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leading to benzene (C
6
H

6
) is barrierless and 

therefore efficient at low temperature (8). 

In both hot and cold gas-phase chemistry, 

benzene derivatives—such as C
6
H

4
 and C

6
H

5
—

that can lead to further growth toward larger 

aromatic species are involved. Observations 

of benzene-type species are therefore crucial 

for constraining these chemical models.

McGuire et al. were able to detect benzoni-

trile in a cold molecular cloud of the Taurus 

region thanks to an elegant spectral-stacking 

procedure (9) that increases the chance of 

detecting molecules with aromatic rings. 

Among the species that they searched for, 

only benzonitrile was identified as a prom-

ising candidate. The authors confirmed its  

detection after identification of individual 

rotational lines, including their hyperfine 

structure, through detailed spectroscopic 

work in the laboratory. The presence of a CN 

side group leads to a substantial dipole mo-

ment and thus facilitates detection of benzo-

nitrile. Calculated benzonitrile abundances 

from a chemical model that includes differ-

ent gas-phase reactions at low temperature 

are lower than those observed by a factor 

of four. The authors suggest that alternative 

mechanisms involving cosmic-ray radiation-

induced chemistry at the surface of grains 

produce the missing ben-

zonitrile. The mismatch 

between observations and 

models shows that, despite 

the low observed abundance 

of benzonitrile, its detection 

remains important in con-

straining chemical models.

Is there any relation be-

tween the detection of the 

first aromatic ring in dark clouds and the 

presence of PAHs, the carriers of the mid-

IR aromatic emission bands, in the external 

UV-irradiated regions of the clouds? In ad-

dition to the gas-phase chemical reactions 

mentioned above, these PAHs and related 

species, such as C
60

, could be produced 

through UV processing of dust grains (10). 

Other scenarios have also been proposed. 

For instance, large hydrocarbons, including 

PAHs, could be formed by chemical process-

ing on the surface of silicon carbide grains, a 

mechanism that could be efficient in the en-

velopes of carbon-rich red giant stars (11, 12).

It remains unclear how many of the PAHs 

and their precursors are synthesized in the 

dense and hot envelopes of evolved stars 

and how many arise from photo- or radia-

tive chemistry in interstellar environments. 

The detection by McGuire et al. of a ben-

zene derivative in a cold molecular cloud 

indicates that it can form even at very low 

temperatures and without UV radiation. The 

authors did not detect larger species with 

two or three cycles, but the species they se-

lected have lower dipole moments compared 

to benzonitrile, which reduces the chance for 

their detection unless they have an anoma-

lously large abundance.

Among the ~200 molecules detected in 

space, many are organic species. Studying 

their composition and chemical networks is 

key for understanding molecular complex-

ity in protoplanetary disks surrounding 

young stars (13). The search for complex 

molecules has mainly been performed in 

the millimeter and submillimeter domains. 

The work of McGuire and collaborators (3, 

14) shows the potential of centimeter-wave 

instruments for chemical complexity stud-

ies. This opens avenues for research at the 

upcoming Square Kilometer Array, which 

will operate in this spectral range.

Knowledge of astrochemical networks 

also helps in understanding the nucleation 

and growth of interstellar dust (including 

PAHs) and its role in star and planet for-

mation. However, the detection of benzoni-

trile in the Taurus region is not sufficient to 

conclude on the possibility to form PAHs in 

cold molecular clouds. It also remains to be 

shown whether the detection of benzonitrile 

indicates that PAHs could contain nitrogen 

(15). More insights into the chemistry of 

PAHs and related species 

are expected from combin-

ing data from radio and in-

frared waves with the James 

Webb Space Telescope, due 

to launch in 2019. In addi-

tion to observations, guide-

lines from laboratory astro-

physics studies are key to 

progress in this area. These 

include spectroscopic and kinetic studies 

but also experimental simulations in reac-

tors in order to provide scenarios that can 

explain the building of molecular complex-

ity in cosmic conditions.        j
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“Among the ~200 
molecules detected 
in space, many are 
organic species.”

EVOLUTION

Improbable 
Big Birds
Darwin’s finches prove 
a mechanism for the rapid 
formation of new species

By Catherine E. Wagner

D
arwin’s finches, a group of 18 species 

endemic to the Galápagos archipel-

ago, are a classic example of adap-

tive radiation—the process whereby a 

single ancestral species multiplies in 

number to produce divergent species, 

often in rapid succession (1). These birds 

are evolutionary biologists’ most celebrated 

example of natural selection in action. On 

page 224 of this issue, Lamichhaney et al. (2) 

have succeeded in observing a process even 

more elusive than natural selection—the 

formation of a new species (speciation). Be-

cause speciation typically takes place on time 

scales that are too long for direct human ob-

servation, before now it was only in organ-

isms with very fast generation times, such 

as viruses and bacteria, that scientists had 

directly observed this process [for example, 

(3)]. Lamichhaney et al. show through direct 

observation and DNA sequencing that new 

species can form very rapidly: within three 

generations. The key, in this case, is hybrid-

ization between different species.

Lamichhaney et al. report that in 1981, a 

male large cactus finch (Geospiza coniros-

tris) arrived on the island of Daphne Major 

in the Galápagos. It had come from Espa-

ñola, another island more than 100 km 

away in the archipelago. Rosemary and 

Peter Grant and their collaborators were 

there to notice it, band it, and watch what 

it did. Although there were no other in-

dividuals of this species on the island, 

Lamichhaney et al. observed that the bird 

succeeded in finding a mate—a medium 

ground finch, G. fortis. This pair produced 

offspring, and, with only one exception, 

the hybrid lineage has bred only within 

the lineage, exclusively finding mates that 

are descended from the original pair, for 

more than 30 years. Because they have a 

larger body size than other finch species on 

Daphne Major, they are known as the Big 

Birds (see the figure). 
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The findings of Lamichhaney et al. are 

groundbreaking for two reasons. First, they 

prove a mechanism of speciation that has a 

somewhat controversial history in evolution-

ary biology—hybridization without duplica-

tion of the genome, known as homoploid 

hybrid speciation. Second, the direct obser-

vation of this evolutionary mechanism shows 

not only that the process can happen, but 

that it can happen quickly. If homoploid hy-

brid speciation proves to be more common 

than previously thought, this has profound 

implications for the rapidity with which bio-

diversity can be generated. 

Although hybridization in animals is not 

uncommon, it more often results in the 

erosion of diversity, rather than its origin, 

because it can merge previously distinct spe-

cies. Hybrid speciation is an exception. Poly-

ploid hybrid speciation involves duplication 

of the parental genomes in hybrids (often 

plants), which provides a barrier to offspring 

breeding with parent species because of their 

differing numbers of chromosomes. Such 

barriers do not occur in homoploid hybrid 

speciation; thus, the conditions under which 

this mechanism of speciation can succeed 

are more limited. Only a handful of cases 

of homoploid hybrid speciation have been 

conclusively demonstrated (4). Homoploid 

hybrid lineages have two key challenges to 

overcome in order to become a species: They 

must avoid collapsing back into one or both 

parental species through interbreeding, and 

they must persist, often in the same place as 

one or both parental species (5). For the Big 

Bird lineage, the key to surmounting these 

challenges involved song and beak shape. 

In Darwin’s finches, song is learned from 

the father. Because the initial immigrant 

finch was male, this meant that all of his 

offspring learned a song that was distinct 

from other birds on the island (6), predis-

posing them to choose each other as mates 

and promoting the exclusive breeding of 

the hybrid lineage for generations thereaf-

ter. Additionally, the immigrant finch was 

70% larger than the medium ground finches 

on Daphne Major and also had a larger, 

pointier beak. Hybrid offspring of this bird 

and his medium ground finch mate had dis-

tinct beak dimensions from those of both 

parents. This allowed individuals from the 

Big Bird lineage to exploit larger and harder 

seeds than the medium ground finches, 

leading to a diet unlike that of the other 

species on Daphne Major (6). Furthermore, 

a trend toward increased beak size over 

generations of Big Birds is consistent with 

natural selection to increase beak size (2), 

presumably further decreasing food overlap 

with other species.

The Big Birds also provide insight into 

how small changes can dismantle the neces-

sary conditions for speciation. Before mat-

ing with a medium ground finch, the same 

immigrant large cactus finch mated with fe-

males derived from hybrid ancestry between 

medium and small ground finches (G. fortis 

and G. scandens) (6). Although one of these 

pairings successfully produced offspring that 

went on to breed, these particular offspring 

bred with medium ground finches, despite 

learning their father’s distinctive song (6), 

and thus failed to become a distinct hybrid 

species like the Big Birds. This failure of ho-

moploid hybrid speciation from very similar 

starting circumstances suggests that the suc-

cessful reproductive isolation of the Big Bird 

lineage from other species on the island was 

not simply due to their distinctive song and 

instead reflects an interaction between song 

and inherited beak shape. However, it is not 

clear if speciation was successful in this case 

directly because of the traits of the parents 

or because of chance, related to mate choice 

decisions or particularities of the resource 

environment. This illustrates that the condi-

tions under which this mechanism will suc-

ceed in producing a new species are narrow.

Although the Galápagos archipelago is an 

astonishing cradle of evolution, few animals 

exhibit the diversity in number of species 

that Darwin’s finches have attained through 

evolution on these islands. This study pro-

vides decisive evidence that new species can 

arise through hybridization, but we do not 

know to what extent this mechanism is re-

sponsible for the group’s current species di-

versity. We also do not know how common 

homoploid hybrid speciation is in other 

animals. However, the Big Bird case can aid 

the search for likely candidates. For exam-

ple, in species where mate choice decisions 

are subject to imprinting on the parents, as 
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New species through 
hybridization 
Darwin’s finches are an icon for the evolution 

of diversity, having evolved 18 species from 

a single ancestor in the Galápagos archipelago. 

Lamichhaney et al. show that hybridization 

has led to a new species, the Big Birds.
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MICROBIOLOGY

Malaria parasite 
evolution in a test tube
Experimental evolution studies reveal drug targets 
and resistance mechanisms

is song in Darwin’s finches, hybrid specia-

tion may be more likely. Furthermore, when 

hybrids can exploit a different ecological 

niche, hybrid speciation is more likely (5, 7). 

With high-resolution genomic data avail-

able for Darwin’s finches (2, 8) and for 

many other species that have undergone 

adaptive radiation, such as cichlid fishes 

and Heliconius butterflies [for example, 

(9, 10)], we are poised to learn more about 

whether the origin of Big Birds by means of 

homoploid hybrid speciation is anomalous 

or common and whether this mechanism 

might frequently explain cases of rapid 

speciation. However, challenges remain 

in distinguishing genetic signals of homo-

ploid hybrid speciation from other situa-

tions where hybridization has occurred in 

the history of a lineage, but was not the 

causal mechanism of speciation. Hybridiza-

tion can act to infuse genetic variation into 

a lineage, facilitating adaptive diversifica-

tion, before speciation or adaptive radia-

tion (11) or as diversification proceeds (12). 

These signals can be difficult to disentangle 

using genomic data alone (4), particularly 

in cases in which the species involved are 

closely related. These challenges underscore 

the incredible value that longitudinal field-

based observational studies can add to DNA 

sequencing data, as in Lamichhaney et al.

It is also important to establish whether 

species produced through homoploid hybrid 

speciation can persist over long time scales 

(thousands to millions of years), and how 

their persistence compares to species pro-

duced through other speciation mechanisms, 

such as species formed during long periods 

of geographic isolation. It is possible that 

species formed through homoploid hybrid 

speciation disappear just as rapidly as they 

arise. This has important implications for 

understanding whether this process contrib-

utes to the buildup of biodiversity. Watching 

the fate of the Big Birds will provide one an-

swer. Although long-term evolutionary anal-

yses are difficult, this study illustrates that 

the tremendous effort of collecting such data 

sets has equally tremendous value. j
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By Jane M. Carlton

M
alaria is an infectious disease 

caused by the Plasmodium para-

site, and transmitted by Anopheles 

mosquitoes. In 2016, a staggering 

216 million cases of malaria and 

445,000 deaths were recorded, 

mostly in Africa, although half of the 

world’s population in 91 countries is at 

risk of the disease (1). Malaria prevention 

methods include control of the mosquito 

with insecticide-treated bed nets and in-

door residual spraying of insecticides. 

Prompt diagnosis through the use of rapid 

diagnostic tests is also key. Although there 

is a malaria vaccine, RTS,S/AS01, it shows 

limited efficacy and has yet to be used 

widely. However, the frontline against ma-

laria is antimalarial drugs, in particular 

artemisinin-based combination therapies 

(ACTs), which are mixtures of artemis-

inin and its derivatives from the Chinese 

sweet wormwood herb, with drugs such 

as piperaquine. Alarmingly, the parasite is 

now resistant to most drugs that have been 

developed (see the figure). It is imperative 

that we identify new inhibitors if progress 

in reducing malaria is to be sustained. On 

page 191 of this issue, Cowell et al. (2) pres-

ent a major step forward, revealing new 

antimalarial drug targets and their pos-

sible resistance mechanisms.

The Plasmodium parasite is a formidable 

eukaryotic microbe, an ancient organism 

that has shaped the history, politics, and 

evolution of its human host. Almost 500 

species have been identified that infect 

mammals, birds, and reptiles; however, 

only five routinely infect humans, including 

Plasmodium falciparum, the deadliest, and 

Plasmodium vivax, the most geographically 

widespread (3). Because of its virulence and 

ease of in vitro culture, research has fo-

cused on P. falciparum, and molecular and 

cell biology techniques have been developed 

for its interrogation, such as genome edit-

ing (4, 5), and high-throughput analyses, 

such as metabolomics (6).

These are worrisome times for the battle 

against malaria. In addition to the parasite 

being resistant to almost every single-drug 

CQ Pyrimethamine PfPailin

Spread of resistance

ACT resistanceCQ resistanceEndemic

Malaria endemicity and drug resistance
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P. falciparum endemicity and the spread of drug resistance
Malaria is endemic in the countries highlighted in light blue. Resistance to antimalarial drugs such as 

chloroquine (CQ) and pyrimethamine is widespread (darker blue), while resistance to artemisinin-

based combination therapies (ACTs) is spreading. A new P. falciparum strain, PfPailin, that is resistant to 

artemisinin plus piperaquine, has been found. Data presented in the map are adapted from (7, 8).
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