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Abundances of animals vary over time,
and explaining these fluctuations is a
central goal of ecology. Especially

intriguing are the many cases where popula-
tions cycle1. The period of cycles is rarely one
year, ruling out obvious tracking of the sea-
sons. This leaves at least two possibilities to
explore. Predators may over-exploit their
prey, leading to cycles of population explo-
sion and collapse, with prey numbers rising
to high levels during the latter phase. Alter-
natively, partially synchronized reproduc-
tion might drive demographic cycles with
alternating large and small cohorts of off-
spring, leading to cycles in adult numbers.
On page 653 of this issue2, McCauley et al.
tease apart these possibilities for an organ-
ism with well-known population cycles —
the common water flea Daphnia.

In thinking about population cycles,
ecologists often turn to mathematics3. In
mathematical models, predator–prey cycles
generally have high amplitudes4, which are
greatly exaggerated by enriching the prey’s
habitat5. In contrast, theory predicts that
cycles driven by demography and phased
reproduction lack the high amplitude and
sensitivity to enrichment characteristic of
predator–prey cycles. 

In field studies, it is difficult to disentan-
gle the mechanisms driving population
cycles from the many other confounding
sources of natural variation, and experimen-
tal control is often infeasible. Model systems
of predator and prey cultured in the labora-
tory have been popular — such as Daphnia
and the microalgal prey that it filters from the
water. The properties of this system would
be expected to give classical predator–prey
cycles. Daphnia populations can double
within weeks and over-exploit their prey,
clearing natural waters of algae6. Algae
reproduce even more rapidly, doubling
within days, and easily reach high abundance
when Daphnia are sparse. But decades of
study of Daphnia and algae have not shown
clear evidence for predator–prey cycles.

Early laboratory studies of Daphnia pop-
ulations did indeed reveal cycles7, but regular
additions of algal food prevented over-
exploitation. Instead, Daphnia reproduction
became synchronized. When sparse, adults
obtained a large ration of food and produced
numerous offspring. Adults of the subse-
quent generation were abundant, obtained
a much smaller ration, and left fewer off-
spring. Cycles with relatively low amplitude,
and out-of-phase variations of juveniles and
adults, were the result. Extending these
studies, McCauley and his colleagues2 have

conducted experiments and combed the
literature on natural populations of Daph-
nia. Their work supports the presence of
demographic, but not predator–prey cycles.
Why is the basic biology of this predator and
its prey, which strongly hints of over-
exploitation and prey escape, so misleading?
Previous painstaking work by this group has
eliminated several hypotheses8. 

One remaining hypothesis postulates
that algal species relatively invulnerable to
ingestion by Daphnia have a selective advan-
tage in rich habitats. Inedible algae compete
for nutrients with edible algae, and effective-
ly reduce the richness of the habitat for edible
algae, dampening the tendency to cycle.
McCauley and colleagues achieved the diffi-
cult task of preventing inedible algae from
proliferating in their laboratory systems.
Doing so induced classical predator–prey
cycles, and this result does much to settle the
question of why Daphnia do not show such
cycles under less controlled conditions. This
finding probably generalizes to many preda-
tor–prey systems: invulnerable competitors
of prey should be highly favoured by natural
selection, and therefore common in nature.
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100 YEARS AGO
The current number of the Lancet contains
an article of particular interest dealing with
the effects upon the wounded of the Mark
II., the Mauser, the Dum-dum, and the Mark
IV. bullets. The article, which has been
written by Dr. Arthur Keith and Mr. Hugh
Rigby, gives a clear idea of the relative
amount of destruction caused by each of
these modern military bullets, and the
experiments upon which the writers’ views
are founded, confirm fully the experiences
which have already been reported from the
seat of war in South Africa. A glance at the
illustrations shows the terrible havoc
wrought by the Mark IV. and Dum-dum
bullets and shows also that the old Martini-
Henry bullet made an enormous and jagged
wound compared with the neat little track
that is left behind the Mark II., which our
forces are using in South Africa, or the
Mauser which is being used by the Boers.
Dr. Keith and Mr. Rigby have not, however,
been able to obtain results in their
experiments with Dum-dum bullets that
endorse Prof. Von Bruns’s statement of the
case against the English open-nosed bullet.
All open-nosed bullets cause fearful
injuries, but it is contended that Prof. von
Bruns must have used Dum-dum bullets of
an exceptional nature to get the results
which he recorded. 
From Nature 7 December 1899.

50 YEARS AGO
Samuel Johnson once observed how quietly
people will endure an evil which they might
at any time very easily remedy; he gave as
an instance a family which had possessed
an island for more than four hundred years
and never made a commodious landing-
place, though a few men with pick-axes
might have cut a staircase out of the rock in
a week’s time. At the recent meeting of the
British Association at Newcastle upon Tyne,
Section J (Psychology) held a discussion on
the “Human Problems in the Design of
Machinery and Working Methods”, and it
was emphasized that, although knowledge
is increasing, even modern communities
have as yet little scientific understanding of
these questions. In fact, Dr. Johnson’s
remark still holds good to-day, because
many instances were quoted at Newcastle
in which ordinary common sense has been
lacking in the planning of the physical,
psychological and social environments in
which men work. 
From Nature 10 December 1949.
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Water fleas on cycles
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Figure 1 Reproduction in Daphnia. Normal eggs
are produced parthenogenetically and incubated
in the dorsal brood chamber (top). Resting eggs
are provisioned with energy stores and enclosed
in a protective brood case (bottom). McCauley et
al.2 found that these resting eggs have the effect
of damping the species’ population cycles. 
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Perhaps more intriguing, when inedible
algae were absent, only some of the experi-
mental cultures displayed predator–prey
cycles of high amplitude. Others cycled with
lower amplitude, and with phasing of adults
and juveniles suggesting demographic
cycles. This result demonstrates ‘alternative
attractors’ — that is, two dynamical states
that characterize the long-term behaviour
of Daphnia populations, with subtle differ-
ences in initial conditions determining
which state is reached. The nonlinear math-
ematical models used to study population
cycles often predict such phenomena, but
most ecologists have probably despaired of
verifying their existence in real populations. 

McCauley and colleagues also reveal a
biological mechanism governing the switch
between the two types of population cycles.
Daphnia are parthenogenetic — they repro-
duce without sex — and their normal eggs
quickly hatch into juveniles. Daphnia also
produce, by sexual reproduction, resting
eggs for long-term survival (Fig. 1). This
diverts energy from normal reproduction
and could prevent population explosions
and over-exploitation, thus turning off the
predator–prey cycle. McCauley and col-
leagues tested this possibility by replacing
mothers carrying resting eggs one-for-one
with mothers carrying normal eggs. This
nearly doubled the amplitude of population
cycles.

Production of resting eggs essentially dis-
perses offspring to the future, and is analo-
gous to dispersing them in space. In theory,
spatial dispersal could stabilize or destabilize
population dynamics, and the range of pos-
sibilities for temporal dispersal requires fur-
ther study. Long-term population dynamics
could depend on the hatching of resting eggs.
Indeed, others have drawn attention to simi-
larities between the ‘egg banks’ of aquatic
animals and the ‘seed banks’ of plants9. Dis-
persal to the future is a widespread feature
among animals, in the form of resting eggs,
diapausing stages (in which animals go into
a kind of suspended animation), and long-
lived adults. It could stretch out the timescale
of ecological dynamics, blurring the distinc-
tion with evolutionary dynamics. The study
by McCauley et al. should do much to stimu-
late research on its implications in many
types of organisms. ■
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The Gulf Stream is one of the most
enduring features of the North Atlantic
circulation, and was well known to

ships’ masters sailing between Europe and
America. On their return voyage to Europe,
they sailed with this warm current through
the Straits of Florida. They followed it to
about 35° N and then headed for Europe
along with the westerly winds (Fig. 1). On
page 644 of this issue1, Lynch-Stieglitz et al.
show that during the Last Glacial Maximum,
some 21,000 years ago, the speed of the Gulf
Stream was much lower than it is today. Cold
climates, therefore, seem to coincide with the
reduced transport of warm water to the high
latitudes of the North Atlantic.

The Gulf Stream consists of warm water
arriving from the equatorial and tropical
regions through the Gulf of Mexico. It is
driven by the Trade Winds, which cause sea
levels to be higher in the western part of the
Atlantic basin and generate an area of high
water pressure centred on the Sargasso Sea,
comparable to the anticyclonic cells of the
atmosphere. Just like winds, water tends to
flow from areas of high pressure to areas of
low pressure. However, the Coriolis force,
caused by the Earth’s rotation, deflects the
flow to the right in the Northern Hemi-
sphere. Ocean currents, therefore, describe a
clockwise gyre in the tropical Atlantic, and as
the higher sea level is found in the west, the
current that flows along the American coast
is narrow and fast. 

The current is particularly intense and
deep in the Florida Straits, through which
water leaving the Gulf of Mexico is forced
to flow. The narrowest part of the straits is

between Florida in the west and the Bimini
Island in the east, where it forms a 80-km-
wide trench with maximum depth of 800 m.
The speed of the current can reach up to 1.5
m s11 in the strait, and the Coriolis force
tends to push the water towards Bimini. This
force creates a local pressure and density
gradient, which results in a strong tilt in
the surfaces of constant temperature and
density (see Fig. 2 on page 645). The faster
the current, the stronger the tilt. 

Lynch-Stieglitz et al.1 use the oxygen-
isotope composition of bottom-dwelling
foraminifera in a set of cores collected on
both sides of the Florida Straits to show that
the tilt of the surfaces of constant tempera-
ture or density was significantly less during
glacial conditions than it is today. Both the
18O content of foraminiferan shells and sea-
water density increase as a result of increas-
ing salinity and decreasing temperature, and
they are linked by an empirical relationship.
Lynch-Stieglitz et al. established a similar
relationship for the glacial ocean, taking into
account the salinity and 18O increase due to
build-up of continental ice-sheets. Their
isotope measurements indicate only a small
temperature and density contrast in the
Florida Straits during the Last Glacial Maxi-
mum, and they therefore infer that the Gulf
Stream was 35% weaker then.

The observation suggests that at that time
ocean circulation was sluggish. The Gulf
Stream is part of the global ocean circulation
(the conveyor belt), which in the Atlantic
today carries warm surface water north-
wards and cold, dense deep water south-
wards. The net result of the conveyor belt’s
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Climate and the Gulf Stream
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Figure 1 Chart of
the Gulf Stream
drawn by
Timothy Folger
in the second
half of the
eighteenth
century. The
map was made
on the
instructions of
Benjamin
Franklin,
Postmaster-
General of the
Colonies, for the
benefit of ships
carrying mail
between Britain
and America.
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