
The Amazon basin contains the largest 
continuous area of tropical rainforests in 
the world, and has a crucial role in regulating 
Earth’s climate1. Rates of tropical-rainforest 
deforestation and the impacts of fire and 
drought there are well established2,3. Less is 
known, however, about how these factors 
might interact to affect biodiversity, and about 
the role that forest policy and its enforcement 
have had over time. On page 516, Feng et al.4 
address these issues.

To track effects on biodiversity, the authors 
undertook unprecedented analyses of the 
geographical ranges of 11,514 plant and 
3,079 vertebrate species in the Amazon basin. 
Feng and colleagues also analysed satellite 
data of forest-cover changes, tracked forest 
degradation due to fire and identified the 
potential consequences for biodiversity 

of drought and forest policy from 2001 to 
2019. Their results clearly show the extent of 
fire-affected forests in the Amazon basin, and 
indicate how drought conditions and policy 
changes (for example, enforcement of laws, 
interventions in supply chains for soya bean 
and beef, and the expansion of protected 
areas5), particularly in Brazil, affected the 
temporal trend of fires. These factors have had 
an impact on the ranges of more than 13,000 of 
the plant and vertebrate species studied over 
the period.

Even more strikingly, the cumulative effects 
of fires have substantially affected the ranges 
of 77–85% of species identified as threatened 
by the International Union for Conservation of 
Nature (IUCN). The authors further discover 
a close association between forest policy in 
Brazil (pre-regulation between 2002 and 
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Analysis of the ranges of nearly 15,000 plant and vertebrate 
species in the Amazon basin reveals that, from 2001 to 2019, 
a majority were affected by fire. Drought and forest policy 
were the best predictors of fire outcomes. See p.516

mechanisms can serve as a mechanical ana-
logue for dynamic sensor networks in which 
high spatial range and low power consumption 
are crucial features.

Kim and colleagues outline a framework 
to produce fliers on the microscale (smaller 
than 1 mm), millimetre-scale and macroscale 
(larger than 1 mm), inspired by seeds that use 
helicopter-style dispersal mechanisms. In 
this framework, the 3D shape of the devices 
is created using planar-fabrication processes — 
manufacturing methods similar to those used 
by the semiconductor industry. A layer of a 
shape-memory polymer (a material that can 
return to its original shape when a particular 
stimulus is applied) is bonded to a prestrained 
elastomer (a rubber-like material) at specific 
sites. When the strain is released, associated 
buckling at these sites causes the materials to 
fold, and the shape-memory effect fixes the 
fliers into the 3D shape.

These devices can vary in overall shape (by 
controlling the location of bonding sites), 
aspect ratio (the ratio of height to width; by 
adjusting the magnitude of the prestrain) and 
the number and shape of the aerodynamic sur-
faces. Importantly, because this framework 
uses planar-fabrication and lithographic 
(surface-patterning) techniques, hundreds 
of fliers, designed with different parameters, 
can be made in a single assembly process. This 
is crucial for practical realizations of devices 
that will form part of the Internet of Things.

Using analytical, computational and exper-
imental techniques, Kim et al. defined and 
quantified the underlying aerodynamic mech-
anisms of these fliers. The authors explored 
the effect of scale, porosity, number of wings 
and aspect ratio on the terminal velocity and 
stability of the devices during free fall. They 
found that the scale has the largest effect on 
the terminal velocity owing to a transition 
from smooth (laminar) airflow to turbulence. 
Porous features, which have similar effects 
to parachute-like seeds, reduce the terminal 
velocity but have a larger impact on microscale 
fliers than on macroscale ones. By contrast, 
the curvature and angle of the aerodynamic 
surfaces have a greater effect on macroscale 
vehicles than on microscale ones.

Although this work focuses mainly on 
understanding the aerodynamic mechanisms 
of these fliers, Kim et al. also show that the 
production process supports the integration 
of semiconductor fabrication. The authors 
constructed vehicles containing simple 
semiconductor devices (a transistor and a 
diode) and found that these devices perform 
as well as ones fabricated using conventional 
techniques. Future studies could investigate 
whether complex integrated circuits can be 
directly incorporated into the fliers to create 
microscale sensing devices that are light-
weight and mobile. For now, the authors used 
a macroscale flier (with a diameter of 5 cm) 

that contained a simple circuit to detect air-
borne particles, realizing a battery-free wire-
less device for atmospheric measurements 
(Fig. 1b).

This research provides a foundational 
understanding of these engineered systems 
and poses some questions to be addressed in 
future studies. Further analysis needs to be 
conducted into how wind affects the aerody-
namics of the fliers — Kim et al. considered 
several environmental factors, but wind still 
needs to be investigated in detail. Further-
more, the authors’ results focus on helicop-
ter- and spinner-style dispersal methods, 
which leaves the design of parachuter- and 
glider-type fliers to future studies and raises 
questions about possible trade-offs between 
spatial range, payload and so on.

Kim and colleagues’ work also paves the way 
for the integration of complex integrated cir-
cuits to increase the fliers’ capabilities. Since 
the 1990s, researchers have been developing 
millimetre-scale wireless sensing systems8–10. 
Supplying a platform for these devices could 
provide improved spatial ranges for future 
technologies in the Internet of Things. As a 
roboticist focusing on the development of 
autonomous insect-scale systems, I am excited 

about the questions posed by the authors’ 
microscale robotics technology.
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2008, and when regulations were in force 
between 2009 and 2018) and the effects of 
fire on biodiversity.

One of the most exciting aspects of the 
study is simply the number of species whose 
ranges are collected, modelled and compared. 
Indeed, Feng et al. develop the most compre-
hensive collection of range maps available so 
far of Amazonian plant and vertebrate species. 
Vertebrate ranges were estimated using 
IUCN-provided, expert-generated maps. The 
modelling of plant species at a 10-kilometre 
resolution for the maps in the Amazon basin 
is truly notable and impressive. Standardiz-
ing the scientific names and determining the 
locations of more than 11,000 plant species 
is in itself no small task. The authors went on 
to model the potential range of plant species. 
They used three well- accepted modelling 
approaches to estimate the distribution of spe-
cies (namely, the Poisson point process model, 
range-bagging and grid cells), choosing the 
modelling approach on the basis of the num-
ber of observation records per species. This is 
clearly the largest and highest- resolution data 
set of range maps that currently exists for the 
Amazon basin.

Although previous studies have examined 
rates of deforestation and the consequence of 

fire and drought in the Amazon6,7, this investi-
gation is the first to compare all three factors 
over a two-decade period and to assess the 
effect on the predicted ranges of plants and 
vertebrate species. Since 2000, the imaging 
sensors (termed MODIS sensors) on the Aqua 
and Terra satellites have provided data on a 
global scale for percentage forest cover (at 
a resolution of 250 metres), active fires (at a 
resolution of 1 kilometre), and burnt areas (at a 

resolution of 500 metres). Applying these data 
sets and a widely used drought index enabled 
Feng and colleagues to undertake this timely 
assessment.

The results clearly show fire-affected 
forests over the past two decades in the ‘arc 
of deforestation’ spanning the southern edge 
of the Amazon basin. Over time, fires have 
begun to occur at locations farther inside 
the Amazonian rainforest. Since 2001, fires 

potentially affected the ranges of 64% of the 
species examined. As expected, drought 
years (2005, 2010 and 2015) had an effect on 
the extent of active fires and burnt areas, and 
the authors provide evidence that drought is 
a key driver of fire-induced forest loss in the 
Amazon basin. However, the areas affected 
were strikingly reduced during the regulation 
period (2009–18) in Brazil, when a series of 
policies aimed at reducing deforestation and 
forest burning were implemented5. 

Most notably, the researchers stress that 
shifts in forest policy in Brazil during the 
first eight months of 2019 had substantial 
effects on the clearance and degradation of 
forest, and also reduced the ranges of plants 
and animals in the Amazon basin. Relaxed 
enforcement of forest policies at the start 
of 2019 began to reverse years of progress 
made from 2009 to 2018 on tropical-forest 
conservation, with up to 10,343 square kilo-
metres (an area nearly the size of Jamaica) 
of the region affected by forest fires in 2019 
alone (Fig. 1).

The authors acknowledge several limita-
tions to their study, such as the low density 
of biological collections and observations 
for plants in the region8, and the fact that 
remote-sensing methods using MODIS tend 

Figure 1 | Fire in the Amazon. Rainforest ablaze during August 2019 in the Candeias do Jamari region near Porto Velho, Brazil. 
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“Their results highlight 
the key role of policy and 
enforcement in helping to 
preserve biodiversity.”
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to underestimate the number and extent of 
forest fires7. Their results nevertheless high-
light the key role of policy and enforcement 
in helping to preserve biodiversity in the 
Amazon. Feng et al. clearly show that for-
est-policy regulations can be beneficial in 
conserving the extent and habitat quality of 
Amazonian rainforests, and can reduce the 
extent of deforestation, degradation and 
forest fires there. Most crucially, the Brazil-
ian government’s past forest policy seems 
to have mitigated the effects of droughts. 
Climate change will probably make drought 
increasingly common in the Amazon basin1, 
and it is clear that strict policies will need to be 
imposed and enforced to reduce forest fires 
and their effects on the ranges of species and 
on biodiversity.
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Experiments in quantum optics aim to 
explain the intrinsic quantum properties 
of light. The past few decades have seen 
substantial improvements in both theory 
and experiment to understand, control 
and manipulate quantum states of light. 
Innovative nanotechnological techniques 
could enable a new generation of all-optical 
devices, such as switches and amplifiers, that 
operate at the fundamental quantum limit. 
At this limit, quantum optics have helped to 
launch the field of quantum technologies, in 
which quantum states of light lie at the core 
of transformative technological applica-
tions. On page 493, Zasedatelev et al.1 report 
an innovative way to use phenomena called 
optical nonlinearities in organic microcav-
ities (light-trapping structures) that allows 
light detection at the single-photon level in 
ambient conditions.

Advances in nanotechnology and spectro-
scopic techniques2,3 have paved the way 
for single organic molecules to be used in 
cost-effective quantum optical devices that, 
crucially, can be operated at room tempera-
ture. The ability to study optical nonlinear-
ities using a single molecule and just a few 
photons has spurred interest in quantum 
information-processing applications, in 

which strong optical nonlinearities are of 
great importance.

Technological advances concerning micro-
cavities and their nanotechnological fabrica-
tion have enabled the production of particles 
called exciton-polaritons. These particles 
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Light detection nears its 
quantum limit
Sebastian Klembt

Organic molecules are increasingly crucial in quantum-optics 
technologies. An experiment shows how the strong coupling 
between confined organic molecules and light can improve 
photon detection at room temperature. See p.493
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arise from the strong light–matter coupling 
between photons and excitons, which are 
bound states of an electron and a hole (elec-
tron vacancy). Exciton-polaritons are associ-
ated with strong optical nonlinearities and, 
after first being observed in classical semi-
conductor materials4, were successfully intro-
duced in the field of organic photonics5,6. In 
general, an organic semiconductor material 
is sandwiched between two highly reflective 
mirrors (Fig. 1a). The result is a microcavity 
with a length that is half the wavelength of the 
confined light (this wavelength is approxi-
mately 490 nanometres in the present work). 

The system of exciton-polaritons in an 
organic microcavity is characterized by a 
sudden onset of stimulated scattering and a 
transition to a ground state (Fig. 1b), in which 
the particles form a phase of matter called 
a condensate. Organic molecules exhibit 
vibronic excitations, whereby the electronic 
and vibrational energy levels of a molecule 
change owing to the absorption or emission 
of a photon of a specific energy. It has been 
shown that these vibronic excitations can trig-
ger the condensation of exciton-polaritons, 
enabling the implementation of optical tran-
sistors (electronic amplifiers or switches) that 
provide substantial amplification and sub-pi-
cosecond switching times7 (1 ps is 10–12 s).

Zasedatelev et al. have now demonstrated 
an innovative switching scheme. They 
compared condensate formation using a 
laser beam (called the pump beam) with 
and without a second laser pulse (the seed 
beam) and analysed the contrast in ground-
state population between these two cases. 
Remarkably, when the power of the seed 
beam was reduced to roughly 1 attojoule 
(10–18 J) so that each beam pulse contained 
only one photon on average, a measurable 
population contrast remained. Crucially, the 

Figure 1 | Transitions of exciton-polaritons in an organic microcavity. a, Zasedatelev et al.1 placed an 
organic semiconductor material between two highly reflective mirrors to form a light-trapping structure 
called an organic microcavity. They then directed two pulsed laser beams, known as the pump beam and the 
seed beam, at the microcavity. b, This process produced composite light–matter particles called exciton-
polaritons that transitioned from a state with the same energy as the pump beam (the uncoupled exciton 
state) to a state with the same energy as the seed beam (the polariton ground state). Such transitions were 
mediated by phenomena known as vibronic excitations that are specific to organic molecules. The authors 
discovered that measurements of the difference between the number of exciton-polaritons in the ground 
state with and without the seed beam can be used to detect light at the single-photon level.

Nature | Vol 597 | 23 September 2021 | 483

©
 
2021

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2021

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.




