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CLIMATE CLASSIFICATION

Exploring a new way to think
about climate regions

A new system for classifying climates emerges from modeling the

environmental conditions that 26,000 species of tetrapods experience in

their home range.

BARNABAS H DARU
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ost species are adapted to certain cli-

mates. Some are suited to the arid

conditions of the Australian desert,
whereas others prefer milder climates such as
the temperate forests of North America. Varia-
tions in the Earth’s climate can be used to pre-
dict where in the world a species is most likely
to inhabit (Woodward et al., 2004,
Higgins et al., 2016). |dentifying the impact cli-
mate has on biodiversity is important for under-
standing how different species will respond to
global climate change (Bellard et al., 2012,
Rock and Daru, 2021).

The Kdppen system classifies the Earth's cli-
mate into distinct zones based on the vegetation
that grows in each region (Képpen, 1923). This
system is based on the assumption that plant
closely linked to
(Olson et al., 2001). However, it is not clear if

distributions are climate
climate impacts the distribution of other organ-
isms (such as animals) in the same way.

Now, in elife, Joaquin Calatayud and co-
workers, who are based at Umea University and
Universidad Rey Juan Carlos, report a new set of

climate regions based on an analysis of 26,000
species of tetrapods, including birds, amphib-
ians, mammals and reptiles (Calatayud et al.,
2021). Tetrapods were chosen for this study
because their distributions and evolutionary rela-
tionships are well known, and because their
home ranges and dispersal abilities are different.
To determine the local climate of each species,
Calatayud et al. calculated the water level (mea-
sured as annual rainfall) and energy level (esti-
mated as the amount of evaporation that occurs
each month) of their home range: this means,
for example, that a tropical rainforest would be
a region with high water and energy levels.

Calatayud et al. hypothesized that the geo-
graphical location of different climates accounts
for most of the geographical variation in tetra-
pod distributions. To investigate this, they used
a computational analysis tool to cluster together
local climates that had similar pools of species,
and then mapped each group’s geographical
location. This revealed 16 distinct climate
regions, some of which differ from the regions
classified using the Képpen system.

Three of the mismatches were high-energy
regions with warmer temperatures that covered
rainforests in the Amazonia, Africa and South-
east Asia, while the other four were lower
energy regions that covered areas such as the
tundra, montane forests, white mountains, and
temperate broadleaf forests. Most of these mis-
matched regions had different species of tetra-
pods than the regions in the Képpen system,
which suggests that variations in climate may
impact the distribution of animals differently to
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Deserts: similar climate but different species composition

Figure 1. Climate and the distribution of tetrapod species. Calatayud et al. analyzed the climate that 26,000

species of tetrapods experience in their home range, which led to the identification of 16 climate regions.

Climates were analyzed in terms of water level (measured as annual rainfall) and energy level (estimated amount of

evaporation that occurs each month). Plotting the species richness (y-axis; left), energy (x-axis) and water levels (y-

axis; right) in each of these regions reveals that areas with mid-levels of energy and high rainfall have the greatest
species richness (left side graph). Calatayud et al. found that similar climate regions tended to have similar
tetrapod populations, even if they were thousands of miles apart. However, this was not the case for arid regions
such as deserts (shown in orange on the map): for example, bearded lizards that have colonized the Sahara are
not found in the Eremaean desert region in Australia, despite both having similar climates.

plants. It could also imply that these climate
regions impose less restrictions, and allow spe-
cies with a variety of different adaptations to sur-
vive in these conditions.

Common approaches for the classification of
climate regions are well suited for detecting
abrupt changes in climate (Kottek et al., 2006),
but may fail to detect more gradual transitions.
Calatayud et al. found that most of the regions
they identified had more ‘diffuse’ boundaries
and contained tetrapod species from neighbor-
ing climate groups. This suggests that variations
in climate restricts the dispersal of tetrapods less
than plants, with the exception of arid climates,
such as deserts and continental polar regions,
which showed more abrupt transitions.

Lastly, Calatayud et al. also found that similar
climate regions had similar tetrapod popula-
tions, even if they were thousands of miles apart
(such as the Amazonian and African rainforests),
but there were exceptions: for example, species
living in the Australian desert differed from
those in the Namib desert or Horn of Africa,
despite all three locations being deserts with
similar climates (Figure 1). This implies that cli-
mate alone is insufficient to account for all pat-
terns of species distribution and abundance, and
other variables — such as geographical barriers,
colonization abilities, or differences in evolution-
ary history — may also limit the spread of a
species.

A number of complications in the analysis will
no doubt raise questions. As with all clustering
analysis, selecting the optimal number of bins
(the number of intervals that the values recorded
will be aggregated into) is critical for biogeo-
graphic regionalization (Kreft and Jetz, 2013;
Daru et al., 2020). An insufficient number of
bins can result in the loss of information,
whereas an excessive number can compromise
model performance (Rosvall and Bergstrom,
2008; Vilhena and Antonelli, 2015). In addition,
the analysis only used two climatic variables —
water and energy - and other variables may
show different results.

Nonetheless, this study challenges the idea of
using the same climate classification for multiple
organisms, and suggests ecological studies
should use systems tailored for each taxonomic
group. An exciting avenue of research could be
to quantify the phylogenetic and functional dif-
ferences underlying the climate region of each
tetrapod group in comparison to lesser known
taxa, such as microbes or insects. Further analy-
ses of climate classification might also help iden-
tify climate regions that are the result of human
activities, causing organisms to spread into new
environments, or native species to go extinct.

These findings have direct implications for
our understanding of how tetrapods track cli-
mate differently to plants. They may also provide
clues as to which animal communities are most
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susceptible to changes driven by the overall
warming of the Earth’s climate.

Barnabas H Daru is in the Department of Life
Sciences, Texas A&M University-Corpus Christi,
Corpus Christi, United States

barnabas.daru@tamucc.edu
1 https://orcid.org/0000-0002-2115-0257

Competing interests: The author declares that no
competing interests exist.
Published 16 March 2021

References

Bellard C, Bertelsmeier C, Leadley P, Thuiller W,
Courchamp F. 2012. Impacts of climate change on the
future of biodiversity. Ecology Letters 15:365-377.
DOI: https://doi.org/10.1111/j.1461-0248.2011.
01736.x, PMID: 22257223

Calatayud J, Neuman M, Rojas A, Eriksson A, Rosvall
M. 2021. Regularities in species’ niches reveal the
world’s climate regions. eLife 10:e58397. DOI: https://
doi.org/10.7554/elLife.58397, PMID: 33554863

Daru BH, Karunarathne P, Schliep K. 2020.
phyloregion: R package for biogeographical
regionalization and macroecology. Methods in Ecology
and Evolution 11:1483-1491. DOI: https://doi.org/10.
1111/2041-210X.13478

Higgins Sl, Buitenwerf R, Moncrieff GR. 2016. Defining
functional biomes and monitoring their change
globally. Global Change Biology 22:3583-3593.

DOI: https://doi.org/10.1111/gcb.13367,

PMID: 27207728

Képpen W. 1923. Die Klimate Der Erde. Walter de
Gruyter.

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F. 2006.
World map of the Képpen-Geiger climate classification
updated. Meteorologische Zeitschrift 15:259-263.
DOI: https://doi.org/10.1127/0941-2948/2006/0130
Kreft H, Jetz W. 2013. Comment on "An update of
Wallace's zoogeographic regions of the world".
Science 341:343. DOI: https://doi.org/10.1126/
science.1237471, PMID: 23888023

Olson DM, Dinerstein E, Wikramanayake ED, Burgess
ND, Powell GVN, Underwood EC, D’amico JA, ltoua |,
Strand HE, Morrison JC, Loucks CJ, Allnutt TF, Ricketts
TH, Kura Y, Lamoreux JF, Wettengel WW, Hedao P,
Kassem KR. 2001. Terrestrial ecoregions of the world:
a new map of life on earth. BioScience 51:933-938.
DOI: https://doi.org/10.1641/0006-3568(2001)051
[0933:TEOTWAJ2.0.CO;2

Rock BM, Daru BH. 2021. Impediments to
understanding seagrasses’ response to global change.
Frontiers in Marine Science 8:608867. DOI: https://doi.
org/10.3389/fmars.2021.608867

Rosvall M, Bergstrom C. 2008. Maps of information
flow reveal community structure in complex networks.
PNAS 105:1118-1123. DOI: https://doi.org/10.1073/
pnas.0706851105

Vilhena DA, Antonelli A. 2015. A network approach
for identifying and delimiting biogeographical regions.
Nature Communications 6:6848. DOI: https://doi.org/
10.1038/ncomms7848, PMID: 25907961

Woodward Fl, Lomas MR, Kelly CK. 2004. Global
climate and the distribution of plant biomes.
Philosophical Transactions of the Royal Society of
London. Series B: Biological Sciences 359:1465-1476.
DOI: https://doi.org/10.1098/rstb.2004.1525

Daru. elife 2021;10:e67422. DOI: https://doi.org/10.7554/eLife.67422

30of3


https://orcid.org/0000-0002-2115-0257
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1111/j.1461-0248.2011.01736.x
http://www.ncbi.nlm.nih.gov/pubmed/22257223
https://doi.org/10.7554/eLife.58397
https://doi.org/10.7554/eLife.58397
http://www.ncbi.nlm.nih.gov/pubmed/33554863
https://doi.org/10.1111/2041-210X.13478
https://doi.org/10.1111/2041-210X.13478
https://doi.org/10.1111/gcb.13367
http://www.ncbi.nlm.nih.gov/pubmed/27207728
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1126/science.1237471
https://doi.org/10.1126/science.1237471
http://www.ncbi.nlm.nih.gov/pubmed/23888023
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.3389/fmars.2021.608867
https://doi.org/10.3389/fmars.2021.608867
https://doi.org/10.1073/pnas.0706851105
https://doi.org/10.1073/pnas.0706851105
https://doi.org/10.1038/ncomms7848
https://doi.org/10.1038/ncomms7848
http://www.ncbi.nlm.nih.gov/pubmed/25907961
https://doi.org/10.1098/rstb.2004.1525
https://doi.org/10.7554/eLife.67422

