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unbuffered had enioyed in the Paleozoic. 
The rules of the changed again 65 mil- 

Life's Winners Kr --, Their lion years ago at the Cretaceous-Tertiary 
mass extinction. Once again, the unbuffered 

Poise in Tough ~ i m &  sufferedmore, but this time the buffered ani- 
mals diversified rapidly enough after the ex- 
tinction to quickly gain a 2:l edge in diver- 
sity; their continued dominance can be seen 

More than a century ago, paleontologists dis- dioxide into shallow waters, wiping out in the seas today. 
cerned three great waves of animals in the fmil 90% of all the animal species in theocean 

P 
The long ascendancy of unbuffered ani- 

record. First came the trilobites, the clamlike (Science, 1 December 1995, p. 1441). To mals in the ~ d ~ o i c ,  says D a d  ~ablonski 
staked Isachiopxb, and other "old lifen ofthe support that contention, they sorted ofthe Vniversity of Chicago, is "yet an- 2 
Paleozoic era; next was the "middle l i i  of the animals by their inferred sensitivity other validation of the idea that in- Z 

Mesozoic, including reptiles and marine am- to hlgh carbon dioxide levels. They cumbency is important." A species 
awmites; and last was the "new life" of the found that sensitive animals suf- 4 occupying a particular ecological 
Cenozoic, when mammals, clams, snails, ray- fered grwtly, while those more 

a 
niche may be no better adapted $ 

finned fish, and others rose to dominance. But tolerant of carbon dioxide suf- to it than a newcomer species, 
what caused these great tides in evolutionary fered far less. but the incumbent, which 
history, and what gave lateroqanims the edge Bambach and Knoll have already has a lock on the 
over their predewwrs? Now, a pair of paleon- now generalized this notion available resources, usu- 
tologists say they have identified a aait that of physiological sensitiv- ally wins out. "Paleozoic 
may have helped decide winners in the fight for ity to the past 550 million - diversity was stuck," says 
evolutionary dominance the ability to Mer years. Using a database o$ Bambach, with the unbuf- 
the bady fi.om environmental insults. all known marine genera '? ' 3 f e d  dominating the pre- At the annual meeting of the Ge~logical prepared by John Sepkoski sumably more capable M- 
Society of America last month in Salt Lake of the University of .Chi- ered animals, until the 
City, paleontologists Richard BQmbaGh ofthe cago, the team d ani- ~ ~ ~ ~ ~ ~ , " ~ ~ m  $%. Permo-Triassic extinction 
Vi in ia  Polytechnic Institute and Sme  Uni- mals according to whether broke down the system and 
versity in Blacksburg and Andrew Knoll of theyhavesomecont~olover allowed the buffered gen- 
Harvard University reported that a t  least in the flow ofgases and ions between their tissues era to proliferate into the emptied niches. 
the sea, what they call "buffered physiology" and seawater; that ability might determine an This newperspective on the history of life 
played a central role in determining evolu- animal's sensitivity ta envir0n~ei-d messes also elevates the Cretaceous-Tertiary ex- 
tionary winners and losers d w + e  past such as high carbon diaxide, low oxygen, toxiC tinction to &e status of a megaevent in the 
half-billion years. Orgamsmtbatcouid buffer d, or highacidity. For example, &ganistns oceans as well as on land. When gauged 
their internal 0qp-s from c:hanges'h ocean withclosed circulation systems, special gas- solely by the number of species lost, the 
chemistry were less likelpto be \Nipedmt and exchange o~g-ans like &Us, or b o k c h  as Permo-Triassic extinction towers over the 
more likely to rebound aftexa msss extinction most mollusks, worms, and && Cretaceous-Tertiary and three other mass 
than were their more sensitive neighbors, tended to be buffeted from the vagaries of sea- extinctions, at least among sea creatures. But 
these researchers found. "I think &$re onto water chemistry. But animals whose tissues the buffeted-unbuffeddWction makes the 
something," paleontologist David Bottjer of were chemically open to the sea, as most ' mansforming role of the Cretaceous-Tertiary 
the University of Southern C a l i  in Los sponges, sea urchins, colrals, brachi& and clear. "The two era-ending extinctionevents 
Angeles says of the team's work. "Why does the flowerlike crinoids, lacked this physi- are involved in altering thediversity of life 
the last 550 mil- ological advantage. in the oceans so completely that ecosys- 
lion years con- 
veniently break 
out into three 
long intervals! 
Maybe B a m k h  
and Knoll have 
the solution." 

If Bambach 
and Knoll have 
even the begin- 
nings of an exph- 
nation for the his- 
tory of life, it's be- 

f Plotted through t h e ,  tems had to reorganize the way they work," 
buffered and unbuf- says Bambach. 

fered animal genera be- ~aieonto1o~ist.s who heard Bambach de- 
c k e d  quite differently. scribe the work at the meeting are impressed. 
Early in the Paleozoic, "The physiological explanation h a very se- 
tke un&rfered c r e a m  ductive one," says Jablonski. "It's going to be 
quickly diversified to really worth digging into. My only hesitation 
about 750 genera, twice is that correlation is not n d l y  causa- 
as m y  as the buffered, tion. It may not be physiology that actually 
although Bambach can't determines the pattern," but some other trait 
say exactly why thii group that happens to accompany it. 
was the early winner. Af- Bambach and Knoll are open to the idea 
w 200 million years of that somethg eke may be the real caw of 

cause they had al- -- dominance by u n w e d  the pattern they see. l3dxich not? one can- 
d y  tried to ex- Permo-TrCassic extindon. animals, things changed didate: Buffeted animals are typically also more 
plain one brief at the Penno-Triassic ex- ecologicdy and anadomicaly plastic, capable 
chapter of it: the greatest of all the mass extinc- tinction. Both groups suffered greatly, but the of taking ug new modes of l i i  when given the 
tions, which ended the Paleozoic 250 million unbuffered organisms were hit harder, losing o p p o d t y .  "A ad will never have tmb ar 
years q.p between the Permian and Triassic 90% of WI~ genera versus 50% for the buff- &" a s h  puts it. He and W a r e  s d h g  ti 
periods (Science, 7 November, p. 1017). Thky ered. Thept, although both groups recovered, identify such traits, says Bambad~ 'This is the 
and their colleagues proposed that a the b u f f d ,  group overeook the un-red, beginning ofthe study, not the end." 
deep sea belched a massive sl& oftade efirbon e m d l y  atmining the level; of diversity the -Richard A. Kerr 
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