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ABSTRACT - Palaeontology, traditionally rooted in fieldwork and direct observation of fossil remains, is undergoing a transformative
shift thanks to technological and mathematical innovations. These advances have expanded the scope and depth of palaeontological research,
improving our understanding of evolutionary processes, shape evolution, phylogenetic relationships, and taxonomic diversification. Statistical
tools, particularly phylogenetic comparative methods, have become essential for evaluating evolutionary rates and patterns across species.
Geometric morphometrics has revolutionised the study of biological form, enabling more accurate reconstructions of fossilised organisms and
detailed analyses of evolutionary trends. Additionally, new imaging technologies, such as scanning electron microscopy (SEM) and synchrotron
radiation, have enhanced the study of fossils and opened new avenues for detailed analysis. In the last few years, Artificial Intelligence (Al)
and machine learning, though still in their early stages, are showing promise for automating fossil classification, identifying patterns in large
datasets, and even advancing image-based systematic taxonomy. While Al tools are not yet a replacement for expert palaeontologists, they
offer significant support, particularly in curating large collections and facilitating rapid classification processes. However, the integration
of all these statistical and technological tools into palaeontological practice presents challenges, particularly in terms of interpreting results
accurately. This underscores the need for palaeontologists to develop a foundational understanding of the algorithms and statistical methods
they employ, ensuring proper application and reducing the risk of ervoneous inferences. As these mathematical and computational tools
continue to evolve, they are set to revolutionise palaeontology, enabling more efficient, accurate, and innovative research. Furthermore,
these advancements are contributing to the growing field of conservation palaeobiology, with potential applications in understanding climate
change, extinction events, and species adaptation, offering critical insights into contemporary conservation efforts.

INTRODUCTION is what most laypeople would fathom at thinking about our

profession, one where you perform in boots and boonie

A middle-aged man lies on the floor, belly down.
He is all alone, in the middle of nowhere, soaked with
perspiration under a scorching sun. Holding a brush and
dusty dentist tools, he is focusing on tiny, glassy-brown,
scattered bone splinters half emerged from the rock
surface. Despite the discomforting settings, his face is
not the one you would expect for an exhausted man of his
age, overwhelmed by the unforgiving warmth and hours
of labor. Quite the opposite, his glaring facial expression
delivers the idea that he is on something exceptional that
he can anticipate in his mind, some great news that he
will share to pals, in science and beyond, in the months to
come. That face is wearing, you can imagine, the pleasure
that comes with great discoveries, that momentous instant
when long and strenuous days of fieldwork finally reroute
towards glory. This kind of romantic, old-fashioned image
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hat, making for barren heaths in search of quirk evidence
of life left behind millions of years ago. Change boots
with 20" Century middle-class suites (or hats with poke
bonnets, if you wish), add hordes of underpaid workers
lined in bringing hefty wood boxes full of carved rocks,
and you get a more mundane perhaps, but certainly still
veritable impression of what this profession used to be
in its early days, by the deeds of heroic people such as
Raymond Dart, Dorothea Bate and Mary Anning. People
like them and others such as Thomas Huxley, Edward
Cope, and Othniel Marsh were probably the epitome
figures of such palacontological ancien régime. The latter
two even fought the bloody “bone wars” (Kurtz, 2023)
that first let our discipline gracing newspaper headlines
and brought American palacontology at the frontline of
dinosaur research. It was Huxley’s family, though, to fame
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the mathematical approach in the field of evolutionary
studies. Best known for his lively defence of Charles
Darwin’s theory (without which we would perhaps still be
talking about petrified tongues or misused organs), Thomas
Huxley has, among his many other achievements and the
vast influence on the diffusion of the scientific thought
in education, installed the sense of scientific method
in his own children and grandchildren’s upbringing.
The fertile Huxley’s manor let his grandson Julian to
produce the power law describing allometry (Gayon,
2000) and Julian’s half-brother Andrew to become a
Nobel laureate in Physiology. The Huxleys foreshadowed
a great transition in the field of palaeontology, from
digging out and describing fossils and the history of life,
ascertaining the age of fossil horizons and highlighting
and understanding the impact of climate change to mostly
the same digging, describing and evaluating the impact of
climate as of today. We mean that whereas palacontology
has obviously remained the same, cherishes the same
material and pursues almost the same goals as ever, the
great transition rests in the methods, the upended how
to makes it. This enduring changeover has never been
a continuous process (neither it is expected to be since
science does not proceed this way; Kuhn, 1997) (Fig. 1).
Instead, it was marked by intermittent leaps forward, each
bringing new methods and technological advancements
in the everyday life of palaeontology practitioners, with
immeasurable and often unanticipated consequences. Take
the science of classification as an example. Although most
palaeontological classification is still filled with phenetics,
today palaeontologists name biological remains and
produce species (phylogenetic) trees trying to elucidate
the polarity of character states, to isolate apomorphic
traits, and to apply some form of parsimony principle,
striving not just to produce what they think is the “correct”
phylogenetic tree or best naming arrangement, but more
aptly to generate feasible trees and classification schemes
which legitimately represent the history of life. The very
moment when the old motto that “it is true that a common
origin implies some similarity while the converse is not
necessarily true” moved from being verbal to factual, was
when the German entomologist Willi Henning invented
cladistics (Dupuis, 1984) (Fig. 1). Same thing later
again, when Svante Pddbo managed to recollect ancient
DNA from fossil remains, paving the ground for ancient
DNA studies (Paabo, 1985; Cann et al., 1987). As with
cladistics (Gee, 2001), the study of palacogenetics is
revolutionising the field, and producing new tools and
findings which are changing the way we practice our
beloved discipline, the way we understand our precious
fossils, and the very concept of species and their existence
(Orlando & Cooper, 2014; Cahill et al., 2018; Slon et al.,
2018; Cappellini et al., 2019; Ruan et al., 2023). There are
many other examples of the great transition in the making,
which we will comment upon on the next section, to
highlight that the transition has two components, that are
intermingled and yet maintain a clearly separate genesis.
One is technological, the other is methodological. In the
closing lines of this introduction section, we wish instead
to emphasise that the great transition, which, for the sake
of simplicity we could describe as a long, stepwise move
from pure description to mathematical analysis of the
discipline content, is not new to palaecontology, neither to

science. In ecology, the transition was guided by Robert
MacArthur, who championed the idea that ecological
theory should be grounded in mathematical modelling
and proof (Brown, 1999) and was first advocated in
evolutionary studies by the great American palacontologist
George Gaylord Simpson and his wife Anne Roe in their
1960 book Quantitative Zoology (Simpson et al., 2003).
Everything that came later is part of a more general
shift towards quantitative science, which in the case
of palacontology is, we defend, finally reinstalling the
discipline where it rightfully belongs, sat at the high table
of evolution (Gould, 1994).

Armchair palaeontology, methodological advances to the
non-physical study of past life

To those who love digging out fossils, the primary
accusation to others indulging in mathematical and
statistical modelling of the fossil record is to act as
“armchair” palaeontologists. The definition of armchair
scientist regards everybody contributing to a field without
collecting primary data but providing synthesis and
novel analysis by using the data published by others.
The definition is deprecative, hinting at a “parasitic”
behaviour of those sat on their chairs (or better in front of
a computer monitor), at the expense of those brandishing
shovels and pickaxes and doing all the hard work. Put
in the words of the eminent American naturalist Edward
Wilson: “The annals of theoretical biology are clogged
with mathematical models that either can be safely ignored
or, when tested, fail” (Wilson, 2013, p. 837). The bitter
response to Wilson’s bitter Wall Street Journal editorial
was not long in coming. The Berkley mathematician
Edward Frenkel retorted that “with the advent of the 3-D
printing and other new technology, the reality we are used
to is undergoing a radical transformation: everything will
migrate from the layer of physical reality to the layer of
information and data” (Frenkel, 2013, p. 838).

Nearly twelve years later we know who was right.
Frenkel was also right into stating that with mathematics
we learned Earth is not flat, not to mention Galileo’s
famous stance on mathematics as the language of the
laws of Nature or Einstein’s (the archetypal armchair
physicist) opinion on the aesthetic appeal of mathematics.
Wilson sourness against calculus was probably fuelled
by his own mathematical illiteracy (Wilson’s words in
italics). This is not uncommon in the scientific tradition,
and in the past has led to unusually bitter comments (up
to accusations of producing witchcraft that nobody could
understand) against published models and equations
(most notably the Navier-Stokes equations which
describe viscous fluids, that eventually provided the
machinery to create something as innocent as computer
graphics; Morris et al., 2023). Wilson noted that most
great scientists were poor at maths and praised intuition
and fieldwork instead, in addressing young scientists. It
is hard to be against any of Wilson’s statements, except
for the main argument of his invective. Mathematics was
important then, and it is becoming superbly important
now. Without the handwritten work of people like Ronald
Fisher, William Gosset (who signed his most important
opera as “Student”), Adrien-Marie Legendre or Johann
Gauss we would not have analysis of variance, t-test,
and regression analysis, respectively, in our statistical
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1823=@ de Moivre (1738)

1859 m=(_) C. Darwin publishes On the Origin of Species
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D.W. Thompson publishes On Growth and Form
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J. Huxley, expanding on the work of Otto Snell
(1892), publishes the first formal definition of
allometry

1932
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1955 A. Turing publishes the "machine
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1960 (@) G.G. Simpson and A. Roe publish the first

edition of Quantitative Zoology
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publish
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Fig. 1 - (color online) The timeline of major technological and statistical breakthroughs producing the transition and the main theories linked
to these advancements. Major technological advancements are placed to the left. On the right, the most important statistical and theorical

improvements in the discipline.

toolbox (Fig. 1). And yet, since nobody fears such simple
statistical tests, we feel nobody should fear machine
learning or Bayesian methods (ironically, Thomas Bayes’
Doctrine of Fluxions was published in 1736, the same year
when accusing people of practicing witchcraft became
a crime in Great Britain). Conversely, we are about to
illustrate three examples of how mathematics came to
dominate typical research areas in palacontology, that is

the study of shape evolution, phylogenetic effects, and
taxonomic diversification. These major “revolutions”
took their top positions as the most commonly-applied
methods in biology and palacontology through a seamless,
unscathed process that has not taken, we feel, anybody
away from palaeontology, or scared anybody, but has
instead expanded and diversified our discipline towards
unanticipated stretches.
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Traditional morphometrics was founded on bivariate
plots. Immediately after the age of pure phenetics and
the splendid hand drawings of early palaeontology,
scientists began to advocate bivariate (Cartesian) plots
as means of comparing the gross anatomy of remains,
distinguishing species and reforming taxonomy, and most
late 1900s palaeontologists followed in this tradition.
For decades, bivariate plots have been the analytical tool
of choice for separating species or tracing size trends
over time. The problem is that bivariate plots are only
visualisations, and the values on the x and y axes are
only good at providing a very schematic representation
of the biological objects they describe. Multivariate linear
measurements, while inherently richer than bivariate data
sets, are not necessarily better (Danilo Torre pioneered
applying multivariate statistics in palacontology in some
of his early papers such as Micheli & Torre, 1965 and
Torre, 1965). They usually fail capturing the inherent
complexity of phenotypes and are plagued by collinearity
and allometric effects (Adams et al., 2004). The only
complete representation of a biological object is, of course,
the shape of the object itself. The goal of describing shape
in a more satisfactory way than just using simple and non-
independent linear measurements has been considered
mathematically intractable for nearly a century, despite
D’Arcy Thompson’s first publication of diffeomorphism
(along with dozens of bivariate plots) in 2-D viewed fishes,
copepods and other critters (Thompson, 1917) (Fig. 1).
The Scottish biologist’s dream only came to life nearly
a century later, when Jim Rohlf (a biologist so proficient
in maths to write along with his professor Robert Sokal
a book of statistics cited more than 100,000 times),
Leslie Marcus (a palacontologist) and Fred Bookstein (a
mathematician) reinvented Thompson’s idea and founded
the field of geometric morphometrics (Bookstein, 1991;
Rohlf & Marcus, 1993). Hit “geometric morphometrics”
in google scholar and you will get > 33,000 titles, restrict
the research to year 1993 and you get 11. We can hardly
imagine any clearer illustration of the success of the
discipline. Over the years, geometric morphometrics
(GM) has been enhanced by layers of complexity and
refinements, becoming the prominent tool for studying
ontogeny, adaptation, integration of biological parts
into the phenotype and shape evolution (Mitteroecker et
al., 2005; Adams et al., 2011; Sheets & Zelditch, 2013;
Bookstein, 2015; Adams, 2016; Felice & Goswami, 2018;
Adams & Collyer, 2019; Castiglione et al., 2019a; Piras et
al., 2020; Goswami et al., 2022). Current GM methods are
so refined that they can be applied to reconstruct the shape
of shattered fossils (Zollikofer et al., 2005; Gunz et al.,
2009; Cuff & Rayfield, 2015; Schlager et al., 2018; Profico
et al., 2019), visualise evolutionary rates (Castiglione et
al., 2022; Melchionna et al., 2024), and analyse biological
objects that cannot be studied otherwise because of their
rounded, dull shape, most notably the skull endocasts
(Neubauer et al., 2009, 2018; Gunz et al., 2010; Neubauer
& Hublin, 2012; Gunz & Mitteroecker, 2013; Bruner
& Beaudet, 2023; de Sousa et al., 2023; Sansalone
et al., 2023; Chiappe et al., 2024). Palacontologists
and palaeoanthropologists such as Goswami, Gunz,
Mitteroecker, Neubauer, Polly, and Piras are not just
using GM, they are innovating the field. An entirely new
discipline, virtual palaeontology, has been founded, and is

adding new dimensions to the study of fossils by providing
brand new analytical tools to the investigation of fossil
remains (Weber, 2015; Losel et al., 2020, 2023; Pandolfi
et al., 2020; Profico et al., 2020, 2021).

There is one additional reason why bivariate and
multivariate data are not well suited to study biological
variation. Most statistical tests require that datapoints are
independent from one another. In life sciences, shared
ancestry means they are not. This simple observation
revolutionised the comparative biology field (that is any
application where measurements are compared across
species) in the early 1980s, when Joseph (Joe) Felsenstein
first introduced a mean to account for phylogenetic
interrelationships (Felsenstein, 1985; Martins & Hansen,
1997) (we believe any palaeontologist should look at
figure 7 in Felsenstein’s 1985 paper before ditching
phylogenetic effects as “unimportant”). Felsenstein
idea was to use species trait values not as they are, but
rather as they are “minus” what they should be after a
phylogenetic expectation is accounted for, resulting in
normally distributed phenotypic changes accumulating
over time with unit variance and mean equal to zero.
These deviations, or “contrasts” in the definition of
Felsenstein, are truly independent of phylogeny, provided
evolution proceeds at a constant rate and with net zero
change, so that the “phylogenetic mean” corresponds to
the phenotypic value at the tree root (this is the so-called
Brownian motion model). Felsenstein’s innovation was so
shattering that we know of almost no paper published on
decent venues presenting regressions between biological
traits without accounting for phylogenetic effects. It is as
if Felsenstein’s phylogenetic comparative method (PCM)
“killed” the good old bivariate plots and regressions, and
most multivariate data analyses (Fig. 1). Of course, the
Brownian motion is just a possible mode of evolution.
More complicated, multi-rate models, even including a
trend in the data (after all we palacontologists are especially
interested in deviations from the Brownian motion) were
published since, and some are even especially meant to
work with fossil, and to locate in time and across the
tree instances of rate shifts and trends (Huelsenbeck &
Ronquist, 2001; Rabosky, 2014; Castiglione et al., 2018,
2019b). R packages written to perform such analyses, like
“phytools” (Revell, 2012), “Geiger” (Harmon et al., 2008)
and “ape” (Paradis & Schliep, 2019) became extremely
popular since (they were collectively downloaded >
6*10° times as we write this manuscript). In modern
palaeontology, at least when working at the interspecific
level, the use of any PCM is almost mandatory. PCMs are
bringing palacontological research back at the forefront
of evolutionary biology, providing the key evidence for
the likelihood of evolutionary trends to apply (Hone &
Benton, 2005; McNamara et al., 2006; Benton, 2009; Raia
et al., 2012; Benson et al., 2014; Zliobaité et al., 2017;
Silvestro et al., 2020; Brocklehurst & Benson, 2021;
Zliobaité, 2024).

The last issue we will deal with is diversification.
The analysis of species birth and death rates is at home
in palacontology. Early students of diversification rates
introduced mathematical treatments of species counts
across stratigraphic layers to derive speciation and
extinction rates directly from the fossil record (Fig. 1).
Championed by Jack Sepkoski, and later by Mike Foote,
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John Alroy and Daniele Silvestro (Sepkoski et al., 1981;
Alroy, 1994, 2008; Sepkoski, 1998; Foote, 2000; Silvestro
et al., 2011, 2014) all these methods rely on the fossil
record to infer the rates and all but one were developed
by palaeontologists (Silvestro is a computational
biologist). At some point, it became possible to infer
diversification directly from phylogenetic trees, that put
non-palaeontologists at ease with diversification analysis
and allows adding the phylogenetic dimension (Sanderson
& Donoghue, 1994; Adams et al., 2009; Raia et al., 2011;
Stadler, 2011; Morlon, 2014; Didier et al., 2017; Maliet
et al., 2019; Title & Rabosky, 2019). Unfortunately,
extinction rates cannot be estimated by using phylogenetic
trees (Rabosky, 2010) and trees of extant species may
derive from multiple diversification histories (Louca &
Pennell, 2020) and are biased towards inferring higher
rates in the recent (O’Meara & Beaulieu, 2024). These
limitations imply the primacy of the fossil record to study
diversification is still probably there, and palaeontologists
remain at the edge of diversification studies. With such a
brilliant past and promising present, we feel the study of
diversification rates is one where young palacontologists
should excel and should therefore strive to include as much
statistics as possible in their curricula.

The illiterate mathematician and how technological
innovations produce better, more fruitful palaeontology
In contrast to algorithms, the adaptation of technological
innovations from other disciplines to study the fossil
record is a less problematic approach and is likely to
be less susceptible to misinterpretation and erroneous
inferences. For those engaged in the study of fossils,
one of the earliest of these innovations was Cesare
Emiliani’s isotopic palacontology. Based on the work of
Harold Urey, a Nobel laureate in Chemistry, the Italian
micropalacontologist devised the marine isotope stage
(MIS) timescale, coined the term “palaecoceanography”,
and was the first to confirm Milankovitch’s theory
tenet that climatic variation is prompted by variations
in Earth’s orbit (Berger, 2002). Emiliani’s pioneering
work (Fig. 1) is rivalled in significance only by that
of another remarkable innovator, Willard Libby, who,
like Emiliani, was associated with Urey and, like Urey,
was awarded the Nobel Prize in Chemistry (and was
involved by Urey in the Manhattan Project). Libby is
credited with developing the “C dating method, which
had a transformative impact on the fields of near-time
palaeontology and palacoanthropology. Although Libby
was not himself a palaeontologist, it was palaeontologists
and palaeoanthropologists who refined (and continue to
refine today) absolute dating methods (Higham, 2011;
Deviese et al., 2018; Griin & Stringer, 2023) showing that
direct competence of the problem under scrutiny affords
the unique opportunity to give any method an even better
look than it originally had. Isotopic palaeontology was
further expanded by the work of people like Nikolaas
van der Merwe, who first used stable isotope analysis
(the 8"3C method) to study early hominin diets. Van der
Merwe’s results were later confirmed, finally reconciling
inference drawn from classic morphological observation
with isotope analysis (Henry et al., 2012; Sponheimer
et al., 2013). To micropalaeontologists the great leap
forward in terms of the depth of investigation came

with the introduction of Scanning Electron Microscope
(SEM; Hay & Sandberg, 1967). SEM revolution changed
micropalaeontology forever and a form of cyclic particle
accelerator, the synchrotron, is promising to do the same
to palacontology as a whole (Tafforeau et al., 2006).

DISCUSSION

Technology is at the heart of scientific progress. In
recent years, artificial intelligence (Al) tools have helped
boosting the technology push in science. These tools,
and a branch of Al in particular, machine learning, are
helping produce new research avenues and ideas (Xu et
al., 2021). The trend is expected to increase (Fig. 1), as
new tools are becoming available as ordinary software
diffused through widely used platforms such as Matlab
and R (Lang et al., 2019; Pichler & Hartig, 2023; Zhang
et al., 2024). In the field of palacontology, Al use is still
at its infancy, although recent research efforts help the
classification of carbonate facies (Dawson et al., 2023)
and planktonic foraminifera (Marchant et al., 2020;
Piva et al., 2024), and are even promising to produce
image-based systematic taxonomy (Liu et al., 2023;
Marret, 2023). Al papers often present 90% accuracy
in classification as evidence of how good the Al tool
is. Although we easily understand such high accuracy
should be taken as solid indication that an algorithm
works fine, from the perspective of a palacontologist
presenting new material or addressing its taxonomic
status we suspect up to 10% of misclassification is far
less exciting. This suggests automatic Al classifiers
currently seem better suited to help museum or academic
collection curators than professional palacontologists. As
they stand, Al tools providing automatic classification
of cut marks in palacoanthropology (Byeon et al.,
2019) or taxonomic identification via bone peptides
recognition in proteogenomics (Yang et al., 2021)
seems much better oriented towards serving scientific
research goals. Another fundamental aspect to consider
is that Al needs previous knowledge to learn from, and
previous knowledge means competent stratigraphers
and taxonomists publishing their findings and providing
illustrations of their work (Marret, 2023). Hence, since
there is no point at running classifiers without robust
palaeontological libraries, we wonder whether the best
use of Al isn’t just to save time and money, when large
collections and restricted personnel are limiting factors.
This does not mean “classical” palaeontologists should
mind their business as usual and get rid of any Al, or
worse any maths at all. Quite the opposite, we feel it
is important to realise that although not all scientists
could be, or are expected to be, fluent in mathematics,
as the years pass it will become more and more
important to understand how the algorithms work and
are principled. This bare minimum will help keep track
of new advancements and the fundamental message any
of them delivers.

We focused upon the upsurge of Al just because it is
the latest of a long series of technological and statistical
innovations that were employed in palaeontology without
even requiring scientists to fully understand what is
going on with the algorithm they apply. However, this
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attitude is, and always was, open to problems in the
application and interpretation of the results, mostly
depending on poor knowledge of the algorithms’
assumptions, limits and functioning. This “black box”
approach problem (Muhlbacher et al., 2014) stems from
the general illiteracy in mathematics, which slows down
the scientific progress (Chitnis & Smith, 2012) and even
makes equations-containing papers less cited than more
“verbal” articles (Fawcett & Higginson, 2012). Worse
than anything else, the black box approach could produce
wrong or biased inference by otherwise well-trained,
expert palaeontologists. This is yet another reason
palaeontologists, indeed any scientist, should train in
maths at the best of their possibilities. After all, even
Albert Einstein first published his Entwurf (outline)
paper with a miscalculation (O’Raifeartaigh et al., 2017).
What scientists from any field really need to avoid is
being presented with research they cannot judge. In this
case, either they need an expert co-author telling what
is going on with the numbers, such as with Dobzhansky
who got regularly instructed by Sewall Wright about
the mathematics in their papers (we address the reader
to the amusing footnotes in Gould, 1994, to know more
about this). Alternatively, scientists risk falling victim to
hoaxes, such as the infamous, nonsensical social science
paper published by mathematician Alan Sokal in 1996
(Sokal, 2000). More commonly, however, the risk lies
in losing touch with the cutting-edge research within
their own field.

CONCLUSIVE REMARKS

In his provocative Is palaeontology a waste
of public money? article (Carnall, 2016) in “The
Guardian”, palaeontologist and science writer Mark
Carnall notes with witty style: “Are extinction rates
in rugose corals really as high impact to society as
medical advances?” among other lines apparently
slashing what he pretends palacontology to be: just
“the sexier side of geology”. Carnall’s rhetoric is, of
course, in defense of palacontology. He deliberately
raises a straw lion and then kills it, just to explain why
palaeontology matters (what else could Carnall’s article
be to a typical “Guardian reader” like the senior author
of this manuscript?). In a synthesis, Carnall states that
palaecontology matters because it is cheaper than most
extravagant and regularly failing alternatives, and, as
the most important reason, because, and we quote: “It
can inform modern biological conservation”. Carnall’s
thesis is at the heart of a new sub-discipline within our
field called conservation palacobiology. First theorised
by Gregory Dietl and Karl Flessa (Dietl & Flessa, 2011)
conservation palacobiology promises to aid biological
conservation by telling how species reacted to ravenous
hunter-gatherers and changing climates during the
(arguably) Late Pleistocene (Barnosky et al., 2017;
Kiessling et al., 2019). Unfortunately, conservation
palacobiology has not lived up to its boasting promises
(Dillon et al., 2022; Walker, 2023; Wingard et al., 2024)
possibly due to a lack of focus on the relevant (for
present-day ecosystems) temporal scale of observations
as compared to the effects of climate change (Kiessling

et al., 2023). However, the sub-discipline is still alive
and kicking and is finally starting to provide important
information for conservationists in the near future (Saupe
et al., 2015; Kiessling et al., 2019; Antell et al., 2021;
Mondanaro et al., 2021, 2023; Belfiore et al., 2024;
Malanoski et al., 2024). Conservation palaeobiology
roots in the long tradition of palacontological studies
addressing climate change and climate crisis (De Lange
et al., 2008; Erba et al., 2010; Bini et al., 2019) and
climatic effects on extinction in general (Nogués-Bravo
et al., 2018; Nolan et al., 2018; Saltré et al., 2019; Raia
et al., 2020; Stewart et al., 2021; Bergman et al., 2023).
With so much at stakes and so much to tell, it is likely
we may anticipate a bright, although more math-oriented,
future for palaeontology. New papers are coming out
(Timmermann et al., 2024) specifically addressing
how to use and develop algorithms, now that computer
power, the resolution of climatic emulators, and large
compilations of the fossil record (Faurby et al., 2018;
Soria et al., 2021; Matthews et al., 2024) are all providing
new opportunities and avenues for research which young
palaeontologist could afford grasping.
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