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LE CHANGEMENT CLIMATIQUE: LES CAUSES 

 

 

•   Les émissions de GES d’origine anthropique sont le 
principale facteur 

  En 2004, près de 75 % des émissions de GES étaient dues au CO2 
(combustibles fossiles pour plus de 80%). Le CH4 a contribué pour 14 
% (rizières, décharges, ruminants, ..) et le N20 pour 8% (engrais, 
fumiers, fossiles, …). 
  Depuis le début de l�ère industrielle la quantité d�énergie disponible 
pour « chauffer » les basses couches de l�atmosphère a augmenté de 
1% (2,5 W/m2). 

Les activités humaines modifient la composition de l�atmosphère en gaz à 
effet de serre  

Gaz carbonique : CO2 Méthane : CH4! Protoxyde d�azote : N2O!

+ 40%! x 2,5! +20%!

•  CO2 atmosphérique > 400 ppm 
IPCC, 2007 
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•   L’activité humaine est largement responsable du 
changement climatique 

IPCC, 2013 
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 •  Plusieurs études sur l’effet de la température. 

•  Importance des effets indirects du CC (Kallenborg et al., 
2012) -> changement de pratiques agricoles. 

•   Tradeoffs entre résistance aux stress climatiques vs. 
Stress écotoxiologiques (Moe et al., 2013, Hooper et al., 
2013) 

•   Quelques études utilisent l’outil de modélisation pour 
évaluer l’évolution des risques 
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[15]. In the present study, therefore, we consider the combined
effects of GCC and toxicants at the population and community
levels (Fig. 1). The ultimate aim is to provide support for
improved ERA [16] and ecosystems restoration [17] under
GCC.

The combination of toxicant stress with other environmental
stressors, such as heat stress or desiccation, can often result in a
stronger-than-additive effect on organisms [18]. Nonadditive
stressor interactions are particularly important in population-
and community-level ERA because they complicate extrapo-
lation and forecasting of impacts. If effects of a toxicant will be
more pronounced under future climatic conditions, more strin-
gent environmental quality standards will be needed for this
chemical. Regarding ecological restoration [17], removing one
stressor may result in a greater benefit than expected in case
of a synergistic interaction, while in case of an antagonistic
interaction, removing one stressor may be less effective than
expected. The physiological mechanisms underlying the inter-
active effects of toxicant and climatic stressors can be inter-
preted from two different angles, as proposed by Hooper et al.
[13]: (1) climate-induced toxicant sensitivity (CITS), where
exposure to a climate-related stressor makes an organism more
sensitive to subsequent toxicant exposure (Fig. 1, arrow 3), and
(2) toxicant-induced climate susceptibility (TICS), where tox-
icant exposure makes an organism more vulnerable to subse-
quent changes in climatic conditions (Fig. 1, arrow 4). Here, the
term synergistic interaction will also be used in the statistical
sense (i.e., any stronger-than-additive effect of two stressors),
even if the underlying mechanism is unknown.

In the present study, we are concerned with how combined
impacts of climate and toxicant stress measured for individual-
level responses propagate to the population level (e.g., popu-
lation growth rate) and ultimately to the community level (e.g.,
species diversity and ecosystem functions and services).
Unfortunately, most studies of interactions between GCC-related
and toxicant stress factors have dealt only with individual-level
responses (e.g., survival, development, reproductive rates).

A review of multiple environmental stressors’ effects across
levels of biological organization [19] suggests that interaction
types (synergistic, additive, or antagonistic) vary with the
specific stressor combination, the trophic level (e.g., herbivores
vs predators), and the response level (population vs commun-
ity). Compounded stressors are thus likely to yield ecological
surprises in real ecosystems [20]. This means that it will be
difficult to make general predictions about how individual-level
responses to climate and toxicant stressors will propagate to
higher levels. The adverse outcome pathway approach used for
predicting multiple stressor effects at the individual level [12]
may to some degree be applicable for extrapolation to the
population level (e.g., population growth rate) but not neces-
sarily to the community level, where species interactions must
also be considered.

In the present study, instead, we focus on ecological mech-
anisms operating at the population and community levels,
which may contribute to either compensation or exacerbation
of individual-level effects of stressors at the higher levels of
biological organization (Fig. 1, arrows 5 and 6). We consider
ecological mechanisms affecting both short-term and long-term
responses to stressors, as well as the role of spatial dynamics and
landscape structures (Fig. 1, arrow 9). We must also consider
the many potential impacts of climate change on population and
community processes [21] (Fig. 1, arrows 7 and 8). Many recent
reviews have argued that GCC is or will be affecting commun-
ities and ecosystems [22–24], for example, through changes in
phenology (timing of events [25]), species range boundaries
[26], species invasions [27], species interactions [28], and
increased extinction rates [29]. Although some species may
benefit from higher temperature and other GCC-related
changes, a large number of species are expected to be vulner-
able to impacts of climate change [10]. In the present paper,
therefore, we address two key questions: (1) How will GCC-
related changes in environmental conditions affect the vulner-
ability of populations and communities to toxicants? (2) How
will combined impacts of toxicants and GCC-related stressors at
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Fig. 1. We address combined impacts of global climate change (GCC) and chemical stressors across biological levels of organization in the following way:
The term GCC represents climatic drivers (temperature, precipitation, etc.). Environmental conditions represent other abiotic factors (hydrologic regimes,
ultraviolet radiation, nutrient concentrations, etc.). Global climate change can affect the fate and exposure of toxicants directly (arrow 1) or through altered
environmental conditions (arrow 2) [9]. Individuals can be impacted by GCC-related changes in toxicant exposure and/or other environmental conditions;
interactions between these factors can result in climate-induced toxicant sensitivity (arrow 3) or toxicant-induced climate-sensitivity (arrow 4) [13]. When the
combined toxicant and GCC impacts on individuals propagate higher levels, they can be modified by population-level (arrow 5) and community-level (arrow 6)
processes. Such population- and community-level processes can in turn be impacted byGCC, directly or indirectly (arrows 7 and 8). Finally, landscape properties
may influence the responses of populations and communities to combine toxicant andGCC effects (arrow 9). [Color figure can be seen in the online version of this
article, available at wileyonlinelibrary.com]

50 Environ. Toxicol. Chem. 32, 2013 S.J. Moe et al.
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Europe were affected. For .10% of all cultivated cells,
ER was predicted to increase to the class of ‘‘high’’ or
‘‘very high,’’ which indicated an increase toward a
particularly high risk of decline of ecological status.
These cells were mostly located in Central Europe,
southern England, and northern and western France.
The model predicted a decrease in ER for only 3% of the
relevant grid cells, which was due to a decrease in
precipitation. These included grid cells in Spain,
Portugal, Italy, and Greece, which exhibited mostly
‘‘high’’ to ‘‘very high’’ levels of risk in 1990. It is
important to note that, owing to the logarithmic scale of
RP, an increase of one class means a 10-fold higher level
of RP. As a consequence, we detected no changes in RP
or ER for large parts of Italy, Spain, Portugal, and
Greece that were already classified as having at least
high values of RP and ER in 1990.

Main drivers of change in ER

The factor that resulted in the greatest alteration of
ER from 1990 to 2090 was the rate of insecticide
application (Fig. 5a). A total of 35% of the grid cells
showed an increase in ER and none showed a decrease
when the application rate was changed to the value for
the 2090 scenario, while the values of all other
parameters were kept the same as those for 1990 (Fig.

5a). The influence of precipitation was variable across
regions (Fig. 5b). For a few grid cells in Eastern Europe,
Scandinavia, Germany, Belgium, and The Netherlands,
an increase in ER due to higher precipitation rates was
predicted. However, for some areas of Southern Europe,
France, and small areas of the UK and Ireland, lower
precipitation under the 2090 scenario led to a decrease in
ER. Overall, it was predicted that ;6% of the cultivated
grid cells would be affected by an increase in ER due to
higher precipitation and a further 6% by a decrease in
ER due to lower precipitation.

The ER of Northern Europe was affected strongly by
the predicted increase in arable area in these countries.
In Estonia in particular, an increase in ER was predicted
for 72% of all cultivated cells, with an increase of at least
one class for 41% of cells (Fig. 5c). For Finland, 53% of
the cultivated grid cells were affected, but mostly only by
a slight increase in ER (no change in the ER class). The
highest increase in ER (a change of two classes) was
predicted for Latvia and Lithuania in 5% and 4.6% of all
arable cells, respectively. The lowest impact on ER was
predicted for Sweden where the majority of regions with
arable land use were unaffected. The changes in crop
distribution that resulted in alterations in plant inter-
ception had minor and scattered effects all over Europe
(figure not shown).

FIG. 3. (a) Runoff potential in 1990 and (b) change in runoff potential from 1990 to 2090 for the A1B scenario given as the
change in RP class. RP indicates a logarithmic decrease from class to class in the amount of insecticide runoff. The change in RP is
given as the difference between the classes in 2090 and 1990. Hence, an increase in the RP by two classes could represent an increase
from low to high (see Material and methods: GIS modeling).
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Global Climate Change and Contaminants,
a Call to Arms Not Yet Heard?

A consensus has existed from the mid‐2000s that climate
change is occurring and is the result of anthropogenic causes
(Oreskes 2004). Noyes et al. (2009) published the first
description of the potential interactions between a warming
environment and toxicology. Four years ago, an editorial in
Integrated Environmental Assessment and Management (Wen-
ning et al. 2010) called upon members of the Society of
Environmental Toxicology andChemistry (SETAC) to develop
research on the potential interactions between global climate
change (GCC) and environmental contaminants. An interna-
tional, Pellston‐style SETAC workshop in 2011 focused on
the potential influence of GCC on the foundations (chemical
fate, mechanistic/population ecotoxicology) and applications
(human and ecological risk and injury assessments) of
environmental toxicology and chemistry. This workshop
resulted in 7 articles published in Environmental Toxicology
andChemistry in 2013 (Climate Change Series [CCS]) and 3 of
these have achieved “SETAC top article” status as determined
by internet downloads.

Despite the Pellston Workshop and several SETAC calls for
research, there continues to be a lack of studies seeking to
understand the interactions between climate change, contam-
inants, and environmental risk. We were hoping for more but
recognize that these are early days.

We can point to several national and international reports on
climate change highlighting specific plans and needs for
adapting to and mitigating impacts of GCC. In 2013, the
European Environment Agency (EEA) published the reports
Climate Change, Impacts and Vulnerability in Europe 2012 and
Adaptation in Europe—Addressing Risks and Opportunities from
Climate Change in the Context of Socio‐Economic Developments
(EEA 2012, 2013), and in May 2014, the United States
published the Third National Climate Assessment: Climate
Change Impacts in the United States (USGCRP 2014). The
comprehensive 2014 report from the Intergovernmental Panel
on Climate ChangeWorking Group II on Impacts, Adaptation,
and Vulnerability (IPCC 2014) documents a number of
observed and predicted effects. The interactions of GCC
with land‐use change, water resource development, invasive
species, increased economic activity, and biofuel crop cultiva-
tion are explicitly recognized. However, these reports do not
explicitly recognize how xenobiotics can be a critical contrib-
uting factor to the risks that GCC presents to the environment.

On the other hand, why would the climate change
community acknowledge the importance of the altered
mobility and toxicity of contaminants if the field of environ-
mental toxicology, chemistry, and risk assessment does not
advance this area of research and articulate its importance to the
broader scientific community?

The fundamental assumption of the Pellston work is that
chemicals and climate change co‐occur and what is done to

manage one affects the impacts of the other, or has already.
Stahl et al. (2013) points to 5 consensus observations.

The first point of consensus is that human actions, including
mitigation of and adaptation to GCC, might have as much
influence on the fate and distribution of chemical contaminants
as does GCC, and modeled predictions should be interpreted
cautiously. Mitigation for the causes and adaptation to the
effects GCC can include the movement of sediment, the
creation of dikes, flood control, the search for new energy
sources, and changes in agricultural practices. Because of the
ubiquity of anthropogenic chemicals, each of these mitigation
and adaptation strategies could also include changes in the fate
and transport of chemicals.

The second point of consensus is that climate change affects
the toxicity of chemicals, but stress from chemicals can also
affect organisms’ ability to acclimate to GCC. Environmental
changes caused by climate change might limit the molecular
and physiological adaptation of an organism to intoxication by
altering rates of uptake, detoxification, and excretion. Similarly,
the physiological burden of exposure to a chemical might alter
temperature regulation, responses to acidification, or responses
to water availability. At a population scale, these molecular and
physiological interactions alter the fitness landscape, limiting or
enhancing evolutionary adaptation to changing conditions and
potentially leading to enhanced risks to human health.

The third point is that the effects of GCC are slow, variable,
and difficult to detect, although some populations and
communities of high vulnerability might exhibit responses
sooner and more dramatically than others. Just as the rates and
trajectory of climate change vary depending on location, so will
its effects. The ecological effects will also vary depending on the
life‐history strategies of the organisms, exposure to current
stressors, the patchiness and isolation of the environment, and
the genetic plasticity of the population. Previous and current
chemical or nonchemical stressors might also affect the
response of populations and communities to future events.
GCC may ameliorate the effects of chemicals by reducing
exposure, altering habitats, making the prediction of impacts
and their probabilities challenging.

The fourth point of consensus is an integration of the first 3
applied to risk assessment. Human and ecological risk assess-
ments need to incorporate multiple stressors and cumulative
risks that consider the wide spectrum of potential impacts
stemming from concurrent GCC and toxicant stressors.
Predictions of risk associated with contaminant exposure that
do not incorporate change driven by GCC and the mitigation
efforts will be less accurate and include an increasing
uncertainty. Risk assessments not including GCC stressors
will result in incorrect distributions of risk, under predicting or
over predicting the severity and probability of effects.

The fifth point is that baseline, or reference environmental
conditions for estimating resource injury, restoration, or
rehabilitation will continually shift because of GCC. Findings
from the IPCC and other organizations identify that climate
change and its effects are ongoing phenomena that date back
several decades. Baseline conditions derived from even 30 years
of environmental data to represent variability around an
equilibrium value and without an anthropogenic forcing
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