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tivity than is actually measured. However,
the spectral weight of the quasi-particle fea-
tures in the ARPES data is very small, sug-
gesting that only a small fraction of the
sample is metallic whereas the remainder is
insulating. Complementary x-ray and neu-
tron diffraction experiments (9) on the same
material have provided clues to the nature
of these insulating regions by revealing mi-
croscopic patches in which charge carriers
are localized and form ordered arrays. The
periodicity of the charge order within the
arrays matches the wave vector connecting
nearly flat segments of the Fermi surface
determined by Chuang et al. It is thus plau-
sible that the metallic and insulating states
are on either side of a zero-temperature
Peierls-type (10) phase transition and that
La, ,Sr; Mn,0; is in the middle of a two-
phase coexistence region. The unusual line
shape of the ARPES spectra [which are
broad in energy but sharp in momentum
space (8)], as well as some aspects of the x-
ray and neutron diffraction data (9), suggest
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that the coexistence may not be static and
that fluctuations between nanoscale do-
mains may persist down to 0 K. This re-
mains a topic for future investigation.

The detailed microscopic picture ob-
tained by Chuang et al. is new, but extend-
ed two-phase coexistence regimes have al-
so been reported for a wide variety of oth-
er manganites (//). The pronounced
propensity toward phase separation is at
least partly due to the fact that different d-
orbitals, with their associated lattice dis-
tortions, are available to conduction elec-
trons in the manganites (/2). This makes
these materials highly susceptible to lattice
strain. In the copper oxides, where these
orbital degrees of freedom are largely
quenched, phase separation has also been
reported (/3) but appears to be relatively
rare. Certainly, the extremely broad ARPES
spectra in the normal state of underdoped
and optimally doped high-temperature su-
perconductors cannot be attributed to
phase separation. Having barely survived

in the manganese oxides, the quasi-elec-
tron is still in mortal danger in their cop-
per-based sister materials.
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ur lives and those of large mammals
O are inextricably intertwined: We hunt
them and spend time in zoos and
wildlife parks viewing them; they feed on
domestic animals, damage crops, cause traf-
fic accidents, and may even eat the “pro-
duce” of local fisheries. Given this, it is not
surprising that we
Enhanced online at are interested in the
www.sciencemag.org/cgi/ ecological factors
content/full/292/5521/1499 that govern the dy-
namics of large
mammal populations (/). Whereas some
large mammals are very abundant (2), others
are endangered (3), spurring the need to
identify the ecological factors that maintain,
increase, or reduce abundance. Although
many studies have tested the accuracy and
precision of census methods (4), it has
proved difficult to test whether yearly field
counts of wild mammal populations can ac-
curately determine the factors causing varia-
tions in population numbers (35).
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Such difficulties, however, have not de-
terred Coulson and colleagues (6). On page
1528 of this issue, they report their 11-year
field study of a Soay sheep (Ovis aries) pop-
ulation on a remote island off the coast of
northwest Scotland. The merit of their study
resides in the fact that they marked individual
Soay sheep and tracked the dramatic annual
fluctuations in the sheep population by moni-
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toring the survival and reproduction of indi-
viduals of known age and sex. The authors
found that age-structured models—which
take into account the different ages and num-
bers of males and females in the sheep popu-
lation—provided the most accurate predic-
tions of population fluctuations in response to
ecological stresses such as adverse weather
patterns or increasing population density.
Their study is the first to show that large
mammal populations of equal size can have
markedly different dynamics depending on
their sex and age structure. This is not sur-
prising—individual susceptibility to chang-
ing environmental conditions is known to dif-

fer between males and

females and young and

old animals—but has

T been difficult to demon-

\ strate unequivocally.

In feral sheep and
in other ungulates,
young and old individ-
uals are affected more
severely by adverse
weather conditions and
increases in population
o density than are adults
of prime reproductive
age (7), and males of-
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The rise and fall of large mammals. Variations over 15 years (1985
to 1999) in the age- and sex-dependent survival (box-plot of yearly
estimates) of a roe deer population (Capreolus capreolus) in eastern
France. As with the Scottish island population of Soay sheep (6), fe-
males of prime reproductive age had the best survival rates and juve-

niles (during their first summer) the worst.
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ten tend to be more af-
fected than females (8).
Similar sex and age
differences exist for
susceptibility to para-
sites and disease, the
probability of disper-
sal, and vulnerability to
predation or harvesting
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by humans. Because the sex and age struc-
ture of the Soay sheep population fluctu-
ates over time, independently of population
density, Coulson and colleagues had to take
into account changes in both the sex and
age structure and the population density to
explain the cyclical variations in sheep
abundance (6).

The overwhelming importance of age
structure in determining the fluctuations in
the Soay sheep population is also likely to
be true for other large mammals. Like the
Soay sheep, many populations of large
mammals have a relatively low growth rate
with wide overlap between generations, re-
sulting in a slow turnover of reproducing
individuals (9). In populations that are not
hunted, reproducing females typically be-
long to 10 or more cohorts (all animals
born in the same year belong to the same
cohort), that is, they span 10 years or more
in age. Each cohort may be permanently
affected by weather patterns and popula-
tion density during its first year of exis-
tence (/0). One of the most obvious (and
quantifiable) sources of heterogeneity
among cohorts is age (11).

The life cycle of long-lived mammals is
composed of three distinct age classes that
differ greatly in average fitness (survival
and reproduction) and in variations of fit-
ness with ecological stresses (/2) (see the
figure). From birth to 1 year of age is the
time when large mammals are the most sus-
ceptible to ecological changes. Consequent-
ly, the number of new adults added to a pop-
ulation can vary substantially from year to
year, but is usually a small proportion of the
total number of breeders. Prime-aged adults,
especially females, are buffered against
most ecological changes and, with few ex-
ceptions, show remarkably constant fecundi-
ty and survival over time. As they grow old,
however, individuals once again become
susceptible to ecological fluctuations.

If the relative proportions of these three age
classes vary with time—as Coulson ef al. re-
port for Soay sheep (6)—then populations of
the same overall size may show different re-
sponses to ecological stresses. For example,
the proportion of aged females should increase
as the population density increases. The reason
for this is that a high population density re-
duces fecundity and boosts juvenile mortality
resulting in a decrease in recruitment of young
breeders (2, 13), whereas the survival of
prime-aged adults is independent of popula-
tion density (7, 12). The average age of the fe-
male population affects survival and reproduc-
tion. Consequently, counting ail adult females
together (regardless of age) will bias estimates
of the effects of ecological stresses on popula-
tion fluctuations. The few studies of large
mammals claiming that adult survival de-
creased at high population densities (/3) failed
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to account for density-dependent changes in
age structure. It is now clear that increased
adult mortality may appear to correlate with
population density because of changes in the
proportions of the three age classes.

Counting the total numbers of animals
in a population, even when very accurate,
is of limited use for interpreting or pre-
dicting variations in the size of popula-
tions of large mammals. Information on
the sex and age structure of the population
is essential for planning appropriate con-
servation or harvesting measures. For ex-
ample, populations of large mammals that
are harvested (such as herds of deer dur-
ing the hunting season) include a higher
proportion of juveniles and young adults
than do populations that are not harvested
and so may be more adversely affected by
ecological changes.

Besides age and sex, there are many
other factors that contribute to demograph-
ic heterogeneity. Future research should as-
sess the impact of additional sources of
heterogeneity on the population dynamics
of iong-lived mammals. Tagging individual
large mammals and monitoring them over
the long-term should contribute much to
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our understanding of variations in popula-
tion size. The next step is to determine the
extent to which the findings for the island
population of Soay sheep (6) apply to other
long-lived mammals that face changes in
predation, dispersal, and harvesting.
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Mass Outflow in
Active Galactic Nuclei

D. Michael Crenshaw

ctive galactic nuclei are found in the
Acentral gravitational wells of galax-

ies and are powered by accretion
onto supermassive black holes with mass-
es 106 to 10° times that of the Sun. The
most luminous active nuclei produce more
radiation than their surrounding galaxies
and are found in only 1% of nearby galax-
ies called Seyfert galaxies (/). Distant and
even more luminous active galactic nuclei
are called quasars. Inactive supermassive
black holes are now known to exist in
nearly all nearby galaxies (2), and research
on Seyfert galaxies and quasars gives as-
tronomers the opportunity to explore what
happens when accreting matter is supplied
to these enigmatic objects.

Recently, astronomers have discovered
that many active galactic nuclei eject clouds
of ionized gas with velocities of up to 10%
of the speed of light over a wide range of
angles, in contrast to the previously known
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collimated jets (3). These mass outflows are
intriguing because they provide information
about the dynamical forces (such as radia-
tion and wind pressure) near an active su-
permassive black hole.

The discovery of mass outflow in active
galactic nuclei was made possible by a new
generation of space-based telescopes—the
Chandra X-ray Observatory (Chandra), the
X-ray Multi-Mirror Satellite (XMM-New-
ton), the Far Ultraviolet Spectroscopic Ex-
plorer (FUSE), and the Hubble Space Tele-
scope/Space Telescope Imaging Spectro-
graph (HST/STIS). These new tools have
enabled astronomers to characterize the
spectral features of the ejected gas with un-
precedented sensitivity and spectral/spatial
resolution over a broad energy range. The
new observations and their implications
were explored in a recent workshop (4).

The supermassive black hole in an ac-
tive galactic nucleus is likely surrounded
by an accretion disk and a hot x-ray coro-
na. Together, these are often referred to as
the “central engine,” a tiny region only
light hours in size that is responsible for a
rapidly time-variable continuum source ex-
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