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Species of Wild Fauna and Flora in 1975,
which Antunes says essentially crimi-
nalized hunting in the region. Yet, trade 
persisted throughout most of the 20th 
century and is thought to have caused 
large-scale defaunation. As Antunes col-
lated the archive records, he realized he 
had an unprecedented opportunity to ana-
lyze this impact on Amazonian species, 
using an untapped source of information.

The animal hide data alone is a “gold-
mine,” says Richard Bodmer, president of 
nongovernmental organization (NGO) 
FundAmazonia and director of the 
Museum of Indigenous Amazonian Cul-
tures in Iquitos, Peru. “It’s a very impor-
tant discovery in terms of data and in 
terms of understanding the longer trends 
that have happened in the Amazon.”

To investigate the effects of hunting on 
populations of animals killed for their hides, 
Antunes knew he would need a careful sta-
tistical approach. But at the time, “I was a 
bit naive” about the methods required, he 
says. So, he enlisted the help of University 
of Auckland statistician Rachel Fewster, 
and in 2014, he moved to New Zealand for 
several months to work on the data.

The main challenge, the pair quickly 
realized, was extracting information from 
the various records Antunes had col-
lected. “The problem is that they often 
just lump animal hides together as one 
category,” says Fewster. “We wanted to 
distinguish between different types of 
species.” In the end, Fewster says, she and 
Antunes “devised a whole new modelling 
framework” to compare data from two 
peak periods of hunting—the 1930s and 
the 1960s—that used the more detailed 
records to fill in gaps in “lumped” records, 
and accounted for improvements in data 
quality as the 20th century progressed. 

The results weren’t uplifting: records 
indicated that at least 23 million individ-
ual animals, representing 20 species of 
mammals and reptiles, were slaughtered 
for their hides between 1904 and 1969. The 
team’s analysis also showed differences 
in how this mass hunt affected aquatic 
and terrestrial species. The researchers 
found that populations of aquatic species 
appeared to collapse, with 1960 harvests 

of giant otters, black caimans, and mana-
tees falling to around 10 percent of what 
they’d been three decades earlier. Terres-
trial species, on the whole, fared much bet-
ter. Although one species, the white-lipped 
peccary—a herd-living, hog-like animal—
showed significant decline, others, includ-
ing red brocket deer, showed higher har-
vests in 1960 than in 1930, suggesting 
substantial resilience to hunting pressure 
(Science, 2:e1600936, 2016).

“I wasn’t expecting that,” says Antunes 
of the aquatic-terrestrial split. “In the ini-
tial stages of research, I expected repro-
ductive rate would be the most important 
factor.” However, on reflection, he notes, 
the results are intuitive. Aquatic habitat 
accounts for just 5 percent to 12 percent 
of the central-western Brazilian Amazon 
across low- and high-water seasons, mean-
ing aquatic species occupy a much smaller 
area than their terrestrial relatives. Ama-
zonian waterways are also more accessible 
than terrestrial habitats to hunters, who 
traditionally live in settlements clustered 
along riverbanks.

This spatial arrangement of hunters 
probably explains a lot of the results, sug-
gests the Wildlife Conservation Society’s 
(WCS) executive vice president for conser-
vation and science, John Robinson, although 
other factors, such as reproductive rate, are 
certainly important in determining a hunted 
species’ resilience. “At its core, this is a really 
important paper,” he says. “It pulls together 
the history of commercial hunting in Ama-
zonia in a really powerful way.”

Encouraged by the apparent resilience 
of the terrestrial species, Antunes, now a 
researcher with WCS, is taking part in 
workshops in Manaus this year to bring 
together government, NGOs, and locals to 
discuss decriminalizing subsistence hunt-
ing—a practice still integral to the liveli-
hood of many indigenous and forest com-

munities in the Brazilian Amazon. It’s a
move both he and Bodmer argue would 
allow better management of resources in 
the region, and could bring Brazil in line 
with other Amazonian countries, such as 
Peru, that already favor community-based 
conservation programs.

Antunes now spends much of his 
time working with indigenous and forest 
communities—a relationship that ben-
efits both sides, he notes. “They really 
know the wildlife better than any biolo-
gist,” he says. “They live there, day after 
day, whereas we are like visitors. There 
is no way to conserve the Amazon if we 
ignore these people.”

As for going back into the archives? With 
the work he’s doing now, “I’m not sure if I’ll 
carry on my research in libraries,” Antunes 
laughs. “If I have to learn about any histori-
cal documents, probably I’ll have a look.”

 —Catherine Offord

Breaking the
Bottleneck
In the famous case of Darwin’s finches,
natural selection acts decisively, elevat-
ing a trait in the population, weeding it 
out, or simply ignoring it. But in actuality, 
natural selection can sometimes exert a 
more complicated influence. An unusual 
pattern of genetic selection turns out to 
be responsible for the rampant spread of 
the invasive Asian honeybee (Apis cer-
ana) from Papua New Guinea into Aus-
tralia, a pattern that Rosalyn Gloag of the 
University of Sydney and her colleagues 
have managed to decode.

The first Asian honeybees reached 
Australian shores in 2007, probably on the 
mast of a ship or stowed away in a ship-
ping container. The bees made landfall in 
Cairns, a city on the continent’s northeast-
ern coast, and spread rapidly from there. 
Bruce White, a retired government apicul-
ture and biosecurity specialist, says that 
Australian officials who responded to the 
invasion were ill equipped to contain the 
bees and did not realize how quickly colo-
nies could disperse. Concerned beekeepers 

At least 23 million individual 
animals, representing 20 
species of mammals and 
reptiles, were slaughtered 
for their hides between 1904 
and 1969.
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alerted authorities to A. cerana hives that
appeared in their yards, but the eradica-
tion effort proved futile. 

Up until now, the success of A. cerena 
in Australia has posed something of a bio-
logical puzzle. Under the normal rules of 
evolution, the invasive bees should have 
been hamstrung by what’s known as the 
founder effect—reduced genetic diver-
sity when a population takes root from 
just a small number of individuals. Based 
on a preliminary study of neutral genetic 
markers by Gloag and her colleagues, A. 
cerana appears to have arrived in Cairns 
only once, with just one or a few colo-
nies, meaning that no secondary arrivals 
infused the population with fresh genes to 
counteract the founder effect.   

Low genetic diversity can have various 
ramifications, but in particular it should 
have tampered with sex determination in the 
bees. In A. cerana, diploid progeny develop 
as females while haploids develop as males. 
A single gene,   csd, governs this system, with 
an important caveat: a larva that is diploid 
and homozygous at csd is inviable. In a large, 
diverse population with many csd alleles, the 

odds of getting two of the same allele are so 
low that csd homozygosity rarely causes 
problems. But in populations with only a few 
csd alleles, homozygotes are more common 
and can drag down the colony’s reproduc-
tive output. Theoretically, this system should 
render bees highly susceptible to the founder 
effect, a prediction that has been borne out 
in other social insects with similar sex deter-
mination mechanisms. 

To uncover how A. cerana circum-
vented the problem, the University of 
Sydney team sequenced the csd genes of 
bees every year after the invasion, using 
samples preserved by government eradica-
tion efforts. They also sampled A. cerana 
populations in the insect’s native range in 
China. They found a stock of 22 different 
csd alleles among native bees, but only 
seven csd alleles among the invasive colo-
nies. Only three of those alleles were com-
mon during the first few years after the 
invasion—a massive curtailing of genetic 
diversity that should have doomed the 
Asian honeybees in Australia. 

In small populations, rare alleles are 
likely to disappear by random chance. In 
this case, csd alleles that were rare in the 
founding population, rather than disap-
pearing, increased in frequency over the 
next several years, Gloag and her colleagues 
reported in Nature Ecology and Evolution 
(doi:10.1038/s41559-016-0011, 2016). The 
frequency of all seven alleles in the gene 
pool converged toward equilibrium. 

The researchers were observing a phe-
nomenon called negative frequency-depen-
dent selection, which occurs when alleles 
become less and less advantageous the more 
common they are in a population. In the 
early invading population, individuals that 
carried rare csd alleles would almost always 
produce viable offspring, since the odds of 
a diploid larvae ending up with two identi-
cal rare alleles is close to zero. On the other 
hand, individuals with common alleles would 
frequently produce inviable homozygotes. As 
the bees proliferated in their new home, rare 
alleles spread through the population, push-
ing the gene pool toward an ideal equilibrium 
where every csd allele is equally common.

It’s an unusual case in which evolution 
has favored diversity over any one particu-

lar gene. Most evolutionary trends are typ-
ically studied over enormous time scales, 
so Gloag did not expect to see negative fre-
quency-dependent selection unfold over the 
course of just one decade. “What surprised 
us is how quickly the effects of that selection 
are felt,” Gloag says. “Evolution can act fast—
much faster than we often give it credit for.”

Salvaging the seven csd alleles was the 
Asian honeybee’s ticket to survival in Aus-
tralia. By 2011, officials had shifted from an 
eradication program to a focus on contain-
ing and monitoring the invasive bees, says 
Gloag. “They were no longer under the illu-
sion that they were going to get rid of them.”

Asian honeybees are harmless invaders 
on their own, but they are known to carry 
parasitic mites, Varroa destructor and Var-
roa jacobsoni, that wreak havoc on Euro-
pean honeybee populations. V. destructor 
was constrained to Asian honeybees until 
it jumped hosts to the European variety 
and spread across the globe with disas-
trous impact—and scientists believe V. 
jacobsoni may be poised to jump hosts too. 

For now, Australia is one of the few 
places still free of V. destructor. “We’re 
pretty much the only holdout,” Gloag 
says, “but we’ve seen the damage it’s done 
to pollination services in other parts of the 
world, and we’re very worried.”

In the face of a looming ecological 
threat, Gloag finds a positive message in 
her team’s discovery: If the invasive bees 
could recover from what seemed like termi-
nal genetic loss, then perhaps endangered 
species that have sustained similar losses 
could demonstrate similar resilience. Aus-
tralia’s bee problem illustrates how species 
bounce back. “You can have healthy pop-
ulations that have been through extreme 
bottlenecks,” she says. “Nature finds a way.” 

—Ben Andrew Henry

Darwinian
Lizards
It’s not easy to snare a lizard. Evolutionary
biologist Michele Johnson affixes a noose 
made of dental floss to a telescopic fishing 
rod to reach into the bushes and tree can-
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