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Sciencewatch
C O M P I L E D  B Y  J O H N S W A I N ,  N O R T H E A S T E R N U N I V E R S I T Y

While human pupils are round, many animals 
have elongated pupils, with vertical elongation 
typical for ambush predators and horizontal 
elongation for animals that are likely to be 
prey. Now, Martin Banks of the University of 
California, Berkeley, and colleagues have an 
explanation. The key is astigmatism, which 
predators take advantage of to help catch prey, 
while prey use it to avoid being caught. 

Predators’ pupils give them a better ability 
to judge distance without moving their heads, 
which might give them away to prey. The 
pupils of prey give up some vertical focus in 
exchange for a more panoramic view, while 
reducing the amount of light from above and 

below. One simple observation that supports 
the theory, which anyone can make at a zoo 
or a farm, is that grazing animals have eyes 
that rotate 50° or more as they lower their 
heads to graze, keeping the pupils parallel to 
the ground. (Human eyes can rotate only a 

few degrees.) However, more work remains 
to be done, including explaining why 
cuttlefi sh have W-shaped pupils.

 ● Further reading 
M S Banks et al. 2015 Sci. Adv. 1 e1500391.

Opioids from yeast
While predicted to come soon, this result 
has come sooner than expected: complete 
biosynthesis of opioids in yeast. Christina 
Smolke of Stanford University and colleagues 
engineered yeast to produce the opioids 
thebaine and hydrocodone, starting from 
sugar. The work combined enzyme discovery 
and engineering with pathway and strain 
optimization. Twenty-one enzyme activities 
from plants, mammals, bacteria and the 
yeast itself were needed for thebaine and 23 
for hydrocodone. While not yet suited for 
large-scale production, this proof-of-principle 
shows that it may eventually be as easy to 
make opioids as it is to brew beer.

 ● Further reading 
S Galanie et al. 2015 Science DOI: 10.1126/science.
aac9373.

Surprising superconductor
While the Bardeen–Cooper–Schrieffer 
(BCS) theory of superconductivity sets no 
theoretical bound on how high Tc can be, 
the highest up to now has been 133 K at 
ambient pressure and 164 K at high pressure 
in copper oxide. The new surprise is in 
sulphur hydride, where a Tc of 80 K had been 
predicted. Alexander Drozdov of the Max 
Planck Institute for Chemistry in Mainz 
and colleagues have found that this material 
becomes metallic at a pressure of 90 GPa 
with a Tc of an amazing 203 K. Isotope-shift 
effects are consistent with BCS theory, 
and the discovery raises hopes of fi nding a 
room-temperature superconductor.

 ● Further reading 
A P Drozdov et al. 2015 Nature DOI:10.1038/
nature14964. 

High-temperature dielectrics
Dielectric capacitors – the simple 
ones described in a fi rst course on 
electromagnetism – would fi nd more uses 
if they could tolerate temperatures above 
150 °C and achieve a larger stored energy 
density. Polymers have long been a popular 
choice for dielectrics because of their low 
cost and ease of manufacture, but the “Moss 
rule” links increases in polarizability to a 
lower breakdown voltage for homogeneous 
polymers. This makes high energy densities 
seem unlikely, moreover polymers tend to 
melt or break down at high temperatures.

Qi Li and colleagues at Pennsylvania 
State University have found that composite 
polymers can bend or break the Moss rule 
and tolerate much higher temperatures 
than had been previously possible. They 
blend boron-nitride nanosheets (BNNS) 
with divinyltetramethyldisiloxane-
bis(benzocyclobutene) (BCB) and then 
react the BCB molecules to produce 
nanocomposites of BNNS in polymeric 
cross-linked BCB. The result is a dielectric 
with record properties including a Weibull 
breakdown strength of 403 MV/m and 
an energy density of 1.8 J/cm3 at 250 °C. 
Added bonuses include their being orders 
of magnitude less conductive than other 
polymers and their ability to tolerate bending.

 ● Further reading 
Q Li et al. 2015 Nature 523 576.

Predator vs prey: how pupil shapes help
Pupils in 
predator, left, 
and prey. 
(Image credits: 
S Pritchard, left, 
and Bonmoovo|
Dreamstime.
com.)

Venomous frogs

Many frogs are known to be poisonous, 
which is to say that they have noxious or toxic 
substances in their skin that afford them 
passive protection against predators, but they 
had not been known to inject venom in the way 
that many snakes and some reptiles do. Now, 
Edmund Brodie at Utah State University and 
colleagues have found the fi rst frogs that can 
actively deliver poison.

The creatures are two species of Brazilian 
tree frog that have spiny heads with which they 
can jab a target – using the venomous-frog 
version of a “head butt” – effectively injecting 
venom that for one is twice, and the other 25 
times, as lethal as that of deadly Bothrops 
pit vipers (also from Brazil). WIth these fi rst 
examples of venomous amphibians, the 
question now is how many more are there?

 ● Further reading 
C Jared et al. 2015 Current Biology 25 2166.

Brazil’s yellow-skinned tree frog, 
Corythomantis greeningi, has venom 
twice as toxic as a pit viper. (Image 
credit: Jared et al. 2015.)
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Astrowatch
C O M P I L E D  B Y  M A R C TÜ R L E R ,  I SDC A N D O B S E R V AT O R Y  O F  T H E  U N I V E R S I T Y  O F  G E N E V A ,  A N D CH IPP,  U N I V E R S I T Y  O F  Z U R I C H

A new study of more than 200,000 galaxies, 
from the ultraviolet to the far infrared, 
has provided the most comprehensive 
assessment of the energy output of the nearby 
universe. It confi rms that the radiation 
produced by stars in galaxies today is only 
about half what it was two thousand million 
years ago. This overall “fading” refl ects a 
decrease in the rate of star formation via the 
collapse of cool clouds of gas. It seems that 
the universe is running out of gas – in effect, 
getting out of breath – and slowly dying. 

It is well known to astronomers that 
the rate of star formation in the universe 
reached a peak around a redshift z = 2, when 
the universe was about 3 Gyr old. Over the 
subsequent 10 Gyr until now, the production 
of stars in galaxies has steadily decreased in 
a given co-moving volume of space – that is, 
a volume expanding at the same rate as the 
cosmic expansion of the universe, therefore 
keeping a constant matter content during the 
history of the universe. Because the most 
massive stars are also the most luminous ones 
and have the shortest lifetimes, the energy 
output of a galaxy is closely related to its 
star-formation rate. Indeed, some 100 million 
years after the formation of a star cluster, 
its brightest stars would have exploded as 
supernovas leaving only the lower-mass stars, 
which are much less luminous.

Although the fading trend of the 
universe has been known since the late 
1990s, measuring it accurately has been a 
challenge. Part of the diffi culty is to gather a 
representative sample of galaxies at different 
redshifts and to account properly for all 

biases. Another complication comes from 
the obscuration by dust in the galaxies, which 
absorbs ultraviolet and visible radiation and 
then re-emits this energy in the infrared. 
A way to overcome these diffi culties is to 
observe the same region of the sky at many 
different wavelengths to cover fully the 
energy output. This has now been achieved 
by a large international collaboration led by 
Simon Driver from the International Centre 
for Radio Astronomy Research (ICRAR), 
University of Western Australia. 

The study is part of the Galaxy and 
Mass Assembly (GAMA) project, the 
largest multi-wavelength survey ever put 

together. It used seven of the world’s most 
powerful telescopes to observe more 
than 200,000 galaxies, each measured at 
21 wavelengths from the ultraviolet at 0.1 μm 
to the far infrared at 500 μm. Driver and 
collaborators then used this unique data set 
to derive the spectral energy distribution of 
the individual galaxies, and the combined 
one for three different ranges of redshift 
up to z = 0.20. For the nearest galaxies, 
they obtain an average energy output of 
(1.5±0.3) × 1035 W produced on average by 
galaxies in a co-moving volume of a cubic 
megaparsec, which is equivalent to a cube 
with a side of about 3.3 million light-years. 
While this is for a redshift range between 
z = 0.02 and z = 0.08, corresponding to 
a mean look-back time of 0.75 Gyr, the 
team fi nds a signifi cantly higher value of 
(2.5±0.3) × 10 W35 for a look-back time of 
2.25 Gyr (0.14 < z < 0.20). This indicates a 
decrease by about 1035 W in 1.5 Gyr. This 
trend occurs across all wavelengths and 
corresponds roughly to a decrease by a factor 
two over the past two thousand million years.

The ongoing decay of energy production 
by stars in galaxies also follows the trend of 
active galactic nuclei and gamma-ray bursts, 
which were all more numerous and powerful 
several gigayears ago. The shining, glorious 
days of the universe are now long past; 
instead, it will continue to decline, sliding 
gently into old age, an age of quiescence.

 ● Further reading 
S P Driver et al. 2015 MNRAS submitted, 
arXiv:1508.02076.

Picture of the month

This new, colourful image by the Hubble Space 
Telescope shows the remarkable complexity and 
beauty of the Twin Jet Nebula. Like other planetary 
nebulas, the glowing and expanding shells of gas 
represent the fi nal stages of life for an old star of 
low-to-intermediate mass (CERN Courier Picture of the 
month July/August 2003 p13; April 2007 p10; March 
2012 p12). The particular bipolar outfl ow clearly visible 
in this image is thought to result from the presence 
of a white-dwarf star orbiting the dying star every 
100 years. By measuring the expansion of the nebula’s 
wings, astronomers have estimated its age to be only 
1200 years. (Image credit: ESA/Hubble & NASA; 
acknowledgement: Judy Schmidt.)

The universe is getting out of breath

Composite image of one of the more than 
200,000 galaxies of the GAMA survey, 
assembled from observations made at 
different wavelengths, from the ultraviolet to 
the infrared. (Image credit: ICRAR/GAMA 
and ESO.)
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