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Figure 3. Correlation between population growth rate for
Cervus and Rangifer populations and Northern Hemi-
sphere temperature anomalies versus the strength of the
local correlation between surface temperature and the
North Atlantic Oscillation (NAO) from figure 3. The
stronger the NAO-temperature correlation, the more
local temperatures are affected by the NAO. This figure
shows opposing relationships for Rangifer and Cervus,
suggesting that the two genera will generally be affected
in opposite directions by future warming.

Vucetich and Peterson 2004) illustrates an important exam-
ple of nonstationary effects of climate change on population
dynamics and, perhaps more interestingly, the role of species
interactions in buffering a population from climatic fluctu-
ations. In this example, an outbreak of canine parvovirus
represented a pulse perturbation that altered the dynamics
of the community and the role of large-scale climate in those
dynamics (Wilmers et al. 2006). Before the outbreak, moose
dynamics on the island were governed mainly by wolf pre-
dation and self-limitation, with a very minor, statistically
insignificant climate influence (figure 4). After wolf densities
were reduced dramatically by canine parvovirus, however,
moose dynamics became strongly limited by the NAO.

Of course, this example does not illustrate patterns of
distribution-wide dynamics—we mention it only because
of the clarity with which it illustrates important features of
population response to climate change that are likely to be
important in distribution-wide variation in population dy-
namics. First, it corroborates predictions by Schmitz and
colleagues (2003) arising from simulation modeling of moose
response to future climate change across North America by
demonstrating that species interactions may influence
population response to climate. Second, it illustrates that
predation may buffer populations from climate change
(Wilmers et al. 2007). Third, it shows that climatic influ-
ences on population dynamics may not be stationary through
time; that is, their importance may vary with the addition or
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removal of the limiting influences of species at adjacent
trophic levels (Forchhammer and Asferg 2000).

Advantages and limitations of time series analysis

The approach we have described is traditional time series
analysis (Royama 1992, Bjernstad et al. 1995, Turchin 2003)
of the relationships between population growth rate and cli-
mate and density for each population throughout a species’
distribution. Using this approach, statistical coefficients quan-
tifying the strengths of the influences of climate and density
dependence on the dynamics of individual populations (equa-
tion 2) can be spatially examined for correlations with large-
scale spatial variation in climatic conditions, relations between
climate systems and local weather, latitudinal gradients in
primary productivity, or spatial variation in land-use patterns
or other anthropogenic forces. This basic approach was
used in the cuckoo (figure 1) and Cervus/Rangifer (figure 2)
examples discussed above.

Traditional approaches to analyzing population dynamics
through time-series analysis present both advantages and
disadvantages compared with bioclimatic envelope modeling.
First, time-series analysis can be used to decompose the con-
tributions of intrinsic versus extrinsic processes to observed
dynamics. Conventionally, this decomposition is based on
inferences drawn from the autoregressive structure of time-
series data at a single trophic level. For instance, delayed
autoregressive dynamics imply lagged life history effects on
dynamics or interactions with species at adjacent trophic
levels (Royama 1992, Stenseth et al. 1998a, 1998b, 1999), or
both. Whether the processes underlying lagged dynamics
relate to demography or species interactions is difficult to
determine in the absence of age-structure data or overlapping
time series at adjacent trophic levels. However, in a two-
species system, lagged autoregressive dynamics strongly im-
ply demographic processes, whereas simple dynamics in a
multitrophic-level system imply a lack of complex regulation
due to interactions between demography and species inter-
actions. In cases in which data at adjacent trophic levels are
available, inferences about species interactions in dynamics
at a single trophic level have been supported by analyses
incorporating data on multiple species (Forchhammer and
Asferg 2000, Bjornstad and Grenfell 2001, Post and Forch-
hammer 2001, Schmidt et al. 2008). Additionally, experi-
mental manipulation of predator-prey dynamics, combined
with analyses of long-term data on prey abundance, con-
firms the role of species interactions in generating delayed
dynamics in density time series (Bjornstad et al. 2001).

A second advantage of time-series analysis in a global-
population dynamics framework is its ability to identify vari-
ation throughout species’ distributions in the strengths of
intrinsic versus extrinsic influences on population dynamics.
For instance, Case and Taper (2000) emphasized that the
importance of biological and abiotic influences on dynam-
ics should not be expected to be constant throughout the dis-
tribution of a given species, and that spatial variation in the
strengths of these processes explains the distribution of species
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and variation in their abundance throughout their
distributions. Time-series analysis at the scale of en-
tire species’ distributions is ideally suited to iden-
tifying the limiting influences of both types of
factors and distribution-wide variation in their
importance.

The major drawback of time-series analyses is
the additional data required. Compared with bio-
climatic envelope modeling, which requires merely
location data, acquiring time-series data requires
long-term counts or indices of a species (> 25
years, ideally) across a wide portion of the geo-
graphic range of a species. Critics may point out
that these additional data requirements make the
idea of global population dynamics problematic,
but numerous recent studies (reviewed above)
show that more and more, the availability of long-
term and large-scale time series will enable these
approaches. The Global Population Dynamics
Database (NERC CPB 1999), for example, has
more than 2000 published time series from more
than 700 species and locations (Fagan et al. 2001,
Boyce et al. 2006, Morris et al. 2008), and long-
term, high-quality bird survey data from North America and
data from global plant phenological monitoring and popu-
lation counts are available; thus, this approach is the next log-
ical step in expanding ecologists’ ability to predict the effects
of climate change on species.

A second major drawback in traditional time-series analy-
ses concerns data quality, as many published data sets of
species counts have unknown bias and various methods of ac-
counting for detectability (or even none at all). Fortunately,
recent advances in state-space modeling approaches provide
tractable solutions to dealing with messy data in time-series
analysis (De Valpine and Hastings 2002, Clark and Bjernstad
2004). By treating time-series analysis as a two-step process
to identify the most likely underlying error structure that
generated the counts, and then separating out the likely true
observations from the error model, ecologists are now start-
ing to explore the factors that generate variation in time-
series analyses linked to climate change (Forchhammer and
Post 2004, Wang et al. 2006).

o
o

Proportion of variance in moose population
growth rate explained by each factor

Choice of climate driver

One of the first steps in scaling up to global population dy-
namics to understand the impacts of climate change is the
choice of a global climatic variable, and an approach to de-
termining which are the most important climatic drivers.
The past decade has seen an explosion in the use of the NAO
large-scale climatic index (Forchhammer and Post 2004,
Hurrell 1995, Walther et al. 2002), especially in western Eu-
rope and eastern North America, to explain terrestrial and ma-
rine ecosystem dynamics. In the Pacific region, climate will
generally be dominated by the ENSO or the Pacific Decadal
Oscillation (Trenberth and Hurrell 1994), and in the Arctic,
by the Arctic Oscillation (Thompson and Wallace 1998).
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Figure 4. Percentage of the variance explained in moose population
growth rate before and after the outbreak of canine parvovirus in 1980,
which decimated the wolf population. When wolves no longer regulate
the moose population, the North Atlantic Oscillation becomes a strong
driver of moose population dynamics.

The choice of which regional climatic index to use is an im-
portant question, however, and especially for continental-
scale analyses, as species may transcend the spatial domain of
a particular climatic index. For example, Canada lynx (Lynx
lynx) show different population dynamical responses to win-
ter snowfall in eastern versus western North America, medi-
ated by the different climatic effects of the NAO and the
ENSO, respectively (Stenseth et al. 1999). Stenseth and col-
leagues (1999) showed that lynx population dynamics vary
across subcontinental ecological regions that match regions
defined by the relationship between the global indices and lo-
cal weather, suggesting a strong link between local weather-
climate interactions and population dynamics. The approach
of Stenseth and colleagues (1999) is one among many for de-
termining which climatic variables to apply, including model
selection (Sandvik et al. 2008), correlation analyses with lo-
cal weather variables (Grotan et al. 2008), or ordination
methods that integrate different indices into similar orthog-
onal axes (Wang et al. 2006). Most important, within a climatic
region there will be climate-change hot spots where the global
climate index has a stronger influence on local weather vari-
ables such as precipitation and temperature (e.g., figure 2). The
degree to which these in turn influence population dynam-
ics can be determined with a cross-correlation analysis between
climate and population dynamics using time series analyses.

Future steps for understanding impacts of

climate on global population dynamics

Although the use of bioclimatic envelope models has been
fruitful for many years, we still need supplemental approaches
that can identify distribution-scale variation in intrinsic ver-
sus extrinsic processes in species’ response to climate change
(Schmitz et al. 2003 ), and the future for more detailed analy-
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ses of population dynamics looks promising. The rise of
widely available, long-term population data online (such as
the Global Population Dynamics Database) will facilitate
analyses such as those promoted here. Moreover, to date,
most global analyses have been conducted on only one species.
The availability of extensive data sets with overlapping species
suggests that ecologists will develop approaches for under-
standing community responses to climate change, a devel-
opment that could not be more timely.
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