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Progress in population ecology gener-
ally occurs through a continual syn-

thesis of theory with empirical findings,
but occasionally a study acts as a beacon
and guides the discipline into exciting new
areas of research. In the study of popu-
lation fluctuations, Charles Elton’s first de-
scription of the regular cycles in the fur re-
turns of Canadian lynx (Lynx canadensis)
to the Hudson’s Bay Company1 was argu-
ably one of the most influential. His de-
scription has stimulated more than 70
years of theoretical and empirical investi-
gation into the possible causes of popu-
lation cycles, why population fluctuations
are spatially synchronized and the rela-
tive importance of intrinsic and extrinsic
mechanisms. Although we still do not have
a clear experimental demonstration of the
mechanism that generates cycles in any
natural system, a recent Nature paper by
Grenfell and colleagues2 shows that there
exists an interesting tension between the
synchronizing effects of extrinsic environ-
mental stochasticity and the desynchro-
nizing effects of nonlinear density de-
pendence. Random effects have a major
role to play in a nonlinear world and their
influence is becoming increasingly recog-
nized in ecological theory3.

A series of studies published within
the past five years has shown that spatial
synchrony is a general phenomenon not
restricted to vertebrates or to cyclic spe-
cies4–7. Most, although not all8, have shown
synchrony over a fairly wide geographical
area, with the degree of synchrony be-
tween populations decreasing with dis-
tance. However, identifying synchrony is
just the first step; the more difficult task is
to identify the mechanism that causes this
pattern. Early workers assumed that the
cause of population cycles would also be
the cause of the synchrony, so they looked
for links with global events, such as cycles
in sunspot activity, ozone levels and for-
est fires9. However, Moran10 dismissed the
need for a single causation hypothesis and
pointed out that, if two populations had
the same density-dependent structure,
then correlated density-independent fac-
tors (usually weather-induced) would
bring the populations’ fluctuations into
synchrony. Royama9 highlighted this in
his synthesis of population dynamics and
called it the ‘Moran effect’ (see also p. 24,
this issue).

The simplest model of synchrony be-
tween two uncoupled populations would
be two linear autoregressive equations

with no density dependence but similar
environmental variation. In this case, the
correlation of the populations will asymp-
totically equal the level of correlation in
the environmental variation. However,
synchrony between populations will also
depend on the nature of their density de-
pendence5: two asynchronous, uncou-
pled populations can only be brought
into synchrony by environmental noise
when their density dependence is simi-
lar. Introducing a time-lag in density de-
pendence that can generate cyclic fluctu-
ations will also increase the probability
of synchrony5. However, the Moran effect
is not the only mechanism that can pro-
duce synchrony: dispersal tends to link
subpopulations and thus leads to syn-
chrony4. So we must ask which of the two
mechanisms is dominant.

Distinguishing between the causal
mechanisms is important because syn-
chrony is strongly correlated with the
probability of global extinction and hence
is of particular concern in conservation6,11.
If dispersal is the main cause of synchrony
and a local population is wiped out (e.g.
by a virulent epidemic), then the empty
habitat will be recolonized. However,
when the Moran effect is dominant and
dispersal rare then empty habitat might
not be subsequently repopulated. Even
when a harsh environmental perturbation
causes the global population to crash,
large subpopulations might persist and
could repopulate suitable habitat islands
as long as there is some dispersal. Even
so, dispersal is something of a double-
edged sword because it not only facili-
tates persistence at the local scale, but
also leads to synchrony and an increased
probability of global extinction. 

The same features that cause concern
to conservationists are an aid to those 
attempting to control pest outbreaks.
This is particularly important when the
Moran effect dominates because it might
be possible to eradicate local pest and
pathogen populations, knowing that re-
colonization is unlikely. However, the
emergent spatiotemporal effects of con-
trol intervention also play a role. For
example, recent work on measles has
shown that although vaccination reduces
the size of epidemics, it also desynchro-
nizes populations and promotes global
persistence. A potential solution is to ap-
ply a pulsed vaccination, which will keep
the populations synchronized and make
elimination more likely12.

Studies of synchrony have attempted
to disentangle the Moran effect from those
of dispersal. In general, both the models
and the data suggest that scale is im-
portant4,11. At a local scale, dispersal can
dominate over the Moran effect, but at glo-
bal scales the Moran effect will be domi-
nant because dispersal range and rate will
be negligible. This conclusion is supported
by studies on butterfly populations: syn-
chrony at low spatial scales was similar
to the dispersal range, whereas at large
global scales it was greater than the dis-
persal range7. Nevertheless, the two
mechanisms are not mutually exclusive
and both could be operating at smaller
spatial scales, so we cannot really distin-
guish between the relative importance 
of each without an experiment or some
sophisticated analyses.

Demonstrating synchrony requires
the manipulation or elimination of one 
of the synchronizing mechanisms. This
was achieved by Grenfell and colleagues
during a recent study of the irregular
population fluctuations of the sheep
populations on the St Kilda archipelago2.
More than 40 years of sheep count data
from the two islands of Hirta and Boreray
exhibited remarkable synchrony (r50.68)
and the role of dispersal was easily dis-
missed because 3.5 km of Atlantic swell
provides a perfect barrier to sheep dis-
persal. However, the islands are so close
together that they will be exposed to simi-
lar environmental conditions. The popu-
lation data from Hirta show a clear non-
linear reduction in population growth
rate with density, which probably comes
about via intraspecific competition for
food13. The authors demonstrate that the
consequence of this nonlinear density de-
pendence is to accentuate the differences
in synchrony between populations: small
differences in density between the popu-
lations will lead to large differences in the
growth rate between the two populations,
which in turn leads to asynchrony. This
occurs above a threshold that equates
approximately to the point where the
average growth rate falls to zero. Below
the threshold the population invariably
increases but above it the environmental
conditions determine if the population
crashes or remains high. Grenfell and col-
leagues explored the tension between
these two features using a nonlinear
time-series model that incorporated this
threshold effect. With nonlinear density
dependence, the environmental corre-
lation must be high (in excess of 0.9) and
quite a bit higher than we would expect if
there were no density dependence (0.68).
More specifically, the environmental fac-
tors must result in the two populations
crossing the threshold in the same year if
the synchrony is to be maintained.
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Environmental variations can play an
important role in population ecology, 
not only in generating cyclic patterns of
fluctuation14,15, but also in causing syn-
chrony. Although the Moran effect is the
main factor synchronizing the St Kilda
sheep populations, it is too early to say
that it is the dominant factor in most syn-
chronized populations. Nevertheless,
these findings, together with the work by
Esa Ranta and colleagues4,5,11, lead us to
suspect that it could be very important 
in several systems. Ecologists are now
coming to grips with spatial population
dynamics and have recognized that in-
corporating simple stochastic variations
in models can generate interesting dy-
namics; further integration will lead to
progress in the discipline3.
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Biologists and ecologists tend to have
less experience in gathering their

forces together for common goals than do
scientists in other fields, such as physics.
Yet, cooperation in research is critical if
global problems, such as the accelerating
loss of biodiversity, are to be faced. Di-
versitas was launched in 1991 to meet this
need. Diversitas is an international pro-
gramme established to promote and cata-
lyse the science of biodiversity on a world-
wide scale. In 1996, it entered a new phase
of organization and activity, with new
sponsoring organizations, a new Scientific
Steering Committee and a new operational
plan1. The convenors of the various re-
search components within Diversitas met
recently in Mexico to review the develop-
ment and perspectives of the programme.
Because most publications describing
Diversitas have appeared in the ‘grey’ lit-
erature, many scientists who might ben-
efit from joining the programme are sim-
ply unaware of its existence. Therefore,
we felt it useful to make Diversitas better
known through this report of the recent
project convenors’ meeting. Hosted by
the Universidad Nacional Autonoma de
Mexico, the meeting was preceded by a
meeting of experts, held at the request of

the Secretariat of the Convention on Bio-
logical Diversity (CBD). The aim of this
initial meeting was to identify the science
that would be appropriate for selected
articles of the CBD, for subsequent sub-
mission to the CBD Conference of Parties
at Bratislava (Slovakia) in May 1998.

Diversitas currently has ten pro-
gramme elements, each focused on a fun-
damental scientific question about life’s
diversity. Five core programme elements
(CPEs) represent the central research ef-
fort of Diversitas, and five special target
areas of research (STARs), concerning
areas that are related to all the CPEs, fo-
cus on problems of special concern in
biodiversity science that have received
only limited attention. The strength and
potential of the Diversitas research agenda
lie in the inter-relationships among its
programme elements.

The CPEs
(1) The effect of biodiversity on
ecosystem functioning

This CPE addresses the fundamental
issue of how biodiversity contributes ser-
vices for humanity through the mainte-
nance of ecosystem processes and stabil-
ity. Several large-scale programmes or

projects are part of this element. Harold
Mooney (Stanford University, CA, USA)
presented the new Global Invasive Spe-
cies programme, which aims to synthesize
and develop knowledge about biological
invasions and their socioeconomic con-
sequences. Michel Loreau (Ecole Nor-
male Supérieure, France) reported on
BIODEPTH (Biodiversity and Ecosystem
Processes in Terrestrial Herbaceous Eco-
systems). This is a pan-European experi-
ment replicated across a network of sites.
It is designed to test the importance of bio-
diversity for the functioning of grassland
ecosystems, and is linked with theoretical
and modelling work that could serve as a
basis for a global activity. Osvaldo Sala
(University of Buenos Aires, Argentina)
explained how the programme on Global
Change and Ecological Complexity, which
is part of the International Geosphere–
Biosphere Programme core project on Glo-
bal Change and Terrestrial Ecosystems
(IGBP-GCTE), contributes to Diversitas.

(2) Origins, maintenance and change
of biodiversity

Isabelle Olivieri (Montpellier Univer-
sity, France) outlined the goals of the sec-
ond CPE: to understand the genetic, popu-
lation and community processes leading
to biotic diversification and loss, with a
view to developing effective strategies
for maintaining biodiversity. To date, it
has been mainly coordinated in France
(which was the first country to establish
a national Diversitas programme) through
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