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Climate change

Smaller birds with warmer temperatures

Emma C. Hughes and Alex Slavenko

Measurements of individual birds of 105 
species across North America over almost 
twenty years reveal intraspecific trends of 
smaller body sizes towards the equator and  
of decreasing body size as average 
temperatures increase.

Anthropogenic climate change is happening at a rapid pace, and under-
standing how species adapt, or not, is a fundamental goal for ecolo-
gists. Global warming is driving changes in many species’ ecological 
responses, such as timings of migration, moult and reproduction1,2. 
It may also induce changes to species morphology; for example, a 
decrease in species’ body sizes as temperatures increase3,4. This hypoth-
esis stems from Bergmann’s rule, a long-standing ecological theory that 
predicts that species will have smaller body sizes in warmer climates 
than in colder climates. Smaller-bodied organisms have a higher surface 
area-to-volume ratio, meaning heat is lost more easily — a useful adap-
tation in hotter or warming environments. Writing in Nature Ecology 
& Evolution, Youngflesh et al.5 present strong evidence that warmer 
temperatures are associated with smaller body sizes of birds closer to 
the equator and that recent warming is driving declines in bird body 
masses across North America.

Birds are a hugely varied group in terms of their size and shape, 
and have long inspired biologists investigating the diversity of life on 
Earth. As a result, trait datasets for birds are among the most detailed 
in terms of their quality and geographic and phylogenetic coverage 

when compared to other taxa6,7. Nonetheless, a clear limitation is that 
most datasets are averaged at the species level and focus on broad-scale 
patterns. This disguises the phenotypic variation that occurs among 
individuals, between the sexes8 and, in some species, even over an 
individual’s lifetime depending on feeding behaviour, such as the 
bill shape of the oystercatcher (Haematopus ostralegus)9. By examin-
ing morphological variation among individuals of the same species 
(250,000 captures of 105 landbird species), Youngflesh et al. were 
able to tease apart more nuanced shifts in the sizes of adult male birds 
caught at banding stations — specialized centres where wild birds 
are caught, measured and fitted with a uniquely numbered metal leg  
band — between 1989 and 2018 (Fig. 1).

Youngflesh et al. report a trend towards smaller body masses for 
most species sampled over the majority of continental North America 
and conclude that this is likely to be the result of warming temperatures. 
This result supports recent findings across smaller geographical areas 
such as Israel9 and the Amazon rainforest10, as well as across a smaller 
set of North American species11. The changes observed by Youngflesh 
and colleagues relate to birds’ overall body mass and, interestingly, do 
not relate to increases in wing length. This may be due to constraints on 
the rates at which bird wing lengths can change over time compared to 
body mass, or it could indicate changes in migratory patterns.

An important finding of the study is that spatial variation in body 
mass is more strongly associated with latitude rather than time to 
present, possibly suggesting that climate change is outpacing morpho-
logical change. However, Youngflesh et al. also show that the rates of 
change in body size in response to increasing temperatures are within 
the expected range of rates for evolutionary adaptation. If that is the 
case, this is an extremely encouraging result, as a major concern is that 

 Check for updates

Fig. 1 | Checking the moult and working out the  
age of a gray catbird (Dumetella carolinensis).  
GRCA Glacier NPS MAPS bird banding station. 
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forward by incorporating intraspecific variability, bridging macro- and 
micro-evolutionary processes, and bringing us closer to being able to 
predict the effects of climate change on biodiversity.
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adaptation to new climates might not be rapid enough to keep up with 
climate change12.

Another key consideration is whether the changes reported 
by Youngflesh and colleagues are due to evolution or phenotypic 
plasticity. disentangling evolutionary adaptation due to natural 
selection from plastic responses is difficult, and plasticity might even 
be detrimental13: if conditions change beyond the range to which 
plastic responses are currently adapted, species might be shielded 
from selection until it is ‘too late’. This, and the fact that some spe-
cies studied by Youngflesh et al. even showed increases in body size 
with increasing temperatures, suggest that an adaptive decrease 
in body size with climate change is far from ubiquitous, and more 
research is required to tease out just how universal this response to 
climate change is.

The predicted responses of biodiversity to climate change are 
varied and include changes in phenology, distribution and traits12,14. 
Shifts in species ranges have been widely documented in recent dec-
ades15 and, worryingly, are expected to lead to range contractions, 
particularly for species with montane or polar distributions16. However, 
range shifts can be mitigated by evolutionary adaptation or phenotypic  
plasticity — and Youngflesh et al. certainly show that this is possible, 
at least for birds. The documented changes in body size in response 
to increasing temperatures may allow birds to persist in areas that are 
becoming warmer and to avoid range contraction and local extinction.

However, the changes Youngflesh et al. document could also have 
other effects, which may be more difficult to determine. Body size is one 
of the most important traits for animals and is strongly linked to species 
physiology, ecology, life history and interspecific interactions17. If spe-
cies differ in their potential for phenotypic response to climate change, 
species interactions can be disrupted18, leading to downstream effects 
on community structure. do realized niche limits shift with climate 
change? does resource partitioning change? Will ecosystem functions 
change if communities do? These and other questions characterizing 
whether and how local communities change with increasing tem-
peratures can be a promising and extremely important future research 
avenue. overall, Youngflesh and colleagues provide a substantive step 
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