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EDITORIAL Open Access
Addressing new challenges in climate change
research by highlighting biological complexity
Eric Post1 and Frank Seebacher2*
In the study of ecological and evolutionary responses to
climate change, there has been a growing emphasis re-
cently on complexity deriving from biological interac-
tions [1-3]. Such complexity reflects the dynamics of
interactions occurring among levels of organization and
across scales of space and time. It therefore poses enor-
mous challenges for the management of global environ-
ments and resources over the next century. Climate
Change Responses is dedicated to publishing research
that addresses this complexity and confronts these chal-
lenges to understanding biological responses to climate
change. With the launch of this journal, we aim to
emphasize the frontiers in climate change research, in-
cluding, for instance, understanding interactions among
individuals and species, bi-directional interactions be-
tween abiotic and biotic components of natural systems,
and evolutionary capacities to respond to changing envi-
ronments through adaptation and phenotypic plasticity.
The probability that the observed changes in climate

since the mid 20th century are not caused by human ac-
tivity is now diminishingly small [4]. Human activity has
therefore led to changes in several environmental vari-
ables, notably temperature, dissolved oceanic CO2 level,
and rainfall patterns. In addition to their individual im-
pact, environmental drivers interact with each other,
thereby exacerbating their effects on biological systems.
For example, concurrent increases in temperature and
CO2 levels can interact to determine metabolism and
gene expression profiles in marine invertebrates [5].
Similarly, together temperature and UV-B radiation can
determine performance and life history traits in animals
[6]. Quantifying climate change at the spatial level at
which it is most relevant for ecological responses is, how-
ever, far from straightforward [7]. This is because climate
change predictions are mostly made at a global scale over
relatively long time periods. However, Helmuth et al. [7]
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argue that these general patterns in climate do not neces-
sarily encapsulate regional or local climate patterns and
weather, which ultimately affect the physiology, behaviour,
and interactions of organisms. Spatial and temporal reso-
lutions need to be incorporated into experimental designs
explicitly, and will have consequences for management
strategies and communication about climate change re-
sponses among (human) stakeholders [7].
The consequences of changes in local weather condi-

tions resulting from the interaction between environmen-
tal drivers are dramatically illustrated by the long-term
effects of the 1997–1998 El Niño patterns in the Pacific. El
Niño events, resulting from anomalously high sea surface
temperatures, cause increased rainfall in certain regions of
the eastern Pacific. Heavy rains can in turn disrupt food
supplies and increase the risk of disease outbreaks in hu-
man populations. Malnutrition during early childhood
may have effects, such as smaller size and lower metabolic
rates [8], that persist into adult life. The particularly well-
developed El Niño pattern of 1997–1998 caused massive
flooding events in Peru. Danysh et al. [9] show that chil-
dren born during this El Niño season showed significantly
reduced height and lower lean mass 10 years after the
event, compared to cohorts born before or after it. El Niño
events are predicted to increase in frequency and severity
with global warming, so that the ensuing weather patterns
may have a lasting and increasing effect on the health of
humans and possibly other species [9].
A second example of the long-term effects that local

conditions can have on species phenotypes, and poten-
tially species persistence, comes from sex determination
in turtles [10]. As in other reptiles, sex in flatback sea
turtles (Natator depressus) is determined by the incuba-
tion temperatures experienced during development by
the eggs. Flatback turtles lay their eggs in nests dug into
beaches in Australia, Indonesia and New Guinea, and
offspring sex ratio in this species is determined by nest
sand temperatures Stubbs et al. [10]. Show that the sand
temperature that produces equal numbers of males and
females is 29.4°C; lower temperatures produce male-
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biased, and higher temperatures female-biased sex ratios.
In the past 20 years, cooler sand temperatures led to a
slight male bias in hatchling sex ratios. However, model-
ling the impact of climate change in the region shows
that increasing temperatures resulting from climate
change may bias the sex ratio towards females by the
mid 21st century. Interestingly, however, climate at the lo-
cation of the focal population in northern Australia is pre-
dicted to become increasingly variable, which means that
the higher extremes reduce hatching success in the off-
spring. Winter temperatures, however, may also de-
crease so that at this particular location the population
may remain male-biased if nesting occurs in winter.
Over the past two or three decades, climate change

has in many diverse systems caused pronounced changes
in the timing of biological events such as flowering and
growth in plants [11,12] and the seasonal appearance of
invertebrates [13]. At the same time, the geographical
distributions of many animals, plants, and other organ-
isms has changed as a result of regional climate changes
[14]. Compensation for environmental changes at the
level of the phenotype may confer resilience to climate
change, the degree of which may differ between different
species or populations. Phenotypic plasticity in response
to environmental variability can result from developmen-
tal or reversible processes within individuals, or from gen-
etic adaptation across several generations [15,16]. More
generalist phenotypes and those with greater capacity for
within-individual plasticity are likely to be more resilient
to change. For example, in a community of bumblebee
species of the genus Bombus distributed along an altitud-
inal gradient some species are cold adapted and their dis-
tribution is restricted to high altitudes. Other species
have wider distributions across lowland areas [17]. Cli-
mate warming will affect the cold-adapted species more
severely, and will cause contraction of their range to in-
creasingly higher altitudes. At the same time, the lowland
species will extend their range to higher altitudes. Cold
tolerance is associated with proboscis length, and cur-
rently lowland species have longer proboscides. Proboscis
length dictates the types of flowers that bumblebees can
feed on and fertilise. Altered distributions of bumblebees
resulting from climate change therefore also alters the
type of flowers that will be fertilised by the bees along the
altitudinal gradient. Climate change thereby has the po-
tential not only to affect the bee community itself but also
the plants on which it feeds [17].
This example demonstrates very clearly that the biotic

interdependence of species causes cascading effects within
the community as a result of range shifts, or addition and
removal of species. One of the greatest current challenges
in understanding the consequences of climate change, and
which is a focus of Climate Change Responses, is to disen-
tangle interactions among organisms, and those between
organisms and the environment [18]. A prime example
of this challenge is in understanding how changes in abi-
otic conditions influence trophic interactions among species.
For example, different responses to long-term temperature
changes altered the interactions between a fish predator
and its prey in different thermal environments [19]. Herbi-
vore abundance can also be strongly influenced by abi-
otic conditions, while simultaneously affecting predator
dynamics. Vice versa, the presence of predators can alter
herbivore behaviour and abundance. It is conceivable
therefore, that changes in the abiotic environment modify
the interactions between herbivores and their predators.
However, in this issue of Climate Change Responses,
Brodie et al. show that the presence of wolves did not alter
the responses to changing snow cover in mature female
and juvenile elk, both of which responded negatively to in-
creasing snowpack regardless of the presence of predators
[20]. These results emphasise that climate and weather
need to be considered at the local, ecologically relevant
level [7], and that the effect of changing environmental
conditions can persist regardless of predator presence. To
complicate matters further, the interaction between envir-
onmental drivers can change the interaction between
organisms [21]. Hence, the interactions between CO2,
temperature, UV-B radiation, and rainfall influence in-
teractions between plants and herbivorous invertebrates.
Most of the effects of interactions between climate drivers
were multiplicative, with some antagonistic but very few
synergistic effects [21].
The articles published in the first edition of Climate

Change Responses reflect the nature of the challenges de-
riving from biological complexity that need to be addressed
to predict and manage the effects of climate change on
populations, communities, and ecosystems. These inaug-
ural papers also set the tone for the journal and will, we in-
tend, encourage participation from our colleagues to make
this one of the premier journals in the field.
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