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A
fter 30 years of rapid growth in ter-

restrial protected areas, especially in 

the biodiverse tropics, expansion has 

slowed despite the ongoing mass ex-

tinction of species. Indeed, on page 

881 of this issue, Kroner et al. (1) re-

port that in some regions, the area that is 

protected is declining. They document ex-

amples of protected areas that have been 

made smaller or degazetted entirely, includ-

ing in the United States and the Amazon. 

Taken together, these findings suggest a 

troubling trend; there are few wild spaces 

left to offset these losses with new parks, 

and biodiversity itself is irreplaceable. Even 

more common than erasing or shrinking 

parks are cases where the rules are loosened 

to allow resource use in areas that were pre-

viously strictly protected (1). Understanding 

the impacts of these “downgrades” requires 

reexamining the goals of protected areas 

and recognizing the gap between the offi-

cial rules and actual management.

Species richness and abundance are gen-

erally higher inside than outside terrestrial 

protected areas, a contrast explained partly 

by lower land-use intensity (2). However, 

especially in the tropics, protected areas 

and surrounding regions are home to many 

poor citizens. Some of them rely on the 

same wildlands for income or, in the case 

of the very poor, as a “safety-net” to avoid 

falling into deeper poverty (3, 4). In some 

cases, the creation of parks has undermined 

local livelihoods, particularly in parts of Af-

rica, where parks are associated with colo-

nial land seizures (5).

The relationship between poverty and 

biodiversity conservation is complex, and 

it would be wrong to assume that parks 

inevitably impoverish local people (6). But 

over recent decades, appeals for human 

rights and welfare have led to a more peo-
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that can insert themselves, and any DNA 

in between them, into other parts of the 

genome. Ishikawa et al. show that transpo-

sons are responsible for the multiple inde-

pendent duplications of Fads2 in different 

freshwater stickleback populations.

Transposons are a classic example of a 

selfish genetic element because of their 

ability to replicate, often at a fitness cost 

to the rest of the genome (or the individual 

organism) (8). Genome-wide surveys of-

ten correlate transposon abundance with 

particular lineages (9, 10) or evolutionary 

innovations to adapt to rapidly changing 

environments, such as the appearance of 

parasites that become locked into a con-

stantly coevolving arms race with hosts. 

For example, a pathogen can evolve the 

best virulent variations of a gene to infect 

the host while the host evolves the best re-

sistant allele to survive parasitism (11). The 

study of Ishikawa et al. is unusual in pin-

pointing an adaptive role for transposons 

that directly increase the number of copies 

of a key metabolic gene in a vertebrate. The 

threshold at which additional Fads2 copies 

will lower rather than increase freshwa-

ter fish fitness remains an open question. 

No fish surveyed by the authors had more 

than three copies of the Fads2 gene.

Most people are familiar with the major 

evolutionary transition of vertebrates from 

water to land. Less appreciated, and more 

repeatable, are those transitions between 

marine habitats and freshwater. In both 

cases, colonizing a new habitat has resulted 

in rapid diversification for some lineages. 

Although all fish originated in saltwater, 

there are currently more species of ray-

finned fish in freshwater than in marine en-

vironments, and the vast majority of marine 

ray-finned fish species have freshwater an-

cestors that migrated back to saltwater (12). 

More studies like that of Ishikawa et al. will 

help to pinpoint the genetic variation nec-

essary for repeated evolutionary transitions 

to different environments. j
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The Cuyabeno Wildlife Reserve, Ecuador, is one of hundreds of examples investigated by Kroner et al. 

For details, see (11).
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ple-centered approach to conservation (7), 

including new categories of protected areas 

that allow resource use and settlement. The 

Convention on Biological Diversity now 

recommends that “communities should be 

fully engaged in governing and managing 

protected areas” (8). As the goals of pro-

tected areas multiply, it becomes harder 

to operationalize and measure their many 

objectives, some of which are locked into 

unavoidable trade-offs (9). Local citizens 

concerned with livelihoods will likely view 

a legal change allowing resource use in a 

protected area as an upgrade.

The official status of a conservation area 

does not always match how it is managed; 

for example, logging and hunting are wide-

spread in many parks, particularly in the 

tropics (2). This might reflect weak enforce-

ment or managers’ efforts to balance local 

resource demands with biodi-

versity goals and enlist local 

citizens as comanagers. Legally 

allowing some local resource 

use might improve public sup-

port for a protected area.

Enforcing strict protection is 

all the more difficult when indi-

viduals and communities hold 

legal or customary land claims 

that predate the park’s creation, 

as is the case in many protected 

areas in the neotropics (10). 

Thus, managers might turn 

to downgrading as a means to 

correct infringements that oc-

curred when the park was created. Such ad-

justment is often preferable to pretending 

that there is no illegal extraction or settle-

ment in a park. Formally accepting human 

uses also opens the door for more sustain-

able harvest if users help to formulate new 

rules and then abide by them. But accom-

modating long-standing local claims is very 

different from opening a park to allow min-

ing or oil drilling.

As Kroner et al. document, the biggest 

threats to biodiversity come from the legal 

changes related to industrial-scale resource 

extraction and development. Unlike efforts 

to accommodate long-standing renewable 

resource use by local communities, allow-

ing these mechanized activities is unlikely 

to bring conservation benefits. For exam-

ple, India’s decision to allow communities 

to harvest bamboo within protected areas 

will likely damage ecosystems far less than 

promoting hydropower infrastructure in 

the same sites. Similarly, the United States’ 

decision to allow Native American tribes to 

harvest plants for medicinal use has vastly 

different impacts than promoting oil and 

gas development in reserves.

However, there is not always a clear 

line between commercial and subsistence 

resource use. Local residents, including 

indigenous people, may want to engage 

in mining, logging, or export agriculture 

within protected areas. Thus, although 

it is appropriate to defend parks from 

industrial-scale resource extraction, it is 

tempting but unrealistic to assume that lo-

cal residents will only seek subsistence or 

low-impact activities. Intense pressure from 

both extractive industry and poor farmers 

can spur substantial reconfiguration of re-

serve boundaries (see the figure) (11).

The idea that parks resemble permanent 

fortresses of nature reassures some observ-

ers and troubles others. Kroner 

et al. demonstrate that this por-

trayal is outdated. Protected 

areas are subject to many and 

continuously changing pres-

sures. In the worst cases, pro-

tected areas are made smaller 

or degazetted entirely. But some 

park downgrades, such as those 

granting access rights to long-

term residents, may be prag-

matic steps to help build local 

constituencies for conservation 

or encourage more sustainable 

harvest levels. Conservationists 

must attend to the processes un-

folding inside and around protected areas 

and measure impacts. Far greater concern 

should be given to the permanent changes 

brought by extractive industries and infra-

structure in and around protected areas. 

These activities hasten biodiversity loss 

and climate change and ultimately com-

promise the rights of local communities 

and future generations. j
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M
etal halide perovskite semiconduc-

tors are ionic compounds with the 

formula AMX
3
 (A and M are cations, 

and X can be Cl−, Br−, I−, or binary 

mixtures of these anions). In the 

form of colloidal nanocrystals, these 

materials have extraordinary potential as 

light emitters. Not only do they exhibit high 

photoluminescence quantum yields (PLQYs), 

but the emission color can be finely tuned 

across the entire visible spectrum by chang-

ing the proportions of mixed halide anions 

(1). However, the surface chemistry of these 

nanocrystals makes them susceptible to 

degradation and long-term instability, and 

the surface can introduce surface centers 

(midgap states) that promote nonradiative 

recombination of charge carriers that lower 

PLQYs. Thus, the characterization of the in-

terface between the perovskite nanocrystals 

and the organic ligands is fundamental to de-

veloping strategies to control surface defects, 

tuning the opto-electronic properties, and 

improving device performance and stability.

The surfaces of perovskite nanocrystals 

are terminated by a passivation layer A9X9, 

where A9 is typically a combination of long-

chain primary ammonium and alkali ions, 

and X9 is a combination of long-chain car-

boxylate ligand and halide ions (see the 

figure, top) (2). This termination completes 

the octahedral coordination around the 

metal M and helps reduce the density of 

midgap states. The organic ligands also pro-

vide colloidal stability to the nanocrystals in 
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