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BENTHIC FORAMINIFERA FOUND TO HAVE
SURVIVED BETTER DURING THE PALEOCENE-
EOCENE THERMAL MAXIMUM WITH
IMPLICATIONS TO A FUTURE MASS EXTINCTION
EVENT

Liz Macias

ABSTRACT: This research aims to test whether, during the Paleocene-Eocene Thermal Maximum
(PETM), planktonic foraminifera were greater victims of the global extinction event than benthic
foraminifera because they were more exposed to global warming events due to living in the open
water column. Data for all taxa alive during the PETM was pulled from the Paleobiology Database
(PBDB). Then planktonic and benthic foraminifera-specific data were extracted from the datasheet.
To test the hypothesis a y'~ (chi- squared statistic) test was applied using the variables planktonic,
benthic, Paleocene, Eocene, and frequency of species. The results from the test showed that the
frequency of benthic foraminifera increased from the Paleocene to the Eocene while the frequency
of planktonic foraminifera decreased. Based on these results we may infer that benthic forams
survived better during the PETM than planktonic forams because they are present on the seafloor
and therefore less exposed to the dangers of global warming events. Upon further investigation of
the strength of the findings reported in the literature these results appear to be spurious. This may
be attributed to the datasheet used from the Paleobiology Database (PBDB), there were many gaps
in the data, leaving opposite results of what other literature has discovered.

Keywords: Benthic foraminifera, planktonic foraminifera, PETM, implications for the future,
global warming

Introduction

he Paleocene-Eocene Thermal Maximum

(PETM) is known to be the largest and
fastest onset global warming event (Moretti et
al., 2024). The PETM occurred 56 million years
ago and caused a major global mass extinction,
one of the first species to face extinction was
foraminifera. The decline in the carbon-13- to
carbon-12 ratio preserved materials in marine
sedimentary archives, called the carbon isotope
excursion (Moretti et al., 2024). This created
a geological record of foraminifera, which we
use to help us predict future climate projections
(Moretti et al., 2024). During the PETM global
average temperatures rose to at least 5 degrees
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celsius and created a wide spread of ocean
acidification (Moretti et al., 2024).

Previous data we have from the way that
foraminifera lived through a mass global
extinction can be used to show us future
trends with current foraminifera, making this
comparison relevant to current anthropogenic
warmings. Foraminifera are single celled
calcareous marine zooplankton with well
constrained phylogenies and a very long fossil
record, which makes them great candidates for
studies in evolution and relationships between
diversity and climate change (Wade and Olsson,
2009). They can be found in the deep parts of
the oceans or more shallow regions; benthic
forams can have microhabitats of infaunal
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(living within sediment) or epifaunal (living
in the uppermost part of the seafloor) (Alegret
et al. 2021), while planktonic foraminifera are
mainly distributed in the open water columns.

In discussion of the PETM, planktonic and
benthic foraminifera, and implications for the
future. A controversial issue is created with
benthic foraminifera and if they were greater
victims of the PETM compared to planktonic
forams. While some argue that there was a
major extinction of benthic foraminifera, most
of the planktonic forams did not experience any
mass extinction (Mclnerney & Wing, 2011).
Others contend that modern ecology suggests
a positive correlation between abundance and
survivorship. However, in research on bivalves
which are a similar species to forams, it was
found that there is no link between the two
forams (Lockwood, 2003). Research on PETM
or other similar rapid global change intervals
can offer us geological parallels for future
anthropogenic warmings, but there is still much
research to be done (Mclnerney & Wing, 2011).
Therefore, this study is necessary to help us
gain more knowledge for a possible future mass
extinction event.

This study tests the hypothesis that during
the PETM, planktonic foraminifera were
greater victims of the global extinction event
than benthic foraminifera because they were
more exposed to global warming events due
to living in the open water column. However,
contrary to my prediction, benthic foraminifera
were more exposed to global warming events,
and planktonic foraminifera were better able to
survive the PETM due to being able to migrate
to the poles to escape warmer waters.

Materials and Methods

The data for all taxa alive in the Paleocene
and Eocene epics were downloaded from the
Paleobiology Database on September 23, 2023
(https://paleobiodb.org). From this spreadsheet,
planktonic forams and benthic forams were
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extracted to include semi-infaunal, epifaunal,
and infaunal all from the Paleocene and Eocene.

To clean this data, all non-foraminifera were
filtered out from the database and a pivot table
was created with all planktonic and benthic
foraminifera from the Paleocene, and all
planktonic and benthic foraminifera from the
Eocene.

A ¢ test was applied to analyze the data, a
¥/ test s a statistical hypothesis-testing method
in which observed frequencies are compared
with expected frequencies for experimental
outcomes. The test seeks to identify whether
a disparity between actual and predicted data
is due to chance or due to a link between the
variables under consideration.

This statistical hypothesis-testing method
was used to test the prediction that the relative
diversity of the planktonic foraminifera in the
Paleocene will drop during the Eocene. While
benthic foraminifera’s relative diversity will
increase during the Eocene versus the Paleocene.
Assignificance level (a) of 0.05 was used because
that is the convention for studies such as this
one. The a-value (or level of significance) is
the threshold used to decide whether to reject
the null hypothesis in a y** test. Meaning if the
p-value is less than or equal to 0.05, there is
enough evidence to reject the null hypothesis.
A p-value is the strength of evidence against the
null hypothesis. A p-value less than or equal to
0.05 indicates that the observed values differ
from the expected values.

The first variable used in this test was time,
further defined as Paleocene and Eocene to
deal with the PETM. The other variable was
the number of species of Foraminifera, further
defined as planktonic and benthic, allowing the
use of the ¥ test.

All analysis was conducted in Microsoft
Excel.
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Results
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Figure 1. Frequency of benthic and planktonic Foraminifera species from the Paleocene and Eocene.
A " test was used and a p-value of 0.0076 was found from the number of benthic and planktonic

foraminifera.

To test the hypothesis that during the PETM
planktonic foraminifera were greater victims
of the global extinction event than benthic
foraminifera. It was predicted that the relative
diversity of the planktonic foraminifera in
the Paleocene would drop during the Eocene,
while benthic foraminifera’s relative diversity
will increase during the Eocene versus the
Paleocene. A y"* test was applied to compare
time and frequency of species see figure 1.
The test resulted in a p-value of 0.0076. This
p-value means there is a 0.76% chance that
the relationships tested are a result of random
processes. Therefore, the statistical null
hypothesis can be rejected (Figure 1). However,
the research prediction will also be rejected due
to stronger data from the primary literature.

Discussion

The " test results show that the null
hypothesis can be rejected due to the statistical
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significance between the frequency of planktonic
foraminifera decreasing from the Paleocene
to the Eocene, and the benthic foraminifera
increasing. However, even though the results
point to an acceptance of the research hypothesis
that planktonic forams are less common in the
Eocene, findings from articles in the primary
scientific body of knowledge uniformly report
that planktonic forams survived the PETM
better than benthic ones.

Other, More Complete Databases

The rejection of the research hypothesis in this
study is due to its limitations. The data used in
this study was gathered from the Paleobiology
Database. In this database, the most logical
explanation is that there were many gaps
within the foraminifera data, which led to false
acceptance of the research prediction. This gap
in the data is relevant because there are other
more complete databases such as The World
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Foraminifera Database, which has all species
of foraminifera ever described with recent
fossil data. Also, in the larger scientific body of
knowledge, it is discussed that the Paleocene-
Eocene transition was one of the biggest benthic
foraminifera extinction intervals (Mclnerney &
Wing, 2011). Their extinction was attributed
to lower oxygen levels, food supply changes,
and exposure to higher temperatures due to the
PETM (Mclnerney & Wing, 2011) these are
opposite results found from the 3" test.

Planktonic Foraminifera Survival During
the PETM

It is also widely known in the scientific body
of knowledge that planktonic foraminifera
numbers didn’t seem to significantly decrease
during the PETM. Planktonic foraminifera were
found to have increased in size due to increased
growth and or grazing rates (Barrett et al.,2023)
This increase in size can reflect their success in
avoiding extinction (Mclnerney & Wing, 2011).
Planktonic foraminifera also shifted geographic
ranges and moved to higher latitudinal sites
before and during the PETM to avoid major
temperature increases that would be above their
optimal range (Mclnerney & Wing, 2011).

In other articles it was also discovered that
in the middle Eocene, certain subspecies of
planktonic foraminifera were described as
having the “Lilliput Effect.” This effect is a post-
event syndrome that leaves dwarfed descendants
able to continue for thousands or even millions
of years (Wade & Olsson, 2009). This means
that for a successful evolutionary strategy the
foraminifera dwarfed to survive environmental
perturbations that caused larger predecessors to
die off (Wade & Olsson, 2009). This allowed the
planktonic foraminifera to extend their lineage
and survive the PETM (Wade & Olsson, 2009).
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Extinction of Benthic Foraminifera During
the PETM

As previously discussed during the PETM
benthic foraminifera went through what is
known as the Benthic Foraminifera Extinction
Event (BFE). During this event, it was found
that the increase in temperature from the PETM
could have affected the metabolic rates of the
benthic forams yet it is unclear of the exact
reason for the extinctions (Alegret et al., 2009).
In other articles, it was discovered that the most
probable cause for the extinction of benthic
foraminifera was due to low dissolved oxygen
conditions (Takeda & Kaiho, 2007).

Ocean acidification is a significant factor
in the extinction of benthic foraminifera. The
acidification of the large regions of the deep-
sea caused emissions of carbon-compounds
on millennial time scales (Alegret et al. 2021).
Lastly, another explanation for their extinction
can be attributed to a change in deep-water
circulation. The more oxygenated deep waters
at the lower bathyal depths got replaced with
warmer, less oxygenated water which led to
hypoxia in the benthic foraminifera (Thomas,
1990).

How Survival of Foraminifera Can Offer Us
Implications for the Future

In discussions of implications for the future,
based on the data discussed in this study the
PETM could be used as a possible analog for
future anthropogenic climate change (Si &
Aubry, 2018). This is because foraminifera
significantly decline in their fitness when
environmental temperatures increase above
their optimal range (Si & Aubry, 2018). Recent
data has come out finding that the biomass of
forams is predicted to decrease in the future and
the biomass of forams has already decreased
by 3.4% since the 1900-1950 average (Ying et
al., 2024). A controversial issue is whether we
have enough information to use the patterns
from foraminifera that came from PETM data
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to help predict anthropogenic warming. As one
article contends, in their research they found no
significant extinction in most groups other than
benthic forams which sheds an interesting light
on future global warming as we have been told
we will see major extinctions in many species
(Mclnerney & Wing, 2011).

Limitations and Future Work

Gaps in the data, make space for future work.
There is much to be studied about the PETM
and its implications for a 6th mass extinction
event in the future. In addition, there is still
a lot of data to be studied within the benthic
and planktonic foraminifera survival and

diversification strategies. The exact cause
of the benthic foraminifera extinction event
also remains unidentified, and good scientific
evidence remains available for further study.
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Glossary

Terms Definitions

Anthropogenic

Environmental change is caused or influenced by people, either

directly or indirectly.

Bathyal Depths

A part of the ocean extends from 800 to 3,500 meters deep.

Benthic Foraminifera

Single-celled eukaryotic microorganisms abundant in marine

sediments.

Bivalve

An aquatic mollusk with a hinge shell that compresses its body

closed.

Carbon Isotope Excursion (CIE)

Refers to distinct period in Earth’s geologic history where there is a

significant and rapid change in the ratio of carbon isotopes (carbon-

12 and carbon-13) within the sedimentary record.

Carbon-compounds

Chemical substances containing carbon.

Dissolved Oxygen

The amount of oxygen that is present in water.

Diversification Strategies

Types of strategies that can help increase the genetic diversity of a

population or species.

Environmental Perturbation

A change in environmental conditions that disrupts the normal

state of an ecosystem.

Epifaunal Small mobile organisms living on the surface of marine structures.

Hypoxia A condition where there is an inadequate supply of oxygen to the
body's tissue.

Infaunal Aquatic animals that live in the substrate of a body of water.
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Ocean Acidification

The process by which the ocean becomes more acidic due to an

increase in carben dioxide (CO2) from the atmosphere.

Paleocene-Eocene Thermal

Maximum (PETM)

A period of global warming that occurred about 56 million years
ago. Characterized by a large increase in carbon dioxide and rise in

global temperatures.

Phylogenies

Patterns from species ancestry that can be traced between their

lineages.

Planktonic Foraminifera

Single-celled marine eukaryotes characterized by having calcareous

shells, they are abundant in the open water columns

Semi-infaunal

above.

Organisms that live partially below the sediment but protrude
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