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WHO AM I

• I am a plant macroecologist.
• Interested in measuring the 

exposure of biodiversity to different 
drivers of change
• Invasive species.

• Climate/land-cover change.

• Now also working at the 
intersection of ecology and policy
• Coordinating author of the upcoming 

IPBES assessment in IAS
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What makes an alien 
species successful?
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IT ALL DEPENDS….

• How many individuals arrive...

• The environmental suitability of where they 
arrive…

• The ecological suitability of where they 
arrive…

• The presence of  aliens…

• The diversity of the incoming community…

• The presence of related natives…

• The absence of predator/parasites…

• The novelty of the introduced species…

https://www.itsligo.ie/invasive-alien-species/
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Figure:
Richardson & Pysek 2006 (Prog Phys. Geo)
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MEASURING NICHES

Figure fro
Broennimann 2007 (Ecol Lett)

D I SCUSS ION

Our results clearly suggest a climatic niche shift of Spotted
Knapweed during or subsequent to invasion of this
species. The study was based on a comprehensive
occurrence data from all regions where the species is
present in Europe and western North America, fully
covering the relevant climatic gradients. Although distri-
bution data of exotic species are increasingly available
within their introduced ranges, obtaining similar data from
the native range often remains difficult (Peterson et al.

2003). We put particular effort in acquiring data from the
native species range by performing our own field sampling.
We are not aware of comparably robust data for other
invasive species across two ranges.

These results have important implications for studies of
biological invasions, as they provide the first empirical field
evidence of such phenomenon. The distribution of invading
and native population along climatic gradients (Fig. 1)
shows that none of the native populations grows in a similar
climate as the vast majority of the invading populations in
western North America. However, some of the invading

Figure 1 Bioclimatic space with illustration of niche shift. The position of occurrences, from the native and invaded ranges along the
principal climatic gradients is indicated with green dots and red crosses respectively. The red star shows the climatic position of the first
population introduced in North America (Victoria, BC). The arrow linking the centroids of the 1.5 inertia ellipses for the two ranges illustrates
the niche shift. The enclosed correlation circle indicates the importance of each bioclimatic variable on the two significant axes of the
principal component analysis (PCA), which jointly explain 73.22% of the variance in the data. A between-class analysis, yielding a between-
class inertia ratio, was further conducted and tested with 99 Monte-Carlo randomizations. The convex hulls indicate the prevalence (25, 50, 75
and 100% of sites included) of the global climate conditions in the two ranges. Climatic predictors are: tmp ¼ annual mean temperature,
tmax ¼ maximum temperature of the warmest month, tmin ¼ minimum temperature of the coldest month, prec ¼ annual sum of
precipitation, std_prec ¼ annual variation of precipitation, gdd ¼ annual growing-degree days above 5 !C, aet/pet ¼ ratio of actual to
potential evapotranspiration, pet ¼ annual potential evapotranspiration.

Letter Climatic niche shift and biological invasion 705

" 2007 Blackwell Publishing Ltd/CNRS

Native-species
niche space

Introduced-species
niche space

A N-dimensional hyper volume
Hutchinson 1959 - Am .Nat.

Two species can’t coexist if they 
share the same niche

Hutchinson, 1959 - Am .Nat.
MacArthur & Levins 1967 - Am. Nat.
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TODAY’S TALK

• Leveraging functional ecology – trait novelty/divergence in the context 
of ecological strategies.

• Climate change in the context of functional ecology – the lasting 
imprints of climate change on functional diversity and its implications.

• Where do we go from here? – a look into the IPBES work.
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COMMUNITY ASSEMBLY  

Figure from:
Kraft & Ackerly (2014) in Ecology and the 
Environment, The Plant Sciences
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COMMUNITY ASSEMBLY & ALIEN SPECIES

Figure from:
Pearson (2018) TREE

Biological 
introductions 

specific process

Basic conceptual 
model of community 

assembly 
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WHAT MAKES AN ALIEN SPECIES 
SUCCESSFUL? – VER 1

Figure from
Pyšek & Richardson (2007) Bio.Inv
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FROM QUALITATIVE TO QUANTITATIVE

Figure from
Dias et al (2015) Nature
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Ian Wright
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Figure from:
Singh & Verma (2020) in Handbook of 
Research on the Conservation and 
Restoration of Tropical Dry Forests 

Photosynthetic rate
Leaf type
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WHICH TRAITS?

Specific leaf area

𝑆𝐿𝐴 =
area 𝑚𝑚!

Dry mass 𝑚𝑔

Seed Weight
𝑆𝑊𝑇 = seed weight 𝑚𝑔

Plant height
𝐻𝑚𝑎𝑥"#$ = Height 𝑐𝑚
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FUNCTIONAL DIFFERENCES BETWEEN 
NATIVE AND ALIEN SPECIES

Goal:  provide a synthetic 
view of multi-trait 
differences between alien 
and native species

Univariate trait 
space

Differences in 
ecological 
strategies

Multivariate 
trait space

Functional space 
differences
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UNIVARIATE FUNCTIONAL DIFFERENCES 

Table from:
Ordonez et al (2015) Func Ecol

The traits of native 
and alien species 
show significant 

differences.
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UNIVARIATE FUNCTIONAL DIFFERENCES 

Figure based on data from 
Ordonez et al. 2010 FunEcol

Alien > Native

Alien < Native
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MULTIVARIATE FUNCTIONAL DIFFERENCES 

Table from:
Ordonez et al (2015) Func Ecol

Based on their leaf 
and seed attributes.

I can accurately 
discriminate between 

native and alien species
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MULTIVARIATE FUNCTIONAL DIFFERENCES 
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MULTIVARIATE FUNCTIONAL DIFFERENCES 

Table from:
Ordonez et al (2015) Func Ecol

Aliens occupy a 
smaller functional 

space.
Aliens are farther 

apart from the 
convex hull centre.

The functional space of 
native and alien species is 

more different than 
randomly expected.
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DO FUNCTIONAL DIFFERENCES TRANSLATE 
TO BETTER PERFORMANCE?

Goal:  Would the 
observed functional 
differences allow aliens to 
perform better than 
natives?

Figure from:
Wright et al 2004 Nature

Fast end

Slow end
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DO FUNCTIONAL DIFFERENCES TRANSLATE 
TO BETTER PERFORMANCE?

Aliens have higher 
SLA, Nmass and 
Amass than natives.

Alien > Native

Alien < Native

Figure from
Ordonez & Olff 2012 GEB
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DO FUNCTIONAL DIFFERENCES TRANSLATE 
TO BETTER PERFORMANCE?

Aliens are at the fast end 
of the leaf economics 

spectrum.

Fast end

Slow end

Figure from
Ordonez & Olff 2012 GEB
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CONSIDERING THE LOCAL CONTEXT

Goal:   Determine if alien 
species are “really” novel to 
the recipient community.

Figure from
Ordonez  2014 Ecology
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CONSIDERING THE LOCAL CONTEXT
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CONSIDERING THE LOCAL CONTEXT

Aliens are 
as 

phylogenet
ically close 

to the 
incumbent 

native 
community 

Aliens are as 
functionally 
district to the 
incumbent 

native 
community 

Figure from
Ordonez  2014 Ecology
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What makes an alien 
species successful?
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TODAY’S TALK

• Leveraging functional ecology – trait novelty/divergence in the context 
of ecological strategies.

• Climate change in the context of functional ecology – the lasting 
imprints of climate change on functional diversity and its implications.

• Where do we go from here? – a look into the IPBES work.
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HOW DO HISTORICAL PALEOCLIMATIC 
CHANGE LEAVE A LEGACY?

Figure from Svenning et al  with Ordonez  –
(2015) AREES

A climatic event (red) has 
a transient effect on the 

outcome of an 
equilibrium process

A climatic event (red) has 
a permanent effect on 
cumulative processes

A permanent  change in 
climate (from blue to red) 
shifts the equilibrium state 

(dashed line)

A permanent 
change in climate has a 
permanent effect on a 

cumulative process

Return to
equilibrium 

Lasting
des-equilibrium 
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LONG-TERM CONSTRAINTS ON
FUNCTIONAL DIVERSITY

Ecosystem 
functioningFunctional 

diversity
Species 
diversity

Biodiversity 
mediated effect

Direct + Biodiversity 
mediated effect

Environmental history
(Past climate change, linage biogeography, migration lags, 

priority effects)

Contemporary Environment
(Extremes, heterogeneity, suitability)
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Figure from 
Ordonez & Svenning (2017) Sci Rep
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Functional richness
Realized vs Potential ratio

40% of the possible functional 
space is missing

Figures from
Ordonez & Svenning (2014) GEB
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CLIMATIC CONDITIONS ARE CHANGING AT 
FAST RATES

Emergence of novel climates
(2100 - A2 Scenario)

Figures from the IPCC AR5 Synthesis Report (SYR); Williams et al (2007) PNAS
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TODAY’S TALK
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imprints of climate change on functional diversity and its implications.
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INVASIONS AS A MAJOR DRIVER OF 
BIODIVERSITY CHANGE
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PUSHING FOR 
TRANSFORMATIVE CHANGE

What does this 
mean for 
biological 
invasions?
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INTEGRATION ACROSS SECTORS

One Biosecurity
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NEED FOR INTEGRATED GOVERNANCE

Informed

Innovative

Integrative

Engaging

• Promoting knowledge generation, maintenance, 
interoperability, and exchange that incorporate 
multiple knowledge systems.

• Development of indicators of biological invasion 
that can be used to track the impacts of IAS on 
nature, NCP,  and GQL

What?/Levers

• Aligning/Harmonising international and regional 
agreements.

• Harmonising legal and regulatory instruments 
and codes of conduct across different sectors.

• Develop holistic approaches to the broad array 
of global environmental problems. 

• Better connect biotechnological advances and 
their regulation.

What?/Levers

• Develop an integrative, adaptive, informed and
inclusive approach to environmental governance.

• Reforming sectoral and segmented decision-
making to promote integration.

• Devising and implementing national strategies
and action plans that specifying the
distribution of responsibilities among
stakeholders.

• Strengthening environmental laws and policies
and their implementation.

What?/Levers

• Develop tools for stakeholder engagement and 
dialogue to improve the efficiency of prevention, 
eradication and management efforts.

• Increase the representations of 
underrepresented groups in the decision-making 
process.

What?/Levers

Approaches to enable 
transformative change in the 
prevention, eradication, and 

management of IAS

Shared responsibility
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IN SUMMARY

• While we can have a general answer to the “What makes an 
alien species successful?” question is clear that going from 
these patterns to preventative actions requires an 
understanding of the local conditions.

• The legacies of current environmental change would mean a 
high potential for aliens' successful introduction.

• To address the problem of invasions, we need a system reset 
that engages all sectors and activates all stakeholders and 
rights holders.
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THANKS
FOR YOUR 
ATTENTION

Alejandro Ordonez
au.dk/en/alejandro.ordonez@bio
alejandro.ordonez@bio.au.dk

@anordonez1

mailto:alejandro.ordonez@bio.au.dk
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TODAY’S TALK

• Functional convergence/divergence in the context of invasive species

• Leveraging functional ecology – niche novelty/divergence in the context 
of ecological strategies.

• Climate change in the context of functional ecology – the lasting 
imprints of climate change on functional diversity and its implications.

• All good things end – How long would the benefits of niche 
novelty/divergence last?

• Where do we go from here? – a look into the IPBES work.


