
help to avert exposure to an environmental 
danger. However, food aversion can be harm-
ful if the allergy no longer exists or when it 
interferes with oral immunotherapy — a way 
of treating a food allergy by the reintroduction 
of increasing amounts of allergy-triggering 
foods9.

Humans have a greater capacity for learning 
than do mice, and thus food avoidance proba-
bly involves more-complex learning in humans 
than the simple behavioural conditioning seen 
in rodents. Unlike humans with food allergies, 
mice with an experimentally induced food 
allergy do not completely avoid the allergen. 
Instead, the animals studied by the authors 
ingested low volumes of allergen-embedded 
drinking water, probably triggering a minor 
response. Furthermore, it is interesting to 
speculate that underlying immune-mediated 
mechanisms might contribute to food choices 
even in individuals who show no overt signs 
of allergy.

These findings might prompt further test-
ing of potential treatments because drugs 
are available that precisely target identified 
allergy mediators. Omalizumab, an antibody 
that blocks IgE, is approved for the treatment 
of conditions such as asthma and, on the basis 
of early clinical studies, shows promise for 
treating food allergy10. Dupilumab is a clinically 
approved antibody that blocks IL-4 signalling. 
Furthermore, the types of leuko triene iden-
tified by Plum et al. and Florsheim et al. are 
readily blocked by clinically available drugs 
that interfere with the molecules’ synthesis or 
with receptor-mediated signalling. In addition, 
a mast-cell-depleting antibody is in early clini-
cal development11. Beyond anti-allergy thera-
peutic strategies, GDF15-based drugs are being 
tested in preclinical animal models12.

Memory is a feature shared by the brain and 
the immune system, although the mechanisms 
involved differ vastly. The latest findings iden-
tify the importance of immunological mem-
ory, mediated by a classic allergic response, in 
acting as a primer for food aversion. Whether 
direct memory in the brain is also involved 
remains to be determined.

The mechanism of food aversion uncovered 
by the two studies is a notable leap forward in 
our understanding of the molecular and cel-
lular bases of the neuroimmune connections 
involved in behavioural conditioning. Plum 
et al. and Florsheim et al. thereby provide a 
new meaning to picky eating.
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Glacier shrinkage is driving one of the most 
rapid ecosystem shifts on Earth: as anthro-
pogenic climate change causes glaciers to 
recede, the future of species that have adapted 
to glacial conditions remains unclear. A com-
prehensive spatial analysis that quantifies 
and anticipates this transformation has so far 
been lacking. But on page 562, Bosson et al.1 
project that glaciers outside the Antarctic 
and Greenland ice sheets could lose as much 
as half of their area by 2100. Their estimation 
that around half of these glacier areas are cur-
rently unprotected underscores the urgent 
need for enhanced climate-change mitigation 
and conservation measures.

Last year, the United Nations issued a reso-
lution declaring 2025 as the International Year 
of Glaciers’ Preservation, and emphasizing the 
importance of conserving these pristine eco-
systems (see go.nature.com/3kfxmkx). Bosson 
and colleagues have responded to this call for 
immediate action by using the most precise 
model for glacier change2 to quantify the 
impact of warming under different scenarios 
of greenhouse-gas emissions3. If emissions are 
cut to net zero by 2050, the authors predict 
that around 80% of the glaciated area they 
studied would remain in 2100. This fraction 
drops to half in a high-emissions scenario 
brought on by a tripling of emissions by 2075.

The implications of these predictions are 
far-reaching. But it is not yet clear how glaciers 
can be adequately safeguarded4 — and it is per-
haps even less obvious how best to protect the 
existence, function and benefits of glacial eco-
systems5, as well as those that will emerge in 
postglacial areas6–8. Bosson and colleagues’ 
study opens up promising avenues for inves-
tigating the upcoming ecological changes.

Postglacial ecosystems hold tremendous 
potential for carbon sequestration, and 
research into these systems — although still 
in its infancy — is crucial for identifying their 
role as future carbon sinks. However, the devel-
opment of functional postglacial ecosystems 
can be extremely slow and complex: slow, 
because it can take millennia9, much longer 
than the agenda of any conservation plans; 
and complex, because species can respond to 
change positively, negatively or not at all (see, 
for example, ref. 10). Indeed, an understanding 
of the ecological processes involved is only 
now beginning to emerge, but their inherent 
complexity is already clear, and evident in the 
fact that several trajectories for recolonizing 
postglacial areas exist, even on the scale of 
individual glaciers11.

Yet Bosson et al. estimate that, not only 
will deglaciation be rapid, but future degla-
ciated areas will also span a diverse range of 
biomes — from the size of Nepal to Finland 
— encompassing terrestrial, freshwater and 
even marine habitats. Such vast emergence on 
a relatively short timescale will add to the com-
plexity of glacial dynamics and will increase 
the challenge of glacier conservation (see, for 
example, ref. 12).

There are several benefits associated with 
these predictions. First, newly deglaciated 
areas can already harbour plant life. For 
example, a remarkable discovery revealed a 
population of bryophytes (mosses) and asso-
ciated microorganisms that had been buried 
under ice for 400 years13. 

Second, deglaciated areas could offer 
refuge for species seeking new homes, and 
habitats adjacent to glaciers could support 
such recolonization.

Climate-change ecology

The great melt will shape 
unprotected ecosystems
Nicolas Lecomte

Glaciers should be prioritized in conservation agendas — and 
soon. Analysis suggests that glaciers could lose around half 
their area by the century’s end, with uncertain consequences 
for postglacial ecosystems. See p.562
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Third, Bosson and co-workers’ predictions 
suggest that areas emerging through glacier 
loss could promote local diversity and enhance 
primary productivity (the rate at which energy 
is converted to organic substances; Fig. 1). 
However, not all species will respond equally 
to deglaciation — it could lead to increased 
numbers of non-native species and those that 
can thrive under certain conditions6,12.

Fourth, these newly deglaciated areas could 
also be viewed as potential refuges for cold-
adapted species that are currently at risk. This 
possibility arises in a low-emission scenario, in 
which deglaciated areas remain hospitable for 
these organisms. Indeed, many studies across 
various taxa support this idea, which has poten-
tial implications for mitigating the effects of 
climate change (see, for example, ref. 14). How-
ever, predicting the successful establishment 
and trajectory of species in these areas remains a 
challenge15. Moreover, these areas are currently 
afforded limited protection, so strategies for 
delaying the extinction of cold-adapted species 
must therefore be devised in the interim.

Bosson and colleagues’ study offers a rare 
reminder of how fast and global deglaciation 
will be in this century. And the study’s limita-
tions serve only to strengthen its message. For 
example, the analysis excludes the ice sheets 
of Greenland and Antarctica and their associ-
ated glaciers mainly because the behaviour 

of these sheets differs markedly from that of 
other glacial terrain, and because their cur-
rent and future changes are yet to be modelled 
adequately. The sheer size of the Antarctic and 
Greenland ice areas — roughly half the size of 
Africa — will probably amplify the impacts 
reported by Bosson and colleagues.

The full-scale impact of deglaciation is only 
starting to be unveiled, and global models of 
glaciers and ice-sheet inventories are much 
needed. These tools offer a means of predict-
ing the complex dynamics between glaciers, 
climate change and ecosystem responses, 
which introduce uncertainties into projec-
tions of the timing and locations of glacial 
losses — however certain the losses might be. 
Bosson and colleagues’ study is vulnerable to 
these uncertainties, but it nonetheless pro-
vides a crucial estimate of future ecological 
conditions in soon-to-be deglaciated areas.

In light of the authors’ predictions, and 
those of other researchers16, focused man-
agement efforts are warranted on a global 
scale17. Understanding the changing ecosys-
tems is key to the success of these efforts and 
will inform further research on how species 
respond to swift and profound shifts. Now is 
the time to determine the ecological conse-
quences of worldwide glacier declines18. But 
to do so, many problems need to be solved, 
including what to do about the imminent loss 

of species that inhabit glaciers, and how to best 
use deglaciated areas for species that have lost 
their habitat elsewhere.

Previous studies of recolonization can be lev-
eraged to help with these challenges8. Climate 
and biotic interactions are likely to be the main 
drivers of change in plant communities10 and 
mammal recolonization will probably be driven 
by the body size and mobility of the species8. 
Certainly, quantitative ecological approaches 
for reconstructing past and present changes 
will be useful for better understanding these 
factors. To go even further, glaciologists, 
climatologists and ecologists need to come 
together to implement rigorous standardized 
protocols similar to those devised during the 
International Polar Year, which took place 
between March 2007 and March 2009 (www.
ipy.org/about-ipy), an initiative designed to 
promote understanding and awareness of the 
polar regions.

Bosson and colleagues’ analysis is the 
first step towards a full understanding of 
the ecosystem shift associated with global 
deglaciation. The next step will be to antici-
pate the even larger issues linked to changes 
in the Greenland and Antarctic ice sheets, 
which surpass the combined footprint of all 
other glaciers. Given the limitations of models 
for predicting changes in such a giant glacial 
footprint, the authors’ pioneering global-scale 
analysis provides a strong cornerstone for 
future endeavours in tackling this formidable 
challenge.
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Figure 1 | Ecosystems emerge as glaciers recede. These images show the way the landscape of the Pedersen 
Glacier in Alaska changed between 1917 (top) and 2005 (bottom). The glacier has receded even more since 
then19. The ecosystems on, under and around the glacier must adapt to these fast-changing conditions. 
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