mented by CRY1. CRY2 is not required to
promote early flowering under continuous
blue light, perhaps because cryptochrome 1
(CRY1) promotes flowering under these
conditions. In agreement with this, muta-
tions called elongated hypocotyl 4 (hy4),
which affect the CRY1 protein (12), delay
flowering in response to blue light or under
short photoperiods (13). 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 CRY1 is required for early flowering. A
division in function between CRY1 and
CRY2 has been shown in development of
the seedling, in which CRY1 mediates high-
intensity blue-light responses and CRY2
mediates low-light responses (10).

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.
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EVOLUTION

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-
ately 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 rebuilding of communities.
But the generality of this 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-
ern Europe, northern Africa, and Pakistan—
northern India, there is no evidence of op-
portunistic 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 develop 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-

versity patterns have been uncommon in
rocks older 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
commonly 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—of-
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 report are each well docu-
mented; all of the regions show similar mag-
nitudes of extinction and pattemns of taxo-

An enhanced version of this commen-
tary with links to additional resources is
available for Science Online subscribers
at \‘-'\V\\Y.Sciﬁncﬂmag.org

SCIENCE e VOL. 279 o 27 FEBRUARY 1998 ¢ www.sciencemag.org



nomic selectivity during the extinction at
the end of the Cretaceous. Yet the patterns
of recovery are quite different. Earlier stud-
ies of the Gulf Coast revealed evolutionary
bursts among four molluscan families imme-
diately after the extinction (1, 4) that pro-
duced a proliferation of new taxa. But in the
new analysis, the other three regions show
no such bloom taxa, either among these four
families or among other groups. Furthermore,
the Gulf Coast shows a higher proportion of
invading species (relative to local survivors
and newly evolved species) than the other re-
gions. A simple explanation of these differ-
ences might be a greater ecologic disruption
from the gulf's proximity to the Chicxulub
impact site, the area where a massive meteor-
ite slammed into Earth, changing ecological
conditions worldwide and ending the exist-
ence of the dinosaurs. But if

this were the case, why did

the Gulf Coast experience 3
the same percent of extinc- 2
tions as in Pakistan or North- 4
ern Europe? More work is re-
quired to understand the
unique events in the Gulf
Coast at the end of the Creta-

Laurentia

issues in a study of the Ordovician evolu-
tionary radiation, the event that established
the suite of marine communities that domi-
nate the Paleozoic. This compilation of
6500 occurrences of Ordovician marine
genera covers six different continental re-
gions in sufficient derail to reveal regional
differences in the evolutionary history of tri-
lobites, articulate brachiopods, and mollusks
(6). In all six paleocontinents, the Ordovi-
cian radiation reaches a peak in the Late
Ordovician, as in the global compilation,
but an Early Ordovician peak also appears in
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ceous. Detailed phylogenetic 3
studies will ferret out the 5.
source of the invading spe- ]
cies, and comparative paleo-
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low diversity and ancient North
America and Bohemia the highest di-
versity. A clue to the regional environmen-
tal conditions that could cause these varia-
tions in diversity is the correlation between
these diversity trends and the extent of
siliciclastic sedimentation (an index of
mountain-building activity) (8). Such a
correlation has been suggested before (9),
but without such convincing data. Although
diversity trends in different regions are not
fully independent, Miller's results suggest
that regions follow independent trajectories
that reflect the unique environmental condi-
tions of each area.

Over the past 20 years, an influential
school has developed within paleobiology
that ascribes much of the differential success
of individual clades to intrinsic properties of
the clades themselves—
for example, competitive
ability or origination rates.
Environmental events al- 2
ter trajectories, but clade £
diversity can be consid-Z
ered independently fromg
geological setting. Other%
paleontologists reject this %

P(11)

Australia
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ecological studies will identify
the conditions that encour-
aged the Gulf Coast opportu-
nistic blooms.

Compiling regional infor-
mation necessitates summing
data from some time interval
to ensure a sufficient sample
size and accurate biostratigraphic correla-
tions. But summed data can also obscure sig-
nificant recovery processes occurring in the
shorter term. With the possible exception of
the unusually long Early Triassic recovery,
many of the interesting complexities of re-
covery occur within 1 to 2 million years of
the event (5). In the Texas Gulf Coast, the
burst of bloom taxa decayed and was replaced
by a stable, relatively diverse fauna within
the first 2 million years of the extinction (4),
the extent of Jablonski’s first of five Pale-
ocene units. Although Jablonski’s data cap-
ture the Gulf Coast bloom taxa, the lack of
evidence of blooms in other regions could in
part be related to the length of the sampling
interval. Studies from Northern Europe with
finer time resolution do not show additional
complexity, suggesting that Jablonski’s inter-
val duration was sufficient. But without de-
tailed investigations of local sections, these
regional compilations will be difficult to in-
terpret. A complete view of the recovery pro-
cess will require both methods of analysis.

A recent paper in Geobios raises similar
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Avalonia

view, arguing that biogeo-
graphic, environmental,
and paleoecologic context
is critical to any under-

P

0
Baltoscandia

The sum obscures the parts. The global data for new genera of bivalves during
the Ordovician is an aggregate of varying patterns on different paleocontinents.
Variations in sample size have been corrected.

data from South China. A possible Middle
Ordovician mass extinction appears in three
of the regions but not in the other three,
and the Late Ordovician decline in diversity
is virtually absent in two areas. What ac-
counts for these differences? Do any of these
patterns accurately reflect the pattern of di-
versity? Were the various regions so isolated
that the radiation took different paths in
different areas?

Differences in the number of genera
sampled in each stage of the Ordovician have
been previously shown to distort the global
diversity picture (7). Correcting both the
global and regional diversity data for sam-
pling differences reveals that the main pulse
of the radiation occurred during the Early to
Middle Ordovician, and then stabilized; the
late Ordovician peak was an artifact of large
sample sizes (6, 7). Within the new regional
data set, the correction for sample size re-
veals that the Early Ordovician peak in
South China is likewise an artifact. Most
important for the Ordovician as a whole,
however, South China exhibits relatively

0
South America

standing of  diversity
change. The new studies
suggest that the second
view may be correct: Bio-
geographic context may
well be critical in shaping
the course of evolution.
We can expect the num-
ber of regional comparative studies to grow
(although not quickly, given the amount of
time required to collect good data). These
new data will clarify our view of how past
biodiversity patterns were regulated—locally,
regionally, and globally—within the context
of a changing physical environment.
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