
ASTRONOMY 

Hubbub at a Cartwheel's Center 
These dramatic images from the Hubble 

TI' 
a 
3 

Space Telescope reveal what may be the r' 

aftermath of a head-on collision between n 

two galaxies. The collision has distorted 
D 

2 
the surviving galaxy into the shape of a 3 c 
wagon wheel-a shape familiar to as- LI 

tronomers, who named it the Cartwheel S 
Galaxy. But the detailed Hubble images 6 
also show a finer scale effect of the colli- i 

!. 
sion: massive balls of gas reeling like com- 0 

ets around the galaxy's center. These B 
whirling megacomets, described in the ? 
November Astronomical Journal, may ! 
help scientists better understand the I 

; 
2 

strange physics of galactic collisions. L 

The Cartwheel has two bright con- : 
centric rings connected by wispy spokes 2 
(left image). Scientists think such shapes e 
form when a smaller galaxy smashes into -: 
the center of a regular spiral galaxy. "It's interstellar sonic boom," and it leaves a wake. 
like a pebble thrown into a pond," says The comet tails are blue and the heads are5 
Curt Struck of Iowa State University, a bright white, which to Struck indicates that 
member of the imaging team. Compres- they might contain the missing young stars. 
sionwavesfanoutwardfromtheimpactpoint, of gas clouds that look like giant comets But at this point, such explanations are 
forming the rings of gas, dust, and stars, Struck (right image). Their "heads" are a few hun- only educated guesses, Struck says. He and his 
says. In this galaxy, the outer ring appears blue dred light-years across, and their tails are be- colleagues still have to analyze the spectral 
from the light of young stars, their formation tween 1000 and 5000 light-years long. The signatures of the megacomets to determine 
triggered by the turbulence. But the inner ring scientists think the structures might have exactly what ktnds of gas and dust they con- 
is puzzlingly yellow. In spite of the turmoil, it formed from blobs of gas splashed out of the tain, he says. Fran~ois Schweizer, an astrono- 
seems to contain few young stars. Now, says galaxy during the collision that are now falling mer at the Carnegie Institution of Washing- 
Struck, the Hubble image reveals where some back toward the center. The motion of each ton, agrees. "It's an interesting hypothesis," he 
of the missing stars might be hiding. blob through the inner ring creates shock says, "but there's more work to be done." 

Surrounding the yellow center is a ring waves, says Struck: "It's the equivalent of an -Gretchen Vogel 

ENVIRONMENT 

Green Grass, Cool Climate? Documenting long-term effects of the ex- 
tra nitrogen on Earth's carbon cycle hasn't 

Climate researchers and ecologists 2 been easy. Ecologists, says DeAngelis, tend 
suspect that nitrogen, pumped into the $ to work with "plants in a pot," which aren't 
environment from the burning of fos- 2 very good at replicating what happens in ac- 
sil fuels and the use of agricultural I-lz 3 tual ecosvstems. But a research team led bv 
chemicals, is a double-edges sword. It 
may be "fertilizing" ecosystems, caus- 
ing plants to sop up ever more carbon 
dioxide and slowing the atmospheric 
buildup of this greenhouse gas. But it 
also appears to favor the growth of 
weed ~ l a n t s  at the ex~ense-of native I 

- 2 ~ i l m a n  devised an experimental system fro& 
three once-abandoned fields, which they di- g vided up into 162 4-by-+meter plots. The 

ai researchers dosed the plots with varying 
f quantities of nitrogen fertilizer-plus lime so 

the nitrogen wouldn't acidify the soil-then 

species. NOW a new stuAy not only con- I I 
firms this harmful ecological effect but Natural w. Native prairies store more &n in soils 
suggests that it undermines any poten- than 
tial climate benefits. 

On page 1720, ecologists David Wedin 
of the University of Toronto and David 
Tilman of the University of Minnesota re- 
port that while, in the short term, nitrogen 
inputs spur growth, inducing plants to fix 
more carbon in their tissues, over the long 
term, added nitrogen indeed pushes the mix 
of plants toward fast-growing, invasive spe- 

do grasslands dominated by invasive species. 

cies that aren't efficient at fixing carbon in 
soils. The result: A grassland's biodiversity 
drops, and its overall ability to sequester 
carbon soon levels off. "This suggests that 
there are limits on how effective this added 
nitrogen is going to be at slowing carbon di- 
oxide buildup," says ecologist Don DeAngelis 
of the U.S. Geological Survey. 
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measuredchanges in both plants and soils. 
Over the past 15 years, the Tilman 

team-as well as Dutch and British groups 
studying heathlands-have published a 
number of studies that have sounded an 
alarm about the effects of widespread nitro- 
gen deposition on biodiversity. To convert 
sunlight and carbon dioxide into carbon- 
based plant matter, plants need nitrogen. But 
as the Tilman group demonstrated, adding 
lots of nitrogen caused a shift from native 
species-such as little and big bluestem 
grasses, which don't need much nitrogen to 



fix carbon-to plants that gobble a lot of 
nitrogen when storing carbon, especially 
quack grass, a weedy Eurasian import. 

In this latest studv. Wedin and Tilman , , 
have quantified how these changes in a 
erassland's resident s~ec ies  affect the carbon- - 
absorbing power not just of the plants them- 
selves, but the overall ecosystem. The  re- 
searchers collected soil, root, and plant 
samples and analyzed their elemental com- 
position. The  results confirmed their earlier 
findings that as weedier species took over the 
nitrogen-fed plots, they absorbed less carbon 
for a given nitrogen input. And when they 
looked belowground, they found that the 
weedier plots had stored less carbon in soils. 

The researchers explain that because their 
tissues contain more nitrogen, invading spe- 
cies decompose more quickly than do native 
plants and thus contribute less organic mat- 
ter-and less sequestered carbon-to soils. 
"Although the weedier species grow well with 
added nitrogen, they simply can't build the 
soil carbon the way the [native] prairie species 
could," says Wedin. "So, in the long term, the 
higher growth rates observed aboveground are 
not reflected in greater ecosystem storage." 

T h e  added nitroeen also had another ad- - 
verse environmental effect: As weedy spe- 
cies overran plots, the plots began to leak 
soluble forms of nitrogen, mainly nitrate, 
into soils. The  reason: Soil microbes con- 
vert nitrogen in dead plants into nitrate, 
and the high-nitrogen tissues of weedier 
plants cause the microbes to put out more 
nitrate. As Wedin points out, this nitrate 
can wind UD in aauifers and runoff and mav 
contribute to  harmful algal blooms and wa- 
ter-quality problems. 

Ecologist David Schimel of the National 
Center for Atmospheric Research in Boul- 
der, Colorado, says the study underscores that 
climate modelers need to take into account 
the shifts in species, and resulting changes in 
how much ecosystems store carbon, when 
modeling the impact of nitrogen on  global 
climate. "This is a very, very nice demonstra- 
tion of the tight coupling between species 
composition and a biogeochemical change," 
Schimel says. He adds that the shifts Tilman 
demonstrated are likely to take place in other 
ecosystems, such as forests, which are an even 
more important carbon sink than grasslands: 
"This process may be occurring over very 
large areas of the world." 

"On balance," says Schimel, this study 
suggests that "the addition of nitrogen to 
these systems is quite damaging" to bio- 
diversity and water quality. And the payoff 
in slowing global warming isn't what some 
have predicted either, Wedin says: "The eco- 
systems that do a good job of storing carbon 
are the very same ones we're losing because 
of the added nitrogen." 

-Jocelyn Kaiser 

Did a Plate Tectonic Surge Flood Earth? 
O n e  hundred million years ago, the oceans Pacific. By including newly recognized shifts 
ruled the planet. Sea level was perhaps 200 in ocean plate boundaries during the Creta- 
meters higher than today, flooding the world's ceous and using the most recent geologic 
coastal plains and pushing the seas into the time scale to set the pace of spreading, Heller 
hearts of the continents. What drove these and his colleaeues slice some ~rev ious  esti- 

u 

surging seas? One theory, proposed 5 years ago mates of the rate of Cretaceous sea-floor cre- 
by marine geophysicist Roger Larson of the ation by 40%, so that it was not much faster 
University of Rhode Island, suggests that a than today's 19 cubic kilometers per year. 
huee ~ l u m e  of nearlv molten rock beneath the Thev also auestion Larson's estimates of the - L 

Pacific Ocean raiskd the sea floor and so magkitudeAof the volcanic plateaus, some- 
pushed the waters onto the land (Science, 15 thing even Larson concedes is debatable. 
February 1991, p. 746). Larson's idea garnered What's more, Heller points out that there 
much attention and won some converts, in is a string of mechanisms unrelated to a 
part because he suggested that this deep- plume that could have changed sea level by 
seated convulsion also drove other unex- the amount he suspects it rose, perhaps 100 
plained Cretaceous events: a massive gush of to 200 meters. In particular, he notes that the 
volcanism, an overheated climate, and a sta- supercontinent Pangea began to break up 
bilization of the flip-flopping magnetic field. about 200 million years ago, when new 

But now, other geologists are throwing oceans-and new spreading ridges-formed. 
some cold water on  Larson's theorv. In a new The  hot. voune crust ~roduced  bv these new . ,  - 
analysis of the geologic record presented at ridges could have helped raise sea level, says 
October's meeting of the Geological Society Heller-without any effects from a plume. 
of America in Denver, 
Paul Heller and Charles 
Angevine of the Uni- AUSTRAL 

versity of Wyoming and 
Don L. Anderson of the 

\ + 4 I " /  
Callfornla Institute of Scl 4 Technology argue that 
the superplume, if it - 
existed at all, had only L2v v 

a modest effect on sea 1 4 4 idk -+F- 4 & 
level. Instead, they 
cite other, more super- 1)L 2 L  
ficlal forces, such as Earth s Core 
the plate motions in- Ocean rising? Larson theorized that a rising plume from deep within "Ived in the breakup the Earth spurred undersea volcanism, creating buoyant new oceanic 
of the supercontinent crust and raising Cretaceous sea level. 
Pangea. Other geophys- 
icists aeree that the sea level asvect of Lar- Other  researchers workine on  Pacific - 
son's scheme has grown weaker, but they aren't crustal generation take the middle ground. 
ready to give up on the superplume entirely. Heller's criticisms are "a bit heavy-handed," 

In Larson's view, as the plume neared the says plateau specialist William Sager of Texas 
surface, it speeded the volcanic creation of new A&M University, although he  agrees that 
ocean crust at midocean ridges, to the point the "early papers with high spreading rates 
that new Pacific crust was produced at twice are probably overestimates." Still, something 
the rate it is todav. The abundance of voune. unusual seems to have struck the Pacific in , -, 

warm, and therefore buoyant ocean crust the mid-Cretaceous, he says, whether it was a 
would have raised the sea floor bv as much as su~emlume or not. 
2.5 kilometers and pushed seawaier onto the 
continents, Larson concludes. And between 
ridges, the plume would have sent lava spewing 
onto the sea floor to form great volcanic pla- 
teaus, jacking up sea level even more. Mean- 
while, the carbon dioxide released in the volca- 
nism may have increased the greenhouse effect 
and warmed the climate, while the cooling 
effect of the plume on Earth's core temporarily 
stabilized the magnetic field. 

But Heller and colleagues find little sign 
of an increase in crustal spreading rates in the 

. . 
And Larson's theory still has the appeal of 

uniting many other aspects of global change, 
notes Tanya Atwater, a marine geologist at 
the University of California, Santa Barbara. 
His scenario "solves a lot of my problems," 
she says. Even if a superplume is not needed 
to explain sea level, she says, it might still 
explain the coincidence of a burst of volca- 
nic plateau formation, an abrupt reorganiza- 
tion of plate motions, and an overheated cli- 
mate. Still not bad for one volcanic burp. 

-Richard A. Kerr 
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