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argue that these effects are largehr associated
with large-scale topography: This supports the:
view thal eonservation A8 esament must con-
apder niod only comtermpoeary Buctors, hut also
hismorical and eealogical facoors, such as the
distribation of stable environments {whach
affects the extinction rate of specics with small
ranges) and the existence of geographical
harriers and steep environmental gra.dv'nl:s
{which generate the diversity]. The authors
alsnargue that the distribution of threatened
speries i deterrnaned by an interaction of ben-
Tosgeal and buvan factors, and that the human
factor hilpa to explain the lack of congraence

hemween hotspors defined by the mumber of

threatened species and those defined b the
astheer twomn eliversity metrics.

This Inck of Enngru.-ncn: highlights the

tentis eHiciencies that arise fram using a
xinglrnu:rncmd-hnuh:mwandnking
that to gude conservaton cfforts Mever-
theless, it is becomiing cear thar if resousces
are expended on endemic-gpoces hotapots,
thaey e Likely to o a long way in protecting
hoith species-richness and threatened-species
hatspets. The endemism botspots identiled
by Orme el al” {for example, the tropical
Andes, pictured] contained a preater propor
tion of species richness than did the species
richness hotspats, and a greater proportion
of threatened species than the threabened-
species hotspots, Areas with large numbers
of enderie specics nay also be of special
apgnaficance in seming conservarion prioritis,
heease they may be arcas of high past, and
potentially Futire, speciation”.

Allis nost dhesen and gloe for the hotspoes
principle, hewever, as congruence henwoen
difterent stadies using mm'pld..lv ditferent
miethadnlogics is invariably high®. All 10
thrcaterssd- hird- imﬁhohm identified by
Orine et . are on the Conservation Interna-
ol liszof hotspots”, which is lased on plant
enderie richiness and habirat loss”. And anly
rwa of Crme and eollesgued’ 20 endemie-
species hotspots are not on the list — ane
of these two, the Guvana Highlands af
narthern South America, # also a species-
richness hotspot that may warmnt birther
glnhal attention

Earfier this veas, Hoekstra ef al " added a
new dimension to the dehate over conserva-
tion. priorities. They ignored species, and
instead adepted a hahitat-based approach”
Thiy shem that the tengerate grassland and
Mediterranean bismes of the world ane thise
minst i need of urgent protection, and so
o:unn.r!thn.\:nll wisclom that canseria-
tion resounces should be concentrased in trop
ical habitats. Analyses of mxonomic groups
ather than hirds, and 8 marmage of species-
hased and habitar-hased approaches, should

goa long way to providing a robust vision of

edrdervation priaritics for the fumire,

The amount and quality of gholal data on
haadiversity is increasing mpidly, and there
will e a continued refinement of — posshly

cven eonsensus aboat — the location of bin-
dmeraty hotspos, However, the cost of conser-
vt action, which varss by several anders of
raggnitude fromm place o place’, (an essential
faetor migsing from this reh agenda. 1f
hatspeats research i¢ primarily an exercise in
the study of spatial patterns of hindivendty and
threats o biadirersity, cnsts are irrelevans, Bu
if its real purpase is o guide resource alloca
tim for conservation where time and maney
are gonstraings, we most urgently work to
inchde economic and secial factors. L
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COSMOLDGY

Original questions

Marzin Bojowald

The lack of a coherent quantum description of gravity has impeded our
understanding of the physics that determined how the Universe began,
A synthesis of recent ideas may take us a step farther back in time.

Amang the deepest, barderline-phi hical
<;\|usti¢gn1s in nwrvml*::m phvsics il;htr:‘::‘ the
origin and forrmation of the Universe. Farlier
aittespts b formulate an answer that takes into
accoint existing theories and observatons
lawe failed becase of ohaacles posed by
gravity Mulryne ef al’, writing in Pyt
Heview 1, provide a “loop quantum gravita-
tiemal' model that suecesshully merges current
ideas, and which may erable us to overcome
such ditficulties :

“The minst impartant feature tohear in mind
when considering the origin of the Universe is
the radiation that was released when the
Unimerse becanse transparent o light, the
socalled cosmic mecrvwave background.
Anigotropies in this radiation — slight varia-
liens in ils Lemperature according to the
directiom in which v lock at it — carry inder-
rmaticin on the distrabution of matter at thetime
of its redease. Throagh baclkaeard evohition of
thenretical madels of the Universe, we can
garrier an idea af what the initial seeds foeany
structure weohserve in the cosns migle have
been The currently fvvoared models ane infla-
tiomary modas, and postulate an aceelerated
expansion of the ardy Universe at the time
wheem thee initial sewdk were being sown.

The trouble with these 4 i% that they
require a state at which space i not just tiny,
bt has no size at all, and where the amoane of
energy seored becomes infinite — a sination
inpoasible to deal with in the classical thenry
om which they rely. Mathernatically, this is a
‘wingularity, where the main equations and
conceprs of 2 theoreties] framework hecoms:
inapplicable. Quite often, this state of zero sine.
is speculativedvidentified as the ‘initial’ gate ol
the Universe. Howeves, it is simply ill-defined

in the theory of peneral relativiey, which is our
current h«-nd-.mrqmnn o the nature of space
ard tirme,

Mlear a singularity, we reach the limits of
current theory, At extrermely sl sized and
high energies, quantum efeets ane expoctad 1o
b sagnificant, soa quantum theory af gravite
is needed. The required combination af

smeral relativity and guantum theory has so
iar resisted consistent formulation, We can,
IM\“[\‘T i"t"ﬂ'\'rﬂ b I'H"l\r' SO rmu'nmn;
candidate thenrics tr the earby Universe 'Ir\-n1'|
quantum gravine™ is one such theorys it can
deal with both strong gravity and a potentially
varishing space, ard can be appliod to cosmo-
logical situeations in 4 framesork kaown as
lowgr cueaantum eosmology”. The theory gives
rase bor characteristic effects, sich as the energy
im matter in quantized space behaving differ-
enly, om srmall scales, from bow it doesin clas-
sical formulations”. To seme degree, quantum
space can be con as analogous to a
crystal, which, through its atomic structure,
charges the propagation of light relatrve to that
thraugh a vacaum.

Oine charsetiristic consequienee of e fiz -
tures of hoopquantum eosmodagy isa repulaive
contrilution 1o the dassical, attractive force of
graviey: It is easy to imagine that this repulsion
could prevent the total collapse of the Universe
o rero sIme , OF even, when it is Lxrundmg,
accelerate that L“.:Enn.:inn" Cambined with
ideas of inflationary cosmodogy, the proposi-
tinn Fas the ingredicnts of a well-defined and
cbservatnnallyviable nondel Yt by stselfiesill
dhoes net explaan the arigin of the Unimerse.

O amempt 4t such an explanation i the

ent-Universe model ™. In the dhsence
of additsonal infermation an the matsal date of
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Figure 1| Out of the loop, A& emall Universe

riadly cycles through differcst adac, and
eveninslly seapes o oan inflaismary coa (line
ol 1o right}. Colowrs repressnt how often the
Universe reaches a.certain size, growing fram
befi to right; the pasiiion in the vertical direction
ks determibned by the ansoun of expansion

o Sraction.

a syaren, it b moost economical to sssme that
it waas the simplest possible: o a phasicist, this
mieans the mast haghly symmetrical. Such a
state would not have any struciure in space or
time, butwould he homogeneous and statc
an assumptien already considered by Einstein,
Classscal examples of such states, called Ein-
stein stati spaces, do exst, provided that space
ss curved and elosed.

Stanic solutions do ot evolve, and s are
eleary ill-swited a3 2 modd for the Universe.
Bt Iy introducing 2 perturhation to a satic
salenson, ome can slightly change itand therebsy
starta nm~imun:ﬁring|\ism'r!'. L_,'nﬁ'vrmnm:flu.
the classical sodution is unstable any distur
hance groses rapidhy, lemving littks of the initial
atare hehind. The insaght of Mulrnme and col-
Teagues' is that quantam cffects could supply
all the necessary ingredients where dlassical
sofutions do ot Within the framework of
Loy quantuin graviny, pepulaon also implics
static solutions ab avall size, bt these — in
eontrait to the clasacal case — are stable.

According tothe auhars modd, perturbing
such a state leads to small cveles of interchang
ing expansion and contraction. During this
process, matter will evolve showly, and the
cyeckess will gradually change theirbelhaviour. By
itsel, this perpetal recurrence and incremen-
ral ehangp sovms b lack the spark necessary for
so mneeritosan evertas thae hirth ofthe Uni-
verse. And indeed, Mulryme and eolleagues
)dmllf\'ncu. final thesretical ingredient that

s this spark: mediated through repulsive

F:‘ft'{., potential energy is gradually pushed
1nmh:m.md|ringi‘rsdrm'nrdmiﬂn. At the
poant when poental energy stams o dominate
kinetc encrgy, the mundane cveling is broken
Frya sudden, dramatic inflationarny exploson
— theemergent Universe {Fig. 1)

Mulryne and colleagues thus supply a
pramising, wdl-defined picture of hew the
Uniaverse with its complicated structure cold

Tave emerged from a simiple initial sate. Tt s
unlikehy that the existence of any new abser-
alile effects will be posulated soon on the
Frasis of this picture, although it does clarify
several eorcepmuial problems: the prssibaliny of
mem-singular behavieu, far example, and the
role of :ﬁs:d spaces. The basic effects inter-
preted as repulsion have been known as math
ematical ennstructs for some time. Tt it is
only when incorporated into r.n:mnlr\gl:ﬂ
madels such as these, and mndels governing
the phiysacs of black holes, that we see how
arnpartant quanmum-gravitational effects can
vz, e b natusally they can Gl in the gaps
in o bnevaledige

Warke such as that of Mulryne ef al ' gives
strong suppart to general ideas of quantum
gravity, although various medels and effects
mrwst still be better justitied and tied in more
clasely w a full theary. The virtue of cosma
loygcal anwestigations lies not onby i their

heinga supplier of basic deas, btalso in their
guiding of developments and showing where,
in s eomiples  theney 28 quantum graviog,
o should |oak for intencsting effecrs. ]
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10r Graviiatiens physik {Alber -Erstee-lestizut),
A Mihlenkerg 1, D447 Golm, Genmarg.
a-mail mabomanimpg.de

V\.i'ﬂ«“.:\l. Ia;i.r!.l- 'h‘a'lhﬁl.ls\'_l-l?.
s B DT 12 il
Sv~—'lllh 4"“"?‘!" Seopl, W48, 175
EL
\}ndfrni-mrvltudl v Qoo 24
RE3-RIS3C00M
Powdl, amm.:q-cr,..imp.u.. Frvas, 041
Bryovakd, BA in 200 Faors o Adaiety {oad Achinka A
ek Scienbfic, Sngapone, i the presal peeprici ot

Trarvare, T e Qi o 1, RA-314 0590
L1868, 00004,

o
"=

Elits 3 F.RL & Adbsrsars, R, o Quonamiien: 21,
TR0,
i Rebohon, E Axbon Asimpfys, 363, 1453 (30000

ATMOSPHERIC CHEMISTRY

Natural bleach under scrutiny
Fatrick Jackel and Carl A, M, Brenninkmeijer
Cosmic rays produce carbon-14, which enters Earth's carbon cycle after

being axidized. It is of great service to

chemists in providing

away of tracking the degree to which the atmosphere keeps itself clean,

As Martin _‘-Innninu_mdcullmguusruptrum
page 1001 al this issue', ﬁn@slntluaﬂvnm‘l
of bnydroayl (GH] radicals in Earthis atmins
ph..n. can be tran:l..-d by anahysing 6
series measuremients of lumnlll' r!rrdlwd
carhon monoide containing radincarhon
[MCO). This is no mean feat and is of con-
sideralile significance — OH s the cheef
aviddant in Farthis atmasplene, and as such
acts a8 a natural Bleaching agent. Atemospheric
chemasts have been struggling bo edimale
how much OH there i, and lfum‘ maich it
varics in comcenlration in space and time:
Manningandcolleagues’ approach constitutes.
a g step forward

The self-cleansing capacity of Earthis atmos-
phiere is remarkable, Bvery vear, moughly
halt-a-hillson tannes of methane (CH,) and
2.5 hillion tonnes of OO are remsoved from
the trogoaphere by chemieal resetion. [ The
troposphere is the lowermost laver of the
armasphere; it is the site of the machinery tha
erentes weather, and extends 10-15 km above
Farth’s surtace. ) This miracle of self-cleansing,
aceurs even though CH,, OO and several
ather reduicod gases do not reactar any signifi-
cant rate with the atrmospherds major axidant,
molecnlar oxygen (0], o the rarer bt more
powerful aeone (2.

The true cavise was not discovesed unnl
1971, when it was recognized that even in
remede regaons, far away {rom photochemical

active atmospheric chemistry ocours
l hee Lneakdeen af © by ultravialer sunl)sh‘l
nces excited oErgEn radicals Some re
trormn o b, Bt others retain enough energy
o split water molecules and create OH radi
cals, Theseare stable but haghly reactive, and
constinte the tropospheres hleaching agent.
Thanks to OH, the Lifetime of CH, (a grecn-
Tz as) i bt bedon ten years, wheneas on
averagea OO modecule perishes ina nearter of
miemths in Lthe neaction OO+ OH 00, = H.
[t s this last reaction, |:umeg"{‘C} that
Manning ef ol have exploated 1o egimate
beveds of OH. The lifetime of OH is meretyone
second, making direct measurements techni
cally demanding. Tts extreme resctivity not
anly implies kew abundances, at an average
level of 1 milbon radicals per cm® (belosw
part-per-trillbon levels), but also great vari-
ahility m its eoncentration — from naght
1o day, from cloudy doy o clear sky, from
summer o winter, arxl depending om lnade
Bun "0, which ariginates from " pra-
duced by csmic ravs (Fig 1), is an excellent
nammlTran:rMrtnwkingO'l'l.'l'hTrincirirnr
this indisect appreach was first sutlined by
Bernard Wenstock™ when theoxidative capsc-
ity of the atmyoepliene falls, wrth fewer OH radi-
cald present, OO levels can rise becaiise the
rame aif rerwval eif MO0 — via asidaon by OH
e M0, — i boweer. Rates of production and
destruction are asumed 0 be in equalibrivm.
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