Synthéses

Biological invasions,
a question of nature
and society

R. Barbault, M. Atramentowicz, coordinators

éditions

us






Biological invasions,
a question of nature
and society






Biological invasions,
a question of nature
and society

R. Barbault,
M. Atramentowicz,

coordinators

Editions Quae
c/o Inra, RD 10, 78026 Versailles Cedex, France



Syntheses collection

Les maladies émergentes. Epidémiologie chez le végétal, I'animal et I'homme
Jacques Barnouin and Ivan Sache, coord.
2010, 464 p.

Le systéme alimentaire mondial : concepts et méthodes, analyses et dynamiques
Jean-Louis Rastoin and Gérard Ghersi
2010, 584 p.

Muscle et viande de ruminant
Dominigue Bauchart and Brigitte Picard, coord.
2010, 312 p.

Gestion participative des foréts d'Afrique centrale
Daou Véronique Joiris and Patrice Bigombé Logo, coord.
2010, 248 p.

Introductions d’especes dans les milieux aquatiques — Faut-il avoir peur des invasions
biologiques ?

Jean-Nicolas Beisel and Christian Lévéque

2010, 248 p.

Original French edition published in February 2010 under the title
"Les invasions biologiques, une question de natures et de sociétés".
© Editions Quae, 2010

ISBN: 978-2-7592-0372-7

Translation and formatting by Sally Ferguson.

© Editions Quae, 2010 ISBN: 978-2-7592-0872-2 ISSN: 1777-4624

The intellectual property code prohibits photocopies for collective use without authorisation. Any violation of
this provision is a threat to the publication, in particular its scientific content, and will be prosecuted. Any, even
partial, reproduction of this work is prohibited without the authorisation of the Centre francais d’exploitation du
droit de copie (CFC), 20 rue des Grands-Augustins, Paris 6e, France.



Preface ............

Eric VINDIMIAN

Contents

Introduction. The ecology of invasions: old question, current news ..............
Robert BarBAuLT and Martine ATRAMENTOWICZ

Historical back@round ...........oeeeninnneeeeeeneresee e

The INVabio PrOZTAMIME ......cc.oveveeieririeieieireireieeieeie ettt sssneesaeeaes

A TEW LESSOINS ..ttt ettt se s saenens

TN CONCIUSION .ottt ssnas

1. Lessons from biological evolution: good and bad ................ccocoovrvvrrnrnnnnee.

Pierre Jory and

Michel PascAL

What are biological INVASIONS? ......c.ccveuveureurerreireineieieeieieieereiresnessessesseeeseeseeenes

Building @ NICRE ..ottt

Invader profile and biological trait analysis  ...............cocveeonevcrnneen.

Biological evolution MeChANISIS ...........ocoeuveereeneeseseeeeesees s

How is an invader’s niche DUilt? ...

Differentiation — SPECIALION .........eoveveereereureeriirereseeesesessesseseiseiseesessesssens

Biological trait QRALYSIS ..........c.oveeveeeeeeieeeeee e eenaes

SeleCtion ...

Facilitation versus antagonism

Insularity-related ISSUES ... ssenaens

Discussion

Three aspects of the evolution of non-native Species ...............ouwoveeeeeen.

Invaders With or WithOUt PATASILES? ...........ceeveeeverererereseneiseiseeseseseseeens

TRSULATILY ..ottt

Conclusion

10

13

13

17
17
18

20
20
29
31
35

38

39
39
41
41

42



Biological invasions, a question of nature and society

2. Impact on communities and eCOSYStEIMS ...........ccoccovcurereunecuniuerneeerncueercrrecnene
Eric TapaccHl, Anne-Marie PLANTY-TABAcCHI and Serge MULLER

INETOAUCTION ..ottt easseneans

“Community” and “ecosystem” approaches ..........ccvneneneneeeneneen.
Invaded ecological COMMURNILIES. .. ........cocveeeeeeerererererenereseeesee e
An ecosysten-approach 0 INVASIONS .............eweeeereeereeereeerissssessenensanes
Towards an integrated APPrOACR? ..............ooveeerenereereeseesees e

And the maintenance of biOdiVETSIty? .........cccovriririeieirereiresereseeeeeeians
The invader’s ecOlOGICAl POSITION .........c.ceveeveereeeeeeeseseresessseeesesesee e
Decreased or increased biological diversity? ...............vconeveroneverenenn.

Invasions and ecosystem fUnCtioNing ...........coeeeeureeureereneerineeneeeseeseeeseeeeees
The role of constraints: stress versus diStUDANCE ............o.owevvererereeennn.
THE TOlE Of TESOUICES ...t

Invasion and ecologiCal SETVICES .........cccwirerniinerneinererireirereeiseeneeeieeenaens
Balancing use to the ecosystem and use t0 Manm ..............eeeeeereenensens.
USING IAVASIONS ..ottt aes
Conclusion: must we give in to uncontrollable invasions? ......................

3. A human science approach to biological invasions ..............c.cccoovvinnnnnn.
Sergio DALLA BERNARDINA

VI

INEFOAUCTION ettt s s nnas

The relevance of human and social SCIENCES .......covrurererieerierireirieieeieeeenes
New invaders, Old SCENATIOS ...
UNCONSCIOUS TEACTIONS ...ttt
QUESTIONS Of PEFCEPTION ..o sasenssas
The reasons and actions of SOCIAL ACLOTS  .........vevevveveenenerininieerieeeeeeeene
From propaganda to “mythic function”: discourse analysis .....................
Multiple perspectives in RUMARN SCIENCES ............ccvweveveeeneerereerererrererneane

COMNVETZETIICE -.eoeuvvrieireueisceeieisises et aseae s st ees st esebseaebees e et s s ese s saeeseeenseeen
THe QESINELIC FACIOT ..ot
Naturalist knowledge (and igNOTANCE) ..........oveoeeveeneeneererinisenisisesieeeens
Flexible 1epreSEntAtiOnNs ..........c.wweeveeneereeneninesesessissss s sssesssneens
INEIWOTK LOGICS ..ottt
Perceptive VariQlions ..............c.ccceecvencnceneeneneeeeeeeeeseeseseeseesesseasesessesaessenan
Time is ticking: what are researchers dOing? ...........nonconeoncoseneenenn.
Controversy over KROWIEAZE ...
The federating invader ............

The ecological conspiracy
THE MiAAS TEFIEX ..ottt

43

43

43
44
45
46

47
47
52

56
56
57

59
59
59
60

61

61

62
63
64
66
71
72
72

76
77
81
82
84
86
87
89
90
93
95



Contents

DeSCTIDE OF PIESCIIDE? ....cuceuieiiieiiieieieirereireteieie ettt 97
The centre and the PEriPHETY ...........cceieenieenereeereeree st esaees 99

A RAIf-RAPPY EAAING .o 101

4. Can biological invasions be managed? .............c.cccocoooeovrrirenrnrceeeeeene 105

Alain DUTARTRE

INETOAUCTION oottt 105
IMANAZINE cooveveeereieieireir sttt ene 106
DefiNting the CONCEPLS ......euveeeeeeeeereereseireiseiseiseie et ssassasea 106
AdapLing MANGGEIMENL ... sasaes 108

A GENETAL APPIOACH ..o 110
KINOWITIE oottt 110
Biology and ecology of invasive SPECIes ............wwmneneneneneneneneeneennns 111
Causes Of INITOAUCHIONS ........ceeeeeeerererereireireiseeeeeses et 113
COLONISALION SLAGE ... sss st nessassans 116
Impacts on ecosystems and enVIrONIMENt USES ............cwowveereeeneeensenensenes 118
CONCTELe TESPONSE OPLIONS ...ttt esneaes 121
IMOTUEOTITIE oottt sttt et eae 122
Main monitoring characteristics FeqUIred .............ownneorieeneoeenenennans 122
THE FYENCIH CONIEXL ..ottt 123
PIEVENTING ...ttt e sieene 123
PFOPOSALS ..ottt sanien 124
The FYench SIUALION ...........ccceeeneenereineineineiseseses et ene 125
RESPONAING ..ot 127
SOIULIONS 10 DE fOUNC ...t 127
DefiNing rESPONSE ISSUES .......ouveveeereeerirerieeriseeirssessesessis s sesasaees 127
SHOULA We IREEIVERE? ...ttt 128
DEefining reSPONSE QIMS .......ueeeeveeereireireireisesssesisessiss s saeens 129
HOW 10 TESPORA? ...ttt 130
Economic analyses yet to be developed 140
Management-research relations ... 143
Conclusions and PIOSPECES ......vueururereireireireireineineiseseeeee et seeseseesessseseesssaeens 144

Conclusion. The science of biological invasions... or the rediscovery

OF @COLOZY ...ttt enn 149
An overview in seven lessons drawn from Invabio ........c.ccvcneecnercincen. 149
A few questions t0 be eXplored ........ccccirnienienierieieeeeeseeseeeie e 150
CONCIUSIONS ..ottt et seen 152

VII



Biological invasions, a question of nature and society

Bibliographical references ...

Glossary ...........

List of Invabio programme research reports ..............c.coococovccneeneenenencenencnnen.

List of authors

VIII

153

163

167

171



Preface

Eric VINDIMIAN

Our propensity for anthropomorphism conditions our imagination. We can thus all
conjure up the image of our childhood teacher telling us of the great invasions: the
Normans, those brave yet cruel seamen, the Huns with their unusual method of
cooking meat, not forgetting the different groups of Goths, each as terrifying as the
next. As soon as we mention biological invasions, that ancestral fear of the enemy
ravaging everything in his path, under the horse’s hooves where the grass no longer
grows, invades our minds.

This fear is not completely removed from reality. Ecosystems are fragile. Communi-
ties are constructed over time and natural barriers condition their differential evolu-
tion. Thus, insular environments, more isolated by definition but also more unstable
due to their size, are particularly vulnerable. This is all the more concerning as many
endemic species restricted to isolated environments may disappear among competi-
tion for which they were unprepared.

However, the outlook is not all bleak in this complex world. The plague which
ravaged human populations between the 12" and the 18" century partly owed its
eradication to competition between the black rat Rattus rattus and the common rat
Rattus norvegicus which arrived in Europe in the 18" century. The common rat,
more resilient and prolific, almost completely exterminated the black rat, carrier of
the infection. Within the Invabio programme itself, it has been shown that the inva-
sion of Martinique by gastropods of the family Thiaridae has resulted in the eradi-
cation of schistosomiasis, a serious tropical disease, as the gasteropod Biomphalaria
glabrata is no longer present to carry the terrible parasite Schistosoma mansoni.

The French ministry in charge of ecology was keen to find out more. As is its now
well-established tradition, it called upon researchers to answer its questions. How
can biological invasions be prevented? How can the risks they represent be assessed?
What can be done to respond to current invasions? It was up to the ministry in charge
of ecosystem management and protection to find answers to these questions.
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As usual, as far as we are concerned, the approach was agnostic. The aim was not to
establish new dogmas or to seek to restore nature to its untainted, wild form. Rather
the research sought greater understanding of phenomena in progress and to put
forward ideas for designing appropriate nature management tools.

Of course, and to no surprise of the ministry’s research department, this all proved
highly complex. The programme did not invent a universal formula against inva-
sions. However it appears that we must act quickly, if we are to take action! Many
non-native species become established without proliferating, some invasions sponta-
neously fail, others provide new services or even help to restore damaged ecosystem
services.

The human dimension continues to have a strong presence in the management of
biological invasions. An invasion is not necessarily perceived as such according to
the people involved. For instance, some people see the Prunus serotina, which has
invaded Compiegne Forest, as a magnificent tree producing edible fruit. Some do
not see it at alll Many invasive species are also ornamental plants sought after for
gardens. Human sciences help us to understand these factors, whose management
strategies cannot be overlooked.

The Invabio programme gathered together a high quality, enthusiastic, interdisci-
plinary scientific community, harbouring the two-fold concern for scientific quality
and support for public policies. Evaluation of the programme has shown that the
national dimension is still lacking in terms of the distribution of results to mana-
gers. The gap between research which is conducted on a global scale and the diffe-
rent levels of management is a major factor in the future of programmes under the
research department.

This programme would not have existed without its many supporters. We note the
commitment of the Scientific Committee! and its President Robert Barbault, the
valuable work of Eric Tabacchi and his team, the authors of the various reports and
summaries in this book, the efficient coordination of Martine Atramentowicz within
the research department and the enthusiasm of researchers and managers gathered
together through this programme. I could not close this preface without sincerely
thanking them, all the more as they gave me the opportunity to enjoy privileged
times of dialogue and scientific reflection at the Moliets symposium (17-19 October
2006) during which the results were presented and discussed.

1. Members of the Scientific Committee: Robert Barbault (President of SC), Philippe Boét, Jean Boucher,
Jean-Louis Chapuis, Jean Clobert, Sergio Dalla Bernardina, Alain Dutartre, Michel Echaubard, Pierre
Joly, Jean-Noél Labat, Doyle McKey, Jacques Maillet, Yannis Michalakis, Serge Muller, Pierre Noél,
Isabelle Olivieri, Michel Pascal, Bernard Picon, Jean-Sébastien Pierre, Jacques Roy, Francois Sarrazin.



Introduction
The ecology of invasions:
old question, current news

Robert BARBAULT and Martine ATRAMENTOWICZ

Since the pioneering work of Charles Elton, The Ecology of Invasions by Animals
and Plants, published in 1958, the number of books produced on the problems
caused by biological invasions and the questions they raise are countless. As for the
phenomenon itself, it was not born yesterday, as it emerged upon the very appear-
ance of living beings.

Indeed, it is rather misleading to confuse the propensity of all living beings to spread,
which makes all species potential invaders, with what “defines” invasive species in
the sense we understand them today. Here we will abide by the definition given by
Williamson (1996) and adopted by Pascal, Lorvelec and Vigne (2006): “A biological
invasion occurs when an organism, of any kind, reaches a site beyond its former area
of distribution.” What do we mean by “former distribution”? Let’s not focus too
much on that! Perversely, this would bring us back to the definition above, which we
described as misleading. We simply note that from Williamson’s definition there are
two decisive points to be considered: the status of the species or exotic (not to be
confused with foreign!) variety and the durable increase in the area of distribution
of the taxon in question.

Should a third element, highlighted by various authors and advocated by the Interna-
tional Union for Conservation of Nature (IUCN) Invasive Species Specialist Group,
also be included, whereby a true invasion only occurs when the introduced species is
a damaging factor and is harmful to biological diversity? In this case, Homo sapiens
are certainly the paradigm of invasive species! Should the “damage” parameter be
included in the definition? Adopting a strictly scientific point of view, we will opt for
the negative reply. And even if we were to approach the question from a manager’s
point of view, we have no reason to change our minds: it would not be wise for a
manager of a protected area to wait until damages became apparent to raise the
alarm.
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» Historical background

Much ground has been covered, it seems, since the appearance of Charles Elton’s
work. A short historical rundown will not do any harm (Davis, 2005). In 1964, the
International Union of Biological Sciences (IUBS) held its first symposium in
Asilomar (California). The aim? To bring together geneticists, ecologists, systema-
tists and specialists in biological response to discuss “the kinds of evolutionary change
which take place when organisms are introduced into new territories”. The review
was published the following year under the auspices of Baker and Stebbins (1965),
with the title: The Evolution of Colonizing Species. Colonizing and not invasive
species, you will notice. We had just emerged from the colonial period and the era of
border control of foreigners was still far off — a research opportunity, in the passing,
for colleagues in social sciences who focus on the phenomena of invasive species
and those who are interested in them! Indeed, the terminology has changed, and
Davis (2005) discusses this with great relevance. He notes that one must search care-

” « » o«

fully in Baker and Stebbins’ work to find terms such as “alien”, “exotic”, “invader”

2«

and “invasion”. Rather we find “colonizers”, “founding populations”, “introduced”,
“non-native”, “new arrivals” and “migration”. Elton’s exuberant style, notes Davis,
marked by the frequent use of analogy and metaphore, or even explicit military refe-
rences, is almost absent from the vocabulary of the experts gathered in Asilomar —

with the exception of Harper, close to Elton, although a botanist.

We must, however, note that Elton’s work was particularly concerned with conserva-
tion (Davis et al., 2001), while in Asilomar discussions revolved around evolutionary
processes. The fact remains that the movement launched by Elton gradually attracted
more and more ecologists, as conservation concerns began to enjoy increasing
importance. In 1980 —year of the release of Conservation Biology: An Evolutionary-
Ecological Perspective by Soule and Wilcox, which marked the “seizure of power”
by conservation biology — the third International Conference on Mediterranean-
Type Ecosystems, held in Stellenbosch in South Africa, demonstrated great interest
in biological invasions — a problem which particularly affected the Cape Province,
home to rich endemic flora (Wicht, 1945; Taylor, 1969). This resulted in a proposal
addressed to the Scientific Committee on Problems of the Environment (SCOPE)
during its general assembly in Ottawa (1982) to set up a scientific committee dedi-
cated to biological invasions and their impacts on ecosystems. This committee put
forward three questions within the resulting SCOPE programme:

— what are the factors that determine whether a species will be an invader or not?
— what are the site properties that determine whether an ecosystem will be prone or
resistant to invasion?

— how should management systems be developed using the knowledge gained from
answering these two questions?

It was these three same questions that guided the Invabio programme. Thus, whether
consciously or not, this programme followed in the continuation of the movement
marked by conservation biology, in Elton’s footsteps. Whether an upshot of the
SCOPE programme or simply a consequence of the evolution of thinking (in the
late 1980s the concept of biodiversity became established), research developed and
publications dedicated to biological invasions multiplied, in particular in terms of
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regional surveys. At the heart of the “battle”, and this comes as no surprise, as their
countries are among the most affected, we find researchers from the United States,
New Zealand, Australia and South Africa. The SCOPE programme, launched in
Stellenbosch, South Africa, produced its first report in 1984 on fynbos in South
Africa (MacDonald and Jarman). Reviews on the subject for Australia (Groves
and Burdon, 1986), South Africa (MacDonald and Jarman, 1984) and the United
States (Mooney and Drake, 1986) then appeared at more or less the same time. Four
years later, a review was released from the Mediterranean region (Di Castri et al.,
1990). Not forgetting the state-of-knowledge review which concluded this succes-
sion of regional reports, Biological Invasions: a Global Perspective (Drake et al.,
1989). SCOPE’s action must be acknowledged. Thanks to Di Castri, France was
not completely left out of this movement (Di Castri et al., 1990). This ripe harvest
prepared the way for a new generation of works making the ecology of invasions a
reality — or even a science in itself: a debatable point to which we shall return later.
The international review Biological Invasions was launched in 1999.

Finally, the most recent publications following Williamson’s widely quoted essay
(1996) and Bright’s “general public” work (1999), are highlighted (Box 1), including
two French titles (Muller, 2004; Pascal et al., 2006).

Box 1 — Seven recent reviews.

Cadotte M.W., McMahon S.M., Fukami T, 2005. Conceptual Ecology & Inva-
sions Biology. Reciprocal Approaches to Nature. Dordrecht, The Netherlands,
Springer, 505 p.

Cox G.W, 2004. Alien Species and Evolution. The Evolutionary Ecology of
Exotic Plants, Animals, Microbes and Interacting Native Species. Washington,
Island Press, 378 p.

Lockwood J.L., Hoopes M.E,, Marchetti M.P,, 2006. Invasion Ecology. Chichester
(UK), Blackwell Publishing, 312 p.

Mooney H.A., Mack R.N., McNelly J.A., Neville L.E., Schei PJ., Waage J.K,,
2005. Invasive Alien Species. A New Synthesis. Washington, Island Press, 368 p.

Muller S. (coord.), 2004. Plantes invasives en France. Paris, MNHN, 168 p.

Pascal M., Lorvelec O., Vigne J.D., 2006. Invasions biologiques et extinctions.
11 000 ans d’histoire des vertébrés en France. Paris, Belin/Quae, 350 p.

Sax D.E, Stachowicz J.J., Gaines S.D., 2005. Species Invasions? Insights into
Ecology, Evolution and Biogeography. Sunderland (MA), Sinauer Associates
Inc., 496 p.
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» The Invabio programme

In response to concerns raised by the extremely rapid expansion of Caulerpa in the
western Mediterranean basin, the French environment ministry implemented a
specific action plan in 1997.

A research programme on Caulerpa seaweed invasions constituted one of the
sections of this actions plan, alongside “observatory”, “prevention” and “response
means” sections. It aimed to initiate research on the impact of expansion on invaded
ecosystems and on the related socio-economic activities.

Understanding the evolution of biodiversity in invaded areas, variations over time
and space, determining the impact of expansion on populations and analysing social
representations of this invasive seaweed among different groups concerned were
some of the research questions for which management recommendations were
expected (Box 2).

Very quickly, it proved necessary to extend the field of research to the different
environments and invasive species which were creating problems in France. The
questions raised by the expansion of Caulerpa, although they attracted conside-
rable media attention, nevertheless remained limited to a few species and a defined
ecosystem. The environments confronted with invasive, whether animal or plant,
species are many and varied, demonstrating the vast diversity of questions related
to their management. From 2000, the environment ministry thus launched a new
programme focusing on research into the mechanisms underlying invasion pheno-
mena, the socio-anthropological perception as well as control and management
methods.

The main aim of this programme was both to improve conceptual and theoretical
knowledge of biological invasions and to increase concrete knowledge of animal
and plant invasions with which France is confronted, with a view to designing deci-
sion support tools for managers. This was the first national research programme
specifically dedicated to invasions, working in close cooperation with environmental
managers.

The vast diversity of the results from research projects funded through these
programmes contributed to the analyses and recommendations presented in this
book.

Box 2 — The projects funded through the research programme on the expansion of
Caulerpa taxifolia seaweed in the Mediterranean (1998-2002).

The projects outlined below were selected and funded for their contribution to
the understanding of the mechanisms associated with the spectacular prolifera-
tion of Caulerpa taxifolia:

— Genetic status: this seaweed was considered to be of Australian origin; the
hypothesis of an introduction via the Suez Canal was refuted (Myriam Valero,
CNRS).
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The expansion of beds of the seaweed Caulerpa taxifolia on the Mediterranean
seafloor, at Villefranche-sur-mer. This native species of Australia introduced in
1984 in Monaco has invaded the seafloor of six Mediterranean countries. These are
areas of competition with the seagrass Posidonia oceanica, flowering plants of the
Posidoniaceae family which constitute one of the major Mediterranean ecosystems
(© CNRS Phototheque, R. Graille).

— Modelling the expansion of Caulerpa: the modelling of the expansion of Caulerpa
shows annual cycles, with a high growth rate in summer and a stagnation period
in winter (Patrick Coquillard, Université d’Auvergne/Université de Nice-Sophia
Antipolis).

— Impact on fish populations: a high mortality in juveniles alters the recruitment
of fish in Caulerpa beds, reducing the micro-habitats in which they protect them-
selves from predators (Patrice Francour, Université de Nice-Sophia Antipolis).

— Associated bacterial flora: the specific composition of the bacterial flora asso-
ciated with Mediterranean Caulerpa increases their resistance to low tempera-
tures, boosting their proliferation properties (Yannick Le Parco, CNRS).

— Competition with Posidonia: when in competition in the same biotope, Posidonia
and Caulerpa adopt distinct strategies. Posidonia reduce their average leaf length
and lifetime, a higher turnover of leaves increases the number of tannin cells.
Caulerpa increase their leaf length and reduce their caulerpenyne content (Gérard
Pergent, University of Corsica).

— The physico-chemical quality of water: Caulerpa colonies develop indifferently
in areas of little and of heavy pollution, presenting greater resistance to climatic
variations in port areas with the highest metals concentrations (Pierre Rebouillon,
Faculté de pharmacie de Marseille).

— The socio-anthropological perception of invasion: symbolic treatment of Caulerpa
invasion in the Mediterranean basin was understood in relation to symbolic treat-
ment of other invasive phenomena associated with the Atlantic coastline (Sergio
Dalla Bernardina, Université de Bretagne occidentale).

— The socio-economic impact of the invasion: the commercial and non-commercial
effects were studied and related to the difficulties of sea users (Stéphane Lucchini
and Ghislain Géniaux, CNRS-EHESS-Université Aix-Marseille).
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» A few lessons

Generally speaking, a certain number of fundamental conclusions can be drawn
from the rich literature accumulated.

The first concerns the impacts of biological invasions. From an ecological point of
view, the majority of extinctions attributed to bioinvasion phenomena are located in
isolated environments (Steadman, 1995). Things are far less clear-cut when it comes
to continental flora and fauna, where many other factors appear to be more influen-
tial — the well-studied case of amphibians is one of the most illustrative examples
(Stuart et al., 2004). From an economic point of view, the damage caused by invasive
species is well documented and quite real (Pimentel, 2002). However, this is far from
always the case. For instance, as concerns vertebrates in France, Pascal et al. (2006)
note that “the ecological and socio-economic impact of 115 species of non-native
populations, i.e. 75% of the total, is not documented. In terms of the ecological
impact sensu stricto, it is only documented, mainly patchily, for the populations of
24 species, i.e. 16% of the 153 species currently represented in France by one or
more non-native populations”. These authors attribute this deficiency to academic
science’s disapproval of natural history work, as well as naturalists’ lack of interest
in non-native species.

The second, less regularly highlighted yet which appears to be of great importance,
can be summed up by the titles of two articles which outline this point: “Are Inva-
sive Species the Drivers or Passengers of Change in Degraded Ecosystems?” (Mac
Dougall and Turkington, 2005; Didham et al., 2005). We are well aware that most
ecosystems are subject to various sources of disturbance or even damage (Millen-
nium Ecosystem Assessment, 2005) and it is therefore no easy task to decide between
the hypothesis of “biological invasion as a driver of change” and the alternative, “the
invasive species as a passenger of environmental change”. By constantly repeating
that invasive species are one of the main causes of the current erosion of biodiversity
— which is true —, we end up forgetting that a large share of this observation is only
based on simple correlations between the domination of an alien species and the
decline of one or more indigenous species in damaged ecosystems. As highlighted
by Didham et al. (2005), the direct causality hypothesis, although attractive, in this
case, is not the only possible hypothesis. A plausible alternative hypothesis is that
the success of the exotic species could be the indirect consequence of an alteration
in the environment resulting in the decline of the indigenous species. MacDougall
and Turkington (2005) provide direct evidence of this! (Box 3).

1. However there also exist other examples which show indirect impact, through the food chain of certain
species, in particular predators, on the environment itself (Croll et al., 2005).
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Box 3 - Invasive species, “drivers” or “passengers” of ecological change?

To answer this fundamental question, Didham et al. (2005) drew upon the experi-
ment conducted by MacDougall and Turkington (2005) in the Quercus garryana
oak meadows of south-western Canada and north-western USA to individually
investigate the respective impacts of the disturbances endured by this ecosystem
and the invasion by two exotic grasses, Poa pratensis and Dactylis glomerata, on the
decline of native species.

MacDougall and Turkington applied the hypothesis that, if the interactive
processes imposed by invasive species were indeed responsible for the decline
of indigenous plants (which no longer represented more than 10 to 20% of the
biomass), the removal of alien species should result in a direct increase in the
richness and relative abundance of native species. If this was not the case, i.e.
if anthropogenic disturbance was predominant, the eradication of these exotic
species would have a minor impact.

After three years of exclusion of the two main exotic grasses, Poa pratensis and
Dactylis glomerata (which represented 50 to 80% of total cover), a rapid, lasting
decrease in total production was observed, as well as a gradual switch in domi-
nance from perennial grasses to perennial forbs. The majority of compensation
was made by the native forbs already established before experimental treatment.
Little recruitment of either native or exotic perennial grasses was observed during
the 3 year period. Dominance by native species under the “driver” model was not
restored and the results suggest that the probable cause of alien species domi-
nance in this ecosystem is likely to be found in the “passenger” model, i.e. through
anthropogenic disturbance (fire suppression) imposed on the ecosystem.

According to MacDougall and Turkington (2005), the first model predicts that
invaded communities are highly interactive, with indigenous species limited or
excluded through competition with dominant exotic species. The second considers
invaded communities are mainly structured by non-interactive factors (environ-
mental changes, dispersal limitations), which are less restrictive for exotic species
which will therefore prevail. Through an experimental approach developed on grassy
swards of an oak savanna in British Columbia (Canada), these two authors showed
that the relative abundance of indigenous and exotic species (two perennial grasses)
was determined more by trade-offs related to environmental conditions (long-term
fire suppression) than by traits connected to resource capture (which should most
impact functionally similar species). This supports the exotic “passenger” model
rather than the “cause” of change (Box 2). More generally, this shows that it is dange-
rous, in terms of biological invasions, to only consider the expanding exotic species
and almost completely ignore the state and dynamics of the ecological system in
which it is developing. This perverse effect of focusing on invasive species should not
be underestimated (Teyssedre and Barbault, 2009).

Having said this, a homogenisation of flora and fauna is emerging, as a consequence
both of invasions by exotic species which become ubiquist, and of the decline or
extinction of endemic species (McKinney and Lockwood, 1999).



Biological invasions, a question of nature and society

The third, widely supported, lesson is the importance of biological invasions and
their control in experimentally studying the dynamics of interactions between species
(Cadotte et al., 2005; Sax et al., 2005). Thus, Courchamp and Caut (2005) wrote:
“One of the difficulties of conservation biology is the general lack of experimental
approaches”. They add: “However there is an enormous set of ecological events that
can be viewed as natural, large-scale experiments: biological invasions”. However
this knowledge is of little interest... for managers, except to develop their observa-
tions and actions through successful collaboration with researchers.

The fourth lesson (and this one is of great importance for managers, although they
are already aware of it, and for good reason) is that in terms of exotic species eradi-
cation or control, the later we take appear in the phenomenon, the more difficult, or
even impossible or dangerous, it is to take action. By dangerous, we mean ecologi-
cally (but that also means economically), as a, in this case exotic, species that is well
established in a terrestrial or aquatic environment plays a role, or even ensures a
balance, with which it may be risky to interfere. Sometimes it can be better to “natu-
ralise” it than to attempt to send it back across the border! In point of fact, many
species that have become familiar were once foreign. Here the question is raised
of the frame of reference enabling us to determine the non-native or indigenous
character of such and such a species, as is the question of human interference in the
constitution of flora and fauna (Pascal et al., 2006). Muller (2004) reminds us that
9.4 % of French vascular flora (excluding overseas French territories!), representing
440 species, are naturalised non-native species (whereas for New Zealand this figure
is 46.7 %).

These four general lessons that can be drawn from the scientific literature, and
which may support managers’ own appraisal when faced with a specific situation that
requires quick answers without any possible recourse to research, give a rough outline
of a few general conclusions confirmed by the results of the Invabio programme.

» In conclusion

The first conclusion is that, in spite of considerable development of work dedicated
to this field of ecology over the past twenty years, the outcomes remain fragile and
are difficult to generalise. To the extent that distinguished ecologists speak about
biological invasions as a pseudoscience (Slobodkin, 2001; Simberloff, 2004), while
deploring the “bioxenophobic” overtones of certain mindsets. And our aptitude
to predict the successful establishment and impacts of non-native species remains
limited (d’Antonio et al., 2001; National Research Council, 2002).

The second conclusion is that biological invasion problems, whether we wish to
understand them or control them, draw upon the general corpus of ecology, the
whole of ecology — from ecophysiology to landscape ecology to population genetics
(ct. Tabacchi et al. in this publication). Yet this ecology is marked by the way in which
it treats or does not treat the vast field of relations between natural systems and
social systems (Barbault, 2008; this introductive chapter).
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