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mind, and on the other hand he is a man of 
action," says Andrei Sher, a Pleistocene ex- 
pert at the S e v m  Institute of Ecology and 
Evolution in Moscav. 

Zimov also won important allies in the 
Sakba government. Aware that Sakha could 
neither rely on subsidies from Moscow nor 
revenue h m  its abundaut but had-- 
nonrenewable resources--gold, diamonds, 
oil, and natural gas-&kb President Mikbail 

Nikolaev has emlrracsd wildlife stewardship 
as a potential source of meat for the local pop 
ulation and, perhaps, tourist dollars. Although 
i t m a y b e ~ c u l t ~ d l y f o r R u s s i a n s - -  
let alone f0reigtws-b get to Cherskh, Zi- 
mov @cts that a d v e  tourists could 
bo0Sttheregion'sfortlmes.'?hopethedensi- 
tyofanimalsinthepatkin2Oyearswillbe 
thesameasintheSmmgeti,''hesays. 

Even if Z i m  doesn't manage to create 

a Siberian Serengeti, the grand ecosystem 
experiment he is embarking on is likely to 
keep research busy f ~ r  decades to come. 
"Scientists are tired of discussing the 
greenhouse effect," Zimov says with a 
twinkle in his eye. "Now, maybe it will be 
interesting for them to discuss ecosystem 
remmtruction." Sher certainly thinks so: "I 
am looking forward to the start of this 
great enterprise." -RKHARDSTONE - 

Soon, however, astronomers may tlnd 

Iridium that h~d t -0~~1  wmichwakhorse and ~ther  important 
lrpectral lines much harder to ride. Celestial 

Squeeze on the Spectrum signals at a growing number of -t 
points along the radio spectrum are being - - 

A fleet of 66 satellites that will transmit near an important frequency for studies blocked from Earth-bound telescopes by a 

of the cosmos is the latest example of cornmetrial assaults on the radio spectrum blanket of electromagnetic smog laid down 
. $ ,  by communications satellites. This fall, that 

-. ,.. . bianket will grow thicker when the mobile 
Astronomer Hmld Weaver was sound asleep lar nurseries and those ejected by dymg red phone company Iridium LLC turns on a 
when the phone rang one night in 1%3. On giant stars. Hydroxyl masers are also one of $5 billion, globe-gmUmg fleet of 66 satel- 
the other end of the line was a colleague the field's few reliable cosmic yadst~cks.. By lites to serve customers who never want to be 
warning him about strange readings from measu&g the time delay of the maser's signal wt oftoudL And Iridium isn't the only thw 
the University of CaHbmia's d o  telescope between a red star's far and near sides, re- to parts of the radio specmm that astron- 
in Hat Creek, whose sensitive antennae omem once had mostly to themselves. Within 
tracked the natural radio whqers pro- 
duced by galactic gas clouds. "He 
thought something was terribly wrong,'' 
the 8 1 -year-old professor emeritus 
recentlydedfiwnhiso~ceontbie 
Berkeley campus. But the equipment 1 
was working fine: 
The unexpectedly 
strong emissions 

a fkv years, i t  least i00 other communica- 
tions are due to be launched, and 

one firm has designed a flotil- 
la of signal-relaying aidllps. 

. Some of these new platforms 1 win inta%ere with stellar sig- 
nals unless government ofi- 3 
cialsiettervene,observerssay. 2 

"The demand for radio 1 
P ~ ~ i s g r a w i n g e x p l o -  

sively, and the spectrum is 
maser, an intense 

C 
getting crow&d,'' says Paul 

blast of lased&?, or- Fddmim, a telecommunica- 
ganizedradiDmves tions lawyer with Fletcher, 
unleashed by mob N d  & Hildreth in Rosslyn, 
ecules excited by Virginia. "Increhsingly, the 
c o s n i c ~ o n .  question is whether radio as- 

Today, Weaver's tronomers can keep their 
maser-a signal windows of discovery clear 
produced by nega- of interference from neigh- 
tively charged hy- boring users." 
droxyl ions com- 
posed of hydrogen The sound of - 

Mu,,alhydrcgm ~ethand watsr Astronomers are 
most important bea- 1 4 2 0 ~  1 0 ~ l - k  2 2 ~ ~ 2  I I wlnerablebystand- 
cons. The unumdly 1013 HZ Hz ers inthe communi- 
bold specaal line it cations revolution 
produces at 16 12 wnq(. Iridium ('ght) pduce  may emissions that 'lock b u s e  they maser signals tracked by radio telescopes, such as the dish in M b o ,  Pwrto Rico ( r o w  left). The signals ate some of the w, help ashmmem understand the &as shells that surround dying (above). on the radio spec- most sensitive pas- 
trum(see~c)hasledastroMnnerstonew searcherscanestitllatethestar'sdiameterand siveradioreceiversonEarth.M~radio 
insights into how stars form and die. In partic- hence its distance fbm Earth. 'The hydroxyl telescopes can detect distant energy emis- 
ular, the. maser's fluctuating intensity allows line is a real wxkhom that has allowed some sions of less than a trillionth of a watt, sig- 
astronomers to estimate the temperature, spectacular studies,'' says astronomer James nals equivalent to the energy ripple generat- 
composition, and other attniutes of galactic Cohen of the -eld Radio Lab- ed by a falling mowfbke. As a result, some 
gas clouds, includmg those that serve as stel- W e s  at Jodrell Bank, astronomy dishes are notoriously suscepti- 
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ble to interference, especially from signals 
traveling from space to Earth. Indeed, as- 
tronomers have estimated that a single 
cellular phone transmitting from the sur- 
face of the moon would be perceived on 
Earth as one of the strongest radio signals 
in the universe. 

To shield their sensors from unwanted 
signals, astronomers have waged a 40-year 
campaign to secure proper access to impor- 
tant frequencies (Science, 8 December 1995, 
p. 1564). There have been some successes. 
In 1992, for instance, the International 
Telecommunication Union (ITU), the United 
Nations body that allocates the spectrum to 
different users, awarded radio astronomers 
primary rights to a chunk of the spectrum 
around the coveted 1612 hydroxyl band, 
from 1610 to 1613.8 MHz. In a footnote, the 
ITU said astronomers would be protected 
from a specified level of "harmful" interfer- 
ence fiom mobile satellite services. 

That policy was quickly put to the test 
when Iridium won the right to transmit mes- 
sages from space to Earth in an adjacent 
band, from 1616 to 1626.5 MHz. Despite 
early assurances that the downlink signals 
would stay clear of the hydroxyl frequency, 
engineers with Iridium's parent company, 
Motorola, soon admitted that radio emis- 
sions would stray into the hydroxyl band at 
levels that would swamp signals from the 
cosmos. The news stunned those who had 
fought for the protective ITU footnote. 

The community tried initially to con- 
vince Motorola to fix the problem before 
the satellite system was launched, arguing 
that the footnote required it to mwe to an- 
other part of the spectrum or redesign the 
system, an expensive undertaking. But com- 
pany officials asserted that it was only re- - .  

quired to share the sky with the world's 
dozen major radio observatories. Because 
those telescopes spend only a portion of 
their time studying the hydroxyl line, the 
company said, the problem could be solved 
by providing researchers with a few unob- 
structed hours each day. "Did we agree with 
the radio astronomers' interpretation of that 
footnote? No, because you can't be that 
rigid," says Iridium's Jack Wengryniuk, one 
of the company's lead negotiators. 

Then the astronomers tried another tack, 
winning governmental promises to reject li- 
censing of Iridium unless it made an effort 
to protect domestic radio observatories. In 
the United States, this leverage led to a 1994 
time-sharing agreement between Iridium 
and the Charlottesville, Virginia-based Na- 
tional Radio Astronomy Observatory 
(NRAO), which is funded by the National 
Science Foundation. The pact required Iridi- 

g um to provide four observing hours each 
g night-when phone chatter dies down-to 

the single-dish observatory in Green Bank, 

West Virginia. Two other multidish arrays, 
which are less sensitive to Iridium's signals, 
won less stringent relief. To the disappoint- 
ment of astronomers outside the United 
States, the limited NRAO pact became a 
model for later agreements. 

Even so, it took four more years of nego- 
tiations for Iridium to work out a similar 
agreement with the National Astronomy and 
Ionosphere Center (NAIC), which runs the 
world's largest single-dish telescope in 
Arecibo, Puerto Rico. The pact, signed this 
past March, provided Arecibo with 8 hours 
a night of observing time, plus up to 20 
hours of daylight telescope "passes" to ob- 
serve special objects such as comets. Even 
that agreement has its limitations, however. 
"It is an annoying solution because it impos- 
es a straitjacket on our schedule," says Mike 
Davis, Arecibo's project manager. 

In Europe, astronomers unhap~ with the 
restrictions imposed by the U.S. agreements 
took a different approach. Under the banner 
of the European Science Foundation, astrono- 
mers from across the continent signed a pact 
in August that puts off difficult time-sharing 
decisions for a year, an interval when Iridium 
traffic is expected to be light. The U.S. time 
restrictions "are unacceptable to us: We are 
not willing to give up daytime observations," 
says Peter Spoelstra, an astronomer at West- 
erbork Observatory in the Netherlands. 

The Europeans, however, did extract a 
promise fiom Iridium to eliminate the inter- 
ference problem before launching its next 
generation of satellites in 2006. But some 
astronomers doubt the company can meet 
the technical challenges, even by that dead- 
line, because Iridium's need for light and in- 
expensive satellites limits the use of heavy 
filters and rules out some possible solutions. 
Iridium's Wengryniuk concedes that the pact 
is "a pretty complicated arrangement that is 
going to take a lot of work on both sides." 

The U.S. and European agreements exert- 
ed a strong influence on negotiations with In- 
dia, which operates the Giant Meterwave Ra- 
dio Telescope near h e .  "First the American 
astronomers compromised and the Europeans 
followed, so we had to soften our stand," says 
astronomer Gwind Swarup, explaining why 
his National Center for Radio Astronomy 
agreed in August to a compromise that pro- 
vides his observatory with six clear hours a 
night and requires Iridium to pay for filters 
that remove some of the interference. Swarup 
also wonders if Iridium can meet the 2006 
deadline, and he warns that future battles are 
possible. 'There is no silver bullet," he says. 
"If they don't respect the agreement, we will 
approach the government to cancel their 
[bnmhsthg] license.'' 

The brutal truth 
Wireless industry analysts say that such a 
threat lacks credibility in the United States. 
The Federal Communications Commission is 
likely "to ignore the protests of radio as- 
tronomers and side with the communications 
ptwidef' if Iridium fails to uphold its agree- 
ments, says Lany Swasey of Allied Business 
Intelligence in Oyster Bay, New York And as- 
tronomers should not exwct to win over the 
many companies lining up to launch new 
wireless svstems. he adds: "The brutal truth is 
that most bf these companies have given little 
thought to what effect their services will have 
on astronomy." Astronomers are most con- 
cerned about a proposal to use bandwidths 
near an important neutral hydrogen line at 
1.4 gigahertz (GHz), as well as a malhction- 
ing television satellite that is interfering with 
a methanol lime at about 10 GHz. 

The next step for astronomers is an ITU 
allocation conference set for May 2000 in 
Geneva. The goal is to expand existing allo- 
cations where possible and to stake out new 
claims to key spectrum bands above 75 GHz. 
That bandwidth has been virtually vacant 
except for radio astronomers exploiting 
newly discovered spectral lines, such as one 
produced by celestial methanol molecules. 
The conference "may be the last where cor- 
rections may be made," predicts Willem 
Baans of Westerbork Observatory. 

Other researchers, however, are preparing 
for the worst. "There is no way we can fight 
off the commercial interests and protect all 
[the bands]," says NRAO's Barry Turner. The 
result, he predicts, will be "a lot more glum 
radio astronomers." On the bright side, says 
Weaver, the hydroxyl line's discoverer, 
there's at least one region that no company 
has yet to exploit-the moon's dark side, 
which is sheltered from Earth's electromag- 
netic smog. "Last time I looked," says 
Weaver, "the quiet side was still there, wait- 
ing for us." -DAVID MALAKOFF 
With reporting from Pallava Bagla in New Delhi. 
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