
that this is a simple, acceptable, non-mysteri-
ous explanation for dark energy. I disagree. In 
my opinion, a cosmological constant qualifies 
as a mystery in the non-theological sense of the 
word8: “something not understood or beyond 
understanding.”

Einstein’s cosmological constant Λ is the 
simplest explanation for dark energy: it ade-
quately fits the data, and there is no reason to 
exclude it. But the magnitude of Λ necessary to 
explain the observations places it far “beyond 
[our] understanding”.

If the cosmological constant is the expla-
nation for dark energy, Λ must be about 
(1028 cm)−2. The length 1028 cm is absurdly 
large, and cannot at present be related to any 
other known or expected length scale in nature. 
Attempts to explain this new length scale fail by 
many, many orders of magnitude.

We must demand more of cosmology than 
just piling on components or constants to a 
model to reproduce observations. Otherwise, 
we would still happily be adding epicycles to 
the Ptolemaic model of planetary motion. Cos-
mological models, along with their constants 

and components, must be grounded in laws of 
nature that we understand. The magnitude of 
the cosmological constant cannot presently be 
explained by any physics we know. Until it is, 
it is a mystery.

Recalling the warning of astrophysicist Tommy 
Gold (personal communication), “for every  
complicated physical phenomenon there is a 
simple, wrong explanation”, it would be a mistake 
to be satisfied with the cosmological constant  
just because it is a simple explanation.� ■
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Protected areas set aside from major human 
activities and managed for biodiversity are 
the foundation of modern conservation. Until 
now, no conservationist would have consid-
ered trading them in. Yet trading-in and trad-
ing-up is exactly what Fuller and colleagues 
recommend for Australia’s protected areas, as 
described on page 365 of this issue1. 

Fuller et al. estimate that, by selling off 70 
of Australia’s nearly 7,000 protected areas, 
the government could raise Aus$20.6 bil-
lion (US$17.4 billion), which could then be 
reinvested to achieve far more conservation 
elsewhere (Fig. 1). The idea is to sell off those 
protected areas that yield the lowest conser-
vation value per assessed land value, and then 
reinvest the funds in lands that generate the 
highest conservation value per dollar spent. 
If these transactions were actually completed, 
the authors conclude, Australia could achieve 
a tenfold increase in the total area under con-
servation protection and a threefold increase 
in the diversity of vegetation types under pro-
tection. Real-world application of a return-on-
investment analysis might be the best thing that 
could happen to conservation in Australia and, 
by extrapolation, elsewhere in the world.

Historically, the establishment of protected 

areas has been anything but analytical or effi-
cient. Before conservation emerged as a science, 
protected areas tended to be located to satisfy 
the tourist industry or the wishes of a wealthy 
few, or for convenience. They were often also 
sited so as to become bargaining chips between 
large corporate landowners and national gov-
ernments; rarely were conservation goals a fac-
tor2. One of the greatest contributions of the 
new field of conservation science has been to 
replace ad hoc establishment of protected areas 
with networks of nature reserves that are sited 
using computer-based planning tools3. It has 
now become clear that the use of data, quanti-
fiable objectives and spatial-optimization pro-
grammes provides an opportunity to protect 
much more nature at far less public expense4. 

However, the idea of applying a return-
on-investment approach to the design of 
protected-areas networks has yet to gain full 
traction in the messy world of non-govern-
mental organizations involved in conserva-
tion, or that of national governments. When 
protected areas are established, it is usually 
because a conservation group has lobbied 
for the budget allocation to make it happen. 
There is no need for economic analysis in 
such a case, because the problem of getting 

CONSERVATION SCIENCE

Trade-in to trade-up 
Peter Kareiva

Nature reserves and protected areas enjoy sacred status in conservation 
— which translates into a ‘do not touch’ attitude. But selling off some of the 
less worthy of them would pay conservation dividends.

enough money is seen as a lobbying effort, 
and when money or land becomes available, 
opportunity is what counts more than any 
return-on-investment assessment. The possi-
bility of selling existing protected areas totally 
changes the nature of the discussion because 
there is no need to lobby for an opportunity 
for new protected areas — the opportu-
nity exists by virtue of the funds generated  
from selling low-return nature reserves. 

Doubtless, the very thought of such a ‘trade-
in and trade-up’ scheme for enhancing the 
efficiency of conservation will cause many  
conservationists to shudder. The idea that a 
protected area might not be secured in per
petuity will be unsettling, as such a precedent 
may make it too easy for governments to revoke 
systems of protected areas in times of economic 
stress. Also, those 70 protected areas in Australia 
— the bottom 1% — tend to be in locations  
where land prices are high, which often means 
that they are near urban centres. Protected 
areas near high densities of human populations 
may not yield a high conservation return per 
dollar cost, but their public accessibility and 
visibility could be essential to maintaining  
public support for conservation. 

Nature reserves and protected areas enjoy 
sacred status in conservation, which trans-
lates into a ‘do not touch’ attitude. Selling off 
inefficient protected areas for conservation 
cash opens the door to an entirely different, 
and perhaps more fruitful, approach to nature 
conservation. When protected areas are rigid, 
in perpetuity and established almost without 
regard to cost–benefit analyses, they essentially 
become monuments to one special-interest 
group — conservationists. 

However, if protected areas were subject to 
the same cost–benefit analyses as any public-
works project, they might win broader public 
support. In addition, for a world experiencing 
climate change with the attendant shifts in 
biomes and species, a dynamic approach 
that encourages continuously rethinking the 
management status of lands and waters may 
be essential to maintain any sort of function-
ing system of protected areas. What good is a 
floodplain reserve if a river changes its course, 
or a coastal sand-dune protected area that ends 
up being submerged by the rising sea? Con-
servation planning and priority setting need to 
evolve if they are to deal with today’s economic 
realities and the rapidly changing world.

To date, return-on-investment analyses in 
conservation have focused on land prices and 
management costs, with biodiversity repre-
senting the ‘return’5. But protected areas also 
provide substantial economic payouts in the 
form of water supply, recreation, water quality 
and climate regulation. Now that conserva-
tion scientists have clarified the importance 
of efficiency in spending limited conservation 
dollars, it is a small step to also factor in the 
economic benefits of protected areas. 

To some, nature is sacred, and costing-out 
its value demeans and makes venal what is 
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50 YEARS AGO
Very few microbiologists  
would dispute that bacterial 
taxonomy is in a very  
confused state ... As if this 
were not enough, there 
has been added to it a 
cavalier indifference to the 
internationally accepted 
conventions for nomenclature 
on the part of bacteriologists 
themselves and an almost 
complete absence of type 
cultures ... For historical reasons 
the taxonomy of bacteria 
especially has been carried on 
as isolated fragments of other 
disciplines such as medicine or 
dairying, with the result that the 
same micro-organism has been 
known by a different name in 
each field, and not infrequently 
their identity has never been 
realized. Many taxonomic 
schemes have been devised  
but have been only cherished  
by their authors, while others 
such as Bergey’s scheme have 
been tolerated with much 
vexation and disappointment  
for want of something better. 
From Nature 16 July 1960.

100 YEARS AGO
Mr. H. O. Barnard states, as the 
result of personal observation, 
that the alleged partiality of 
cobras for music is a myth. “The 
sole effect, so far as I could see, 
was to arouse their curiosity, 
as they would project their 
heads out of their holes equally 
well for any kind of noise, from 
the shrill piping affected by 
snake-charmers down to the 
tinkling noise made by dragging 
a chain past their dwelling, or 
even that made by light and 
repeated tappings with a  
switch close to their holes.  
It would appear, however,  
that the tone must be high,  
as grave sounds, such as 
tom-tom beating or deep notes 
from a flute, had no effect upon 
them.” Mr. Barnard likewise 
confirms the observations, 
made in the London Zoological 
Gardens, as to the absence of 
a “fascinating” influence of 
serpents on birds.
From Nature 14 July 1910.

inspiring and in many regards priceless6. But 
as long as public money is spent on protected 
areas and conservation, return-on-investment 
analyses, including the economic returns, may 
be the greatest hope for conservation in an  
economically stressed world7.� ■

Peter Kareiva is at The Nature Conservancy,  
4245 North Fairfax Drive, Arlington,  
Virginia 22003, USA. 
e-mail: pkareiva@tnc.org 

Figure 1 | Acacia harpophylla — in need of protection. This vegetation type is down to less than 15% of 
its original extent, and is an example of habitat that would benefit from the scheme of Fuller et al.1.

The flow of electric current through a metal-
lic wire is inevitably degraded by the wire’s 
resistance. At low temperatures, the resistiv-
ity of a metal is dominated by the scattering 
of electrons off impurities and imperfections 
in the metal’s crystal lattice. When an electron 
collides with an impurity (Fig. 1a), it scatters 
in a random direction, and this process dimin-
ishes its contribution to the overall current. 
Backscattering processes, in which a collision 
causes the electron to make a U-turn, are espe-
cially effective in degrading the current flow. A 
remarkable property of the recently discovered 
‘helical metals’ (also known as metallic surface 
states), which form on the surfaces of special 
insulators known as topological insulators1–3, is 

that backscattering is strictly prohibited. This 
prohibition leads to a host of novel physical 
phenomena (such as a much reduced resistiv-
ity) that have been predicted theoretically but 
thus far largely unexplored experimentally. On 
page 343 of this issue, Yazdani and colleagues4 
put some of these theoretical ideas to the test 
by measuring the ability of electrons on the 
surface of elemental antimony to penetrate 
barriers formed by naturally occurring crys-
tal steps.

The main feature that makes electron behav-
iour in helical metals special is the relation 
between the electron’s spin and its momentum. 
In an ordinary metal, which can be thought 
of as a sea of free, non-interacting electrons, 

SOLID-STATE PHYSICS

U-turns strictly prohibited
Marcel Franz

According to theory, electrons on the surface of a topological insulator 
are not allowed to make U-turns. This notion, and some of its main 
consequences, have now been tested experimentally.
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