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EFFECTS OF THE PALEOCENE-EOCENE 
THERMAL MAXIMUM ON FRESHWATER PLANT 
DISTRIBUTION AND ITS RELATION TO MODERN 
CLIMATE CHANGE

Victoria Jeffords

ABSTRACT: Amidst the current trajectory of global warming, researching past warming events 
in our planet’s history offers a benchmark for contextualizing present-day conditions, enabling 
us to anticipate consequences that are currently unknown. The following research embraces this 
notion by testing the hypothesis that the distribution of plants in freshwater aquatic environments 
changed because of a rapidly warming climate during the Paleocene-Eocene thermal maximum. 
This was done by comparing the number of aquatic and terrestrial plant species present between the 
Paleocene and Eocene epochs via a χ2 test. The analysis revealed a notable increase in distribution 
of aquatic plants from the Paleocene to the Eocene. This potentially resulted in impaired water 
quality, eutrophication, and a decline in aquatic biodiversity. Given our dependence on freshwater 
resources, if similar trends were to manifest as a response to present day climate change, it could 
pose significant risks to life on Earth.

Keywords: biodiversity, climate change, dispersal, epochs, eutrophication, freshwater, global 
warming, Paleocene-Eocene thermal maximum. 
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Introduction 

A rapid increase in global carbon emissions 
over recent centuries has initiated a 

climate crisis unprecedented for humanity, 
though not for Earth. Similar warming periods, 
albeit naturally occurring, have occurred 
throughout Earth’s geological history (Röhl 
et al. 2007). Understanding the environmental 
transformations that occurred during these past 
warming events is crucial for adapting to the 
current climate crisis. The fossil record serves 
as an invaluable tool, enabling us to investigate 
historical climate changes and better prepare for 
future challenges (Mann et al. 2008).

One of the best-known instances of a 
temporary climate disruption is the Paleocene-
Eocene thermal maximum (PETM), which 
was an intense period of global warming and 
a significant disturbance of the global carbon 
cycle caused by a massive injection of carbon 

into the ocean and atmosphere (Röhl et al. 
2007). Under these conditions, the Earth faced 
an average global temperature increase of 5–8 
°C which persisted for about 200,000 years 
(Haynes and Hönisch 2020). Estimates of the 
amount of average global temperature rise at the 
start of the PETM ranged from approximately 3 
to 6 °C to between 5 and 8°C, which worryingly 
coincides with the 3.3 to 7.6°C of warming 
expected by 2100 (McInerney and Wing 2011; 
Calvin et al. 2023). With parallels being drawn 
between the PETM and current warming 
predictions, understanding the changes that 
might have occurred in the past may prove to 
be crucial for the persistence of human life on 
earth.

Freshwater resources are indispensable 
for sustaining life on Earth; understanding 
the implications of a warming climate on 
freshwater ecosystems enables more effective 
conservation efforts. Examining the impacts 
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of global warming on plants, the fundamental 
building blocks of ecosystems, offers valuable 
insights into the state of freshwater ecosystems 
during the PETM. In response to current climate 
change, evidence has suggested that freshwater 
plant species have experienced range shifts 
in the past century (Heino et al. 2009). While 
there exists a scarcity of historical data on the 
distribution of species in certain locations or 
regions which restricts predicting or observing 
shifts in distribution, identifying trends in species 
distribution between the Paleocene and Eocene 
epochs can lay a foundational understanding of 
where we might anticipate finding plants in the 
future and how their distribution could change 
with warming (Heino et al. 2009).

Paleobiologic data was used in this study to 
test the hypothesis that the distribution of plants 
in freshwater aquatic environments changed 
due to a rapidly warming climate during 
the PETM. The result that freshwater plant 
species increased between the Paleocene and 

Eocene epochs indicates that warming aquatic 
temperatures induced by climate change had 
positive effects on plant species.

Materials and Methods

The dataset of all plant species alive in the 
Paleocene and Eocene was downloaded from the 
Paleobiology Database on September 23, 2023 
(https://paleobiodb.org). From this spreadsheet, 
the data was distinguished by whether the plant 
species was terrestrial or aquatic. This resulted in 
two variables: an environmental variable and a 
temporal variable indicating whether the species 
existed during the Paleocene or the Eocene. A χ2 
test was then applied to test the prediction that 
there was a change in the frequency of aquatic 
freshwater plant species when compared to 
terrestrial plant species between the Paleocene 
and the Eocene epochs because of atmospheric 
warming attributed to the Paleocene-Eocene 
thermal maximum. 

Figure 1. Analysis of Aquatic and Terrestrial Plant Populations Across the Paleocene and Eocene 
Epochs. The results indicate an increase in the frequency of aquatic plant species between the Paleocene 
and Eocene epochs. A χ 2 test was employed, resulting in a p-value of 0.044 x 10-56.
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A standard significance level of 0.05 was 
used since the analysis did not involve critical 
outcomes. All analysis was conducted in 
Microsoft Excel. 

Results

To test the hypothesis that warming 
atmospheric temperatures resulted in a change 
in aquatic plant populations from the Paleocene 
to the Eocene, it was predicted that there would 
be an increase in aquatic plant species between 
the two periods. A χ2 test was applied to compare 
the number of species during the Paleocene and 
during the Eocene. This test resulted in a p-value 
of 4.41341E-54. This p-value is considered 
statistically significant and indicates that the 
chance that the relationships tested are due to 
chance is low, essentially approaching zero. 
Therefore, the relationships observed are highly 
unlikely to be the result of random processes. 
As a result, the statistical null hypothesis is 
rejected, and the research prediction is accepted 
(Figure 1).

Discussion

Based on the results of the χ² test, the 
research hypothesis is accepted, indicating that 
the relative distribution of freshwater plants 
increased between the Paleocene and Eocene. 
This change can likely be attributed to the 
drastically warming climate.

Growth Rates

A positive correlation exists between 
temperature increase and photosynthetic activity 
(Wang et al. 2023). Warmer temperatures and 
higher levels of carbon dioxide in the air—both 
key factors during the PETM—can enhance the 
rate of photosynthesis, which is the process by 
which plants convert sunlight, carbon dioxide, 
and water into energy. This, in turn, promotes 
faster growth and wider spread of plant species. 
(De Graaff et al. 2006). For instance, an 
experiment conducted by Zhang et al. to confirm 

the relationship between increased aquatic 
temperatures and plant growth found that 
heightened temperatures increased the growth 
of all plants tested, suggesting that warming 
generally stimulates aquatic plant proliferation 
(Zhang et al. 2019). If similar conditions 
occurred between the Paleocene and Eocene 
epochs, it would be evident in the fossil record 
as an increase in species distribution. While this 
aligns with the analysis conducted between the 
Paleocene and Eocene, the findings from Zhang 
et al. are broadly generalizable and cannot 
independently confirm PETM-specific trends; 
however, they support the hypothesis that a 
rapidly warming climate could have contributed 
to a shift in the distribution of freshwater 
aquatic plants during that period. Therefore, the 
recorded increase in aquatic plant biota during 
these epochs may plausibly be linked to global 
climate changes, aligning with the proposed 
hypothesis. 

Reduced Predation

A decrease in predation of aquatic plants may 
have also contributed to the rise in the dispersal 
of aquatic species between the Paleocene 
and Eocene epochs. As previously discussed, 
increased temperatures promote higher rates 
of photosynthesis and plant growth. This 
can result in algal blooms--rapid increases 
in phytoplankton populations—which, upon 
decomposition by aerobic bacteria, consume 
large amounts of dissolved oxygen (Diaz and 
Rosenberg 2008; Schleyer and Vardi 2020). The 
resulting conditions reduce water quality and 
threaten the survival of many aquatic organisms, 
particularly predators and herbivores that rely 
on sufficient oxygen levels (Diaz and Rosenberg 
2008). Under such stress, these organisms 
likely struggled with the rapidly changing 
climatic conditions of their environment due 
to insufficient time for adaptation. As their 
populations declined or their feeding activity 
was reduced, plant-eating pressures would 
have decreased, allowing for aquatic vegetation 
to grow unchecked. Accelerated growth and 
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reduced predation are interconnected and 
together form an explanation for the observed 
shift in aquatic plant distribution during the 
PETM. Rapid growth increases the plants’ 
ability to expand or colonize new areas, with the 
absence or decline in grazing species removes 
natural inhibitors from that expansion. This ties 
in with the hypothesis that plant distributions in 
freshwater environments changed in response to 
rapid warming during the PETM. 

However, some research suggests that warming 
could increase herbivore consumption rates. For 
instance, warming amplifies the consumption 
rate of plants by ectothermic, or cold-blooded, 
omnivores and herbivores (Zhang et al. 2018). 
As water temperatures rise, the metabolic rate 
of these animals accelerate, increasing their 
overall energy requirements. As such, warming 
is expected to strengthen interactions between 
plant-eating animals and aquatic plants, leading 
to increased grazing pressure that helps keep 
plant growth in check, known as top-down 
control. In this case, warming would enhance 
top-down control rather than weaken it (Zhang 
et al. 2019). Yet, these findings may not fully 
apply to the PETM, as they disregard the 
potential adaptive responses of ectothermic 
omnivores and herbivores to rapid and extreme 
climate change. Therefore, while modern data 
present a nuanced picture, the unique pace and 
intensity of the warming during the PETM 
likely created conditions in which aquatic plant 
species could expand their distribution due to 
diminished predation.

Relevance

With escalating rates of global warming, 
utilizing historical instances of similar warming 
periods such as the PETM as a tool to gain insight 
into the potential consequences of climate 
change is imperative for securing a future for life 
on Earth (Mann et al. 2008). However, complex 
interactions within the climate system—such 
as feedback loops involving cloud cover, ocean 
circulation changes, and permafrost thawing—

make it difficult to predict future outcomes with 
certainty, thereby impeding accurate climate 
projections (Pachauri et al. 2015). These 
interactions can either amplify or dampen 
climate change effects, complicating our ability 
to forecast specific regional or global impacts. 
This is significant as freshwater sources, 
which are crucial for sustaining biota, remain 
vulnerable (Bates et al. 2008). The results 
suggest that rising global temperatures will 
lead to an increase in aquatic plant abundance. 
Consequently, this could result in reduced 
biodiversity via eutrophication and a higher 
dissolved oxygen content in our freshwater 
sources, necessitating additional energy and 
resources to ensure the water remains usable. 
Human populations rely on freshwater resources 
to grow crops, raise livestock, produce energy, 
manufacture and distribute goods, and support 
the economy (US EPA 2022 Oct 18  ). Therefore, 
placing emphasis on preserving these resources 
in the wake of climate change is imperative for 
securing our collective future – by anticipating 
what lies ahead, we can better prepare. 

Limitations and Future Work

An additional χ2 test comparing the distribution 
of freshwater plant predators from the Paleocene 
to the Eocene epochs is needed to provide a 
clear conclusion regarding whether the increase 
in freshwater plant distribution can be attributed 
to decreased predation. This statistical analysis 
will provide further insight into whether aquatic 
fauna succeeded in adapting to the warming 
conditions. Furthermore, analyzing the past 
consequences of the Paleocene-Eocene Thermal 
Maximum on aquatic flora presents challenges 
in determining whether similar events are 
unfolding in response to current global warming 
trends. While evidence suggests that freshwater 
species have undergone range shifts in the past 
century, the scarcity of historical data on species 
distribution in certain locations or regions 
restricts the basis for predicting or observing 
shifts in species distribution when comparing 
historical data (Heino et al. 2009). So, despite 

N069431.01F
N69431 2025 CROW Journal - Final 2 168pp.pdf
May 19 2025 13:23:55



121
UWB The CROW, 2025

Effects of the Paleocene-Eocene Thermal Maximum

observing definite range shifts backed by data 
in specific regions, there is a lack of definitive 
evidence to conclude that this is a global 
occurrence. Future efforts should prioritize the 
collection and global availability of such data, 
facilitating a point for future comparisons as 
climate change progresses.
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