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ABSTRACT
Body size is often strongly linked to species abundance and range size. Although Bergman's rule, which relates body size to

climate, has been extensively studied, the implications of this rule for conservation remain unclear. Climate warming may reduce

the habitat area of some large‐bodied species at higher latitudes or altitudes, where they need large ranges to survive, and may also

cause some larger‐bodied species to shrink, as there is no critical need for them to remain large in order to preserve heat in very

cold conditions. Under such circumstances, Bergmann's rule may offer some insights regarding species extinction, as body size is

related to other critical traits, such as generation time, especially for species that follow the “rule.” Here, we explore the potential

applications of Bergmann's rule in species conservation, using the IUCN's (2022) Red List and species' body size as a reference.

Although a greater number of larger birds and mammals (endothermic species) are threatened, a higher proportion of smaller

reptiles and amphibians (ectothermic species) face endangerment. Threatened species show stronger body size–range size re-

lationships and are more restricted in monotypic genera. We discuss how Bergmann's rule might be considered in future long‐
term species conservation planning within the broad context of climate change, human impacts, and species invasions.

1 | Body Size and Bergmann's Rule

Body size is one of the most important life history traits, indi-
cating a species' resource and space requirements, competitive
ability, lifespan, generation time, and fertility, among others
(Peters 1986; White et al. 2007; Brown 1995). As such, body
size may determine how animals share or divide food and
other limited resources within and among species
(Brown 1995). For example, larger body size may be associated

with larger ranges but sometimes lower overall abundance or
density due to possible size–number trade‐offs (Blackburn and
Gaston 1996; Davidson et al. 2009). Larger body size also indi-
cates longer generation time (Supporting Information S1:
Figure S1) (Etard et al. 2020), which is related to the average
lifespan, recovery time, and population growth rate after ex-
periencing catastrophes or major disturbances—factors that
ultimately affect the extinction rate (Hutchings et al. 2012;
Davidson et al. 2009).
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Among the most well‐known macroecological and bio-
geographical rules related to body size is Bergmann's rule,
which states that body size generally decreases with tempera-
ture and increases with latitude. Specifically, Bergmann's rule
holds that within a broadly distributed taxonomic group of
endothermic animals, individuals or populations in colder en-
vironments tend to have larger body sizes than those in warmer
environments, as greater body mass helps conserve heat by
reducing the surface area‐to‐volume ratio, whereas smaller
body sizes in warmer climates facilitate heat dissipation
(Bergmann 1848). The rule was initially developed for individ-
ual species or closely related taxa but has since been applied to
broader taxonomic groups, albeit with inconclusive support in
some (e.g., Meiri and Dayan 2003). According to this rule,
warmer regions support both large and many small‐bodied
species (i.e., smaller‐bodied species tend to prefer warmer cli-
mates), whereas colder regions support a proportionally higher
number of large‐bodied species.

Previous studies have also investigated the indirect links
between body size and species diversity and discussed the
associated ecological and evolutionary consequences
(Bonner 2007; Peters 1986; Pimm et al. 2014). However, the
relationships among body size, range size, and abundance are
often complex and show considerable residual variation
(Peters and Wassenberg 1983; Blackburn and Gaston 1996).
Notably, human activities—such as hunting—and conserva-
tion actions—such as human‐assisted migration and species
introductions—may have significantly altered natural patterns
of body size and its relationship with other ecological variables
(Campos‐Arceiz et al. 2022).

As body size has increasingly been linked to population
size, range size, and consequently, extinction rate,
Bergmann's rule has significant implications for conserva-
tion because it links body size to climate (temperature) and

climate change. As outlined in detail below, body size
is often associated with a range of species traits and
community‐level variables such as abundance (population
size), range size, and predator–prey interactions—but espe-
cially the extinction rate. Following the link between climate
and body size described by the rule, warmer regions tend to
support both large and many small‐bodied species (i.e.,
smaller‐bodied species tend to prefer warmer climates),
whereas colder regions support proportionally more large‐
bodied species. Global warming is thus likely to alter the
body size of most vertebrate species (e.g., reduced size with
climate warming).

Due to human disturbances and related global climate change,
an increasing number of studies have examined links between
body size and extinction risk (Chen et al. 2019; Gaston and
Blackburn 1996; Cardillo and Bromham 2001; Johst and
Brandl 1997). However, most have not specifically addressed
the role of Bergmann's rule (i.e., temperature‐regulated body
size variation) in species conservation. Yet, in the context of
global warming, Bergmann's rule is particularly relevant for
understanding variations in body size and size‐related extinc-
tion risk—and thus for informing conservation planning. Given
the ongoing loss of biodiversity, we outline below the potential
implications of Bergmann's rule for species extinction and
conservation, particularly under climate change, using data
from the IUCN Red List (2022).

Here, we assess the potential relevance of Bergmann's rule in
species conservation planning by analyzing the IUCN (2022) Red
List. We constructed a database based on the Red List that
includes information on body size and generation time for 25,248
global terrestrial vertebrate (tetrapod) species: birds (8251 spe-
cies), mammals (4661), reptiles (6918), and amphibians (5418).
We classified these species as either threatened species (Critically
Endangered–CR, Endangered–EN, and Vulnerable–VU) or
non‐threatened species (Near Threatened–NT and Least
Concern–LC). We then examined whether these species show
any body size patterns or biases using the Mann–Whitney rank
sum test (comparing threatened vs. non‐threatened species) and
linear regression (body size vs. generation time). Finally, we use
these findings to discuss how Bergmann's rule might inform
future long‐term species conservation planning, especially in the
broader context of climate change, human impacts, and species
invasions.

2 | Conservation Implications Under Climate
Change

Although an increasing number of studies have shown strong
links between body size and extinction risk (Chen et al. 2019;
Shuai et al. 2021), most have not explored the role of Bergmann's
rule in detail. Yet, whether a species group follows Bergmann's
rule may have significant ecological and conservation implica-
tions, particularly with ongoing climate warming and human
activities, including those outlined below.

1. Bergmann's rule suggests that climate warming may lead
to multiple consequences, such as (1) shrinking body
size, (2) an increase in small‐bodied species due to the

Summary

Bergmann's rule has been extensively studied across diverse
organism types, but its potential role in conservation plan-
ning has received little attention. In this study, we outline
and discuss the conservation implications of Bergmann's
rule in the context of species extinction and climate change
using IUCN's Red List. We explore how Bergmann's rule
may inform species conservation in the following contexts:
(1) climate change (e.g., warming), (2) human effects
(including human‐assisted migration), (3) species invasion,
(4) phylogenetic relatedness, and (5) inter‐trophic species
interactions.

• Practitioner points
∘ Body size is confirmed to be an important ecological
indicator for assessing extinction risk and guiding
species conservation.

∘ On IUCN's Red List, threatened species and non‐
threatened species show distinct patterns in body size,
range size, and body size–range size relationships.

∘ Bergmann's rule should be considered in future con-
servation planning, particularly under changing cli-
mate conditions.
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extinction or population reduction of larger coexisting
species or predators, and (3) a greater dominance of small‐
bodied species in local communities (Tan et al. 2021).

2. Climate and human activities may jointly influence the
relevance and application of Bergmann's rule in conserva-
tion (Søren Faurby and Miguel 2016). On the IUCN (2022)
Red List, threatened vertebrate species (i.e., Critically
Endangered–CR, Endangered–EN, and Vulnerable–VU)
are generally smaller in body size than non‐threatened
species (i.e., Near Threatened–NE and Least Concern–LC)
(Supporting Information S1: Figures S2 and S3). However,
in terms of proportions, a greater number of species with
either very small or very large body sizes are threatened
or at high risk of extinction (Supporting Information S1:
Figure S3). More importantly, when each of the four classes
of terrestrial vertebrates is analyzed separately, larger‐
bodied species are more likely to be threatened than
smaller‐bodied species among endothermic taxa (birds and
mammals). In contrast, ectothermic species (reptiles and
amphibians) show the opposite pattern (Figure 1). Overall,
smaller‐bodied species usually have smaller ranges and are
mostly distributed in warmer or tropical regions. Body size
and range size are considerably more variable among
threatened species than among non‐threatened species,
especially for birds and mammals (Figure 2). The body
size–range size relationship also indicates that the changes
in body size and range size are more tightly coupled for
threatened than for non‐threatened species (Figure 2).

Approximately 41% of all threatened terrestrial vertebrate
species worldwide are amphibians, which have a small
mean body size, followed by mammals (21%), with
the largest mean body size (Supporting Information S1:
Figure S4; see also Ripple et al. 2017). The extinctions of
very large‐bodied species (mostly mammals) in the recent
past have been closely associated with increasing human
activities (e.g., overkill and land use) (Munstermann
et al. 2022; Ripple et al. 2019).

3. Following Bergmann's rule, global warming may cause
some species, especially large‐bodied species, to become
smaller (Frӧhlich et al. 2023). Although there is a gener-
ally positive correlation between body size and range
size, there are many exceptions, and the strength of this
correlation varies among the four classes of terrestrial
vertebrates. Large‐bodied species with smaller ranges are
more vulnerable to extinction, as they require more space
to survive and reproduce (Brown and Maurer 1989; Shuai
et al. 2021; Chen et al. 2019; Gaston and Blackburn 1996).
As many large‐bodied species occur at higher latitudes
and altitudes (i.e., Bergmann's rule) (Gutiérrez‐Pinto
et al. 2014), a warming climate is expected to further
reduce their range sizes. If an organism's body size can
adapt quickly enough to climate warming (Herrera
et al. 2022; Millien et al. 2006), latitude may become a
useful predictor for assessing the applicability of Berg-
mann's rule, especially if warming is more pronounced at
higher latitudes (Pörtner et al. 2022; Liu et al. 2023; He
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FIGURE 1 | Difference in body size between threatened and

non‐threatened species in each of the four classes of global terrestrial

vertebrates (tetrapod). Threatened species include critically endangered‐
CR, endangered‐EN, and vulnerable‐VU, and non‐threatened species

include near threatened‐NT and least concern‐LC based on categories on

IUCN's Red List (IUCN 2022). Boxes represent the median and 25th and

75th percentiles, and whiskers represent the 10th and 90th percentiles.

Mann–Whitney rank sum test ‐‐ Birds: U= 1989145, Mammals:

U= 868128, Reptiles: U= 2093024, and Amphibians: U= 2079324; in all

these paired comparisons, ***p< 0.001.
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FIGURE 2 | Differences in body size and range size between the

threatened and non‐threatened terrestrial vertebrates (the inserted

bar plots represent the lower 5th and higher 95th percentiles; data

from IUCN 2022). The former includes critically endangered‐CR,
endangered‐EN, and vulnerable‐VU species and the latter includes

near threatened‐NT and least concern‐LC species. Although the total

number of threatened terrestrial vertebrate species is much smaller than

the total number of non‐threatened species, they occupy significantly

larger body size–range size space and have a stronger body size−range

size relationship.
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et al. 2023). Although efforts continue to identify the
species or species groups at all taxonomic levels (super-
class, class, order, family, genus) that follow Bergmann's
rule, the rule may still offer useful insights into how the
body size structure of regional assemblages or species
groups (Figure 1) and species' distribution ranges might
shift under changing climates.

4. The application of Bergmann's rule in conservation should
also consider phylogenetics and species age, as there is a
clear phylogenetic signal in both body size and threat
status (Ripple et al. 2017; Shuai et al. 2021). Most
endangered species belong to monotypic genera or genera
with relatively few species (Mann–Whitney U= 46329,
p< 0.001; Figure 3), which may reflect a degree of phy-
logenetic uniqueness. In addition, threatened species with
smaller ranges tend to be older than the non‐threatened
species (Mann–Whitney U= 34464507.00, p= 0.002;
based on species age data presented in Guo et al. 2024b),
possibly due to progressive range contraction over time.
Thus, whether a species is—or is likely to become—
threatened may, to some degree, be predicted based on
information from closely related taxa. However, whether
phylogeny is incorporated into analyses of the body size
−temperature (or latitude) relationship (Guo et al. 2024)
and how this is addressed will help determine how
Bergmann's rule should be applied to species conservation
within certain taxonomic groups.

5. Changes in body size structure and distribution are closely
linked to intra‐ and inter‐trophic species interactions,
such as competition and predator–prey interactions,
through dynamic top‐down and bottom‐up forces or
cascading ecological effects (Jochum et al. 2012; Ripple
and Van Valkenburgh 2010). For example, increased
primary productivity in certain habitats due to climate

change could cause changes in both the behavior and
body size of predators at higher trophic levels (Zhong
et al. 2017). Species invasions and poleward range shifts of
both native and introduced species lead to novel species
assemblages (native plus exotic) and alterations in body
size structure and distribution across regions worldwide
(Treasure and Chown 2014). This is particularly true
when more large‐bodied species may shift toward higher
latitudes or altitudes in response to climate warming
(Treasure and Chown 2014). It remains uncertain whether
these new latitudinal body size patterns will continue to
follow Bergmann's rule once all (native and exotic) species
are considered.

6. Species invasions and human‐assisted migration could
greatly alter body size and range size distributions at both
regional and global scales (Treasure and Chown 2014). In
particular, if human influence on animal body size varies
across latitudes and regions over time, the relationship
between temperature and body size—and thus the appli-
cability of Bergmann's rule—may also change (Smith
et al. 2019; Teplitsky et al. 2008; Ripple et al. 2017). As
body size and range size are closely linked to extinction
rate, human activities have profound implications for
area‐based conservation efforts (Guo et al. 2024a;
Bonner 2007; Gaston and Blackburn 1996).

3 | Challenges and Outlook

3.1 | Assessing Bergmann's Rule for Species With
Very Small Ranges or Populations

Species with very small populations and limited to only a few
localities are among the most threatened (Ren et al. 2012).
However, it is often difficult to test whether small‐ranged
species follow Bergmann's rule due to the narrow temperature
gradient within their ranges (Guo et al. 2023). Even when
temperature regulation of body size may still be operating (e.g.,
Bergmann's rule), if species do not appear to follow the rule,
it is essential to identify other factors and changes that may
play more dominant roles (He et al. 2023). For example, some
animals can cope with environmental change by adopting
behavioral adaptions (Beever et al. 2017). Some birds may show
marked changes in other traits—such as bill or beak size—as
complementary adjustments or trade‐offs in response to muted
changes in body size (e.g., Baldwin et al. 2023; Frӧhlich
et al. 2023). Quantifying the role and the relative contributions
of such alternative factors to species' body size variation,
whenever possible, would be extremely valuable.

3.2 | Mismatch Between Predictions From
Bergmann's Rule and the IUCN (2022) Red List

Bergmann's rule offers some clues regarding species extinctions
based on body size and climate change. According to the rule,
climate warming should favor species with smaller body sizes,
whereas larger‐bodied species are predicted to face greater
extinction risk (Davidson et al. 2009). However, the proportion
of species listed as threatened on the IUCN Red List shows a
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FIGURE 3 | The number of species per genus is significantly

smaller among threatened species (mean ± SD). The proportion of

monotypic genera for threatened species is 790/1321 (60%), whereas the

corresponding figure for non‐threatened species is 1656/4184 (40%).

Boxes represent the median and 25th and 75th percentiles, and whis-

kers represent the 10th and 90th percentiles. Data from IUCN (2022).
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bimodal distribution (Supporting Information S1: Figure S3);
that is, a higher‐than‐expected proportion of small‐ and large‐
bodied species appear on the list. Ripple et al. (2017) provided
several detailed explanations for this pattern. Large animals
may have experienced more intense pressure from human
hunting and have consequently attracted more conservation
attention. In contrast, many small‐bodied species may also face
a high extinction risk due to their limited ranges and height-
ened sensitivity to environmental changes such as land use and
pollution.

For all these reasons, the species on the IUCN Red List do not
entirely follow the logic behind Bergmann's rule, as the list
largely reflects the species most closely associated with human
activity—especially hunting (e.g., for gaming, food, medicine,
and other commercial use) of larger animals (Ripple et al. 2017).
Additionally, climate warming can lead to two interlinked
consequences (Hinderer et al. 2024). First, warming can greatly
shrink the habitats (area) of some large‐bodied species at higher
latitudes or altitudes that usually require large ranges to survive
(e.g., polar bears). Second, as stated above, climate warming
could also reduce the body size of some larger‐bodied species, as
there is no longer a critical need for them to be large to preserve
heat in very cold conditions.

In sum, Bergmann's rule continues to be tested across species in
different taxonomic groups and at different taxonomic levels. It
is now clear that the rule has strong implications, especially for
the species or species groups that follow it. For example, en-
dothermic (birds and mammals) and ectothermic (reptiles and
amphibians) species show opposite body‐size structures
between the threatened and non‐threatened categories. With
ongoing climate and land use change, future studies should
examine how climate change may drive range shifts in species
of different sizes (e.g., poleward), thus affecting the applicability
of Bergmann's rule. In basic research, it is critically important to
examine how long it may take for certain species to vary in their
body size under climate warming. In practice, however, future
efforts should jointly consider the applications of Bergmann's
rule alongside the effects of climate and human activities in
conservation planning.
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