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Bird populations are showing signs of being influenced by a
warming climate. North temperate migrants are arriving on
the breeding grounds earlier (1), upper altitudinal limits of
some bird distributions are now higher (2), and a desert com-
munity of birds has collapsed (3). These ecological responses
to climate change are well established, but do birds and other
organisms show signs of an evolutionary response as well?
The evidence is ambiguous. For example, a decline in average
body size of 52 bird taxa in North America over 40y is accu-
rately predicted by increasing summer temperature (4), but
such correlative studies by themselves cannot disentangle
environmental and genetic responses to a changing environ-
ment (5, 6). The question of evolutionary change remains
difficult to address and unanswered without long-term
demographic studies of circumscribed populations (7) or
experimental analysis of animals in captivity (8). An alterna-
tive tactic is to seek associations across a broad geographical
range between genotypes, phenotypes, environmental var-
iables, and proxy measures of fitness. This has been accom-
plished by Rodriguez and colleagues in a paper reported in
this issue (9). A comprehensive study of the North American
Yellow Warbler, Setophaga petechia (Spanish: canario), finds
evidence of a failure of some individuals to keep pace with
a changing environment. Populations of this species, it
seems, are maladapted (10) to a changing environment. And
if these are, then perhaps many other species are as well.

The authors present an argument in a stepwise progres-
sion. First, by capturing, measuring, and taking blood spec-
imens from many individuals in Michigan, Pennsylvania, and
elsewhere, they established genome-wide associations with
variation in beak morphology. The loci are distributed across
the genome, and several have previously been linked to cran-
iofascial features of birds, so a functional connection with
beak morphology is plausible. Second, by a similar analysis,
the authors discovered environmental factors associated
with putative selection on beak shape that they refer to as
“drivers”: They might equally well be called “punishers”!
Precipitation (aridity) was found to be a key factor as it was
in a massive analysis of 168 replicated studies of natural
selection (11). The top four independent explanatory varia-
bles in the warbler study were precipitation of the warmest
quarter, precipitation of the wettest quarter, precipitation
of the driest month, and isothermality, which is a measure
of the evenness of temperature across the year. In other
words, environmental influences are not restricted to a sin-
gle season.

Third, the question whether these associations reflect
stress was addressed by using telomere length as a proxy
indicator of stress. Telomeres are noncoding DNA sequences
at the ends of chromosomes that protect coding DNA from
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erosion (12). Under stress, they shorten. To gauge the level
of stress, the authors needed a comparison with popula-
tions of this species before the climate began to change in
the 1950s, and here they were fortunate in having the
results of a previous broad-scale survey of beak depth in
relation to precipitation in the breeding season (13). If birds
have the “wrong” beak dimensions for the current climate
conditions, they would be expected to deviate from the his-
torical relationship between beaks and precipitation. And
that is indeed what the authors found. Telomeres were
shortest on average in places that are now drier and where
beaks are too shallow (small depth values) compared with
the historical pattern. Having ruled out the possibility of a
change in geographical distribution that might alternatively
explain this result, the authors conclude that populations
of this species are maladapted to their current climatic con-
ditions. The suggestion of maladaptation—a lagging behind
the optimal genotype in a changing environment (10, 14)—
fits with a current decline in the species in parts of its dis-
tributional range (15).

Why should the depth (or height) of a beak be an indicator
of stress? With seed-eating birds the ability to crack large and
hard seeds is a function of beak depth (16). Warblers, by
contrast, have long, thin, forceps-like beaks and feed largely
on small insects and spiders by picking, pecking, and probing.
Length rather than depth is likely to be the critical dimension.
But beaks are more than tools for feeding, they are radiators
of heat through the keratinized outer surface (17). The
authors suggest one explanation for the link between pre-
cipitation and genetic variation in beak-linked loci of the
warblers is that beak depth is important for simultaneously
dissipating heat and retaining water in the hottest and driest
areas where physiological stress, as indicated by relatively
short telomeres, is greatest. Of interest is whether length
(not measured) has remained unaltered subject to strong
stabilizing selection for its feeding function while depth (and
width?) is currently subject to directional selection for its
physiological function; and whether a change in beak shape
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is facilitated by weak genetic correlations between the two
beak traits.

This paper is a bold effort to find a cryptic signal
of fitness when it cannot be easily measured
directly in unconstrained populations in the wild.

This paper is a bold effort to find a cryptic signal of fitness
when it cannot be easily measured directly in unconstrained
populations in the wild. It demonstrates a proof-of-principle
in the detection of evolutionary change caused by climate
change. Other workers confronted with similar problems in
assessing evolutionary change will use telomeres, so it is
important to be aware of limitations. First, telomeres shorten
with age (7, 12, 18). They are considered biomarkers of senes-
cence. Without an independent estimate of an individual's
age, it will not be possible to unequivocally attribute short
telomeres to the physiological stress of an extreme climate
that is added to the normal stresses causing aging. Age and
stress are confounded. In the case of the Yellow Warblers,
for example, the shortening of telomeres associated with
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aridity may reflect a preponderance of old individuals in hot
and arid environments. A demographic shift toward a top-
heavy age distribution and low recruitment that
this implies may nonetheless hint at difficulties in
coping with environmental pressures including
heat and aridity. Second is the challenge of iden-
tifying the salient traits responsible for the mis-
match. This is a familiar problem in selection
analysis when candidate traits related to fitness are intercor-
related, for then the task is to identify which one or more are
causally related to the estimate of fitness (19). In the present
study, beak depth in relation to body size is a plausible key
morphological variable, but body size alone may be the cru-
cially important component, especially in view of the likely
physiological stress from heat and aridity. To carry this
research forward, investigators might apply the same meth-
odology for assaying fitness in relation to climate change to
species where individuals can be repeatedly captured and
their telomeres repeatedly measured, be they birds (7, 18) or
other vertebrates (20).

ACKNOWLEDGMENTS. | thank Rosemary Grant for comments on the manuscript.

N. Saino et al., Climate warming, ecological mismatch at arrival and population decline in migratory birds. Proc. Biol. Sci. 278, 835-842 (2011).

B. G. Freeman et al., Climate change causes upslope shifts and mountaintop extirpations in a tropical bird community. Proc. Natl. Acad. Sci. U.S.A. 115,11982-11987 (2018).

E.A.Riddell etal., Exposure to climate change drives stability or collapse of desert mammal and bird communities. Science 371, 633-636 (2021).

B. C. Weeks et al., Shared morphological consequences of global warming in North American migratory birds. Ecol. Lett. 23, 316-325(2020), 10.1111/ele.13434.

P. Gienapp et al., Climate change and evolution: Disentangling environmental and genetic responses. Mol. Ecol. 17, 167-178 (2008).

J. Merila, A. P. Hendry, Climate change, adaptation, and phenotypic plasticity: The problem and the evidence. Evol. Appl. 7,1-14(2014).

H.Y.J. Chik et al., Heritability and age-dependent changes in genetic variation of telomere length in a wild house sparrow population. Evol. Lett. 9, 209-220 (2025).

B. Helm et al., Evolutionary response to climate change in migratory pied flycatchers. Curr. Biol. 29, 3714-3719 (2019).

M. D. Rodriguez et al., Genetic, phenotypic, and environmental drivers of local adaptation and climate change-induced maladaptation in a migratory songbird. Proc. Natl. Acad. Sci. U.S.A. 122, 2518497122

11. A.M.Siepielski et al., Precipitation drives global variation in natural selection. Science 355, 959-962 (2017).
12. A.Vaiserman, D. Krasnienkov, Telomere length as a marker of biological age: State-of-the-art, open issues, and future perspectives. Front. Genet. 11, 10.3389/fgene.2020.630186 (2021).

13. D.A.Weidenfeld, Geographical morphology of male yellow warblers. Condor 93, 712-723 (1991).

14. M.Kirkpatrick, "Genes and adaptation: A pocket guide to the theory” in Adaptation, M. R. Rose, G. V.. Lauder, Eds. (Academic Press, New York, NY, 1996), pp. 125-146.
15. R.A.Bay, Genomic signals of selection predict climate-driven declines in a migratory bird. Science 359, 83-86(2018).

16.  A.Herrel et al., Evolution of bite force in Darwin's finches: A role for head width. J. Evol. Biol. 18, 669-675 (2005).

17.  G.J.Tattersall et al., The evolution of the avian bill as a thermoregulatory organ. Biol. Revs. 92, 1630-1656 (2017).

18.  A.Pauliny et al., Age-independent telomere length predicts fitness in two bird species. Mol. Ecol. 15, 1681-1687 (2006).

19. A Charmantier et al., Eds., Quantitative Genetics in the Wild (Oxford University Press, Oxford, UK, 2014).

20.  L.J.Fitzpatrick et al., Individual telomere dynamics and their links to life history in a viviparous lizard. Proc. Biol. Sci. 288, 20210271 (2021).

20of 2 https://doi.org/10.1073/pnas.2524799122

pnas.org


https://doi.org/10.1111/ele.13434
https://doi.org/10.3389/fgene.2020.630186

	A yellow warbler is for the climate as a canary is for the coal mine
	ACKNOWLEDGMENTS


