
How different plant species coexist is a central 
question in ecology. In an era of global change 
and rapid species loss, understanding the 
mechanisms that affect biodiversity is a matter 
of urgency. Research shows that adding nutri-
ents to the soil through the use of fertilizer1, 
or removing large grazing animals, such as 
cattle and sheep2, reduces the diversity of plant 
species in grasslands. Plants generally grow 
taller when nutrients are added or when grazers 
are removed, and these tall, fast-growing plants 
are thought to reduce diversity because they 
can monopolize access to light and shade out 
smaller plants3. 

However, until now, only indirect evidence 
was available to support the hypothesis that a 
rise in plant competition for light was respon-
sible for declines in diversity. Supporting 
data include, for example, studies relating 
changes in light levels to diversity changes 
after removal of grazers4, or analyses that use 
increases in plant biomass as a way to estimate 
light changes5. On page 301, Eskelinen et al.6 
conducted an experiment to gather direct 
evidence by testing the effect of plant com-
petition for light at a German grassland site.

Eskelinen and colleagues placed lamps in the 
vegetation to increase the light levels for short 
species (Fig. 1). The authors report that this light 
addition reversed most of the diversity decline 
caused by the removal of grazers and, in the 
short term, reduced the diversity loss caused 
by adding fertilizer. This result supports the 
hypothesis that grazing animals increase the 
amount of light available to plants by keeping 
vegetation low and thereby prevent tall plant 
species from capturing all the light. On the 
plots without sheep, diversity was lost relative 
to plots with grazers, and plant cover and decay-
ing plant-litter material increased, as expected7. 
Such litter might suppress seedling growth and 
prevent less-robust species from colonizing 
such areas. But when lamps were shone on 
these plots, the decline in species diversity 
was substantially reduced, compared with 
the plots without grazers that did not receive 
a light boost. It therefore seems probable that 

grazers promote plant coexistence, principally 
by equalizing the ability of species to compete 
for light8. 

The major plants that benefited from 
higher light levels were those with a slow and 
conservative strategy for resource use. These 
slow-growing plants would otherwise lose 
out to faster-growing, ‘greedy’ species that 
efficiently capture light and, by comparison, 
do not invest much in other aspects of plant 
development, such as defence9. This work is 
the first direct experimental demonstration 
that plant competition for light explains the 
diversity declines observed when grazers are 
removed. 

The experiment consisted initially of only a 
‘cross’ of fertilizer and light addition on grass-
land plots where sheep had just been removed 

— the plots contained all four possible com-
binations of addition or lack of supplementa-
tion of light and fertilizer. After a few months 
had elapsed, Eskelinen and colleagues could 
already observe a decline in plant diversity 
where they added fertilizer, indicating that a 
decrease in light levels for low-growing plants, 
as a consequence of fertilizer boosting the 
tall plants, was driving the diversity decline. 
However, this decline was halted when light 
was shone on the plants growing close to the 
ground in the understorey, consistent with 
findings from a greenhouse experiment carried 
out under more-controlled conditions10. 

In the second year of the study, Eskelinen and 
colleagues let sheep graze again on an extra 
set of plots, to compare what happened when 
fertilizer and light were introduced to grazed 
or ungrazed plots. Intriguingly, by the third 
year of the study, light addition no longer pre-
vented diversity declines when fertilizer was 
added. Grazing had such a dominant effect on 
the available light levels for low-growing plants 
that it overwhelmed the effect of fertilizers — 
light levels were always high on grazed plots 
regardless of fertilization, and on ungrazed 
plots, light levels in the under storey were so 
low that adding fertilizer did not decrease 
understorey light further. 

However, this is not the whole story: adding 
fertilizer still caused a decline in diversity in 
both grazed and ungrazed plots. This diversity 
decline must have been driven by other light-in-
dependent mechanisms, such as an increase 
in litter that reduced seedling success, or 
because high nutrient levels drove the loss of 
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A field experiment provides a new way to investigate the 
mechanisms by which grazing, fertilizer use and light 
availability can affect the biodiversity of a grassland 
plant community. See p.301
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Figure 1 | How light, grazing and fertilizer use affect grassland diversity. Eskelinen et al.6 carried out a field 
experiment to investigate biodiversity changes driven by plant competition. Grazing sheep boost diversity 
by preventing tall plants from becoming too high and thus shading out small plants (in the understorey). The 
authors provide direct evidence that this is a light-dependent mechanism, because when the grazers were 
removed, diversity was restored in the short and long term by providing light in the understorey. The addition 
of fertilizer lowers diversity by boosting the growth of tall plants, and such a fertilizer-driven decline in 
diversity was prevented by light supplementation in the short term, but not in the long term. The latter result 
indicates that unknown, light-independent factors contribute to diversity declines associated with long-term 
fertilizer use.

240 | Nature | Vol 611 | 10 November 2022

©
 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.

News & views



nutrient niches that would have favoured the 
coexistence of plants with distinct abilities 
to capture particular limiting nutrients. So, 
although changes in plant competition for light 
can explain some of the effects of fertilization 
on diversity, other mechanisms must have a 
role, too. The experi ment raises the interesting 
possibility that the relative contribution of light 
limitation on biodiversity varies over time, or 
changes as communities reassemble. 

Eskelinen and colleagues’ study is extremely 
valuable because it experimentally manipu-
lates light in the field and clearly shows that 
changes in light levels explain the effect that 
herbivore grazing has on diversity. The work 
also raises many questions. It is unclear why 
light addition was unable to boost diversity on 
fertilized plots in the later years of the study. 
Is it the case that climate-induced variation in 
plant biomass production shifts the relative 
strength of competition for light from year to 
year? However, without multi-year data sets 
and information on plant productivity, it is not 
possible to test this idea. Alternatively, does fer-
tilization result in reduced light levels at ground 
level only immediately after herbivores are 
removed, after which light limitation becomes 
less central for explaining the effects of ferti-
lizer addition? At some point after the first year, 
the effects of sheep grazing on light availability 
became so strong that adding fertilizer did not 
alter light levels for low-growing plants. Unfor-
tunately, data were not collected during the 
second year of the experiment, so the authors 
could not examine at what point grazer removal 
overwhelms the effect of fertilizer on light in 
the understorey.

Questions aside, the study’s results high-
light the value and power of this type of field 
experiment, in which several treatments are 
crossed with each other. The dominant effect of 
the grazers on diversity and on the availability 
of light underlines the crucial role of herbi-
vores in structuring plant communities and 
maintaining diversity, especially in productive 
areas such as fertilized fields. However, animals 
might have less-positive effects in areas with 
naturally shorter vegetation, where grazers are 
less likely to drive an increase in light levels. 

It would be interesting to extend the ideas 
explored here, by testing whether invertebrate 
herbivores or disease-causing fungi might also 
promote diversity11 by causing a rise in light lev-
els. Eskelinen and colleagues’ study demon-
strates how a simple experimental set-up can 
be used to pinpoint mechanisms underlying 
declines in diversity. More such investigations 
are needed to reveal fundamental mechanisms 
underlying plant coexistence and to improve 
our ability to predict how global change will 
alter biodiversity.
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Actin is the most abundant protein in our 
cells. When assembled into polymers called 
actin filaments, it has key roles as a structural 
support system (forming a cytoskeleton that 
gives cells their shape), as a network for trans-
porting cellular cargo, and as a power system 
for cell ular motion, division and adhesion1. 
Reynolds et al.2 (page 380)and Oosterheert 
et al.3 (page 374) describe complementary 
high-resolution structures for actin filaments, 
which they resolved thanks to advances in tools 
for the analysis of cryo-electron microscopy 
data. Their work deepens our understanding 
of how actin filaments that are undergoing 
assembly and maturation are recognized by 
binding proteins.

Actin filaments are semi-flexible polymers 
that are naturally straight, but show some 
degree of curvature owing to random forces 
in their surroundings (called thermal fluctua-
tions). Further bending can be produced by the 
action of molecular motors, or through shear 
forces produced by fluid flow in in vitro experi-
ments4,5. The level of flexibility depends in part 
on which of three nucleotide-bound states a 
filament is in. Shortly after the filaments form, 
actin undergoes a process dubbed ageing, in 
which a bound nucleotide called adenosine 
triphosphate (ATP) is hydrolysed, produc-
ing an intermediate nucleotide, ADP-Pi. Free 
phosphate (Pi) is then released, leaving a bound 
ADP molecule1,5 (Fig. 1). ADP-bound actin is 
about twice as flexible as the ATP-bound fila-
ment4, and the polymers’ affinity for binding 
proteins can differ1,5.

So far, our only knowledge of how bending 
affects local contacts between individual actin 
proteins in filaments comes from modelling4,6. 
But a detailed knowledge of the structural 

changes that actin undergoes as it bends is 
essential for understanding how actin-bind-
ing proteins regulate the actin cytoskeleton5. 
For example, why does the protein cofilin, 
which modulates filament depolymerization, 
preferentially bind to ADP-bound filaments5,6? 
The structure of an actin filament would be 
expected to differ substantially depending on 
whether it is bound by ATP, ADP-Pi or ADP. But 
previous studies could not determine whether 
there are, in fact, differences.

In the current studies, the groups used opti-
mized cryo-electron microscopy (cryo-EM) 
sample preparation and work flows to 
obtain cryo-EM density maps for straight 
actin filaments in the different nucleotide 
states at unprecedented resolution (down 
to 2.2 ångströms). Reynolds et al. resolved 
structures for ADP-Pi- and ADP-bound actin, 
and Oosterheert et al. resolved these as well 
as a filament bound to an ATP analogue. The 
groups found that the average maps of ATP-, 
ADP-Pi- and ADP-bound actin are extremely 
similar in terms of the protein structure and 
the way in which subunits are arranged into 
a helical lattice, confirming the results of a 
previous, lower-resolution study7.

But the groups’ high-resolution maps 
also reveal how the detailed positioning of  
protein side chains, water molecules and mag-
nesium (Mg2+) or calcium (Ca2+) ions (which 
associate with the bound nucleotide) differs 
as actin ages. It is well established1 that actin 
monomers change shape as they polymerize, 
switching from a twisted, open configuration 
to a closed, flattened overall shape. Ooster-
heert and colleagues provide evidence for how 
this conformational shift alters the position-
ing of a specific water molecule, bringing it 
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Two groups have visualized actin — the protein polymer that 
gives cells their shape — at high resolution. The structures 
provide in-depth views of the polymer as it adopts fleeting states 
and undergoes conformational changes. See p.374 & p.380
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