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RODENTTIA SPECIES DID NOT FOLLOW THE
LATITUDINAL DIVERSITY GRADIENT DURING
THE MIOCENE

Yordanos Berhane

ABSTRACT: The latitudinal diversity gradient (LDG) suggests that species richness increases
as they get closer to the equator, but it is unclear whether this trend applies to rodents. Rodents
are widespread across various ecosystems which makes them an ideal species to study biodiversity
patterns and conservation. Understanding whether they follow the LDG during the Miocene
can provide insight into how environmental factors such as tectonic activity influenced species
distribution. I chose the Miocene epoch due to its close resemblance to present Earth geography
while still experiencing environmental shifts to analyze how these shifts shaped rodent diversity
and how similar changes affect this group today. This paper evaluated the hypothesis that there
was a statistically significant correlation between latitudinal ranges and Rodentia species richness
during the Miocene. Using data from the Paleobiology Database, a linear regression analysis
conducted yielded a p-value of 0.619. The results indicate that there was no statistically significant
relationship between latitudinal range and species richness which suggests that the latitudinal
diversity gradient does not apply to rodents. Plate tectonic activity in the Miocene that led rodents
to adapt and survive to various environments rather than temperature changes explain these results.

Keywords: Rodentia, Latitudinal Diversity Gradient, Miocene, Mammalia, Tectonic Activity,
Species Richness, Linear Regression

Introduction Rodents inhabit most parts of the world,

with approximately twenty-five percent of
all rodent species residing in the Neotropical
region (Amori et al., 2013). Zoologist Giovanni
Amori, Professor of Zoology Carlo Rondinini
and Wildlife Ecologist Jan Schipper performed
a study with the goal of identifying regions
with high rodent diversity and emphasized the

atitudinal diversity gradient (LDQ)
describes the increase in species richness
of most animals and plants as one moves
toward the equator—a pattern seen across
geographic regions (Mittelbach et al., 2007).
Although extensive research supports this

trend, the underlying causes are not well known importance of studying these species for both
(Mittelbach et al., 2007). Proposed hypotheses  onservation efforts and the species’ role within
include the Evolutionary Time Hypothesis, ecosystems (Amori et al., 2013). While the
which suggests that new species originated pattern of increasing species richness toward the
in the tropics due to factors such as stable (;qpics is evident in both terrestrial and marine
environments and larger areas (Hillebrand, mammals, rodents are an exception (Mannion,
2004) and the Out of the Tropics Hypothesis, 2020). Contemporary data demonstrates that
which states that species tend to disperse away  rodents do not follow the latitudinal diversity
from the equator over time (Jablonski et al., gradient (Buckley et al., 2010). This discovery
20006). challenges long-standing assumptions in

paleontology and brings about new possibilities
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for exploring rodent biogeography.

In this paper, I will assess the hypothesis that
there is a statistically significant correlation
between Rodentia species richness and
latitudinal ranges. I predict that there is a positive
correlation, with the number of rodent species
increasing as they get closer to the equator, due
to the latitudinal diversity gradient theory.

Materials and Methods

The data of all mammals alive in the
Paleocene and Eocene was downloaded from
the Paleobiology Database on September 23,
2023 (https://paleobiodb.org) into an Excel file.
From this spreadsheet, 1 extracted Rodentia
data from this file. The mammals’ dataset was
filtered by excluding all names aside from
Rodentia from the Order column. According to
the Geological Time Scale, the Miocene ranged
from 5.33 million years to 23.03 million years
ago, so any genera younger than 5.33 million
years ago and older than 23.03 million years ago
were removed. Species that might fall outside
the Miocene were also excluded to ensure that

Mumber of Species Present

only those within the intended time period were
analyzed. The data was studied at the species
level to reduce the number of specimens while
allowing more precise analysis, as opposed
to analyzing the data at the genus level,
which would result in more specimens but
less precision. A pivot table was created after
concatenating all the genera and species names
then the data transferred under a new “genus.
species” column. The pivot table was then
modified to show the maximum and minimum
paleolatitude for the species. A linear regression
test was conducted to evaluate the prediction
that there is a correlation between latitudinal
range and the number of species present. A
significance level of 0.05 was chosen, as this
is not a high-risk test. A p-value of less than
0.05 would indicate a statistically significant
relationship between the two variables. All
analyses were conducted in Excel.

Results

A linear regression test was conducted to
compare the number of species present and
latitudinal ranges. This test resulted in a p-value
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Figure 1. There is no statistically significant relationship between latitudinal range and species richness
of Rodentia during the Miocene, Linear regression, p-value=0.169, R>=0.18 which means that 18% of the
variation in dependent variable (latitudinal range) can be explained by the variation in independent variable
(number of species present), accept H : there is no statistically significant relationship between latitudinal

range and species richness of Miocene Rodentia.
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Rodentia and the Latitudinal Diversity Gradient During the Miocene

within the latitudinal range of 40°-49.9°, while
only 15 species found in the 0°-9.9° latitudinal
range. The number of species ranging from 40°
South to 20° North is the lowest, resulting in a
distribution that is skewed to the left (Figure 1).

Discussion

Based on the results of the linear regression
test, the research hypothesis is rejected: there
is no statistically significant relationship
between latitudinal range and species richness
of Rodentia during the Miocene. The resulting
p-value exceeded the acceptable significance
threshold of 0.05, indicating that the latitudinal
diversity gradient (LDG) does not apply to the
Rodentia species analyzed in this study.

As previously mentioned, the LDG has been
widely documented in earlier studies which
showed that species tended to live closer to the
equator and away from the poles (Mittelbach
et al., 2007). However, this pattern was not
observed in this study. Out of the 916 fossils in
my dataset, 452 were found within the latitudinal
range of 40°-49.9° and only 15 species were
found in 0°-9.9° latitudinal range. Notably, the
number of species recorded between 40° South
and 20° North was the lowest, resulting in a left-
skewed distribution (Figure 1). Additionally,
my graph lacked the expected peak in species
richness near 0°, contrasting with typical
diagrams that depict highest species richness
and density near the equator (Gaston, 2000). In
discussions of latitudinal diversity gradients, a
controversial issue is whether species richness
varies with latitude. While some argue that
species tend to be most abundant in the tropics
(Mittelbach et al., 2007), others contend that
making broad assumptions can be misleading
and overlook important outliers (Jablonski et
al., 20006).

Plate Tectonics in the Miocene

Much of the flora and fauna that seen
today resemble those found in the Miocene
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(Steinthorsdottir, 2020). The Earth’s geography
was also similar to that of the Miocene Era.
Changes in temperature were evident, with
periods of global warming followed by a period
of cooling. Although mammalian dispersal
typically went from Europe to Africa, the early
Miocene saw the Proboscidea Datum Event,
which marked the migration of African and
North American mammals to Eurasia (Van der
Made et al., 2003). This event was caused by
tectonic shifts that brought Africa and India
closer, along with consistently low sea level
that formed land connections between Africa
and the rest of Eurasia, where it had a warmer
climate (Van der Made et al., 2003). As the years
progressed to the Middle and Late Miocene,
these mammals started to go extinct due to
Europe’s drier conditions that made it hard to
survive with smaller mammals being able to
adapt (Steinthorsdottir, 2020).

A study conducted by paleobiologist John
Alroy and researchers specialized in geosciences
analyzed why the species richness of mammals
that resided in the United States did not follow
the latitudinal diversity gradient trend. Their
findings state that the increase in mammalian
species was driven by tectonic activity that
reshaped the landscape, rather than by significant
changes in global temperature (Alroy et al.,
2000). United States is a key area of focus, as
it lies around 40° North—where my results show
the highest rodent species richness. One of the
major tectonic events occurred during the Mid-
Miocene Climatic Optimum, when the western
United States fragmented, leading to a peak in
species richness in the mountain regions. This
increase was caused by the arrival of species
unique to those areas (Barnosky, 2002). In brief,
the rise in American rodent species was not due
to the LDG but rather by geological changes,
explaining the low species richness near the
equator and the peak around 40° North observed
in my results.
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Rodentia and Climate During the Miocene

During the early to middle Miocene, rodents
migrated southward as the availability of livable
areas expanded from higher to lower latitudes.
The peak of this biodiversity occurred in the
early Vallesian (Late Miocene) period in the
Iberian Peninsula, where a wide variety of
species cohabited. Later, around 9.7 million
years ago, there was a period called the Vallesian
Crisis, where there was a decline in rodents
adapted to forests and humid environments
and the latitudinal gradient in species richness
began to even out (Madern et al.,, 2018).
Another study, conducted by researchers at
the University of Michigan, examined 418
fossil rodent species found in North America
dating back to 20 million years ago. This study
aimed to understand the relationship between
species richness and topographic complexity.
It concluded that species diversity increased
during the Miocene Climate Optimum—when
the Earth was warming up and shifting— but
declined during the subsequent cooling period,
as rodents migrated to areas with little to no
tectonic activity (Finarelli et al., 2010). As
more habitats became available, rodents were
no longer confined to specific latitudes. They
adapted to changing environmental conditions
and migrated toward regions with minimal
tectonic activity, highlighting how those
geological processes—rather than latitude—
influenced rodent distribution.

Limitations and Future Work

Although the data used came from the
Paleobiology database and included all
recorded fossils under the genus Rodentia, bias
may be introduced during the filtering process.
Numerous species were removed from the
database during the statistical analysis due to
incomplete data. Although there were around
1,000 samples available, the exclusion of
outliers could have skewed the results or led
to false conclusions. Possible outliers included
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fossils that were not identified to the species and/
or genus level but may still have belonged to
the designated period. These results could start
a discussion about species that do not follow
the latitudinal diversity gradient, in which
diversity peaks at the equator. Future studies
could examine rodent extinction rates during
the Miocene and how these events affected
neighboring ecosystems, comparing them to
how it is currently.
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