similar but not identical, possibly in response to the 
specific environmental conditions. A common adaptive response among 
several taxa, including E. floralis, appears to be a reduction in calcifi
cation, which likely served as an effective strategy to cope with elevated 
CO₂ levels and broadly stressed environmental conditions.

The presence of two morphotypes of E. floralis across OAE 2 may also 
be discussed in the broader context of speciation within the genus 
Eprolithus, which underwent a progressive reduction in the number of 
petal elements beginning in the second part of OAE 2. In the late Cen
omanian, E. floralis is characterized by nine petals, but during OAE 2 this 
number steadily decreases, giving rise to E. octopetalus (eight petals) and 
E. moratus (seven petals). This evolutionary trend highlights the dy
namic response of Polycyclolithaceae during the calcareous nannofossil 
turnover associated with the C/T boundary. At Eastbourne, the first 
occurrences (FOs) of E. octopetalus and E. moratus fall between peak B 
and peak C (Fig. 6).

These observations may suggest that the genus Eprolithus was 
particularly prone to both size and morphological changes, and it is 
noteworthy that such variability emerges after peak B. A possible 
interpretation is that the appearance of these new species, along with the 
trend toward larger E. floralis, reflects an adaptive response to more 
favorable conditions—perhaps linked to changes in water chemis
try—following the cessation of intense volcanism. However, it should be 
noted that the FOs of E. octopetalus and E. moratus are diachronous 
among OAE 2 sections (Petrizzo et al., 2025), making it difficult at this 
stage to establish a direct causal link between speciation and environ
mental stress. The underlying drivers therefore remain uncertain.

6. Conclusions

Morphometric data indicates that E. floralis responded to OAE 2 
through adaptive changes consisting in reduced average size and 
changes in relative abundance. Two distinct morphotypes of E. floralis 
were identified: a rounded form, on average 0.5 μm smaller, which 
dominates during OAE 2, and a spiky form, which is prevalent before and 
after the event.

The observed size decrease of E. floralis across OAE 2 was largely 
driven by the rounded morphotype, whose relative abundance began to 
increase just prior to the event, coinciding with the onset of volcanism 
associated with the Caribbean Plateau. The end of volcanism coincided 
with the increase in abundance of larger spiky E. floralis specimens 
characterized by a relatively smaller diaphragm, especially after OAE 2, 
compared to pre-OAE 2 forms.

The morphometric trends of E. floralis broadly parallel those of other 
coccoliths, such as B. constans, though with lower sensitivity in terms of 
the magnitude of size reduction. Notably, the recovery of E. floralis to 
pre-OAE 2 sizes occurred earlier than that of B. constans, possibly indi
cating a greater resilience to environmental perturbations.

The lack of correspondence between E. floralis abundance patterns 
and the cooling phases of the Plenus Cold Event (PCE) indicates that its 
abundance was not directly controlled by temperature decline. Indeed, 
during the core of the PCE, E. floralis showed a reduction in size, con
current with B. constans, most likely reflecting a response to peak 
environmental stress rather than to cooling.

Significantly, the size and abundance variations of E. floralis differ 
from those observed in other heavily calcified nannoliths across 
different OAEs and only resemble the adaptive response of Schizo
sphaerella during the Toarcian Oceanic Anoxic Event (T-OAE), when 
larger morphotypes temporarily disappeared in favor of smaller, pre
sumably more stress-tolerant forms.

Thus, overall, this study confirms that E. floralis, like other calcareous 
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nannoplankton, adopted a reduction in calcification to survive CO₂ 
excess and environmental stress during OAE 2. However, its specific 
response highlights the taxon-specific nature of nannofossil adaptation 
across global perturbation events.
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Jarvis, I., Lignum, J.S., Gröcke, D.R., Jenkyns, H.C., Pearce, M.A., 2011. Black shale 
deposition, atmospheric CO2 drawdown, and cooling during the 
Cenomanian–Turonian Oceanic Anoxic Event. Paleoceanography 26, 3. https://doi. 
org/10.1029/2010PA002081.

Jarvis, I.A.N., Gale, A.S., Jenkyns, H.C., Pearce, M.A., 2006. Secular variation in Late 
Cretaceous Carbon isotopes: A new δ13C carbonate reference curve for the 
Cenomanian–Campanian (99.6–70.6 Ma). Geol. Mag. 143 (5), 561–608. https://doi. 
org/10.1017/S0016756806002421.

Jenkyns, H.C., 2010. Geochemistry of Oceanic Anoxic Events. Geochem. Geophys. 
Geosyst. 11 (3). https://doi.org/10.1029/2009GC002788.

Jenkyns, H.C., Dickson, A.J., Ruhl, M., Van den Boorn, S.H., 2017. Basalt-seawater 
interaction, the Plenus Cold Event, enhanced weathering and geochemical change: 
deconstructing Oceanic Anoxic Event 2 (Cenomanian–Turonian, late cretaceous). 
Sedimentology 64 (1), 16–43. https://doi.org/10.1111/sed.12305.

Jones, M.M., Sageman, B.B., Selby, D., Jicha, B.R., Singer, B.S., Titus, A.L., 2021. 
Regional chronostratigraphic synthesis of the Cenomanian–Turonian Oceanic Anoxic 
Event 2 (OAE2) Interval, Western Interior Basin (USA): New Re-Os 
chemostratigraphy and 40Ar/39Ar geochronology. Bulletin 133 (5–6), 1090–1104. 
https://doi.org/10.1130/b35594.1.

Jones, M.M., Sageman, B.B., Selby, D., Jacobson, A.D., Batenburg, S.J., Riquier, L., 
Hobbs, R.W., 2023. Abrupt episode of mid-Cretaceous ocean acidification triggered 
by massive volcanism. Nat. Geosci. 16 (2), 169–174. https://doi.org/10.1038/ 
s41561-022-01115-w.

Keller, G., Adatte, T., Berner, Z., Chellai, E.H., Stueben, D., 2008. Oceanic events and 
biotic effects of the Cenomanian–Turonian Anoxic Event, Tarfaya Basin, Morocco. 
Cret. Res. 29 (5–6), 976–994. https://doi.org/10.1016/j.cretres.2008.05.020.

Kuroda, J., Ogawa, N.O., Tanimizu, M., Coffin, M.F., Tokuyama, H., Kitazato, H., 
Ohkouchi, N., 2007. Contemporaneous massive subaerial volcanism and late 
cretaceous Oceanic Anoxic Event 2. Earth Planet. Sci. Lett. 256 (1–2), 211–223. 
https://doi.org/10.1016/j.epsl.2007.01.027.

Kuypers, M.M., Pancost, R.D., Sinninghe Damsté, J.S., 1999. A large and abrupt fall in 
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