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We live in a time of multiple, interacting and accelerating crises, includ-
ing climate change, overexploitation of natural resources, pollution, 
growing inequalities and injustice, political and social instabilities, war, 
migration and weakened democratic and truthful deliberations.1 Many 
of these crises are directly or indirectly linked to the degradation of eco-
systems and biodiversity loss.2 Since 1993, the nations of the world have 
committed themselves to the protection and restoration of the Earth’s 
diversity of life through the UN’s Convention on Biological Diversity 
(CBD).3 The UN Decade on Ecosystem Restoration from 2021 to 2030 
further emphasizes the urgent need to reverse the degradation of ecosys-
tems worldwide within the coming years.4

Evidently, the current economic system is a major driver of ecological 
degradation,5 and technological solutions will not suffice to avert cata-
strophic climate change and biodiversity loss.6 The UN’s “17 Sustainable 
Development Goals” of the 2030 Agenda for Sustainable Development 
instead recognize the need for integrative sociocultural and ecological 
solutions.7 This will require that the voices and ecological competencies 
of diverse cultural groups, many of them marginalized or oppressed, must 
be strengthened with the help of expertise from the humanities, social 
sciences and arts.8 Following an era dominated by economics and engi-
neering, the 21st century must become a century of cultural diversity and 
ecological sensibilities. Indeed, ecology is reaching the status of a guiding 
natural science of our time. Since 2012, the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) has been 
coordinating experts around the world to assess ecological knowledge for 
policy-making.9 While for most of the 20th century physics was seen as 
the paradigmatic model of scientific inquiry, in the 21st century, we must 
better appreciate the ontological, epistemological, methodological and 
pragmatic implications of an ecological view of nature and human-nature 
relationships.10 Rich and thorough ecological expertise is essential for an 
urgently needed societal transformation toward a sustainable future.11
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Such an ecological turn will have important implications for how 
we see the role of scientific evidence in resolving conflicts and legiti-
mizing decisions. Ecological expertise is confronted with particularly 
difficult challenges. Expertise about the open and non-equilibrium envi-
ronmental systems of the Anthropocene is inevitably highly uncertain. 
Open environmental systems are characterized by features such as non-
linearity, emergent properties, non-equilibrium and causal chains that 
span vast spatial scales that make robust prediction and reliable advice 
on effective system manipulation difficult. This makes it also hard for 
experts to demonstrate that their evidence is reliable.12 Moreover, the 
experimental testing of hypotheses and refinement of solutions through 
learning-by-doing in a controlled setting such as a laboratory is often 
not possible.13

To circumvent these problems, the modern natural sciences have often 
used the strategy of turning open-system problems into closed-system 
problems. Accordingly, innovations have been developed in laborato-
ries and their risks assessed based on highly simplified model systems, 
while the potential consequences on the environment have often been 
neglected.14 Intensive agriculture and plantations, for instance, have been 
designed so that they can easily be controlled and manipulated, while cit-
ies and technical artifacts are considered separate from nature. This has 
often led to unintended consequences stemming from new technologies 
and other innovations on the natural world. It has hitherto been possible 
to neglect these negative externalities because the planet that provided 
us with free ecosystem services and goods quietly absorbed our pollut-
ants and waste and allowed us to conduct our dangerous experiments 
and destructive activities in remote areas where those affected, whether 
human or non-human, were powerless.15

Meanwhile, and especially since World War II, we have lost most of 
the refugia of nature,16 and we now live in a full world,17 with no cheap 
nature left.18 A key characteristic of the Anthropocene is that even the 
rich and powerful among us can no longer escape the causal intercon-
nections between the environment and human systems. Whether in a 
laboratory, in relation to technical infrastructures, in cities, in intensive 
agriculture or in the way we imagine our social and culture life, nature is 
talking back. We have to relearn how to listen to nature, while accepting 
that our knowledge about nature is inevitably incomplete and ignorance 
widespread.

A second challenge is that our thinking about nature and human-
nature relationships is undergoing a paradigm shift. Fundamental 
ontological, epistemological, methodological and ethical assumptions 
underlying ecological research and our understandings of nature and 
human-nature relationships are open for debate in our pluralistic and 
globalized society. When such a phase of cognitive indeterminacy occurs 
in a field of expertise so closely intertwined with deliberations in society, 
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the situation further complexifies. Silvio O. Funtowicz and Jerome R. 
Ravetz19 have called this type of science-policy nexus post-normal in 
reference to Thomas Kuhn’s description of scientific revolutions.20 
Fundamental assumptions about what counts as relevant and relia-
ble expertise and evidence as well as about the ontology of the study 
subjects and the ethics and goals of interventions are being questioned 
from multiple and conflicting perspectives from within the sciences and 
society at large.21 Because these various assumptions are mutually inter-
twined, it is difficult to separate political, cultural, ethical, epistemolog-
ical and ontological aspects of a controversy.22 And because conflicting 
perspectives are often incommensurable, there is no arbiter available to 
clarify debates.

This situation is further aggravated by the fact that our knowledge 
about nature is rarely based on direct observation accessible to a non-
expert anymore; rather, nature increasingly speaks to us only indirectly 
through various specialized scientists and their diverse tools. Thus, sci-
entific evidence about nature is increasingly more open to alternative 
and often conflicting interpretations.23 When nature still speaks directly 
to us, many of us have lost the competencies to listen – we depend on 
interpreters to explain the ecological realities around us.

There is no easy way out of this bind. In particular, there is a growing 
recognition that reducing ambiguities by turning pluralistic and open-
system problems into disciplinary and closed-system problems only 
worsens the situation.24 Instead, we need to develop a new culture of 
evidence practices that embraces pluralism, ambiguity and ignorance. 
In some  cases, previous strategies of evidence-based decision-making, 
such as the use of projections, risk assessments or cost-benefit anal-
yses, still work.25 In other cases, it might be more effective to design 
evidence-based decision-making processes and policy institutions that 
are more inclusive and transparent and facilitate continuous social learn-
ing.26 In ecology, for instance, there is a long tradition of adaptive man-
agement processes that attempt to continuously improve interventions 
in nature through social learning-by-doing in the real-world settings of 
particular environmental problems.27

Often, however, it is not even clear what constitutes a scientific and 
societal problem, how it should be approached and who the relevant 
experts are. In such a situation, the formulation of the framing of the 
societal and scientific problem becomes in itself a critical step in the pro-
duction of reliable and socially robust evidence.28 Transdisciplinary and 
participatory research aims at clarifying contested problem structurings 
in pluralistic decision-making contexts.29 Arguably, the situation is even 
more ambiguous in the case of ecological expertise in the Anthropocene 
because the epistemology and ontology of a whole research field – 
ecology – and even whole epistemes are exposed to heightened dis-
agreement. It might therefore be necessary to embrace pluralism and 
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disagreement as an opportunity for renegotiating the very fundament of 
our thinking.30 The role of experts might become one of nurturing crit-
ical thinking, virtues and cultures of responsibility and empowerment 
and agency rather than of attempting to achieve a definite clarification 
of problem diagnosis, targets and solutions.31

In what follows, I present the example of invasive species research 
and policy as a model case of a scientific and societal issue that is char-
acteristic of evidence-based deliberations in ecology and environmental 
decision-making in the 20th century. Biological invasions are the result 
of global environmental changes and globalization and are considered 
one of the main drivers of the biodiversity crisis. While there is a well-
established expert community that addresses the issue through research 
rooted in a mainstream scientific discipline – ecology – the interpretation 
of the scientific evidence and the conclusions drawn for management 
action are increasingly contested from numerous angles; thus, biological 
invasions represent a case of post-normal science.32

Biological invasions were formally recognized as a specific scientific 
and societal issue after World War II. The framing of the problem is 
thus rooted in post-war ecological science and environmental decision-
making. It was an era when ecological problems were framed as socially 
and epistemologically well-bounded issues amenable to clarification by 
academic and disciplinary ecologists alone and solved through policy-
making that closely follows scientific assessments such as cost-benefit 
analyses or scenario analysis (mode 1 knowledge production sensu 
Helga Nowotny and colleagues).33

Ecology and the Science-Policy Nexus after World War II

The core of academic ecology after World War II contrasted strongly 
with early modern ecology in the 19th and early 20th centuries; thus, 
the expert culture of the post-war years was socially constructed in a 
specific way, and this shaped ecological thinking and decision-making 
related to the different environmental crises of the 20th century, includ-
ing biodiversity loss and climate change.

Applied ecology was often institutionally isolated from basic ecol-
ogy. It was widely distributed across diverse research institutions and 
departments of applied sciences such as natural resources manage-
ment, fisheries, forestry or agriculture,34 and scientists with an ecolog-
ical expertise and research focus also worked at departments ranging 
from geography and anthropology to the environmental sciences. In 
contrast, basic ecology was increasingly separated from applied ecol-
ogy and non-biological sciences, including geography and the social 
sciences, which in the 19th and early 20th centuries shared interests and 
regularly collaborated with ecology. A reflection of this separation was 
that humans were excluded from basic ecological theory as an agent 
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integral to ecological systems. An interest in the ecology of human-
made ecosystems such as cities, for instance, only re-emerged much 
later.35 A gap opened between ecology and the social sciences and 
humanities. Partly this was a consequence of the episteme of modernity 
that assumed that nature and culture were separate realities, but it was 
also a result of more specific misunderstandings between natural and 
social scientists among others resulting from the heated sociobiology 
debates of the 1970s.36

Reductionist ontological frameworks increasingly shaped ecological 
theories.37 The study of animal behavior came under the influence of 
behaviorism. Animals were interpreted as beings without consciousness 
and their behavior as purely mechanistic – following René Descartes’ 
characterization of animals as machines. Animal behavior was studied 
in animals in captivity and often by harming them. The emergent prop-
erties of species communities were interpreted as the result of the inter-
play of autonomous individuals that compete for limited resources38 – an 
ontological understanding of species coexistence that is interpreted by 
some historians of science as being rooted in an ideology of liberalism.39 
Ecosystem ecology that explained the overall workings of ecosystems 
as characterized by fluxes of energy, matter and information in anal-
ogy to physics solidified through major funding from the US Atomic 
Energy Commission with the goal of understanding the fate of radioac-
tive isotopes in the environment.40 It was further developed by building 
on the toolbox of systems science and cybernetics and with the help of 
computer simulation modeling.41 Such systems ecology can be seen as 
technocratic,42 and as an approach that characterizes ecosystems as a 
kind of a machine.43

After World War II, the ambition of basic ecologists was to advise 
on global-scale policies on biodiversity with context-independent and 
globally applicable knowledge intended to represent the consensus of 
a global scientific expert community, comparable to the advisory work 
of climate modelers in climate policy. However, it was not possible to 
make quantitative predictions as a basis for policy-making using com-
puter simulations like those of climate scientists.44 Instead, the hope was 
to deduce policy advice directly from ecological theory. For instance, 
mathematical models from population biology were used to determine 
minimal viable populations of threatened species;45 species coexistence 
theory was used to show why local species diversity matters for ecosys-
tem functioning;46 biogeographic research on the correlation between 
the size of oceanic islands and the number of species present on these 
islands to advise on the design of nature protection areas;47 and a com-
bination of theoretical assumptions from biogeography, population ecol-
ogy and evolutionary biology to argue that nonnative species – i.e. those 
introduced to a new geographic area by humans – pose high ecological 
risks (see below).
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Deduction of expert advice and implicitly normative judgments 
from general scientific laws and thus underlying ontological and epis-
temological assumptions can be problematic, especially when implicit 
assumptions and how they shape sociopolitical discourses are not made 
transparent.48 In particular, the assumption that non-anthropogenic, 
pristine ecological systems are characterized by a particularly high degree 
of biological organization implicitly influenced research and policy. In 
research, interpretations and generalizations of observational data were 
built on the assumption that ecological patterns represent well-designed 
adaptations. According to such a view, species traits represent optimized 
designs that help species to survive under particular environmental con-
ditions, interactions of species are fine-tuned through coevolution, and 
the composition of species community is the result of ecological sort-
ing so that coexisting species with complementary specializations (i.e. 
niches) fit together like pieces of a puzzle. This adaptionist interpretation 
has been criticized as empirically unjustified teleological thinking49 and 
as based on an empirically unjustified assumption that there is some 
kind of harmonic balance in nature.50 In policy, the view that pristine 
nature is particularly well-functioning thanks to long-term coevolution 
and ecological sorting led to the presumption that humans are by default 
a problematic disturbance factor in nature; and thus that protected nat-
ural areas are ecologically preferable to managed land and that species 
introduced by humans to an ecosystem – alien species – pose ecolog-
ical risks. In the Anthropocene, these assumptions confront ecology 
with epistemological and pragmatic problems given non-equilibrium 
and anthropogenic ecological realities.51 A second important implicit 
assumption was that ecological issues were framed as global rather than 
local policy issues. Ecology tried to fit into the emerging framework 
of climate change and global change science and policy.52 The concept 
of biodiversity was meant to condense the overwhelming diversity of 
life across the multitudes of local places on Earth into one concise and 
highly generalized entity that could be used to talk to international deci-
sion makers. According to E.O. Wilson, the term was meant to become 
“the talisman of conservation, embracing every living creature”.53 This 
framing of ecological thinking and decision-making contributed to une-
qual und hegemonic globalized discourses about nature.54

In this context, biological invasions were conceived as a scientific prob-
lem and a societal issue. This background is important in understanding 
how invasion biologists were at first successful in framing a complex 
socioecological problem in such a way that a small and homogeneous 
group of scientists was accepted as the only legitimate experts and their 
expertise was largely undisputed, and how thereafter it developed into 
a highly contested post-normal issue characterized by incommensurable 
disagreements among experts and widespread contestation of evidence 
and policies by diverse stakeholders.55
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Case Example: Invasive Species Research and Policy

As long as humans have migrated across the planet, they have carried 
other species to new places.56 For instance, the successful expansion 
of indigenous people across the Pacific and the colonization of remote 
islands thousands of years ago depended on plants that they transported 
with them,57 in Greek and Roman times, alien species were part of 
religious ceremonies,58 and the redistribution of diseases, animals and 
plants played an important role in colonial expansion.59 The transporta-
tion of species to new places was often deliberate because of their known 
usefulness, and thus they played an important subsistence role and were 
often perceived positively and integrated into daily life.60 Alien species 
had manifold cultural and symbolic meanings, including as part of reli-
gious practices and as ornamentals.61 These meanings often differed for 
different social groups.62 Thus, throughout human history, alien species 
have been an integral part of livelihoods, and the perceptions of them 
have been pluralistic.

The Initial Framing of Invasive Species Research and Policy

When naturalists in the 18th century started to systematically doc-
ument the diversity of the natural world, human-associated species 
were recognized as such but not seen as something fundamentally 
different from naturally occurring species.63 Early 20th-century plant 
ecology further developed a differentiated conceptualization of dif-
ferent types of human-associated plant species, and they studied how 
humans shape local floras among others in urban areas.64 Thus, these 
early naturalists addressed human-associated species as part of their 
broad interdisciplinary interests in the interplay of geographic, eco-
logical and human factors in shaping the landscapes and biomes of the 
planet. It was only in the 1950s that introduced species began to be 
portrayed as a distinct scientific and societal problem. A book entitled 
Ecology of Invasions by Animals and Plants published in 1958 by 
the leading animal population ecologist at the time, Charles Elton, is 
generally seen as the birth of formalized research on invasive species.65 
The book initially triggered little interest in invasions as an environ-
mental problem but was rather read as a contribution to basic ecol-
ogy.66 It was an international research program within the Scientific 
Committee of Problems of the Environment (SCOPE) framework67 
focused on biological invasions that triggered the rapid growth of a 
new research field specifically focused on biological invasions in the 
1980s.68 Elton’s 1950s book and the subsequent international SCOPE 
research program in the 1980s are here treated together as the phase 
leading to the initial problem framing of formalized invasive species 
science and policy.
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This initial framing of biological invasions as a scientific and soci-
etal problem has some interesting characteristics.69 A diverse array of 
complex socioecological phenomena was subsumed under one unifying 
framework rooted in ecological theory. According to the broad scope of 
the postulated problem structuring, biological invasions encompass all 
alien organisms, ranging from animal and plant diseases to plants and 
mammals in all biomes of the world – from the Arctic to the tropics, 
both terrestrial and marine – that spread in all sorts of wild and man-
made landscapes and are associated with diverse human activities. One 
achievement of Elton and subsequent invasion science was that insights 
from biogeography, population, community, ecosystem, landscape and 
evolutionary ecology were integrated to look at very diverse ecolog-
ical phenomena through a single unifying lens, thereby contributing 
to theoretical synthesis in ecology. In contrast, there was little recip-
rocal conversation with applied research fields such as weed science, 
plant health, biological control or epidemiology that already had a long 
tradition of working on some of the issues that were now considered 
biological invasions. The new scientific framing thus redefined different 
applied ecological research questions as examples of the same kind of 
phenomenon, the essential workings of which should be clarified by 
basic ecology.

The underlying assumption that allowed for such a broad-brushed 
generalization of diverse real-world phenomena was that all natural 
ecosystems were considered to be uniformly characterized by the same 
ordering principles, and the modulating effects of the particular socio-
ecological contexts were considered to be negligible in comparison to 
these universal ecological principles. In particular, humans were seen as 
an external disturbance to natural systems. Because alien species are by 
definition a human-induced change of the pre-human species composi-
tion of ecosystems, they were therefore by default considered a risk to 
the well-functioning of ecosystems. The (perceived) unusual population 
dynamics of invasive alien species, i.e. their rapid spread and tendency 
to reach high abundance, was attributed to their human-associated ori-
gin. Their nonnative origin was thus seen as the keystone of the causal 
interpretation of the dynamics of biological invasions – a view derived 
from particular ontological and epistemological assumptions about how 
nature works and should be studied. At the science-policy interface, 
these presumptions legitimated the normative claim that alien species 
are by default problematic and therefore should be prevented from enter-
ing new areas and where present should be controlled and if possible 
eradicated.

This normative prejudice gained special weight in decision-making 
because it was argued that, in line with the precautionary principle, the 
risk of biological invasions should be prevented proactively, i.e. newly 
arriving alien species should be controlled and if possible eradicated 
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before an invasion could happen and therefore before any empirical 
data that demonstrated their negative impacts in a particular location 
became available. A normative principle of environmental policy – the 
precautionary principle – thus legitimized policy advice from ontologi-
cal presumptions about nature without the need to refer to case-specific 
empirical data. The question of how to legitimize precautionary action 
has since been constantly renegotiated in invasive species research and 
management.

At first, however, invasion biologists were not forced to engage in 
deliberations about their implicit assumptions and were very success-
ful in getting their perception of a new environmental risk integrated 
into policies at national and international levels. National and inter-
national legislation, science and policy networks and institutions and 
tools such as data inventories were quickly and widely established.70 
In 1993, the UN’s Convention on Biological Diversity (CBD) came 
into force and included article 8(h) on invasive alien species, requiring 
parties to “prevent the introduction of, control or eradicate those alien 
species which threaten ecosystems, habitats or species”, and the World 
Conservation Union (IUCN) established an invasive species specialist 
group.71

A number of hypotheses can be formulated to explain why the need 
to proactively address the problem of biological invasions according to 
a framing proposed by a rather small group of invasion biologists was 
initially not contested and explains why these scientists were effective 
in influencing policies. First, the recognition of a new ecological risk 
resonated well with the emerging environmental awareness and the 
growing interest in problems attributable to global change. Invasions 
were seen as a paradigmatic example of the ecological consequences 
of environmental degradation and globalization. The SCOPE research 
program, which was a key driver for the formation of institutionalized 
invasive species research, was along with, for instance, the International 
Biological Program (IBP), aimed at addressing global environmental 
problems through coordinated international efforts. It further helped 
that invasions proved to be an interesting global natural experiment that 
could be studied particularly well through internationally coordinated 
multisite research, which increased its attractiveness for basic ecologists. 
Essentially, during colonial expansion, the same set of species was intro-
duced to North America, South Africa, Australia, islands in the Pacific 
etc., and after 50–200 years, their fate in different biogeographic regions 
and habitats could be compared and analyzed based on observational 
data in, as it were, a long-term, outdoors multisite experiment (i.e. a 
natural experiment).72

Second, in contrast to other applied ecological research, invasion biol-
ogy had close institutional affinities to basic ecology and could profit 
from the social status of leading ecologists. Charles Elton, for instance, 
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was the leading animal population ecologist of his time and his book 
built on three lectures he gave on BBC radio to a large audience.73 
Equally, the SCOPE program involved some of the leading ecologists of 
the 1980s, and invasions were seen as a model system to test and further 
develop ecological theory, thereby raising the status of invasion-related 
research within basic ecology.74 Third, with the emergence of interna-
tional biodiversity policy institutions and legal frameworks such as the 
Convention on Biological Diversity in the 1990s, the scientific results 
of the SCOPE program about biological invasions came at the right 
moment to be integrated into international and then national legisla-
tion, and invasion biologists were well networked with decision makers 
in international biodiversity policy. Fourth, the proposed management 
actions fitted with established institutional frameworks and interests 
of stakeholders. Legislation and institutional mechanisms from plant 
health and animal and human epidemiology for the precautionary regu-
lation of the transportation of problem species between nations already 
existed. Authorities at borders were prepared to control transboundary 
movement of listed species, and invasion biologists, for their part, were 
in a position to develop risk assessment tools that identified problem 
species as a basis for preventative screening. Also, the control and if 
possible eradication of problematic species – pests and weeds – was a 
well-established strategy that nourished a large and profitable industry 
and profited from broad social acceptance. And, lastly, the inherent nar-
rative of invasion biology brought together cultural stereotypes from 
across the political spectrum: To prevent the unregulated “invasion” by 
“nonnative” species from outside a nation, to weed out and kill problem 
species and to protect pristine nature from negative human influence.

Thus, in summary, the case of invasive species research and policy 
rooted in the 1950s and developed throughout the 1980s and 1990s 
turned a broad range of complex socioecological phenomena into a 
socially and epistemologically well-bounded one, thereby containing 
contestation of evidence and its interpretation within the sciences as well 
as in society. A small and homogeneous group of scientists – trained in 
ecology and working at natural sciences departments – was privileged 
as the relevant experts. They advised on policy by using generalized 
rules about the workings of ecology instead of digging into the muddy 
details of real-world management cases. Of course, in the same period, 
many real-world invasions were managed locally, but this case-specific 
management and associated expertise were treated as applied science of 
lower status and therefore the institutional and epistemological core of 
the discipline of invasion biology was not affected by how applicable its 
theory was to local, real-world cases.

The example of invasive species science and policy illustrates how 
discipline-based policy advice – mode 1 knowledge production sensu 
Nowotny and colleagues75 – is maintained through the social construction 
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of a whole regime of codependent cultural, social, institutional and epis-
temological elements. To what extent this example of the social con-
struction of proactive action in response to an environmental risk should 
be seen as a successful or problematic model for reducing scientific and 
social complexities to enable effective action against an emerging risk 
requires a differentiated assessment. Some of its accomplishments and 
weaknesses became evident when it started to break apart in the late 
1990s. This is the next phase of the story of invasive species science and 
management.

Post-Normal Disturbances of the Expert Consensus

Toward the end of the 1990s, the science-policy regime of invasive spe-
cies research and policy increasingly ran into problems and dissent was 
voiced more loudly within the sciences and in society.76 The definitions of 
an alien and an invasive species were questioned by different experts and 
stakeholders,77 and the whole problem framing as well as the science-policy 
regime were being challenged. What human-assisted extra-range disper-
sal meant was no longer quite so clear. From how far must a species come 
so that its dispersal counts as extra-range? For instance, does the plant-
ing of a species outside of its ecological habitat, but within the same geo-
graphic area – for instance plantations of conifers that naturally occur 
in mountainous areas but are often planted in lowlands – also count 
as a case of extra-range and thus nonnative occurrence? Furthermore, 
is there a time duration after which a long-established nonnative species 
is considered a native species? And, when should a dispersal event be 
considered a human-assisted one? For instance, do species that migrate 
due to anthropogenic climate change, but without being transported by 
humans also count as nonnative species? After all, why is human assis-
tance even a relevant dimension of a definition of an ecologically novel 
species? Especially in the Anthropocene, does a definition that considers 
humans separate from nature still make sense (Figure 4.1), or how can 
ecological novelty be better defined in a time of massive anthropogenic 
ecological changes?78 Such critique of the problem framing came from 
within invasion science and ecology – including new subfields such as 
global change ecology that had started to compete with invasion science 
for expert status on the same issues – as well as from diverse other disci-
plines, including geography, social and cultural sciences, and from prac-
titioners, stakeholders and decision makers.79 Thus, in line with Thomas 
Kuhn’s model of scientific revolutions, conceptual questions that had 
been treated as a taboo by the prevailing paradigm suddenly became 
the focus of scientific debate. These questions had occasionally been dis-
cussed before in the scientific literature but did not receive much atten-
tion, while now they led to energetic scientific correspondence among 
the leaders in the field. In the case of a real-world and policy-oriented  
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science, however, the post-normal phase was not confined to discus-
sions among a small circle of specialized experts, but triggered more 
wide-ranging debates about evidence-based decision-making on biolog-
ical invasions.80

Indeed, the breakup of the paradigm opened space for more diverse 
expert perspectives.81 In particular, critical voices called for case-specific 
evaluations of actual invasions and their management instead of assum-
ing that all alien species should be treated equally as a problem inde-
pendent of context.82 As a result, a greater diversity of alternative policy 
options and expert advice became available, which made it more difficult 
to reach a consensus on management actions.83 Furthermore, it was no 
longer possible to neglect the contingencies and context-dependencies of 
particular real-world invasions. Whether a particular mechanism is rel-
evant in explaining a specific invasion depends on the ecological and 
anthropogenic context of the invasion.84 Invasion science theory was not 
particularly well prepared to explain how confounding factors shape 
real-world invasion dynamics.85 Thus, the scientific robustness of the 
available expert knowledge weakened. While broad expert consensus 
supported general theory about invasions, reliable predictions of the out-
comes of specific invasions in particular contexts were more difficult to 
make. It also became more challenging to evaluate the impacts of par-
ticular invasions and the cost-benefits of their management.

One observation about the consequences of this post-normal distur-
bance of the biological invasion science-policy regime is that strong 

Figure 4.1  �The Bosco Verticale building in Milan (Italy) – a high-rise build-
ing planted with trees in an urbanized area. In the Anthropocene, 
human agency and man-made landscapes shape novel ecologies. 
Photograph by Christoph Kueffer.
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and incommensurable disagreements within an established scientific 
discipline led to division among experts from the same discipline and 
research field, who otherwise agreed on the validity of the underlying 
scientific theory and evidence.86 In 2011, for instance, Mark Davis and 
other ecologists published a fundamental critique of invasion science in 
the scientific journal Nature,87 which triggered strong responses from 
the community of invasion biologists.88 In the same time period, Davis 
published a textbook about invasion ecology that represented the main-
stream thinking in the field;89 and his coauthors were equally well rooted 
in mainstream ecology. Thus, although they taught the same science to 
their students, their interpretations of evidence became incommensu-
rable with mainstream thinking. Davis et al. stated that “nativeness is 
not a sign of evolutionary fitness or of a species having positive effects”, 
thereby challenging the most fundamental pillar of the paradigm of 
invasion science.90 They also argued that “the conclusion made […] 
that invaders are the second-greatest threat to the survival of threat-
ened or endangered species after habitat destruction” was based on no 
empirical data. This mounted a fundamental challenge to the claims of 
invasion biologists in their role as policy advisors. Daniel Simberloff 
and Montserrat Vilà, in their response entitled “141 scientists object”, 
emphasized that they represented the expert consensus and responded 
to the critique that empirical data was lacking by emphasizing the need 
for proactive action in line with the precautionary principle: “severe 
impact of non-native species […] may not manifest for decades” and 
“some species may have only a subtle immediate impact but affect entire 
ecosystems, for example through their effect on soils”.91 Thus, while 
these different experts agreed on the nuts and bolts of the underlying 
science, they were forced into separate camps at the level of overarching 
perspectives on the science and policy of invasions.

Indeed, perceptions of alien species and their management – whether 
by experts or those affected by an invasion – can be influenced by a 
wide range of factors, including the involved actors, the attitude toward 
the affected biodiversity and targeted invasive species, the social and 
cultural context of the invasion or terminologies.92 For instance, state-
led actions against an alien species on private land might be opposed 
due to personal stances about the role of the state in solving problems. 
Depending on the framing of the problem, fault lines between support-
ers and dissenting voices can shift radically. For instance, while there 
are many biological similarities between the ecological risks of inva-
sive alien species and novel species engineered through biotechnology,93 
these two types of ecological risks are evaluated very differently by dif-
ferent experts. Some experts see a high risk stemming from alien species 
but not from genetically modified organisms, and vice versa. Overall, 
examples of dissent related to biological invasions show that the reasons 
for disagreement are not necessarily linked to any inherent aspect of 
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biological invasions. Rather, who agrees or disagrees depends largely on 
how the problem is framed: Who is considered a relevant expert or actor, 
what the envisioned solutions are, who has a voice in the process of 
developing the problem understanding and solutions and how the prob-
lem is communicated and by whom.

This leads to another important observation. The great flexibility 
of forming alliances in support of an environmental cause is both an 
opportunity for and a threat to scientific experts. It highlights that trans-
parent, inclusive and careful deliberations about the social, political, 
cultural, ethical and emotional dimensions of an environmental issue 
can be effectively employed to foster consensus. But it also leaves open 
the possibility that public support and perceptions will shift. Indeed, the 
perception of a particular alien species – for instance the tree genus 
Tamarix over the course of the 20th century in the United States – can 
change fundamentally.94 Such shifts in problem understandings can trig-
ger a need for the rearrangement of the whole science-policy regime that 
interlinks scientific expertise, policy responses and public perceptions. 
New legislation might have to be formulated, new institutional arrange-
ments financed, the public engaged through different communication 
strategies and practitioners might have to learn new management 
approaches. Such knock-on effects might cascade through science-policy 
regimes with time delays leading to asynchrony between expert think-
ing and implemented solutions. In many places, policy-makers at local 
and national levels are currently implementing essentially the framing 
of invasive species management formulated in the 1980s and 1990s,95 
while some scientists have moved on and are now questioning whether 
these solutions are still effective. Furthermore, once one group of scien-
tists loses its unquestioned status as the only relevant expert group on 
a particular issue, alternative science-policy regimes, all with their own 
temporal dynamics, can coexist with regard to the same policy issue. 
In the case of urban tree planting policies, for instance, there are two 
positions: The first calls for a native-species-preference policy (in line 
with invasive species science and policy),96 while the second calls for 
an alien-species-preference policy (in line with horticulture and urban 
design and with the goal of adapting to climate change).97  Which posi-
tion is taken up by a particular city seems to be at least partly coinci-
dental, although intermediate perspectives that bridge between the two 
positions have been formulated.98

A further observation is that sometimes the reframing of a problem 
understanding can open space for more stable and less contested and 
therefore more effective science and policy approaches. This is indeed 
what happened in the case of biological invasions in the 1990s. In 1996, 
an inter- and transdisciplinary multi-stakeholder program focused on 
biological invasions – the Global Invasive Species Programme (GISP)99 – 
was initiated.100 In the wake of the GISP, a new problem framing of 
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biological invasions developed in complement to the existing one101 – 
so-called pathway or vector science.102 While the traditional framing 
of biological invasions aimed at understanding and managing the risks 
posed by particular alien species individually, pathway science aimed at 
understanding how different socioeconomic pathways led to the trans-
portation of alien species across landscapes and continents. Thus, the 
focus of research shifted from understanding the biology of alien species 
to understanding the socioeconomics and practicalities of trade rela-
tionships. This new focus enabled the development of targeted concepts 
and tools for mitigating ecological risks associated with different trans-
port pathways, for instance, the transportation of aquatic organisms 
in ballast water in international shipping,103 or of plants in horticul-
tural trade,104 leading to different scientific questions and policy options 
depending on pathway (Figure 4.2). In the case of ballast water – i.e. 
marine water that is transported in ships that are not fully packed with 
cargo to stabilize them – an effective risk mitigation strategy is to steri-
lize the ballast water before releasing it back into the ocean at a port,105 
while in the case of horticulture, the responsible use of alien species in 
garden design can be fine-tuned through close collaboration with actors 
in the green industry.106 This might mean that garden centers inform 
their clients about invasion risks, alien species are not planted in the 
vicinity of a nature reserve, or alien trees with known benefits for native 
pollinators are preferred in urban plantings over alien trees without bio-
diversity benefits. Developing such fine-tuned solutions with experts and 
stakeholders from practice increases their acceptance and effectiveness. 

Figure 4.2  �Lupinus polyphyllus is an ornamental plant that can form monospe-
cific stands in cold environments as an alien species. Photograph by 
Christoph Kueffer.
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Indeed, more generally, differentiating one overarching problem fram-
ing into multiple context-specific ones can help to lead to more prag-
matic and less ideological solutions, which are more effective and can 
be better integrated into existing institutional frameworks. Thus, path-
way science is not a replacement for species-focused risk assessments but 
a complement. Preventing some particularly problematic alien species 
through border control and species-specific strategies may still be nec-
essary alongside diverse additional measures implemented for different 
pathways.

In summary, this phase of heightened evidence contestation in inva-
sive species research and policy illustrates a fundamental dilemma of 
evidence-based environmental decision-making: When is generalized 
knowledge and expert consensus sufficient to legitimize action and 
when is it necessary to invest the time needed to collect case-specific 
evidence and allow for societal deliberation? Especially in cases when 
preventative and coordinated actions are needed, it is often not pos-
sible to gain sufficient case-specific evidence by the time a decision is 
required, and inclusive and open-ended deliberations might not lead to 
coordinated action across large geographic spaces (e.g. at international 
levels) and  among diverse stakeholders. However, the alternative – 
defending the consensus of a narrow group of experts as the sole basis 
for legitimizing decisions – is also problematic. To maintain such nar-
rowly focused consensus among experts, there is a strong incentive to 
accommodate critique of the existing paradigm and keep the conceptual 
core of the research field as stable as possible.107 For instance, although 
it is increasingly evident that invasions are inherently driven by humans 
and can only be effectively addressed through approaches that inte-
grate an ecological understanding with expertise on social and cultural 
dimensions,108 the social sciences are still of only marginal importance 
in the published literature on biological invasions.109 There is thus a risk 
that expertise is not adaptive enough to respond flexibly to dynamic, 
complex and ambiguous challenges. Secondly, the defense of narrowly 
framed expertise in a context of messy real-world realities and pluralism 
risks becoming ideological. Indeed, invasion biologists were increasingly 
confronted with such critiques. It was said that the concept of invasion 
“appeals to political and social values but has no scientific meaning”,110 
invasion biology was denounced as a pseudoscience,111 it was suggested 
that scientists were demonizing certain alien species,112 and invasion 
biologists were criticized for promoting their views in rhetoric redolent 
of xenophobic nationalism.113

Invasion biologists have in recent years attempted to walk the line 
between defending their established problem framing and giving space 
to a greater diversity of voices. Franz Essl et al.114 argue that “many con-
flicts in the valuation of the impacts of alien species are attributable to 
differences in the framing of the issue and implicit assumptions” and they 
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propose principles to make valuation of alien species impacts more 
socially robust. They refer to Roger Pielke’s model of the honest bro-
ker,115 thereby accepting the need for participatory deliberation but 
maintaining that ultimately “science must play a central role in provid-
ing information and advice to policymakers”. This reflects a more gen-
eral development in the environmental sciences and policy toward more 
inclusive and reflective decision-making frameworks,116 processes117 and 
policy and academic institutions,118 inter- and transdisciplinary research 
processes,119 adaptive management and social learning processes,120 and 
training environmental scientists in the skills necessary for participatory 
and integrative approaches.121

Rethinking Ecology and Environmental Decision-Making  
for the Anthropocene

The case study could end here. But the story has continued. In recent 
years, the awareness has grown that the reshuffling of species commu-
nities through anthropogenic interference leads to fundamentally novel 
ecologies of the Anthropocene, so-called ecological novelty.122 Not only 
biological invasions and alien species contribute to it, but all sorts of 
other global change drivers: Land use changes, urbanization, climate 
change, extinctions, rapid evolutionary responses to an anthropogenic 
world and biotechnology. Positions among experts range widely from 
rigid preservationists’ views that hope to reverse the trend toward eco-
logical novelty123 to pragmatic ones that call for a balanced approach124 
and optimistic ones that see a new biodiversity of the Anthropocene 
emerging.125 Fault lines in the debates shift. Some conservationists 
don’t judge alien species by default as problematic anymore but rather 
try to find ways to weigh their positive and negative sides depending 
on context. So-called novel ecosystems characterized by alien species 
are considered an integral part of and sometimes an opportunity for 
nature conservation.126 Alien species are considered to play important 
roles in wild to anthropogenic ecosystems, including by supporting the 
ecoevolutionary adaptation of species communities to novel ecologies.127 
Conservationists promote the deliberate transportation of alien spe-
cies to new biogeographic regions to replace the ecological functions 
of extinct species (re-wilding)128 or to help species track climate change 
in space (assisted migration).129 Collaborations between conservationists 
and biotechnologists look into possibilities to resurrect extinct species, 
adapt threatened species through gene-editing to a changing environ-
ment, control invasive species through biotechnology, or release syn-
thetic organisms to clean up pollution.130 There is almost a feeling of 
anything goes.

In this highly ambiguous and dynamic situation, the current strat-
egy of environmental science and policy to enable consensus building 
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through inclusive deliberation processes has limits. We might have to 
fundamentally rethink what robust evidence about complex and socially 
contested environmental problems entails, and what role it should 
play in legitimizing environmentally responsible coordinated action. 
Heterogeneous and context-specific ecological knowledge, which 
cannot easily be generalized, should become a more central pillar of 
evidence-based decision-making. Invasion scientists have for instance 
started to adopt strategies such as the identification of syndromes to 
generalize knowledge in a more context-sensitive way.131 However, these 
strategies might not suffice to effectively use locally rooted evidence at 
national and international scales and in decision-making contexts where 
vested interests play a dominant role, i.e. in situations where evidence 
is exposed to the manufacturing of truth and communication cam-
paigns of interest groups or more generally alternative facts and fake 
news. Rather than adhering to an unrealistic ideal of irrefutable facts 
that can be defended against vested interests as a necessary condition for 
environmental valuation and actions, the task of clarifying the evidence 
basis of environmental issues should emphasize a continuous process 
of nurturing critical thinking based on society-wide ecological compe-
tencies and rooted in a shared ecological ethic.132 Such a reappraisal of 
situated ecological knowledge challenges the established hierarchy of 
knowledge within ecology that attributes higher status to universal than 
case-specific ecological knowledge. Supported by work in social studies 
of science and epistemology, we must move toward an expert culture of 
real-world ecological expertise that cherishes the full diversity of ecolog-
ical knowledge, competence and sensibilities: Of field ecologists as much 
as of experimental ecologists and system modelers, and of practitioners, 
amateur naturalists and holders of traditional and indigenous knowl-
edge as much as of academic ecologists. It has been shown that case-
specific integration of diverse evidence can lead to more robust invasive 
species policies and management.133

Furthermore, given that in the Anthropocene ecological processes are 
interwoven with human activities, ecological expertise must become 
inherently inter- and transdisciplinary and especially build on close col-
laborations with the social and cultural sciences. Biological invasions are 
by definition human-associated ecological phenomena and they play out 
in man-made ecosystems and landscapes, and therefore biological inva-
sions can only be understood robustly and addressed effectively based 
on interdisciplinary perspectives that integrate biology with landscape 
sciences and the social sciences and humanities.134 One reason why eco-
logical novelty seems so difficult to grasp is that current research does 
not address it as an inherently socioecological phenomenon.

Ultimately, improving only the evidence base for understanding a 
messy world will not suffice to deal with the novel ecological realities of 
the Anthropocene. Foremost we are faced with a lack of shared values 
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and visions: What are good human-nature relationships and what are 
realistic goals for ecological regeneration in the Anthropocene? We have 
to address a deficiency in our culture to engage in rich social, cultural, 
emotional and cognitive ways with our ecological environment and to 
express our deep dependence on nature (Figure 4.3). Engaging with eco-
logical novelty might thus require us to rethink how we can responsibly 
care for the degraded ecosystems of the Anthropocene and their mani-
fold living beings, with the aim to regenerate their functioning, instead 
of using invasive species as scapegoats for the inevitable consequences of 
environmental destruction.

Conclusions

Through the prism of invasive species research and policy, a rich pic-
ture of ecological research practices and associated environmental 
decision-making in the 20th century emerges. It is evident that the dis-
ciplinary and mode 1 science-policy approach employed by ecologists 
after World War II has limits in a pluralistic world and on a planet 
characterized by a perfect storm of environmental crises. A disciplinary 

Figure 4.3  �Caretaking for nature. In the Terra Nostra gardens in the Azores 
(Portugal), plants from around the world are combined to design 
novel ecosystems, while on oceanic islands, also many remaining 
fragments of “wild” habitat depend on continuous weeding and 
re-planting. Photograph by Christoph Kueffer.
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problem framing does not do justice to the socioecological phenomena 
of the Anthropocene, and the monopolization of expert power by an 
exclusive circle of academics trained at and employed by natural science 
departments of universities in the Global North lacks legitimization in 
a globalized, post-colonial world. Building policy advice on generalized 
ecological knowledge risks ineffective solutions and imposing normative 
positions and ontological assumptions held by a small social group on 
holders of diverse values, worldviews, ontologies and interests.

However, there are no easy solutions. General ecological knowledge 
and expert judgments about the well-functioning of ecosystems must 
play an important role in societal decision-making to enable proactive 
and coordinated environmental action. We cannot found decisions on 
case-specific empirical data and deliberations in every single manage-
ment case. It is evident that some ecosystems have higher ecological 
qualities than others and that modern forms of land use destroy ecolog-
ical qualities. It is also evident that certain academic and non-academic 
experts have a more in-depth understanding of ecology than the rest of 
society – especially in our era, when many citizens live a life isolated from 
nature. We must find new ways to interweave ecological knowledge with 
cultural and social practices, narratives, norms and our personal lives. 
In pre-modern times, ecological knowledge was embedded in mytholo-
gies and everyday life, and in the early days of the Enlightenment period, 
the boundaries between storytelling, the arts and the social and cultural 
sciences on the one hand and ecology on the other were still permeable. 
Thereafter, fears of biological determinism and naturalistic fallacies and 
of anthropomorphism and a loss of scientific objectivity were easy ways 
out of sometimes difficult inter- and transdisciplinary conversations 
between the natural and human sciences. We cannot afford to avoid 
such a dialogue anymore.

Notes
	 1	 Future Earth, Our Future on Earth (Future Earth, 2020); Ernst U. von 

Weizsäcker and Anders Wijkman, Come On! Capitalism, Short-termism, 
Population and the Destruction of the Planet (Heidelberg: Springer, 
2018); Rob Nixon, Slow Violence and the Environmentalism of the Poor 
(Cambridge, MA: Harvard Univ. Press, 2011).

	 2	 Malgorzata Blicharska, Richard J. Smithers, Grzegorz Mikusiński, Patrik 
Rönnbäck, Paula A. Harrison, Måns Nilsson, and William J. Sutherland, 
“Biodiversity’s Contributions to Sustainable Development”, Nature Sus-
tainability 2, no. 12 (2019): 1083–1093.

	 3	 Convention on Biological Diversity, United Nations, accessed March 14, 
2022, https://www.cbd.int/.

	 4	 United Nations Decade on Ecosystem Restoration 2021–2030, United 
Nations, accessed February 5, 2022, https://www.decadeonrestoration.org/.

	 5	 Partha Dasgupta, The Economics of Biodiversity: The Dasgupta Review 
(London: HM Treasury, 2021); OECD, Beyond Growth: Towards a New 

https://www.cbd.int
https://www.decadeonrestoration.org


Evidence Practices for Environmental Decision-Making  121

Economic Approach. New Approaches to Economic Challenges, (Paris: 
OECD Publishing, 2020); Kate Raworth, Doughnut Economics, Seven 
Ways to Think Like a 21st-Century Economist (London: Random House 
Business, 2017); Joseph E. Stiglitz, Amartya Sen, and Jean-Paul Fitoussi, 
Mismeasuring Our Lives: Why GDP Doesn’t Add Up (New Press, 2010).

	 6	 Cengiz Akandil, Sascha A. Ismail, and Christoph Kueffer, “No Green 
Deal Without a Nature-Based Economy”, GAIA 4, no. 4 (2021): 281–283; 
Timothée Parrique, Jonathan Barth, François Briens, Christian Kersch-
ner, Alejo Kraus-Polk, Anna Kuokkanen, and Joachim H. Spangenberg, 
Decoupling Debunked: Evidence and Arguments against Green Growth 
as a Sole Strategy for Sustainability (Brussels: European Environmental 
Bureau, 2019).

	 7	 “The 17 Goals”, United Nations, accessed February 5, 2022, https://sdgs.
un.org/goals.

	 8	 Kekuhi Kealiikanakaoleohaililani, and Christian P. Giardina, “Embrac-
ing the Sacred: An Indigenous Framework for Tomorrow’s Sustain-
ability Science”, Sustainability Science 11, no. 1 (2016): 57–67; Zoe 
Todd, “Indigenizing the Anthropocene”, in Art in the Anthropocene: 
Encounters Among Aesthetics, Politics, Environments and Epistemolo-
gies, eds. Heather Davis and Etienne Turpin (London: Open Humanities 
Press, 2015), 241–254; Esther Turnhout, Bob Bloomfield, Mike Hulme, 
Johannes Vogel, and Brian Wynne, “Listen to the Voices of Experience”, 
Nature 488 (2012): 454–455; Nixon, Slow Violence; Lesley J.F. Green, 
“‘Indigenous Knowledge’ and ‘Science’: Reframing the Debate on Knowl-
edge Diversity”, Archaeologies 4, no. 1 (2008): 144–163.

	 9	 “Intergovernmental Science-Policy Platform on Biodiversity and Ecosys-
tem Services”, IPBES, accessed February 5, 2022, https://ipbes.net/,.

	 10	 Steward T.A. Pickett, Jurek Kolasa, and Clive G. Jones, Ecological Under-
standing: The Nature of Theory and the Theory of Nature (Amsterdam: 
Elsevier, 2010); Yrjö Haila and Peter Taylor, “The Philosophical Dullness 
of Classical Ecology, and a Levinsian Alternative”, Biology and Philoso-
phy 16 (2001): 93–102.

	 11	 Akandil, Ismail and Christoph Kueffer, “No Green Deal Without a Nature-
Based Economy”, 281–283; Christoph Kueffer, Manuela di Giulio, Kathrin 
Hauser, and Caroline Wiedmer, “Time for a Biodiversity Turn in Sustaina-
bility Science”, GAIA 29, no. 4 (2020): 272–274; UN. Global Sustainable 
Development Report 2019: The Future is Now – Science for Achieving Sus-
tainable Development (New York: United Nations, 2019); WBGU. World 
in Transition. A Social Contract for Sustainability (Berlin: WBGU, 2011).

	 12	 Steve Rayner and Daniel Sarewitz, “Policy Making in the Post-Truth 
World. On the Limits of Science and the Rise of Inappropriate Expertise”, 
The Breakthrough Institute Blog, March 1, 2021; Horst W.J. Rittel and 
Melvin M. Webber, “Dilemmas in a General Theory of Planning”, Policy 
Sciences 4, no. 2 (1973): 155–169.

	 13	 Rayner and Sarewitz, “Policy Making in the Post-Truth World”.
	 14	 Paul Harremoes, David Gee, Malcom MacGarvin, Andy Stirling, Jane Keys, 

Brian Wynne, and Sofia Guedes Vaz, The Precautionary Principle in the  
20th Century: Late Lessons from Early Warning (London: Routledge, 2013).

	 15	 Nixon, Slow Violence.
	 16	 Anna Tsing, “A Threat to Holocene Resurgence Is a Threat to Livability”, 

in The Anthropology of Sustainability. Beyond Development and Pro-
gress, eds. Marc Brightman and Jerome Lewis (London: Palgrave Macmil-
lan, 2017), 51–65.

	 17	 Weizsäcker and Wijkman, Come On!

https://sdgs.un.org
https://sdgs.un.org
https://ipbes.net


122  Christoph Kueffer

	 18	 Jason W. Moore, “The End of Cheap Nature, Or: How I Learned to Stop 
Worrying About ‘the’ Environment and Love the Crisis of Capitalism”, in 
Structures of the World Political Economy and the Future of Global Con-
flict and Cooperation, eds. Christian Suter and Christopher Chase-Dunn 
(Berlin: LIT, 2014), 285–314.

	 19	 Silvio O. Funtowicz, and Jerome R. Ravetz, “Science for the Post-Normal 
Age”, Futures 25, no. 7 (1993): 739–755.

	 20	 Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago: Univ. 
of Chicago Press, 1962).

	 21	 Sanford D. Eigenbrode, Michael O’Rourke, J.D. Wulfhorst, David 
M. Althoff, Caren S. Goldberg, Kaylani Merrill, Wayde Morse et al., 
“Employing Philosophical Dialogue in Collaborative Science”, BioScience 
57, no. 1 (2007): 55–64.

	 22	 Rayner and Sarewitz, “Policy Making in the Post-Truth World”; Andy Stir-
ling, “Keep it Complex”, Nature 468 (2010): 1029–1031; Funtowicz and 
Ravetz, “Science for the Post-Normal Age”; Brian Wynne, “Uncertainty and 
Environmental Learning: Reconceiving Science and Policy in the Preventive 
Paradigm”, Global Environmental Change 2, no. 2 (1992): 111–127.

	 23	 Rayner and Sarewitz, “Policy Making in the Post-Truth World”.
	 24	 Stirling, “Keep it Complex”; Wynne, “Uncertainty and Environmental 

Learning”.
	 25	 Stirling, “Keep it Complex”.
	 26	 Jennifer Pontius and Alan McIntosh, Critical Skills for Environmental 

Professionals. Putting Knowledge into Practice (Berlin: Springer, 2020); 
Esther Turnhout, Willemijn Tuinstra, and Willem Halffman, Environmen-
tal Expertise. Connecting Science, Policy, and Society (Cambridge, UK: 
Cambridge Univ. Press, 2019); Sven Ove Hansson, and Gertrude Hirsch 
Hadorn, The Argumentative Turn in Policy Analysis. Reasoning about 
Uncertainty (Heidelberg: Springer, 2016); Turnhout et al., “Listen to the 
Voices of Experience”; Christoph Kueffer, Evelyn Underwood, Gertrude 
Hirsch Hadorn, Rolf Holderegger, Michael Lehning, Christian Pohl, Mario 
Schirmer et al., “Enabling Effective Problem-Oriented Research for Sus-
tainable Development”, Ecology and Society 17, no. 4 (2012): 8; Stirling, 
“Keep it Complex”; Gertrude Hirsch Hadorn, Holger Hoffmann-Riem, 
Susette Biber-Klemm, Walter Grossenbacher-Mansuy, Dominique Joye, 
Christian Pohl, Urs Wiesmann, and Elisabeth Zemp, Handbook of Trans-
disciplinary Research (Heidelberg: Springer, 2008); Roger A. Pielke Jr., 
The Honest Broker: Making Sense of Science in Policy and Politics (Cam-
bridge, UK: Cambridge Univ. Press, 2007); Donald Ludwig, Marc Mangel, 
and Brent Haddad, “Ecology, Conservation, and Public Policy”, Annual 
Review of Ecology and Systematics 32 (2001): 481–517; Wynne, “Uncer-
tainty and Environmental Learning”; Peter Checkland and Jim Scholes, 
Soft Systems Methodology in Action (Chichester: Wiley, 1990).

	 27	 Matthias Gross, Ignorance and Surprise. Science, Society, and Ecological 
Design (Cambridge, MA: MIT Press, 2010); Carl Folke, Thomas Hahn, 
Per Olsson, and Jon Norberg, “Adaptive Governance of Social-Ecological 
Systems”, Annual Review of Environment and Resources 30 (2005): 
441–473; Ludwig et al., “Ecology, Conservation, and Public Policy”; Carl 
J. Walters, and Crawford Stanley Holling, “Large-Scale Management 
Experiments and Learning by Doing”, Ecology 71 (1990): 2060–2068.

	 28	 For example, Gertrude Hirsch, “Beziehungen zwischen Umweltforschung 
und disziplinärer Forschung”, GAIA 4 (1995): 302–314; Checkland and 
Scholes, Soft Systems Methodology in Action.



Evidence Practices for Environmental Decision-Making  123

	 29	 For example, Hirsch Hadorn et al., Handbook of Transdisciplinary 
Research.

	 30	 Compare recent reevaluations of the work of Paul Feyerabend for a dis-
cussion of pluralism as a valuable resource even – or especially – in a 
time of alternative facts and manufactured disagreement, Jamie Shaw, 
“Feyerabend and Manufactured Disagreement: Reflections on Expertise, 
Consensus, and Science Policy”, Synthese 198 (2021): 6053–6084; Karim 
Bschir, and Jamie Shaw. Interpreting Feyerabend. Critical Essays (Cam-
bridge, UK: Cambridge Univ. Press, 2021).

	 31	 Christoph Kueffer, Flurina Schneider, and Urs Wiesmann, “Addressing 
Sustainability Challenges with a Broader Concept of Systems, Target, and 
Transformation Knowledge”, GAIA 28, no. 4 (2019): 386–388.

	 32	 Franziska Humair, Peter J. Edwards, Michael Siegrist, and Christoph Kue-
ffer, “Understanding Misunderstandings in Invasion Science: Why Experts 
Don’t Agree on Common Concepts and Risk Assessments”, NeoBiota 20 
(2014): 1–30; Christoph Kueffer, and Gertrude Hirsch Hadorn, “How 
to Achieve Effectiveness in Problem-Oriented Landscape Research – The 
Example Of Research on Biotic Invasions”, Living Reviews in Landscape 
Research 2 (2008): 2.

	 33	 Helga Nowotny, Peter Scott, and Michael Gibbons, Re-Thinking Science: 
Knowledge and the Public in an Age of Uncertainty (Cambridge, UK: 
Polity Press, 2001).

	 34	 For example, Stephen Bocking, Nature’s Experts: Science, Politics, and 
the Environment (New Brunswick, NJ: Rutgers Univ. Press, 2004).

	 35	 Menno Schilthuizen, Darwin Comes to Town: How the Urban Jungle 
Drives Evolution (London: Picador, 2018); Herbert Sukopp, “On the 
Early History of Urban Ecology in Europe”, in Urban Ecology, eds. John 
M. Marzluff, Eric Shulenberger, Wilfried Endlicher, Marina Alberti, Gor-
don Bradley, Clare Ryan, Ute Simon, and Craig ZumBrunnen. (New York: 
Springer, 2008), 79–97.

	 36	 Catherine Driscoll, “Sociobiology”, in The Stanford Encyclopedia of Phi-
losophy, Spring 2018, ed. Edward N. Zalta. (Stanford, CA: Metaphysics 
Research Lab, Stanford Univ., 2018), https://plato.stanford.edu/archives/
spr2018/entries/sociobiology/.

	 37	 Sharon E. Kingsland, Modeling Nature (Chicago: Univ. of Chicago Press, 
1995).

	 38	 Kingsland, Modeling Nature.
	 39	 Ludwig Trepl and Annette Voigt, “The Classical Holism-Reductionism 

Debate in Ecology”, in Ecology Revisited. Reflecting on Concepts, 
Advancing Science, eds. Astrid Schwarz and Kurt Jax (Heidelberg: 
Springer, 2011), 45–83.

	 40	 Voigt, “The Rise of Systems Theory in Ecology”, in Ecology Revisited. 
Reflecting on Concepts, Advancing Science, eds. Astrid Schwarz and Kurt 
Jax (Heidelberg: Springer, 2011), 183–194.

	 41	 Voigt, “The Rise of Systems Theory in Ecology”.
	 42	 Peter J. Taylor, “Technocratic Optimism, H.T. Odum, and the Partial 

Transformation of Ecological Metaphor after World War II”, Journal of 
the History of Biology 21, no. 2 (1988): 213–244.

	 43	 Voigt, “The Rise of Systems Theory in Ecology”.
	 44	 Paul N. Edwards, A Vast Machine. Computer Models, Climate Data, and 

the Politics of Global Warming (Cambridge, MA: MIT Press, 2010).
	 45	 Michael E. Soulé and Bruce Wilcox, Conservation Biology: An Evolutionary- 

Ecological Perspective (Sunderland: Sinauer Associates, 1980).

https://plato.stanford.edu
https://plato.stanford.edu


124  Christoph Kueffer

	 46	 A research field later called biodiversity research, e.g. Michel Loreau, S. 
Naeem, P. Inchausti, J. Bengtsson, J.P. Grime, A. Hector, D.U. Hooper 
et al., “Biodiversity and Ecosystem Functioning: Current Knowledge and 
Future Challenges”, Science 294, no. 5543 (2001): 804–808.

	 47	 Jared Diamond and Robert May, “Island Biogeography and the Design of 
Natural Reserves”, in Theoretical Ecology: Principles and Applications, 
ed. Robert May (Oxford, UK: Blackwell Scientific Publications, 1976), 
163–186; Robert H. MacArthur and Edward O. Wilson, The Theory of 
Island Biogeography (New Jersey: Princeton Univ. Press, 1967).

	 48	 James Justus, The Philosophy of Ecology. An Introduction (Cambridge, 
UK: Cambridge Univ. Press, 2021); Fredrik Andersen, Rani Lill Anjum 
and Elena Rocca, “Philosophy of Biology: Philosophical Bias is the One 
Bias that Science Cannot Avoid”, Elife 8 (2019): e44929; Cheryl Lousley, 
“E.O. Wilson’s Biodiversity, Commodity Culture, and Sentimental Glo-
balism”, RCC Perspectives 9 (2012): 11–16; Mark A. Davis, Matthew K. 
Chew, Richard J. Hobbs, Ariel E. Lugo, John J. Ewel, Geerat J. Vermeij, 
James H. Brown et al., “Don’t Judge Species on Their Origins”, Nature 
474, no. 7350 (2011): 153–154; Arturo Escobar, “Whose Knowledge, 
Whose Nature? Biodiversity, Conservation, and the Political Ecology of 
Social Movements”, Journal of Political Ecology 5 (1998): 53–82; Craig 
Loehle, “Hypothesis Testing in Ecology: Psychological Aspects and the 
Importance of Theory Maturation”, The Quarterly Review of Biology 
62, no. 4 (1987): 397–409; Stephen J. Gould and R.C. Lewontin, “The 
Spandrels of San Marco and the Panglossian Paradigm: A Critique of the 
Adaptationist Programme”, Proceedings of the Royal Society of London. 
Series B, Biological Sciences 205, no. 1161 (1979): 581–598.

	 49	 Gould and Lewontin, “The Spandrels of San Marco”.
	 50	 Justus, The Philosophy of Ecology; John Kricher, The Balance of Nature 

(Princeton: Princeton Univ. Press, 2009).
	 51	 Christoph Kueffer, “Plant Sciences for the Anthropocene: What Can we 

Learn From Research in Urban Areas?”, Plants, People, Planet 2, no. 4 
(2020): 286–289; Christoph Kueffer, “Plant Invasions in the Anthro-
pocene”, Science 358, no. 6364 (2017): 10–11; Will Steffen, Angelina 
Sanderson, Peter Tyson, Jill Jäger, Pamela Matson, Berrien Moore, Frank 
Oldfield et al., Global Change and the Earth System. A Planet Under 
Pressure (Berlin: Springer, 2004).

	 52	 Chunglin Kwa, “Local Ecologies and Global Science. Discourses and 
Strategies of the International Geosphere-Biosphere Programme”, Social 
Studies of Science 35 (2005): 923–950.

	 53	 Lousley, “E.O. Wilson’s Biodiversity”.
	 54	 Lousley, “E.O. Wilson’s Biodiversity”; Escobar, “Whose Knowledge, 

Whose Nature?”.
	 55	 Christoph Kueffer and Gertrude Hirsch Hadorn, “Effectiveness in 

Problem-Oriented Landscape Research”; Humair et al., “Understanding 
Misunderstandings in Invasion Science”.

	 56	 Mark Van Kleunen, Franz Essl, Jan Pergl, Giuseppe Brundu, Marta Car-
boni, Stefan Dullinger, Regan Early et al., “The Changing Role of Orna-
mental Horticulture in Alien Plant Invasions”, Biological Reviews 93, 
no. 3 (2018): 1421–1437; Jared Diamond, Guns, Germs, and Steel: The 
Fates of Human Societies. 20th Anniversary Edition (New York: Norton, 
2017); Nicole L. Boivin, Melinda A. Zeder, Dorian Q. Fuller, Alison 
Crowther, Greger Larson, Jon M. Erlandson, Tim Denham, and Michael 
D. Petraglia, “Ecological Consequences of Human Niche Construc-
tion: Examining Long-Term Anthropogenic Shaping of Global Species  



Evidence Practices for Environmental Decision-Making  125

Distributions”, Proceedings of the National Academy of Sciences 113, 
no. 23 (2016): 6388–6396; Alfred W. Crosby, Ecological Imperialism. 
The Biological Expansion of Europe, 900–1900 (Cambridge: Cambridge 
Univ. Press, 2013).

	 57	 Arthur W. Whistler, Plants of the Canoe People. An Ethnobotanical Voy-
age through Polynesi (Hawaii, USA: National Tropical Botanical Garden, 
2009).

	 58	 J. Donald Hughes, “Europe as Consumer of Exotic Biodiversity: Greek 
and Roman Times”, Landscape Research 28, no. 1 (2003): 21–31.

	 59	 Diamond, Guns, Germs, and Steel, 2017; Crosby, Ecological Imperialism, 
2013.

	 60	 Boivin et al., “Ecological Consequences”.
	 61	 Van Kleunen et al., “Ornamental Horticulture”; Whistler, Plants of the 

Canoe People.
	 62	 For example, Marcus Hall, “The Native, Naturalized and Exotic – Plants and 

Animals in Human History”, Landscape Research 28, no. 1 (2003): 5–9.
	 63	 Sukopp, “On the Early History of Urban Ecology in Europe”.
	 64	 Ingo Kowarik and Petr Pyšek, “The First Steps Towards Unifying Con-

cepts in Invasion Ecology Were Made One Hundred Years Ago: Revisiting 
the Work of the Swiss Botanist Albert Thellung”, Diversity and Distribu-
tions 18 (2012): 1243–1252.

	 65	 Charles S. Elton, The Ecology of Invasions by Animals and Plants. 2nd 
edition. With Contributions by Daniel Simberloff and Anthony Ric-
ciardi (Berlin: Springer, 2020); Daniel Simberloff, “Charles Elton: Neither 
Founder nor Siren, but Prophet”, in Fifty Years of Invasion Ecology: The 
Legacy of Charles Elton, ed. David M. Richardson (New York: Wiley, 
2011), 11–24.

	 66	 Elton, The Ecology of Invasions by Animals and Plants.
	 67	 “SCOPE”, accessed February 5, 2022, https://scope-environment.org/.
	 68	 Simberloff, “Charles Elton: Neither Founder nor Siren, but Prophet”; Dan-

iel Simberloff, “SCOPE Project”, in Encyclopedia of Biological Invasions, 
eds. Daniel Simberloff and Marcel Rejmanek (Berkeley: Univ. of Califor-
nia Press, 2011), 617–619; Kueffer and Hirsch Hadorn, “Effectiveness in 
Problem-Oriented Landscape Research”.

	 69	 Humair et al., “Understanding Misunderstandings in Invasion Science”; 
Kueffer and Hirsch Hadorn, “Effectiveness in Problem-Oriented Land-
scape Research”.

	 70	 For example, Laura Meyerson, Aníbal Pauchard, Giuseppe Brundu, James 
T. Carlton, José L. Hierro, Christoph Kueffer, Maharaj K. Pandit, Petr 
Pyšek, David M. Richardson, and Jasmin G. Packer, “Moving Toward 
Global Strategies for Managing Invasive Alien Species”, in Global Plant 
Invasions, eds. David R. Clements, Mahesh K. Upadhyaya, Srijana Joshi 
and Anil Shrestha, in press (Cham: Springer, 2022); Sarah Brunel, Eladio 
Fernández-Galiano, Piero Genovesi, Vernon H. Heywood, Christoph 
Kueffer, and David M. Richardson, “Invasive Alien Species: A Growing 
but Neglected Threat?”, in Late Lessons From Early Warnings: Science, 
Precaution, Innovation. EEA Report No 1/2013, ed. European Environ-
ment Agency (Copenhagen, Denmark: EEA, 2013), 518–540.

	 71	 Brunel et al., “Invasive Alien Species”.
	 72	 Christoph Kueffer, Petr Pyšek, and David M. Richardson, “Integrative 

Invasion Science: Model Systems, Multi-Site Studies, Focused Meta-
Analysis and Invasion Syndromes”, New Phytologist 200, no. 3 (2013): 
615–633.

	 73	 Simberloff, “Charles Elton: Neither Founder nor Siren, but Prophet”.

https://scope-environment.org


126  Christoph Kueffer

	 74	 Dov F. Sax, John J. Stachowicz, James H. Brown, John F. Bruno, Michael 
N. Dawson, Steven D. Gaines, Richard K. Grosberg et al., “Ecological 
and Evolutionary Insights from Species Invasions”, Trends in Ecology & 
Evolution 22, no. 9 (2007): 465–471.

	 75	 Nowotny et al., Re-Thinking Science.
	 76	 Humair et al., “Understanding Misunderstandings in Invasion Science”; 

Brunel et al., “Invasive Alien Species”; Kueffer and Hirsch Hadorn, 
“Effectiveness in Problem-Oriented Landscape Research”.

	 77	 For example, Franz Essl, Stefan Dullinger, Piero Genovesi, Philip E. 
Hulme, Jonathan M. Jeschke, Stelios Katsanevakis, Ingolf Kühn et al., 
“A Conceptual Framework for Range-Expanding Species that Track 
Human-Induced Environmental Change”, BioScience 69, no. 11 (2019): 
908–919; Tina Heger, Maud Bernard-Verdier, Arthur Gessler, Alex D. 
Greenwood, Hans-Peter Grossart, Monika Hilker, Silvia Keinath et al., 
“Towards an Integrative, Eco-Evolutionary Understanding of Ecological  
Novelty: Studying and Communicating Interlinked Effects of Global 
Change”, BioScience 69, no. 11 (2019): 888–899; Humair et al., “Under-
standing Misunderstandings in Invasion Science”; Bruce L. Webber, 
and John K. Scott, “Rapid Global Change: Implications for Defining 
Natives and Aliens”, Global Ecology and Biogeography 21, no. 3 (2012): 
305–311.

	 78	 Heger et al., “Towards an Integrative, Eco-Evolutionary Understanding”; 
Kueffer, “Plant Invasions in the Anthropocene”; Christoph Kueffer, 
“Ecological Novelty: Towards an Interdisciplinary Understanding of 
Ecological Change in the Anthropocene”, in Grounding Global Climate 
Change. Contributions from the Social and Cultural Sciences, eds. Heike 
Greschke and Julia Tischler (Heidelberg: Springer, 2015), 19–37.

	 79	 Humair et al., “Understanding Misunderstandings in Invasion Science”.
	 80	 Humair et al., “Understanding Misunderstandings in Invasion Science”; 

Kueffer and Hirsch Hadorn, “Effectiveness in Problem-Oriented Land-
scape Research”.

	 81	 Humair et al., “Understanding Misunderstandings in Invasion Science”.
	 82	 Davis et al., “Don’t Judge Species on Their Origins”.
	 83	 Humair et al., “Understanding Misunderstandings in Invasion Science”.
	 84	 For example, Christoph Kueffer, Curtis C. Daehler, Christian W. Torres-

Santana, Christophe Lavergne, Jean-Yves Meyer, Rüdiger Otto, and Luís 
Silva, “A Global Comparison of Plant Invasions on Oceanic Islands”, 
Perspectives in Plant Ecology, Evolution and Systematics 12, no. 2 
(2010): 145–161; Curtis C. Daehler, “Performance Comparisons of Co-
occurring Native and Alien Invasive Plants: Implications for Conservation 
and Restoration”, Annual Review of Ecology, Evolution, and Systematics 
34, no. 1 (2003): 183–211.

	 85	 For example, Kueffer, Pyšek, and Richardson, “Integrative Invasion Sci-
ence”; Christoph Kueffer, “The Importance of Collaborative Learning 
and Research Among Conservationists from Different Oceanic Islands”, 
Revue d’Ecologie (Terre et Vie) Suppl. 11 (2012): 125–135.

	 86	 René van der Wal, Anke Fischer, Sebastian Selge and Brendon M. Larson, 
“Neither the Public nor Experts Judge Species Primarily on Their Ori-
gins”, Environmental Conservation 42, no. 4 (2015): 349–355; Humair 
et al., “Understanding Misunderstandings in Invasion Science”; Kristin 
Shrader-Frechette, “Non-Indigenous Species and Ecological Explana-
tion”, Biology & Philosophy 16, no. 4 (2001): 507–519; Stephen J. Gould, 
“An Evolutionary Perspective on Strengths, Fallacies, and Confusions in 
the Concept of Native Plants”, Arnoldia 58, no. 1 (1998): 2–10.



Evidence Practices for Environmental Decision-Making  127

	 87	 Davis et al., “Don’t Judge Species on Their Origins”.
	 88	 Daniel Simberloff and Montserrat Vilà, “Non-Natives: 141 Scientists 

Object”, Nature 475 (2011): 36.
	 89	 Mark A. Davis, Invasion Biology (Oxford: Oxford Univ. Press, 2009).
	 90	 Davis et al., “Don’t Judge Species on Their Origins”.
	 91	 Simberloff et al., “Non-Natives”.
	 92	 Ross T. Shackleton, David M. Richardson, Charlie M. Shackleton, Brett 

Bennett, Sarah L. Crowley, Katharina Dehnen-Schmutz, Rodrigo A. 
Estévez et al., “Explaining People’s Perceptions of Invasive Alien Species: 
A Conceptual Framework”, Journal of Environmental Management 229 
(2019): 10–26; Christoph Kueffer, and Brendon M.H. Larson, “Respon-
sible Use of Language in Scientific Writing and Science Communication”, 
BioScience 64 (2014): 719–724; Kueffer, Pyšek, and Richardson, 
“Integrative Invasion Science”; Brendon Larson, Metaphors for Environ-
mental Sustainability (Yale: Yale Univ. Press, 2011).

	 93	 Jonathan M. Jeschke, Felicia Keesing, and Richard S. Ostfeld, “Novel 
Organisms: Comparing Invasive Species, Gmos, and Emerging Patho-
gens”, Ambio 42, no. 5 (2013): 541–548.

	 94	 Juliet C. Stromberg, Matthew K. Chew, Pamela L. Nagler, and Edward P. 
Glenn, “Changing Perceptions of Change: The Role of Scientists in Tamarix 
and River Management”, Restoration Ecology 17, no. 2 (2009): 177–186.

	 95	 For example, in the case of the Swiss national invasive species strat-
egy and the subsequent formulation of national legislation that is not 
yet completed, accessed February 5, 2022, http://www.bafu.admin.ch/
gebietsfremde-arten.

	 96	 For example, Giuseppe Brundu, “Global Guidelines for the Sustainable 
Use of Non-Native Trees to Prevent Tree Invasions and Mitigate Their 
Negative Impacts”, NeoBiota 61 (2020): 65–116.

	 97	 For example, Andreas Roloff, Sten Gillner, Rico Kniesel, and Deshun 
Zhang, “Interesting and New Street Tree Species for European Cities”, 
Journal of Forest and Landscape Research 1 (2018): 1–7.

	 98	 Ingo Kowarik, and Leonie K. Fischer, “Alien Plants in Cities: Human-
Driven Patterns, Risks and Benefits”, in The Routledge Handbook of 
Urban Ecology. 2nd edition, eds.  Ian Douglas, David Goode, Michael C. 
Houck, and Rusong Wang (Routledge), 472–482.

	 99	 “GISP”, accessed February 5, 2022, https://www.gisp.org/.
	100	 Harold A. Mooney, Richard N. Mack, Jeffrey A. McNeely, Laurie E. Nev-

ille, Peter Johan Schei, Jeffrey K. Waage, Invasive Alien Species: A New 
Synthesis (Washington: Island Press, 2005).

	101	 Kueffer and Hirsch Hadorn, “Effectiveness in Problem-Oriented Land-
scape Research”, 2008.

	102	 Mooney et al., Invasive Alien Species; Gregory M. Ruiz and James T. Carl-
ton, Invasive Species: Vectors and Management Strategies (Washington: 
Island Press, 2003).

	103	 For example, E. Lakshmi, M. Priya and V. Sivanandan Achari, “An 
Overview on the Treatment of Ballast Water in Ships”, Ocean & Coastal 
Management 199 (2021): 105296.

	104	 For example, Philip E. Hulme, Giuseppe Brundu, Marta Carboni, Kath-
arina Dehnen-Schmutz, Stefan Dullinger, Regan Early, Franz Essl et al., 
“Integrating Invasive Species Policies Across Ornamental Horticulture 
Supply Chains to Prevent Plant Invasions”, Journal of Applied Ecology 
55, no. 1 (2018): 92–98; Van Kleunen et al., “Ornamental Horticulture”.

	105	 Lakshmi, Priya and Achari, “An Overview on the Treatment of Ballast 
Water in Ships”.

http://www.bafu.admin.ch
http://www.bafu.admin.ch
https://www.gisp.org


128  Christoph Kueffer

	106	 For example, Hulme et al., “Integrating Invasive Species Policies”; Van 
Kleunen et al., “Ornamental Horticulture”; Franziska Humair, Michael 
Siegrist, and Christoph Kueffer, “Working With the Horticultural Indus-
try to Limit Invasion Risks: The Swiss Experience”, EPPO Bulletin 44, 
no. 2 (2014): 232–238.

	107	 For example, Anthony Ricciardi, Josephine C. Iacarella, David C. 
Aldridge, Tim M. Blackburn, James T. Carlton, Jane A. Catford, Jaimie 
T.A. Dick et al., “Four Priority Areas to Advance Invasion Science in the 
Face of Rapid Environmental Change”, Environmental Reviews 29, no. 2 
(2021): 119–141; Simberloff et al., “Non-Natives”.

	108	 Kueffer, “Plant Invasions in the Anthropocene”; Kueffer, Pyšek, and Rich-
ardson, “Integrative Invasion Science”; Jeffrey A. McNeely, The Great 
Reshuffling: Human Dimensions of Invasive Alien Species (Gland, Swit-
zerland: IUCN, 2001).

	109	 Ana S. Vaz, Christoph Kueffer, Christian A. Kull, David M. Richardson, 
Stefan Schindler, A. Jesús Muñoz-Pajares, Joana R. Vicente et al., “The 
Progress of Interdisciplinarity in Invasion Science”, Ambio 46 (2017): 
428–442.

	110	 Mark Sagoff, “Do Non-Native Species Threaten The Natural Environment?”, 
Journal of Agricultural and Environmental Ethics 18 (2005): 215–236.

	111	 David I. Theodoropoulos, Invasion Biology: Critique of a Pseudoscience 
(Blythe: Avvar Books, 2003).

	112	 Matthew K. Chew, “The Monstering of Tamarisk: How Scientists Made 
a Plant into a Problem”, Journal of the History of Biology 42 (2009): 
231–266.

	113	 See compilation of critique in Daniel Simberloff, “Confronting Introduced 
Species: A Form of Xenophobia?”, Biological Invasions 5, no. 3 (2003): 
179–192.

	114	 Franz Essl, Philip E. Hulme, Jonathan M. Jeschke, Reuben Keller, Petr 
Pyšek, David M. Richardson, Wolf-Christian Saul et al., “Scientific and 
Normative Foundations for the Valuation of Alien-Species Impacts: Thir-
teen Core Principles”, BioScience 67, no. 2 (2017): 166–178.

	115	 Roger A. Pielke Jr., The Honest Broker.
	116	 Hansson and Hirsch Hadorn, The Argumentative Turn.
	117	 Stirling, “Keep it Complex”.
	118	 Turnhout, Tuinstra and Halffman, Environmental Expertise; Turnhout et 

al., “Listen to the Voices of Experience”; Kueffer et al., “Enabling Effec-
tive Problem-Oriented Research”.

	119	 Hirsch Hadorn et al., Handbook of Transdisciplinary Research.
	120	 Gross, Ignorance and Surprise; Folke et al., “Adaptive Governance 

of Social-Ecological Systems”; Ludwig et al., “The Classical Holism-
Reductionism Debate in Ecology”; Walters and Holling, “Large-Scale 
Management Experiments”.

	121	 Pontius and McIntosh, Critical Skills for Environmental Professionals.
	122	 Heger et al., “Towards an Integrative, Eco-Evolutionary Understanding”; 

Kueffer, “Ecological Novelty”.
	123	 Petr Pyšek, Philip E. Hulme, Dan Simberloff, Sven Bacher, Tim M. Black-

burn, James T. Carlton et al., “Scientists’ Warning on Invasive Alien Spe-
cies”, Biological Reviews 95, no. 6 (2020): 1511–1534.

	124	 Emma Marris, Rambunctious Garden: Saving Nature in a Post-Wild 
World (New York: Bloomsbury, 2011); Christoph Kueffer and Christo-
pher N. Kaiser-Bunbury, “Reconciling Conflicting Perspectives for Biodi-
versity Conservation in the Anthropocene”, Frontiers in Ecology and the 
Environment 12, no. 2 (2014): 131–137.



Evidence Practices for Environmental Decision-Making  129

	125	 Chris D. Thomas, Inheritors of the Earth: How Nature is Thriving in an 
Age of Extinction (New York: Public Affairs, 2017).

	126	 Richard J. Hobbs, Eric Higgs, Carol M. Hall, Peter Bridgewater, F. Stu-
art Chapin III, Erle C. Ellis, John J. Ewel et al., “Managing the Whole 
Landscape: Historical, Hybrid, And Novel Ecosystems”, Frontiers in Ecol-
ogy and the Environment 12, no. 10 (2014): 557–564; Kueffer and Kai-
ser-Bunbury, “Reconciling Conflicting Perspectives.

	127	 Menno Schilthuizen, Darwin Comes to Town: How the Urban Jungle 
Drives Evolution; Thomas, Inheritors of the Earth; Scott P. Carroll, 
“Conciliation Biology: The Eco-Evolutionary Management of Perma-
nently Invaded Biotic Systems”, Evolutionary Applications 4, no. 2 (2011): 
184–199.

	128	 Jens-Christian Svenning, Pil B. M. Pedersen, C. Josh Donlan, Rasmus 
Ejrnæs, Søren Faurby, Mauro Galetti, Dennis M. Hansen et al., “Science 
for a Wilder Anthropocene: Synthesis and Future Directions for Trophic 
Rewilding Research”, Proceedings of the National Academy of Sciences 
113, no. 4 (2016): 898–906; Christine J. Griffiths, Dennis M. Hansen, 
Carl G. Jones, Nicolas Zuël and Stephen Harris, “Resurrecting Extinct 
Interactions with Extant Substitutes”, Current Biology 21, no. 9 (2011): 
762–765.

	129	 Nina Hewitt, N. Klenk, A.L. Smith, D.R. Bazely, N. Yan, S. Wood, J.I. 
MacLellan, C. Lipsig-Mumme and I. Henriques, “Taking Stock of the 
Assisted Migration Debate”, Biological Conservation 144, no. 11 (2011): 
2560–2572; Jason S. McLachlan, Jessica J. Hellmann and Mark W. 
Schwartz, “A Framework for Debate of Assisted Migration in an Era of 
Climate Change”, Conservation Biology 21, no. 2 (2007): 297–302.

	130	 Antoinette J. Piaggio, Gernot Segelbacher, Philip J. Seddon, Luke Alphey, 
Elizabeth L. Bennett, Robert H. Carlson, Robert M. Friedman et al., “Is 
it Time for Synthetic Biodiversity Conservation?”, Trends in Ecology & 
Evolution 32, no. 2 (2017): 97–107; Kent H. Redford, William Adams, and 
Georgina M. Mace, “Synthetic Biology and Conservation of Nature: Wicked 
Problems and Wicked Solutions”, PLoS Biology 11, no. 4 (2013): e1001530.

	131	 Ana Novoa, David M. Richardson, Petr Pyšek, Laura A. Meyerson, Sven 
Bacher, Susan Canavan, Jane A. Catford et al., “Invasion Syndromes: A 
Systematic Approach for Predicting Biological Invasions and Facilitating 
Effective Management”, Biological Invasions 22, no. 5 (2020): 1801–1820; 
Kueffer, Pyšek and Richardson, “Integrative Invasion Science”.

	132	 Kueffer, Schneider and Wiesmann, “Addressing Sustainability Challenges”.
	133	 For example, David Bart, “Integrating Local Ecological Knowledge and 

Manipulative Experiments to Find the Causes of Environmental Change”, 
Frontiers in Ecology and the Environment 4, no. 10 (2006): 541–546.

	134	 Kueffer, “Plant Invasions in the Anthropocene”.

References

Akandil, Cengiz, Sascha A. Ismail, and Christoph Kueffer. “No Green Deal 
Without a Nature-Based Economy”. GAIA 4, no. 4 (2021): 281–283.

Andersen, Fredrik, Rani Lill Anjum, and Elena Rocca. “Philosophy of Biology: 
Philosophical Bias Is the One Bias that Science Cannot Avoid”. Elife 8 (2019): 
e44929.

Bart, David. “Integrating Local Ecological Knowledge and Manipulative 
Experiments to Find the Causes of Environmental Change”. Frontiers in 
Ecology and the Environment 4, no. 10 (2006): 541–546.



130  Christoph Kueffer

Blicharska, Malgorzata, Richard J. Smithers, Grzegorz Mikusiński, Patrik Rönnbäck, 
Paula A. Harrison, Måns Nilsson, and William J. Sutherland. “Biodiversity’s 
Contributions to Sustainable Development”. Nature Sustainability 2, no. 12 (2019): 
1083–1093.

Bocking, Stephen. Nature’s Experts: Science, Politics, and the Environment. New 
Brunswick, NJ: Rutgers Univ. Press, 2004.

Boivin, Nicole L., Melinda A. Zeder, Dorian Q. Fuller, Alison Crowther, Greger 
Larson, Jon M. Erlandson, Tim Denham, and Michael D. Petraglia. “Ecological 
Consequences of Human Niche Construction: Examining Long-Term 
Anthropogenic Shaping of Global Species Distributions”. Proceedings of the 
National Academy of Sciences 113, no. 23 (2016): 6388–6396.

Brundu, Giuseppe. “Global Guidelines for the Sustainable Use of Non-Native 
Trees to Prevent Tree Invasions and Mitigate Their Negative Impacts”. 
NeoBiota 61 (2020): 65–116.

Brunel, Sarah, Eladio Fernández-Galiano, Piero Genovesi, Vernon H. Heywood, 
Christoph Kueffer, and David M. Richardson. “Invasive Alien Species: A 
Growing but Neglected Threat?” In Late Lessons From Early Warnings: 
Science, Precaution, Innovation. EEA Report No 1/2013, edited by European 
Environment Agency, 518–540. Copenhagen, Denmark: EEA, 2013.

Bschir, Karim, and Jamie Shaw. Interpreting Feyerabend. Critical Essays. 
Cambridge, UK: Cambridge Univ. Press, 2021. 

Carroll, Scott P. “Conciliation Biology: The Eco-Evolutionary Management of 
Permanently Invaded Biotic Systems”. Evolutionary Applications 4, no. 2 
(2011): 184–199.

Checkland, Peter, and Jim Scholes. Soft Systems Methodology in Action. 
Chichester: Wiley, 1990.

Chew, Matthew K. “The Monstering of Tamarisk: How Scientists Made a Plant 
into a Problem”. Journal of the History of Biology 42 (2009): 231–266.

Crosby, Alfred W. Ecological Imperialism. The Biological Expansion of Europe, 
900–1900. Cambridge: Cambridge Univ. Press, 2013.

Daehler, Curtis C. “Performance Comparisons of Co-Occurring Native and 
Alien Invasive Plants: Implications for Conservation and Restoration”. Annual 
Review of Ecology, Evolution, and Systematics 34, no. 1 (2003): 183–211.

Dasgupta, Partha. The Economics of Biodiversity: The Dasgupta Review. 
London: HM Treasury, 2021.

Davis, Mark A., Matthew K. Chew, Richard J. Hobbs, Ariel E. Lugo, John J. 
Ewel, Geerat J. Vermeij, James H. Brown et al., “Don’t Judge Species on Their 
Origins”. Nature 474, no. 7350 (2011): 153–154.

Davis, Mark A. Invasion Biology. Oxford: Oxford Univ. Press, 2009.
Diamond, Jared. Guns, Germs, and Steel: The Fates of Human Societies. 20th 

anniversary edition. New York: Norton, 2017.
Diamond, Jared, and Robert May. “Island Biogeography and the Design of 

Natural Reserves”. In Theoretical Ecology: Principles and Applications, edited 
by Robert May, 163–186. Oxford, UK: Blackwell Scientific Publications, 
1976.

Driscoll, Catherine. “Sociobiology”. In The Stanford Encyclopedia of Philosophy, 
Spring 2018, edited by Edward N. Zalta. Stanford, CA: Metaphysics Research 
Lab, Stanford Univ., 2018. https://plato.stanford.edu/archives/spr2018/entries/
sociobiology/.

https://plato.stanford.edu
https://plato.stanford.edu


Evidence Practices for Environmental Decision-Making  131

Edwards, Paul N. A Vast Machine. Computer Models, Climate Data, and the 
Politics of Global Warming. Cambridge, MA: MIT Press, 2010.

Eigenbrode, Sanford D., Michael O’Rourke, J. D. Wulfhorst, David M. Althoff, 
Caren S. Goldberg, Kaylani Merrill, Wayde Morse et al., “Employing 
Philosophical Dialogue in Collaborative Science”. BioScience 57, no. 1 (2007): 
55–64.

Elton, Charles S. The Ecology of Invasions by Animals and Plants. 2nd  
edition. With Contributions by Daniel Simberloff and Anthony Ricciardi. 
Berlin: Springer, 2020.

Escobar, Arturo. “Whose Knowledge, Whose Nature? Biodiversity, Conservation, 
and the Political Ecology of Social Movements”. Journal of Political Ecology 
5 (1998): 53–82.

Essl, Franz, Stefan Dullinger, Piero Genovesi, Philip E. Hulme, Jonathan M. 
Jeschke, Stelios Katsanevakis, Ingolf Kühn et al. “A Conceptual Framework 
for Range-Expanding Species that Track Human-Induced Environmental 
Change”. BioScience 69, no. 11 (2019): 908–919.

Essl, Franz, Philip E. Hulme, Jonathan M. Jeschke, Reuben Keller, Petr Pyšek, 
David M. Richardson, Wolf-Christian Saul et al. “Scientific and Normative 
Foundations for the Valuation of Alien-Species Impacts: Thirteen Core 
Principles”. BioScience 67, no. 2 (2017): 166–178.

Folke, Carl, Thomas Hahn, Per Olsson, and Jon Norberg. “Adaptive Governance 
of Social-Ecological Systems”. Annual Review of Environment and Resources 
30 (2005): 441–473.

Frawley, Jodie, and Iain McCalman. Rethinking Invasion Ecologies from the 
Environmental Humanities. London: Routledge, 2014.

Foster, Charles. Being a Beast: Adventures across the Species Divide. London: 
Profile Books, 2016.

Funtowicz, Silvio O., and Jerome R. Ravetz. “Science for the Post-Normal Age”. 
Futures 25, no. 7 (1993): 739–755.

Future Earth. Our Future on Earth. Future Earth, 2020. https://futureearth.org/
publications/our-future-on-earth/.

Gould, Stephen J. “An Evolutionary Perspective on Strengths, Fallacies, and 
Confusions in the Concept of Native Plants”. Arnoldia 58, no. 1 (1998): 
2–10.

Gould, Stephen J., and R.C. Lewontin. “The Spandrels of San Marco and 
the Panglossian Paradigm: A Critique of the Adaptationist Programme”. 
Proceedings of the Royal Society of London. Series B, Biological Sciences 205, 
no. 1161 (1979): 581–598.

Green, Lesley J.F. “‘Indigenous Knowledge’ and ‘Science’: Reframing the Debate 
on Knowledge Diversity”. Archaeologies 4, no. 1 (2008): 144–163.

Griffiths, Christine J., Dennis M. Hansen, Carl G. Jones, Nicolas Zuël, and 
Stephen Harris. “Resurrecting Extinct Interactions with Extant Substitutes”. 
Current Biology 21, no. 9 (2011): 762–765.

Gross, Matthias. Ignorance and Surprise. Science, Society, and Ecological Design. 
Cambridge, MA: MIT Press, 2010.

Haila, Yrjö, and Peter Taylor. “The Philosophical Dullness of Classical Ecology, 
and a Levinsian Alternative”. Biology and Philosophy 16 (2001): 93–102.

Hall, Marcus. “The Native, Naturalized and Exotic – Plants and Animals in 
Human History”. Landscape Research 28, no. 1 (2003): 5–9.

https://futureearth.org
https://futureearth.org


132  Christoph Kueffer

Hansson, Sven Ove, and Gertrude Hirsch Hadorn. The Argumentative Turn in 
Policy Analysis. Reasoning about Uncertainty. Heidelberg: Springer, 2016.

Harremoes, Paul, David Gee, Malcom MacGarvin, Andy Stirling, Jane Keys, 
Brian Wynne, and Sofia Guedes Vaz. The Precautionary Principle in the 20th 
Century: Late Lessons from Early Warnings. London: Routledge, 2013.

Head, Leslie. “Living in a Weedy Future”, In Rethinking Invasion Ecologies from 
the Environmental Humanities, edited by Frawley Jodie, and Iain McCalman, 
87–99. London: Routledge, 2014.

Heger, Tina, Maud Bernard-Verdier, Arthur Gessler, Alex D. Greenwood, Hans-
Peter Grossart, Monika Hilker, Silvia Keinath et al., “Towards an Integrative, 
Eco-Evolutionary Understanding of Ecological Novelty: Studying and 
Communicating Interlinked Effects of Global Change”. BioScience 69, no. 11 
(2019): 888–899.

Hewitt, Nina, N. Klenk, A.L. Smith, D.R. Bazely, N. Yan, S. Wood, J.I. MacLellan, 
C. Lipsig-Mumme, and I. Henriques. “Taking Stock of the Assisted Migration 
Debate”. Biological Conservation 144, no. 11 (2011): 2560–2572.

Hirsch Hadorn, Gertrude, Holger Hoffmann-Riem, Susette Biber-Klemm, Walter 
Grossenbacher-Mansuy, Dominique Joye, Christian Pohl, Urs Wiesmann, 
and Elisabeth Zemp. Handbook of Transdisciplinary Research. Heidelberg: 
Springer, 2008.

Hirsch, Gertrude. “Beziehungen zwischen Umweltforschung und disziplinärer 
Forschung”. GAIA 4 (1995): 302–314.

Hobbs, Richard J., Eric Higgs, Carol M. Hall, Peter Bridgewater, F. Stuart Chapin 
III, Erle C. Ellis, John J. Ewel et al. “Managing the Whole Landscape: Historical, 
Hybrid, and Novel Ecosystems”. Frontiers in Ecology and the Environment 
12, no. 10 (2014): 557–564.

Hughes, J. Donald. “Europe as Consumer of Exotic Biodiversity: Greek and 
Roman Times”. Landscape Research 28, no. 1 (2003): 21–31.

Hulme, Philip E., Giuseppe Brundu, Marta Carboni, Katharina Dehnen-Schmutz, 
Stefan Dullinger, Regan Early, Franz Essl et al. “Integrating Invasive Species 
Policies Across Ornamental Horticulture Supply Chains to Prevent Plant 
Invasions”. Journal of Applied Ecology 55, no. 1 (2018): 92–98.

Humair, Franziska, Peter J. Edwards, Michael Siegrist, and Christoph Kueffer. 
“Understanding Misunderstandings in Invasion Science: Why Experts Don’t 
Agree on Common Concepts and Risk Assessments”. NeoBiota 20 (2014): 
1–30.

Humair, Franziska, Michael Siegrist, and Christoph Kueffer. “Working With the 
Horticultural Industry to Limit Invasion Risks: The Swiss Experience”. EPPO 
Bulletin 44, no. 2 (2014): 232–238.

Ismail, Sascha A., Robin Pouteau, Mark van Kleunen, Noëlie Maurel, and 
Christoph Kueffer. “Horticultural Plant Use as a So-Far Neglected Pillar of Ex 
Situ Conservation”. Conservation Letters 14, no. 5 (2021): e12825.

Jeschke, Jonathan M., Felicia Keesing, and Richard S. Ostfeld. “Novel Organisms: 
Comparing Invasive Species, Gmos, and Emerging Pathogens”. Ambio 42, 
no. 5 (2013): 541–548.

Johnson, Kristin. “Natural History as Stamp Collecting: A Brief History”. 
Archives of Natural History 34, no. 2 (2007): 244–258.

Justus, James. The Philosophy of Ecology. An Introduction. Cambridge, UK: 
Cambridge Univ. Press, 2021.



Evidence Practices for Environmental Decision-Making  133

Kealiikanakaoleohaililani, Kekuhi, and Christian P. Giardina. “Embracing the 
Sacred: An Indigenous Framework for Tomorrow’s Sustainability Science”. 
Sustainability Science 11, no. 1 (2016): 57–67.

Kingsland, Sharon E. Modeling Nature. Chicago: Univ. of Chicago Press, 1995.
Kowarik, Ingo, and Leonie K. Fischer. “Alien Plants in Cities: Human-Driven 

Patterns, Risks and Benefits”. In The Routledge Handbook of Urban Ecology. 
2nd edition, edited by Ian Douglas, David Goode, Michael C. Houck, and 
Rusong Wang, 472–482, London: Routledge.

Kowarik, Ingo, and Petr Pyšek. “The First Steps Towards Unifying Concepts in Invasion 
Ecology Were Made One Hundred Years Ago: Revisiting the Work of the Swiss 
Botanist Albert Thellung”. Diversity and Distributions 18 (2012): 1243–1252.

Kricher, John. The Balance of Nature. Princeton, NJ: Princeton Univ. Press, 2009.
Kueffer, Christoph. “Plant Sciences for the Anthropocene: What Can We Learn 

From Research in Urban Areas?”. Plants, People, Planet 2, no. 4 (2020): 286–289. 
Kueffer, Christoph, Manuela di Giulio, Kathrin Hauser, and Caroline Wiedmer. 

“Time for a Biodiversity Turn in Sustainability Science”. GAIA 29, no. 4 
(2020): 272–274.

Kueffer, Christoph, Flurina Schneider, and Urs Wiesmann. “Dressing Sustainability 
Challenges with a Broader Concept of Systems, Target, and Transformation 
Knowledge”. GAIA 28, no. 4 (2019): 386–388.

Kueffer, Christoph. “Plant Invasions in the Anthropocene”. Science 358, no. 6364 
(2017): 10–11.

Kueffer, Christoph. “Ecological Novelty: Towards an Interdisciplinary Understanding 
of Ecological Change in the Anthropocene”. In Grounding Global Climate 
Change. Contributions from the Social and Cultural Sciences, edited by Heike 
Greschke, and Julia Tischler, 19–37. Heidelberg: Springer, 2015. 

Kueffer, Christoph, and Brendon M.H. Larson. “Responsible Use of Language 
in Scientific Writing and Science Communication”. BioScience 64 (2014): 
719–724.

Kueffer, Christoph, and Christopher N. Kaiser-Bunbury. “Reconciling Conflicting 
Perspectives for Biodiversity Conservation in the Anthropocene”. Frontiers in 
Ecology and the Environment 12, no. 2 (2014): 131–137.

Kueffer, Christoph, Petr Pyšek, and David M. Richardson. “Integrative Invasion 
Science: Model Systems, Multi-Site Studies, Focused Meta-Analysis and 
Invasion Syndromes”. New Phytologist 200, no. 3 (2013): 615–633.

Kueffer, Christoph. Evelyn Underwood, Gertrude Hirsch Hadorn, Rolf 
Holderegger, Michael Lehning, Christian Pohl, Mario Schirmer et al. “Enabling 
Effective Problem-Oriented Research for Sustainable Development”. Ecology 
and Society 17, no. 4 (2012): 8.

Kueffer, Christoph. “The Importance of Collaborative Learning and Research 
Among Conservationists from Different Oceanic Islands”. Revue d’Ecologie 
(Terre et Vie) Suppl. 11 (2012): 125–135.

Kueffer, Christoph, Curtis C. Daehler, Christian W. Torres-Santana, Christophe 
Lavergne, Jean-Yves Meyer, Rüdiger Otto, and Luís Silva. “A Global 
Comparison of Plant Invasions on Oceanic Islands”, Perspectives in Plant 
Ecology”. Evolution and Systematics 12, no. 2 (2010): 145–161.

Kueffer, Christoph, and Gertrude Hirsch Hadorn. “How to Achieve Effectiveness 
in Problem-Oriented Landscape Research – The Example Of Research on 
Biotic Invasions”. Living Reviews in Landscape Research 2 (2008): 2. 



134  Christoph Kueffer

Kuhn, Thomas S. The Structure of Scientific Revolutions. Chicago, IL: Univ. of 
Chicago Press, 1962.

Kwa, Chunglin. “Local Ecologies and Global Science. Discourses and Strategies 
of the International Geosphere-Biosphere Programme”. Social Studies of 
Science 35 (2005): 923–950.

Lakshmi, E., M. Priya, and V. Sivanandan Achari. “An Overview on the Treatment 
of Ballast Water in Ships”. Ocean & Coastal Management 199 (2021): 105296.

Larson, Brendon. Metaphors for Environmental Sustainability. Yale: Yale Univ. 
Press, 2011.

Loehle, Craig. “Hypothesis Testing in Ecology: Psychological Aspects and the 
Importance of Theory Maturation”. The Quarterly Review of Biology 62, 
no. 4 (1987): 397–409.

Loreau, Michel, S. Naeem, P. Inchausti, J. Bengtsson, J.P. Grime, A. Hector, D.U. 
Hooper et al., “Biodiversity and Ecosystem Functioning: Current Knowledge 
and Future Challenges”. Science 294, no. 5543 (2001): 804–808.

Lousley, Cheryl, “E.O. Wilson’s Biodiversity, Commodity Culture, and Sentimental 
Globalism”. RCC Perspectives 9 (2012): 11–16.

Ludwig, Donald, Marc Mangel, and Brent Haddad. “Ecology, Conservation, and 
Public Policy”. Annual Review of Ecology and Systematics 32 (2001): 481–517.

MacArthur, Robert H., and Edward O. Wilson. The Theory of Island 
Biogeography. New Jersey: Princeton Univ. Press, 1967.

Mace, Georgina M. “Whose Conservation?”. Science 345, no. 6204 (2014): 
1558–1560. 

Marris, Emma. Rambunctious Garden: Saving Nature in a Post-Wild World. 
New York: Bloomsbury, 2011.

McLachlan, Jason S., Jessica J. Hellmann, and Mark W. Schwartz. “A Framework 
for Debate of Assisted Migration in an Era Of Climate Change”. Conservation 
Biology 21, no. 2 (2007): 297–302.

McNeely, Jeffrey A. The Great Reshuffling: Human Dimensions of Invasive Alien 
Species. Gland, Switzerland: IUCN, 2001.

Meyerson, Laura, Aníbal Pauchard, Giuseppe Brundu, James T. Carlton, José L. 
Hierro, Christoph Kueffer, Maharaj K. Pandit et al. “Moving Toward Global 
Strategies for Managing Invasive Alien Species”, In Global Plant Invasions, 
edited by David R. Clements, Mahesh K. Upadhyaya, Srijana Joshi, and Anil 
Shrestha, 331–360, Cham: Springer, 2022.

Mooney, Harold A., Richard N. Mack, Jeffrey A. McNeely, Laurie E. Neville, Peter 
Johan Schei, and Jeffrey K. Waage. Invasive Alien Species: A New Synthesis. 
Washington, DC: Island Press, 2005.

Moore, Jason W. “The End of Cheap Nature, Or: How I Learned to Stop 
Worrying About ‘the’ Environment and Love the Crisis of Capitalism”. In 
Structures of the World Political Economy and the Future of Global Conflict 
and Cooperation, edited by Christian Suter, and Christopher Chase-Dunn, 
285–314. Berlin: LIT, 2014.

Nixon, Rob. Slow Violence and the Environmentalism of the Poor. Cambridge, 
MA: Harvard Univ. Press, 2011.

Novoa, Ana, David M. Richardson, Petr Pyšek, Laura A. Meyerson, Sven Bacher, 
Susan Canavan, Jane A. Catford et al. “Invasion Syndromes: A Systematic 
Approach for Predicting Biological Invasions and Facilitating Effective 
Management”. Biological Invasions 22, no. 5 (2020): 1801–1820.



Evidence Practices for Environmental Decision-Making  135

Nowotny, Helga, Peter Scott, and Michael Gibbons. Re-Thinking Science: 
Knowledge and the Public in an Age of Uncertainty. Cambridge, UK: Polity 
Press, 2001. 

OECD. Beyond Growth: Towards a New Economic Approach. New Approaches 
to Economic Challenges, Paris: OECD Publishing, 2020.

Parrique, Timothée, Jonathan Barth, François Briens, Christian Kerschner, Alejo 
Kraus-Polk, Anna Kuokkanen, and Joachim H. Spangenberg. Decoupling 
Debunked: Evidence and Arguments against Green Growth as a Sole Strategy 
for Sustainability. Brussels: European Environmental Bureau, 2019.

Piaggio, Antoinette J., Gernot Segelbacher, Philip J. Seddon, Luke Alphey, 
Elizabeth L. Bennett, Robert H. Carlson, Robert M. Friedman et al. “Is It Time 
for Synthetic Biodiversity Conservation?”. Trends in Ecology & Evolution 32, 
no. 2 (2017): 97–107.

Pickett, Steward T.A., Jurek Kolasa, and Clive G. Jones. Ecological 
Understanding: The Nature of Theory and the Theory of Nature. Amsterdam: 
Elsevier, 2010.

Pielke, Roger A. Jr. The Honest Broker: Making Sense of Science in Policy and 
Politics. Cambridge, UK: Cambridge Univ. Press, 2007.

Pontius, Jennifer, and Alan McIntosh. Critical Skills for Environmental 
Professionals. Putting Knowledge into Practice. Berlin: Springer, 2020.

Potgieter, Luke J., Mirijam Gaertner, Christoph Kueffer, Brendon M. H. Larson, 
Stuart W. Livingstone, Patrick J. O’Farrell, and David M. Richardson. “Alien 
Plants as Mediators of Ecosystem Services and Disservices in Urban Systems: A 
Global Review”. Biological Invasions 19, no. 12 (2017): 3571–3588.

Pyšek, Petr, Philip E. Hulme, Dan Simberloff, Sven Bacher, Tim M. Blackburn, 
and James T. Carlton et al. “Scientists’ Warning on Invasive Alien Species”. 
Biological Reviews 95, no. 6 (2020): 1511–1534.

Raworth, Kate. Doughnut Economics, Seven Ways to Think Like a 21st-Century 
Economist. London: Random House Business, 2017.

Rayner, Steve, and Daniel Sarewitz. “Policy Making in the Post-Truth World. 
On the Limits of Science and the Rise of Inappropriate Expertise”. The 
Breakthrough Institute Blog, March 1, 2021. https://thebreakthrough.org/
journal/no-13-winter-2021/policy-making-in-the-post-truth-world.

Redford, Kent H., William Adams, and Georgina M. Mace. “Synthetic Biology 
and Conservation of Nature: Wicked Problems and Wicked Solutions”. PLoS 
Biology 11, no. 4 (2013): e1001530.

Ricciardi, Anthony, Josephine C. Iacarella, David C. Aldridge, Tim M. Blackburn, 
James T. Carlton, Jane A. Catford, Jaimie T.A. Dick et al. “Four Priority Areas 
to Advance Invasion Science in the Face of Rapid Environmental Change”. 
Environmental Reviews 29, no.2 (2021): 119–141.

Rittel, Horst W.J., and Melvin M. Webber. “Dilemmas in a General Theory of 
Planning”. Policy Sciences 4, no. 2 (1973): 155–169.

Roloff, Andreas, Sten Gillner, Rico Kniesel, and Deshun Zhang. “Interesting and 
New Street Tree Species for European Cities”. Journal of Forest and Landscape 
Research 1 (2018): 1–7.

Ruiz, Gregory M., and James T. Carlton. Invasive Species: Vectors and 
Management Strategies. Washington, DC: Island Press, 2003. 

Sagoff, Mark. “Do Non-Native Species Threaten The Natural Environment?”. 
Journal of Agricultural and Environmental Ethics 18 (2005): 215–236.

https://thebreakthrough.org
https://thebreakthrough.org


136  Christoph Kueffer

Sarewitz, Daniel. “How Science Makes Environmental Controversies Worse”. 
Environmental Science & Policy 7 (2004): 385–403.

Sax, Dov F., John J. Stachowicz, James H. Brown, John F. Bruno, Michael N. 
Dawson, Steven D. Gaines, and Richard K. Grosberg et al. “Ecological and 
Evolutionary Insights from Species Invasions”. Trends in Ecology & Evolution 
22, no. 9 (2007): 465–471.

Schilthuizen, Menno. Darwin Comes to Town: How the Urban Jungle Drives 
Evolution. London: Picador, 2018.

Shackleton, Ross T., David M. Richardson, Charlie M. Shackleton, Brett Bennett, 
Sarah L. Crowley, Katharina Dehnen-Schmutz, Rodrigo A. Estévez et al. 
“Explaining People’s Perceptions of Invasive Alien Species: A Conceptual 
Framework”. Journal of Environmental Management 229 (2019): 10–26.

Shaw, Jamie, “Feyerabend and Manufactured Disagreement: Reflections on 
Expertise, Consensus, and Science Policy”. Synthese 198 (2021): 6053–6084.

Shrader-Frechette, Kristin. “Non-Indigenous Species and Ecological Explanation”. 
Biology & Philosophy 16, no. 4 (2001): 507–519.

Simberloff, Daniel. “Charles Elton: Neither Founder nor Siren, but Prophet”, In 
Fifty Years of Invasion Ecology: The Legacy of Charles Elton, edited by David 
M. Richardson, 11–24, New York: Wiley, 2011.

Simberloff, Daniel. “SCOPE Project”, In Encyclopedia of Biological Invasions, 
edited by Simberloff, Daniel and Marcel Rejmanek, 617–619, Berkeley: Univ. 
of California Press, 2011.

Simberloff, Daniel, and Montserrat Vilà. “Non-Natives: 141 Scientists Object”. 
Nature 475 (2011): 36.

Simberloff, Daniel. “Confronting Introduced Species: A Form of Xenophobia?. 
Biological Invasions 5, no. 3 (2003): 179–192.

Soulé, Michael E., and Bruce Wilcox. Conservation Biology: An Evolutionary-
Ecological Perspective. Sunderland, MA: Sinauer Associates, 1980.

Steffen, Will, Angelina Sanderson, Peter Tyson, Jill Jäger, Pamela Matson, Berrien 
Moore, Frank Oldfield et al. Global Change and the Earth System. A Planet 
Under Pressure. Berlin: Springer, 2004.

Stiglitz, Joseph E., Amartya Sen, and Jean-Paul Fitoussi. Mismeasuring Our Lives: 
Why GDP Doesn’t Add Up. New York: The New Press, 2010.

Stirling, Andy. “Keep It Complex”. Nature 468 (2010): 1029–1031.
Stromberg, Juliet C., Matthew K. Chew, Pamela L. Nagler, and Edward P. Glenn. 

“Changing Perceptions of Change: The Role of Scientists in Tamarix and River 
Management”. Restoration Ecology 17, no. 2 (2009): 177–186.

Sukopp, Herbert. “On the Early History of Urban Ecology in Europe”. In 
Urban Ecology, edited by John M. Marzluff, Eric Shulenberger, Wilfried 
Endlicher, Marina Alberti, Gordon Bradley, Clare Ryan, Ute Simon, and Craig 
ZumBrunnen, 79–97. New York: Springer, 2008.

Svenning, Jens-Christian, Pil B. M. Pedersen, C. Josh Donlan, Rasmus Ejrnæs, 
Søren Faurby, Mauro Galetti, Dennis M. Hansen et al. “Science for a Wilder 
Anthropocene: Synthesis and Future Directions for Trophic Rewilding 
Research”. Proceedings of the National Academy of Sciences 113, no. 4 (2016): 
898–906.

Taylor, Peter J. “Technocratic Optimism, H.T. Odum, and the Partial 
Transformation of Ecological Metaphor after World War II”. Journal of the 
History of Biology 21, no. 2 (1988): 213–244.



Evidence Practices for Environmental Decision-Making  137

Theodoropoulos, David I. Invasion Biology: Critique of a Pseudoscience. Blythe, 
CA: Avvar Books, 2003.

Thomas, Chris D. Inheritors of the Earth: How Nature Is Thriving in an Age of 
Extinction. New York: Public Affairs, 2017.

Todd, Zoe. “Indigenizing the Anthropocene”. In Art in the Anthropocene: 
Encounters Among Aesthetics, Politics, Environments and Epistemologies, 
edited by Heather Davis, and Etienne Turpin, 241–254, London: Open 
Humanities Press, 2015.

Trepl, Ludwig, and Annette Voigt. “The Classical Holism-Reductionism Debate 
in Ecology”. In Ecology Revisited. Reflecting on Concepts, Advancing Science, 
edited by Astrid Schwarz, and Kurt Jax, 45–83. Heidelberg: Springer, 2011. 

Tsing, Anna. “A Threat to Holocene Resurgence Is a Threat to Livability”. In 
The Anthropology of Sustainability. Beyond Development and Progress, edited 
by Marc Brightman, and Jerome Lewis, 51–65, London: Palgrave Macmillan, 
2017.

Turnhout, Esther, Willemijn Tuinstra, and Willem Halffman. Environmental 
Expertise. Connecting Science, Policy, and Society. Cambridge, UK: Cambridge 
Univ. Press, 2019.

Turnhout, Esther, Bob Bloomfield, Mike Hulme, Johannes Vogel, and Brian 
Wynne. “Listen to the Voices of Experience”. Nature 488 (2012): 454–455.

UN. Global Sustainable Development Report 2019: The Future is Now – Science 
for Achieving Sustainable Development. New York: United Nations, 2019.

Van der Wal, René, Anke Fischer, Sebastian Selge, and Brendon M. Larson. 
“Neither the Public nor Experts Judge Species Primarily on Their Origins”. 
Environmental Conservation 42, no. 4 (2015): 349–355.

Van Kleunen, Mark, Franz Essl, Jan Pergl, Giuseppe Brundu, Marta Carboni, 
Stefan Dullinger, and Regan Early et al. “The Changing Role of Ornamental 
Horticulture in Alien Plant Invasions”. Biological Reviews 93, no. 3 (2018): 
1421–1437.

Vaz, Ana S., Christoph Kueffer, Christian A. Kull, David M. Richardson, Joana 
R. Vicente, Ingolf Kühn, Matthias Schröter, Jennifer Hauck, Aletta Bonn, and 
João P. Honrado, “Integrating Ecosystem Services and Disservices: Insights 
from Plant Invasions”. Ecosystem Services 23 (2017): 94–107.

Vaz, Ana S., Christoph Kueffer, Christian A. Kull, David M. Richardson, Stefan 
Schindler, A. Jesús Muñoz-Pajares, and Joana R. Vicente et al. “The Progress of 
Interdisciplinarity in Invasion Science”. Ambio 46 (2017): 428–442.

Voigt, Annette. “The Rise of Systems Theory in Ecology”. In Ecology Revisited. 
Reflecting on Concepts, Advancing Science, edited by Astrid Schwarz, and Kurt 
Jax, 183–194. Heidelberg: Springer, 2011.

Walters, Carl J., and Crawford Stanley Holling. “Large-Scale Management 
Experiments and Learning by Doing”. Ecology 71 (1990): 2060–2068.

WBGU. World in Transition. A Social Contract for Sustainability. Berlin: WBGU, 
2011.

Webber, Bruce L., and John K. Scott. “Rapid Global Change: Implications for 
Defining Natives and Aliens”. Global Ecology and Biogeography 21, no. 3 
(2012): 305–311.

Weizsäcker, von Ernst U., and Anders Wijkman. Come On! Capitalism, Short-
Termism, Population and the Destruction of the Planet. Heidelberg: Springer, 
2018.



138  Christoph Kueffer

Whistler, Arthur W. Plants of the Canoe People. An Ethnobotanical Voyage 
through Polynesia. Hawaii, USA: National Tropical Botanical Garden, 2009. 

Wynne, Brian. “Uncertainty and Environmental Learning: Reconceiving Science 
and Policy in the Preventive Paradigm”. Global Environmental Change 2, 
no. 2 (1992): 111–127.


