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precise clock operating in the
radio frequency domain).

In principle, it should be
possible to apply many pulses
in series to an atom or mole-
cule, because a typical mode-
locked laser emits ~70 million
pulses per second. However, at
room temperature, atoms or
molecules tend to move out of
the laser focus before they can
be hit by a large number of
pulses. This becomes even
more of a problem if a har-
monic of a laser is used,
because these harmonics are
usually of low power and must
therefore be focused to a small
spot size to obtain a reasonable
intensity. 

To date, spectroscopy with
frequency combs has not
reached the resolution of sin-
gle-mode lasers. In an early
experiment, Eckstein et al.
reached a resolution of 4 MHz for the
sodium 4s-4d transition (natural linewidth
1.6 MHz) (5). More recently, Marian et al.
(6) and Snadden et al. (7) have performed
comb spectroscopy on the two-photon 5s-
5d transition of rubidium. The latter authors
laser-cooled and trapped the atoms to keep
them within the laser focus. The resulting
linewidth approached the natural linewidth
of 300 kHz (see the second f igure). In 
contrast to Witte et al., all these authors

used the fundamental, not a harmonic, of a
frequency comb.

Despite these advances, single-mode
lasers remain more suitable than frequency
combs for spectroscopy—unless one uses
harmonics of frequency combs where sin-
gle-mode lasers are not readily available.
This is what Witte et al. have now demon-
strated with a train of three pulses of the
fourth harmonic of a Ti:sapphire mode-
locked laser (rather than with the femtosec-

ond laser pulses themselves). Hopefully, we
can expect the application of much higher
harmonics with many more pulses to inter-
esting atomic or molecular species. A whole
new window for high-resolution spec-
troscopy thus opens. It might even become
possible to use a single laser system to cover
all wavelengths from the near-infrared to
soft x-rays; this possibility is out of reach for
single-mode lasers.

High-resolution spectroscopy in the
extreme-ultraviolet regime would be very
useful for investigating hydrogen-like ions.
For these ions, the quantum electrodynamic
contributions to the energy levels (Lamb
shifts) become more important and can be
determined more precisely. It might even be
possible to create an optical clock that oper-
ates in the extreme ultraviolet regime. The
stability of such a clock is proportional to
the transition frequency in use, and would
thus be very high.
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Probing the resonance frequencies with a frequency comb.
The two-photon 5s-5d transition in 85Rb  breaks up into several
components: For the 5s state, only the F = 3 hyperfine  state is
used.The 5d state first breaks up into two fine structure states,
5d3/2 and 5d5/2, which in turn break up into hyperfine compo-
nents (red and blue curves). The black curve is the resonance
fluorescence (shifted up for clarity) that is recorded as the fre-
quency comb is scanned across the line. The two-photon exci-
tation becomes possible whenever the frequency of two modes
or twice the frequency of one mode coincides with the atomic
transition. As a consequence, the two-photon absorption spec-
trum repeats at an interval of half the laser repetition rate (80.3
MHz in this experiment). Figure adapted from (7).

T
here are substantial populations of
lions in Africa and Asia. Despite
being known as “the king of the jun-

gle,” the African lion is principally found on
open savannas, with smaller numbers in
woodland areas. Since the 1960s, the ecol-
ogy of lions has been intensively studied in
the Serengeti National Park of Tanzania in
East Africa (1–3) (see the figure). Lions
live in family groups known as prides. Both
woodlands and plains prides of the
Serengeti are typically composed of six
related females, their cubs, and a few unre-
lated males who mate with the adult
females. The females do most of the hunt-
ing for the pride (1), and they must hunt in

groups to be successful. Most of the daily
activity of males concerns maintenance of
territory. Packer et al. (4) have completed a
detailed analysis of long-term
records of lion populations
in a 2000-km2 area of the
Serengeti National Park.
As they report on page
390 of this issue, lion
population size has
remained remarkably
stable for long periods
(10 to 20 years) punctu-
ated by sudden in-
creases that do not
seem to reflect num-
bers of available prey. 

The population
dynamics (changes in
the population size) of
animals obey several

key rules (5, 6). Population increases are
due to births of new individuals and arrival
of immigrants from nearby populations,
whereas any decreases are due to individu-
als dying or leaving their natal population.
Often births and deaths are dependent on
each other either directly or with an inter-
vening time lag. Population increases also
depend on the amount of resources that

mature females are able to monop-
olize. However, Packer et al.

now reveal an unusual fea-
ture of the population
dynamics of Serengeti
lions (4). They discov-
ered that lion numbers,
both in the woodlands
and on the plains,
undergo long periods of
stability interrupted by
abrupt changes. This is
intriguing because no
such saltatory changes
in population dynamics
are reported for lion prey
such as wildebeest, Cape
buffalo, and gazelle (4).
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Rather, the populations of these Serengeti
prey species have changed without evi-
dence of the dramatic leaps characterizing
lion populations since the 1960s, when
quantitative censuses began.

A straightforward expectation of preda-
tor-prey population dynamics is that a grad-
ual change in resources (prey) would sup-
port a corresponding smooth change in
predator population size (6). However, in
Serengeti lions, the population increases
have been abrupt often constituting an
increase of 20 to 50% of the extant popula-
tion size. The population records since the
end of the 1960s include three saltatory
changes (1973, 1983, and 1999) for lions
inhabiting Serengeti woodlands and one
(1997) for lions inhabiting the plains. In
between these leaps, the lion population
remained stable, hovering around the num-
ber reached during the previous increase.

Packer and his research team (4) now
provide an explanation for these jerky
dynamics by incorporating into their simu-
lation model the social grouping behavior
of lions within their prides. Serengeti lion
prides have an optimal size: In the smallest
prides, females have very low reproductive
success, because hunting of their major
ungulate prey calls for the cooperation of
several individuals. In contrast, in the
largest prides, females suffer from intense
competition for the prey they have subdued
jointly. When resources increase suff i-
ciently to support more offspring and when
the size of an extant pride is sufficiently
large, the pride splits; several related
females disperse together to form a new
pride. Packer et al. suggest that it is optimal
from an evolutionarily standpoint for a
group of females to leave their pride and to
establish a new pride with a different terri-
tory because this behavior ensures greater
breeding potential. In this way, a gradual
increase in prey population size supports a
sequence of continued stability interrupted
by abrupt increases in the abundance of lion
populations.

The only major decrease (since the
1960s) in the population size of Serengeti
lions occurred in 1994. The rapid decline
(to 50% of the pre-1994 level) of woodland
lions coincided with a decrease in the num-
bers of wildebeest and Cape buffalo due to a
severe drought in that habitat. It is tempting
to suggest that the collapse in lion numbers
represented a reversal of the social mecha-
nisms that result in punctuated increases in
lion population size. A decrease in
resources could have affected lion popula-
tion size by reducing the number of prides
in the overall population. However, this pos-
sibility cannot be verified because the 1994
decline in lion numbers was in fact due to an
epidemic of canine distemper (4).

It is worth contrasting the population
dynamics of Serengeti lions with the known
dynamics of other species where long-term
data are available (6). Whereas Serengeti
lion population dynamics show saltatory
changes in size, all other known predator-
prey populations follow—with a time lag—
a model in which smooth increases in prey
availability result in smooth increases in
predator population size. The best docu-
mented predator-prey populations display
characteristic periodic fluctuations (5–7)
that obey the standard models found in any
population ecology textbook (6, 7). One
feature shared by traditional predator-prey
models (6, 7) and the Serengeti lion model
of Packer et al. (4) is the presence of a time
lag between changes in the population size
of prey and that of predator. 

The new data about Serengeti lion popu-
lation dynamics (4) enriches our existing
palette of predator-prey population pat-
terns. One recent theory takes as a starting
point the idea that individual behavior even-
tually has repercussions on long-term popu-
lation ecology (8). The findings of Packer
and colleagues support this view, although
traditional population theories (5–7) have
yet to incorporate the notion of social
behavior into their models. The population
dynamics of woodland and plains Serengeti
lions are largely driven by the social struc-
ture of prides: To breed successfully,
lionesses must belong to a pride that is suf-

ficiently large (but not too large). Once a
pride exceeds the optimal size, it splits with
several females leaving to form a new pride.
This leads to an increase in the lion popula-
tion, presuming that sufficient resources are
available to support the increase in off-
spring. We anticipate that behavior-based
population models examining social behav-
ior within populations and how these behav-
iors influence population growth will ulti-
mately f ind their way into the analytical
toolbox of population ecologists. The use of
such models will help ecologists to better
understand the dynamics of focal animal
populations, and to provide more sophisti-
cated management of threatened animal
populations such as those of the Serengeti.
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T
he developed world has been engulfed
by a rapid rise in the incidence of obe-
sity and diabetes. One hypothesis for

the marked prevalence of obesity posits that
selective evolutionary pressure favored
those of our ancestors who were able to
store excess food in the form of triglyc-
erides, the primary component of adipose
(fat) tissue. Unfortunately, what may have
been an advantage eons ago is now manifest
as a rapidly expanding waistline. The
increased incidence of obesity and diabetes
carry many sequelae, collectively known as
the metabolic syndrome or syndrome X.
Such sequelae include an increased risk of
cardiovascular and kidney disorders as well
as breast cancer, hepatocellular carcinoma,

and Alzheimer’s disease. How these and
other conditions are related to the multiple
defects in energy metabolism associated
with diabetes and obesity is a major focus of
current research efforts. An emerging
theme is that adipose tissue, found in sev-
eral locations throughout the body and long
thought to be primarily a repository for
triglycerides, is also important for regulat-
ing homeostasis and metabolism. Fat is an
endocrine tissue and, indeed, may consti-
tute the largest endocrine organ in the body
(1, 2). Several hormones, called adipokines
or adipocytokines, are synthesized by adi-
pose tissue. These include adiponectin,
tumor necrosis factor–α (TNF-α), leptin,
resistin, and adipsin (see the figure). To be
added to the list, as Fukuhara et al. report
on page 426 of this week’s issue (3), is a
presumed new member of the adipokine
family, visfatin.

Certain attributes of visceral fat, the adi-
pose tissue surrounding abdominal organs,
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