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Diversity in bird traits has remained
relatively stable over the past million years
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Changes in occupation of the functional trait space of 263 bird species across
three time periods over the last one million years. (A) Trait probability densities
(TPDs), calculated via abundance-weighted PCA of six key morphological/life-
history traits (arrows illustrate direction and weighting of each trait along PC1
and PC2), depicting probabilistic distributions of species in functional trait
space. Contour lines and color gradients represent density of species in the
defined space, where 50% (0.5) of all species analyzed fall with the “hotspot”
depicted by the first contour (red) and subsequent lines indicate the 0.6, 0.7, 0.8,
0.9, and 0.99 quantiles. Brown arrows in Rightmost panel depict peripheral
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regions of functional space which have eroded over the past million years (see
Results). (B) Distribution of overall dissimilarity indices between TPDs from
Time 3 and Time 1, based on randomly generated abundances for each species in
each time period (n = 1000 iterations). The observed value of dissimilarity
between Time 3 and Time 1 is demarcated by the red “X” along the x-axis. (C)
Overall changes in functional diversity over time (expressed in quantiles),
measured as differences in TPDs between Time 1 and Time 3. Brown tones
represent areas of the functional trait space that are more densely occupied in the
distant past (Time 3) and have thus decreased over time. Blue tones represent
areas that more densely occupied in the more recent past (Time 1) and have thus
increased over time. Credit: Proceedings of the National Academy of Sciences
(2023). DOI: 10.1073/pnas.2201945119

A new study in the journal Proceedings of the National Academy of
Sciences uses genetic data from more than 250 bird species to investigate
patterns of trait diversity over the distant past and under a previous
period of dramatic global climate warming.

Ryan Germain and professor David Nogués Bravo of the Center for
Macroecology, Evolution and Climate at the University of Copenhagen
and colleagues identify the combination of morphological, ecological,
and reproductive traits associated with long-term population declines.
They also identify the trait-sets most associated with sensitivity to
warming climate conditions.

Stopping the decline of global biodiversity is one of society's most
pressing challenges, but we often have a limited understanding of which
species are likely to be most sensitive to population declines under
environmental pressures such as climate change.

One reason for this knowledge gap is that many studies investigating
such declines are conducted over a few years or decades, and often in a
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single geographic area. While informative for climate responses over
shorter time scales, we still lack insight into biodiversity responses over
longer periods and before the widespread effects of humans on the
planet.

Using data collected as part of an international effort to sequence the
genomes of all of the world's birds, this study constructed genetic "log
books" of changes in population size for 263 species over the past
million years.

Combining this information with trait data (such as body size, migration
strategy, and reproductive rate) meticulously collected from thousands of
wild birds and museum specimens, this study identified the trait
combinations representing species that have undergone the largest
population expansions and declines over this period of the Earth's
history. This work took place as part of project DEMOCHANGE.

Results from the study indicate that species with lower ability to disperse
and/or migrate have declined substantially over the past million years
and are less abundant during more recent periods than they were in the
more distant past.

Species most sensitive to population increases or decreases during a
period of intense climate warming about 150,000-120,000 years ago had
very similar trait combinations, suggesting that such "redundant” trait
sets might help maintain the stability of ecosystems under such periods
of intense environmental change.

"These types of data offer us an amazing peek into the histories of
different bird species, particularly during periods of drastic global
environmental change," says Germain, lead author of the study.

"By combining these estimates of past population sizes that we get from
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bird DNA with the massive effort of assembling trait data for each
species, we can start to understand what types of species groups are most
sensitive to the effects that we're having on the planet."

More information: Ryan R. Germain et al, Changes in the functional
diversity of modern bird species over the last million years, Proceedings
of the National Academy of Sciences (2023). DOL:
10.1073/pnas.2201945119
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