
mented by CRY1. CRY2 is not required to 
promote early flowering under continuous 
blue light, perhaps because cryptochrome 1 
(CRYl) promotes flowering under these 
conditions. In agreement with this, muta- 
tions called elongated hypocotyl 4 (hy4), 
which affect the CRYl protein (12) ,  delay 
flowering in response to blue light or under 
short photoperiods ( 1  3 ) .  However, hy4 mu- 
tations seem to have little effect on flower- 
ing time under long photoperiods of white 
light. Perhaps therefore CRY2 promotes 
flowering under constant white light and 
long photoperiods, but under constant blue 
light CRY 1 is required for early flowering. A 
division in function between CRYl and 
CRY2 has been shown in development of 
the seedling, in which CRY 1 mediates high- 
intensity blue-light responses and CRY2 
mediates low-light responses ( 1  0). 

The promotion of flowering in response 
to long days requires a timekeeping mecha- 
nism that enables plants to measure day 
length. An endogenous circadian clock is 
thought to provide the timekeeper in the 
photoperiodic control of flowering time ( 2 ) .  

In Arabidopsis the circadian clock shows a 
shorter period under light than darkness, 
and phytochrome as well as a blue-light re- 
ceptor were demonstrated to mediate this 
effect (14) .  Conceivably CRY2 may act as a 
blue-light receptor that signals to the clock, 
enabling long and short days to be distin- 
guished. A link between blue light, the cir- 
cadian clock, and the photoperiodic control 
of flowering was previously suggested by the 
early flowering 3 (elf3) mutation (15) .  This 
caused photoperiod-insensitive early flower- 
ing, disrupted clock function under con- 
tinuous light, and led to hypocotyl elonga- 
tion under blue light. The effect of cry2 on 
clock function and of elf3 on the cry2 phe- 
notype can now be tested. 

Isolation of the genes affected by the 
other flowering-time mutations in the same 
class as CRY2 should provide biochemical 
functions for other members of the pathway. 
Perhaps these will also help with the chal- 
lenges of determining how the activity of 
the pathway is regulated by day length and 
in which tissues of the plant the different 
components of the pathway act. 

After the End: 
Recovery from Extinction 

Douglas H. Erwin 

Shiva, the destroyer in the Hindu pan- 
theon of gods, could be the patron of pale- 
ontologists as they scrutinize the intricacies 
of past biodiversity crises. Yet Shiva's dance 
of destruction clears the way for rebirth and 
renewal: it is this creative side of Shiva to 
which paleontologists recently have ap- 
pealed as they investigate the recovery pro- 
cesses that follow mass extinctions. One 
particularly abrupt mass extinction, at the 
end of the Cretaceous period, provides a 
clean starting point for examining recovery 
patterns. An  influential study of this period 
from the Texas Gulf Coast ( 1 )  revealed a 
pattern that has become the paradigm of re- 
covery ( 2 ) :  A zone barren of fossils immedi- 
atelv above the extinction horizon is over- 
lain in the more recent strata by a species- 
poor assemblage of surviving taxa, usually 
able to survive broad environmental condi- 
tions, and opportunistic blooms of some spe- 
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cies, presumably taking advantage of empty 
ecological niches. This survival interval is 
succeeded by the diversification of new spe- 
cies and eventual rebuildinn of communities. 

But the generality of t 6 s  model is called 
into question with the report on page 1327 of 
this issue of the first comparison of recovery 
patterns in several different biogeographic 
provinces ( 3 ) .  Jablonski has extended his 
previous studies of Late Cretaceous bivalves 
and gastropods through the mass extinction 
and into the first 10 million years of the Pale- 
ocene. In this detailed comparison of the re- 
covery process in the U.S. Gulf Coast, north- 
em Europe, northern Africa, and Pakistan- 
northern India, there is no evidence of op- 
 ort tun is tic blooms outside of the U.S. Gulf 
Coast. The paradigm may not be so paradig- 
matic: It seems that the biogeographic com- 
plexities of the recovery process can over- 
whelm efforts to develo~ a general model. 

Paleontologists have usually examined 
changing patterns of biotic diversity in one 
of two ways-as synoptic global compendia 
or as local investigations of a single section. 
Detailed comparisons of different regional di- 
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versitv Dat tek have been uncommon in 
rocks bier than 2 million years. This missing 
biogeographic component to recovery studies 
is particularly troubling, for the comparative 
analysis of recoveries is quite likely to yield 
ecologically and evolutionarily meaningful 
results. Distinct biogeographic regions are 
commonlv semi-autonomous actors in the 
evolutionary play, and thus the "reality" of 
insights from global compendia has long 
been in doubt. Global compendia provide 
greater taxonomic scope than local studies, 
but they sacrifice ecological acuity and may 
average very different signals: Cretaceous 
oysters in Pakistan simply don't interact with 
carditid bivalves in Alabama. At the same 
time, the peculiarities of data from any indi- 
vidual location-with its particular preser- 
vational problems, changing substrates and 
environments, and restricted sampling-f- 
ten limit the generality of conclusions drawn 
from such information. Although regional 
analyses are the most demanding sort of data 
to assemble, they provide the best trade-off 
among these competing problems. 

The faunas of the four regions compared 
in the new reDort are each well docu- 
mented; all of the regions show similar mag- 
nitudes of extinction and patterns of taxo- 
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nornic selectivity during the extinction at issues in a s& of the Ordovician evolu- low diversity and ancient North 
the end of the Cretaceous. Yet the patterns tionary radiatioa, the ewnt that etablished Ameri-and Bohemia the highest dl- 
of recovery are quite different. Earlier stud- the suite of marine communities that domi- versity. A clue to the regional environmen- 
ies of the Gulf Coast revealed evolutionary nate the P a b i ~ .  Tbis compilation of tal conditions that could cause these varia- 
bursts among four m o l b  families imme- 6500 0Cc:urrences of Ordovician marine tions in diversity is the correlation between 
diately after the extinction ( 1 ,  4) that pro- genera covers six different mntlnend re- these dimity aends and the extent of 
d u d  a proliferation of new taffa. But in the gions in sufficient detail to reveal r e g M  siliciclastic daenta t ion (an index of 
new analysis, the other three regions show differences in the euolutionqy history of rri- mmntain-building activity) (8). Such a 
no such bloom taxa, either among these four lobites, articulate bra&+, and md& correlation has been suggested before (91, 
families or mong ocher gmqs. Furthennore, (6). In all six paleoconriwn4 the Oldovi- but without such convincing data. Although 
the Gulf Coam shows a higher pmportim of cian &ation reach  a peak in h e  Lace diversity trends in different regions are not 
invading species (relative to M survivors Ordovician, as in the global Mly in-tt, Millees results suggest 
and newly evolved speciq) than the orher re- but an Early Ordovician peak a h  qqeaq in that regions Mow independent trajecmries 
gions. A simple explanation of these &r- thatreflect the unlque environmental condi- 
ences might be a m t e r  ecologic disruption tionsofeachsuea. 
from the gulfs pmcimity to the W u b  Over the past 20 years, an influential 
impact site, the areadere a school has developed within paleobiology 
ite s b e d  into Earth, that ascribes much of the differential success 
conditions vo~:Mde a d  ending the exist- of individual dades to intrinsic properties of 

the clades themselves- 
for example, competitive, 
ability or origination rates. 2 
Environmental events al- $ 

tions as in Pacistan or W d -  1. ter trajectories, but cladez 
em Europe1 More arc& is re- diversity can be consid-$ 
q u i d  to understend the ered imbpemhtlly from .. 
unique events in the GuIf g e o w  ~t ing.  ~ e r l !  
Coast at the en4 ofthe Gim- pal-to~isrs dect this8 

view, arguing that biageo- 
graphic, environmental, 

source of the invadmg spe- , and paleotx~logic context 
cia, and comparative pdw- h critical to any under- 
ecological studies will identify standing of diversity 
the conditions that encour- change. The new studies 
aged the Gulf Coast oppom- suggest that the second 
nistic blooms. . view may be correct: Bio- 

COm~iling regid inf~r- .The a m  ebwms pa&, 7he gbbI data for new genera of bivalves during mhic , 
mation ~ ~ ~ t a ~  fhg Or- is en aggregate of mybq patterns on different pakocontinmts. be critical in wing 
data from some time b t d  3-s in sample size kve been C~KT-. the course of evolution. 
to ensure a &ci We can expect the rrum- 
size and accurate la- data from South China, A possibie Middle ber of regional comparative st& to ~ K R H  

sig- Ordovician mass ext&&on appears in three (although not rpickiy, given the ambunt of 
nificant recovery processes & in' ehe of the regions bur uat in the other three, time required fo collect good dm). The& 
shorter term. With the possible ~~ .of and the Late ChdcwWm decline in diversity new dam will ddy our view 4 how past 
the unusually long Early Triassic p a w a y ,  is virtually a b  in tjw3 areas. What ac- biodivetsitypatterrrs were r e g u h & - l d y ,  
many of the interesting co-i;& of re- counp for  the^ differace81 Do any of these m g i d y *  and globally-withiin the context 
COW occur within 1 to 2 m i b  yms of patterns accurately & reAcer pattern of di- of a d m g q  physical environment. 
thP event (5). In the Texas Guif Coptp the versity? Were the various regions so isolated - 
burst of bloom taxa decayed and was l?gW that the radiatioa t d  different paths in Wmmces 
by a stable, mlatively diverse fauna wirhin different areas? I. T. A.  ans sen, pateobi&gy14,37 (1~8) .  
the first 2 million years of the extinction (4), Differences in the number of genera 2. P. J. Harries, E. G. Kcluffman, f. Hansen, in (5), 
the extent of JabEonski's fnst of fiue Pale- sampled in each gage of the Ordovician have !&$3 &%?!: E E ~ r ( ~ ~ ~ p s ~ ~  
m e  units. Although J a b l d s  data cap- been previously shown to distort the global (w. of micago Press, Chicago, 1997), pp. 
ture the Gulf Coast bloom raxa, the lack of diversity picture (7). Correcting both the 3-18. 
evidence of blooms in other regions auld in global and regional diversity data for sam- : pi*=; ~ ~ ~ a ~ l  LiE$i9ydl rlsas,. 
part be related to the length of the sampling pling differences reveals that the main pulse s. see papersin M. B. Hart. ~ d . ,  ~ed. soc. fandon 
i n t d .  Studies from Northem Europe with of the radiation accuned during the Early to Spec. h b .  102(1-). . 
finer rime resolution do not show additional Middle Ordovician, and then smbilkd; the "'.'z$z,ysL, m(,gsB). 
complexity, suggesting that Jablonski's inter- late Ordovician peak was an artifact of kge 8. A. 1.  ti4iller and S. M ~ Q ,  v, m (tm). 
val duration was kfficient. But without de- sample sizes (6,7). Wi&in ,& new regional 9. J. HF- W e ,  b m o f * E m ( N i W f f ,  

The Hague, Pletherlands, 1947); L. G. Henbest J. tailed investigations of local sections, these data set, the cametion for sample size re- Pamd. % 28,299 
regional compilations will be difficult to in- veals that the Early Ordovician peak in lo. cammunication. 

W.S. fkkKWmw, in Palammk terpret. A complete view ofthe recovery pro- South China is likewise an artifact. Mat  11. 
&B' y, W. s. cess will require both methods of analysis. important for the Ordovician as a whole, R, -mGedGed k., 

A recent paper in Geobios raises similar however, South China exhibits relatively London  em. 12 1990), pp. 1-21. 
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