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Abstract

Aquatic bioinvasions are a major pressure to global freshwater biodiversity, a priority of environmental
and water management and also a rising social concern due to perceive socioeconomic impacts. The
purpose of this dissertation is to document and explain the socioeconomic elements of bioinvasions in
aquatic ecosystems in Catalonia and how, in this context, scientific work is used to shed light into
knowledge gaps for management. Specifically, the objectives of the thesis are:

i. To explore and assess approaches for addressing the knowledge gaps regarding driving forces,
impacts and the preparation of responses to aquatic bioinvasions.

ii. To reveal how management, the scientific activities supporting management, and the different
agencies involved interact regarding the socioeconomic elements of aquatic bioinvasions.

iii. To propose guidelines for management of alien species in aquatic ecosystems in Catalonia that take
into account the knowledge gaps along the invasion process.

From the theoretical point of view, the dissertation brings together the literatures of ecological
economics, conservation and invasion biology, water management and uncertainty studies. The research
responds to a reflexive model of science, which entails engagement with the observed processes. The
use of the DPSIR framework has been useful to organize the information available from direct and long-
lasting contact with the research topic.

Chapter 1 describes the problématique of alien invasive species (AIS) management in aquatic
ecosystems, using the case of Catalonia at two scales, the regional level and the local level in two study
areas. There, two species, Dreissena polymorpha and Silurus glanis help to focus the analysis.

In Chapter 2, driving forces of biological invasions have been examined under two different approaches.
First, generic driving forces of biological invasions have been examined through literature review.
Second, the driving forces of the D. polymporpha and the S. glanis invasions have been analysed using
participatory methods in a post-invasion context.

Chapter 3 offers insights on the consideration of impacts of aquatic AIS. A framework for the
identification of impacts, relying on the ecosystem service approach, is used to understand direct
impacts from different taxa present in aquatic ecosystems in Catalonia. Based on quantitative
information about costs from the an invaded context (the Ebro), estimates of the potential monetary
impacts of the zebra mussel in a non-affected area (the Ter), have been generated for three possible
scenarios(‘No action’, ‘Mitigation’, ‘Adaptation’) along four stages of the invasion process that are
relevant for management.

Chapter 4 brings together three different approaches to address uncertainties that emerge while
preparing responses to invasion processes. First, the existing experiences about risk assessment of
aquatic bioinvasions are reviewed, describing the state-of-the-art situation in Catalonia. Second,
Biocontamination and Biopollution (BC&BP) indices are assessed as an option to integrate AIS and their
impacts in the ecological status classification of water bodies. Third, the advantages and disadvantages
of participatory and analytic approaches to scenario development are studied. Qualitative scenarios are
developed for the post-invasion context and analytic scenarios are designed for the pre-invasion context.
The issue of inter-scale interaction in scenario development is also addressed.

Based on the findings from previous chapters, chapter 5 introduces a set of general rules to increase the
effectiveness of AIS management. They are related with the setting of management objectives, the



improvement of coordination, the creation of information hubs, the tackling of bioinvasional meltdowns
and common enemies, the focus of public awareness towards integrated debates about water quality,
the appropriateness of working scales and encouragement of local agency, networking, the use of
suitable methods to tackle uncertainty and the agenda for management-focused research. Final
considerations are offered on the challenges and benefits of a reflexive model of science for AlS

management.
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Resumen

Las bioinvasiones acuaticas suponen una presion para la biodiversidad de los ecosistemas acuaticos
continentales, son una prioridad para la gestion ambiental y del agua, y también una preocupacion social
creciente, debido a la percepcion de impactos socioecondmicos. El proposito de esta tesis doctoral es
documentar y explicar los aspectos socioecondomicos de las bioinvasiones en los ecosistemas acuaticos
en Cataluia y, dentro de este ambito, como se ha utilizado el trabajo cientifico en situaciones de falta
informacion necesaria para la gestion.

Concretamente, los objetivos de la tesis son:

i) Explorar y evaluar enfoques para abordar el conocimiento sobre fuerzas motrices, los impactos y las
respuestas a las bioinvasiones.

ii) Revelar las interacciones entre la gestidn y la investigacion respecto a los aspectos socioeconomicos de
las bioinvasiones acuaticas.

i) Proponer directrices para la gestion de especies exoticas en ecosistemas acuaticos en Cataluia que
tengan en consideracion los vacios de informacion sobre los proceso de invasion.

Desde el punto de vista teorico, la tesis reune las literaturas de la economia ecoldgica, la biologia de la
conservacion y de las invasiones bioldgicas, la gestion del agua y los estudios sobre incertidumbre. La
investigacion responde a un modelo reflexivo de la ciencia, que implica una vinculacidon comprometida
con los procesos observados. La utilizacion de la marco DPSIR ha sido Util para organizar la informacién
disponible, tras un contacto directo y duradero con el tema de investigacion.

El capitulo 1 describe la problematica de la gestion de las especies exodticas invasoras (EEI) en
ecosistemas acuaticos en el caso de Cataluia, a dos escalas, regional y local, en dos areas de estudio. Alli,
dos especies, Dreissena polymorpha y Silurus glanis ayudan a enfocar el analisis.

En el capitulo 2, se examinan las fuerzas motrices de las invasiones bioldgicas bajo dos enfoques. En
primer lugar, los factores que impulsan las invasiones bioldgicas, de manera genérica, se han revisado a
diferentes niveles a través de una revision de literatura. En seqgundo lugar, las los factores determinantes
en las invasiones de D. polymporpha y S.glanis se analizan utilizando métodos participativos.

El capitulo 3 ofrece diversas perspectivas para la consideracion de los impactos de las EEl acuaticas. Un
marco para la identificacion de los impactos, basado en el enfoque de los servicios ambientales, sirve
para entender los impactos directos de diferentes grupos taxonomicos presentes en los ecosistemas
acudticos en Catalufia. A partir de informacidn cuantitativa sobre los costes de la invasion compilados en
un contexto post-invasion (el Ebro), se han estimado los impactos monetarios del mejillén cebra en una
zona no afectada (el Ter), en torno a tres posibles escenarios ("No accion", 'Mitigacion', 'Adaptacion'), a
lo largo de cuatro etapas del proceso de invasion que son relevantes para la gestion.

El capitulo 4 reune tres enfoques diferentes para abordar las incertidumbres que surgen a la hora de
preparar respuestas a los procesos de invasion. En primer lugar, se revisan las experiencias existentes
sobre evaluacion de riesgo de bioinvasiones acuaticas, describiendo el estado de la cuestion en Cataluiia.
En seqgundo lugar, se evalUan los indices de biocontaminacion y biopolucion (BC&BP) como opcion para
integrar las EEl y sus impactos en la clasificacion del estado ecoldgico de los cuerpos de agua. En tercer
lugar, se estudian las ventajas y desventajas de los enfoques participativos y analiticos para el desarrollo
de escenarios. Para ello, se desarrollan escenarios participativos para el contexto post-invasion y



escenarios analiticos para el contexto pre-invasion. También se aborda la cuestion de la interaccion entre
escalas en el desarrollo de escenarios.

A partir de las conclusiones de los capitulos anteriores, el capitulo 5 presenta un conjunto de reglas
generales para aumentar la eficacia de la gestion de EEI. Estan relacionadas con el establecimiento de
objetivos de gestion, la mejora de la coordinacion, la creacion de centros de informacion, la lucha contra
los ‘colapsos bioinvasionales’ y los enemigos comunes, el enfoque de la atencion publica en debates
sobre calidad del agua, la adecuacion de las escalas de trabajo y fomento de la agencia local, las redes, el
uso de métodos adecuados para enfrentar la incertidumbre y la busqueda de agenda de investigacion
orientada a la gestion. Se ofrecen, finalmente, algunas consideraciones sobre los desafios y beneficios de
un modelo reflexivo de la ciencia para la gestion de EELI.

Palabras clave:
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calidad del agua DPSIR



Resum

Les bioinvasions aquatiques suposen una pressio per a la biodiversitat dels ecosistemes d'aigies
continentals, son una prioritat per a la gestio ambiental i de I'aigua i també una preocupacio social
creixent, a causa de la percepcio dels seus impactes socio-economics. El proposit d'aquesta tesi és
documentar i explicar els aspectes socioeconomics de les bioinvasions en ecosistemes aquatics a
Catalunya i, dins d’aquest ambit, com s'ha utilitzat el treball cientific en situacions de falta informacid
necessaria per a la gestio. En concret, els objectius de la tesi son:

i) Explorar i avaluar enfocaments per comprendre les forces motrius, els impactes i les respostes a la
bioinvasions.

ii) Revelar les interaccions entre gestio i recerca sobre aspectes socioeconomics de les bioinvasions
aquatiques.

iii) Proposar directrius per a la gestio d'espécies exotiques en ecosistemes aquatics a Catalunya que
tinguin en consideracio llacunes informacio sobre els processos d'invasio.

Des del punt de vista teoric, la tesi reuneix les literatures de I'economia ecologica, la biologia de la
conservacio i de les invasions biologiques, sobre gesti6 d'aigies i del estudis sobre la incertesa. La recerca
respon a un model reflexiu de la ciéncia, que implica una vinculaci6 compromesa amb els processos
observats. L'Us del marc DPSIR ha estat Util per organitzar la informacié disponible, després d'un
contacte directe i durador amb el tema de recerca.

El capitol 1 descriu la problematica de la gestid d'espécies exotiques invasores (EEI) en ecosistemes
aquatics en el cas de Catalunya, a les dues escales, regional i local, en dues arees d'estudi. Alla, dues
espécies Dreissena polymorpha i Silurus glanis ajuden a enfocar I'analisi.

El capitol 2 examina les forces impulsores de les invasions biologiques sota dos enfocaments diferents.
En primer lloc, els factors que impulsen les invasions biologiques, genéricament, s’han revisat a diferents
nivells, a través d'una revisio bibliografica. En segon lloc, els determinants en les invasions de D.
polymporpha i S.glanis han estat analitzats utilitzant métodes participatius.

El capitol 3 ofereix diverses perspectives per a la consideracio dels impactes de les EEI aquatiques. Un
marc per a la identificacid d'impactes, basat en l'enfocament dels serveis ambientals, ha servit per
entendre l'impacte directe de diferents grups taxonomics presents en els ecosistemes aquatics a
Catalunya. Informacio quantitativa de les despeses de la invasid compilada en un context post-invasio (a
I'Ebre), ha permés estimat els impactes monetaries del musclo zebrat a una zona no afectada (al Ter),
sota tres escenaris possibles ("Sense accid", "Mitigacio", "Adaptacid"), al llarg de quatre etapes del procés
invasio que son rellevants per a la gestio.

El capitol 4 reuneix tres enfocaments diferents per encarar les incerteses que es plantegen en la
preparacio de respostes als processos d'invasio. En primer lloc, es revisen les experiéncies existents en
I'avaluacio del risc de les bioinvasions aquatiques, descrivint I'estat de la qUesti¢ a Catalunya. En segon
lloc, indexs de biocontaminacio i biopol-lucio (BC&BP) s’avaluen com a opcio per integrar les EEl i els seus
impactes en la classificacio de I'estat ecologic de les masses d'aigua. En tercer lloc, s'observen els
avantatges i desavantatges d'aproximacions analitiques i participatives al desenvolupament d'escenaris.
Per aix0, s’han desenvolupat escenaris qualitatives en un context de post-invasio i escenaris analitics en
un context pre-invasio. També s'aborda la qUestio de la interaccid entre les escales en escenaris de

desenvolupament.



Basat en les conclusions dels capitols anteriors, el capitol 5 presenta presenta un conjunt de directrius per
augmentar l'eficacia de la gestid de les EEI. Estan relacionades amb I'establiment d'objectius de gestid, la
millora de la coordinacio, la creacio de centres d'informacio, la lluita contra els 'col-lapses bioinvasionals' i
els enemics comuns, I'enfocament de I'atencid publica en els debats sobre la qualitat de les aigues,
I'adequacid de les escales de treball i la promocio de I'agéncia local, el desenvolupament de xarxes, I'Us de
métodes adequats per afrontar la incertesa i el desenvolupament de I'agenda de recerca orientada a la
gestio. Finalment, s'ofereixen algunes consideracions sobre els reptes i els beneficis d'un model reflexiu
de la ciéncia en la gestio de les EEI.

Paraules clau:

espécies invasoras agencia governanga multi-escalar
ecosistemes aquatics avaluacio de riscs reflexividad

gestio escenaris ciéncia i societat

qualitat del agua DPSIR
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Preface

For six years | had daily contact with the management of zebra mussel and other aquatic invaders. This
was not due to purely scientific reasons but because it was my job as a collaborator of the Catalan
regional administration. That allowed me to get actively involved with what it had been my object of
study during the previous two years. In 2006 | took the decision of accepting that job thinking that that
would give me easier access to information of interest for my thesis, which was pretty advanced at that
stage. Indeed, access to information increased much beyond my expectations. At the same time my
research interests changed, adjusting themselves to the new conditions: better data accessibility,
shifting reference frameworks, more chances for interdisciplinary dialogues and also, | admit it,
acceptance of the irrelevance of some of my previous research questions.

The present dissertation is an attempt to synthesise the outcome of such process, which included
scientific and practical dialogues with different communities, within and outside the academic arena.
Besides the specific analyses contained, the dissertation makes a point about the challenges and benefits
of a reflexive model of science, based on the experience of engaged scientific practice. At this stage this
has become a main motivation for the thesis.

Therefore, this document brings together insights from collaborations with different working groups
whose precise participation is acknowledged along the text. These collaborations developed into several
publications, listed next, that constitute a vertebral part of several chapters in the thesis.

Ozkaynak, B., Rodriguez-Labajos, B., 2010. Multi-scale interaction in local scenario-building: A methodological
framework. Futures 42, 995-1006.

Rodriguez-Labajos, B., Binimelis, R., Monterroso, I., 2009. Multi-level driving forces of biological invasions. Ecol.
Econ. 69, 63-75.

Rodriguez-Labajos, B., Binimelis, R., Monterroso, ., Martinez-Alier, J., 2009. The arrival of Dreissena polymorpha and
Silurus glanis in the Ebro River: Socio-economics of interlinked aquatic bioinvasions, in: Rodriguez-Labajos, B. et al.
(Ed.), Assessing Biodiversity Risks with Socio-Economic Methods: The ALARM Experience. Pensoft, Sofia, pp. 69—
111.

Rodriguez-Labajos, B., Binimelis, R., Cardona, C., Dittmer, K., Martinez-Alier, J., Monterroso, I., Munné, A., 2010.
Chronicle of a Bioinvasion Foretold: Distribution and management of the zebra mussel (Dreissena polymorpha)
invasion in Spain, in: Settele, J. (Ed.), Atlas of Biodiversity Risk. Pensoft, Sofia, pp. 198—201.

The format chosen for presenting the findings from these publications has been to articulate a coherent
narrative, instead of presenting them unconnectedly. Besides facilitating the reading across the different
contributions mentioned above, previously unpublished information and outcomes from several
conference presentations found also their way to pertinent sections of the text. The preparation of a
monograph has also helped to pinpoint relevant findings from publications to which the author has
contributed and that are not included as chapters or sections but as key references in different parts of
the dissertation.

Andreu, J., Pino, J., Rodriguez-Labajos, B., Munné, A., 2011. Avaluacié de l'estat i el risc d'invasio per espécies
exotiques dels ecosistemes aquatics de Catalunya [Evaluation of state and risk of alien species invasion in Catalonia’s
aquatic ecosystems]. Agéncia Catalana de I'Aigua, Departament de Medi Ambient i Habitatge, Generalitat de
Catalunya.

Binimelis, R., Born, W., Monterroso, |., Rodriguez-Labajos, B., 2007a. Socio-economic impact and assessment of
biological invasions. Ecol. Stud. 193, 331-347.



Binimelis, R., Monterroso, I, Rodriguez-Labajos, B., 2007b. A social analysis of the bioinvasions of Dreissena
polymorpha in Spain and Hydrilla verticillata in Guatemala. Environ. Manage. 40, 555-566.

Ordeix, M; Sostoa, A; Maceda, A; Garcia-Berthou, E; Benejam, L; Casals, F; Caiola, N; Ibafiez, C; Sellarés, N; Pou-
Rovira, G; Rodriguez-Labajos, B; Sola, C; Bardina, M; Casamitjana, A i Munné, A. 2014. Els peixos dels rius i les zones
humides de Catalunya. Qualitat biologica i connectivitat fluvial. Catalunya [The fish of Catalonia’s rivers and wetlands.
Biological quality and river connectivity]. Agéncia Catalana de I’Aigua — Museu del Ter — Eumo editorial. Vic. 172 p.

Along the dissertation, the acknowledgements are inclosed in the appropriate sections. This is a
deliberate choice, as it makes the information flow transparent and it also serves as an indication of data
sources.

Besides the topics directly related with the management of alien species, since | started my PhD studies |
have collaborated with other researchers in the preparation of several publications. The experience of
conducting participatory workshops for scenario development, with similar methodology of the one
presented in this dissertation, was used for the integrated assessment of nutrient flows in a Catalan river
catchment (Caille et al., 2007). Evaluation of sustainability at the macro level was undertaken using multi-
criteria, based on secondary data (Shmelev and Rodriguez-Labajos, 2009).

Particularly fruitful was the collaboration with the UAB research team in the ALARM project, with an
outcome of additional papers besides the ones mentioned above (Binimelis et al., 2009a; Monterroso et
al., 2010) and the preparation of six chapters within a collective book on different socio-economic
methods for the assessment of risk to biodiversity (B. Rodriguez-Labajos et al., 2009).

In the same vein, a critical review to different approaches to the economics of the ecosystems and
biodiversity was recently produced (Rodriguez-Labajos and Martinez-Alier, 2013). This latter contribution
overlaps with another line of interests linked with activist knowledge and the role of the civil society in
conceptual development in ecological economics and political ecology (Martinez-Alier et al., 2014, 2011).
In this line of interest, | am currently editing a special issue on mining conflicts and environmental justice
for the journal Geoforum with Begum Ozkaynak.

An introductory paper on the state of the art of the research on Degrowth was prepared with other co-
editors of a special issue about this topic (Sekulova et al., 2013). A paper on the costs of climate change
through the lenses of the ecosystem service approach (Rodriguez-Labajos, 2013) was produced in the
context of a collaboration as contributing author for the chapter on impacts of climate change on
terrestrial and inland water systems (Scholes et al., 2014) of the last report of the International Panel on
Climate Change (IPCC).

Logically all these topics are not integrated within this PhD thesis, since the nature of the different
contributions is very diverse, both empirically and conceptually. However, two threads connect them
with the contents of this dissertation. First, there is an interest to tackle the drivers of major
environmental problems rather than just planning responses from the observation of impacts. Second,
there is awareness of the multi-dimensional nature of environmental phenomena, the analysis of which
benefits from approaches that are open to integrate multiple views and languages (such as scenario
development, multi-criteria evaluation or the ecosystem service approach).

Therefore, | am grateful to the many co-authors of these papers and their reviewers. More in relation
with the direct developments of the thesis, comments by many researchers from universities and
research institutes are gratefully acknowledged: Bill Cunin (University of Leeds), Laura Maxim (Centre
National de la Recherche Scientifique), Ines Omann (Helmholtz Centre for Environmental Research),
Narcis Prat (University of Barcelona), Kaja Peterson (Stockholm Environment Institute), Joachim
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Spangenberg (Sustainable Europe Research Institute Germany e.V) and Mariana Walter (ICTA-UAB).
Special thanks are given to Katherine Farrell (Humboldt-Universitat zu Berlin) and Nicolas Kosoy (McGill
University) for valuable comments that became crucially insightful during the framing of the dissertation.

Regarding the funding of the research activities, the ICTA-UAB group on the socio-economics of
biological invasions was funded by the EC within the FP 6 Integrated Project ‘ALARM’ (COCE-CT-2003-
506675). During the early stage of my research, | benefited from the training action Marie Curie in the
Centre for Biodiversity and Conservation at the University of Leeds. Besides financial support, | owe to
these initiatives the opportunity of exchanging opinions with scientific experts in the field of invasion
biology. | want to thank institutional support and funding from the Catalan Water Agency and financial
support from the Spanish Ministry of the Environment in Research and Development (R+D) Project No.
072/SGTB/2007/1.1. The exchange of opinions and information with all the partners of this R+D project is
gratefully acknowledged (Institut de Recerca i Tecnologia Agroalimentaries, Universitat de Barcelona,
Universitat Autonoma de Barcelona, Grup de Natura Freixe, Fundacié Nova Cultura de I'Aigua). Of
course, the contents could not have been developed without the generous involvement of many
interviewees, surveyees and participant to workshops during the field research activities.

Working in academic tasks, one does not only learn as a student, but also when the moment arrives to
help others to develop their own research initiatives. During these years of preparing the thesis |
supervised three undergraduate dissertations for Environmental Sciences (by Samanta Benaiges, Nuria
Julve and Clara Sisteré), and five master dissertations (Nancy Arizpe, Kristofer Ditmer, Eloi Puigdollers,
Clara Solé, Bianca Tillinger). Currently, | guide a PhD researcher (Didac Jorda), who may become my first
formal PhD student. To all them | express my most sincere thanks for what | have learned from our
collaboration.

Last, but of course not least, | thank my two supervisors, Joan Martinez-Alier and Sigrid Stagl for
accompanying the research process during these years.
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Introduction

Invasive alien species (IAS) are the second most important threat to global biodiversity loss, after land
use change (Sala et al., 1999; Schmitz and Simberloff, 1997), particularly in freshwater ecosystems
(Garcia-Berthou et al., 2005). Building on an long-lasting terminological deliberation (Blackburn et al.,
2011; Colautti and Maclsaac, 2004; PySek and Richardson, 2010), invasive species are defined as species
that have overcome geographic or reproductive barriers and threaten ecosystems, habitats or species

with economic and/or environmental harm.

Due to these adverse effects the topic has become a focus of environmental policy concern (CBD, 1992:
Art.8(h)). Aware of the alarming scientific scenarios regarding biological invasions in Europe (Hulme et
al., 2009), the European Commission published a Communication describing the policy options in
response to this threat (EC, 2008). The ensuing key priorities and components for an EU Strategy on IAS
are already devised (Shine et al., 2010) and the proposal for a common EU legislation to address invasive
alien species is under development (EC-Environment, 2014; European Parliament, 2014a).

As management of IAS becomes a main concern of biodiversity-related policies, other sectoral policies
with strong cross-cutting implications also get increasingly influenced by this issue. Water management
is one of them. This thesis aims at making a contribution in the interrelated matters of water
management and invasive species policies, paying particular attention to the role of scientific support to
management. With this in mind, this introduction outlines the research issues and framework.

Aquatic invasive species and water management

Aquatic ecosystems cover around 72% of the Earth's surface and generate roughly 38% of its net primary
production (NPP). Within this realm, freshwater ecosystems (FWE) — wetlands, lakes and rivers — are a
small part, with 0.9% of the Earth’s surface producing less than 4% of the world's NPP (Table 1).

Table 1 Area and net primary production

of aquatic ecosystems within major Ecosystem type . Area Total NPP

ecosystem types 10  Km2 % 10° Mt C/yr %
Source: Based on data from Ehrlich et al., (A) Total continental 149 29,2 48,3 65,9
1977: 132. (B) Total freshwater 4,5 0,9 2,8 3,8

Swamp and marsh 2 0,4 2,2 3,0

Lake and stream 2,5 0,5 0,6 0,8
(C) Total marine 361 70,8 24,9 34,0

(D) Fulltotal (A+C) 510 100 73,2 100
(E) Total aquatic (B+C) 365,5 71,7 27,7 37,8

Despite containing less than 0.009% of the total available water (Shiklomanov, 1993), the role of FWE is
essential in terms of ecosystem services provision. Human wellbeing depends directly on them for fish
and fibre availability, water supply (including irrigation), water purification, climate regulation, flood
regulation, coastal protection and recreational opportunities (MA, 2005).

Some of these benefits may be estimated in terms of the associated cashflow. For instance, the last
available survey by the U.S. Fish and Wildlife Service (2014) indicates that more than 33 million people
take part in recreational fishing (inland and saltwater) in the United States, spending about USD 42
billion each year.
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Some other benefits are rather related to the conditions for an effective achievement of basic human and
environmental needs. Thus, due to the lack of healthy environments, 1—2 billion people worldwide suffer
from null or declining access to fresh water (MA, 2005) despite the fact that safe water for human
consumption was declared as human right by the UN General assembly in 2010 (UN, 2010).

In face of this, FWE deteriorate worldwide. The Living Planet Index (LPI) (WWF, 2010, 2008), one of the
indicators tested by the CBD to track the state of biodiversity (Walpole et al., 2009), shows a generalised
decline in the health of the planet ecosystems since the 1970s (Fig. 1). The freshwater LPI has decreased
by 35 percent between 1970 and 2007, more than either the marine (25 percent) or terrestrial (24 percent)
LPlIs.

1.8 -
Fig. 1 Living Planet Index for major ecosystem
types (1970-2005) 16 -

Source: WWF, 2008
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This happens because FWE suffer from different pressures, and the proliferation of alien invasive species
is a significant one, recognised as an emerging threat to water quality (Carr and Neary, 2008). Among the
so-called 100 world’s worst invasive alien species (Alowe et al., 2000), 21 are aquatic; either plants,
invertebrates or fish. Up to 65 of such species in this list affect freshwater ecosystems like watercourses,
lakes, wetlands, and river zones. The Directive 2000/60/EC establishing a framework for Community
action in the field of water policy (the Water Framework Directive, WFD) points out invasive species as a
biological pressure to the good ecological status of water bodies (EC, 2003). This is consistent with the
increasing use of the term biological pollution to refer to aquatic invasive species, which sets the focus on
them as a pressure to biological quality (Elliott, 2003).

Although this pressure is likely to increase, it is poorly studied (Strayer, 2010). The links between
biological invasions and water quality have been reported in some striking cases, such as the noxious
algal blooms following the establishment of black bass (Micropterus spp.) in Lake Atitlan, Guatemala
(Fieser, 2009). The exploration of more systematic links, far from being understood yet, is inspiring a
series of world conferences on Biological Invasions and Ecosystem Functioning (BIOLEF) and has reached
the reference scientific literature. The journal Biological Invasions, in which only of 4 percent of all studies
from 1999 to 2009 analysed the effect of invasive species on ecosystem functioning (23 percent of them
in aquatic ecosystems), devoted a special issue to this topic in May 2011. While reporting these figures,
the editors also summarise:
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“One conclusion resulting from these published studies is that species additions will affect ecosystem
functioning (e.g., productivity, biogeochemical cycles, decomposition) and biotic interactions (e.g.
predator prey interactions, introductions of parasites and diseases), with some species also affecting
human wellbeing. These effects will contribute to ecosystem functioning in complex ways and obviously
will range from almost negligible to dramatic proportions (Sousa et al., 2011: 1056).”

Together with this type of research needs in the domain of biosciences, there are also important
knowledge gaps regarding impact analysis, communication or regulation, among others (Caffrey et al,,
2014) that shape the effectiveness of management of aquatic bioinvasions. Comparative policy analysis
to underpin integrated policies beyond specific cases is also highlighted as a research need (Simberloff et
al., 2005). In face of this situation, it is worth to enquire about the nature of the scientific developments
that are responding to the perceived research needs. This point is dealt with in the next section.

Science for alien species management: towards a reflexive model

Although scientific initiatives to support the management of bioinvasions may differ at some specific
points in their approaches, all of them accept as basic policy guideline the Convention on Biological
Diversity (CBD, 2002). In there, a hierarchical approach dictates a policy of prevention under the wide
precautionary approach (Gregory and Long, 2009; Wittenberg and Cock, 2001). This is due to the fact
that offensive responses against invasions (like eradication and control) are difficult and expensive —
often unaffordable — once the species is established (McConnachie et al., 2012). Moreover, effects can be
irreversible, like in case of extinction of native biota (Clavero and Garcia-Berthou, 2005).

For this reason, many scientific efforts around invasive species focus on quantitative modelling (Gallardo
et al.,, 2012; Worner and Gevrey, 2006) or semi-quantitative risk assessments (Andersen et al., 2004;
Haugom et al., 2002; Verbrugge et al., 2010), with a proper account of impacts of invasion processes (Liu
et al., 2011), in order to develop preventive policies. A quick search in any academic database will confirm
that this is perhaps the most dynamic area of research regarding bioinvasion management nowadays.
This risk approach is argued to be more reliable for short-term events, and more applicable for site-
specific and/or species-specific management (Panov et al., 2009).

Yet the usefulness of quantitative forecasting methods applied to socio-ecological phenomena is
hampered by the existence of non-linear key drivers and faster changes than the forecasting models can
capture (Walker et al., 2002). The example of the intentional introduction of Nile perch (Lates niloticus) to
Lake Victoria illustrates how such models may fail to capture the complexity of human-nature
interactions regarding alien species (Chu et al., 2003). The interaction between factors makes each case
unique, so generating good predictions may prove to be impractical (Heger and Trepl, 2003). The saying
used to be that invasions are unpredictable in the way that earthquakes are (Williamson, 1999).

Moreover, there is not a unique perception of the invasion processes. Binimelis et al. (2007b) and
Monterroso et al. (2010), for instance, analyse this issue for the invasion of the macrophyte Hydrilla
verticillata in Guatemala. Managing bioinvasions needs to deal with what in management science has
been qualified as a wicked problem (Rittel and Webber, 1973), being each case essentially unique and
with changing constraints that are not always recognised.

However it is relevant to distinguish between ‘natural phenomena’ (most earthquakes) from ‘natural
phenomena with human roots’ (biological invasions). While earthquakes would usually happen without
human intervention (except perhaps in reservoirs), biological invasion would not, since they are human-
mediated processes (Vitousek et al., 1997), as it will be elaborated further in the next section. In this
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context, the reflexivity of human action in response to forecasts is fortunate, in a way. In the same way
that humans are able to foresee excessive population growth or climate change, human behaviour can
also be positioned in relation to actions against bioinvasions.

Regarding the management of IAS, the idea of reflexivity can be explored in two intertwined domains,
governance and science. First, IAS management may look for directions in a model of reflexive
governance that accounts for uncertainty and distributed power, as in the case of adaptative
management (Vof3 and Bornemann, 2011). This approach emphasizes the value of collective learning
processes (Brousseau et al., 2012), paying proper attention to management designs that develop
defences against co-optation of alternatives by influential actors, and systematically considers political
contexts and ongoing dynamics (Hendriks and Grin, 2007; Vol% and Bornemann, 2011).

Little has been done to explore the potential for reflexive governance in the management of
bioinvasions. Only two publications seem to mention reflexive or adaptative governance in the context of
IAS management. Thus, Lang and Cooney (2009), recognising the role played by international trade in
the spread of IAS, offer a framework for how the World Trade Organisation might respond to the
uncertainties involved in the interpretation and application of the Sanitary and Phytosanitary Measures
(the so called SPS Agreement). At a smaller scale, Hammer and Gilek (2012) report IAS as one of the five
environmental problems in the Baltic Sea region that require better assessment-management
interactions to move towards sustainable ecosystem governance. Without developing in detail the
practical implications of the approach, both contributions call for forms of interaction between
stakeholders involved and continuous review of the measures taken.

In this context, one may ask: which kind of scientific development is consistent with this approach in the
identification of ‘early warning signals’ to avoid potentially unwanted events as bioinvasions? And, once
these signals are available, how is science participating in the different steps of the management cycle?

Williams and Grosholz (2008: 4), offering insights gained as scientific advisers of IAS eradication efforts,
recognise that for this matter the communication between managers and scientists should not be a
monologue of the latter:

"Many scientists are increasingly interested in contributing to management projects, beyond publishing
in journals that busy managers have scarce time to read. Because the cultures and timelines for
meaningful results for the two groups are so different, we hope (...) [to] provide a perspective that might
be useful as scientists head into the management arena. For example, familiarity with the regulatory
framework for management can help scientists communicate better with their manager colleagues."

The concern prudently expressed by these authors mirrors several approaches who call for a
democratisation of knowledge for scientific advice. The most radical one is post-normal science, which
calls for a fundamental democratisation of expertise (Funtowicz and Ravetz, 1990; Ravetz, 1971), in
opposition to the ‘normal science’ — reliant on the positivist paradigm and a linear model of innovation
(Kuhn, 1970). Scientific debates regarding climate change (Beck, 2011) or basic health research (Crow,
2011) are examples of this paradigmatic tension. With enormous influence in ecological economics
(Funtowicz and Ravetz, 1994), the implementation of the post-normal science concept enables the
differentiation among the conflicting perspectives (fact- and value-based) in wicked problems (Farrell,
2011).

Similarly, other perspectives call for an engaged scholarship — rooted in Boyer (1996)’s ‘scholarship of
engagement’ — where academics learn to listen public concerns in the organisation of their science
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agendas. An example would be the practice of an engaged political ecology that goes outside the
conference circuit to bind the outcomes of research with necessary societal transformations (Walker,
2006). In a similar vein, “a model of science that embraces not detachment but engagement as the road to
knowledge” has been branded by Burawoy (2009:20) as a reflexive model of science. This model entails
several principles among which intervention in social situation and the continual improvement of existing
theory play a fundamental role (Burawoy, 2009: 68). Note that this approach detaches itself from
Grounded Theory (Glaser and Strauss, 1967) although they both clearly share the use of inductive
reasoning.

Without elaborating here a comparison between approaches, the main difference between the ‘post-
normal’ and the ‘engaged or reflexive’ approaches to science seems to rely on the control of the research
agenda, which in the latter clearly remains in the hands of scientists for the sake of the rigour of
disciplinary expertise. This view is favoured by practitioners of science for policy advice aiming at
balancing reliability and social robustness of scientific work. For instance, though defending the
distinction between science, policy and morals, and the respect for free scientific enquiry, Helga
Nowotny, former President of the European Research Council, declares in relation to the establishment
of research questions:

"Problem choices, if they are to have an impact, must become institutionalised, contextualised,
embedded and nurtured in a collective problem space. It needs to be reconfigured from time to time. This
is, if you want, the normative side of the collective problem space (Nowotny and Leroy, 2009: 63).”

With this in mind, and due to perceived similarities between the cases presented by Burowoy and the
ethnographic experience of the author of the thesis, the dissertation frames itself within the scope of the
reflexive model of science at both levels. On the one hand, it is used as an epistemological and practical
underpinning upon which the research questions and methods are based. On the other hand, the
outcome of the dissertation aims at outlining a set of recommendations that bring together scientific
developments and the management decision processes in relation to aquatic bioinvasions at the regional
level.

Human dimensions of biological invasions and the DPSIR framework

As with other components of global change, biological invasions are human-induced processes (Vitousek
et al., 1997). Human involvement in biological invasions has been structured following four dimensions:
history, causes, consequences and responses to IAS (McNeely, 2001). That is similar to the DPSIR
(Driving forces — Pressure — State — Impact — Response) model, which has been suggested for examining
complex interactions between society and the environment (EEA, 2014). The causal chain assumed by
the model links socioeconomic processes playing as driving forces (D) that induce pressures (P) on the
environment and thus trigger changes in its state (S). As a consequence of the new environmental states
the social system suffers impacts (I) that generate societal responses (R).

How has the DPSIR framework been used in the past to characterise biological invasions? Two possible
uses can be found in the literature depending on whether the invasion modifies an entity whose state is
of interest (e.g. biodiversity, ecosystems), or bionvasions themselves are the focal issue. On the one
hand, processes linked to the invasion become indicators of the different DPSIR components, as it can be
observed in the examples collected in

Table .
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Table 2 Invasive Source Indicator Policy issue Category
species as DPSIR Biodiversity | dch .
L o . ) r n ngein )
indicators MEA (2005) Alien invasive species lodiversity loss and change | Driver
ecosystem services
Trends in aquaculture production L .
a P ! Is the deterioration of aquatic .
and newly introduced cultured and . Driver
) o ecosystems and habitats prevented?
associated species in European Seas
EEA (2010) Invasive alien species in Europe Biodiversity Pressure
Is good surface water ecological
Non-indigenous species in rivers and status being achieved and Impact
lakes deterioration of aquatic ecosystems P
and habitats prevented?
EC (2003) Introduction of alien species Pressure
Cardoso and Abundance and distribution of alien Biological quality in water bodies State
Free (2008) species
CBD (2002) Alien invasive species Biodiversity loss Pressure
Alien invasive plants and forest Terrestrial and freshwater
DEAT (2999) . P Pressure
plantations ecosystems
Invasive alien species Biodiversity and ecosystems Pressure
Total economic losses of ecosystem Biodiversity and ecosystems State
DEAT (2006) services due to invasive alien species ¥ Y
Contribution to job creation in the T
Biodiversity and ecosystems Response

eradication of alien species

Thus, IAS are often mentioned as direct drivers causing biodiversity loss by the Millennium Ecosystem
Assessment (2005). It is worth pointing out that the distinction between indirect drivers and direct drivers
made by the MA is similar to that of driving forces and pressures sensu EEA. IS may be then seen as one
of the pressures on biological diversity (CBD, 2002) driven by factors such as international trade, climate
change or increased tourist flows. As mentioned above, the WFD also points to the presence of alien
species in aquatic ecosystems as a pressure on biological quality (EC, 2003).

The South African Department of Environmental Affairs and Tourism (DEAT, 1999) included initially IS —
specifically, ‘alien invasive plants and forest plantations’ — as pressures on terrestrial and freshwater
ecosystems. The revised version of this report (DEAT, 2006) proposed the use of indicators related to
biological invasions both to illustrate pressures on and state of biodiversity and ecosystems, as well as
responses to control such pressures. Finally, the European Environment Agency (EEA) (2014b) refers to IS
as either drivers, pressure, or impact in different biodiversity-related issues.

On the other hand, the DPSIR framework has been used to examine the process of invasion itself as a policy
issue. Four examples can be mentioned in this respect. First, the advisory group supporting the UK
Biodiversity Action Plan uses the DPSIR framework to present the research priorities and progress on the
theme of non-native species (UK Biodiversity Partnership Standing Committee, 2003). Second, Elliott
(2003) employs the DPSIR approach for discussing the parallels between chemical and biological
‘pollutants’ (referring to IS) in marine and estuarine areas. Third, the South African reporting scheme
mentioned above also pondered the issue ‘Invasive alien organisms’ as a policy issue during the phase of
indicators selection (Le Maitre et al., 2002).

Finally, Hulme (2008) drew upon the discussions of the Integrated Project ALARM (GOCE-CT-2003-
506675) to organise information about biological invasions in Europe using the DPSIR categories. This
study was a first attempt to apply empirical data to illustrate the DPSIR causal link for understanding
biological invasions. It is mainly focused on the ecological dimensions of the invasion although there is a
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clear linkage from the identified driving forces and responses to the socio-economic dimension. While
the author makes a distinction between different levels of response, he does not distinguish levels of
driving forces, making them equivalent to an aggregation of pathways.

This second use of the DPSIR categories allows going one step beyond in the recognition of the socio-
economic dimensions of biological invasions, a human-induced phenomenon traditionally analysed from
the perspective of the natural sciences. Still, the studies mentioned above lack a systematic examination
of the relevant stakeholders playing a role in each one of the categories.

The above review also shows that the use of the DPSIR framework in the invasion literature has been
heterogeneous. Not only the entity whose state is of interest is diverse, but also the definition of the
DPSIR terms is implicit rather than explicitly developed. As a result, they are not used in a precise way.

From here, it is possible to identify two keys for the successful application of the DPSIR framework:

o ademarcation of the policy issue at stake (e.g. conservation of biodiversity) or a clear-cut definition
of the DPSIR terms if the policy issue is the invasion process itself; and

« anidentification of agency, i.e. who are the actors that play a role in the process (e.g. driving changes
or experiencing impacts of the invasion).

As we wrote in the conclusions of the ALARM project, while being appropriate for enhancing
communication, the DPSIR scheme needs improvement as an analytical tool (Maxim et al., 2009). In
order to boost the discussion of biological invasions as a policy issue, the corresponding definitions of
DPSIR categories are proposed next, consistent with those by Maxim and the literature of the invasion
biology, keeping an explicitly socio-economic focus.

These definitions are presented in Box 1, and they include a link with some sections of the thesis where
they are employed or where a particular concept is elaborated on. A graphic representation of the DPSIR
approach consistent with these definitions is presented in Fig. 2 (page 26), which also serves another
purpose by outlining the conceptual flow of the thesis along its different chapters, and their interactions.
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Box1 Reviewed definition of the DPSIR components for biological invasions

Driving force

The terms ‘vector’, ‘pathway’ and ‘driving force’ are often used synonymously, although they are not equivalent. The term
vector has a wide use in invasion ecology referring to dispersal agents relocating propagules to new environments. Herein
vectors refer to living hosts (plants or animals) carrying alien species. Thus, analysing the movement of the vectors can
unveil the drivers for unintentional introductions.

Pathways are ways of introduction or release of a new species in the ecosystems, i.e. recurrent routes of invasion directly
related to the species transport (Simberloff, 2005). Hulme et al. (2008) distinguish six categories of pathways according to
the gradient of human intent. Analysing patterns in pathways helps to identify driving forces, and systemic changes that
lead to the establishment or further spread of the species. Ecologists use the term invasibility to denote this vulnerability
(Lonsdale, 1999), that is, the conditions that make an environment susceptible to invasion processes. Socio-economic
drivers (land use change, construction of roads or canals) may open new pathways, increasing bioinvasion success.
Although significant pathways of the past may be inoperative in current social or technological conditions (US OTA, 1993),
their analysis provides information about the accumulation of individuals and propagule banks.

As a synthesis, the term driving forces refers to the changes in the social, economic or institutional domains that trigger
the introduction, release, spread and establishment of invasive species. Socio-economic driving forces of biological
invasions operate at different levels, an idea explored by Le Maitre et al. (2004) for the case of plant invasions in South
Africa. Chapter 2 of this thesis expands on such multi-level character of driving forces.

Pressure

Pressures are consequences on the biological-ecological domain in response to the human activities that play as driving
forces of biological invasions. Pressures have the potential to influence the use of resources or the intensity or frequency of
disturbances, since they are associated to enhanced processes of introduction, release and establishment of IS.

State

State indicators give a picture of the current condition of the invasion process itself, in biological terms. For this reason,
depending on the accepted definition of biological invasion, state indicators may illustrate IS richness, abundance,
reproductive status, density or distribution in absolute or relative terms. Section 4.2 includes a discussion about the use of
biopollution indices to assess state, in the context of ecological quality of water ecosystems.

Impact

Binimelis et al. (2007a) define socio-economic impacts as socially perceived changes in the ecosystems caused by IAS.
Accordingly, impacts can be organized through the categories of ecosystem services (ES). The emphasis put on the human
perception helps to explain the scarce social awareness about alien species that cause high ecological distress but limited
socio-economic effect. Apart from impacts on ES, biological invasions affect human-made goods and services. There is
also a distinction between direct impacts of invasions and indirect or ‘second order’ impacts (see Omann et al., 2009) that
stem from the implementation of responses to the invasions. This is pertinent to explain stakeholders’ perceptions about
the outcome of the invasions. Chapter 3 addresses this dimension based on secondary data and specific case studies.

Response

Ensuing from the societal perception of impacts, groups or individuals respond diversely to the invasion. Similarly to
climate change policies, Perrings et al. (2002) classify the responses to biological invasions as either mitigation or
adaptation. By reducing the likelihood of species’ establishment or spread, mitigation aims to prevent the invasion,
whereas adaptation entails changes needed deal with IAS impacts once the invasion has taken place. The CBD (2002)
suggests a hierarchical approach comprising actions for prevention, early detection, eradication and control during the
successive stages of the invasion process, under the guideline of the precautionary principle. Even spontaneous collapse
has been presented as an argument to consider ‘do-nothing’ as response option (Simberloff and Gibbons, 2004). The
choice between mitigation and adaptation depends on both the stage of the invasion process when the decision is taken,
and the perceived possibilities for predicting and controlling the dynamics of the system (Perrings, 2005). Chapters 4 and 5
focus on methodologies to prepare responses in face of uncertainty and on a set of recommendations for integrated

response, in the case of aquatic bioinvasions in Catalonia.
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Methodological approach
Objectives and research questions

The purpose of this dissertation is to document and explain the socioeconomic elements of bioinvasions
in aquatic ecosystems in Catalonia and how, in this context, scientific work is used to shed light into
knowledge gaps for management. The overall objectives of the thesis are:

i. To explore and assess approaches for addressing the knowledge gaps regarding driving forces,
impacts and the preparation of responses to aquatic bioinvasions.

ii. To reveal how management, the scientific activities supporting management, and the different
agencies involved interact regarding the socioeconomic elements of aquatic bioinvasions.

iii. To propose guidelines for management of alien species in aquatic ecosystems in Catalonia that
take into account the knowledge gaps along the invasion process.

In order to achieve these objectives the research focuses on five key issues and groups of research
questions that are progressively addressed in different parts of the dissertation (Table 3).

Focus of interest regarding aquatic alien species

In the thesis the terms Invasive Alien Species (IAS) and Invasive Species (IS) will be used interchangeably
and will refer those Alien Species (AS) that are associated with socioeconomic or environmental harm.
The term AS will be use to designate the opposite to native species, referring to a geographic boundary.
AS will be used interchangeably with the terms exotic species and introduced species, although the
author is aware of the nuances that distinguish these terms.

In order to focus the discussion, the argumentation will be mostly based on cases of bioinvasions in the
aquatic natural environment. There are also some AS spending part of their live cycle in aquatic
environments but are mostly concentrated in urban areas (e.g. Aedes albopictus, tiger mosquito) or
agricultural contexts (e.g. Pomacea insularum, apple snail). The management of these species involves
authorities, policies and regulations beyond water management (e.g. local councils or agricultural
actors). While these cases will appear along the text for underpinning some argumental lines, the
dissertation is focused on bioinvasions directly related to water management in river ecosystems.
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Table 3 Key issues, research questions and specific objectives in the chapters of the thesis

Ch Key issue

Research question

Specific objective

1 State Which societal, environmental, scientific, normative To provide empirical background for the argumentation
(or and administrative conditions frame the management  developed in the rest of the dissertation, ensure reliability of
management of alien species in the aquatic ecosystems of the research project and validating the research relevance.
context) Catalonia? To describe how management of aquatic species has

How did aquatic bioinvasions become a matter of become a matter of environmental policy and management
environmental policy and management? in Catalonia, in particular in relation with the improvement
of water quality, and how management and public
perception have evolved over time.
To unveil the socio-economic dimensions of specific IAS,
and the different policy responses and social attitudes
towards IAS, based on concrete case-studies.

2 Driving Which driving forces of biological invasions operate at To provide greater insight into driving forces and pressures
forces different levels of the formulation of policy measures? on biological invasions expanding on the multi-level

Which types of incomplete knowledge are related with ~ character of such processes

the driving forces of damaging bioinvasions, like the To compile information about of driving forces in a post-
zebra mussel? Which analytic methods, useful for the invasion context (the Ebro River) to understand how the
formulation of management measures, are consistent invasion of zebra mussel may percolate to other regions that
with such types of incomplete knowledge? are currently in a pre-invasion context

What are the factors influencing establishment, To recognise policy measures that are coherent with
perception of the impacts and the kind of response to different sources of uncertainty in the management of the
the invasions of the zebra mussel and European catfish ~ zebra mussel invasion, in order to properly integrate them in
in the Ebro river? What are the generic forces driving the development of preventive measures

the zebra mussel invasion in Catalonia? To identify constituents of local agency and to evaluate
How do driving forces of aquatic bioinvasions relate to  agency capabilities for one of the analysed study areas.

the concept of local agency?

3 Impacts What are the impacts on ecosystem services of the IAS  To overview notions on the assessment of the

present in Catalonia? Which AS present in Catalonia socioeconomic impacts of biological invasions, including a
are more directly related with impacts in water methodological framework to structure the information on
quality? IS impacts.

What are the monetary impacts associated with the To illustrate such framework with the example of aquatic
invasion of the zebra mussel in selected areas of species both at the EU and at the Catalan level, with
Catalonia (in a post- and pre- invasion context)? particular attention to potential effects in water quality.
Which attributes of AS impacts are relevant for To analyse the impacts of zebra mussel and European
management and what at are the implications for catfish in the Ebro and to estimate possible impacts of the
management-oriented assessment of impacts? zebra mussel invasion in a vulnerable area in the Ter River.

4 Preparation What is the state of the art in the use of risk To review the use of risk assessment as a management tool
of responses assessment tools regarding biological invasions in in the case of exotic species in aquatic ecosystems in
a) Risk general and in Catalonia? Catalonia and to assess its usefulness for guiding
assessment What are the needs and challenges for further management measures.

development of risk assessment methods in the field

of bioinvasions? What are the desirable attributes of

risk assessment tools for practical decisions regarding

the management of AS?
b) Bioconta- Can BC&BP indices proposed in the literature be To test existing BC&BP indices, assessing their correlation
minationand  applicable in Catalonia with information available from  with pressures in the water bodies and their possible
biopollution the routine monitoring programmes? redundancy with indicators used to evaluate biological
(BC&BP) Are the BC&BP indices actually state indicators, i.e. do  quality of the water bodies

their results respond to indicators of pressures to the
water bodies?

Are the BC&BP indices redundant with the existing
indicators of state for a given biological element?

c) Scenarios

How can scenarios support management in pre- and
post- invasion contexts?

How stakeholders at different scales are positioned in
relation to the scenarios and how this can be
approached from a methodological point of view?

To test different approaches to scenario development in the
case of biological invasions.

To develop scenarios about the invasions of the zebra
mussel and the European catfish in a post invasion context
(the Ebro River), and about the invasion of the zebra mussel
in a pre-invasion context (the Ter River).

To propose a strategy of interaction between scenarios at
different scales.

5 Responses

Which policy recommendations can be derived from
the findings of the thesis?

To synthesise the knowledge achieved from writing the
dissertation in the form of general prescriptions
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Research methods

In order to achieve the specific objectives listed in Table 3, a variety of methods were used. An overview
of these methods is presented in Table 4. The details for the implementation of each one (including the
selection of materials, data and/or participants), the combination of methods for the different research
phases, and the relation with specific research questions and objectives is clarified in the corresponding
chapters.

Table 4 Key issues, research questions and specific objectives in the chapters of the thesis

Research Activity Chapter
phase 1 > 3 4
Collection of secondary data
Literature review . . . °
Hemerographic °
Documentation .

(archives & official minutes; regulations; fora & social networks)

Databases (e.g., DAISIE; FishBase; Exoaqua; IBICAT; ExoAqua) ° °

Detached collection of primary data

Direct observation . .

Data

. In-depth interviews (semi-structured) )
gathering

Focus groups and workshops ° °

Survey °

Engaged collection of primary data

Ethnographic — participatory observation ° °

Interviews and meetings (unstructured / management oriented) ° . .

Management-oriented field work °
(e.g., informative campaigns, training courses)

Organisation / participation workshops ° °

Organising approaches

DPSIR ° ° . °

Multi-case study approach / In depth (extended) case study ° °

Data Levels of reflexive governance .

organisation Ecosystem service approach *

Tools
Ad hoc data bases (MS Excel; MS Access) ° °
GIS (ArcGIS) .

Qualitative / hybrid

Historical data series / chronologies °

Participatory system dynamics approach °

Comparative case study .

Scenario development (participatory, analytic) . °

. Quantitative
Analysis

Descriptive statistics: summary statistics (e.g., central tendency,
frequency distribution); visual graphs (e.g., box plot, radar chart)

Monetary valuation (estimates of damage costs / control costs) °

Calculation of biopollution indices °

Correlation analysis °

Probability and conditional probability °
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All along, contextual information was obtained though secondary sources (geographic and statistic
databases, specialized webpages, scientific journals, reports and press releases). In this research, the
systematization of non-academic literature has been a must, in a context with little socio-economic
scientific production, given the relative novelty of the issue.

However, the fundamental contribution of this dissertation is the application of several qualitative
participatory methods to the study of aquatic bioinvasions, which can be organized in two different
phases. During the first phase, the research activities were aimed at interpreting the course of events,
giving an insight into the stakeholders’ perspectives about the socio-economic and technical traits of the
invasion process. During this stage, that can be qualified as a detached collection of primary data, several
research techniques were applied.

1. Direct observation (keeping field journals, organizing photographic and video galleries and
completing field sheets about specific topics of interest).

2. In-depth Interviews with local and regional authorities, watershed authorities, environmental
organizations, scientist, anglers and angling societies, irrigation societies, tourism managers and
representatives of the energy sector. Data from conversational interviews was included in the field
journals, while in-depth structured or semi-structured interviews were transcribed close to
verbatim and afterwards analysed. Interviews allowed:

a. To obtain the narrative under the experience of the interviewees about the invasion processes.
Description of facts, opinions and assumptions offered by the interviewees were cross-checked
to elicit internal consistency and detect (dis)agreements on facts and divergent interests
around IAS.

b. To select key participants for other participatory research activities and to sound their opinion
out about the utility of such activities. This afterwards helped to pursue the appropriate social
framing of the research and to adapt the progress of the project to stakeholders’ expectations.

3. Focus groups and workshops were organized to promote group discussions and deliberation
around the biological invasions in the Ebro. Specifically, this phase of the research involved two
kinds of workshops, an expert meeting with international participation in February of 2005 and a
scenario workshop in September 2005. Both meetings were held at Flix each with the participation
of 25-30 local and regional stakeholders. The scenario workshop integrated different activities
(brainstorming, focus groups; both in plenary and in smaller discussion groups) adapting the
methodology of the IDON Scenario Thinking (Galt et al., 1997).

4. A survey for the quantification of impacts of the zebra mussel in the colonised area of the Ebro
River was undertaken during 2006-2007.

This first phase of research, which started in late 2004 with the ALARM project, did not aim at directly
involving the analysts with the evolution of the case. The workshops were recognized by the
stakeholders as events that contributed to the change of their knowledge system beyond their own
initiatives. Yet, the intention of the research team was not to guide a change process but rather to
observe and analyse it.

At the beginning of 2006, the first research results caught the interest of one of the involved regional
administrations, offering to the author the opportunity to become directly involved in the course of
action through a collaboration with the regional administration in charge of water management. Since
2006 and until 2010, a phase of engaged collection of primary data took place.
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The research approach of this phase was characterised by ethnographic or participant observation
(Adams, 2012; Angrosino, 2007). It entailed detailed exploration of the socio-environmental aspects of
IAS in Catalonia, through a complete involvement in the pursuit of practical goals, including the
organisation of field trips, working meetings, and workshops (including training activities) with different
types of regional and local stakeholders. This approach recognises both the increased quality of
knowledge production and the instrumental value of such production.

One of the advantages of participant observation has been to facilitate access to different sorts of
participants beyond it is the accustomed in university research. The results presented in this thesis
include formal and informal consultations with government officers (at the EU, national, regional, and
local levels) in different areas (water management, nature protection, agriculture, planning,
environmental surveillance, and forest fire control); with sport associations (anglers, motor boat holders,
canoeists, water-skiers, marina managers), with national and international scientific experts, with
environmental and educational NGOs; with representatives of the private industrial and energy sector,
and with consultants in different methods of invasive species control.

The methods for the organisation of data involve both organising frameworks and tools to deliver data in
formats that could be further analysed. Organising frameworks, such as the ES approach or a scheme for
levels of reflexive governance, have been refined and adapted to the specific contexts to be applied. In
fact, this has been a concrete materialisation of the reflexive approach adopted in the thesis.

Moreover, part of the organising frameworks have been based on an inductive approach. A variety of raw
data was condensed into a summary format and emerging ad hoc categories and links appear according
to the needs of reasoning, thus contributing to conceptual development. An example of this is the
identification of relevant stages of the invasion process employed in the calculation of impacts of the
zebra mussel and in the development of management scenarios.

Based on this, different qualitative and quantitative methods have been used to analyse data, thus
responding the research questions. Qualitative methods, or hybrid methods using also some quantitative
elements include, e.g.,, comparative case studies or scenario development, both analytic and
participative. Quantitative methods encompass different techniques of descriptive statistics, correlation
analysis and the calculation of conditional probabilities. Other quantitative methods employed involve
the estimate of monetary costs related with the invasion of the zebra mussel in two study areas and the
calculation of biocontamination and biopollution indices for rivers in Catalonia, based on fish species.

Thesis outline - Remembering Rayuela®

As mentioned above, the DPSIR framework is employed to structure contents in a way that truly reflects
the reflexive nature of the management of IAS. Therefore, the chapters that follow explore in detail the
different components of this framework thus enabling a comprehensive exploration of the different
socioeconomic dimensions that are relevant for management.

o Chapter 1 overviews the current context or state for the management of alien species in the aquatic
ecosystems of Catalonia, both at the regional level and in two study areas (in the Ebro River and the

* Rayuela (Hopscotch, in English) is a novel by Argentine writer Julio Cortazar, where the main character tries to find a
sense of order in the world’s chaos. Cortazar introduced in this novel several literary innovations, being the most praised
one a format that allows several sequences of reading (sequentially, eliding some chapters, as a collage of episodes, or
trusting the reader with the construct of a new way of organising the contents).
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Ter River). Several IAS are mentioned but the main focus is on Dreissena polymorpha (zebra mussel)
and Silurus glanis (European catfish).

o Chapter 2 analyses driving forces and pressures of biological invasions, expanding on the multi-level
character of the invasion processes. Driving forces of the invasions in the study areas are analysed
making use of participatory methods.

o Chapter 3 contains various notions on the assessment of the socioeconomic impacts of biological
invasions and examines their relation with management. The chapter contains an estimate of actual
and potential impacts of the invasion of the zebra mussel in the two study areas.

o Chapter 4 examines in-depth diverse research tools and approaches to address uncertainties in the
preparation of responses to bioinvasions. These approaches encompass risk analysis, the calculation
of biocontamination and biopollution indices and scenario development.

o Chapter 5 provides an articulated set of recommendations to organise responses to aquatic
bioinvasions. This chapter, informed by insights from the rest of the dissertation, is presented as an
action-oriented conclusion, or contribution to the theory of IAS management based on a reflexive
model of science.

The organisation of contents, consistent with the adopted approach, is not linear. There are feedbacks
between sections analysing each component, as there are in the problem at hand. Main loops will
emerge, for instance, between the analysis of driving forces (Chapter 2) and scenario development (a
part of Chapter 4), and between the scenario development and the assessment of impacts (Chapter 3).
Fig. 2 shows this situation. Blue arrows indicate the traditional interlinks in the DPSIR approach. Light
brown arrows indicate the organisation sequence in this thesis, with dialogues between different
chapters.

Fig. 2 DPSIR framework
as the conceptual flow of the thesis
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Despite the interactions between sections, each chapter has been prepared in a way that presents a self-
contained set of contents. With the aim of making the reading of the thesis not only a scientific but also
an aesthetic exercise, three alternative ways of reading are suggested. First, the dissertation can be read
from chapter 1 to 5. This entails a departure from the traditional DPSIR, as the presentation of contents
starts here from an overview of the state in the issue at hand. This has been motivated by the need of
setting the stage and providing empirical evidence for the rest of the chapters. The rest of the thesis
follows the traditional sequence, although not all possible interlinks in the original DPSIR scheme are
explored in depth. Second, the chapters can be read following the traditional DPSIR chain, which would
mean to swap the order of Chapter 1 and Chapter 2. Third, the reader may decide to follow the
connections to the different sections indicated in the text and, once a given interdependence is clarified,
come back to the original threat in the argumentation.

Of course, the reader is free to construct a different way of reading the chapters, although this is
recommended only after a first reading of the thesis has been completed. The author is well aware of the
distance between her own literary skills and Cortazar’s.
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1 The issue at stake: alien species in Catalan aquatic ecosystems
and their management

This purpose of this chapter is to provide empirical background for the rest of the dissertation. The idea is
to get a picture of the current situation regarding the management of alien species in the aquatic
ecosystems of Catalonia. This is done to ensure the reliability of the research process, but also to validate
the research relevance, which has implications in a real world situation with repercussions in
environmental management.

The information was obtained from multiple sources of evidence, to get as thorough an understanding of
the state-of-the-art as possible. Most of such sources are qualitative (direct observation, participant
observation and interviews). When available, scientific literature and official data have been used to
underpin the explanation. Specific references are provided alongside the text.

The chapter is structured as follows. First a general overview of the state of knowledge about alien
invasive species in Catalonia sets the stage to understand how this issue has become a matter of
environmental policy and management. The next section illustrates how this management is shifting
from addressing specific threats related with certain species to a more integrated concern about the
state of the aquatic ecosystems under the Water Framework Directive (WFD). An explanation follows of
the implications of this requlation for IAS and the way this has been implemented. The final section
focuses on the cases of two aquatic species in two study areas within Catalonia.

1.1 Aquatic alien species in Catalonia
1.1.1  Therise of a socio-environmental issue

The combination of diverse and benign habitat conditions, millenary human-environment interactions
and relatively high affluence make Catalonia (NE Iberian Peninsula) a good candidate region for
bioinvasions. Within the Spanish territory, the areas with the highest level of plant invasion are in the NE
coast (Gasso Pérez-Portabella, 2008; Pino et al., 2005). An analysis of plant species distribution show
that, in this region, the habitats with a higher degree of invasion were the most disturbed ones (e.g.
riparian) and those with more anthropogenic influence (e.g. agricultural and trampled) (Vila et al., 2007).

Until recently, research on plant invasions in Catalonia was more developed than for other taxonomic
groups, among them alien species in aquatic ecosystems. This is due to a remarkably long tradition in
botany in the region, which allowed the gathering, organisation and exploitation of a great number of
floristic records (Gasso Pérez-Portabella, 2008). The systematisation of information about alien species
improved considerably in recent years, thanks to the Information System on Alien Species in Catalonia
(EXOCAT) (Andreu et al., 2012).

In part, this effort builds upon the enhanced knowledge of invasions in aquatic ecosystems during the
previous decade. In the region, research of aquatic ecosystems is very much influenced by the
outstanding legacy of Professor Ramon Margalef (1919-2004) who trained several generations of
ecologists, limnologists and oceanographers and had a major role in the popularization of ecological
thinking (Ros, 2004). The foremost research groups on aquatic biology and ecology are at the University
of Barcelona (UB), University of Girona (UdG), University of Lleida (UL), and Institute for Agro-food
Research and Technology (IRTA). Talking about marine research, two centres must be mentioned, both
linked to the Spanish Council for Scientific Research (CSIC): the Centre for Advanced Studies of Blanes
(CEAB) and the Institute of Marine Sciences (ICM). Besides the academic arena, a variety of practitioners
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and consultancy organisations have also built up a reputable expertise on this field for the trained
specialists in Catalonia.

While improving the general knowledge on the biology and ecology of aquatic environments, a focus on
alien species was developed by the diverse research groups. In this context, since 2009, the Catalan
Water Agency commissioned the compilation of the existing information about the distribution of alien
species in the aquatic ecosystems. The results were made available through the SI-ExoAqua (Information
System about Alien Species in Aquatic Ecosystems) commissioned to the Centre for Ecological Research
and Forestry Applications (CREAF) (Andreu et al., 2011). According to this data, there are ca 430 alien
species of different taxonomic groups (algae, plants, invertebrates, fish, birds, amphibians, reptiles and
mammals) in the Catalan Aquatic ecosystems (

Fig. 3). In October 2014, the information publically available maintains the same number of entries
(Carolina Solg, pers. comm.).

Fig. 3

Alien species richness in the
coastal and inland waters of
Catalonia (Oct, 2014)

Source: Exoaqua
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This depicts a problematic situation in two respects. On the one hand, it poses a challenge for policies of
biodiversity conservation as the threat imposed by IAS for biodiversity is generally accepted in terms of
policy making. On the other hand it creates a problem for water protection and management as there
are complex links between the presence of IAS and the state of aquatic ecosystems communities both in
inland and marine waters, and therefore, for water quality.

Both concerns, as argued in the following sections, also rely on regulatory basis, outlined next. In this
way, what it might be a social alarm about the relation of humans with their environments and with some
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particular elements of the non-human world, becomes also a practical problem of organising
management responses with governmental involvement.

1.1.2 Normative and administrative framework for the management of aquatic bioinvasions

At the European level, where the proposal for a common EU legislation to address invasive alien species
and protect biodiversity is still under development (EC-Environment, 2014; European Parliament, 2014a),
there are already several regulations with implications on IS management. The Council Regulation (EC)
338/97 of g December 1996 on the protection of species of wild fauna and flora by regulating trade
therein allows using species lists to prevent that wildlife be threatened by trade or likely to be so
threatened (OJEC, 1997). Although in principle this regulation was conceived to prevent trade of the
endangered species themselves, it opens the door to stricter measures at the Member State level in
relation of trade of species threaten the domestic wild fauna and flora.Two different Directives related
with the conservation of natural habitats and native wildlife (Directive ‘Habitats’ 92/43/CEE [OJEC, 1992])
and wild birds (Directive 'Birds’ 2009/147/EC [OJEU, 2009]), respectively, urge the Member States to
prevent the introduction of AIS into the natural environment.

More focused on AlS, the Council Regulation (EC) 708/2007 of 11 June 2007 concerning use of alien and
locally absent species in aquaculture, and the Regulation (EU) 304/2011 of the European Parliament and
the Council of g March 2011 amending Council Regulation (EC) 708/2007, established (and respectively
amended) a framework governing aquaculture practices in relation to alien species to prevent their
possible impact on aquatic habitats and organisms (OJEU, 2011, 2007). An interesting point in the latter
Regulation is the introduction of an operational definition of the so-called ‘closed aquaculture facilities’.
This refers to facilities where the risk associated with AS — over all in relation to the potential for escape —
can be managed, reducing it to acceptable levels. In such cases, some of the restrictions and
requirements imposed by the Regulation would be exempted. This point will be taken up below, when
the case of the introduction of the apple snail in Catalonia is explained.

At the Spanish level, the Law 42/2007, of Natural Heritage and Biodiversity (BOE, 2007) introduced both
the creation of a National Catalogue of Alien Invasive Species and the ban to possession, transport, traffic
and trade of any of the listed AlS, its propagules or its parts. The deployment of the Catalogue, regulated
by the Royal Decree 1628/2011 (BOE, 2011), proved to be a challenging task. The restrictions foreseen in
the law were very strict for the listed species, and many of the candidate species were either already
established in the Spanish territory, associated with unintended transport, or had economic interest,
such as species involved in gardening, aquaculture or recreational angling or hunting. A solution for this
was to create a second list of species with invasive potential, which would guide preventive measures
entailing less strict restrictions and would point to the next candidates to enter the more restrictive list in
the Catalogue.

The process for selecting the species in the lists counted on inputs like the discussions of the open
platform ‘Spanish AIS Catalogue’ (GEI, 2010). These kinds of amendments, expressing more stern views
in relation to the need of tackling the AIS issue — summoning scientific evidence —, clashed with the
economic interests on the management of certain alien species, particularly in relation to sports angling
and hunting. In March 2012, a complaint promoted by the federation of anglers’ associations led to the
cautionary suspension of the Decree by the Supreme Court of Justice (BOE, 2012a) in relation to a fish
species used in angling. The same month, three Autonomous Communities, Catalonia among them, also
legally claimed that the Decree was against their right to exert exclusive responsibilities in the regulation
and management of inland angling. The Spanish Council of Ministers resolved in favour of the claimants,
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making several articles of the Decree inoperative in those regions (BOE, 2012). This was followed by a
Manifesto supported by more than one hundred scientific societies, environmental NGOs and individual
scientists concerned about the possible modification of the Decree and requesting the reinforcement of
its measures (Comité Cientifico de SEO/BirdLife, 2012).

After this controversy, already during the period of the pro-business Spanish conservative government, a
new Royal Decree 630/2013 (BOE, 2013) related with the deployment of the Catalogue replaced the
former one. The basic modification was the substitution of the list of species with invasive potential by a
non-binding list of species with higher invasiveness that should serve mainly for monitoring purposes.
Species involved in sensitive economic sectors, such as agriculture and food (e.g., Proclambarus clarkii),
and angling (e.g., Oncorhynchus mykiss) were left aside to be regulated by specific sectoral rules. Also,
species involved in hunting (e.g. Ammotragus lervia) or the fur industry (e.g. Neovison vison), and in
general species used in angling, were matter of particular exceptions in relation to the previous Decree.

At the regional level there are specific laws that respond to the objectives of the higher-scale levels.
Thus, building on the Spanish Biodiversity Law, the Law 22/2009 of Sustainable Inland Fishing in
Catalonia (DOGC, 2009) introduces measures to control alien fish and crayfish in aquatic ecosystems. To
this end, the law establishes the ban to introduce alien species, and the obligation to kill the caught alien
individuals, while it sets certain exceptions for both types of measures, related with the maintenance of
angling practices. This point will be expanded in Section 1.2, on the case about fish invaders. Ensuing the
Fishing Law, the annual angling programmes establish the specific conditions on where it is allowed to
fish and which species can be caught (e.g., DOGC, 2014). So far, several AIS such as Oncorhynchus
mykiss, Carassius auratus and Cyprinus carpio have been classified as ‘fishing species’ in these
programmes, that is, they have the same consideration than native non-protected species for the
purpose of angling, and their populations are not supposed to be controlled or eradicated.

Focussing on the norms related with water protection and management, there are two main directives of
reference. On the one hand, the Directive 2000/60/EC of the European Parliament and of the Council of
23 October 2000 establishing a framework for action in the field of water policy (or Water Framework
Directive, WFD) (OJEC, 2000) is an influential piece of regulation that urges the EU member states to
achieve good qualitative and quantitative status of all water bodies (including inland and coastal marine
waters) by 2015. The environmental objectives of the WFD, which was transposed to the Spanish
national law in 2003 (BOE, 2003), may be jeopardised by the presence and abundance of AIS in aquatic
ecosystems. This point will be considered in the Section 1.3 of this chapter.

On the other hand, the Directive 2008/56/EC of the European Parliament and of the Council of 17 June
2008 establishes a framework for action in the field of marine environmental policy (OJEU, 2008). It is
also known as the Marine Strategy Framework Directive (MSFD) and it is very similar its structure to the
WFD. The MSFD includes alien species altering the ecosystems as one of the eleven descriptors to
determine a good environmental status of marine environments, which should be achieved by the year
2020 at the latest. Introduction of alien species is considered as a biological disturbance in the list of
pressures and impacts on marine waters and ecosystems.

The various regulations seem to create common objectives in relation to AIS management, both
regarding biodiversity conservation and water protection and management. Even so, there are several
authorities in charge of implementing the different regulations in Catalonia. Currently, the
responsibilities on environmental management in the natural environment are allocated in the regional
General Directorate of Natural Environment and Biodiversity (DGMNB). This organism encompasses
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several divisions in relation to topics for which the regional government holds full and exclusive
responsibilities (such as hunting and inland fishing) and also to areas with shared responsibilities with the
Spanish government (such as biodiversity conservation), according to the Statute of Autonomy of
Catalonia (Boletin Oficial del Estado (BOE, 2006), after the assessment of the constitutionality by the
Constitutional Court released on June 2010 (BOE, 2010).

Meanwhile, according to the water regulation (the Consolidated Water Law) (BOE, 2001), the watershed
authorities are in charge of planning and management of activities in the public hydraulic domain,
including some recreational activities such as navigation. Therefore, they are the public organisations in
charge of implementing the mandate of the WFD.

In Catalonia there are two hydrographic regions from the point of view of water management and
planning. On the one hand, the Internal Basins of Catalonia (IBC) are watersheds — eleven rivers and
several coastal streams — whose area is totally within the boundaries of Catalonia. The IBC cover 16,423
km? (52 percent of the Catalan territory) and host 92 percent of the regional population. The watershed
authority in the IBC is the Catalan Water Agency (ACA). On the other hand, the interregional basins (IB)
are the Catalan sections of river basins that drain territories also outside Catalonia, in particular the Ebro,
Garona and Xuquer. While the IB represent an area of 15,567 km® (48 percent of the Catalan territory),
only 8 percent of the Catalan population is settled there (ACA, 2008). In the IB, there is more than one
watershed authority (ACA at the regional level and another authority at the State level), with shared
responsibilities in relation to water use, surveillance and other official proceedings. In the Ebro River, the
authority for the granting of concessions is the Hydrological Confederation of the Ebro (CHE), depending
on the Spanish Ministry of Agriculture, Food and Environment.

In summary, different water authorities and environment public bodies, among other public authorities,
have legal mandates to tackle the issue of alien species, but they have also different agendas regarding a
number of other issues. Their available budgets and formal responsibilities for different parts of the
Catalan territory also differ. This map of different priorities, regulations and shared governmental
responsibilities sets then the stage for the management of aquatic alien invasive species.

1.2  Management on practice - from charismatic species to the Water Framework
Directive

This section contains instances illustrating the recent history of management of aquatic alien species in
Catalonia. Paradigmatic cases of AIS management are used to show how, at the regional level, this
management had been shifting from isolated responses to specific threats to a more integrated
approach guided by the WFD.

1.2.12  From the killer alga to exotic macroalgae prevention or the power to focus public attention® 3

* With acknowledgement to talks between 2007-20011 with: Marta Manzanera (ACA), Marina de Torres (ACA), Josep
Vilagrasa (ACA), Enric Ballesteros (CEAB), Maria Garcia-Gomez (CEAB) and Boris Weitzman (CEAB). The narrative is also
enriched thanks to the participation in the Workshop on Alien Species and the EC Water Framework Directive (Ispra, June
17-18, 2009), the 2nd European Conference of Conservation Biology (Prague, September 1-5, 2009) and a working meeting
ACA-CEAB on marine alien species (Blanes, November 3, 2010).

3 Edward O. Wilson commenting on the book “Killer Algae” by Alexandre Meinesz (1999), translated by Daniel Simberloff,
University of Chicago Press, 376p: “Once in a while a single example has the power to focus public attention on a serious
problem, and this is one of them. The Caulerpa story (...) reads like a science-fiction horror story. It calls our attention to
the growing worldwide problem of invasive species, the stealth destroyers of the environment.”
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The tropical green alga Caulerpa taxifolia was first detected in the Mediterranean Sea in 1984, released
from the public aquarium in Monaco. By 1992, this ecologically damaging species — it threatens ailing
Posidonia oceanica — had progressively been observed in France, Italy and also in Mallorca, Spain, where
250m” covered by the alga were discovered at an anchoring site (Meinesz et al., 2003, 2001).

In Barcelona, with local and regional governments then feverishly into the organisation of the Olympics,
the news on the discovery of the alga in the Balearic Island made alarm bells ring. An early warning
system was commissioned by the environmental authority, then in charge of coastal water quality
monitoring (Josep Vilagrasa, pers. comm., 11/08/11). Considerable resources were applied to organise a
sampling grid that included 126 stations along the Catalan coast, without the species being detected so
far (Ballesteros et al., 2010, 2005, 2004).

C.taxifolia has spread along the western Mediterranean (Fig. 4) and it is often being mentioned as an
instance of the crucial need for rapid response after early warning (Anderson, 2005; Genovesi, 2005).
However, it is also argued as an example of the difference between a high invasiveness potential and a
real invasive performance. In the Balearic Islands, after more than 20 years of its detection, the species
has proved to be non aggressive and to have low colonisation capability, even spontaneously collapsing
in one spot (E.Ballesteros, pers.comm., 18/06/09).

Fig. 4
Spread of Caulerpa taxifolia
in the Mediterranean

Source: Meinesz et al. (2003),
Rapport final. LEML publ. pp. 1-115

Although C.taxifolia was not detected in Catalonia, several years of systematic monitoring of the coast
allowed observing previously undetected alien species. In 2006, the ACA decided to restructure the
surveillance grid, so as to extend the early warning system to a broader set of alien macroalgae. The grid
was organised around 60 stations to perform transects along a batimetric axe, in the areas deemed as
more susceptible for the establishment, which where thoroughly characterised every two years
(Ballesteros et al., 2010) (Fig. 5).

e . o B =8 i o

§ \
'( ~ - ."‘
LLEIDA \ .“ <
& Nt -
'XKQ\\E’ RSP
\_'lwm - —
SSSe ——r
-
sy .
)

Fig. 5 a) Monitoring grid of C. taxifolia; b) Surveillance grid for alien macroalgae; c) sketch distribution of Womersleyella setacea in
Palamos, 2007
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Source: Programme of exotic macroagae prevention (ACA/CEAB), Coord. Dr. Enric Ballesteros

As a result of this Programme of exotic macroalgae prevention several alien macroalgae (Womersleyella
setaceaq, Dictyota cyanoloma, Asparagopsis armata, Acrothamnion preisii) were detected and subsequently
surveilled. There is also monitoring of other introduced macroalgae, such as Codium fragile, or Caulerpa
racemosa var. cylindracea, first detected in Vilanova i la Geltry in 2009. Additionally, other alien species
were registered during the monitoring procedures: e.g. Oculina patagonica, Bursatella leachi,
Percnongibess, Paraleucilla magnai, Microcosmus squamiger and Crassostrea gigas (Ballesteros et al., 2010;
Fig. 6). This, together with information form diverse research groups compiled by the ExoAqua
information system verifies the presence of at least 23 marine alien species (algae, invertebrate or fish) a
in the Catalan coastal waters (Marta Manzanera and Carolina Sola, pers. comm.).

This improved knowledge of the marine environment has meant two developments: a test of the
biopollution levels of the area using the BPL index (Ballesteros et al., 2010: 9o-97; see Section 4.2 for an
explanation of the index) and the inclusion of the marine invasive species within the programme of
measures of the Catalan Water Plan, as it will be explained in Section 1.3.

Scientific Asparagopsis Dictyota Womersleyella Acrothamnion Oculina Percnon gibbesi  Bursatella leachi
name cyanoloma setacea preisii patagonica
- 3
:

Year of 1920s, fist 2006 2010
detection cited 1989
Where has it  Several points Olympic port Palamds; St. Feliu;  Palamods Ebro delta Prat del Llobregat ~ St. Carles dela
By along the Costa Barcelona Formigues Islands;  Torroella de Torredembarra - Portde Rapita

Brava Blanes Cadaqués; Cap de Montgri Barcelona; Segur  Desenbocadura Riu
detected? Matard Creus; Cap Norfeu, de Calafell; Salou; ~ Sénia, Badia del

Sitges Ullastres; Tossa I'’Ampolla. Fangar; Atmella de
Island Mar

Fig. 6 Some alien species detected in Catalonia through the Programme of exotic macroalgae prevention

Source: ACA-CEAB. Pictures: Internet

For these activities, ACA relied on the scientific advice of the Centre for Advanced Studies of Blanes
(CEAB), of the Spanish Council for Scientific Research (CSIC). Their collaboration is formally organised
through several MOA outlining projects to assess seabed vulnerability and prevention of alien
macroalgae (2004-2009) and to perform ecological quality monitoring through the characterisation of
macroinvertebrate and algae communities (2008, 2008-2009, 2008-2012) (www.ceab.csic.es). The
stability of this partnership has achieved a mutual trust and understanding of both the research and
management needs. The two-ways information flow is fluid. Researchers of CEAB often accompany or
represent officials of ACA to national or international meetings regarding matters (even loosely) linked to
their joint projects.

The current challenges to reinforce action against alien invasive species in marine environments are two.
First, there is a clear difficulty for carrying out species control. When a new species is detected,
information to prevent the spread is promptly circulated through to a well-established communication
network with coastal municipalities and other sea-related actors, mainly fishermen’s associations.
However, little is done to control the populations, regardless of the invasiveness of the species. This
happened, for instance, when the highly invasive Caulerpa racemosa var. cylindracea was incidentally
detected near Vilanova i la Geltru. Technical and economic reasons were argued not to proceed in this
respect. “The sea makes you feel small” says a government official, explaining how the lack of biophysical
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barriers prevents the confinement of alien species in marine environments, making some invasions
virulent without any possibility of control (Marta Manzanera, pers.com., 11/08/11).

Second, in contrast to fields were risks assessments of invasive species (RAIS) are well established
(plants, and more recently, fish), a meagre number of publications indicate that RAIS of marine
macroalgae is in its infancy (Nyberg and Wallentinus, 2005; Williams and Grosholz, 2008). Moreover,
these works do not address the particularities of certain regions, such as the Mediterranean, where
macroalgae invasions are an emerging threat. Scientific experts underline the difficulties of
implementing RAIS, due to the generalized gaps in the existing datasets and the lack of biological and
ecological knowledge of marine macroalgae. In face of that, expert assessment has been the best-suited
way to get signals about the invasiveness of the species. To a certain extent, expert- based assessments
are enough to support the current development of marine management. However, several reasons might
justify the advance towards a protocolised approach to RAIS, including the need to explain the results of
appraisals to non-scientific stakeholders, a more accurate guidance of preventive measures or the
identification of information shortfalls and research needs.

1.2.2 The contentious management of fish invaders *

In inland waters, the knowledge of fish invaders is relatively better than for other aquatic taxa because
fish have been systematically sampled as part of the monitoring routines for the assessment of biological
quality in rivers, introduced by the BIORI protocol (ACA, 2006). According to the ExoAqua information
system, which compiled this data together with other information provided by scientific experts in the
field, there are more than 4o exotic fish species in the Catalan inland waters, 27 of which have been
introduced as game or bait for angling. In particular, the introduction of alien fish through recreational
angling is considered to be a global environmental degradation problem resulting in loss of biodiversity
(Cambray, 2003) and has the Mediterranean basin as one of its hotspots (Tricarico, 2012).

There is a clear scientific and conservationist concern about this issue. In other regions of the world, alien
fish have been positively related to disturbance intensity — involving local in-stream habitat and riparian
degradation, water quality and surrounding land use —, to the extent of being suggested as reliable
indicators of river (lack of) health (Kennard et al., 2005).

Indeed, the presence of certain alien species may have an effect on quality of inland waters. The drastic
eradication of Cyprinus carpio (common carp) in Zéiar natural reserve (SW Spain) led to increase in water
transparency and reduction of the anoxic layer below the surface waters, assessed one year after the
eradication. Two years later, beneficial effects were observed in aquatic vegetation cover, and aquatic
insects species and bird species richness (Fernandez-Delgado, 2013). In Catalonia, the coordinator of the
LIFE + project (LIFEo8 NAT/E/o00078) in the Banyoles Lake — a karst catchment within the Natura 2000
network, recognised as a Ramsar site since 2003 — explains that in three carps accidentally reached a wet

“* With acknowledgement to talks between 2006-20011 with: Josep Escorihuela (formerly DGMN), Joel Capdevila (DGMN),
Joan Vilaut (DGMN), Jordi Pagés (ACA), Carolina Sola (ACA), Nuno Caiola (IRTA), Adolf de Sostoa (UB), Emili Garcia-
Berthou (UdG), Carles Pla (UdG), Marc Ordeix (CERM), Alex de Juan (FCPEIC), Joan Lluis Bruna (FCPEIC), Josep Grau
(AEMS-Rius amb vida) and the representatives of several local angling societies in Lleida, Tarragona and Barcelona
provinces.

The narrative is also enriched by the participation in the ‘Seminar on natural areas and biodiversity at the municipal level:
sustainable management of angling and hunting’, organised by Diputacié de Barcelona (Montesquiu, 14/10/2010), with the
presentation ‘Fish restocking and alien species prevention in aquatic ecosystems’ and the participation in the 2nd
European Conference of Conservation Biology (Prague, September, 1-5, 2009).
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meadow restored in 2006 that constituted one of the flagships projects in the area, involved a partially
flooded surface of about 12,000 m?® Usually in these marshes there are not fish, and the rapid
proliferation of the species resulted in remarkable increased turbidity, with the ensuing impacts in the
native fauna. As a consequence, the restoration measures in that pond had to be restarted from scratch,
this entailing the desiccation of the water body (Miquel Campos, pers. com., January, 2011). This is
anecdotal information but it is backed by scientific research on the negative impacts of Cyprinus carpio in
the ecosystems where it is introduced (Barton et al., 2000; Kloskowski, 2011; Koehn, 2010). It is worth
noticing that this species, possibly present in Catalonia since the 18" Century (Ordeix et al., 2010), is
among the most widespread fish species in the region and according to last available data from the
ACA’s monitoring routines (Sostoa et al., 2010) is the one with the highest estimate of total fish biomass
in Catalonia. Its eradication is out of the question.

From the point of view of water quality, the presence of alien fish species is in fact considered as a
pressure on the good ecological status. However, there are few initiatives to specifically control the
populations of alien fish in Catalonia. The LIFE + project in the Banyoles Lake mentioned above
encompasses activities of alien control through selective fishing. So far, more than go,000 fish
individuals, most of them Micropterus salmoides and Lepomis gibbosus have been removed from the lake
(Pou-Rovira et al., 2013). In October 2009, a pilot test of alien species fishing in the last section of the
Ebro river resulted in about 500 catches of alien fish, being Silurus glanis (30 percent), Rutilus rutilus (24
percent) and Cyprinus carpio (14 percent) the most abundant ones (Joel Capdevila, Pers. Comm.,
08/07/2010). The project was cancelled after it was made public that the captured fish was to be exported
for human consumption in Romania, as this section of the Ebro is highly polluted (see Section 1.4.1). The
predator fish in the area bio-accumulate mercury, other heavy metals and organo-chlorinated
compounds (Balsells, 2009; Benejam et al., 2010).

While presence of the Wels catfish is still recent and it is still possible to detach it from the representation
of an ‘undisturbed’ status of the river, the debate gets more complex when it focuses on so-called
naturalized species as Cyprinus carpio. Besides the secular present of the species in the regional rivers,
together with another AIS (Oncorhynchus mykiss, rainbow trout), it is associated with 8o per cent of the
angling licenses in Catalan inland waters (Josep Escorihuela, com. pers.). As mentioned above, the
Spanish Law of Natural Heritage and Biodiversity (BOE, 2007) foresaw forbidding any use of alien species
in sports angling. The difficulties for implementing this measure were such that the regional
environmental authorities proposed to the Catalan Parliament the legal ‘naturalization’ of the carp,
creating an ad hoc category thought for this species in the Draft Law of Sustainable Fishing (BOPC,
2008).

A similar debate is related to the so-called ‘translocated’ native fish species deliberately moved between
basins of the same country. They are native to some basins and alien in some others, but from the
management point of view this distinction is not made. For instance, Barbus graellsii or Luciobarbus
graellsii, ‘Barb de Graells’, endemic to the Ebro has been translocated to the IBC and there generates
hybridisation issues with the vulnerable Barbus meridionalis, ‘Barb de muntanya’ (Ordeix et al., 2010).
However, until 2013 the annual fishing programmes did not recognise it as an alien, imposing the catch-
and-release obligation everywhere in the Catalan territory (DOGC, 2013). The situation, though, changed
in 2014, when the catch-and-release obligation was restricted to the Ebro basin (DOGC, 2014).

Another practical problem of alien fish management is related to fish restocking in rivers. There are
differentiated genetic lineages in wild population of locally valued Salmo trutta, brown trout (Cortey et
al., 2004). The populations from the Mediterranean (and Adriatic) lineages, considered autochthonous in
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the Catalan rivers, have been strongly pressured by overfishing and changes in habitat and they are now
considered a vulnerable species (Fernandez Cebrian, 2011). Restocking the species has been a response
to the strong demand for fishing in the areas where it is distributed. However, the Salmo trutta from the
Mediterranean lineage is difficult to breed in captivity, in comparison with the more resilient Salmo trutta
from the Atlantic lineage. For this reason, fish hatcheries usually use the later in their activities (Joel
Capdevila, pers. comm., 08/07/2010).

As a result, for decades fish restocking has become a source of introgressive hybridization that reached
an average degree of 6 percent along several localities assessed in the Catalan Pyrenees, with peaks up
to 20 percent in some sites (Fernandez Cebrian, 2011). In 2008, the DGMNB started a pilot programme of
breeding Salmo trutta of the Mediterranean lineage with promising survival rates (Joel Capdevila, pers.
comm., 08/07/2010). However, the annual restocking activities still rely on the introduction of two type of
alien trout, the Salmo trutta and Oncorhynchus mykiss, of which hundreds of thousands individuals are
released every year in the areas with most intense fishing pressure, according to the information
published weekly by the DGMNB .

In this context, the Fishing Law went through a long process of discussion starting in 2005 (Ambiens,
2014). Initially based on three different scientific assessments requested beforehand, the writing of the
successive draft laws and the inclusion of different social and scientific standpoints was controversial.
While an issue of dispute was related with the institutional setting for the direct management of the
angling areas (with different levels of intervention of the Regional government, the angling federations
or the local angling societies themselves), the use of alien species in angling and the type of accepted
practices for alien species was certainly a bone of contention.

Currently, the Fishing Law must be recognised as the only general mechanisms for the control of fish
invaders in Catalonia, since it introduces the obligation to kill alien fish catches (Art. 18.8). Its final version
approved in 2009 (DOGC, 2009), and then modified in 2011 (DOGC, 2011) is nevertheless favourable to
the position of the anglers. Globally recognised AIS as Cyprinus carpio and Carassius auratus are
considered as fishing species, same than non-protected native species. This means the general obligation
of catch-and-release (Art. 18.6). The presence of other invasive fish such as Salvelinus fontinalis,
Oncorhynchus mykiss, Micropterus salmoides and Esox lucius is accepted in specific river sections and
water bodies with angling interest (Art. 18.7). Restocking with AIS is allowed for certain areas of the
angling zoning (Art. 23). After the modification of the Royal Decree related with the deployment of the
Spanish Alien Species Catalogue (BOE, 2013), this has meant the authorisation of restocking with Perca
fluviatilis, Sander lucioperca and even Silurus glanis in certain areas where the species is already present,
besides the other species with angling interest mentioned above (DOGC, 2014).

This wide list of exceptions explains why the scientific community feels that the Regional government is
not tackling the issue with the necessary strength. Already in the phase of parliamentary debate, some of
the controversial points of the law were contested by scientists specialised in fish fauna.

“The law is not sustainable because it does not forbid fish restocking is a clear way. (...) Fish planning
should be based on the rivers’ capacities to sustain angling activities and ... [restocking] is difficult and
expensive. (...) Another point that | do not understand is the transport of damaging AlS. The best way to
avoid problems is to prevent that the species can be used (Carles Pla, in Canal Parlament, 2009a)".

“The state of the aquatic fauna is deplorable. If we do not act now in twenty years the autonomous
fauna communities will be replaced by exotic fauna. (...) The problem of the alien species is that it is easy
to introduce them but it is difficult and expensive to eliminate them. (...) [Therefore] it is important to
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reduce the transport of organisms, even autochthonous or protected species, in order to prevent the
transport of other organisms [ ... and to] eliminate introduced species according to some ethical
procedures [...]. Restocking with hybrids should be forbidden because it may have negative
consequences to native fauna (Adolf de Sostoa, in Canal Parlament, 2009b).

However, the angling community is not satisfied with the fishing law either. First, as it will be shown with
the case of Silurus glanis in Section 1.4, anglers strongly object the legal obligation to kill alien fish.
Second, the anglers claim against being criminalised and blamed for the bad status of the fish
communities and argue in favour of their traditional role played in managing the rivers (Trotarrios, 2009).
Third, the angling community — which is heterogeneous, from the organisational, ideological and
behavioural point of view — includes conservationist positions, as the one sustained by the organisation
AEMS-Rius amb vida (www.riosconvida.es). From this perspective, killing catches in areas of genetic
conservation (e.g., trout), as it was allowed though the modification of the law in 2011 (DOGC, 2011)
undermines conservation objectives and goes against the recreational and economic interest in these
areas (Diario de un Pescador, 2011).

It seems clear that the presence and, over all, abundance, of aquatic alien species affect the biological
quality of aquatic ecosystems. How is this quality to be assessed? Herein, a discussion about the values of
‘nativeness’ vs. functionality of the species arises. This functionality can be understood both from the
ecological and from the socio-economic point of view. From the socio-economic point of view not all
effects of alien fish are unanimously perceived as damaging. Social actors that play a role in the
introduction and spread of alien fish also contribute to generate a social defence of their presence in the
territory, for the maintenance of sports or recreational activities with economic implications. This point
will developed in several sections of the thesis about the case of European catfish.

1.2.3 New menaces, the apple snail in the Ebro Delta

Often, the arrival of a new aquatic invader remains unnoticed by the general public, but that was
certainly not the case of the golden apple snail (GAS) in Catalonia. Only some days after its detection in
the left hand side of the Ebro Delta on August 1%, 2009 (M.A. Lopez, 19/08/2009), the news was already
in the regional television and press by initiative of a popular malacologist involved in science-divulgation
(Royo, 2009; Telenoticies TV3, 2009). The species was initially identified as Pomacea canaliculata (Lopez
Soriano et al., 2009), and later on — after a deeper understanding of the genus Pomacea — as Pomacea
insularum with observed densities up to 1 kg m™ and abundant egg masses in the colonised area (Lopez

etal., 2010).

Fig. 7. Egg masses and adult individuals of apple snail in the Ebro Delta (24/0/2009)
Picture: B. Rodriguez-Labajos
The species was not found in the river but in agricultural fields and irrigation canals of an area of intensive

rice production. The first assessment of distribution detected a gradient of density from the most likely
pathway of introduction, an ornamental fish farm involved in imports, exports and breeding of aquatic
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species, basically exotic fish (See Fig. 8). According to the website of the company — www.promotora-
bama.com, not operative anymore — their 7000 m*-facilities in the Ebro where the largest one of their
kind in the Spanish State. A visit to the facilities and an interview with the manager on August 24th, 2009,
confirmed that the on-site wastewater management system plant had the best available technologies at
that time, with permit granted by the watershed authority (an administrative procedure in which both
CHE and ACA participated). If P. insularum was released to the Ebre from the wastewaters from that fish
farm, as argued by the rice farmers (Ibeas, 2012) and also in the courts by the Catalan government (Pérez
Pons, 2012), either there v
or a failure in the technc
liability, the case is clear
aquacZIture facilities’, as Informe Carg0| Poma
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Besides being expensive in terms of control and of opportunity costs, some of the measures, such as the
desiccation, required exceptional permits from the UE, as this region has been given agri-environmental
supports since 2005 for managing the rice fields as wetlands included in the RAMSAR Convention. This
agri-environment support would be stopped if the fields are not flooded with river water (European
Parliament, 2014b). In fact, many of the measures taken, desiccation in particular, have negative effects
on non-target organisms, like birds, and in the natural wetland environment, which creates a
conservation trade-off (Ibeas, 2013). Another side of this trade-off is the discontent among bird hunters
who complain about the decreasing bird populations (Royo, 2011).

Moreover, the invasion has not been controlled yet and currently efforts are done to prevent the spread
to the river, where the earliest colonisation outbreak was seemingly controlled, and to the right hand
side of the Delta (DAAM, 2013). The control costs have been basically supported by the Agriculture
Department that would have expended at least EUR 1 m (Europa Press, 2013). The European Commission
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has provided supporting funds of EUR 2.64 m for control actions against the species during the period
2010-2013 (European Parliament, 2014b). As a consequence of the invasion in the Ebro, a ban on imports
of all species from the genus Pomacea into the EU was imposed, based on the scientific opinion of the
European Food Safety Authority (EFSA) (OJEU, 2012).

1.2.4 As aresult, raising social awareness

For many years or indeed centuries, the succession of uninvited arrivals of damaging aquatic invaders to
the Catalan territory did not generate a broad social alarm. However, this may have changed in the last
decade.

In order to trace the public attention to the issue of IAS, the chronographic use of the terms ‘invasive
species’ (in plural in the Spanish original), ‘zebra mussel’, ‘Wels catfish’ and ‘apple snail’ in a well-known
newspaper are used as indicators (Fig. g). These terms represent the examples provided above, together
with cases that will be explained in detail in Section 1.4. The plural use of ‘invasive species’ (especies
invasoras) is purposely used to represent generic concern for IAS, rather than for a particular species.

M Invasive species Zebra mussel M Wels catfish Caulerpa M Apple snail
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Fig. 9 Use of AIS terms in newspaper articles (1974-2013)

m

Source: Own elaboration based on the number of citations in the hemerographic services of the newspaper 'La Vanguardia
(www.lavanguardia.com, consulted on the 10/04/2014). Only relevant entries using the exact terms have been included. La Vanguardia is a
newspaper edited in Barcelona, with a daily circulation of above 230,000 copies and ca daily 800,000 readers. Among the paid-for
newspapers, it is usually the most read in Catalonia and the third most read in Spain.

The period of analysis in Fig. g starts in 1974, the year of reported introduction of S. glanis, European
catfish. After two initial decades of disregard for the matter, a trend to a greater public attention is
noticeable only after the early 1990s. However, the regular use of the generic term ‘invasive species’ does
not start until one decade later. What can explain this pattern?

Looking at the news contents, the first appearance of European catfish in the newspaper takes place
after two years of its reported introduction, in the classified ads to sell equipment for the species angling.
Significantly enough, the first use of the term ‘invasive species’ ever in this newspaper appears in 1996,
more than one decade later. Wels catfish is commonly mentioned together with other exotic fish, but the
idea of invasiveness still does not take off in the media. Despite the alarm created by the possible arrival
of caulerpa in the Catalan coast 1992, with the subsequent implementation of a monitoring system which
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results are reported regularly after that date, a broader discussion on bioinvasions seems to be absent in
the media.

It is not until the news of the detection of the zebra mussel in the Ebro River when the term ‘invasive
species’ is used recurrently. In fact, after 2009, news about the general issue are more frequent than the
information about the particular cases, indicating a greater concern for bioinvasions than a reaction to a
specific taxon.

We conclude that the public attention to IAS may have passed from the interest for specific cases
towards awareness of the general issue. The cases shown above are examples of charismatic species
whose ad hoc management started often in response to specific threats. While managers had to learn to
deal with unexpected matters, they have progressively developed principles for a more integrated
approach in the management of aquatic bioinvasions. In this context it is pertinent to refer to the
implications for IAS management of the Water Framework Directive.

1.3 IAS and the Water Framework Directive in the case of Catalonia

After the Water Framework Directive (WFD, 2000/60/EC) (OJEC, 2000), the main water management
guideline in Europe, water is seen not only as a resource but also as the element that allows the
ecosystems to exist. As such this regulation has become a main driver of ecological restoration of the
aquatic ecosystems of the countries where it has been implemented.

The WFD introduced specific objectives to preserve and, where necessary, to improve the ecological
status of EU surface waters. This is measured though the assessment of the biological, physico-chemical,
and hydro-morphological quality of the water bodies. Each one of these elements is assessed through
nationally appropriate procedures. For instance, several assessment protocols were developed for
different types of water bodies in the Catalan water district (ACA, 20063, 2006b, 2006¢, 2006d, 2006e).
In particular, the BIORI protocol (ACA, 2006a), devoted to the assessment of biological quality of rivers,
describes the biological elements (i.e. aquatic flora, invertebrates and fish) and parameters to be taken
into account for the quality assessment. Fish are assessed through an index of biotic integrity (Sostoa et
al., 2003) that, the same than other elements in the assessment, is subject to a periodic methodological
update (Sostoa et al., 2010) and it has contributed to an international effort to intercalibrate the different
national protocols.

Although AS are not explicitly mentioned in the WFD itself, its normative definitions (in its Annex V.1.2)
point at the need of taking bioinvasions into consideration. In particular, the biological quality elements
for assessing ecological status are required to move towards a situation where “species composition and
abundance correspond totally or nearly totally to undisturbed conditions”. Ensuing WFD guidance
documents were more precise in this respect, recognizing AS as a pressure with potential impact (EC,
2003b: 31), as possible indicators to monitor human induced changes within a water body (EC, 2003a: 80)
and again as a biological pressure that can only be compatible with high ecological status if there is a very
minor (or no) impairment of native biota due to the introduction of AS (EC, 2003c: 45).

In face of this, the issue of AIS has been taken into account in the implementation of the WFD in the
Catalan water bodies through four main pursuits.

1. Recognition of AIS as a pressure on the state of aquatic ecosystems. A selected group of AIS was
considered in the analysis as pressuring to water quality in rivers within the stage of the ‘pressures-
impact’ analysis of the WFD implementation. The first time that this analysis was undertaken, in 2003,
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the knowledge on the abundance and distribution of AS in aquatic ecosystems was rather scattered and
only some high impact alien species (e.g. Procambarus clarkii, Trachemys scripta elegans,and Mustela viso)
and hotspots of alien fish an flora were registered.” More recently, the update of the analysis has
considered the information achieved through the Exo-Aqua information system, pondered according to
the risk level of the species (Carolina Sola, pers. comm.). Considerations on the risk level of the species
and how it has been determined for the case of Catalonia will be explained in detail in Section 4.1.

2. Use of IAS in the public participatory process about water management planning. IAS were
accepted as one of the discussion elements along the consultation measures for the preparation and
approval of the Catalan River Basin District Management Plan, in compliance with the provisions of
Article 14 of the WFD. In fact, from the review of the minutes of the workshops made available online by
the watershed authority (ACA, 2011)6, it can be inferred that the issue of AIS spontaneously emerged in
all the 16 sub-regions in which the participatory process for the consultation was organised between
2006 and 2010. Summarising these minutes, the scope of citizens’ concerns and proposed solutions is
presented in Table 5.

Table 5

AlS-related items
mentioned during the
participatory process
of the WFD in
Catalonia

Source: Own
elaboration based on
ACA, 2011

Detected problems

Identified solutions

Changes in the ecosystems
are noticeable

Angling interests are pushing
fish restocking with exotic
species

Abandonment of pet species
Alien plant species, often
used as ornamental, are
dominating the river banks
Few studies about the impact
of alien species

Lack of intervention:
Insufficient surveillance and
ineffective control measures
Lack (or lack of knowledge)
of regulation

Lack of information /
education

Research and monitoring of exotic (invasive) species and native species
Enhancement of riverbank restoration: need to review the restoration
criteria for including native diversity
To prevent the spread of exotic species both in rivers and marine areas
by:

- promoting awareness

- avoiding illegal releases

- restoring hydrological natural processes (e.g. floods and droughts)

- regulating exotic species trade

To initiate IS eradication campaigns depending on the extent and
invasiveness of the species

To assess and communicate the impact of invasive species. In this way, it
is expected to improve:

- The environmental behaviour of the citizenship
- Gardening practices in public areas
- Codes of conduct in the gardening business

To evaluate the control measures

Besides unveiling a widespread awareness about biological invasions, the precision of both the detected
problems and the proposed solutions show recognition of bioinvasions as a problem for water
management, the ascription of responsibilities and the needed interventions to redress the situation.

3. Creation of either adapted or ad hoc programmes of measures. As an evidence of the need for an
improved monitoring of alien species, the monitoring programme of the water authority was adapted to
achieve more detailed information about the distribution and abundance of AS taxa, in particular about
the record of macroinvertebrates and riverbank plant species. It is worth mentioning that the existing
protocols for the monitoring of macrophytes, diatoms and fish already assured a high level of detail in

5 Infomation available through the Map Server of the Water Framework Directive by the Catalan Water Agency at

http://lacamap.gencat.cat/impress/egv.php?lang=ca.

® The narrative about the participatory process is also enriched by talks between 2006-20011 with Muntsa Niso (ACA),

Jaume Delclos (ACA), Xavier Fusté (ACA), and Annelis Broekman (Xarxa per una Nova Cultura de I'Aigua, XNCA) and
through my participation in the consultation process in Terres de I'Ebre, in the thematic Group ‘Hydro-morphological and
biological quality’ (Horta de Sant Joan, 09/06/2009).
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this respect (Carolina Sola, Evelyn Garcia, pers. comm.). Additionally, the monitoring grid for the zebra
mussel — which started as an emergency measure from 2006 — has been included as a part of the official
monitoring programme.

Beyond that, three programmes of measures linked to the River Basin District Management Plan (2009-
2015) had a particular focus on AIS. Thus the coastal improvement programme included measures for
eradication of alien species in two coastal areas, and the riverbank restoration programme included some
actions tending to remove plant AIS from the riverbanks and to underpin biological resistance through
native vegetation. Finally, a new programme of measures for prevention, eradication and control of aquatic
IS was introduced for the first time in the context of the river management planning in the Iberian
watersheds.

The basic purpose of the program is to contribute to the good ecological state of the aquatic ecosystems
by slowing down the spread of AIS present in the territory, preventing their introduction in high risk
[strategic areas, protecting water management infrastructures, and organising actions for prevention,
early detection and rapid response, eradication and control of and adaptation to AIS in the aquatic
ecosystems of Catalonia. The programme has an emphasis on some high risk species like zebra mussel,
common reed and some marine species (such as Caulerpa racemosa). The actions were to be developed
in coordination with other programmes of measures, such as the already mentioned riverbank
restoration programme and the programme of improvement of coastal areas, and with other public
organisations, in particular with the Natural Environment department of the Regional Ministry of the
Environment, who would incur part of the investment costs (ACA, 2010).

The overall Catalan River Basin District Management Plan and the corresponding programmes of
measures were approved by the Generalitat (the Catalan government) by the end of 2010 (DOGC, 20103,
2010b). Thus, it became the first plan approved in the Spanish State within the water planning calendar
of the WFD and the only one within the timeline requested by the European Commission.

The importance of this first appearance of the IAS topic within the river management planning is
undeniable. Still, the minor allocation of funding to this programme indicates a prioritisation of other
measures in the improvement of ecological quality of the water bodies. According to the original
financial planning, the total investment for the full programme of measures was EUR 59.2 M during the
period 2006-2015, of which around 12% corresponded to costs to be incurred by the watershed authority,
remaining the rest for other public organisations (ACA, 2010b: 78). As shown in Fig. 10, this makes this
programme the smallest of the programmes for the improvement of hydro-morphological and biological
quality as far as the water authority is concerned.

Fig. 10 Distribution of investments within the programmes of measures for hydro-morphological and biological investment, 2006-
2015 (%)

a) Cost for all institutions b) Cost for ACA

Source: Own elaboration based on data from Annex | of the Programme of Measures of the Catalan River Basin District Management Plan
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Moreover, the budget of this programme was impaired by the overall cuts in public expenditure after
2009. The main activities funded were those that had already taken place or started during the period
when the water planning was approved. Among those actions, it is worth mentioning the Information
System about Alien Species in Aquatic Ecosystems (SI-ExoAqua), together with the assessment of
species invasiveness through standardised risks assessments (Andreu et al., 2011), which currently makes
Catalonia still one of the regions with the best characterisation of aquatic invaders and risk in Europe (see
Section 4.1).

This was greatly due to the maintenance of networks of stable collaboration between the watershed
authority and diverse research centres, often formalised through memoranda of understanding. Some
examples are the agreements between ACA and CIEB (1992-2012), ACA and ICTA/UAB (2006-2010), and
ACA and CREAF (2009-2011). Mutual respect and understanding of the diverging objectives of science
and policy making were key aspects for the collaboration activities during these years.

4. Discussion about the consideration of AIS in the determination of the state of the aquatic
ecosystems. As in the Catalan River Basin District, the recognition of the AS pressure has lead to
authorities from several Member States to develop ad hoc programmes of measures. However, still in the
context of the WFD, AS are a component of a biological element as well as a biological pressure so their
incorporation in the assessment of the ecological status of the water bodies is challenging (Cardoso and
Free, 2008). An enquiry on how EU Member States deal with AS in their national status assessments
unveiled a wide range of practices (Vandekerkhove and Cardoso, 2010; Vandekerkhove et al., 2013). Most
Member States do not take AS explicitly into account in their biological quality protocols, but almost all
supported using a biopollution index to enhance a targeted management of this pressure.

The use of the term biopollution to discuss the issue of AS is relatively recent and it has been basically
applied to the aquatic environments (Boudouresque and Verlaque, 2002; Elliott, 2003). It conveys the
idea that AS disrupt the ecosystem’s health and thus impair the ecological quality of the environment
(Olenin et al., 2011, 2010). The effects of biopollution may encompass social and economic costs. The
most well-known methodologies to assess biopollution are the Integrated Biopollution Risk Index (IBPR)
(Panov et al., 2007, 2009) and Biopollution Level Index (BPL) (Olenin et al., 2007). Another related term —
also wuseful for guiding the management response to AS - is biological contamination or
biocontamination, that avoids any reference to potential impacts of the species and therefore is not
considered equivalent to biopollution. Biocontamination can be estimated through the Site-specific
Biological Contamination (SBC) index (Arbaciauskas et al., 2008).

Fig. 11
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In 2009 the watershed authority took part in the meetings in support of the WFD Ecological Status
Working Group (ECOSTAT), by inviting the author of this dissertation as a national expert for the case of
inland waters. The interim results of biocontamination and biopollution (BC&BP) indices, and their
comparison with the indicators for the assessment of biological quality (presented in Section 4.2) were
used in that discussion and afterwards reported as a personal communication in the Catalan handbook
on fish in inland waters (Ordeix et al., 2010). The results (Fig. 11) indicated that half of the assessed
water bodies in Catalonia have an unfavourable status due to the presence, relative abundance and
potential impact of alien fish.

This section has provided an overview of the aquatic bioinvasions in Catalonia. This has been done by
offering data about the information available and the management context where this information is
used. The management approach has progressively moved from the response to specific cases
(charismatic invaders) to a more integrated approach linked to policies of water ecosystem
improvement. This has happened in parallel to the growth of social awareness about the issue of
bioinvasions as a relevant socio-environmental problem. In the next sections, the specific problématiques
of two study areas in Catalonia will serve to examine the challenges of IAS management at local scales.

1.4  Downscaling the issue: from the Ebro River to the Internal Basins of Catalonia

The Ebro River drains the largest Iberian watershed, flowing over nine hundred kilometres from the NW
to the SE into the Mediterranean Sea. We focus here in the last 150 kilometres of the river. This is one of
the hotspots of bioinvasions in Catalonia, with some sections of the river hosting more than one hundred
different alien species from the different taxa (see

Fig. 3).

Field observations of the stakeholder perceptions since 2004 and the relevant media coverage over the
period of study indicate a high diversity of social perceptions about the invaders in the Ebro. Presence of
the ecologically and economically damaging zebra mussel (Dreissena polymorpha), detected in the lower
section of the river in 2001, is supposed to be the consequence of an accidental release. For decades, the
same region has been subject to deliberate releases of other aquatic invasive fish such as Wels catfish
(Silurus glanis) to be used for sports angling.

This section summarises the socio-economic dimensions of the invasions of Dreissena polymorpha and
Silurus glanis in the section of the Ebro River where D.polymorpha was initially detected. The case allows
tracing the evolution of events regarding the invasion of zebra mussel, as well as the comparison of both
bioinvasions in terms of policy responses and social attitudes towards aquatic alien species. Based on
this, the situation in another study area that is being under pressure to be colonised by the zebra mussel
in the Internal Basis of Catalonia is also described.

1.4.1 The low section of the Ebro River

This study area covers the low course of the Ebro River, along the regions of Aragon and Catalonia,
comprising three successive reservoirs (Mequinensa, Riba-roja, and Flix) with a joint capacity of 1.754
hm?) (Table 6). The reservoirs were built in the 1960s as hydroelectric power plants, dramatically
changing the livelihood of the residents of the adjacent villages. By 1985, the Ascd nuclear plants also
started their operations some kilometres downstream (Table 7).
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Table 6 Reservoirs in the Ebro study area

Reservoir Surface (ha) Capacity (hm?)
Source: ACA, 2014; MAGRAMA, 2014 Mequinenza 720 1533
Riba-Roja 2.152 210
Flix 320 11
Table 7 Power plants in the Ebro study area
Source: CNE, 2000; Foro Nuclear, 2011
Plants Ownership Power (MW) ::::torf
Asco | nuclear power plant ENDESA 1033 1983
Asco Il nuclear power plant ENDESA (85%), Iberdrola (15%) 1027 1985
Mequinenza hydroelectric power plant (4 product. units, p.u.) ENDESA (ENHER) 324.0 1964
Riba-roja hydroelectric power plant (4 p.u.) ENDESA (ENHER) 262.8 1967,1969
Flix hydroelectric power plant (4 p.u.) ENDESA (FECSA-ENDESA) 42.52 1948

Close to Ascé in Flix, highly polluted loads from the chemical factory, Erkimia, were regularly dumped
into the reservoir since the early years of the 20™ century (Grimalt et al., 2003). The ‘discovery’ of about
200,000-360,000 t of accumulated waste, became an environmental scandal of big proportions, as the
last go km of the river are polluted with organochlorinated compounds for this reason (Bosch i Suades,
2009). Bioaccumulation of mercury and other trace metals was has been proved across several taxa, with
likely detrimental effects on condition and reproductive traits of fish fauna (Benejam et al., 2010;
Carrasco et al., 2011; Cotin et al., 2012). Nowadays a large decontamination project with a budget of EUR
190 m involving European funding, and a time span of 42 months (AcuaMed, 2012), is slowly being
undertaken with the participation of several authorities.

Fig. 12 Decontamination works in the Flix reservoir

The decontamination process in Flix involves the collection, processing and disposal of 700.000 m? of toxic waste as well as the alternative
water supply for the municipalities of five comarques’. A barrier was built to prevent sediment dragging, as observed during flood

episodes. Source of picture: Google Earth (01/01/2010), Efe Verde (29/12/2010), Marc Pujols (01/2013, in www.narcisprat.eu).

The Spanish civil war was a landmark of the region’s history. Between July and November of 1938, the
region was hit by the bloody combats of ‘the battle of Ebro’ that would define the final victory of the
fascist troops in the war. This episode still remains a major reference of the collective memory (CEBE,

7 Comarca (pl. comarques) is an administrative territorial unit in Catalonia, above the municipal and below the provincial
levels. As there is not an accurate translation of this term, the original Catalan has been used in several sections of the text.
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2014) and supports the belief that the area is bound to remain as a peripheral border site, both in Aragon
and Catalonia, excluded from the dynamics of their respective administrative centres.

Fig. 13 Sketch map with uses of water in the Ebro study area
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However, the defence of cultural elements — such as a specific dialect of the Catalan language used
locally in two administrative regions — defines the idea a territory, La Franja, with common livelihood
concerns: “/ feel my worries closer to people from Mequinenza [a town in Aragon] than to people of Tortosa
[a downstream city in Catalonia] (Joan Ignaci Balazote, pers.com. 22/09/o5)". This helps to explain that
the region has been effective to mobilise social resources against unwanted developments.

Thus the intense public protests against the projects to transfer water to other Iberian river basins
contributed to paralyse the uptake of 1,050 Hm? per year foreseen in the National Hydrological Plan of
2001 (BOE, 2004, 2001b; lhan, 2009). In 2008, groups opposing massive wind farming projects in the
nearby Terra Alta comarca successfully brought their local concerns to the national debate including the
organisation of a local referendum in Horta de Sant Joan, claiming lack of opportunities for deliberation
about such development (Zografos and Martinez-Alier, 2009).

Despite the polluted water and the changes in the river morphology, the Ebro is still the habitat for
remarkable aquatic species, including the last living population of the pearl mussel (Margaritifera
auricularia) or the native freshwater blenny (Salaria fluviatilis), both listed in the Spanish Catalogue of
Endangered Species (BOE, 2011b; MAGRAMA, 2014). Natural habitats include Mediterranean bushes
and some woods of white pine (Pinus halepensis). Along the riverbank, other plant communities such as
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reedbeds and poplar forests give shelter to a remarkable number of breeding and migratory birds. For
this reason, some areas are already protected and some others are proposed as Natura 2000 sites.

Fig. 14 Sketch map with uses of water in the Ebro study area
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Fig. 15 Sketch map with uses of water in the Ebro study area
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As shown in Table 8 the region is sparsely populated, with lower densities than the Catalan and even the
Spanish average (around 93 inhab./km® in 2011 according the Spanish National Statistics Institute, INE).
Occupation rates are lower than the respective provincial figures due to the aging population. From the
point of view of the economic activities, chemical and power production plants have an influence for
biasing the occupation rates to the secondary sector. In this sense, these municipalities differ from the
neighbouring territorial context, where the importance of the agriculture is higher. There, the main
economic activities are agriculture (fruit trees in the irrigated area; olive and almond trees and vineyards
in the dry areas), pig and poultry farming. The case of La Pobla de Massaluca is an example of this rural
context.

Table 8 Population indicators, 2011

Note: 1 Growth between 2001-2011 in percentage (own calculation; 2 Population of 65 or more years old over population between o and
14 years old (own calculation). Source: INE, Population Census 2011 (www.ine.es)

Total population Population  Aging Activity rate Sectoral occupation (%)
Municipality Inhab. A(%)* densityz index * % A (%)"  Agriculture  Industry & building  Services
(Inhab/km®) (%)
Mequinenza 2425 -2,5 8,06 191 - 24,3 8,3 8,3 39,5 52,2
Fayon 370 -6,6 6,04 500 1,7 14,3 14,3 39,3 46,4
La Pobla de Massaluca 365  -15,1 8,73 207 -5,3 37,9 37,9 17,2 41,4
Riba-roja d'Ebre 1270 -31 13,28 189 -17,8 1,1 1,1 43,8 56,2
Flix 3805 -37 34,22 417 -151 2,4 2,4 39,7 57,8
Ascod 1645 1,7 22,40 338 -6,6 15,7 15,7 42,5 41,0

The importance of tourist activities in the area, mostly related to sport angling, has been growing since
late 1970s. Central and North European anglers arrive in the area attracted by the abundance of big
predator fish. In fact, there is a long list of alien fish deliberately introduced for angling purposes either as
game (such as black bass, Pike-perch) or as a bait (such as bleak). Based on the data of fish monitoring
undertaken by the Catalan Water Agency (IBICAT), ca 8o percent of estimated fish biomass in Ebro river
from the last section of the Cinca to the Ebro near Amposta, is related with alien species (see Table 7).

Tabl
aves Scientific name

Common name

Native to

Introduced fish species in

the Ebro study area

Alburnus alburnus Bleak Western, Central and Eastern Europe, UK and Scandinavia
Ameiurus melas Catfish North America
Carassius auratus Goldfish Asia ( Central Asia, China, Japan)

Source: ExoAqua, Barroso

(2002) and FishBase

(www.fishbase.org) Cyprinus carpio

Common carp

Asia

Gambusia holbrooki

Mosquito fish

America (Southern United States and Mexico)

Lepomis gibbosus

Pumpkinseed

America (United States)

Micropterus salmoides Black bass North America (United States)

Pseudorasbora parva Topmouth gudgeon Asia

Rutilus rutilus Roach Central Europe and Eastern Europe, Asia

Sander lucioperca Pike-perch Central and Eastern Europe (Rhine and Danube Rivers)

Scardinius erythrophthalmus

Common rudd

Europe and middle Asia

Silurus glanis

Wels catfish

Central and Eastern Europe (Danube River)

Three of these species (Cyprinus carpio, Micropterus salmonides and Gambusia affines, genetically close to
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Gambusia holbrooki) appear on the list of the worst 100 invaders of the Global Invasive Species Database

(www.issg.org/database). However, as explained next, the economic use of most of these fish makes the

implementation of control measures controversial.
1.4.2

Silurus glanis, in many respects, is a very good example
of the contradictory social perceptions about invasive
fish species. The release of Wels catfish in the mid 1970s
was deliberate. A German biologist and angler, Roland
Lorkowsky, declared himself as the introducer of 32
juvenile fish to the Ebro initially originating from the
Danube River in 1974. He stated that the introduction of
Wels catfish to the Ebro was justified by an imminent
‘ecological disequilibrium’ (Caza y pesca, 07/1988).

It is likely that further introductions of this species took
place during the next years in both Mequinensa and
Riba-roja reservoirs. Towards the beginning of the
1980s, the emergence of Wels catfish was regarded with
concern by local fishing associations that considered the
fish a major menace for local species’ survival in the long
run (Canasport, 1984; Correo Catalan, 24/11/1984; Ebre
Informes, 28/11/1984; Diario Espafol 10/10/1985).

The arrival of the species was surrounded by perplexity.
For instance, local residents argued the possibility that
it was a genetic mutation due to the Ascd nuclear power
plant. Another example of this confusion was the initial
reluctance of the tourists to swim in the area, for fear of
being attacked by the fish (Cambio 16, 15/08/1988). In
fact, ignorance is an important feature of this invasion
process. Initially, the Catalan Government recognized
its ignorance regarding the pathway of introduction and
behaviour of the species (BEPC, 28/01/1985) and the
existing population levels (Diario Espafol, 18/11/84).
Even scientific experts admitted the lack of knowledge
of the ecological impact of the species (Emili Garcia-
Berthou, pers. comm. 22/06/05).

Nowadays, the species can be found in the reservoirs of
Mequinensa and Riba-roja, and it has spread along the
Ebro River and its tributaries the Segre and Cinca.
Besides this area, scientific records of S.glanis indicate
the presence of the species in the Cedillo reservoir of

Arrival of Silurus glanis and Dreissena polymorpha into the Ebro

Box 2. Silurus glanis, that lovely aquatic monster

European catfish or Wels catfish (Silurus glanis) is a
fish of the family Siluridae. Considered as the
largest freshwater fish in Europe, it reaches up to
2.5 min length and more than 100 kg in weight. It
is sedentary, occurring in freshwater ecosystem
such as deep and turbid rivers or big lakes and
dams (Carol Bruguera, 2007).

It is a nocturnal predator and scavenger
(Pohlmann et al., 2001). Due to its big dimensions
and voracity it might be a risk to autochthonous
fishes and other vertebrates (amphibians, small
mammals and aquatic birds) (Carol Bruguera,
2007; Doadrio, 2002). European catfish heavily
affects the trophic structure of the ecosystems
where it is introduced and it can also affect the
water quality of reservoirs (Carol and Garcia-
Berthou, 2010). For these reasons, the species has
been often qualified as a monster by the local
press (Cambio 16, 15/08/1988; La Vanguardia,
15/05/2003).

However this fish has commercial and recreational
uses. Native to Eastern Europe (Danube, Dnieper
and Volga rivers) (Kobayakawa, 1989), it has been
introduced in different European countries for
angling purposes (Crivelli, 1995; Dogan Bora and
Gul, 2003; Elvira, 2001; Galli et al., 2003; K&prici
et al., 2006; Reading et al., 2011; Stern et al., 2006;
Syvdranta et al., 2010). It also has been identified
among the five invasive freshwater species living
in the Baltic (Flinkman and Backer, 2003). Since
1985, there are records of introductions to Algeria,
Tunisia and China from different European
countries (Kobayakawa, 1989).

Catth ofS'usglanis in the study area

Source: http://xvella.free.fr

the Tagus River (2002), in the reservoirs of Susqueda and Sau, in the Ter River (2003), in La Baells

reservoir in the Llobregat River (2006), and in the Alcantara reservoir in the Tagus River (Benejam et al.,

2007; Doadrio, 2002; Pérez-Bote and Roso, 2009).
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In the Ebro, as well as in other Iberian watersheds, stakeholders involved in to recreational activities exert
their influence to maintain and extend presence of alien fish species in spite of the regulations forbidding
new translocations. The ecological impacts of S.glanis are not yet completely understood but the
increasing abundance has occurred parallel to the decrease of the native fish species. Carol et al. (2009)
hypothesize about the shifting diet of the S.glanis, from the increasingly scarce native and introduced
fish to the relatively abundant American red crayfish (Procambarus clarkii). This is another introduced

species that outcompeted the native crayfish.

The invasion of Dreissena polymorpha in the Ebro
started more recently. While the exact date of
introduction is unknown, in 2001 an environmental
group found some specimens of this alien bivalve in the
Flix meander. A survey revealed that the colonization
was affecting an area of 40 km downriver from the Riba-

roja reservoir (Freixe and Jiménez Ruiz, 2002).

The news of the invasion did not provoke concern
except among scientific and environmentalist circles.
However, in 2002 the massive damage caused to several
infrastructures (see Section 3.3) raised public attention.
The main risk area, the large Mequinensa reservoir, was
rapidly colonized by the zebra mussel despite the
authority CHE

traffic.  The
seriousness of the invasion became public in late 2006.

response from the watershed

(www.chebro.es)  restricting  craft
Since then, a series of larvae samplings has revealed
new colonized points from the high course of the Ebro
and its main tributaries. Adult individuals were found in
the Imperial Canal of Aragon, where a population of

Margaritifera auricularia still survives.

The public alarm led to the monitoring of zebra mussels
in other Iberian basins. Both larvae and adults of the
species were detected in three reservoirs of the Jucar
basin as of 2005. Spread along the Segura River was
made public in 2006 when the Confederacion
Hidrogrdfica del Segura (www.chsegura.es) reportedly
found larvae in several points along the whole basin.
This recording was not confirmed in subsequent reports.
Fig. 16 shows the official records of D.polymorpha
provided by the different administrations in charge of

monitoring the spread of the species until 2008.

After that date, the species has been found also in other
areas. In 2009 it was detected in the Bermejales
Reservoir, connected with the Izndjar reservoir, in the
Guadalquivir River, between the Andalusian provinces of

5o

Box 3. Dreissena polymorpha, the curse of the
wandering mussel

The zebra mussel (Dreissena polymorpha) is a
bivalve mollusc belonging to the family
Dreissenidae. Small in size (less than 5 cm), it
occurs in freshwater habitats such as estuaries,
rivers, and lakes at temperatures ranging
between 12°C and 20°C but it can survive
between o and 30°C (Olenin et al., 1999).

During the last 200 years, the zebra mussel has
spread around Europe (Karatayev et al., 1997). In
the mid 1980s, the species reached North
America, where it colonized the Great Lakes and
extended through the Mississippi River down to
the Gulf of Mexico (Minchin et al., 2002).

Its extended distribution is the result of a highly
reproductive capability; - a mature female
produces one million individuals per year - the
larval transport with the water flow along with its
ability to survive out of the water for several days
(Olenin et al., 1999). The most important
pathways for its spread are craft traffic (ballast
water, hull fouling) and the creation of invasion
corridors such as canals (Carlton, 1996, Kraft et
al., 2002, Minchin and Golash, 2002).

Some birds, fish and crayfish predate D.
polymorpha. Yet the role of natural enemies in
suppressing population density is limited due to
its high reproductive potential (Molloy et al,

1997)-

Impacts are related to its capacity of filtering
planktonic organisms from the water and
attaching to solid surfaces in very high densities
(Johnson and Padilla, 1996). Pipes and other
infrastructures can be seriously damaged,
causing important economic impacts (Pimentel
et al., 2005). It is listed as one of the 100 world’s
worst invaders by the Global Invasive Species
Program (www.issg.org/database/).

A<
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Cdrdoba and Granada. Both are well-known recreational areas for angling and navigation. Although both
activities were forbidden in Bermejales soon after the detection of the species, the invasion of Iznajar was
confirmed in 2012 (Junta de Andalucia, 2012).

In 2007 the presence of larvae in very low density was reported in the Lareo reservoir in the Cantabrian
basin flowing to the Bay of Biscay. After repeating the sampling with negative results, the regional
government ruled out the invasion (El Correo digital, 13/08/07). In 2008, the detection of larvae in the
Ulivarri-Gamboa reservoir, in the Zadorra River (Ebro basin), raised fears that the invasion of the
Cantabric basins was imminent, as this is the connecting point of water transfer to the Bilbao
metropolitan area, via the Urrinaga reservoir, also in the Ebro (El Correo digital, 14/11/08). The
colonisation of the Urrdnaga reservoir was confirmed in 2011, at the same time than the invasion the
reservoir that receives a water transfer from it, the Undurraga reservoir, in the Arratia River, already in
the Cantabrian basin (CHC, 2011). The invasion of the Ulivarri- Gamboa was also confirmed in 2012, same
than the Mendikosolo reservoir in the Nervion river basin (URA, 2014).

In Catalonig, there is evidence of the spread of D. polymorpha to the IBC since the summer of 2011, where
adult individuals were found in La Baells reservoir, in the Llobregat River with population peaks in 2012.
Alsoin 2012, larvae were detected in the Gaia reservoir, in Tarragona (ACA, 2014b).
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1.4.3 Management of the species

Interviews with scientific experts and local stakeholders reveal the impracticability of the European
catfish eradication from the technical, economic and social points of view. In section 1.2.2 a failed
attempt at commercial fishing for export was explained. In the regional fishing regulations, Silurus glanis
is listed as a damaging introduced species that must be controlled in inland waters. As explained in also in
section 1.2.2, this entails the obligation to kill the catches.

This strategy relies on recreational angling as the main management practice for controlling the invasion.
However, the scheme faces divided positions among the actors in charge of its implementation. Such
views can be appreciated in several specialized fora (www.fcpeic.com, www.facebook.com/FCPEiC;
www.federpesca.com). While some anglers admit the advisability of avoiding the spread of the species to
other river basins and protect native fauna (www.facebook.com/AEMSriusambvida), practically all of
them express categorical opposition to the forced killing of the catches. Bioethical values and/or
preservation of the sportive value of the rivers are adduced for defending a ‘catch and release’ policy
rather than the systematic killing of catches. See an example in Box 4.

Box 4  Anglers’ reactions to the killing of AIS catches in the Ebro

Source: Selected posts, translated from the original Catalan or Spanish, during the period 07-08/04/2014,
as response to the post “Siluro de 2,35 my 122 kg. Video 1:01 de Felipe f.r. el 29/03/2014", in the Facebook
account of the FCPEIC (www.facebook.com/FCPEIC), with hyperlink to the original YouTube video

-—

SRSy )

Angler A. ltis shocking that the Federation uploads a video with a poor catfish hanging from a tree. This is the image
that we want to give to the world? (...) It is not surprising that many people think that we anglers are animal
mistreaters. Shameful!

Angler B. Very sad, even if you want to justify it with the excuse of a regulation. (...) For me, those who are not willing
to flout the [Fishing] Law are torturer fish-killers (...)

Angler C. [The fish] is not autochthonous and it has left us without carps, among other things ... [The situation] is
ugly, but this is an alien fish that kills our species.

Angler D. Look, Angler C. Besides the barb, which is native to this country, can you tell me another fish in reservoirs
that is not [an alien]? The carp? It is native to China. The pike-perch, the bass? What do we do? Do we kill them all?
And what do you want to fish if we do that? We all, anglers, like to get a good trophy; this is the angler’s ego. But we
need to understand that, if we kill the fish, we will not have anything. (...) | refuse! No matter what the Law says.

Angler E. lIt's one thing that the Law says that invasive species have to be killed. You can agree with it or not, but it is
the Law. What the people are complaining about here is the mistreatment and the lack of respect for the fish. If you
want to kill it, doit (...). But do not hang it from a tree and make this viral through the internet; it is a sad thing to see.
And all right, this is a catfish, but | don’t think this kind of anglers have more respect for any other native species. In
sum, to see an animal hung from a tree is distressing, whether it is a dog, a trout or a catfish.

The defence of voluntary catch-and-release angling is itself a manifestation of the contradicting views
within the angling community. In this respect, Arlinghaus (2007) also reports intrasectoral conflicts
dividing the recreational carp-angling community in Germany. The practice is motivated by animal
welfare concerns and results in low fishing mortality. At the same time it is strongly criticised for ethical
reasons (it tolerates pain and suffering of the fish) and, for some, it perpetuates a view of anglers
motivated only by catches of trophy fish and by the experience of enduring fight. In the case of the
Iberian rivers, it could be added, it contributes to maintain the stock of alien fish species. According to
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Arlinghaus, in Germany this heated debate has brought a decreased acceptance of anglers who practice
total voluntary catch-and-release, creating incentives for them to fish abroad.

It is worth reminding that, in Spain, the regional ministries of the environment regulate and sanction
angling practices in their territories. In Catalonia, the ‘accidental’ fishing of the European catfish outside
the two authorized areas in the Riba-roja reservoir is tolerated as a controlling measure. While the use of
living bait was prohibited in Catalonia, the Government of Aragon exceptionally allowed this practice in
the Riba-roja and Mequinesa reservoirs (they are forbidden in the rest of the region) based on the
importance of angling for this area’s economy. Angling societies and local business at the Catalan shore
of the Riba-roja reservoir observed this disparity with certain annoyance.

Nowadays the situation is the opposite. The Aragonese environmental authorities, actively involved in
measures for the zebra mussel prevention and control since the detection of the species (see them in
www.aragon.es) do not allow the use of living bait (only sardine deadbait is allowed). Then, in Catalonia
after 2009, the new fishing law in Catalonia introduced an exception in the use of living bait for water
bodies bordering Aragon (such as the Riba-roja reservoir) (DOGC, 2009: Art. 31). This is valid for some
angling societies Almatret, Granja d’Escarp i Riba-roja d’Ebre

Other control measures for the Wels catfish take advantage of management routines for canals and
reservoirs to kill the European catfish, together with other alien organisms, and to rescue native fish
species. That is the case of the annual emptying of the irrigation canals of the Ebro delta since 1990 (El
Punt, 25/05/2004) and the occasional emptying of reservoirs, as the Sau reservoir in northern Catalonia in
September of 2005 (El Punt, 15/10/2005). In the 2014 campaign, the technical staff in charge of this task
in the Ebro delta reported a substantial decrease of total fish biomass. While in 2005 there were about 12
t of fish catches, in 2014 the amount was 1.9 t. This is attributed to the control measures of apple snail,
which may have facilitated the escaping of the fish from the irrigation infrastructures (Millan, 2014).

Table 10 Response to S.glanis in the Ebro River

Source: Own elaboration

Stage Measure Leading organisations Participants
Prevention Informative campaigns ACA, DGMNB Angling societies, general public
Early detection No formal monitoring system -

o . Angling societies; enforcement
Legal obligation to kill the catches DGA, DGMNB ;
officers (e.g. Rural rangers)
Control —— - - -
Wels catfish killing during with Government officers (e.g. protected
: DGMNB, ACA . i
infrastructures management area managers), angling societies,

) ) No formal leading ) . .
Adaptation Use of the species for angling purpose o Local business, angling societies
organization

Inclusion of S.glanis as pressure Scientific experts, participatory
Institutional and indicator in the pressure-impact CHE, ACA processes of the WFD
scientific support assessments implementation

Research UdG, UB, IRTA Researchers, local NGO

Eradication of the zebra mussel in the Spanish reservoirs and river sections is not regarded as feasible
since the most effective control measures (chemical and thermal) are not advisable in natural systems.
For this reason, the main objective of the policy initiatives has been to prevent the introduction of such
species to new water bodies, through the intervention in the dispersal pathways (boat traffic and angling
related-practices such as fish restocking). In addition to the work developed initially by the basin
authority, CHE, the regional governments have developed their own programmes; among them the
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Aragonese Ministry of the Environment, the Catalan Ministry of the Environment lead by the Catalan
Water Agency, and Government of Cantabria. Other regional governments from the different areas
invaded by D. polymorpha have got involved in the species’ control.

Coordinated by the Spanish Committee of Biodiversity, the regional and watershed authorities have
applied their experiences to develop a joint Spanish strategy for zebra mussel control that was approved
by the Sectoral Conference on the Environment in September 2007 (CSMA, 2007; MMA, 2007). The
strategy is a planning effort that foresees common procedures and measures for regulating and
managing actions for zebra mussel prevention and control. However, no funding or other resources were
given for the implementation of this strategy. Moreover there was a long delay between the moment
when the species was initially detected and this common management initiative. In the meantime,
different stakeholders have developed different responses according to their specific interest. Table 12

shows an overview of the main implemented measures.

Table 11 Response to D.polymorpha in the Ebro River

Source: Own elaboration

Stage Measure Leading organisations Participants
Informative campaigns, workshops, travelling ~ Government of Aragon,  General public, boat holders, irrigation
exhibitions and training courses CHE, ACA societies, public surveillance
Disinfection protocols for canoes (cleaning Government of Aragon,  Associations of anglers, boat holders,
and drying) and motor boats (hot water) CHE, ACA canoeists and water-skiers
Craft traffic restrictions and inventory of .

i i . CHE, ACA Rural rangers, marinas
access points in the river banks
Prevention — —
Temporary ban of angling in affected areas, Catalan Ministry of the . .
(to entry) T . . Anglers, fish hatcheries
larvae monitoring in fish repopulations Environment
. ) Fish hatcheries managers, angling
Control of fish repopulation DMHA, ACA e
societies
Spanish Ministry of the
Disinfection and safety protocol for forest fire P . Y . ) .
. Environment, Catalan National and regional fire departments
extinguishers .
Fire Department
o Environmental NGO, rural rangers,
Earl Monitoring of larvae and adults CHE, ACA o .
arly scientific advisors
detection
Survey to irrigation societies ACA Environmental NGO, irrigation societies
Control of heating water before it enters the ] ,
. . Asco nuclear plant Asco nuclear plant managers
cooling system in a nuclear power plant
Proposal of drastically dropping the water CEPIDE. CHE Not implemented due to the opposition of
Control level and flow of the reservoirs ! angling societies and municipal councils
Chemical control in closed systems Municipalities, Irrigation societies,
(infrastructures for irrigation and municipal CHE, ACA supported by regional government
water supply) departments
Filtering systems in water transfers; sand Cantabric Hydrological )
. 7 X CHC, CHE; infrastructure managers
filters in infrastructures Confederation, ACA
Engineering solutions for protecting water ) » Municipalities, industries and irrigation
Adaptation L Agriculture authorities o
uptake systems (filtering) communities; infrastructure managers
o EINDESA, tourism .
Use of antifouling covers ) ENDESA, Boat owners, marina managers
industry
Creation of a technical advisory board CHE, ACA Regional governments, Electric company
Institutional National coordination (design of a Spanish Ministry of the Watershed authorities, regional ministries
anld o Strategy for Zebra Mussel Control) Environment of the environment
scientific
support Creation of scientific and social advisory Universities and research centres,

boards

ACA

environmental NGO
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Ministry of the
Promotion of research projects Environment, CHE,
ACA

Universities and research centres,
environmental NGO

Main control measures in closed systems used in Spain have been thermal treatment, applied in the
Central Nuclear de Ascd (Asociacion Nuclear Asco —Vandellds, 2003) and chemical treatment with
chlorine and hydrogen peroxide, in irrigation and municipal supply infrastructures.

A proposal of drastically lowering the water level of the Riba-roja reservoir to increase zebra mussel
mortality and emulating floods to eliminate larvae was not substantiated. After the discovery of the
species upriver, this proposal lost any viability. However, the hydrological behaviour of the river during
the last years has experienced a combination of considerable drops of the water level (above the 40
percent of the Mequinensa reservoir capacity in the summers of 2005-2007) and sudden river floods (in
the spring of 2006-2008 and in the fall of 2006 and 2007) (CHE, 2008). This may have favoured certain
control of the populations. Currently, the species is widespread in the lower Ebro, but at densities lower
than in 2002.

Water transfers from the colonized areas or from areas at risk entail a main concern for water managers.
The water transfer between a still unaffected Ebro reservoir at the headwaters of the basin, and the
Besaya river, in the Cantabric basins, was temporarily stopped in 2006 for precautionary reasons (El
Diario Montanes, 09/11/2006). Since 2007 a pilot filtering system paid for by the Spanish Ministry of the
Environment processes up to 17000 m*/h of water. According to its managers, the cost of the installation
of the infrastructure was around EUR 5 m (Acuanor, 2007). Similar schemes are considered for the
reservoirs in the Ter River supplying water to the urban area of Barcelona, trying to mitigate the potential
impact of the possible invasion of the internal basins of Catalonia. All these measures are taken with the
aim of slowing down the spread of the invasion, although few actors believe that it can be totally
stopped.

The Catalan Water Agency (ACA) took over the control of the zebra mussel in Catalonia from the DGMN
since 2006 (ACA, 2008b). ACA decided to integrate preliminary results of the author’s research
(Rodriguez-Labajos, 2006), within its management scheme and also in its contribution to the Spanish
Strategy for the Zebra Mussel Control. The aim was to develop prevention and mitigation measures
based on shared responsibility and active public participation. In order to prevent the spread of the
invasion to non-impaired areas, there was a focus on the dispersal pathways. Control of fish restocking,
restrictions to craft traffic and the development of a craft disinfection system, were agreed upon with
regional sports associations (anglers, boat holders, water skiers and canoeists) and local stakeholders and
a series of co-produced dissemination materials was made available in several languages (ACA, 2012).

Institutional coordination entailed management measures involving several governmental agencies at
the regional and national scale. An example of such coordination is the protocol for fish restocking,
prepared together with the Fishing service of the DGMNB, and the monitoring of the invasion based on
larvae sampling and tracking of the population’s distribution and density (ACA, 2014c), as well as
protocols for action after the early detection of the species in the IBC (ACA, 2009). A pilot scheme for
detection through genetic techniques was also tested.

It is to be noted that the response to the invasion was not accompanied by any restoration measure. As a
part of the control to the river, the Catalan Water Agency and the CHE agreed in May, 2008 to promote
the riverbank restoration to stop uncontrolled boat access. There has been little progress in this respect.
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1.4.4 Thesituation in the internal basins of Catalonia

This section focuses on an area of Catalonia where the driving forces of the D.polymorpha invasion are
also operating but, to the best information available at the completion of this thesis, has not been
colonised by this species yet. This, together with certain similarities with the original area of invasion in
the Ebro, and its strategic relevance for water management planning, has focused the analysis on the
Sau-Susqueda-El Pasteral system of reservoirs, in the Ter river basin.

The Sau-Susqueda-El Pasteral system®

The Ter River flows through several Catalan comarques (Ripollés, Osona, Selva, Gironés and Baix
Emporda) until its mouth in the Mediterranean in Estartit. It drains an area of 3,010 km?, along 208 km. La
mean annual runoff is 840 hm3, with an average discharge at mouth of 25 m3/s. The study area comprises
three reservoirs located in the central section of the river that are characterised by the elements shown in
Table 12. Due to the diverse uses of the water in the reservoirs, described below, an area of influence
downriver and even outside the river basin is also considered in the study.

Table 12 Characteristics of the reservoirs in the Ter study area

Sources: (@) ATLL; (b) ICC, 2014; (c) ACA, 2014a; (d) Junta d’AigUes. Anuari de Dades Hidrologiques. 1987-88 / 1988-89 / 1989-90. Note
on uses: H — Hydropower production; | — Irrigation; S — Urban water supply, R — Recreation, N — Motor boat navigation, C — Caanoeing, A -
Angling.

Basic data Sau Reservoir Susqueda Reservoir El Pasteral Reservoir
Year of the const. (dam) * 1948-1962 1963-1968 1962
Comarca® Osona La Selva La Selva

Les Masies de Roda, Tavérnoles, Osor. Sant Hilari Sacalm
1 !

Sourronding municipalities b Tavertet, Santa Maria de Corco Amer, La Cellera de Ter
) Susqueda
Vilanova de Sau
Uses H,1,S,R(N,C A) H,1, S, R(C, A) H,1,S, R(A)

Characteristics of the dam

Double-curved arch,

Type © Gravity, concrete concrete Gravity, concrete
Height (m) © 83 135 33

Top length (m) € 260 360 150
Characteristics of the reservoir

Capacity (hm3) © 151,3°/168,5° 233°° 2°¢
Reservoir surface (ha) 572/ 805 ¢ 466°¢,° 34,6°¢
Basin surface (Km2) © 1522 1775 23

Top water level (m) d 426 351 n.a.

The Sau Reservoir is located within the municipalities of Tavertet, les Masies de Roda, Roda de Ter,
Tavérnoles and Vilanova de Sau, in the comarca of Osona (ICC, 2014). The construction of the dam took

® Unless otherwise specified, information source in this section is the Catalan Water Agency. Particular acknowledgement
is due to the personnel of the Departments of Aquatic ecosystems monitoring and improvement, Water supply planning,
and Regulation infrastructures. With acknowledgement to talks between 2007-20011 on different technicalities in
infrastructure planning and operation with: Andreu Manzano, Carlos Barbero, Jesus Martinez, Jordi Rovira, Jordi Molist,
Laia NUfez, Monica Bardina, Sergi Morilla and Xavier Fernandez (from the Catalan Water Agency) and with Juan Carlos
Garcia and Fernando Valero (from Aigies del Ter-Llobregat). Several fieldtrips in the period 2008-2011 were carried out
together or with the assistance of some of the people mentioned. This section builds on work done in the context of the
Project ‘Development of models and technologies for the prevention and control of zebra mussel’ (072/SGTB/2007/1.1),
coordinated by Dr. Carles Ibafiez.
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place between 1949 and 1962. According to the engineer in charge of works, Josep Maria Llango, the
public hearing revealed that the worst affected by the project were ‘the industrial entrepreneurs of the low
Ter River from Sau to the sea, the farmers that for a long time had been expecting to use this water to
irrigate, and the villages that exploited wells for municipal supply and who also wanted to make use of the
river'. He also reports that the manpower for the construction of the dam were from outside the region,
generally from Andalusia. The local residents were mostly attached to agricultural activities. ‘The locals
were pagesos [farmers] and had their land’ (Llangd, 2003: 21-24). Later on Llan¢o became the head of the
water supply administration, the Junta de Aguas de Catalunya.

Fig. 17

Operative since 1962, the Sau reservoir flooded the village
of Sant Roma, including the Romanesque church of the 12"
century, whose remains are visible when the level of the
reservoir drops substantially

Source: ATLL

The area has a Mediterranean climate with Atlantic influence. The average rainfall is 750 mm, with a
decreasing trend during the last years. The stream flow regime shows discharge peaks during May and
June, due to the combination of spring storms and snow melt. The reservoir reaches its top level by the
end of June and the lowest at the end of September. Data by ACA( 2014a) indicate that the capacity of
the reservoir is 151.3 hm3, with a surface of 5.7 Km?2, comprised in a water mirror of 17 km length and 3 km
width.

The Euro-Siberian and the Mediterranean areas converge in this region, situation that has created many
microclimates and high diversity of plant and animal species. For instance, 173 out of 480 vertebrate
species present in Catalonia can be found in the reservoir and surrounding environment. In fact, the
regional General Directorate of Natural Environmental and Biodiversity reports the presence of species
with economic interest (otter, Lutra lutra) and the tail end of the reservoir limits with a Natura 2000 site
(ES5110005 Sisstema transversal Catala).

As the following pages will describe in detail, the main consumptive use of the stored waters is municipal
water supply, for the most part in the Metropolitan Area of Barcelona. There is also water supply for
agriculture and the dam is used for power production. The remarkable landscape of the area has fostered
the development of recreational activities, among them angling and navigation, currently allowed in the

reservoir.

The Susqueda reservoir is located within the municipalities of Susqueda, Sant Hilari Sacalm and Osor
(the dam is placed in the latter), all them in the comarca of La Selva (ICC, 2014). The construction of the
dam started in 1963, after local resistance. The operation of the dam, starting in 1968 flooded the village
and masies (farms) of Susqueda, the municipality that comprises most of the reservoir. The objective of
the promoting company, Hidroeléctrica de Catalunya, was power production and warranting the water
supply of the Barcelona and Girona conurbations. This is the largest reservoir among the three in the
study area, with a capacity of 233 hm?, a dam height of 135 m and a top leght of 360 m (ACA, 2014a).

57



The reservoir dimension and the fact of it being located in a sismic area made the population fear the
possible breaking of the dam, and the ensuing flooding of the towns in the Ter valley until Girona. In fact,
a novel by Miquel Faharas (1983) recreates this possibility. Several web sites (www.xtec.cat, El punt,
22/04/1983) report an episode of social alarm among the populations of the Ter valley after the radio
reading of some passages of the novel in April 1983, as the residents though that the dam had really
collapsed.

The local landscape is configured by the Guillerias massif and the Collsacabra mountain range,
dominated by oak forests, with remarkable attractive for leisure activities. Besides the water supply and
power production, the reservoir has a significant function in terms of water flow regulation.

El Pasteral reservoir is placed in the municipalities of La Cellera de Ter —a neighbourhood of which gives
name to the reservoir — and Amer, both in La Selva comarca (Institut Cartografic de Catalunya (ICC),
2014). According to data by ACA, the reservoir surface is only 35 ha, with a top capacity of 2 hm?3. Despite
its small size, its relevance for the municipal water supply in Catalonia is crucial. This is the starting point
of the aqueduct that brings water to the drinking-water treatment plant (called the ETAP del Ter),
supplier of the Barcelona conurbation. Downstream from the dam, the bypass El Pasteral Il is in its turn
the intake point for the water supply of the Girona conurbation, a smaller urban area in Catalonia.

Water uses in the Ter study area, vulnerability to and prevention of the zebra mussel invasion
a. Drinking water supply

The water in this section of the river flows through a system of three successive reservoirs that play a role
in a large-scale water stabilisation process. Therefore, the water quality in the intake points is relatively
high and the treatment requirements for human consumption are smaller than the water from other
areas of Catalonia. This is an important human-mediated ecosystem service that can be disrupted by the
possible presence of the zebra mussel. The municipal uses of water involve infrastructures such as
pumping stations, canals and water tanks. All these elements are potentially damageable by the species
in case of the colonisation of the reservoirs.

Table 13 Urban water supply systems obtaining water from the study area

Source: ATLL (www.atll.cat) and Aigies de Girona, Salti sarria de Ter (www.aiguesdegirona.cat)

Companies Aigies del Ter-Llobregat Aigles de Girona, Salt i Sarria de Ter

Intake point El Pasteral reservoir CH El Pasteral Il bypass

Supplied 58 municipalities (3.3 M inhab.) (see Annex 1); Girona, Salt and Sarria de Ter.

municipalities (of which 33 municipalities (0,73 M inhab) depend Usptream supply: Bescand, Sant Julia de Ramis,
more than 90% on this system for water supply) Vilablareix, Quart and the centre of Costa Brava

Location in the Gallery of 56 km until the ETAP del Ter (Cardedeu); Water channeled until the ETAP de Montfulla, from

hydraulic network then another gallery of 22.4 km until the Trinitat there two branches towards Salt-Sarria de Ter and
distribution station Palau

Sketch map
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The dammed waters from this zone have a central role within the Water Supply Plan of Catalonia
(PABCAT for its Catalan acronym). The Barcelona and Girona conurbations obtain upstream water supply
from this region, through the (so far) public companies Aigiies del Ter-Llobregat and Aigies de Girona, Salt
i Sarria de Ter, respectively (Table 13).

In the first case (Fig. 19), the water taken from El Pasteral reservoir is brought 56 km through a tunnel of
2.8 m width and 3.15 m height until the ETAP del Ter, located in the municipalities of Cardedeu, La Roca
and Llinars del Vallés. In this large drinking-water treatment plant (with a capacity of 8 m¥/s), the water is
treated through pre-chlorination, decantation (sedimentation), activated carbon filtering, and
chlorination (ATLL, 2004).

Flg. 18 e AT
mualcs

Outline of the water gallery from the Pasteral dam to the ETAP del Ter (Cardedeu)
and from there to the Trinitat distribution station (Barcelona)

Source: ACA | Own elaboration (with assistance of C.Cardona) based on data from ACA

Once treated, the water is brought 22.4 km to the Trinitat distribution station, in Barcelona. Since the
completion of the two-way connexion between the Fontsanta tank (supplied by the ETAP del Llobregat)
and the Trinitat distribution station (supplied by the ETAP del Ter) by the end of 2011, both systems are
fully integrated in a single water distribution network (ATLL, 2012). Thus some municipalities of the
Metropolitan Area of Barcelona receive water indistinctly from both water basins. Still, according to data
from ATLL, the ETAP del Ter supplies at least the 58 municipalities listed in the Annex |, with a total
population of 3.3 million inhabitants, which where the municipalities previously served. According to data
provided by ACA, 33 of them (i.e. 0.73 milion people) were totally dependent on the system, obtaining
less than 10 percent of their water supply from alternative sources (Laia Nufiez, pers. comm.).

It worth saying that four municipalities (Sant Pere de Vilamajor, Santa Maria de Palau Tordera, Sant
Celoni and Breda) extract water directly from the aqueduct before it is treated in the ETAP del Ter. Also
the municipality of Santa Coloma de Farners does not take water directly from the aqueduct but, during
the last years, an agreement with ATLL has allowed that water is derived from the aqueduct to the Santa
Coloma stream, so the water can be taken indirectly from wells along the stream (Jesus Martinez, pers.

comm.).

Fig. 19 Water flow through the Ter-Llobregat system

Source: ATLL

EL _ _
PASTERAL OSOR | SANTA COLOMA ARBUCIES | | GUALBA ETAP BESOS TRINITAT
426 351 T R Sbron ooy soiw | el 0 LB T Srar
| 189 147
| iﬁ [ 100
Sau
Susqueda El Pasteral WATER PIPE (TUNNEL) ~ 56 km PRESSURE PIPE (TUNNEL) _ 23km B

By facilitating the identification of major infrastructures along the pathway of the water abstracted from
the Ter for drinking supply, the outline shown in Fig. 19 helps to identity the weakest points in terms of
the vulnerability of the infrastructures in the Ter to zebra mussel invasion. They will be described in more
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detail in Chapter 3, dealing with the impacts of the species. Here some of the main impact categories are
shown in

Table 14.

Currently there is a filtering system in the intake of the Pasteral reservoir of 250 pm pore size. This is
clearly insufficient to prevent the effects of the invasion, as it is generally recognised that filters with pore
sizes larger than 40 um will not keep the larvae out of pipelines

Table 14 Vulnerable points in the water supply infrastructure to the D. polymorpha invasion

Source: Own elaboration. Pictures by B. Rodriguez-Labajos and ATLL

Vulnerable point Possible damage costs Possible control costs

Intake and pumping devices in Sau and
Susqueda inoperative or inefficient

Intake towers in the
Sau and Susqueda
reservoirs

Replacement of devises; antifouling

covers
Losses of hydropower production

Change of the filtering system
Silting and clogging of filters and intake devises Pre-chlorination treatments since the

Intake in El Pasteral
dam for water

supply intake point
Tunnel of the (Unlikely) clogging of tunnel

aqueduct from Damage of water supply intakes along the Uncertain
Pasteral tunnel

Intensification of pre-chlorination in
the arrival point to the treatment
plant

Silting and clogging of purification devises in
the water treatment plant

o &

b. Irrigation
In the area, the main irrigated lands are located downriver from the Pasteral reservoir (

Table 15). According to Agriculture department, they are fundamentally gravity fed irrigation systems
although there are some pressure irrigation systems after the Colomers dam (Manuel Esparch, pers.
comm.). This is a facility built in 1974, with the purpose of promoting irrigation in the area. However the
reservoir (whose foreseen capacity and surface were 1 hm? and 70 ha respectively) was never operative
due to the high soil permeability in the area.

Table 15 Main irrigation societies in the low Ter and Daro river basins

Source: ACA - PZBT
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Irrigation society Intake point

CR Cellera de Ter (CR de les Séquies del Moli de la Pardina i de la Riera d'Ossor)  Riu Ter

CR de Bescand (CR del Rec de Baix) Presa del riu Ter

CR d'Horta de Salt Séquia Monar

CR Cervia de Ter, Sant Jordi i Colomers Sant Julia de Ramis
C.

. CR Presa de Vifials Canal de Vinyals

Hydroelectric y

CR de Sentmenat Presa de Colomers
power

. CR del Moli de Pals (Sindicat Agricola Séquia del Moli de Pals) Resclosa i séquia del Moli de Pals

production
The study

area and the downstream section of the river contain the hydroelectrical power stations listed in Table
16. There are two basic kinds of power stations in the area, regulation and run-of-the-river (ROR) plants.
While the production of the former depends on the available power in the reservoir, the latter is not
related to large impoundments but to the diversion of the river flow. The largest plants in the study area
are logically the regulation plants. All them, together with the ROR El Pasteral Il are owned and
controlled by the Endesa Generacion. This private company is allowed to turbinate the flows released
from the reservoirs. Among the many involved interests, the primary purpose of the discharge is
warrantying the stable supply of drinking water to the urban areas of Barcelona and Girona. However,
the particular conditions of the discharge along the three regulation reservoirs are operated by Endesa
taking into account considerations of power production.

Table 16 Estimates of average annual production during the perio 1997-2006, according to the PZBT (ACA)

Source: ACA-PZBT; CNE, 2000

Type i Installed capacity Annual production
(kw) (GWhyear)
Regulation Sau (2 p.u.) 36 000 22.5
(production depends on the reservoir level and Susqueda (3p.u.) 85000 138.09
the turbinated discharge) El Pasteral | (1 p.u.) 6600 7.54
Run-of-the-river El Pasteral Il 1685 1.34
(using water flows released by El Pasteral I) Anglés (Les Fabriques) 782 0.99
Bonmati 700 1.98
Vilanna 440 0.95
Bescand 820 1.56
Grober 753 1.45
Montfulla 294 0.74
Run-of-the-river Salt-1 (Gassol) 368 0.74
(turbines using water flows of the river) Salt-2 (El Moli) 340 0.80
Casas (Aurora ) 330 0.95
Mitjans 100 0.29
Torras Hostench 334 2.65
Flaga (Moli d’en Vinyals) 330 1.05
Moli de Pals 90 0.556

In terms of the zebra mussel invasion this information is relevant for two reasons. First, it helps to clarify
the kind of damage that can be expected due to the different possibilities to manage the infrastructure in
response to detection of the invasion. Second, it helps to identify possible impacts in terms of the
productions if the utilities are affected or the water flow changes due to zebra management practices.
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The water flow scheme for the hydroelectric use is similar in both the Sau and Susqueda reservoirs. The
water is taken from a fist tower with sluice gates at three and four different depths respectively. The
suitability for human consumption of the physicochemical conditions of the water determines the level
of sluice gate that is used for the water extraction. From there the water is transferred to the tower
controlled by the electric company, which diverts the water flow to the power station. For instance, in the
case of the Susqueda reservoir (Fig. 20), the water is transferred 3 km downriver through a pipe crossing
the mountain. Thus, the vulnerable points along this process had to do with the devices in contact with
the water along this way (grills, pumps, pipes and valves).

Fig. 20 Pathway of the water diverted for power production in the Susqueda reservoir

Source: Own elaboration. Images by Wolrdatlaspedia and ICC.
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d. Recreational activities: navigation

As explained above, recreational activities are a main driving force of zebra mussel dispersal.
Recreational actors are in direct contact with the environment and contribute to the transport of this and
other aquatic alien species.

The Catalan Water Agency is the authority in charge of ruling navigation activities in the study area. In
this respect, the following regulations and guidelines were relevant for this context.
o Technical studies for the planning of the recreational use of the reservoirs (ACA, 2005, 2004).

« Regulation in force relative to the classification of reservoirs regarding navigation (DOGC, 2012);

o Technical guidelines in the declaration of responsibility for navigation in the Internal Basins of
Catalonia (ACA, 2014d, 2009b);

 Draft regulation for the canoeing in the IBC (ACA, 2007).

It is worth saying that, as a result of the research process reported in this dissertation, the two last
documents included information on preventive measures regarding the zebra mussel invasion. In
particular, the preparation of the technical guidelines involved the interaction with different societies of
aquatic recreation, a process that is considered a part of the participatory research activities in this thesis.

In synthesis, the current situation of the navigation activities in the study area is represented in
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Fig. 21.Inthe area, only the Sau reservoir is considered suitable for motor boat navigation (but confined
in its area). Due to the role of the reservoirs as source of drinking water supply, motor boat navigation in
the other reservoirs is restricted to the strictly necessary to undertake water quality monitoring
procedures. Canoeing is possible in the Sau reservoir and (seasonally) in the river section between the
Sau dam and the tail end of the Pasteral reservoir.

Fig. 21 Navigation in the reservoirs of the Ter study area

Note: Green: itinerant navigation allowed, with cleaning procedures; Orange: navigation confined within the water body; Red: navigation
not allowed. Source: own elaboration (based on regulation in force and technical studies mentioned in this section)

Canoeing provided that a cleaning
procedure is implemented

Pasteral R.

Confined motor boat navigation (Seasonal)
Canoeing

. provided that
Talks between ACA- local marina for the a cleaning .
. . [, . —— . Not suitable for
operation of cleaning facilities Not suitable for navigation procedure is

implemented navigation

e. Recreational activities: angling

The study area comprises two angling zones shown in Fig. 22. The first zone is a controlled-fishing zone,
that is, anglers fishing in this area must get a specific permit besides obtaining the annual licence. The
figures of attendance provided by the DGMN, based on data from 2010, indicate a permanent flow of
anglers coming to this area attracted by cyprinids. The largest number arrives during the period from
May to September due to the celebration of angling contests. Downriver from this area there is a free-
fishing zone, which any angler with an annual license can access. This makes it difficult to assess the
fishing pressure in this area. The only available data is a lower number of angling contests in relation to

the zone upriver.

None of these areas is a catch-and-release zone. However, there is interest from the Catalan Angling
Federation to transform the free-fishing zone in a so-called ‘angling landscape’. This is a provision that
would allow the co-management of certain zones with the aim of consolidating sports angling. In
practice, this would mean that certain alien species of particular interest for this activity (e.g. Esox lucius,
Micropterus salmoides, Oncorhynchus mykiss or Salvelinus fontinalis) would be excepted from the
obligation of killing, as now it is required by the regulation in force.

Fig. 22 Angling in the Ter study area

Source: own elaboration (data by DGMN, 2010 (Joel Capdevila, com.pers.))
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Susqueda R.

ZPC ciprinidos de Santa Maria de Corcé
(code TE-046-TRE)

Managed by the Societat de Pesca Esportiva Pasteral R.

Sta Maria de Corcé-l'Esquirol

335 daily permits,
350 annual permits (ca 7000 visits)
Request of 67 angling contest (ca 3000 participants) Request of 24 angling contest (ca 600 participants)

As explained in Section 1.2.2, in Catalonia, authorised fish restocking in both controlled and intensive
fishing zones are planned annually by the environmental authorities. During the last years there has not
been restocking in the study area. However the fish fauna in the reservoirs includes a number of alien
species (Table 17), throwing evidence of illegal fish translocation in the past. Already a decade ago, in the
Sau and Susqueda reservoirs alien species dominated both in species richness (100 percent y 87,54
percent respectively), and in biomass abundance (Armengol and Navarro, 2003). There is not data
availability on the situation of the Pasteral reservoir, although several alien species have been detected

(information kindly provided by

M. Real (URS) in 2009 Rutilus rutilus “"4‘,'(
W

Silurus glanis

also there.
Table 17 Species Sau reservoir Susqueda reservoir  El Pasteral reservoir
Alien fish species in the Alburnus alburnus = i,

reservoirs of the study area - _

S A Land N Barbus graellsii P~ =y
ource: Armengol and Navarro

(2003), complemented by Enric Cyprinus carpio #h:‘ ﬂ m
Aparicio (Pers. Com.), based on Lepomis gibbosus 1*.:

interviews with local anglers =

Micropterus salmoides * #

1.4.5 Summary of the case-studies: a tale of two dams

The situation in the two study areas that has been presented, the lower Ebro and the Ter, clearly differs
from the environmental and administrative points of view. However, both share key commonalities —
outlined here — that configure the management context. The rivers in both areas suffer intense
hydromorphological alterations imposed by the construction of relatively big dams. Both dam systems
(Mequinensa-Riba-roja-Flix and Sau-Susqueda-El Pasteral) are strategic for the provision of services
(respectively, energy supply and water supply) for the benefit of users mostly outside the study areas.

In both cases, the construction of these dams enabled a new economic profile for the local residents
based on water-recreation businesses, while the traditional ones were suppressed. In principle this seems
more marked in the Ebro (with an international projection) than in the Ter (where the reported revenue
for these businesses is small). Despite this, key recreational user lobbies in Catalonia, both related with
angling and with navigation, manifest a persistent interest in maintaining and expanding these uses in
the Ter.
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At the same time, the hydromorphological alterations imposed by the dams changed the river
ecosystems, creating better conditions for fish species different than the ones present in Mediterranean
rivers. European catfish was one of these new species that can be found now in both areas. The
consideration of this species as an alien is the same in both regions, but in the Ebro, Silurus glanis is not
only seen as an economic asset for recreational exploitation but it is also legally recognised as such, since
its catch is tolerated and even restocking is allowed in certain areas under certain conditions. This does
not happen in the Ter, where this fish — clearly introduced there because of angling practices — is
nonetheless known as an alien species that must be controlled, the ‘*how’ still remaining as an open
question.

In both regions, the drivers of introduction of the damaging Dreissena polymorpha operate, although the
invasion does not seem to have taken place in the Ter River yet. Given the detection of larvae and adults
in other water bodies of the IBC, this invasion may be imminent. The detailed examination of the factors
driving such process is studied in the following chapter.

Observing the problematique from a level closer to the local context provides insights different from
those at the Catalan scale, let alone the Spanish or the European scales. At the regional level there is a
more straightforward view of the invasion processes as unwanted events. This view is influenced by
bioinvasion science and the management mechanisms come given by regulation and planning of control
measures. Over time, this position has found a better resonance in the public at large, which is becoming
increasingly aware of the presence of alien species as a problem for biodiversity and for water quality. Al
the local levels, however, it is possible to notice divergent views about IAS that range from alarm about
the damages caused to indifference, or event to fervent defence of some species with positive economic
effectin local economies.
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2 Multi-level driving forces of biological invasions

Given the emphasis put on preventive policies (CBD, 2002), a better understanding of processes driving
bioinvasions is a requirement for policy formulation. To this end this chapter attempts to provide greater
insight into driving forces and pressures on biological invasions expanding on the multi-level character of
such processes. The discussion emphasizes how preventive policies and actions (responses) against
bioinvasions can be underpinned through the involvement of relevant stakeholders linked to major
driving forces and through the use of pertinent indicators at different governance levels.

2.1 Examining generic driving forces of biological invasions’

The idea of a multi-level character of factors influencing bioinvasion processes can be associated with the
dimensions and levels of reflexive governance proposed by Vol and Bornemann (2011) who distinguish
three levels of interaction to construct governance designs: micro (focal processes), meso
(comprehensive policy programmes) and macro (fundamental values and forms of political organisation).
This idea was expanded according to a scheme of interacting driving forces (Fig. 23) adapted from

Spangenberg (2007).
. BIOLOGICAL DOMAIN
Fig. 23 Biological patterns Species loss
A scheme for organising driving forces
of biological invasions Anthropogenic pressures Fragmentation, eutrophication
Source: Adapted
from Spangenberg (2007). Primary driving forces Anthropic activities like road-building,
Management level settlement building, or intensive agriculture
Secondary driving forces Trade, Transport, Regional planning, Agriculture policy
Policy level
Tertiary driving forces Ideology, paradigms, lifestyle and livelihood,
Ideology and lifestyle consumption patterns
Base driving forces ‘Short - term exogenous’ human patterns,

like population growth.
SOCIO-ECONOMIC DRIVERS

Herein the definition of each level of driving force responds to the need for distinguishing different areas
of intervention around two criteria: a) the direct translation of the driving force into a pressure on
biodiversity and b) its influence on long-term societal behaviours. Thus, some economic activities directly
become pressures on the biological domain. They can be called ‘primary driving forces’ and correspond
to the level of management. Being more flexible in the short term, they receive a permanent influence of
structural aspects of the social organization, like the policy level (‘secondary driving forces’). In the long
term, the most relevant influence comes from the level of ideology and lifestyle (‘tertiary driving forces’).
Finally, the level of ‘base driving forces’ includes structural aspects, trends influenced by social decisions
only in the long term (e.g. demographic patters). This scheme should not be interpreted as a hierarchy of
levels but as a set of interacting domains connected through a variety of interfaces that can be useful in
terms of policy making. In this respect, it is close to the ‘four spheres’ framework described by Maxim et
al. (2009). The scheme can also serve to undertake a systematic scrutiny of driving forces.

Environmental history provides examples of adverse effects of the biotic exchange between continents
because of the European conquests. In this respect Crosby (1972) and Melville (1997) report the dramatic

° This section develops and partially reproduces the argumentation and the tables by Rodriguez-Labajos et al. (2009).
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consequences of the European species’ arrival in the Americas. The classic work of Charles S. Elton

(1958), The ecology of invasions by animals and plants, opened the field of research on biological

invasions. Since then, many ecology or biogeography studies have analysed factors of successful

invasions, taking into account either the ecological traits of the species, the characteristics of hosting

ecosystems, or both. Ecological differences between plant invaders and native species (Pysek et al.,

2004), behavioural flexibility (Sol et al., 2002) or the strength of association with the species assemblage

that characterizes a particular region (Worner and Gevrey, 2006), are among these ecological factors. In

fact, a review of quantitative studies recognized up to 23 characteristics that predispose a species to

become an invader (Kolar and Lodge, 2001). This is relevant in terms of risk analysis, as some species

traits can be used to assess potential invasiveness, as it will be shown in Section 4.1.

Table 18 Selected studies analysing causes of biological invasions

Type of study mﬁ:’gjﬁ Study Code Taxonomic group Scale
(Case, 1996) 1 Vertebrates (birds) International (islands)
(Cassey et al., 2004) 2 Vertebrates (birds) International
(Dalmazzone, 2000) 3 Plants Internationall
(Dehnen-Schmutz, 2004) 4 Plants National (site based)
(Gido et al., 2004) 5 Vertebrates (fish) Regional (site based)
(Levine and D'Antonio, 2003) 6 Plants, insects and molluscs National
(Lonsdale, 1999) 7 Plants International (site based)
Regression (McKinney, 2002) 8 Plants and vertebrates (fish) National (site based)
A analysis (McKinney, 2006) 9 Verte.brates (birds, mammals, International
Static analyses herptiles)
(Pauchard and Alaback, 2004) 10 Plants Regional (site based)
(Pysek et al., 2002) 11 Plants National
(Sol et al., 2002) 12 Vertebrates (birds) International
(Taylor and Irwin, 2004) 13 Plants Regional
(Vila and Pujadas, 2001) 14  Plants International
(Westphal et al., 2008) 15  Several International
GIS & carrelation (Dark, 2004) 16  Plants Reg?onal
analysis (Lyndgren etal., 2004) 17 Plants Reg!onal
(Pino et al., 2005) 18  Plants Regional
(Delisle et al., 2003) 19 Plants Regional
(Gilbert et al., 2004) 20  Arthropods (insects) National
(Herborg et al., 2003) 21 Arthropods (crustacean) International
. (Johnson and Padilla, 1996) 22 Molluscs National; International
Dynamics of -
spatial patterns (KraAf't etal., 2002) 23 Molluscs Natlona!
(mapping) (Meinesz et al., 2001) 24  Plants (algae) International
(Py3ek and Prach, 1995) 25  Plants National
(Sharov, 2004) 26  Arthropods (insects) National
(Thresher et al., 2003) 27  Arthropods (crustacean) National
(Weber, 1998) 28  Plants International
(Campbell and Kriesch, 2003) 29  Several National
Experts -
assessment (Chapman et al., 2001) 30  Several Nat!onal
(workshop mode) (Us OTA, 1993) 31 Several Natlona! .
(Wittenberg and Cock, 2001) 32 Several International (small island focus)
(Bax et al., 2003) 33  Aquatic species International
(Carlton, 1996) 34  Aquatic species Regional; National
Process- (Carlton, 2003) 35  Aquatic species International
oriented (Galil, 2000) 36 Aquatic species International
studies (Grigorovich et al., 2003) 37  Aquatic invertebrates Regional
(Eritja et al., 2005) 38 Insects International
(Holmgren, 2002) 39 Plants National
(Hulme et al., 2008) 40  Several International
(Karatayev et al., 2003) 41 Molluscs Regional
. Narljatives of (Karatayev et al., 2007) 42 Molluscs International
|n\_/a5|on tl_'ends (Kraus and Campbell, 2002) 43 Vertebrates (amphibian) Regional
(with or without . -
statistics) (Kowarik, 2003) 44 PIantsI _ Natl.onal
(Maclsaac et al., 2001) 45  Aquatic species Regional
(Mihulka and Pysek, 2001) 46  Plants International
(Minchin and Gollasch, 2002) 47  Aquatic species International
(Pienimaki and Leppéakoski, 2004) 48  Aquatic invertebrates Regional
(Panov et al., 2007) 49  Aquatic species International
(Py3ek and Prach, 2003) 50  Plants National
(Ruiz et al., 2000) 51 Aquatic species (invert. & algae) National
(Sytsma et al., 2004) 52 Aquatic species Regional
(Whinam et al., 2005) 53  Plants Regional
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Anthropogenic mechanisms underlying the invasion are mentioned only in some of these studies. Heger
and Trepl (2003) emphasize that technical and economic developments, cultural preferences and
fashions are causes of invasion success that cannot be analysed by the methods of natural sciences. This,
together with the lack of data (Kowarik, 2003), perhaps explains the scarce research on the socio-
economic origins of biological invasions.

Trying to fill this gap, this section discloses socio-economic factors driving biological invasions based on a
cross-taxa screening and selection of studies that considered elements of human agency to analyze
invasion success. The review is based in ex-post assessments and not results based on prediction models,
and deal with different geographical scales. As result of the search 53 studies were identified and
classified (Table 18).

The set of reviewed documents included 18 studies considered as static analyses and 35 studies exploring
the processes underlying the invasion. The former researched those variables correlated with different
indicators of IS richness or abundance, while the later analysed the course of the invasion by means of
mapping, qualitative assessment or narratives of the invasion process. Regarding the scale, 20 studies
are international, 16 national, 14 regional and 2 studies are multi-scale. Some refer to the kingdom
Plantae (20 studies). The kingdom Animalia is represented by 16 studies related to vertebrates (6),
arthropods (6) and molluscs (4). Most of the studies for this later phylum are focused on the same
species. The remaining studies focus on other aquatic species — either invertebrates (2) or not specified
(8) — or general or aggregated analyses (7).

In the next page, Table 19 classifies the findings of these studies in relation to driving forces of
bioinvasions indicating their effect on the invasion process (promoting introduction [l], release [R] or
establishment [E]), as well as the taxonomic group most affected by the driver.

This way of displaying information presents biological invasions as multi-causal phenomena in which
drivers operate at different levels and at different spatial scales. Table 19 shows that the connections
between ecological and socio-economic dimensions are considered as anthropogenic pressures (like
creation of invasion corridors) and also as management practices that favour biological invasions. Less
often, analyses deal with the role that policies and base driving forces play.

The focal point of the studies related to the drivers in the ground is a certain taxonomic group, or a
certain species within. Factors related to the introduction of the species are more studied than those
linked to the release and establishment. Most studies emphasize either the invasiveness of the species or
the invasibility of the ecosystems (Kolar and Lodge, 2001; Pysek et al., 2004; Williamson, 1999) and not
their relation. Or, rather, they deal with management practices and primary driving forces and not with
the socio-economic system that fosters the invasion process, although “it is not species but socio-
biological networks that are invasive” (Robbins, 2004; see also Bright, 1999). In other words, although
invasiveness and invasibility refer to biological attributes of the species or the ecosystems and studying
them explain us how the invasions take place, the set of socio-economic driving forces are the ultimate
reason why bioinvasions occur.
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Table 19 Socio-economic driving forces and pressures of biological invasions

Note: * Effect: I: Introduction; R: Release; E: Establishment; **Taxonomic group: IV: Invertebrates; P:Plants; F: Fish; Pg: Pathogens, V:

Vertebrates; In: Insects; B: Birds; S: Seeds; AS: Aquatic Species; A: Amphibians; M: Mammals; SNS: Several not specified

Effect * Tax.
Code of the reference Factor ﬁ Gro?.lp x
Q 34 Changes in donor regions or emergence of new ones + AS
> R . P, In, AS
a 325,810, 12, 28, 30, 34, 36, Arrival of propagules and accumulation of propagule banks + P
g 43 49, 50, 51, 53 F,AB
o 17, 29, 30, 31, 39, 46, 50 Landscape fragmentation + P
c
(T 3,38, 37, 30, 33, 34 39, 42, 4y Changes in disturbance regimes, like changes in fire regimes or pollution + P,AS,B
3 46, 49, 50, 52 g , AS,
3 22, 23, 26, 30, 34, 47, 48, 51 Changes in the availability of factors that limit invasions + P,ASF
<
E 1‘;' 22,23,29,34,36,37, 41, 45, Creation of invasion corridors (aquatic, terrestrial) + + P,ASF
49, 49, 51
Containerized / packed shipping of freight (e.g. Styrofoam
20,31, 32, 34, 47, 53 conlers Ie pping ght(e.g. Sty + + + PIV,ASF
21, 22, 31, 32, 35, 36, 37, 49, 44, . . . - Pg, In, P
¢ O 37 3% 300 30 3 AT A Switch from ballast soil to ballast water in 18005
45, 48, 52 + AS
Changes in transportation modes (air, water, terrestrial) and Pg, AS, In
20,29, 32, 332’ 34: 35,36, 37, 40, Transport practices related pathways: wheels, cargo, cabins, ballast water, hull + 4+ P iV V’ !
e 471 49 5 fouling, structures, dredge material, all kind of vehicles p
22 223’ 333437, 38, 42, 48, 49, Increased size and speed of the commercial shipping - AS, IV, In
54,5
21, 34, 36, 37, 45, 49 Changes in the available ports and shipping routes + P, AS
32,33, 38, 40 Generation of debris ¥ In, P, AS
31,38 Importation of used tires + In
29,32, 38, 43 Increased plant trade (nursery trade, cut flower trade) + P, IV, A
L i - i Pg, P, IV,
- 2, 24, 29, 32, 36, 37, 40, 47, 51, Trade activities Importatl(_)n ofno_n food animals (for aqua.culture, .+ g, P, IV,
v 52 pet/aquarium, bait, research) and food animals AS, B,V
@
- 32, 44 Importation of raw materials as wood or timber + 0+ Pg,P,S
g 32 Aid trade + \%
[ 22, 24, 31, 32, 33, 38, 41, 42, 45 o - . In, M, B,
5 ¢S 3T 3% 33 3% A A5 o Increased rate of transit via recreational boats and airplanes Y
47
c
3 - -
= Travel and tourism Increased number of air passengers and transportation of o
29, 31,32, 53 luggage, plants and animals for leisure, and travel + o+ o+
consumables
7,11, 14, 50, 53 Increased number of visitors to protected areas + P
. . ) Pg, P, IV,
23,32, 39, 40, 44, 50 Introduction of new species for agriculture and forestry AR VY
w 1
.
9; 25,17 Abandonment of field land + P
& 31 Integration of forestry & agricultural enterprise + P
©
2 31 Changing agricultural Improvements in threshing and harvesting machinery - S, P
g 3 practices Dev_el_opment of_new plant species to replace shrinking ) v
S ! traditional supplies of wood
g 30, 44, 50 Forestation (commercial forestry, agroforestry, social forestry) + P
E Horticulture and ornamental plants / contamination of . . Pa. P IV A
Z 19, 20, 25, 30, 32, 40, 43, 44, 52 nurseries, germoplasm banks g, P, IV,
w
§ 32, 44 Use of non-indigenous plants for soil improvements + o+ P
o Pg, IV, AS,
2 21,27, 30, 3% 32, 33, 35, 36, 37, Aquaculture activities, angling and watershed management + o+ 9 Ve A
£ 40, 47, 48, 49, 5% 52 v
-2 30, 40 E ¢ Appeal of acclimatization societies and fauna improvement + Pg, P, IV, V
< - - T
> 21, 30, 32, 39 aunamanagemen Introductions for food or hunting purposes (specially in islands) + o+ Pg, P,V
g 30, 31 Domestication of “microlivestock” + Pg
o 25, 30, 39, 44 Plants cultivation for forage or beekeeping + o+ P
10,26, 17, 18, 19, 29, 30, 3%, 32, Expanding network infrastructures such as road and railways + P
44 46, 50
8 16 Expanding human- Expanding hydraulic infrastructures such as inter-basin
22’ 3 27’31’132’21 1 3537, 4 made infrastructure transfers, dams, canals and “constructed wetlands” for + + + P,/IV,AS
42 4h 47, 54 5 wastewater treatment
1,12, 17, 18, 20, 44, 46, 48, 50 Urbanization and (sub)urban development + P,B,AS
Side effects of environmental remediation using bacteria,
3 + o+ Pg
algae
- P, IV, A,
31, 32, 40, 43, 51, 52 Further development of biological control +
Option for invasive AS, V
24, 26,31 species control Improvements in pest eradication methods - P, IV,AS
Upgraded ballast water exchange systems, and anti-fouling
31, 34 h - AS
paints
31 Improvements in detection equipment at ports of entry - Pg, S
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Table 19 (cont) Socio-economic driving forces and pressures of biological invasions

Note: * Effect: I: Introduction; R: Release; E: Establishment; **Taxonomic group: IV: Invertebrates; P:Plants; F: Fish; Pg: Pathogens, V:
Vertebrates; In: Insects; B: Birds; S: Seeds; AS: Aquatic Species; A: Amphibians; M: Mammals; SNS: Several not specified

Tax.
Code of the reference Factor Effect * a
Group**
8 Increased cross-border movement ( material, refugees) due to
@ n ", ) + SNS
S Political regional wars
& transformation Genetic exchanges between previously isolated regions due to
» 31, 34, 42 - : - + S, AS
a political boundary changes or changes in the political systems
Y3 . Expanding volume and network of international links, including
= o 0
'-g‘ § 3034 42 Trade policy international trade and travel * NS, AS
Bl 30,3234 Changes in regulatory Promotion of multilateral treaties and laws + AS
S =
8 31,38, 47 frameworks Free trade agreements + In, AS
. . h i icultural, horticultural f i
s n Agricultural policy C anges in agricu tural, horticultural and forestry enterprise (& . SNS
T practices)
S . . Slow international progress in response to IS + o+ AS
@ 3 Environmental policy - - prog - P -
%) 43, 50 Lacks in regulation of major recognized pathways + P, A
P, In, SNS
6,15, 30, 31,38 Globalisation of economies and trade + Ni ! !
30 Globalisation of the forestry / agro-forestry enterprise + + + In
Global developments — -
30, 31, 35, 42 New patterns of immigration and tourism + AS
31, 32, 40 Wars and military movements + SNS, AS, V
31 Economic interest in few profitable species + SNS
% 3,13, 14, 30 Domestic economic Increasing production and development indexes + + + P
§ 3, 14, 15, 30 trends Increasing level of imports + P, SNS
:: 2,31, 47, 30 Increased interest in exotic pets + o+ AS, B
_g‘ 30,31 . . Increased interest in smaller pets in urban areas + F, B
S Emerging social Continved interesti al plants and animal N P A
. ontinued interest in new ornamental plants and animals
] 30, 3%, 43 interests and concerns P L
g 30,31 Broadened interest in ornamental uses of indigenous plants - - - P
g 30,31 Increased concerns regarding risks of chemical pesticide use + SNS
= 7,11, 31 h Increased interest in protecting endangered species - P, AS
< Changing perspectives - - " - -
= 0 . 9 Changing perspectives regarding alien species - SNS
'_g 3 in environmental | 9 ip P — 9 P 9 : p'ldl'f P
= 31,32 protection ncreased interest in planting forage for wildlife + o+
i) 43,52 Bioethical conflicts + AAS
£ - — -
2 29, 40 !ncreased n_eed_ for |nform§t|on. increase demand of mail, . SNS, P, AS
internet, shipping companies
Growth and maturation of invasion ecology into a robust SNS
o j - -
3 Knowledge / science
40 information Ignorant possession + Pg, P, IV, V
31,33 Progress in genetic engineering + o+ AS, F
Improved communication methods (internet, global SNS. P
30, 40 databases) and shared resources !
. . . P,F, BV,
8 1, 4,9, 23,5 8,11, 16, 20, 30, Human population dynamics (size and length of occupation) + In AS A
3
g,, 42,46, 50 MI T
x .
] 18,30, 48, 49, 53 Global climate change + P, AS

The recognition of a multi-level array of driving forces also evidences that isolated intervention at a
certain level may not be sufficient to tackle the problem efficiently. Interventions in the last link of the
chain (e.g. aquaculture business, use of pest control methods, etc.) make sense to respond to specific
cases. However, if fundamental policies or lifestyle trends remain unchanged, the re-emergence of the
initial invasion process is likely. For instance, despite the existing knowledge about the invasiveness of
alien aquatic plants, actions to tackle international trade of invasive plants are vain efforts while there is
an increasing social interest in ornamental exotic species for aquarium or gardening.

From the findings of the literature gathered in Table 19, analysis of pathways can be synthesized in
sectoral economic trends whose evolution is crucial to understand new invasion processes. The different
studies cited demonstrated that increase of transport due to trade and travel, new globalized patterns
of consumption and the transformation of hosting ecosystems emerge as main drivers of biological
invasions. The kind of pressure is different between sectors. While trade and transport increase the
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movement of the species, some other activities enhance their establishment by transforming the
ecosystems, especially the construction of transport networks or hydraulic infrastructures such as dams.

International trade and related policies are major driving forces. Ensuing measures for national
protection against adverse effects of IS include the Agreement on the Applications of Sanitary and
Phytosanitary Measures (the SPS Agreement), signed in 1994 during the negotiations of the World Trade
Organization (FAO, 2000). It allows members to restrict international trade to protect human, animal or
plant life health from pests and diseases, as long as the restriction is necessary and scientifically justified.
Since SPS is a trade agreement, it encourages methods that have the smallest effect on trade (Andow,
2003). Taking into account the increasing flow of material trade the presumption of safety should be
employed with caution. For instance, the EU imports per capita per year from three to four tonnes of
materials. Imports exceed exports by oo to 1000 m tonnes per year (Schitz et al., 2004). As a
consequence, EU is specially exposed to the introduction of IS, not only due to the introduction of bulk
materials but also because of the high level of traffic associated to their transport.

Additionally, people’s transportation involves the transport of species. Routes of travellers and transport
of passengers are also ‘road map’ atlases for IS. Travel is also related to infrastructure development, like
in the case of the waterways that result in aquatic corridors. This not only makes possible the movement
of the species but also disturbs the ecosystems, promoting the establishment of the invaders. Several
aspects of environmental degradation facilitate the establishment of IS, like the transformation of
coastlines, suburban development (Hulme, 2006) or other changes in land use.

One key primary driving force is the management of flora and fauna such as forestry, agriculture,
horticulture and gardening, aquaculture, angling, the pet and aquarium industry and the leather industry
(see particularly Chapman et al., 2001). These economic activities contribute either to spread the species
or to modify the ecosystems. Many of them have other effects, since they appropriate a part of the
primary productivity (Haberl et al., 2004) and introduce biological ‘pollutants’ as GMO (Binimelis et al.,
20093; Wolfenbarger, 2000).

In the end, driving forces associated with invasion processes cannot be separated from underlying
socioeconomic development trajectories. For instance Binimelis et al. (2009b) conclude that the
emergence and spread of glyphosate-resistant johnsongrass in Argentina as a foreseeable ‘side effect’ of
the rural development model related to the institutional setting, the new agrarian organization of space,
and export driven economic growth. They show that responses towards the invasion have been delayed
because of reluctance to accept the uncertain outcomes of a new technology. Thus, often management
depends on individual strategies that transfer risks to society and the environment.

Then, the way social and technical uncertainty (as discussed by Rauschmayer, 2003) is tackled has
implications concerning the type of responses adopted and the type and degree of attention received.
For instance, as shown in Chapter 3, not all the effects of alien species are perceived as negative from a
utilitarian point of view. By the same token, some damaging species have been more researched than
others and this is reflected in the state of knowledge about driving forces as well. Driving forces
associated with the less-studied species will not be well known.

In any case, as discussed by Binimelis et al. (2007) perception about IS is heterogeneous, context-
dependent and dynamic. Therefore, looking into the interactions at the various levels of DF will require
broadening the system of analysis and the incorporation of a reflection on uncertainty and ignorance.
The logical next step is then to analyse this in depth. In the case of the species considered as case-studies
in this dissertation this was done based on participatory methods.
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2.2 Driving forces of the invasions in local and regional contexts

In concrete cases studies, knowledge on local driving forces is crucial for the identification of factors that
can be managed along the different stages of an invasion process. In this respect, at least two different
stages should be distinguished:

« Apre-invasion context (consistent with an ex ante evaluation) prevails when the driving forces for the
invasion are already operating, but the introduction has not taken place yet. This is the moment
when precautionary policies emphasize the need of prevention. The more intense operation of the
drivers, the higher potential of introduction, and the bigger risk of invasion. Both Silurus glanis and
Dreissena polymorpha are at the pre-invasion stage in some regions of Spain. The analysed case
study in the Ter River, is a pre-invasion context for D.polymorpha.

o A post-invasion context (consistent with an ex post evaluation) appears when the invasion process
already started, as in the Ebro River for the two species mentioned above. A precautionary policy
should rely here on abating the progression of the species (mitigation) or reducing its impacts
(adaptation). Although early response is advisable, in many cases late reaction is the common
response, even when there are irreversible effects involved.

Although in this chapter this distinction will be used for simplicity, as it will be argued in Chapter 4, there
might be a need for fine-grained typology of stages in terms of management. This chapter compiles
information about driving forces in a post-invasion context (the Ebro River) to understand how the
invasion of D.polymorpha may percolate to other regions that are currently in a pre-invasion context. A
discussion will follow on the use of knowledge about driving forces in policy making.

2.2.1  Driving forces of bioinvasions in the Ebro: an invasional meltdown, unveiled
Methods

The driving forces of the invasions were analysed through participatory methods (in-depth interviews,
focus groups and participatory observation) (Binimelis et al., 2007b; B Rodriguez-Labajos et al., 2009b).
Among them a workshop reported by Rodriguez-Labajos (2006) particularly contributed to the
systematic data gathering and classification in the post-invasion context of the Ebro River. Unless
specified otherwise, the source of information in this section is that workshop. As the final purpose of the
activity was scenario development, the details on participants’ selection and organisation of the
workshop is described in detail in the corresponding chapter (Section 4.3.1).

Results

When stakeholders in the Ebro were requested ‘what are the factors influencing establishment, perception
of the impacts and the kind of response to the invasions of the zebra mussel and European catfish in the Ebro
river? they offered, through a brainstorming, the list of factors in Table 20 and Table 21.

According to the participants, common drivers of both invasions involve the severe modification of the
water bodies due to the creation of dams enhancing invasibility, and the growth of recreational activities.
Introduction of both species is related to previous human-induced alterations in the river ecology. The
construction of dams for electricity strongly affected hydro-morphological characteristics of the low Ebro
River since the 1960s. For the case of Wels catfish, the species was introduced after other angling-related
alien fish released in the new reservoirs in order to promote sports angling, a growing activity due to
increasing income and tourism. International anglers, attracted by these fish, pondered the feasibility of
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importing Wels catfish into the region and justified it, by the excess of other alien predators lacking a
controlling species.

Table 20 Factors influencing the invasion (introduction, impacts, response) of Dreissena polymorpha in the Ebro River
Source: own elaboration
Economic

Water use for
energy production
(hydroelectric /
nuclear)

Recreational uses
of the water

Water use for
primary economic
activities
(predominant
except in Flix and
Fayén)

Table 21 Factors influencing the invasion (introduction, impacts, response) of Silurus glanis in the Ebro River
Source: own elaboration

Economic

Growing
importance of the
aquatic recreational
activities (angling,
sailing, mechanic
workshops)
International
renown of the area
due to angling
activities
Concentrated
income for tourists
activities (4
international tour
operators
subcontract local
companies)
Hatcheries of
introduced species
Use of the river by
external actors
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In the case of the zebra mussel, angling of Wels catfish was unanimously identified as the catalyst for the
introduction. Silurus glanis is not the only fish species introduced for sports angling in this region, but
certainly it is the most paradigmatic, and it plays a major role to brand the area as an ‘angling paradise’.
The traffic of boats and the surge of international anglers — enhanced by free trade and free movement
of persons in Europe — not only sustained new fish introductions but were also the likely cause of the
accidental release of the highly damaging invasive bivalve. In particular, the hitchhiking of the zebra
mussel larvae during the deliberate introduction of an exotic fish used for bait (bleak, Alburnus alburnus)
is highlighted as the most likely pathway. This cyprinid was introduced after the decrease of the native
species employed for the same purpose (French nase, Chondrostoma miegii). The accidental release of
the zebra mussel larvae probably took place in this way in the mid-1990s in the Riba-roja reservoir. From
there, craft traffic and the deliberate translocation of living fish presumably transferred larvae and adult
specimens to new water bodies.

Fig. 24 Multi-level driving forces and pressures of aquatic bioinvasions in the Ebro River

Source: own elaboration
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‘EXOGENOUS’

Coming back to the scheme or multi-level driving forces presented above, the set of factors driving this
process, as well as the exerted pressures, and the linkages among them pointed out by the participants
are shown in Fig. 24. This organisation of the factors is inspired by the participatory system dynamics
approach as described by Videira et al. (2010), which unveils conceptual models depicting the
interrelations of the structure underlying the unsustainable trends that characterize a persistent problem or
sustainability issue.
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In the Ebro, stakeholders clearly associate the invasions to multiple and interactive causes, operating at
various scales. Responsibility of ‘foreign’ actors was underlined in the case of both species. External users
of the river's ecosystems pushed the local environment by demanding alterations in the river basin and
by transporting organisms. This exerted a constant pressure that eventually modified the hydro-
morphological and biological quality of the Ebro River. There is an agreement among stakeholders that
the release of zebra mussel was one of these pressures. As argued above, the proliferation of the
European catfish is also seen as a pressure (for instance, in the pressures-impacts analysis made for the
implementation of the WFD). However, some actors regard the introduction of the fish as a management
measure that responds to their recreational interests towards the river.

In fact, an emergent property of bioinvasions studied in the Ebro is that they seem to be interlinked
(Rodriguez-Labajos, 2006). As described above, introduction of the S.glanis in the Ebro relies on the pre-
existing abundance of other alien fish; its maturity might have been facilitated by the presence of
American red crayfish (Carol et al., 2009); its angling fostered fish introductions as a living bait and
possibly the accidental release of the zebra mussel. In addition to the promotion of macrophytes’
growth, not clearly demonstrated and even scientifically contested (Ibafez et al., 2008), this bivalve is
the vector of the parasite Phyllodistomum folium, previously unknown in Spain (Palau and Cia, 2006).

The invasion chain may not stop here. Increasing evidence points at facilitative interactions between the
invasions of D.polymorpha and the dramatically damaging Dikerogammarus villosus (killer shrimp) due to
enhanced habitat complexity and provision of food material through biodeposition (Gergs and
Rothhaupt, 2008). This amphipod has not been detected so far in the Iberian Peninsula. However, the
association of its invasion with the spread of zebra mussel spread is so strong that the presence of zebra
mussel was used to assess the general risk of D. villosus invasion in the UK, the most recent invaded area
in Europe (Gallardo et al., 2012). Therefore the watershed authorities should already have in mind the
possible arrival of the killer shrimp to Iberian waters.

Simberloff and Von Holle (1999) developed the concept of invasional meltdown to describe this kind of
facilitative interactions among alien species. After examining the situation of the Great Lakes over the
past 200 years, Ricciardi (2001) concluded that an invasional meltdown rather than biotic resistance
characterize those aquatic ecosystems. The hypothesis is controversial, but there is a mounting quantity
of empirical studies that support it (Green et al., 2011; Grosholz, 2005; Jeschke et al., 2012).

Possibly in the Ebro, the invasional meltdown has transformed the river ecosystem in an irreversible way.
It is only hoped that the same process will not take place in other Iberian basins. It must be noted that the
invasions have taken place in an ecosystem that had already been heavily modified, being part of what
the political ecologist Paul Robbins (2004) calls human ‘preparation of landscape’ as a prerequisite for the
invasion. When the good ecological potential of the reservoirs (rather than status) has to be defined
according hypothetical parameters, the political decision, based on advice from natural scientists, has
been to interpret the abundance of fish invaders as a downgrading attribute. This decision is justified by
the vague indications of the WFD in this regard but those actors who do not regard the S.glanis as an
unwanted organism disagree with it. However, it is important to take into account the set of ecological
‘pre-conditions’ and implications of the introduction of invasive big fish in terms of their linkages to other
unwanted organisms. The supporters of introducing alien fish species in the river ecosystems either do
not understand or deliberately ignore these linkages. We have often heard in the field —or rather in the
river— Central European fishermen telling us, with a smile, that the zebra mussel was brought in by birds.
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The tinterlinked invasions’ view implies a strong criticism to angling-related practices based on alien fish
predators. In spite of the social and economic benefits that they provide to the area, they ecologically
impoverish the river by exerting pressure on local species that are valued little. Eventually, the ecological
homogenization is a result of a utilitarian, market-based view of natural resource management.

Hierarchy of driving forces of bioinvasions in the Ebro

During the initial workshop of 2006 stakeholders were requested to organise the driving forces of
bioinvasions according to both their uncertainty and their relevance. A driver is more uncertain as far as
its evolution is less predetermined and thus less predictable; that is, what happens with this factor is not
set in stone. Relevance of a driver is defined in terms of its importance for explaining why the facts have
taken place in a certain way.

There was considerable agreement between the participants in spite of the different points of views
represented. The agreed classification of factors is shown in the next page (Fig. 25).

Stakeholders' appraisal, also summarised in Table 22, deemed that the most relevant drivers of the
invasion processes are linked to environmental constraints, like the difficulty of eradication of the
species, or to the poor knowledge of the territory by the population, the lack of means for the
institutional response and types of river use, especially those carried out by external actors. Uncertain
topics include practices of ecosystem management like illegal introductions of alien species and those
changes in the hydrological conditions of the river that can be managed like the water level and the

water flow.

Table 22
Hierarchy of
driving forces,

Less relevant factors

Givens
Relevant and predictable factors

Key uncertainties
Relevant and unpredictable factors

according to

Environmental odds
stakeholders

Natural dispersal of the
Source: own invaders (by birds)

elaboration Degradation of the

river banks

Angling management
Allocation of fishing
permits

Problems in the final
disposition angling
wastes

Bioethics conflicts
regarding catch-and-
release practices.

Environmental constraints

Difficulties for eradicating invasive species
Vulnerability of endangered species and
protected areas

Hydromorphological alterations (dams)

Socio-demographic facts

Aging population and low demographic
density

Political use of the case

Larger-scale trends

Increasing recreational demand
(popularization and diversification of leisure
time)

International migration and arrival of non-
traditional angling practices (preference for
fish predators)

Information exchange (internet)

Administrative / normative
framework

Institutional coordination
Administrative and legal gaps
Control and inspection mechanisms
Knowledge of the ecosystem

Public information

Water use management
Management of the water level and
water flow

Recreational use of the dams and kinds
of angling practices

Adaptation of infrastructures for
irrigation and domestic supply
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Fig. 25 Classification of driving forces according to stakeholders in the Ebro: relevance and uncertainty
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2.2.3 Towards a generic classification of driving forces of the zebra mussel invasion in Catalonia

The recognition of the perceived relevance and uncertainty on the drivers made by the stakeholders in
the Ebro allows distinguishing three significant possibilities around factors driving biological invasions.
Each one has different analytical implications that have been sketched in Fig. 26.

This section analyses information organised around these three typologies, using the case of the zebra
mussel as an illustration. The objective is to offer an overview of the factors of the invasion that can be
used for its management in Catalonia, both in a post-invasion and in a pre-invasion context. In the
scheme of driving forces presented above, this would focus on the primary driving forces related to
management.

The source of information, in terms of the considered factors, is the participatory process in the Ebro,
together with additional data collected through the interaction with other experts along the period
2006-2010. A particularly valuable development for the systematisation of this information was the
supervision of a report updating the susceptibility index to the invasion of the zebra mussel in
Catalonia in 2009. The report was commissioned by the ACA to Anhidra (www.anhidra.com), an
environmental consulting firm codirected by Dr. Imanol Cia, author of the first thesis in Spain about
the management of zebra mussel. The results of that study will be described in Section 4.1 to
exemplify the use of risk assessment in the context of the zebra mussel invasion in Catalonia.

Fig. 26 Analytical implications of classifying
relevance and uncertainy of driving forces More relevant

Source: own elaboration
Factors that, being relevant, are hard to
control. They follow a predictable Important factors whose evolution
evolution. All the possible scenarios is not predefined.
should take them into account.

RISK-BASED SCENARIO
INSTRUMENTS DEVELOPMENT
Less More
R Less relevant factors (apparently). Deliberation was useful as: uncertain
1. Somebody did find them relevant enough.
2. The may turn out to be relevant in the future.
3. They are linked to things that are ignored, and thus, with

alternative configurations of the problem.

DISMISSED FACTORS ->{SOURCE OF SURPRISE?

Less relevant

The novelty of the results presented in this section is the proposed structure and the link of such
structure with the formulation of management proposals. The types of factors stemming from the
classification of driving forces for the introduction, establishment and socioeconomic impacts of the
invasion, and their specific occurrence in the case of Catalonia are displayed in Table 23. Note that the
terminology employed for uncertainty analysis relies on the analytical frameworks proposed by
Wynne (1992) and Stirling (2007).
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Table 23 Factors in the invasion process of zebra mussel and ensuing management measures

Source: Own elaboration

Introduction

Type of factor

economic impact Management measures

Risk factors
(predictable,

Location and connectivity of water bodies

Limiting factors:
Calcium concentration

pH

Existence of infrastructures that
are difficult to adapt (water
supply, irrigation, hydroelectric

Consideration of criteria or conditions related to such

difficult to Non-limiting factors: power production) — permanent factors in the rest of management measures
control) damages in infrastructures and
Water temperature associated productions
Trophic state
Accessibility to the shoreline ) Controlling access to the shoreline — Preparation of
i ) Development of recreation guidelines for the restricted access to the reservoir
Traffic of motor boats and trailers from activities, scientific research and
colonised areas maintenance works without Planned water level oscillation and water flow
) . restrictions of use / access . v Fees o .
Traffic of canoes from colonised areas / Ban to hull and bilge cleaning in direct contact with the
Uncertain . ) . ) Existence of adaptable reservoirs
ty Authorised fish restocking from risk areas ) P
factors o infrastructures (for water supply, s i asen e
(changin Use of tackle employed in colonised areas Non-limiting factors: irrigation, hydroelectric power s s
d gd gt (fishing nets, waders, ...) Water level oscillation production) - temporal damages Regulation of angling practices and related activities (e.g.
Pk O? ) in infrastructure and associated fish restocking)
stalfe.holders Seaplanes, helicopters and other means for Residence time productions
decisions, forest-fire control Regulation / good practices codes for the recreational use

manageable)

Introduction due to the use of sub-aquatic
equipment (e.g. neoprene wetsuits)

Introduction due to the use of equipment for
research, monitoring or maintenance (e.g.
multiparameter water quality probe)

Existence of run-of-the-river
hydroelectric stations — production
loss because of water flow change

Development of management
measures — related control costs

different to navigation and angling (swim, diving), as well
as scientific activities, monitoring and riverbank
maintenance works

Guidelines for the use of reservoirs during forest fire control

Strengthening communication and surveillance

Ignorance lllegal fish translocations
factors . . i ichi TF )
Malicious deliberate release Which factors can Which impacts can emerge Research, filling the knowledge gaps, surveillance
(unknown modify unexpectedly the | unexpectedly after the introduction
seeeble ! Natural transport of the species (e.g. by birds) possibilities of zebra and establishment of the zebra Strengthening stable communication channels between all
i i involved actors
emergent Which factors can modify unexpectedly the mussel introduction? mussel?
properties) possibilities of zebra mussel introduction?




First, predictable (less uncertain) drivers will appear in every possible configuration of the problem at
hand. A good knowledge of the physico-chemical characteristics and of the species biology allows
identifying elements that are crucial to explain the course of the invasion, but are difficult to modify
through management measures. An example would be the connectivity of a reservoir with another
that is already colonised by the zebra mussel. Such elements must be considered as given. Since both
their attributes and their role in the invasion process are well known, such factors fall under the strict
definition of risk factors (were both the outcome and the probability of the event are known).

They set trends, aspects of the future that are known from the present. Mitigation measures can be
justified on the basis of risk-based instruments. An example would be to restrict mobility of itinerant
boats during the periods when the water temperature reaches parameters that favour the zebra
mussel reproduction.

Still, adaptation strategies are the most advisable management action toward these factors. This is
related to the reduction of impacts, although there are impacts that do not depend on the actors’
behaviours or the management decisions. They are mostly related with the existence of
infrastructures that are prone to suffer damages by the colonisation of the zebra mussel and that
cannot be adjusted or their adaptation is not technically (or economically) feasible in the short term.
Their vulnerability to impacts is higher. Therefore, rather than specific measures to transform such
factors, their consideration in management comes from the establishment of criteria or conditioning
standards in the implementation of other measures. Thus, in the case of an infrastructure which
adaptation is not possible, its protection should be a priority in case it is being decided where to focus
restrictions in de development of recreational activities. Section 4.1 expands on the use of risk-
assessment tools for the preventive management of alien species in Catalonia, with a particular
reference to the use of these tools for the management of the zebra mussel.

Second, relevant factors in which evolution is not predetermined arise as key uncertainties of the
invasion process. There are relevant factors shaping the course of the invasion that depend on
decisions of stakeholders and hence are subject to change in the short and medium term. Actually
such factors are susceptible to be influenced through management measures and cannot be assumed
as given. This is the case, for example, of all the variables related to the recreational use of the
reservoirs. The circumstances of their past can be described, but their future is unknown to certain
extent. They depend on personal decisions, linked to lifestyles and diverse social and economic
conditions.

The probability of each factor occurring, and the specific way how it is going to affect the course of the
invasion are not necessarily known ex ante. In principle the intensity of angling activities may be
associated with a higher propagule pressure. However a big angling society whose members have an
environmentally respectful behaviour may result less harmful than the effect of a small group of
anglers showing scant concern for the ecological status of the aquatic ecosystems.

Such uncertainty factors are then fully includable in the management model. In fact, they are the
main object of management itself. On the one hand they relate to measures for mitigating the
invasion, such as the prevention of the introduction controlling the accessibility of boats and other
equipment to the shoreline or reorganising angling-related practices. Prevention of the establishment
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is also possible by adjusting to a certain extent environmental conditions such as the water level or the
residence time of the reservoirs. On the other hand uncertainty factors can be part of adaptation
measures aiming at reducing impacts.

The recognition of the manageable features on the different river uses indicates how and when an
intervention is more effective to reduce impacts of the invasion. This involves the adaptative operation
of all kind of water management infrastructures, not only to avoid their damage but also the
associated impact in productions or service provision (e.g. hydroelectricity or irrigation). In the same
vein, measures to prevent the invasion may have an indirect negative effect in the development of
activities previously developed without any restriction, such as recreational navigation or riverbank
maintenance works.

A way to include uncertainty factors in support of management is developing scenarios, since this
focus attention on those relevant factors whose evolution is not predetermined. In the Ebro case, the
precautionary approach justified the choice of scenarios as a fundamental analytical tool to
understand the evolution of the invasions. This process is explained in detail in section 4.3.

Third, some factors can be dismissed because they are not perceived as relevant. Still, their detection
is useful to indicate alternative visions of the problem. In addition, sometimes the problem at hand
suffers from irreparable gaps in sound scientific knowledge (e.g., how and where was exactly the zebra
mussel introduced in the Ebro?) or even knowledge gaps that the involved analysts and stakeholders
are not aware of.

Such instances can be described as ignorance factors. As little attention is paid to them, they might
deliver emergent properties of the process. Due to their nature, codifying ignorance factors is not
easy. Still, in the case of zebra mussel invasion some elements can be seen under this perspective. For
instance, little is said about malicious deliberate releases of the species as a possible pathway of
dispersal. Natural dispersal by birds is systematically argued by anglers a dispersal mechanism, and
systematically ruled out by scientists and policy makers.

From the point of view of their role in uncertainty assessment and their consideration in management,
recognising ignorance factors may help to explore sources of surprise. For instance, they can be a way
of generating shock scenarios, helpful as resilience tests for the implemented management strategies.
By definition these factors are hard to control and then there are not specific measures managing
them. Still improving the communication between the involved actors to better identify sources of
ignorance can be a way to deal with them.

All the factors play a role in the evolution of the process. It is difficult to achieve a complete
understanding of the course of action focusing only on predictable factors through the use of risk-
based instruments. In this way, those aspects that are a matter of reflexivity and social learning are
hard to incorporate. Scenario development may prove helpful for this purpose, but eventually will
need risk assessment if the aim is using scenarios for practical purposes. In the end, the
methodological choice is that which is most suitable for framing the problem. This will be addressed in
detail in Chapter 4.

81



2.3 Integrating driving forces in policy making and the role of local agency

The previous sections have emphasized the idea that analysing socio-economic driving forces of
biological invasions is a requirement for developing preventive policies. In this respect, some efforts
made in the past (Dalmazzone, 2000; Vila and Pujadas, 2001) rightly searched for the human roots of
biological invasions. However, these studies failed to recognize the multi-level constituents of human
agency driving bioinvasions. As a result, their crisp results — linking invasion success to gross domestic
product (GDP) or to the Human Development Index (HDI) — were consistent in terms of the statistical
methods employed, but highly misleading for policy making. To reduce GDP or to push down the
elements of the HDI would be like using a machine gun to kill a (certainly dangerous) mosquito. In
contrast, the multi-level frame presented above allows a better understanding of the causal networks
behind biological invasions, and gives a better indication of how to respond to invasions in the
appropriate terrain.

2.3.1  Multi-level action is required ...

Biological invasions, as well as their driving forces, operate at several scales and levels. This is similar
to other environmental phenomena (like chemical pollution) whose impacts can be better assessed at
the local scale but whose driving forces can be outlined at different levels of human involvement.
Specifically, increase of some trends at the regional or global scale (trade, tourism) and recurrent local
patterns in different countries (urbanization, fragmentation of ecosystems) contribute to make of
biological invasions a global environmental problem. Thus, responses will depend on the level at which
the action is required, helping in the design of policy and management options.

The multi-level scheme of driving forces presented above reveals different terrains of action in the
management of invasive species. When preventive management relies on the analysis of final
pathways, only the last link of the chain can be grasped and dealt with. Coming back to the aquatic
invaders in the Ebro, deliberate fish introductions can be better surveyed if it is recognized that they
come associated to angling practices and actors. However the responsibility cannot be simply
attributed to the anglers but also to the set of conditions that frame their activity, like the touristic
profile of the region, the construction of dams, or even the lifestyle of a society that downsizes the
human relation with aquatic biodiversity to its direct use for leisure.

Using the terms posed above, the actors at the management level are influenced by those at the
policy and the ideology/lifestyle levels. Still, policies aiming to prevent and control biological invasions
will not reach implementation if this is not of interest to the actors at the management level.
Stakeholders impaired by biological invasions may push to promote nature conservation or to
implement IS control. But not all stakeholders will be prone to participate in control responses.
Moreover, in some cases, like the angling of exotic fish species, disagreement is to be expected since
the invasion process is actually an essential aspect of such activity.

The framework proposed in this chapter helps to map stakeholders’ responsibilities and the necessary
spheres of intervention by enhancing a systematic review of performances at the different levels. This
mapping provides a pointer for enhancing governance of responses to bioinvasions, through enhanced
monitoring, risk management and communication, and public deliberation on preventive actions.
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First, organizing plans to tackle bioinvasions must consider the interaction of groups of interests that
often operate at levels beyond the policy maker’s scope of influence. It is not likely that such plans are
of equal relevance to all groups. When biological invasions are agreed as unwanted events, the
argument of the common enemy may trigger a focal response against damaging invaders, often
related to accidental releases. That seems to be the case of the zebra mussel and also the apple snail
that have strong negative economic effects. Local action may reinforce response capabilities for a
preventive management of pathways. But some drivers respond to global trends, like the globalization
of the agriculture and forestry business or the increase of tourism and trade.

Local actions by themselves may not have enough repercussion, and an integrated multi-level
governance action is required. The inclusion of new preventive principles in the dynamics of these
upper-level drivers (policy and ideology) necessary involves actors such as governmental authorities,
social lobbies and the educational system. This is particularly relevant when IS richness is not
unanimously perceived as negative, like it happens when the introduction of exotic species is inherent
to business practice [e.g. in some countries two global invaders like Eichhornia crasipes (water
hyacinth) and Corbicula fluminea (Asian clam) are commercially distributed through nursery and
aquarium trade respectively, as it happened in Spain until the publication of the Spanish Catalogue of
AIS (BOE, 2011b)]. Likelihood of accidental or even deliberate IS release is high if an informed multi-
level action is not undertaken.

Second, the recognition of multi-level driving forces can be used to trace links between groups of
stakeholders at the different levels that can underpin coordinated action against bioinvasions. Besides
formal institutions, like normative agreements connecting the political sphere and the management
activities (e.g. laws forbidding the release of exotic species into the ecosystems), there are groups of
stakeholders playing a role at different levels (management, policy and lifestyle). That is the case of
professional associations, authorities at the meso level and researchers. They are then key linkages for
information exchange, thus bringing new concerns to stakeholders. For this reason, responses to
bioinvasions would benefit from these groups’ partnership and networking, for instance, through the
joint elaboration of sectoral codes of conduct and good practices toolkits. The role of researchers
seems to be particularly relevant for interlinking ideology and policy, as it happens with the chemical
pollutants (see, for an example, Hulme et al. 2008).

Monitoring is an essential aspect of preventive action. By acknowledging the multiple processes that
drive biological invasions it is also possible to plan a fine-grained monitoring scheme, developing
monitoring capabilities of key sectors and actors. Any integrated monitoring programme should also
be jointly agreed and implemented, motivating responses to questions like: “In which way the process
| am related to is contributing to IS introduction and establishment? What kind of measures can be
implemented there and how are they progressing?”
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2.3.2 ... butstill, local agency matters™

The science of bioinvasions utilizes the term ‘agency’ meaning the direct human involvement in the
different steps of the invasion process (Kowarik, 2003). This involvement is central to qualify such
processes as a component of human-induced global change (Lonsdale 1999).

Herein, agency is understood rather in institutional terms. Agency represents the capacity of
stakeholders to pursue their own objectives and influence a given situation. Already employed in the
fields of psychology, sociology, political science, economics (Bandura, 2000; Elder Jr, 1994; Hernandez
and lyengar, 2001; Hodgson, 2004), the term agency has not been thoroughly introduced in
uncertainty analysis yet, although it comes embedded in the analysis of some local conflicts (see, for
instance, Urkidi, 2008). As Bandura (2002, 1989) and Colomy (1998) note, agency usually manifests
itself through intentional, innovative and purposive transformations, and requires the direct
involvement of social actors in shaping or influencing the decision-making process by reacting, if
necessary, to external influences. In fact, as also noted by Dolfsma and Verburg (2005), the tension
between (social) order and change, the so-called structure-agency relation, has a long history in social
sciences (see, for instance, Fullbrook, 2002).

In the Ebro, local stakeholders have specifically mentioned the pressures from external interests when
describing the current state of the environment. Therefore, it is possible to argue that the
performance of the agency in the community and at different scales of analysis has had significant
consequences on the developments in the area.

Bandura (2002, 2000) distinguishes among three forms of agency—personal, proxy and collective—
depending on the way it is exerted; either individually, delegated to others or cooperatively. Collective
agency relies on the conscious belief in the efficacy of collective action to attain desired outcomes,
and is understood as an emergent group-level property beyond the addition of individual capabilities.
A clear manifestation of agency is forethought, as it allows actors to anticipate the likely
consequences of their aims, set goals and plan their courses of action (Bandura, 198g). Still
stakeholders’ agency capability differs given local conditions (Ray, 1999).

On several occasions, globally, local groups have shown themselves to be effective in raising
awareness and exerting pressure to enforce—or even expand—existing normative boundaries (Walter
and Martinez-Alier, 2010). There is also a wealth of literature stressing the fact that grassroots
mobilisation is a crucial factor in shaping localities (Esteva and Prakash, 2004; Mollenkopf, 2003).
Certainly, local coalitions (i.e. joint action taken by stakeholders in pursuit of diverse but overlapping
interests) differ in their capabilities due to local and external conditions. Consequently, while some
stakeholders may have considerable lobbying power, be well-versed in interactive action and
significantly oppose the system, others may be more easily affected by external influences.

Clearly, it is not possible to appreciate how coalition formation, negotiation and group conflicts impact
societal adjustment to changes induced by external driving forces, without an assessment of local
agency. Ray's (1999) evaluation of endogenous development in the LEADER Community Initiative,

*® This section develops and partially reproduces the argumentation by Ozkaynak and Rodriguez-Labajos (2010).
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and Taylor's (2007) efforts in linking the idea of agency to democratic culture are a few, yet excellent
examples in this regard. The link between different interests, and the roles actors play at different
scales must also be understood for multi-level governance, a common underlying purpose of scenario
development and analysis (Wehrmeyer et al., 2003). This links with the discussion in the first section of
this chapter.

Therefore, understanding local collective agency seems to be a prerequisite in coherently combining
structural influences at the global and national levels, with potential local-level developments.
Although the existing literature on agency emphasizes the importance of capability for collective
agency, it does not provide a clear framework to evaluate such agency at the local level. Table 24
proposes a set of attributes that may be identified as the constituents of local agency capability, i.e.
the key aspects that make positive contributions to good performance. There is no evidence on a
hierarchical relation among these factors, but instead there are positive feedbacks. These factors
support capabilities that, based on pre-existing values and interests, trigger selective associations and
drive bigger and enduring (more stable) changes. Thus, they in a way determine the local power to
generate effective, non-polarized coalitions, and hence, denote to what extent the local level can
respond to larger-scale influences.

E TIabI:. 24 Constituents Enhanced Candidate Performance
valuation . s .
of local agenc capabilit indicators in the Ebro
of local e S Yy
agency Access to information Awareness Number of local media (press, radio); on-  Medium-high
line platforms
Source: Own
elaboration ~ Wealth and resource Autonom Level and distribution of income; legal, Low-medium
management Y scientific and technological support
Motivation Public expressions of social conflict, High
Social mobilisation history Learning demonstrations, manifestos, letters to
Legitimacy parliament
Social networking, Operative Richness, abundance, and structure of Medium-high
coordination and lobbying Self-validation formal social networks
Citizenship rights Formal protection  Legal recognition of minorities High

In the case of bioinvasions in the Ebro, local agency performance was raised as a critical issue to
analyse inter-scale interactions. While paying attention to the ways in which international and national
contexts can influence the region, it was crucial to understand the level of agency at a regional/local
scale as well. From the participatory process in the case study, some attributes have been derived for
identifying agency at the local level. They are: access to information, use and management of local
and external resources, history of resistance to external impositions, existence of social networks and
coordination capacities, and citizenship rights. The agency performance in some cases may be low
and/or limited due to lack of concern, coordination, activism, normative support and/or financial
resources.

Here, access to information refers to the possibility of exchanging up-to-date information inside and
outside local borders, thus raising awareness about issues that are of interest. Given the importance of
‘information politics’ in shaping local environmental agendas, for instance, in environmental struggles
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against the damage from oil extraction, gold mining or dam construction, local groups’ access to
information provided by NGOs or other civil society groups armed with greater information become
crucial in creating pressure on powerful actors and pushing more effectively for social change.

As a second element, wealth and resource management refers to the control of material and intangible
resources to enable autonomous choices. This control is related either to the direct ownership of
assets or, access to them through external allies whose interests converge with those at the local level.
This factor not only denotes affluence, but also the availability of intangible resources, outstandingly
legal, scientific and technological ones. Beyond resource availability, resource distribution may also be
a relevant factor in explaining power asymmetries. An example of this can be found in the origins of La
Via Campesina, an international movement supporting traditional peasants in areas were food
sovereignty and agrobiodiversity are pressed by agricultural modernization. Worldwide groups of
farmers affiliated to this movement are calling for a permanent ban on the cultivation and importation
of genetically modified organisms (GMOs) (Desmarais, 2007). This kind of protest has derived in fact
limitations of GMO cultivation in several parts of Europe (see www.gmo-free-regions.org). In the
frame of contending European agri-environment discourses on GMOs (Binimelis et al., 2009a), this can
be seen as proof of strengthened regional self-determination that is inspiring similar processes in
other parts of the world.

Third, the history of local social mobilization reinforces motivation and learning. If past social conflicts
were successful in the pursuit of local interests, the ‘yes-we-can’ motto can be substituted by
‘remember-we-already-could’. This applies likewise to failed attempts against external pressures. Past
failures could generate a negative background that may erode the potential for local agency (e.g.
mistrust between local groups). However, the relevance of this attribute resides not only in the
recognition of past effectiveness, but also the emergent legitimacy of local coalitions. For instance,
according to R. Guha (2000: 107), Gandhi has given to Indian environmentalists their most favoured
techniques of protest and moral vocabulary to oppose external pressures. An example here would be
the Chipko movement in the 1970s. Inspired by Gandhian activitsts, hill peasants in the Himalayas
stopped loggers by hugging the trees. They were nourished by an oral tradition that reminded the
actions and leaders of previous protest movements in defence of the forests in the same region during
colonial times.

Social networking, coordination skills and lobbying possibilities provide social movements with operative
capabilities. The variety and abundance of social networks, whatever their aim, are indicators of
activism and provide fertile grounds for collaborative efforts, overall if the structure of such networks
allows better exploitation of other factors (information, resources and lessons from the past). Self-
validation (ergo self-consciousness) is a significant outcome of local organizations and networks, and
thus also underpins the legitimacy of local coalitions. As Kadirbeyoglu (2004) points out one such
example is the armed struggle of the Zapatistas that was launched symbolically on the day NAFTA
became a reality. Accordingly, the Zapatista movement not only includes demonstrations at the
national level, such as the precedent of the ‘march of the ants’ — when 400 Chol Indians marched to
Mexico City in 1992 — but also has transnational contacts strengthened by international meetings
(Morton, 2002).
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A final overarching aspect to emphasize is the reliance on citizenship rights. The normative and
institutional framework must not deprive local actors (or some of them) of equitable access to the
benefits of state protection. Only then can local concerns and claims be a part of social debate, on a
solid and stable foundation. This aspect is in fact often referred to in episodes of intense local conflict.
For instance, in early 2009, the Presidency of Peru managed to promote regulatory changes that
enabled oil exploitation in indigenous territories of the Peruvian Amazon, which intensified the
ongoing indigenous resistance. Among other matters, the protesters appealed to the International
Labour Organization Convention 169, ratified by Peru in 1993, which seeks the informed prior consent
of indigenous communities in such cases. After dramatic clashes between the indigenous population
and security forces in June 2009, the controversial decrees were suspended. At that time, an
indigenous leader reflected on the case using the language of citizenship rights: “We are as Peruvians
as you are, brothers. The country is not only the capital city Lima, but is also the coast, the rainforest and
the highlands™* (Jiménez, 2009).

All'in all, each of the above aspects can be evaluated on either a qualitative or quantitative basis by
looking at the proposed indicators or at others better suited to the case under analysis. Such appraisal
allows for distinguishing the situations where capability for collective agency is weak (low) from those
where capability for collective agency is strong (high).

In fact, the fieldwork—apart from interests and coalition formation analysis—provides insight into the
agency of each coalition at the local level as well. At this point, it is also possible to argue that the
interaction with the local level itself can (intentionally) change agentic capability, so the levels ex ante
and ex post of the process should be distinguished when exploring possible futures by means of
scenarios. In fact, this is why a participatory scenario building is very useful and desirable.

In the Ebro, decision making about local resources has taken place for decades outside the region and
for the benefit of external areas, including decisions on the location of dams and dangerous industrial
facilities. However, certain key socio-economic, political, and cultural attributes of the region help to
characterise the level of agency in the case of Ebro as relatively high.

In terms of access to information, for instance, the region is characterised by many local and regional
newspapers and radio stations that address topics directly related to the experiences of the local
population. The media is especially active in offering a ‘not-in-my-backyard’ vision of the region as an
entity with its own social and cultural profile. Any news about external pressures easily finds a
prominent place in the headlines. Many journalists/newspapers have effectively taken advantage of
institutional support (funds for regional development) to adopt new technologies (e.g. on-line
platforms), or join consortia of local media from different parts of the state.

Moreover, the defence of a specific dialect of the Catalan language has been traditionally used to
define the idea of territory beyond administrative boundaries. This also enhanced the relationship
between local residents, and the locals were found to have a high sense of belonging to the region in
general.

™ Original in Spanish: “Somos peruanos como ustedes hermanos. La patria no es sélo la capital de Lima, es costa, selva y
sierra” (Lidia Rengifo).
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It can also be argued that past resistance movements provided fertile ground for the birth of social
movements. In the early 2000s, a social network successfully opposed the hydraulic infrastructure
mega-project of the Spanish National Hydrological Plan. As explained in Chapter 1, that foresaw the
extraction of 1050 Hm?/year from the low section of the river to other Mediterranean river basins
(BOE, 2001b). After massive public opposition, the new socialist government withdraw the Plan (BOE,
2004). Strengthening of social networks, such as Plataforma per la Defensa de I'Ebre (Platform for
defence of Ebre), supported by a patchwork of local mass media (press and audiovisuals) crucially
contributed to this result (see, for instance Valldepérez, 2004). During the episode of draught in 2008,
the same actors contested the proposal of a temporal water transfer from the Ebro to the
Metropolitan Area of Barcelona (Portal informatiu 3-24, 2008), perceived as a menaces to their
political interests. Through this experience, the local level has not only proven to be strong, but also
learned to recognise itself as such.

As a result of this relatively high level of local agency, the region is characterised by elements of
motivation, legitimacy and operative capabilities. In this respect, stakeholders expressed a need for
extending the role of participation of civil society concerning the management of local resources. In
this regard, some of the statements from local actors can be used to close this chapter:

"Aqui hi ha dues regions autonomiques amb "We have legislative differences but any cultural
diferéncies legislatives pero no diferencies culturals. difference. Who is ruling from Barcelona determines a
Qui legisla des de Barcelona marca una normativa des  norm from the desk”

dels despatxos”

“Els espais de participacio de la societat civil venen Areas for the participation of civil society are given by
donats per la universitat pero no a partir de les the university but not by the administrations
administracions”

"Tenim les ganes (de participar), pero no tenim els We would really like (to participate), but we lack the
mitjans” means

Communication efforts do not seem to be carried out effectively by the administration in charge of
dealing with the response to invaders. In fact, some of the expressed demands by the local level are
currently approached by the public administrations, but stakeholders do not perceive them. For
instance, during interviews, officers in the different regional administrations and the watershed
authority highlighted their coordinated efforts for fighting against zebra mussel. If local stakeholders
do not recognize them, either the coordinated decision making is not effective or the persons in
charge have not been able to develop proper communication strategies at the local level.

88



3 Socio-economic impacts of biological invasions

Why is it relevant to study the socioeconomic impacts of biological invasions? A frequent answer is the
need of informing decision making. This is a similar view to the common notion that monetising
externalities is a requirement to develop economically rational decision making. The economic
consequences of some invaders include effects on production, prices and markets, trade, food security
and nutrition, human health and finances (Evans, 2003). The idea that estimates of the economic
impacts and costs of biological invasions are required to implement reliable management practices
and related policies underlies many economic valuation exercises, such as the relatively recent
Aukema et al. (2011).

Among the most cited studies are the assessments conducted by David Pimentel and colleagues for
the United States (Pimentel et al., 2005, 2000). They estimated the magnitude of the environmental
impacts and economic costs (damage and abatement cost indistinctly) associated with the diverse
non-indigenous species (NIS) that have become established within the United States. The updated
results of the studies set the cost of biological invasion within USA at USD 120,105 m per year, which
means around USD 400 per capita per year. Nevertheless, both reports conclude emphasizing the
limitations of this approach: ‘Precise economic costs associated with some of the most ecologically
damaging exotic species are not available. (...) If we had been able to assign monetary values to species
extinctions, losses in biodiversity, ecosystem services, and aesthetics, the costs of destructive NIS would
undoubtedly be several times [the reported amount] (Pimentel et al., 2005: 282-283)". One step further
in this approach is the consideration of the ratio between costs and benefits of IS management
measures, as in Barbier (2001). The several limitations of both approaches have been highlighted by
Born et al. (2005), who conclude with the advice to abandon the mono-dimensional approach of
monetary evaluation.

Binimelis et al. (2007a) and Charles and Dukes (2007) were the first attempts at providing an
integrative framework to structure the information on IS impacts using the concept of ecosystem
services. Along the line of this dissertation, the first study also described how different evaluation
methods (risk assessment, cost-benefit analysis, cost-effectiveness, multi-criteria analysis and
scenario development) deal with the information about impacts along the management process. A
central reasoning of that paper is that valuation is dependent on perception and as such is
heterogeneous, context dependent and dynamic. Therefore, we concluded on the need of identifying
the stakeholders and their roles as prime perceivers and promoters of impacts: ‘Due to the reflexive
nature of the invasion processes (new relevant attributes are continuously added to the relationship
between people and invasive species), participation of stakeholders in both identification of outcomes and
analysis of priorities is needed in the evaluation processes.’

Based on this idea, new elaborations of the assessment of IS impacts in ecosystem service provision
were developed. Born (2008) explored in depth the usefulness of this approach for displaying the
scope of possible impacts as well as to reveal the degree of uncertainty about impacts in the
measurement procedure. Vila et al. (2009) made an assessment of the situation in Europe, exploiting
the improved cross-taxa IS inventories at the continental scale (e.g. DAISIE project; www.europe-
aliens.org). Such a large screening of data also allowed confirming a significant positive relationship
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between the number of species with ecological impacts and those with economic impacts, particularly
apparent in the case of aquatic species (Fig. 27).
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This chapter ** contains various notions on the assessment of the socioeconomic impacts of biological
invasions and examines the relationship between impacts and management. Working definitions and
developments of the methodological framework to structure the information on IS impacts follow in
the next section, which links the above studies to examples of aquatic species both at the EU and at
the Catalan level. An overview of the impacts in the case of zebra mussel and European catfish in the
Ebro is presented next. Finally, an estimate of possible impacts of the invasion of the zebra mussel in a
vulnerable area in the Ter River is offered in the last section.

3.1 Classifying impacts

Binimelis et al. (2007a) introduced a distinction between direct and indirect impacts of biological
invasions. The former includes direct impairment on ecosystem functions and dependent constituents
of human well-being due to the IS introduction and establishment. The latter refers to indirect impacts
that stem from the implementation of response actions, such as control costs or side-effects of the
introduction of biological control agents, among others (Fig. 28). Note that this difference does not
refer to the traditional distinction between damage costs and control costs of undesired processes
(such as pollution). It rather clarifies the kind of effects of the invasion along its interaction with human
interests and choices.

* With acknowledgement to discussions with colleagues in different research projects between 2004 and 2010: Jara
Andreu and Joan Pino (preparation of the ExoAqua Information System), Kristofer Dittmer (project ‘Development of
models and technologies for the prevention and control of zebra mussel’ (072/SGTB/2007/1.1), and Rosa Binimelis,
Wanda Born and lliana Monterroso (ALARM project, GOCE-CT-2003-506675). Particular joint works are mentioned
along the text. Some sections of the text reproduce parts of two publications of which | was the lead author (B
Rodriguez-Labajos et al., 2009b; Rodriguez-Labajos et al., 2010).
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As an illustration, the approach was implemented for the analysis of sixteen freshwater aquatic
organisms in Europe listed as the ‘100 of the worst’ by the DAISIE project. They include 10
invertebrates, 3 vertebrates and 3 macrophites (Table 25).

On the one hand, by interacting with ecological processes at the genetic, species and ecosystems
level, biological invasions modify the provision of ecosystem services (ES), defined as ‘the conditions
and the processes through which natural ecosystems, and the species that make them up, sustain and
fulfill human life'(Daily, 1997)". As shown with examples next, this may happen as a direct
consequence of the proliferation of an alien species, in its interaction with the ecosystem.

For example, the Canadian waterweed (Elodea canadensis) creates a dense stands covering wide areas
of the water bodies where it is established. In this way it impairs supporting and cultural services as it
alters nutrients availability and reduces the recreational potential of such areas, as boating, fishing and
swimming are impracticable. In Catalonia this happened, for instance, in the Utxesa reservoir, as
reported in February 2011 by the head of the Torres de Segre angling society (Eduard Escola, pers.
com. 28/02/2011).

Regulating services are impacted in a number of ways. The presence of the particularly damaging Red
swamp crayfish (Procambarus clarkii) triggers various mechanisms that impair biological control,
disease regulation and erosion regulation. As in other parts of the world, the spread of P. clarkii in
Catalonia has been subsequently followed by the virtual suppression of the native crayfish species, in
this case the endangered Austropotamobius pallipes. Finally, the losses of provisioning services caused
by AIS are perhaps the most visible ones for the general public. As an illustration, the toupmouth
gudgeon (Pseudorasbora parva) generally dominates the fish communities due to resource
competition and introduction of pathogens, reducing the productivity of the commercial species.

3 As Mooney and Ehrlich (1997) review it, the history of the ES notion is more ancient than its well-known formalisation
by Daily (1997). However, Daily’s contribution, and others’ before and since, allowed a scientific agreement on the need
of a standardised account of the human dependence of ecosystems. The Millennium Ecosystem Assessment (MA,
2005b, 2003) was the celebrated outcome of such agreement. This dissertation uses the well-known categories
proposed by the MA: supporting, provisioning, requlating and cultural.
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Table 25 Impacts of selected aquatic inland organisms to ecosystem services in Europe

Source: Own elaboration, based on data from the DAISIE database. The 16 species selected correspond to the section ‘aquatic inland
species’ in the list ‘100 of the worst’ (www.europe-aliens.org/speciesTheWorst.do)

Ecosystem service

Impact description / effect

Species

Nutrient cycling

Alteration of food and oxygen availability

New Zealand pigmyweed (Crassula helmsii)
Asian clam (Corbicula fluminea)

Zebra mussel (Dreissena polymorpha)
Canadian waterweed (Elodea canadensis)
Comb jelly, sea walnut (Mnemiopsis leidyi)
Brook trout (Salvelinus fontinalis)

Changes in primary production

Brook trout (Salvelinus fontinalis)

Supporting services

Habitat stability

Changes in community structure

Freshwater hydroid (Cordylophora caspia)

Refugia

New Zealand pigmyweed (Crassula helmsii)
Round goby (Neogobius melanostomus)
Red swamp (Procambarus clarkii)

Brook trout (Salvelinus fontinalis)

Food

Loss or gain in commercial production and harvest
(fisheries, aquaculture)

Swim-bladder nematode (Angullicola crassus)
Crayfish plague (Aphanomyces astaci)

New Zealand pigmyweed (Crassula helmsii)
Zebra mussel (Dreissena polymorpha)
Chinese mitten crab (Eriocheir sinensis)
Salmon fluke (Gyrodactylus salaris)

Comb jelly, sea walnut (Mnemiopsis leidyi)
Red swamp (Procambarus clarkii)

Stone moroko(Pseudorasbora parva)

Brook trout (Salvelinus fontinalis)

Provisioning services

Genetic resources

Threat to the viability of endangered / native species

Crayfish plague (Aphanomyces astaci)
Red swamp (Procambarus clarkii)
Brook trout (Salvelinus fontinalis)

Genetic hybridization

Brook trout (Salvelinus fontinalis)

Water regulation
and purification

Choking waterways

New Zealand pigmyweed (Crassula helmsii)
Canadian waterweed (Elodea canadensis)

Increase in water filtration

Asian clam (Corbicula fluminea)
Zebra mussel (Dreissena polymorpha)

Bioaccumulation

Zebra mussel (Dreissena polymorpha)

Biological control

Reduction of native species through displacement,
predation and resource competition

Fish-hook waterflea (Cercopagis pengoi)
Freshwater hydroid (Cordylophora caspia)
Killer shrimp (Dikerogammarus villosus)
Canadian waterweed (Elodea canadensis)
Chinese mitten crab (Eriocheir sinensis)
Round goby (Neogobius melanostomus)
Red swamp (Procambarus clarkii)

Brook trout (Salvelinus fontinalis)

Regulating services

Disease regulation

Infection of native fauna/flora

Crayfish plague (Aphanomyces astaci)
Salmon fluke (Gyrodactylus salaris)
Red swamp (Procambarus clarkii)
Stone moroko (Pseudorasbora parva)

Production/accumulation of toxic substances

Fish-hook waterflea (Cercopagis pengoi)
Red swamp (Procambarus clarkii)
Round goby (Neogobius melanostomus)

Vectors of human, livestock and wildlife diseases (e.g.

Zebra mussel (Dreissena polymorpha)
Red swamp (Procambarus clarkii)

dengue)_ Chinese mitten crab (Eriocheir sinensis)
Swim-bladder nematode (Angullicola crassus)
Injuries Zebra mussel (Dreissena polymorpha)

Erosion regulation

Intensification of soil/river banks erosion or viceversa

Red swamp (Procambarus clarkii)

Recreational

Cultural
services

Changes in recreational use of natural sites

New Zealand pigmyweed (Crassula helmsii)
Zebra mussel (Dreissena polymorpha)
Canadian waterweed (Elodea canadensis)
Brook trout (Salvelinus fontinalis)

Impairment of eco-tourism activities

Zebra mussel (Dreissena polymorpha)
Brook trout (Salvelinus fontinalis)

Damage costs

Damage to infrastructures and utilities

Crayfish plague (Aphanomyces astaci)
Asian clam (Corbicula fluminea)
Freshwater hydroid (Cordylophora caspia)
Zebra mussel (Dreissena polymorpha)
Canadian waterweed (Elodea canadensis)
Chinese mitten crab (Eriocheir sinensis)
Red swamp (Procambarus clarkii)
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The direct impacts can also take place on the economic sphere rather than on the ecosystems. This
happens when the species damage human-made infrastructures or utilities with loose links to
ecosystem service provision. As explained below zebra mussel is a major example. Also as an example
of direct impacts on human made infrastructure P. clarki's digging habits cause water leaking in paddy
fields, as very often the rice farmers in the Ebro delta can bear witness.

On the other hand, there are indirect impacts stemming from the measures applied to mitigate an
invasion or to develop the necessary adaption to it. Again such impacts can be classified according to
the effects in ecosystem services. Indirect impacts are for instance the opportunity cost of economic
resources put at the service of control and adaptation.

The examples mentioned here are only some of those presented in Table 25. The use of the ES
framework allows organising information in a way that is useful for management without falling into
reductionism:

- The ES framework allows species that affect a bundle of ES (such as Proclambarus clarkii, Crassula
helmsii or Dreissena polymorpha) to be distinguished from species that affect one single service,
but with extreme intensity (such as Aphanomyces astaci, the crayfish plague or Angullicola
crassus, the swim-bladder nematode). A proper attention to this can support policy makers to
prepare a strategy of interaction with other stakeholders targeting more accurately the right
groups of interests who can become allies in the control measures.

- The ES framework also helps to identify the source of trade-offs and ambivalences. The example
of the brook trout (Salvelinus fontinalis) illustrates this point. The species competes with other
native salmonids and predates on amphibians, zooplankton and other invertebrates. In Spain its
proliferation aggravates the processes jeopardising the endangered freshwater pearl mussel
(Margaritifera margaritifera). However, the species has a positive economic impact for local
communities due to sport fishing. Although the ES approach has been used here just to identify
impacts, it could be used to clarify perceived benefits of AS for some stakeholders. This opens the
door to analyse the issue of ambivalence of species, both in socioeconomic and in ecological
terms. If the social decision is to control the species, then clarifying the sources of ambivalence
should be a first step to understand social conflicts due to AIS control.

3.2 Impacts of IS in Catalonia

As reported in Chapter 1, the knowledge on aquatic IS in Catalonia has improved remarkably due to
the ExoAqua information system. This effort supports a comprehensive identification of AIS impacts
in aquatic ecosystems. To this end, AS species of different taxonomic groups in aquatic ecosystems of
Catalonia (both inland and marine) were selected with the information available in May 2011 (which is
the same that is available in October 2015). Filters were applied to the original dataset in order to
exclude species with the status ‘Not introduced’, ‘Eliminated’ and ‘Not evaluated’. Also, ‘Reports of
sighting’ in Catalonia of not established species in Spain (most of them birds) were excluded from the
analysis. The final representation of species is shown in Table 26.
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Table 26 AS in aquatic ecosystems of Catalonia, according to their current status
Note: (1) Includes 1 species with status ‘Uncertain, close to invasive’; (2) Includes 4 species with status ‘Uncertain, close to naturalised’

Source: ExoAqua (May 2011)

Tax-group Casual R.epor.t of Introduced N‘?t Established Invasive Naturalised Translocated Ulngsriii Total
sighting established status group

Diatoms and ] ] ] ] ] R
dinoflagellates 7 9
Magroalgae - 1 12 - - 2 - - 1 16
Plants 48 2 - - 427 83° - 1 176
Invertebrates - - 14 - 8 5 - - - 27
Fish - 2 - 8 9 15 - 6 2 42
Herpetofauna - 1 - 10 - 2 - _ _ 13
Birds - 5 - 61 - 5 - - - 71
Mammals - - - 1 - 1 - - - 2
Total status 48 11 33 8o 17 72 83 6 6 356

The final selection includes then 356 alien species. Besides showing their taxonomic distribution, the
table also classifies them according to their current status along the invasion process, from the early
introduction to the naturalisation state. It is to be underlined that a high number of species (48) are
casual™ plants which presence has been registered in aquatic environments, like river banks. Six
species under uncertain status (current knowledge of the species does not allow to determine whether

they are alien or not) have been also included.

Available information about impacts of the selected species was organised following the scheme of
direct and indirect impacts. This distinction was relatively easy to establish for the costs of human
interest. However, there is not available information to elicit indirect impacts on ES and therefore the
table includes then only direct impacts on ES. All known effects of each species have been registered.
Thus, for example, Asian clam (Corbicula fluminea) is impacting requlating services, through effects in
biological regulation as it may generate changes in the local abundance, composition or distribution of
other mollusc species. At the same time, it is known to impair freshwater provisioning services due to
physical damages to irrigation infrastructure, which in turn become economic damage costs. These
three effects have been recognised in the respective type of impact. The result of classifying the
existing information is shown in Table 27.

The same as in the example of the freshwater organisms in Europe (Table 25), this framework enables
the precise organisation of the variety of AlS impacts. Using the number of species as an indicator, it is
possible to point out ES that are particularly impacted.

Looking at the general results, a first observation is that more than 75 percent of the listed species
(270) lack a characterisation of impact, either because the existing studies cannot conclude that there
is an impact or, more often, because the species’ impact has not been evaluated. This is the situation
of 59 percent of the alien species from the list. While not established birds or naturalised plants
account for a big part of this percentage, the lack of information also affects introduced fish (4 sp),
herpetofauna (1 sp), invertebrates (11 sp) and macroalguae (1 sp).

* AS that do not generate self-replacing populations.
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Table 27 Impacts of alien species in Catalonia (n. sp. = 356)

Note: (A) Number of entries within this category; (B) Entries of impact within this category, in percentage, (C) Entries of impact within
this category, in percentage of impacts on ES. Source: Own elaboration

Taxonomic group (number of species) Total category
Type of impact Di H -
P P . iatoms & Magroalgae Plants Invertebrat. Fish erpeto Birds Mammals  Total A B C
dinoflagellates fauna

Nutrient cycling - - 11 3 5 1 1 - 21
Impacton  Habitat stability 1 2 13 2 8 - 1 - 27
Supporting 62 23 24
services Pollination - - 2 - - - - - 2

Gene pool protection - - 1 2 6 - 3 - 12

Biocontrol 2 4 34 13 23 3 5 2 86

Disease regulation 1 - 5 2 1 2 3 1 15
Impact on
requlating Erosion regulation - 1 1 1 1 - - 2 6 131 48 52
services Water regulation &

purification B 3 13 2 7 B ) ) 23

Natural hazards - - 1 - - - - 1

Fibre and fuel 2 2
Impact on Food - 3 7 5 3 2 4 2 26
provisioning 37 14 15
services Freshwater - - 4 2 1 7

Ornamental - - - 1 - 1 - 2

Aesthetic - - - - 1 1 - 2
Impact on
cultural Recreational 1 1 7 3 2 1 15 23 8 ¢
services Mobility and Transport - - 4 1 - 1 - 6
Damage costs - - 6 3 - 1 2 12 12 4 -
Mitigation / adaptation costs - - 3 1 2 1 1 2 9 9 3 -
Information  Noinform. available 6 11 17 3 15 9 3 64 270
gaps Not evaluated - 1 127 11 4 1 62 206

Still the 25 percent of species that count on information (86 sp) sheds light on impact characterisation.
The higher number of impacts takes place through direct impact on regulating services. This accounts
for half the total number of impacts registered, in great part because of disrupted biocontrol services.
Impact in supporting services is the next category affected (23 percent), followed by provisioning and
cultural services (14 and 8 percent respectively). Although the species that cause costs (either damage
or control) are often the focus of the highest public attention, registries in these categories only
represent 7 percent of the total number of entries, involving the seventeen species listed in Table 28.

Impacts in regulation services offer two interesting insights. On the one hand, the issue of uncertainty
is introduced. Impacts in biocontrol and in water regulation and purification include three entries
where the attribution of impact was uncertain. That is, there is a potential that the species is causing
that particular effect, but the literature does not offer certainty on this matter. Such is the case, for
instance, of the Silurus glanis, which is known to potentially impair water quality in reservoirs.

On the other hand, within the impacts on biological control there is one case of invasional meltdown.
According to the European and Mediterranean Plant Protection Organization (EPPO) (2008) the
presence of Eichornia crassipes (water hyacinth) — currently in the Ebro Delta — facilitates the survival
and spread of the also invasive Trachemys scripta (Red-eared Slider), because this turtle feeds on E.
crassipes. This has been codified as a disruption of biological control, understood as the biological
processes that prevent the introduction and establishment of unwanted organisms, such as pests.
Instead of eliminating barriers to their entrance, in this case there is an attractor for its establishment.
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Table 28

Type of monetary costs associated in
the literature to alien species present in
Catalan aquatic ecosystems

Source: Own elaboration based on the

Status in Catalonia

Species

Damage costs

Control costs

Casual

Eichhornia crassipes

Report of sighting

Egeria densa

Rana catesbeiana .
Not established Myocastor coypus
Exoaqua information system Oxyura jamaicensis °
Ailanthus altissima ®
Arundo donax °
Azolla filiculoides ®
Corbicula fluminea ®
Invasive Cyprinus carpio
Dreissena polymorpha ®
Elodea canadensis °
Myiopsitta monachus ®
Neovison vison ® ®
Pseudorasbora parva ®
Naturalised Myriophyllum aquaticum .
Uncertain Achillea filipendulina .

Given the focus of this dissertation on the water quality issue, it is worth giving a closer look to the

species affecting water regulation and purification in Catalonia.

Table 29 shows some of them, sorted according to their effects in water quality, according to the

literature, using the dimensions defined by the WFD (physico-chemical, biological and hydro-

morphological quality). In this way it is possible to disentangle elements of water quality that are at

risk due to the proliferation of the species in Catalonia. Reversely, in case of established species, these

are the elements of water quality that can be expected to improve if there is control measures are

applied. Note that barely half of these examples are listed as species related to monetary costs

(including control costs) in Table 28.

Table 29 Water quality and IS impacts in water regulation and purification

Source: Own elaboration

Dimension of
water quality

Effect

Examples

morphological

instream flows

Physico- Changes in water transparency / Alburnus alburnus (Horppila and Kairesalo, 1992); Ameiurus melas (Braig
chemical Increased turbidity and Johnson, 2003); Carassius auratus (Richardson et al., 1995);
Cyprinus carpio (Barton et al., 2000; Pinto et al., 2005); Misgurnus
anguillicaudatus (Keller and Lake, 2007); Rutilus rutilus (Horppila and
Kairesalo, 1992)
Decrease water temperature Egeria densa (Gettys et al., 2009); Eichhornia crassipes (EPPO, 2008)
Increased nutrient concentration (P, N) | A. alburnus (Horppila and Kairesalo, 1992); C. carpio (Barton et al., 2000;
and chlorophyll content Pinto et al., 2005); Dreissena polymorpha (Conroy et al., 2005); R. rutilus
(Horppila and Kairesalo, 1992)
Eutrophication E. densa (Gettys et al., 2009); E. crassipes (EPPO, 2008)
Increased Ammonia and NOx (Nitrates | D. polymorpha (Conroy et al., 2005); M. anguillicaudatus (Keller and
and Nitrites) concentration Lake, 2007);
Biological Changes in phytoplankton & A. melas (Braig and Johnson, 2003); C. carpio (Barton et al., 2000; Pinto
zooplankton communities etal., 2005); E. crassipes (EPPO, 2008)
Alteration of invertebrates communities| E. densa (Gettys et al., 2009)
Hydro- Changes in the water flow — reduced Arundo donax (Sanz Elorza et al., 2004); Elodea Canadensis (Jukes et al.,

2011); Populus deltoides (AGIS, 2007); Salix babylonica (AGIS, 2007)

Desestabilisation of sediments

A. melas (Braig and Johnson, 2003)
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Coming back to the general outlook of impacts, Fig. 29a shows the results per taxonomic group and
kind of impact, in absolute terms. The side box-plots show the median and the 25" and 75" percentiles
of the results across taxa (29b) and across type of impact (29¢), facilitating the analysis of the
categories of impact and taxonomic groups, respectively. In order to support a comparative
assessment within these categories, the same information has been plotted in percentage, in the two
radar charts shown in

Fig. 30 (on the types of impacts, [30a]) and (on the taxonomic groups, [30b])

Fig. 29 Taxonomic groups of IS in Catalonia, per type of impact

Source: Own elaboration
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The results point to alien plants dominating in number of impacts, followed by fish and
macroinvertebrates. Regulating services such as water regulation, biocontrol and disease regulation
(in relation to both animal health and human health) are the main ES affected by these taxa.

Supporting services, over all those linked to the nutrient cycling and habitat stability, come next.

The number of impacts from species of other taxa is visibly lower, although a higher percentage of
adverse effects take place on provisioning services, cultural services and through control and
management costs. Thus, e.g. ca 22-27 percent of impacts of herpetofauna, birds and macroalgae are
related to provisioning services, in comparison to the 12 percent in the case of plants. In the same line,
33 percent of the number of impacts from mammals manifest themselves in form of control costs in
relation to ca 10 percent or lower in the other taxa.

Leaving aside herpetofauna (with no registries in this category), impacts in cultural services represent
5-10 percent across all taxa, except for Diatoms and dinoflagellaes, peaking to 17 percent. Given to the
low numbers of species in this taxon, the peak is due to the single registry of the marine dinoflagellate
Alexandrium taylori, which summer outbreaks provoke recurrent setbacks to the tourism industry (see
Giacobbe et al., 2007).
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Fig. 30 Radar charts: a) of types of impacts, per taxonomic groups of IS present in Catalonia; b) of taxonomic groups of IS
present in Catalonia, per type of impact (scale shows percentages)

Source: Own elaboration
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Effects of IS on regulating and supporting ES are socially relevant, as they are eventually related to
human wellbeing. However, they may be unnoticeable for the general public. As just shown, in the
case of Catalonia, a bulk of the IS impacts in aquatic ecosystems are related to impaired regulating
services by plant, fish and invertebrate species. However, people who are not directly involved in river
basin conservation and management may care little. Public attention is often focussed on the smaller
number of species having a direct effect in provisioning or cultural ecosystem services, or in those
involving monetary costs. According to the author experience, species listed in Table 28 are also
among the best known among the Catalan public.

3.3  Current impact of the species in the Ebro River
3.3.1  Effects of S.glanis and D.polymorpha in the lower section of the Ebro River

Here, the dissertation zooms in on the two aquatic bionvasions described in Section 1.4. In order to
better understand the impacts of D.polymorpha and S.glanis on the Ebro, their effects have been
classified following the approach presented above. Hence the four categories of ES and monetary
costs are used to identify direct and indirect impact of the species.

Table 30 summarizes the effects of S.glanis in the river ecosystems services. European catfish may
cause ecological impacts due to alterations of the trophic chain and physicochemical modifications of
the water contents. Such changes, in turn, would affect the cultural use of the original status of the
ecosystems. Anglers opposing the invasive species point out to the loss of traditional fishing practices
and the displacement of other introduced species employed for angling (black bass, common carp).

However, presence of the European catfish promotes socio-economic development based on sports
angling by non-locals. The income injection seems to be concentrated in a small set of economic
agents, many of them external to the region. The benefits include job creation, revenues from tourist
services and appreciation of assets (increased land prices, for instance). Also, the expectation of
diversifying development options is a non-tangible benefit for this depopulating region sacrificed to
external energy production requirements.
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Thus, from a purely economic point of view, introduction of the European catfish was locally positive.
This may change, to some extent, since there is an emergent view emphasizing the role played by this
species in the introduction of other damaging organisms as alien fishes (and their parasites) used as

bait and, through them, of the zebra mussel itself.

Table 30 Effects of S. glanis on the river ES

Source: Own elaboration

Ecosystem service

Disruption

Available information

Source

Due to the alterations to the trophic structure of

(Carol Bruguera,

Water Water quality change ecological communities, it might affect the 2007)
purification water quality of the reservoirs 7
and waste Contribution to organic- It ingests all kind of organic matter and dead CazaV pesca
treatment " °rg organisms of the river bottom. For this reason, it } yP 8 !
matter pr in . n 1984.
atterprocessing has been called the ‘river sweeper’ anvary 1984
Noticeable loss of native fish species due to (Doadrio and
predation Aldeguer, 2007)
Competition with other fish G
speciis Appreciable decrease in catches of other 0;7:85)5223
introduced species used for angling (e.g. pike, interview t5cl>
Esox lucius, common carp, and Cyprinus carpio)
Biological anglers, 8.1.2005
Regulating
control . o ' Gran pesca
Food decreases for other fish species, including 08/08/2005;
Trophic alteration those with sportive interest (black bass, (Carol and
Micropterus salmoides) Garcia-Berthovy,
2010)
. Indirect damage to stork broods due to the La Malla,
Impacts on endangered birds ) ) )
increase in traffic of anglers 20/06/2005
Indirect source of introduction of other
Vectors for the spread of potentially damaging species, as zebra mussel or ~ La Malla,
Harm unwanted organisms the fishes pumpkinseed (Lepomis gibbosus) and 08/07/2002
regulation bleak (Alburnus alburnus), used as bait
Vector of parasites Introduction of some parasites has been noted (Blanc, 1997)
- - ) . . . Interview P.J.
Provisioning  Food Obtaining of fish biomass Central European migrants eat the caught fish )
Jimenez, 05.2008
Sportive anglin Great sportive value Gran pesca
p gling P 08/08/2005
Provision of services linked to angling practices Gran pesca
. Local development : -
Recreation (meals, accommodation, guiding) 08/08/2005
Sales of commodities linked to angling practices .
Local and external . . Interviews, web
(living and manufactured bait, tackle) and
Cultural development ) ) pages
promotional merchandise
. - . B
Abandonment of traditional fishing practices (Boquera
o o - L Margalef and
Cultural Loss of traditional fishing based on the exploitation of native fishes. Loss Quiroda
diversity practices of local technological and organizational 'rog
R Raimundez,
systems (the ‘madrava’)
2001)

The scope of ecological and economic impacts of the zebra mussel and its character of a ‘global
invader’ makes it one of the most studied species in the world , with large production of scientific
the National
(http://aquaticinvaders.org). This bibliographic database has a large section for Dreissena spp, very

literature on the species as referred in Aquatic Species Clearinghouse

much focussed on D.polymorpha, which returns up 91 matches within the search parameter
‘monitoring’, and 79 within ‘infrastructures impact’, only to mention two items.
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As displayed in Table 31, there is an evidence of ecological impacts of zebra mussel in the Ebro
through the alternation of the trophic chain and the change in substrates. Together with other more
influential changes in the physicochemical quality of the water, like lower dissolved nutrients (Ibafez
et al., 2008), zebra mussel may cause a positive effect on water transparency and reportedly to the
increase of macrophytes. Its abundance also triggers processes of cyanobacteria proliferation.

Among the ecological impacts, the most commonly known are the damage to the pearl mussel
(Margaritifera auricularia) and to another native bivalves. This has been proved, for instance in the
colonised area of the Urrinaga reservoir, also in the Ebro river but far from the study area in this
dissertation, where the colonies of Anodonta anatina are suffering negative impacts from
D.polymorpha to the extent that their survival is threatened (Madeira Garcia et al., 2012).

However, the interviewed stakeholders indicate that public concern about zebra mussel arose
primarily from the evidences of economic damage to infrastructures. The impaired infrastructures
encompassed power generation, irrigation systems and municipal water supply in several villages
along the Ebro River. In 2002, the energy sector suffered damages in the grills of the Riba-roja dam
and the cooling system of Ascé nuclear power plants (NPP), which implied both electricity production
losses and large replacement and treatment costs. Being greatly impaired by the invasion, the
electrical company developed an early research program on the invasion and thus became the main
scientific advisor to the other sectors (e.g. Palau and Cia, 2006). Another nuclear power plant, Garoiia,
next to the Sobrdn reservoir at the headwaters of the Ebro, also applyed control measures against the
zebra mussel after suffering from diverse problems in the cooling system (Diario de Burgos, 15/12/07).

Impacts in the municipal water supply appeared soon. In 2002, Faio, a small village relocated in the
Aragonese shores of the Riba-roja reservoir, had to completely replace the intake facilities, spending
about EUR 490,000, 80 percent paid by the regional government (www.fayon.es). Other impacted
municipalities in Aragon are Biota, Ciprana, Gallur, Grisén, El Burgo, Fabara y Nonaspe (El Periddico de
Aragon, 10/04/08, El Heraldo, 27/02/08). So far, the largest damage tracked in an urban area has been
Logrono in La Rioja that suffered from the collapse of the pipes for irrigation of its green areas in 2007.

The reservoirs already invaded were the intake points of large irrigation infrastructures, so the
agricultural sector was thereafter also damaged. When interviewed, the representatives of irrigation
societies recognized the presence of the zebra mussel in their infrastructures. Commonly, they regard
the bivalve as a nuisance rather than a source of serious damage. However, in the low section of the
Ebro River, the irrigation societies of Benissanet and Asco reported costs for the replacement of grills,
pumping systems and pipes. In the Mequinensa and Riba-roja reservoirs, irrigation societies from
Fabara, Nonaspe and Mequinensa reported damages and asked for financial support from the regional
government (El Periddico de Aragon, 10/04/08). An increasing number of irrigation societies upstream
from the study area also reported impacts on their infrastructures in Navarra (several irrigation
societies from Tudela, Cintruénigo and Mendavia) and in Alava (irrigation societies from Bafios de
Ebro, Oyon and Lapuebla de Labarca) (Diario de Navarra, 07/03/08, Diario de Navarra, 05/07/08).

In addition to the direct impacts caused by the species, the response to the invasion implied
considerable expenses in research and control costs by different administrations (CHE, ACA, Instituto
Aragonés del Agua and the environmental and agriculture authorities of different regions). Besides
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such costs, the responses to the invasion have led to navigation restrictions, affecting the leisure value

of the area and causing conflicts between the authorities and the recreational users of the river
(Dittmer, 2008).

Table 31 Effects of D. polymorpha on the river ES and impacts on human-made infrastructure

Note: (1) Type of impact: D —direct (of the invasive species), | —indirect (stemming from the management response)

Source: Own elaboration

Ecosystem service Change Available information Type® Source
Nutrient cyclin . '
. -y 9l Trophic Zebra mussel filters phytoplankton from (Freixe and Jiménez
Supporting PP/ habitat ) D .
. alteration the water (up to 1l/day each) Ruiz, 2002)
stability
Water Water Contribution to increased water D (Freixe and Jiménez
purification transparency transparency due to the filtering capacity Ruiz, 2002)
Soil formation? Changes in Changes in substrates due to the D (Masip and Rofes,
(supporting) substrate accumulation of shell deposits 2003)
Increased Contribution to the increase of the (Freixe and Jimén
) Biological control  presence of presence of macrophytes due to the water D refxe anc imenez
Regulating Ruiz, 2002)
macrophytes transparency [contested]
Appearance of cyanobacteria (Phormidium) ) o
- (Freixe and Jiménez
Vectors for related to the activity of zebra mussel, the D Ruiz, 2002)
Harm regulation parasites and lack of flow and high temperature '
diseases Likely vector of the introduction of the
y. . . D (Palau and Cia, 2006)
parasite Phyllodistomum folium
) Competition Increased pressure to the endangered . o
L Genetic . . L. (Freixe and Jiménez
Provisioning with local unionids Margaritifera sp.; Anodonta D )
resources . ; S . Ruiz, 2002)
species cygnea; Unio elongatulus , Psilunio littoralis
Cutting of fishing lines D
Damage in boats and other equipment D
Loss of Use of antifouling paintings in boats | '
Cultural Recreation navigation / Construction of several cleaning stations Interviews to anglers
- ) for boats I and marina managers
angling services
Increase requirements to navigation
authorisation, boat cleaning rate fees; |
restrictions to boat mobility
Loss and replacement of suction pump and b
Effectin pipes
facilities for Installation of filtering systems D
human supply Cleaning chemical treatments (chlorine D
and hydrogen peroxide) Interviews to
o Change of damaged grilles and pipes D infrastructure
Damage/ Irmgation Chemical treatment of pipes and managers (2005-2010)
Impacts on treatment on systems : pip |
human made infrastructures regulation water tanks
capital Effectsin Loss and replacement of grills D
(Infrastructure) hydroelectrical —
power plant Use of antifouling covers |

Effectsin the
cooling system

Cleaning activities in the tanks: increase of
the water temperature by closed system

(Asociacion Nuclear
Ascé -Vandellds,

of Asco NPP operation 2003)
. Underemployed  Loss of hydro-electrical and nuclear energy !nterwews to
Production loss . : | infrastructure
infrastructures during treatment
managers
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3.3.2 Monetary estimates of impacts of the zebra mussel invasion in the Ebro

The CHE commissioned a monetary valuation of zebra mussel costs in the Ebro and a subsequent
update of the estimates (Pérez y Pérez and Chica Moreu, 2010, 2006). The first calculation estimated a
mix of damage and control costs of around EUR 2.6 m between 2001 and 2005, mostly taking place in
the region originally invaded. The update of the study, for the whole basin, pointed out a sharp
increase of the costs to EUR 11.6 m for the period 2005-2009 (Fig. 31).
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In order to better grasp the kinds of cost born by the regional stakeholders and governmental
departments in charge of the invasion, a supplementary survey was run in the study area between
2007-2008, financed by the Spanish Ministry of the Environment and coordinated by the author of this
dissertation. The objective of the survey was to assess the order of magnitude of impacts of the zebra
mussel in the low section of the Ebro River (downriver from the Mequinensa reservoir), with particular
interest in the temporal evolution of the monetary costs. The results of the cost estimates,
summarised here, were reported in Dittmer and Rodriguez-Labajos (2009) and Rodriguez-Labajos and
Dittmer (2009). The corresponding questionnaires are presented in Annex II.

As an initial framing of the survey, the range of potential socioeconomic impacts of D.polymporpha
was assessed through a literature review. A stakeholder analysis was then undertaken, defining
sectors according to their use of the environmental services affected by the species, or their role in the
management of the invasion. Beside the different types of cost born, the survey also enquired about
the perception of the relevance of such impacts. The main sectors considered were regional
authorities, municipalities, hydroelectric companies and other industries, irrigation communities and
fluvial tourism establishments. The primary method of comprehensive data collection was sector-
specific mail and telephone surveys directed at all the potentially affected entities, with 81
respondents (Table 32). The questionnaires were designed and piloted based on in-depth interviews
with representatives of each sector. Additional information on impacts in the study area was obtained
through a review of official documents and press releases. That was particularly useful in the case of

the industry sector.

102



Table 32

Structured Mail Phone
Number of survey respondents, per sector Sector interviews  questionnaire  questionnaire
Source: Rodriguez-Labajos and Dittmer, 2009 Regional authorities 4 4 -
Town councils (N=32) - 18 6
Irrigation societies (N=41) Unspecified 15 20
Tourism (marinas) (N=20) 10 8 6
Industries 1 - 4

Results are shown in

Table 33 and plotted in Fig. 32-33. The series show an initial increase in cost during the whole period,
which declined slightly after the stabilisation of the invasion. However, after 2006 the evidence of the
spread of the species to different points of the basin mobilised resources for control. This had the
effect of increasing control costs also in the area of the original invasion. It must be clarified though
that there is a part of the expensed applied by the national and regional authorities for the period
2006-2008 that had effects far beyond the study area (e.g. information campaigns).Their amounts
have been fully included here, as it has not been possible to discriminate their geographic span.

Table 33 Cost estimates of the invasion of D.polymorpha in the Ebro River (study area) (EUR, 2008=100)

Note (1) Including subventions to other sectors; (2) Excluding subventions; (3) It includes expenses for zebra mussel control with
benefits outside the study area.

Source: Own elaboration, based on Rodriguez-Labajos and Dittmer, 2009

Sector 2001 2002 2003 2004 2005 2006 2007 2008
National / regional authorities * 15,204 51,109 152,504 322,446 165,311 194,146°> 709,143° 958,387°
Local councils * 5,068 8,503 8,233 25,396 13,993 15,078 6,320 9,200
Industries 7,602 594,312 610,613 617,936 453,085 425,306 414,014 406,172
Irrigation societies * 4,089 13,638 13,110 19,588 30,490 33,500 33,118 58,168
Tourism (marinas) * - - 61,832 9,911 9,546 9,215 8,970 8,800
TOTAL 31,963 667,562 846,292 995,277 672,426 677,245 1,171,566 1,440,727

In absolute terms, the biggest costs were initially born by the industry, basically by the energy sector,
with orders of magnitude ca EUR 400,000-600,000 a year after the evidence of massive invasion. The
yearly cost has declined after the application of adaptation procedures in order to avoid damages to
infrastructure (recirculation of warm water in the nuclear power plant, cleaning of grills in the
hydropower plants). However, they entail periodic losses in energy production. These costs are

considered as important by the respondents.

The magnitude of the economic cost in the agriculture and tourism sectors is remarkably smaller,
lower than EUR 50,000 a year. However, due to the narrow mark-ups in agriculture, one third of the
irrigation societies consider that such impacts are important. Thirty percent of the municipalities
supplied from intakes in the Ebro River state that they have to spend in control costs of relevance at

least moderate, generally subsidised by the regional administration.
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Actors related to navigation and angling business seem to have suffered the bigger indirect impacts,

i.e. stemming from the management measures to prevent the invasion process to new areas. Such

impacts are a result of administrative requirements and several restrictions to boats’ mobility.

Fig. 32 Total cost of the invasion (study area)

Source: Own elaboration
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33 Damage and control costs (study area)

Source: Own elaboration
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To a great extent, the evolution of the costs for the administrations explains the different patterns of

the damage and control costs. The available information did not allow to discriminate both costs in

many cases. In certain situations, such as the replacement of damaged equipment with adapted

devices, both types of costs are expressed by the same expense. Still, separating the purely control

cost (attributable to the expenses of the national and regional authorities), from the mix of damage

and control cost in the other sectors, points at two processes a) damage cost tend to decline after the

period of massive invasion, and b) by the end of the assessed period, control costs largely exceed

damage costs. This had probably the effect of reducing further damages both in the study area —since

control cost were often focussed on preventing spread — and to alleviate or delay damages in other

areas.
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3.4 Potential impact of the zebra mussel in a non-affected area

The purpose of this section is to assess the possible cost of the zebra mussel invasion in an area
subjected to the same driving forces but currently not affected by the invasion.

3.4.1 A methodology for the ex-ante calculation of impacts

The objective is not the calculation of extremely accurate estimates, but rather proposing and testing
a methodology that enables the assessment of this and other potentially invasible areas in a fast but
reliable way. The steps of this methodological proposal are described next.

Step1.  Catalogue of all plausible kinds of impacts in the study area. Besides the ample literature
on the impacts of D. polymorpha worldwide, it is appropriate to use the information
available for the closest context to create a check-list for the identification of impacts.

Step2. Specification of how each one of the impacts would take place in the assessed site. This
step includes three different elements:

a) the scrutiny of possible performances of the impact in the assessed site, given the
known uses of the river,

b) identification of the sector that would be bearing this impact; and
c) Specification of possible management measures to tackle the impact, if any.

Step3. Indication of an order of magnitude for the impact, in terms of the possible associated
cost. As there is uncertainty on the specific conditions that may prevail, the precise value
of the costs cannot be known ex ante. However, the knowledge gained from the analysis
of the closest case (e.g. the Ebro) is a good pointer of the range of values involved for
different kinds of impacts.

Step 4. Development of the management scenarios. This point is extensively discussed in
Chapter 4.

Step5.  Characterisation of the intensity of the each specific impact under different management
scenarios, and along the different moment of the invasion process (from the pre-invasion
context to the permanent post-invasion situation). Intensity can be expressed, for
instance, in a scale of o to 10, where 10 is the highest intensity.

Step 6.  Considering the intensity of the impact with its magnitude, for each of the scenarios, and
analysis of results. In a more sophisticated application of this methodology, the intensity
can be related with the results of a biological model explaining the evolution of the
species populations in face of the management scenario. This possibility is not tested
here.

3.4.2. Testing of the methodology: the reservoirs of the Ter River

Step 1. For the non-invaded areas in the Iberian Peninsula, the obvious reference is the Ebro River. In
particular, the effects in the area initially invaded help to recognise the likely temporal evolution.
Table 34 summarises the information about impacts based on the knowledge of effects of the
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invasion on that area. Here the impacts have been classified as either damage costs or control costs,

specifying the distinction between direct and indirect costs explained in Section 3.1.

Table 34 Catalogue of impacts caused by D. polymorpha in Catalan basins

Source: Own elaboration

Type of impact

Impacts on infrastructure
and equipment
(decreased useful life,
increase maintenance
costs, in €)

Direct from the invasion

Covering of solid surfaces (walls, bottoms) in

infrastructure for water distribution (canals, pipes)

Covering of solid surfaces (walls, bottoms) in
water storing infrastructures(water tanks, pools,
weirs and dams, settling ponds)

Clogging of water management devices (e.g.
grills, inspection chambers, sluicegates, water
traps, filters, pumping devices, sprinklers, pipes,
hydrant, cooling circuits)

Decrease flow capacity of pipes due to partial
clogging (increased friction)

Damage to other equipments and materials (e.g.

Indirect from the management

Damage electronic monitoring equipment)
Production loss due to Electric power production Effects on el.ectric power production from
damaged infrastructures Agriculture production run-of-the-river power plants, due to
(production value in supplied lati deliberate changes in water flows
- s upplied population ) .
physical units or €; ) ppliedpop ) Losses in the tourism sector from access
changes in profitability) Direct loss on the tourism sector restrictions
o Impacts in water quality due to the
amage tc|) etc:)jsz/stem Perception of environmental quality loss implemented treatments (thermal,
ser\{lces re atel 0 lit (including impacts in biodiversity) chemical)
environmental quali
(physical units :)qr i Water availability (need of alternative sources of ~ Perception of decreased recreational /
qualitative) supply) aesthetic value of the water body due to
access restrictions
Installation of equipment Filt
and implementation of iers
treatments for preventing ] ] Use of anti-fouling covers (e.g. paints)
) . Replacement of damaged equipments with L ) .
introduction, ) . . Disinfection equipments
blishment and improved preventive properties ) o
SIS TEE E Changes in the drinking water treatments
@pacts plizs=liess Treatments in irrigation systems
(in EUR)
Additional costs due to manoeuvres on
Control the water flow (reservoir draining,

Additional costs for
management (in EUR)

Costs of monitoring of the invasion
Costs of research
Cost of communication

sluicegates management)

Additional costs for the operation of the
disinfection systems (e.qg. certification)
Expenses for mitigation, subventions for
the installation of equipment
Management and transition costs (e.g. ad
hoc MoU among authorities in charge
and related stakeholders)

Step 2 — Step 5. An example of implementation of the proposed scheme is shown in Table 35 (just for

the firstitem in Table 34). The complete specification of each one of the items is included as Annex lII.
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Each one of the items listed in Table 34 is examined according to the knowledge about the non-
invaded area. Although this methodology aims at providing quick assessments of impacts, it does not
avoid requiring good knowledge of the study area: the more detailed the information, the more
precise the calculation of costs. In particular, certain level of knowledge about the technicalities about
water management infrastructures and practices in the area is needed. In this case, this has been
obtained through a number of talks with water managers and stakeholders and visits to the area
during the period 2006-2010. Obviously the process can be expedited by identifying and interviewing
key informants.

In the current assessment, the sectors potentially bearing costs needed in Step 2 are urban water
supply (UWS); hydropower production (HPP), regional authorities (AUT), navigation-related activities
(NAV); angling (ANG), and irrigation systems (IRR). Note that here the term ‘order of magnitude’
mentioned in Step 3 is used in a non-decimal system, for which three levels of annual costs have been
defined: (1) relatively low costs ranging between EUR 3,000-8,000; (2) moderate costs ranging
between EUR 20,000-50,000; (3) relatively high costs ranging between EUR 150,000-400,000. These
ranges have been obtained examining data from the Ebro River case.

Scenarios defined in Section 4.3.4 are used here for the purpose of the exercise in the Ter River.
Hence, three possible scenarios are distinguished: ‘Do nothing’, ‘Mitigation’, and ‘Adaptation’. For
each scenario, there are four moments of the invasion are considered: the pre-invasion context (Pr);
the first alerts of the invasion (PrA); the post-invasions moment, when there is evidence of massive
impact (Ps,); the permanent post-invasion situation (Ps).

Table 35 Example of implementation of the proposed methodology for the assessment of impacts in the non-invaded area

Note: Sectors: Urban water supply (UWS); hydropower production (HPP), regional authorities (AUT), navigation-related activities
(NAV); angling (ANG), and irrigation systems (IRR); Order of magnitude of annual costs: (1) EUR 3000-8000; (2) EUR 20,000-50,000;
(3) EUR 150,000-400,000; Moments of the invasion: pre-invasion (Pr); first alerts of the invasion (PrA); post-invasion, first moment
(Ps.); post invasion, permanent (Psy).

Source: Own elaboration

Effect: Intensity

Order of . q T
“Covering of solid surfaces (walls, Sector Mgmt No action Adaptation Mitigation

bottoms) in infrastructure for water magnitude

distribution (canals, pipes)” Pr PrA Ps, Pr PrA Ps; Pss Pr PrA Ps;, Ps:

Covering the surface of the Pre-treatment at the

aqueduct from Pasteral uws . 2 o o 10 8 o o 5 3 o o 3 o
reservoir to the Ter ETAP intake of the aqueduct

Covering the pipe from the Treatment in the Ter

ETAP to the Trinitat distribution UWS  ETAP 2 o o 7 5 o o 3 1 o o o o

station

Covering the canal from the UWS Facilities for pre-
Pasteral Il to the Montoliu ETAP treatment in Pasteral Il

Facilities for filtering
the diverted water flow

N
o
o

Covering irrigation canals IRR 10 8 o o 10 3 o o 3 o

Step 6. The results of implementing this procedure for the case of the Ter River are shown in Table 36
and Fig. 35. As indicated above, these are obtained by direct weighting of the intensity of the impact
with the magnitude of the cost (at the extreme values of the range).
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Table 36 Estimates of annual costs (EUR) in the Ter River (non-invaded area)

Source: Own elaboration

Scenario Pre-Invasion Pre-alert Post-invasion (immediate) Post-invasion persistent
Min Max Min Max Min Max Min Max
No action 0 0 0 0 1.653.400 £4.388.400 1.318.800 3.500.800
Mitigation 75.800 193.800 77.600 198.600 1.780.300 4.711.800 274.400 713.400
Adaptation 705.500  1.873.000 92.800 234.800 182.900 467.400 91.700 230.200

In rough outlines, the results for each scenario can be explained as follows. The ‘No action’ scenario
does not entail costs in the pre-invasion and pre-alert phases, as none of the stakeholders invests in
preventing the introduction of the species or adapting their activities to avoid future damages. As long
as the invasion does not manifest itself, this is the scenario with the lowest cost at these two phases.
However, the situation changes dramatically once this happens. The costs peak in the immediate
post-invasion phase. Still, the actors do not perform any management action and the high level of
costs persists over time, linked to the evolution of the species populations. If no measure is put into
practice, what can be expected is a certain stabilisation of the population (and therefore, a certain
reduction of the intensity), but not its disappearance. As a result, the post-invasion persistent costs are
kept at high levels in this scenario. Population cycles will be reflected in future

As explained in detail in Section 4.3.4, the ‘Mitigation’ scenario focuses on all possible actions tending
to avoid the next undesired event. This, in the pre-invasion phase, is the invasion itself. The scenario
entails then all kinds of investments in prevention and monitoring, but no investments in reducing
future damages, which explains a remarkably lower cost in this phase than the ‘Adaptation’ scenario.
As a result, if the invasion eventually proliferates in the area, the impacts reach the highest possible
level. At the same time, facing the fact that the undesired event now is the damage by the species, the
immediate post-invasion phase is the moment when investments are done to mitigate damages. For
this reason, the costs in this phase are even higher than the ‘No action’ scenario. However, the
investments yield results when lesser persistent costs are born in the long term.

Meanwhile, the ‘Adaptation’ scenario considers actions tending to reduce the impact of the invasion
rather than its occurrence. This means that costly investments in infrastructure are done in the pre-
invasion context in view of a process that is deemed as unavoidable. Monitoring costs are also born,
but basically with the purpose of rapid response after early detection. The activation of response
protocols to mitigate damages explains the costs during the pre-alert phase. The outcome of all the
investments is the lowest impact level both in the immediate and in the persistent post-invasion
contexts (that could be around one third of the costs in the ‘Mitigation’ scenario and less than one
tenth of the ‘Do nothing’ scenario).

Fig. 35 illustrates the argumentation made, facilitating the comparison of each invasion phase for the
three scenarios. Something that cannot be forgotten is that the option for each one of the
management strategies modifies the duration and the likelihood of each one of the phases. The ‘No
action’ scenario may accelerate the pre-alert phase, same than the ‘Mitigation’ scenario is likely to
delay it. Therefore, the outcomes within each phase do not belong to the same moment in time. If a
comparable expected value (in the sense of a mathematical expectation) is needed, the estimates of
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cost for each scenario should be weighted with the probabilities of occurrence of each phase along a
time line. Rather than this level of detail, that may require further calculations and resources, the
purpose here is to provide rough estimates of costs that can support management options. Tactically
speaking, the method provides facial composites of suspect, rather than high definition pictures of the
corpse.

Fig. 35 @ No action 0O Mitigation @ Adaptation

Estimates of possible annual costs

. : 2.000.000
(EUR) in the Ter River (lower range)

) 1.800.000
Source: Own elaboration
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- |

o T T —
Pre-Invasion Pre-alert Post-invasion Post-invasion
(immediate) persistent

This method also allows comparing the distribution of costs between the main types of actors
involved, along the invasion process.

Fig. 36 shows the result of this calculation, for each one of the scenarios.

The hydroelectric sector and water supply managers would be impacted sectors in all scenarios,
followed by sector involved in irrigation. In the ‘No action’ scenario, high damage cost would be
suffered during the post invasion phase, both in the short term and also persistently. In the case of the
‘Mitigation’ scenario, the administration would be bearing most of the pre-invasion costs. In the post-
invasion phase, damage costs would be high immediately after the invasion, but due to the measures
taken to prevent further damage, damage cost would be reduced in the persistent post-invasion
stage. The ‘Adaptation scenario’ would entail high control costs by those actors more prone to suffer
damage cost already during the pre-invasion phase. As a result, the damage costs in the post-invasion
phase get considerably reduced in relation to the other scenarios.

Fig. 36 Estimates of possible distribution of annual costs (EUR) between main actors in the Ter River (lower range):
a) No action; b) Mitigation; c) Adaptation

Source: Own elaboration
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3.5 Management-oriented considerations about impacts
3.5.1 Fundamental attributes of IAS impacts

After analysing impacts of AIS at different scales (EU, Catalonia, the local scale in pre-invasion and
post-invasion context), four main attributes are deemed as the most challenging ones for water
management:

- IAS impacts on water quality are multi-dimensional. AlS in aquatic ecosystems cause impacts in all
ecosystem services categories, being thus an important driver of change in water quality. The range of
impacts differs among species. Some species affect all dimensions of ecosystem services, while others
are characterised by specific impacts, perceived as highly damaging. The species cause intertwined
ecological and economic effects, affecting both the biological quality of water and socio-economic
activities reliant on such quality. Those species with highest potential of impacting water quality (e.g.
fish as Ameiurus melas or Carassius auratus) are not necessarily those associated with monetary costs
(e.g. Neovison vison), which are more conspicuous for the general public. In Catalonia species causing
monetary costs are only a small part of the species causing impacts, and a tiny part of the scope of AS
present in aquatic environments.

- IAS are ambivalent. AIS can be the source of simultaneous positive and negative considerations. On
the one hand both their role in the ecosystem and the social perception about them cannot be always
be qualified negative. In the socioeconomic dimension, this is particularly apparent for those fish
species deliverately release for angling purposes, regarded as a price for some, and as a scourge for
some others. On the other hand, the existence of facilitative interactions between AS, a phenomenon
that is in the origin of the so-called invasional meltdown, can be regarded as a possible source of
ambivalence. Even if there is not a negative judgement about a given effect of a given AIS per se, this
can change whenever there is evidence that its presence contributes to further (and undeniably
damaging) invasions. Therefore, AlS ambivalence is explained by contradictory social perceptions, but
it is eventually rooted in the functional role of the species. While the first characteristic could keep the
discussion clung to the sphere of ethics, the second one gives the possibility to bring it back to the
arena of ecologically underpinned assessment.

- IAS impacts are often unknown. The invasive species impacts are not always well-known. A good
example is the ecological impact of S.glanis. Many signs indicate that its introduction has intensely
modified the local ecosystems. However, nowadays there are many aspects of the ecology of this fish
that are poorly understood. For this reason there is reluctance among scientists to accept any
categorical statement about its impacts and especially about its effects on native biota, maybe fearing
to be qualified as providers of anecdotal, journalistic information. Is this a case of ‘manufacturing of
uncertainty’? The precautionary approach calls for caution. However, the scientific reluctance to take a
stand on the effects of S. glanis on biodiversity fits well with the agendas of those actors highlighting
the tangible economic effects rather than the uncertain negative impacts of the species. In the case of
the zebra mussel, the massive evidence of negative economic impact has shadowed the debate about
how its ecological hazards (sometimes also put into question) are understood and dealt with. As
indicated above, ca 75 percent of the species already present in the Catalan aquatic ecosystems lack a
characterisation of impact, a situation that may not be as different at the European level. Thus,
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knowledge gaps about the biology and ecology of the species, and about the interaction with different
recipient ecosystems made the assessment of impacts a challenging task. Moreover, as highlighted by
Strayer (2010), interaction between IAS impacts and other kinds of stressors in freshwater ecosystems
is poorly studied.

Besides the caution imposed by the biophysical dimension, there are two other aspects of uncertainty
to keep in mind, over all when talking about impacts of future or on-going invasion process. On the
one hand, there is the time dimension involved, as often information about AS impacts is required at
early stages of the invasion process, or even before it has taken place. On the other hand, the
occurrence of certain impacts depends on social choices.

- IAS impacts are management-dependent. Besides the damage directly caused by the species, impacts
also depend on the way how the invasion is tackled. For instance, zebra mussel clogging irrigation
pipelines can be avoided though releasing chemicals such as chlorine. However, this response may
trigger new impacts as now the crops are exposed to higher doses of this compound. Therefore,
reflexive complexity must be also included in the assessment of AS impacts. This comprises two
different aspects. First, the strategy adopted distributes differently the impacts over time. An early
reaction may prevent considerable damage costs in the long run, but it is costly itself. Second, the
objective of the management can drift between two extreme ‘mitigation’ or ‘adaptation’ approaches,
with different degrees of implementation according to resource availability. The choice between
strategies is not neutral and it manifests itself both in the type of emerging impacts, their possible
magnitude and the moment of the invasion process when they take place. The calculation of some of
the possible monetary impacts in the Ter River presented above serves as an illustration of this.

3.5.2 Implications for management-oriented assessment

From the above, three aspects should be taken into account when framing the objectives of
management-oriented assessment of invasion process. First, a multidimensional view of IS impacts
can foster their management. An accurate but exceedingly focussed assessment may mislead action
only to specific facets, disregarding alternative views of the problem at hand. Second, the
differentiation between direct and indirect impacts (i.e. those caused by invasive species on
ecosystem functions and human well-being vs those derived from the implementation of response
actions) matters. In this respect, a proper distinction of these kinds of impacts allows evaluating the
consequences of AS along the stages of the invasion process and also the social agents linked to them,
informing decision-making and supporting the implementation of management strategies. Third, in
order to gauge the effort needed to estimate impacts, fitness for purpose should be emphasized.
Monetary calculations are often introduced as a way to express AS impacts. However, the
technicalities of a monetary assessment make a timely outcome very difficult. Then, when available,
how is the result employed? In the experience of the zebra mussel invasion in Spain, the production of
monetary costs has been used as an awareness mechanism, often mentioned in communication, but
not used as a signal for triggering cost-efficient management measures. Is it really necessary to have
monetary estimation of costs for a good AS management?

Based on these considerations, the next paragraphs offer remarks about the methodological
approaches to be used for management-oriented assessment.
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o Uses and limits of monetary assessment of impacts

Traditional economic assessment of impacts can face some aspects of the problem. Monetary
estimations provide an easy-to-understand figure that can be used to increase awareness about the
seriousness of the invasion issue. However, consistently with its theoretical basis, monetary
assessments will analyze and give signals only about those elements of the problem that can be
translated to economic values. It is likely that this approach tends to focus the response on preventing
impact to human activities (fundamentally the economic ones). Those aspects that the market (or a
fictitious market) cannot reveal — as some elements of biodiversity loss— will not be regarded as a
problem. The aggregation of different kinds of costs is also an obstacle for the use of the results in
management, since it conceals useful information to stakeholders and policy makers. In particular, the
aggregations hides trade-offs between different management options. The distinction between direct
and indirect impacts should be made explicit to identify when a certain management option
diminishes one impact and at the same time promotes another.

These limitations put into question the suitability of monetary valuation as an evaluation tool for
policy advice, indicating the need for more comprehensive studies. Incidentally, a comparison
between monetary assessment and multi-criteria evaluation shows the latter to be as a more helpful
technique for addressing the uncertainties involved in public decisions about biological invasions
(Rauschmayer, 2003). In this regard, studies have proved the utility of cost-effective analyses and
multi-criteria evaluation as assessment method of biological invasions (Groote et al., 2003; Maguire,
2004; Monterroso et al., 2010). As shown in the following Chapter 4, there is also a set of methods,
such as risk assessment and scenario development, to explicitly address uncertainty in the policy-
oriented assessment of AS. They all include options for displaying and structuring information on
impacts in a comprehensive way.

o The central role of ecosystem services and their values

The integrative analysis of impacts —as in the ecosystem services framework- can help to prioritize
strategic policies and actions, as well as to identify the potential stakeholders involved in the invasion
process (as driving forces, affected or as the ones implementing or being influenced by the responses).

In this chapter, the ES scheme has been used to classify and analyse impacts of AS at three scales. In
this way, the utility of the scheme has been proved for several purposes:

- As we already asserted in Binimelis et al. (2007a), the use of the ES categories helps to
illustrate, at different scales, the human dependence on ecosystem functioning and the impacts that
invasive species cause on it. Ordering information in an easily understandable framework facilitates
the links between ecosystem change and human interests. In analytical terms, it also discloses
information gaps; since it reveals whether the information about impacts is available or not and it
evidences that some impacts are better validated though scientific research than others. This is
important both for decision-making and the design of further applied research.

- To appreciate that the nature of invasive species’ disruption of ES is complex. While
organizing the different impacts depicts a complete picture of the impacts, it is difficult to isolate an
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effect that is not connected to various ES. This is an echo of the inherent complexity of the aquatic
ecosystem functioning, which is far from being completely understood.

- To consider the potential and limits of economic valuation of ES. Some impacts on ES can be
assessed with cost-based methods (e.g. opportunity cost or avoided/damage cost). This is an
approximation of the monetary effects of the invaders when related to market-tradable goods and
services. For instance, presence of zebra mussel in the Ebro has damaged infrastructures and impaired
cultural services related to the recreational value of the area. Such impacts may be object of economic
valuation attempts that are likely to support decision-making processes based on cost-benefit
analysis. However, impacts of the species on regulating services through change in substrates or in
supporting services through trophic alteration are difficult to value in monetary terms. Scarcity of data
is not a reason to avoid valuing, but the intrinsic nature of processes that are not a part of the
marketed goods are. This should not be solved by the imposition of the market rules to the
deliberation on the impacts. Rather it is advisable to accept that some impacts that cannot be valued
in monetary terms and the social actors involved have to acknowledge other languages of valuation.

Even in those cases when the valuation is simple, there is another aspect that challenges the analytical
division between damage and control costs. It is common than the same expense is related to both.
For instance, damaged devices in the irrigation sector are commonly substituted by mechanisms
preventing the zebra mussel establishment and spread (antifouling covers and filters). In this case, the
replacement cost reveals both damages (impacts) and control measures (response).

- To confirm that reporting invasive species impacts in terms of ES boosts management
responses, at least, in three ways: Firstly, it facilitates communication and stakeholders’ deliberation
about invasive species as an environmental problem. Secondly, it aids to develop monitoring schemes
when the main policy objective is adaptation, a common situation in post-invasion contexts. And
thirdly, it assists assessment of the (positive and negative) effects of the invaders and their
distribution; through different assessment methods. Different examples in this respect can be found in
contributions by different authors in the collective book by B. Rodriguez-Labajos et al. (2009).
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4 Preparing responses in face of uncertainty: risk assessment,
biopollution assessment and scenarios pre and post invasion

Managing change faces the challenge of future intrinsic uncertainties. Probabilistic predictions would
support the instrumentation of decision-making tools based on the idea of efficiency (Perrings, 2005).
Yet, as highlighted in the introduction, the existence of non-linear key drivers, reflexivity of human
action in response to forecasts, and changes faster than the forecasting models (Walker et al., 2002)
makes the generalisation of accurate quantitative forecasting methods difficult for the study and
management in changing ecosystems. This opens the door to the use of alternative research tools and
approaches in instances of socio-environmental systems and policies interplay, such as the case of the
invasions of zebra mussel and invasive fish in Catalonia. This chapter explores three approaches for
addressing the uncertainties in preparing responses to bioinvasions.

For many years, the debate for the allocation of scarce resources among potentially harmful AS under
conditions of scientific uncertainty has been dominated by the attempts to improve risk assessment
tools (Andersen et al., 2004; Gallardo and Aldridge, 2013). Developments in this respect are surveyed
in Section 4.1, which offers an overview of the state of the question for the case of D. polymorpha and
other aquatic invaders, such as S. glanis, in Catalonia.

It is argued that assessment of biopollution can also provide systematic appraisals to guide aquatic-AS
management and facilitate risk communication to end users (Panov et al., 2009). A related discussion,
mentioned in Section 1.3, is to what extent the existing indices to assess biopollution or
biocontamination offer information that may be redundant with the state indicators used to evaluate
biological quality of the water bodies. This discussion, for the specific application of fish invaders in
Catalonia, is developed in Section 4.2.

Recently, interest in scenario analysis has grown as the role of uncertainty and the need for
interdisciplinarity in policy making became increasingly better understood. The scenario approach is
now widely seen as a valuable analytical device for integrated analyses of sustainability and a key aid
in decision- and policy-making processes (EEA, 2009; Wehrmeyer et al., 2003; Wiek et al., 2006). While
many scenario studies have been published over the years, global scenarios (e.g. Carpenter et al,,
2006; Gallopin et al., 1997) and scenarios addressing particular issues in isolation, such as energy,
climate change, water or European Union (EU) enlargement (e.g. Bertrand et al., 1999; Gallopin and
Rijsberman, 2000; IPCC, 2007; Mooij, 2003) are the most popular. Scenarios concentrating on a
particular local geographical area have become more important in recent years (Anastasi, 2003; Kok et
al., 2006b). Sections 4.3 report the results of two different approaches to scenario analysis in the
context of aquatic bioinvasions in Catalonia, which built on outcomes from the previous chapters.

Each one of these three approaches will be analysed in the light of their usefulness to support
management measures. Specific recommendations about their use for guiding policies for AlS
prevention and control will be also included at the end of each section.
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4.1 Tagging a species as a hazard: what we need to know about risk assessment"’

At the arrival of a new species the type of concerns of the managers are usually very simple. Which
species is this? What kind of damages it can cause? Is it really established or will spontaneously
collapse? Can the species be eradicated or at least controlled? Does it constitute a real threat, and
why? The scientific response to these relatively basic questions is not always straightforward. Data
requirements and gaps, complex protocols and results of difficult interpretation may be involved in the
assessment of risks, which eventually leads to organising social views and responses towards AS.

The purpose of this section is to overview the use of risk assessment as a management tool in the case
of exotic species in aquatic ecosystems in Catalonia. After an overview of the approaches to risk
assessment of alien species, and the actual implementations in Catalonia for the assessment of
aquatic bioinvasions, the challenges for a further development of risk assessment approaches and
tools are discussed.

4.1.1  Definition and approaches to risk assessment for alien species

The EEA (2010:8) defines risk assessment as “the evaluation of the likelihood of entry, establishment or
spread of an alien species in a given territory, and of the associated potential biological and economic
consequences, taking into account possible management options that could prevent spread or impacts.
Risk assessment includes risk analysis (process of evaluating biological or other scientific and economic
evidence to determine whether an alien species will become invasive) and risk management (evaluation
and selection of options to reduce the risk of introduction and spread of an invasive alien species).” At a
smaller scale context, the Spanish Catalogue of AIS (BOE, 2013: Art.2) indicates that risk assessment
“refers to the scientific-technical evaluation of the likelihood and consequences (of the risk) of introduction
and establishment of an alien species in the natural environment and the measures that can be applied to

., 16
reduce or control such risks™ "

Two good overviews on the formulation of methods and processes of risk analysis for invasive species
can be found in a special issue summarising findings of a workshop ad hoc organised by the Society of
Risk Analysis and the Ecological Society of America (Andersen et al., 2004), and in a study comparing
the effectiveness and utility of existing risk assessment protocols for exotic species produced at the
Radboud University Nijmegen, in the Netherlands (Verbrugge et al., 2010). Building also on Clarke et
al. (2004), the different approaches to assess the risk of bioinvasions can be grouped as follows:

* This section benefits from the collaboration in the preparation of the document ‘Avaluacié de l'estat i el risc d'invasié
per espécies exotiques dels ecosistemes aquatics de Catalunya’ [Evaluation of state and risk of alien species invasion in
Catalonia’s aquatic ecosystems] (Andreu et al., 2011) and from the participation in the seminar 'Risk assessment of
biological invasions in aquatic ecosystems: methodological review and management proposals’ (CREAF-ACA,
Bellaterra, 30/11/2011), with the presentation ‘Challenges for the consideration of risk assessment in the preventive
management of aquatic ecosystems’. The title of the section is based on that of the well-known paper ‘Risk analysis for
biological hazards: what we need to know about invasive species’ (Stohlgren and Schnase, 2006).

* Andlisis de riesgos: Se refiere a la evaluacién cientifico-técnica de la probabilidad y de las consecuencias (del riesgo) de la
introduccion y establecimiento de una especie exética en el medio natural y de las medidas que pueden aplicarse para
reducir o controlar esos riesgos. (Free translation by the author).
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o Qualitative risk identification. It is the less sophisticated approach although it requires a high level
of expertise about bioinvasions, because it is based on parameters obtained from experience, as
well as on consolidated principles and relations in the knowledge of invasions. Usually the
outcomes are classifications of items (e.g. species, sites) in scales of ‘low’, ‘medium’ and ‘low’
risk. This approach might involve a degree of subjectivity and tends to overestimate events of
low likelihood and high impact, and underestimate the events of high likelihood and low impact.
An example of this type of protocols is Haugom et al. (2002).

«  Semi-quantitative risk rankings. This intermediate approach aims at enhancing objectivity of the
assessment, by improving the clarity of the employed process, and avoiding subjective
perception of risk. These methods make use of quantitative data, thus obtaining rankings in a
cardinal scale, which facilitate the comparison of results. Sandvik et al. (2013) provide an
example of this approach.

o Quantitative valuation of risks. This is the most comprehensive approach. It aims at developing a
probabilistic analysis of risk for the different adverse events (introduction, establishment,
impact), including confidence intervals that can indicate the reliability of the estimates. This
approach requires a remarkable amount of data gathering and analysis, including characteristics
of the species, characteristics of the environment and its uses and the management measures
applied. For this reason, it demands significant resource availability, computing tools, and use of
sophisticated methods, some of them still under development. This, together with a tendency to
oversimplify system functioning, may make it inappropriate for assessing environmental risks
(GEF-UNDP-IMO and WMU, 2013).

From the point of view of how the approaches are used, another classification of the risk assessments
could be on what is the item the risk of which is assessed. In this respect, there are three possible types
of assessments:

o Assessment of species risk: they rank species according to their invasiveness potential, scoring
both quantitative and qualitative elements such as the biogeography and history of the species,
the presence of the so-called ‘undesirable traits’ that make it prone to be an invader, and species
biology and ecology. The best established protocols in this respect are the Australian Week Risk
Assessment (WRA, Pheloung et al., 1999), the Freshwater Fish Invasiveness Scoring Kit (FISK,
Copp et al., 2009, 2005) — or its adaptation for freshwater invertebrates (Tricarico et al., 2010). In
the case of plants, these kind of screening protocols correctly rejected 82-100 percent of
invaders, whereas a less consistent range of 56-87 percent of non-invaders have been correctly
accepted (Gordon et al., 2008).

After several years of implementation, some of these protocols are being now put into question
due to the excessive association of results to a small set of the assessed elements (Weber et al,,
2009) and insufficient accuracy (Hulme, 2012; Onderdonk et al., 2010). Still, they may have a
valuable role in the implementation of multi-stepped risk assessment protocols, such as the UK
Risk Assessment Scheme (Baker et al., 2008; Booy et al., 2006), where a rapid assessment of risk
of species helps to decide whether a detailed risk assessment is further needed or there are
already elements to raise preventive or control measures.
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o Assessment of habitat risk: they aim at describing the vulnerability of a habitat to bioinvasions.
They often have a spatial reference and make use of geographic information systems (GIS) in
which the different layers offer information about conditions that play a role in the invasion, such
as infrastructure, habitat types, navigation routes, etc. Examples of this are the various reports
produced by the Global Ballast Water Management Programme (GloBallast) assessing the
ballast water risk for ports in different parts of the world (e.g. Anil et al., 2004; Awad et al., 2004;
Clarke et al., 2004).

o Integrated species/habitat risk: they describe the potential spread of a given species in the
territory, taking into account the match between the characteristics of the species and certain
attributes of the territory. They use maps to illustrate potential future distribution or risk levels.
For this, they can be based on statistical models, such as the case of the distribution risk for
Aedes albopictus, tiger mosquito, in Europe (ECDC, 2013). Another example, explained below in
more detail, is the index MZ-Cat, which calculated the susceptibility of some water bodies to the
invasion of D. polymorpha in Catalonia.

4.1.3 Risk assessment implementations for aquatic species in Catalonia

While risk assessment for alien species is commonly employed in regions of the world where there is a
certain tradition of AIS management, the implementation of risk assessments for aquatic species in
Catalonia is relatively recent.

In the case of D. polymorpha, a document commissioned by the Catalan Ministry of the Environment
from the University of Lleida estimated a vulnerability index for the main reservoirs of Catalonia based
on zebra mussel ecological traits, recreational characteristics, river connectivity and potential impact
(DGMN, 2005). This is possibly the first risk assessment exercise developed in Catalonia for aquatic
AIS. Later on, the main researcher in charge of this study extended the calculation to 89 water bodies
of the Ebro river basin (Palau et al., 2008).

While being decisive to design monitoring measures (cf. ACA, 2007b), an issue of this methodology is
that it provided scoring-based ranking relying on the aggregation of different elements of risk and
hazard (introduction, establishment and impacts). Besides that, the knowledge about the ecological
characteristics of the species in the Iberian watersheds improved over time, after the publication of
this first assessment.

For these reasons, a new evaluation was commissioned by ACA, which lead to the definition of the
susceptibility index MZCat (ACA, 2010c¢). This index takes into account two components. On the one
hand, the analysis of factors facilitating the introduction of the zebra mussel into a water body — such
as the situation and connectivity of the water body, accessibility or the type of recreational activities
undertaken —allows calculating the Risk of Introduction (RI) of the species in a that water body. On the
other hand, the factors (either physico-chemical, biological or hydraulic) that determine the capacity
of a water body to satisfy the ecological requirements of the Dreissena polymorpha lead to estimate
the Hosting Capacity (HC) of that water body. From there, the combination of both elements through
the definition of critical values for Rl and HC determines the different levels of susceptibility to the
invasion, from null to extreme (Fig. 37). In addition to these two components of risk, supplementary
modules of potential environmental and economic hazards are also provided.
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Fig. 37 Schematic representation of MZCat levels and results for the assessed water bodies in Catalonia (in 2010)

Source: ACA (2010c) and Cia-Abaurre (2011); local study areas added in the map

NULL MODERATE HIGH

MODERATE
SUSCEPTIBILITY

MINIMUM

MEDIUM

SUSCEPTIBILITY

NULL SUSCEPTIBILITY
LOW SUSCEPTIBILITY

EXTREME of D. polymorpha in 2010

Nar, o Y/ : %
£ w3 [l 2 \l/
alere:: -)‘/>\w>é
i R ,7 & Water bodies with presence

e N

'7 I:‘ Local study areas in this thesis

o= “’*@J

The results of the assessment in 2010, also shown in Fig. 37, pointed out a generalised situation of
high susceptibility in Catalan reservoirs. In particular, the situation for the study areas in this
dissertation was not favourable. The water bodies in the Ebro River were already colonised, and
obviously their susceptibility level was ‘extreme’. The study area in the Ter River (comprising the Sau,
Susqueda and Pasteral reservoirs) offers optimal conditions for the development of the zebra mussel
(their HC is high). This means that there are not only good environmental conditions for the
establishment and survival of adult individuals, but also for their growth, reproduction and further
spread. Simultaneously the recreational activities in the reservoirs, linked to navigation in the case of
Sau and to angling in all cases, make the risk of entry relatively high. Therefore, the degree of
susceptibility to the invasion is ‘high’. In La Baells Reservoir, in the Llobregat River, where the
susceptibility level was also ‘high’, linked to the same conditions, the invasion was confirmed in 2011.
This gives alarming signals for the management of the species in the IBC.

Besides portraying the risk levels and clarifying the elements or such risk (either related with factors of
introduction or factors of establishment) the assessment was then linked to the planning of specific
management measures for each water body according to its susceptibility level (ACA, 2009a). These
measures were related with frequency of monitoring, conditions for navigation, and protocols in case
of detection, including the advisability of different control treatments. In the IBC, the conditions for
navigation were indeed included in the technical guidelines in the declaration of responsibility for
navigation in the Internal Basins of Catalonia (ACA, 2014d, 2009b) (see example in Section 1.4.4.d).
As this planning was prepared in the contexts of increasing budget cuts for the public sector, little
could be implemented though in relation to other measures planned, like signposting, control of
access points to the reservoirs or increased frequency of monitoring.

In the case of alien fish, it is clear that their deliberate introductions, such as the one of the European
catfish in the Ebro or in the Sau reservoir, were not validated through any prior risk assessment. In
other countries, the case of S. glanis has been employed as an example of the difficulties to predict
whether a species will become problematic (Hil et al., 2005). Thus, a risk assessment validated by the
British Department of Environment, Food and Rural Affairs (DEFRA), used for proposals to introduce
non-native fish species, identified the Wels catfish Silurus glanis as low risk (Waters, 2004). Despite
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anecdotal information pointing at increasing abundance in the natural environment, the species itself
seems to remain at low numbers (Copp et al., 2007). However, parasitological examinations of
released individuals from still-water fisheries revealed the presence of the non-native parasites
Thaparocleidus vistulensis and Ergasilus sieboldi, the latter known to be an important fish pathogen
(Reading et al., 2011).

In Catalonia the first risk analysis for alien species with the purpose to guide public management was
prepared by Andreu et al. (2011). The assessment used the WRA and FISK protocols (see Section
4.1.1), together with an adaptation for mammals and herpetofauna arranged ad hoc. The evaluation
included 64 species, most of them macrophytes and riverbank plants (39 sp) and fish (21 sp). Focussing
on the results for fish, evaluated with the FISK protocol, the results are those shown in Table 37.

Table 37 Risk Scoring range Species

Results of the risk assessment for some

e . Very high =36 Pseudorasbora parva; Cyprinus carpio
alien fish species

Carassius auratus; Carassius carassius; Salvelinus
Source: Data from Andreu et al. 2011 High 26-35 fontinalis; Silurus glanis; Ameiurus melas;
Micropterus salmoides; Scardinius erythrophthalmus

Gambusia holbrooki; Perca fluviatilis; Rutilus rutilus;
Medium 21-25 Tinca tinca; Lepomis gibbosus; Alburnus alburnus;
Esox lucius; Sander lucioperca; Abramis brama

Fundulus heteroclitus; Misgurnus anguillicaudatus;
Blicca bjoerkna

Uncertain <20
Not surprisingly, species like Pseudorasbora parva and Cyprinus carpio, widely distributed in Catalonia,
show high scores and can be considered as ‘very high risk’ species. S.glanis is among the species
classified as ‘high risk’ together with other fish used in angling like Carassius auratus, Salvenilus
fontinalis and Micropterus salmoides. As indicated in Section 1.2.2, on the management of fish
invaders, these four latter species have been exceptions in the angling regulation in force. For
instance, there is an obligation of catch-and-release of Carassius auratus (and also Cyprinus carpio)
when used for angling. As the fishing law is the only measure applied in general to control alien fish,
this means that two of the top risk species in practice are not controlled at all. A similar exception
applies in some specific water bodies for the other high-risk fish mentioned here.

Andreu et al. (2011) include three additional remarks on these result. First, among the assessed species
there are three that are not considered to be established yet in the Catalan water (Abramis brama,
Carassius carassius and Salvelinus fontinalis). The first one showed a relatively low score, the lowest
among the ‘medium risk’ species, while the other two are at the top of the high risk species. These
differentiated results are thus helpful to prioritise control measures towards the species of higher
associated risk.

Second, among the ‘medium risk’ species there is Gambusia holbrooki, Eastern mosquito fish. To find
this species at the lowest risk range is surprising because this is one of the species which actual
impacts in native fauna have been proved in Catalonia. The authors explain that this is due to the fact
that the methodology does not assess the intensity of the impacts suffered but rather their variety. As
the literature does not confirm further impacts besides competition for G. holbrooki, the scoring of this
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species is lower than for other species with broader scope of impacts, even at lower intensity. This is a
warning in relation to the use of results, and it is related to the feared type Il errors (false negatives) a
critical issue in risk analysis. There have been suggestions to tackle this issue by incorporating the
magnitude and duration of expected impacts in the assessment (Underwood and Chapman, 2003)., by
independent testing of the analyst (Miller et al., 2012) or through adaptative management (Matsuda,
2002).

Third there are three species which lower scoring should not be interpreted as low risk but as
uncertainty. The outcome is explained as the lack of information to reach a reliable assessment. In this
case, the recommendation is to proceed to a second-step in the assessment where a more precise
evaluation is undertaken.

In fact, ignorance is recognised as a major issue in risk analysis (Aven and Steen, 2010). Information
about species is often unavailable and the evaluator needs to answer ‘don‘t know’ to questions related
to aspects that are poorly studied. In this case, the methodological guidelines suggest to rank the
species as ‘high risk’, as a precautionary measure — that is to equal ‘unknown’ with a ‘yes’ response —,
and to inform about the proportion of questions that could not be answered as a way to gauge the
level of confidence associated with the assessment (Copp et al., 2005).

4.1.3 Challenges for the consideration of risk assessments in the management of alien species

Risk assessment is usually considered as a mainly scientific process (GEF-UNDP-IMO and WMU, 2013)
to inform persons in charge of risk management about both priorities of management and possible
options for risk mitigation. The scientific community sometimes objects to the real scientific nature of
risk assessment, over all when it relies on qualitative or semi-quantitative approaches (Andersen et al.,
2004). Still, it is recognised as a reasoned way to formulate cost-effective policy measures. Although
prevention is usually associated with the idea of avoiding AS entry, there are negative outcomes that
can be prevented along the whole invasion process, as shown in Table 38.

Table 38

Invasion phase Associated risks
Risk of entry for species present in surrounding
territories that are likely to be transported

Type of risks along the invasion process )
Introduction and release

Source: Own elaboration

Risk of establishment for species recently

based on Andreu et al. 2011 Establishment ;
introduced
Economic hazard, environmental hazard or hazards
Impact
to human health
) Risk of dispersal for species already present, given
Dispersal P P yPp 9

their dispersal mechanisms

As a part of a preventing approach, risk assessment can guide costly monitoring efforts. For instance,
in the case of zebra mussel in Catalonia, the monitoring grid excluded some high-mountain water
bodies because the likelihood of establishment was null there (see Fig. 37). Risk assessment can also
support the planning of measures for early detection and rapid response (EEA, 2010). For instance,
Gallardo and Aldridge (2013) suggest the prioritisation of resources through assessing environmental
suitability maps for short lists of potential future invaders. Besides preventing entry, the identification
of high risk species and areas can be helpful to prioritise control measures and efforts for the
mitigation of impacts.

120



In face of this, is it necessary to design a risk assessment approach for Catalonia? There are at least
two types of reasons that could justify the development of such an approach.

On the one hand, there are environmental reasons. The preamble of the Council Regulation (EC) No
708/2007 concerning use of alien and locally absent species in aquaculture (OJEU, 2007) indicates that:
“[tlhe potential risks, which may in some cases be far reaching, are initially more evident locally. The
characteristics of local aquatic environments throughout the Community are very diverse and Member
States have the appropriate knowledge and expertise to evaluate and manage the risks to the aquatic
environments falling within their sovereignty or jurisdiction.” In this light, different European countries
(such as Austria, Belgium, Germany, Ireland, Switzerland and the United Kingdom) have developed
their own national protocols for risk assessment of species. The comparison of their (dissimilar) results
confirms the need of lower-scale evaluations, since the match between species-climate and species-
environment changes between countries and biographic regions (Verbrugge et al., 2010).

On the other hand, social reasons may also advise to generate a risk assessment proposal from the
regional context. Among the factors to take into account there are socio-economic aspects such as the
identification of likely impacts and costs, the containment potential, the opportunity and no-action
costs, and regulatory mandates and social considerations (Stohlgren and Schnase, 2006). The scope
and relative relevance of these factors are better known at the regional context.

Moreover, the conceptual framework of the future European strategy of AIS foresees the
development of a common approach in relation to the terminology, risk assessment and possible
listing of invasive alien species of Union concern (EC, 2008; EEA, 2010). How is Catalonia preparing the
contribution to this debate? A coordinated approach has numerous advantages and is undoubtedly a
need for the common response to the AIS issue. It could be argued though that top-down common
standards should be approached with caution.

Take, for instance, the Council Regulation concerning use of alien and locally absent species in
aquaculture (OJEU, 2008b). The Regulation establishes a framework for aquaculture practices in
relation to AS, in order to minimise their possible impacts on aquatic habitats. For this, strict risk
assessment procedures should operate before authorising their management, but this provision does
not apply to a list of exceptions. The species in this list are shown in Table 39, together with their
associated risk according to the available calculations by Andreu et al. (2011). Clearly, in this case this
regulation for aquaculture is not adequately protecting the Catalan ecosystems and this kind of
information can be employed in argumentations in case of future developments of this norm.

Table 39 Species Risk Species Risk
Associated risk for the Acipenser baeri n.a. Cyprinus carpio Very high

exempted s.pecies in Fhe A. gueldenstaedti n.a. Huso huso n.a.
.Counql Reg.ulatlon A. nudiventris n.a. Hypophthalmichthys molitrix n.a.
concerning use Ofaher.' arld A. ruthenus n.a. Ictalurus punctatus n.a.

locally absent species in A. stellatus n.a. Micropterus salmoides High
aquaculture A. sturio n.a. Oncorhynchus mykiss n.a.
Source: OJEU (2008b) and Aristichthys nobilis n.a. Ruditapes philippinarum n.a.
Andreu et al. (2011) Carassius auratus High Salvelinus alpinus n.a.

Clarias gariepinus n.a. Salvelinus fontinalis High
Coregonus peled n.a. Salvelinus namaycush n.a.

Crassostrea gigas n.a. Sander lucioperca Medium
Ctenopharyngodon idella n.a. Silurus glanis High
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From the above, some final ideas can be outlined in relation to desirable attributes of risk assessments
for practical support to public policy choices.

o From the analytic point of view the following attributes are of particular relevance for
management:

- Accuracy. Since the resources for management are limited, particularly in the area of water
management, the appraisal should enable a rapid distinction of the most problematic species.
Accuracy of results also involves the minimisation of false positives, not only to prevent
resource waste but also to avoid unnecessary indirect impacts of AS management.

- Adaptability of the method. The method needs to be easily revised and adapted to improve its
applicability and predictive capability.

- Traceability of results. The results of the assessment must be traceable and easy to explain to
the public at large. The base information needs to be ready for possible updates and, if
needed, reviews by external evaluators.

o From the point of view of the integration of results into management practices other desirable
attributes are:

- The risk assessment should not be an isolated exercise, but rather be part of a well-articulated
system of early alert and rapid response. Assessments for species still absent for the managed
territory but present nearby are particularly useful.

- When the purpose is to prioritise the implementation of control or eradication measures, it is
important to use resources with a clear guide. For this purpose, rankings are more useful than
block categories.

- In the case of the most problematic species and territories, the approach needs to facilitate
the management of the different stages of the invasion processes. Therefore, rather than final
scores, the combination of indices for the different stages (introduction, establishment,
impact) and their relation with the environmental and socio-economic conditions of the
territory are advisable.

- Ideally, the results should be clear signals in terms of management, linked to regulatory
mechanisms (e.g. black lists, restrictions, suspensions, containment, etc.) along a pre-
specified roadmap of management.

e Having in mind the relation of AS management with the fulfilment of the WFD, certain
conditions of risk assessments are desirable:

- Itis important to link the result of the risk assessment with the assessment unit of the WFD,
the water body. The risk assessment units should be the water bodies rather than the species.

- The risk assessment protocol should ensure to include potential impacts over relevant quality
elements. The determination of the risk level for the water bodies could take into account the
current state of the water body to rate differently the introduction of certain risk species, over
all for those water bodies which good status should be maintained.
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These latter points link with the contents of the following section. The use of risk assessment tools
provides results that can guide programmes of measures for the ecological improvement or
maintenance of water bodies. Under the WFD, there are already indices designed with the purpose of
tracking the progress made and monitoring certain biological quality elements. Are these two lines of
work redundant each other?

4.2  The use of biopollution indices in support of increased ecological quality'’
4.2.1  Framing the discussion

As mentioned in Section 1.4, one of the challenges of integrating AS in the management of the
ecological status of water bodies, and hence water quality, is that AS are at the same time a pressure
to ecological status and a component of the biological elements assessed to evaluate ecological
status. This issue was a matter of two technical workshops in 2008 and 2009 of the WFD Ecological
Status Working Group (ECOSTAT), with the participation of this author.

In search of a harmonised European approach, ECOSTAT pondered whether AS should be taken into
account in the WFD assessment. The starting point was that the Annex V of the WFD states that
“water bodies should be 'totally or near totally undisturbed’ in the reference condition. An
interpretation of this is that WFD precludes the presence of AS at high quality status (Phil Boon, pers.
comm.,02/04/2008). From there, it follows a deliberation about how the impacts of AS are captured in
the assessment tools for ecological status classification. The use of supplementary biocontamination
& biopollution (BC&BP) indices is one among several options favoured by the national authorities in
charge of implementing the WFD (Vandekerkhove and Cardoso, 2010). However, the normal status
classification usually relies on the match between the quality classes and differentiated effects of
stressors, which would be a good property to maintain in the integration of AS to the assessment
(Cardoso and Free, 2008; Vandekerkhove et al., 2013). In the final recommendations of the ECOSTAT
workshops, the critical importance of methods for identifying risk and the need to test biopollution
indices across all types of surface waters is pointed out, including their application to the procedures of
the WFD (Lee, 2009).

It will be remembered from section 1.4 that biopollution is defined as the adverse impacts of invasive
alien species at the level that disturb ecological quality by effects on one or more levels of biological
organization: individuals (such as internal biological pollution by parasites or pathogens), populations
(by genetic change, e.g. hybridization), communities (by a structural shift), habitats (by modification
of physical-chemical conditions), or/and ecosystems (by alteration of energy and organic material
flow) (Olenin et al., 2011). As an effect, socioeconomic costs may be also associated with biopollution.

7 The author benefited from her participation in the formal discussions on alien species and water body classification
for the WFD Ecological Status Working Group (ECOSTAT) in Bordeaux (2008) and Ispra (2009), both coordinated by
Professor Phil Boon (SNH, UK) and Dr Ana Cristina Cardoso (JRC, Italy). The author gratefully acknowledges the
participants for the fruitful discussions, in particular Jochen Vandekerkhove (JRC, Italy), for the ECOSTAT questionnaire
to national experts ‘Alien species and the Water Framework Directive’ issued in January 2009. Along the process, joint
discussions with Dr Antoni Munné and Dr Carolina Sola have enriched the empirical background and the narrative of
this section.
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In this respect, the purpose of this section is to present results of the applicability of the most well-
known BP&BC indices available in the literature (Table 40) using information from the standard
monitoring programme in Catalonia. As a part of this exercise, the pertinence of the results is
evaluated by answering two questions: 1) are the BP&BC indices actually state indicators, i.e. do their
results respond to indicators of pressures to the water bodies?; and if so, 2) are the indices redundant
with the existing indicators of state for a given biological element? Note that this discussion will be
done in relation to the overall aim of this chapter, related with the use of information on AS for the
purpose of management, and the ensuing role of uncertainty in the assessments.

Table 40 Index General description Data requirements
Biopollution and SBC - Site-specific Biological . ) )
biocontamination Contamination Index Based on ASrichnessand - AS richness and relative abundance per
indi . abundance assessment unit
indices from the (Arbadiauskas et al., 2008)
literature
- AS richness and relative abundance per
Risk-based approach assessment unit
IBPR - Integrated with reference to the - Evidence of Al impact (either on native
biopollution Risk Index proportion of AS with biodiversity, ecosystem functions, trophic
(Panov et al., 2009) potential to spread, production, human access to natural
anovietal, 2009 establish and cause resources, human, domestic animal and
impact plant health, recreational and aesthetic

activities, infrastructure or control costs)

Based on the abundance - AS relative abundance and distribution
. . and distribution of the within each assessment unit
BPL - Biopollution Level . - ) . . )
species and their impact - Evidence of AS’s impact on native species

Index (Olenin et al., 2007) . o .
12007 in communities, habitats  of communities, on habitats and on

and ecosystem functions ecosystem functioning per assessment unit

4.2.2  Applicability of biopollution and biocontamination indices in Catalan rivers,
a test using fish species

The study area for the test includes 23 watersheds bounded by the administrative limits of Catalonia.
As the region features to Mediterranean climate, half of the watersheds comprise ephemeral streams.
The dataset includes information from sampling sites along the different river typologies present in
the study area; occasionally some of the water bodies containing more than one site. Environmental
and fish community data were available from sites sampled in 2002-2003 (Ns003=333) and 2007-2008
(Ns2008= 311) as a part of the routine monitoring program run by the watershed authority, the Catalan
Water Agency (ACA, 20063a; Sostoa et al., 2010). In the case of fish, the BIORI protocol secures
obtaining the parameters needed for the estimation of the indices SBC and IBPR, namely AS richness
and relative abundance per assessment unit. In particular, abundance is registered both in terms of
density (individuals / ha) and in terms of biomass (kg / ha) (ACA, 2006a).

It is worth noting that there is absence of fish in 19,5 percent (in 2002-2003) and 24 percent (in 2007-
2008) of the monitored sites due to diverse circumstances. Examining the data for the period 2002-
2003, whereas 2 percent were sites with a dry river bed — i.e. ephemeral streams without fish
according to historical data — or offered bad conditions for fishing (another 2 percent), there is a
remarkable 15 percent of sites were the absence of catches indicates adverse conditions for the
survival of the fish fauna, clearly in relation to ecological quality conditions.
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Table 41 R
& Number of items 2002-2003 2007-2008

Number of sampling sites across

Total sites (n.
different conditions ites (ns) 333 311

Sites without catches

. Ecti 6 6
Source: EStlmatZiobve;ZEi Ob; dAaCtz (no fish, dry river bed or bad conditions for fishing) > /

Sites with catches 268 235

Water bodies with catches (nws) 182 235

Focussing on the sites with available information about the fish community and once contrasted the
datasets of both monitoring periods this section analyses BP&BC indices in water bodies in 2002-3
(NwB2003=182), and 2007-8 (Nwe.008=235). Comparisons are done intersecting available information in
coincident water bodies.

The assessment of biopollution requires the characterisation of the species according to their native or
alien status. This information was obtained from ACA (2006a) and Sostoa et al. (2010) and adapted
through expert assessment for the case of Salmo trutta, Anguila anguila, and Phoxinus phoxinus.

a. Site-specific Biological Contamination Index (SBC), a reasonable quick assessment of state

The Site-specific Biological Contamination index (SBC) enables the comparison of different aquatic
ecosystems according to their level of pollution from new taxa, taking into consideration their relative
abundance in the ecosystem (Arbadiauskas et al., 2008). Accounting for the proportion of alien
taxonomic orders™ in the community, and the relative abundance of alien individuals, the
biocontamination can be classified in five levels from ‘No’ biocontamination (SBC=0) to ‘Severe’
biocontamination (SBC=5) and can be inversely interpreted as a contribution from the ‘Very good’
status to the 'Very bad’ status of the aquatic ecosystem. The levels are determined through different
thresholds in the proportion of species richness and/or the alien species abundance (see Fig. 38).

The initial testing done by the developers of this methodology for rivers of Central Europe used
macroinvertebrate data compiled from different sources. After that, the SBC index was applied for the
case of the Isle of Man, for macroinvertebrate data (MacNeil et al., 2010). In this case, the data
consistently relied on the UK Environment Agency guidelines for monitoring sampling, similar to a
well-known assessment system for ecological quality of rivers using macroinvertebrates. A similar
exercise was undertaken by Sidagyte et al. (2013) for the case of invertebrates in Lithuanian lakes.
There two later studies have the explicit objective of analysing the biocontamination results in relation
to metrics of ecological status and/or to environmental stressors parameters. While in the first one
there was a significant negative relationship between indicators of biological quality and the SBC
indices, in the second case SBC indices were unrelated either with biological quality indices or with
stressor variables. This information is relevant in the light of the analysis in Sections 4.2.3 and 4.2.4.

® Here the assessment is done for a taxonomic group within one phylum only (Chordata). Since detailed information
about the species of fish was available, an adaptation of the methodology was to estimate the richness contamination
index (RCl) based on species richness and not ordinal richness, which gives a finer grained picture of the situation. This
adaptation was positively regarded by two biologists specialists in water quality indices and also discussed and
validated with Dr. Kestutis Arbaciauskas (pers. comm., Ispra 17-18/06/2009).
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Fig. 38 Procedure for the determination of the site-specific biocontamination (SBC) level

Source: Own elaboration based on Arbadiauskas et al. (2008)
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The SBCis not a risk index, since it does not point to possible negative outcomes but to actual adverse
ecological consequences that percolate from the presence and abundance of AS. Once the data for
the selected taxa is available, the calculation for a given assessment unit is relatively straightforward,
though laborious. In Catalonia, the routine monitoring program for fish offers the possibility of
determining the SBC index using indicators of abundance both in terms of the density (number of
individuals per river hectare) and in terms of biomass (kilograms of alien fish per river hectare).

The results of the calculation (shown in Appendix IV) for the two assessment periods and the two
possible metrics of abundance do not differ markedly depending on the metric used (density or
biomass). Accordingly there is moderate and more than moderate biocontamination (suggesting less
than good ecological status) in one third of the monitored sites (34 percent in 2002-3; 35 percent in
2007-8) and around one half of the sites with fish communities (47 percent in both campaigns). In both
assessment periods, the results show a negligible worsening (involving 6 sites at the most) when
biomass indicators are used, with minor decreases in moderate and high biocontamination and
ensuing increases in high and severe biocontamination.

An issue in relation to the use of this indicator is getting polarised results. Most of the resulting
biocontamination levels are concentrated at the extremes, as shown in

Fig. 39. Moreover, the presumption of alien species effects simply derived from the alien to native
species ratios can be arguable as not all alien species are damaging. In any case, the SBC is an easy-to-
estimate indicator based on the existing monitoring routines. It can be used for a quick assessment of
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the state of biocontamination, provided that there is available data on relative AS abundance at the
site level.

Fig- 39 SBC (Kg/ha), 2007
Percentage of assessment units per SBC level N= 235
(2007-2008, abundance as kg/ha)

@
=1

Source: Estimated based on data provided by ACA 3 50 1
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[ ]
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o o 125 E 30
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n.a Without fish 76 SBC

b. Integrated biopollution risk (IBPR) index, a quick risk assessment

Relying on the assumption that risk-based assessments are useful to support cost-effective decisions
consistent with the precautionary principle, Panov et al. (2007, 2009) developed an approach based on
the general appraisal of invasiveness according to three elements of risk. Such elements are dispersal,
establishment in new environments and generation of ecological and/or socioeconomic impacts,
combined as shown in Fig. 4o.

The authors also provide some practical guidelines for the evaluation of each one of the descriptors of
risk (also indicated in that figure), which involves information about richness and relative abundance of
AS in each one of the assessment units. Eventually the IBPR index, scoring o to 4, is estimated with
reference to the proportion of species present in specific locations that are included in one or more of
three lists (black, grey or white), classified according to a formal listing procedure.

The assessment does not require proof of actual impact in the assessment unit, but is entirely based
on the existing information about the species’ impacts according to the literature or other reliable
source of knowledge. Of course, there are different methods to establish generic impact of species.
Nentwig et al. (2010) propose a scoring system (o-5) using subcategories of environmental and
economic impacts multiplying the total rating by the percentage of occupied area, and test it for alien
mammals in Europe. Magee et al. (2010) estimate the magnitude of the stress caused in situ by alien
species using an index that summarises the frequency of occurrence and the potential ecological
impact, demonstrating the use in the case of streamside vegetation of a river basin. Sandvik et al.
(2013) classify species determining their placement along the two axes (invasion potential and local
ecological effect), using a list of specific criteria, such as mean expansion rate and interactions with
keystone species. They test the proposed system for several AIS still absent from Norway, their
geographic area of interest. In the case of the IBPR assessment process, the evaluation is rather
simple, and only requires one positive response to a list of questions about possible types of ecological
and socioeconomic impacts (see Fig. 40).

127



Fig. 40 Procedure for the determination of the Integrated biopollution risk (IBPR) index

Source: Own elaboration based on (Panov et al., 2009)
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The idea of using standardised procedures to classify AS into grey, white, and black lists in order to
provide a common framework for management is not new (Genovesi and Shine, 2004; Nehring and
Klingenstein, 2008). The IBPR index builds on this background to propose a listing system involving
the following lists:

a) Black, for species with high potential to cause impact, together with species that are with high
potential to spread and establish; their presence should be prevented or deemed as an element of
necessary control.

b) White, for species with high potential to spread and/or high potential for establishment but low
potential to cause impact; their presence can be deemed as acceptable.

c) Grey, for species with unknown potential to spread, establish and cause impact; for precautionary
reasons, the set of ‘'no’ responses is not interpreted low risk potential for all risk elements, but as a
need of continuous monitoring to expand knowledge about the species.
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Using the information about the number of sites with presence of the species, their relative abundance
and known impacts of the species from the literature, a classification of alien fish detected through the
standard monitoring system in Catalonia is presented in Table 42. Note that, in the listing scheme
presented in Table 41, ‘yes' means that information on potential invasiveness of the species is
available, while ‘no’ means information is not available or ‘unknown’.

Table 42 Results of listing species according to the IBPR methodology

Note: HRD - High Risk of Dispersal, based on number of sites with presence of the species; HRE — High Risk of Establishment, based
on the number of sites with relative abundance > 20%; HRI - High Risk of adverse ecological and/or socioeconomic Impacts

Source: Own elaboration based on data provided by ACA

. HRD HRE (2003) HRD HRE (2007) . List (2003) List (2007)
ecies
= (2003)  |nd/ha Kg/ha (2007)  |nd/ha Kg/ha Ind/lha Kg/ha Ind/lha  Kg/ha

Alburnus alburnus Black Black Black Black

Ameiurus melas Black Black White White

Barbatula barbatula White  White ~ White ~ White
Barbus graellsii NO White  White ~ White ~ White
Carassius auratus Black  Black Black Black
Cyprinus carpio Black  Black Black Black
Esox lucius Black  Black Black Black
Gambusia holbrooki Black Black  Black

Gobio lozanoi White  White White White

Lepomis gibbosus EJEl'@ White ~ White  White
White White ~ White ~ White

Micropterus salmoides

Misgurnus anguillicaudatus N.A. N.A. N.A. 1 o o N.A. N.A. Black Black

White BEELS Black Black

Oncorhynchus mykiss

NO White  White White White
Black Black
NO White  White White White

Parachondrostoma miegii

Perca fluviatilis N.A. N.A. N.A. 1 o o N.A. N.A.

Phoxinus sp.

Pseudorasbora parva Black  Black White  White
White  White Black Black

Rutilus rutilus

Salmo trutta Black Black White White
White  White White White

Sander lucioperca

Scardinius erythrophthalmus Black  Black White  White

Silurus glanis White  White  White

Some comments stemming from the results on listing species are the following ones:

o All the species are classified either in the black or the white lists, and none within the grey one.
According to the information on richness and abundance of the listed fish in Catalonia, the only
species that could have been considered for the grey list are Ameiurus melas, Esox lucius,
Misgurnus anguillicaudatus, Perca fluviatilis, and Pseudorasbora parva. In all cases, available
information about impacts of these species has put them automatically in the black list.
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In 12 cases (55 percent of the assessed species) the classification is consistent between across
periods and metrics of abundance, either black (Alburnus alburnus, Carassius auratus, Cyprinus
carpio, Esox lucius) or white (Barbatula barbatula, Barbus graellsii, Gobio lozanoi, Micropterus
salmoides, Parachondrostoma miegii, Phoxinus sp., Sander lucioperca).

It is worth noticing that the white-list species are either species native to the Ebro basin and
other Iberian watersheds traslocated into the IBC — with meagre information about impacts — or
high-impact AS which are not very abundant in the water bodies where they are present, which
suggests low risk of establishment. Improved knowledge about the impact of the species or
future increase in their abundance would result in a change of the classification from white to
black.

In the other cases the categorization changes between or within periods. In 5 cases (23 percent of
the species) the classification changes between periods, for different reasons. Among the several
casuistries, it is remarkable the case of Rutilus rutilus, that increases dramatically in distribution
and relative abundance thus becoming a black-list species. In 3 cases (13.6 percent of the
species), results for the same period vary according to the metric used for assessing the risk of
establishment. This is related with species of high impact potential that may be locally abundant
in numbers but which individuals are smaller in size compared with other caught fish of the
community (Gambusia holbrooki, Lepomis gibbosus) or species with bigger size than other
individuals of the community, although may not be as frequently caught (Oncorhynchus mykiss,
Silurus glanis).

Based on these results about the species, and using the classification criteria mentioned in Fig. 40, the

IBPR index for each one of the assessed water bodies can be calculated. The results for the two

assessment periods (plotted in Annex V) are more distributed among classes than the ones of the BSC

index. Yet they are still polarized results, as it is shown in Fig. 4a.

Fig. 41
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Percentage of assessment units per IBPR level N= 235
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Results differ slightly depending on the metric used (density or biomass). Using biomass indicators of

abundance (kg/ha) tends to bring sites graded from the 2 (Moderate) and 3 (High) biopollution risk

levels to the 1 (Low) and 4 (Severe) levels, as nearly symmetrical changes in the number of sites can be

observed in relation to the assessment done with density indicators of abundance (individuals/ha).
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This is probably due to the high abundance of small-sized white-list species. In general, the effect is to
obtain slightly worse general results when using indicators of abundance based on fish density.
Accordingly, there is an indication of moderate and more than moderate biopollution risk (suggesting
less than good ecological status) in one third of the monitored water bodies (29 percent to 33 percent)
and around 40 percent of the water bodies with fish communities.

Table 43

. . Percentage IBPR 5 ,
Percentage of sites with moderate and more than

moderate biopollution risk using the IBPR index G el Number of items Density  Biomass
(ind/ha) (kg /ha)
Source: Own elaboration based on data provided by ACA

Total monitored sites 32 29

2002-2003
Sites with fish 40 36
Total monitored sites 33 32

2007-2008
Sites with fish 40 42

In summary, the IBPR methodology offers a feasible process to assess potential biopollution in
different water bodies in Catalonia, based on certain operative assumptions on the impacts of the
species. As a risk index, IBPR method is helpful to frame the need for management with an account of
possible impacts of AS. The method does not require proof of actual impacts and therefore does not
distinguish properly the different effects that the same species may have in different hosting
ecosystems. Besides the results for the different assessment units, the process provides with a (non-
stable) classification of alien species according to their potential invasiveness, also a useful
management tool.

c. Biopollution level index (BPL), the (too?) perfect assessment of state

If the purpose of assessing biopollution is to understand changes in ecological quality associated with
bioinvasions, a precise recognition of the real effects of AS may be more advisable than the appraisal
of their possible impacts. In this respect, Olenin et al. (2007) proposed a method able to make an
explicit account of AS abundance and distribution ranges, together with the actual impact of the AS
on native species or communities, habitats or ecosystem functioning, based on scientific evidence.
The evaluation procedure, shown in Fig. 42, provides a classification of water bodies along five levels
from ‘No’ biopolution (BPL=0) to ‘Massive’ biopolution (SBC=5), which can be inversely associated
with levels of biological quality according to the classification scheme of the WFD.

Later on, the method was also refined for its implementation to marine waters (Olenin et al., 2011,
2010). A system to facilitate the BPL calculation and information-sharing based on an on-line platform
was designed by (NarScius et al.,, (2012). This method has been applied in several cases, mostly
associated with estuarine or coastal areas in the Baltic using macroinvertebrates of phytoplankton
(Olenina et al., 2010; Wittfoth and Zettler, 2013; Zaiko et al., 2011). As mentioned in Section 1.2.1, a
test of the biopollution levels of coastal areas of Catalonia was also undertaken by Ballesteros et al.
(2010: 90-97). The researchers using this method admit that it requires substantial research effort,
although praise its usefulness for interregional comparisons and the evaluation of effects of individual
AS (Zaiko et al., 2011).
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Fig. 42 Procedure for the determination of biopollution level (BPL)

Source: Own elaboration based on Olenin et al. (2007)
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A priori, the BPL index has excellent properties to grasp the condition of the water bodies regarding

biopollution. However, there are difficulties to implement BPL for the case of fish in rivers of

Catalonia, for the following reasons:

o Lack of detailed information about the abundance, ranges of distribution and effects of the

species within each one of the water bodies. In particular, in the case of fish, the distribution and

mobility within the water bodies are poorly studied.

o There is scientific reluctance to assert impact of fish species in situ, due to the high complexity of

the aquatic ecosystems and the number of different stressors involved besides the presence of

AS themselves.

+ From the management point of view, the large amount of effort and resources needed to

increasing knowledge about local distribution and actual impacts of high-risk Al may be better

allocated in preventing the degradation of the state that in confirming that degradation ex post.
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In sum, in Catalonia BPL could be applied to certain water bodies with presence of specific AS where
research can provide reliable information. That is the case, for instance, of the assessment of
biopollution in coastal areas, where the team of researchers in charge have accumulated primary data
for decades. In general, that is not the case of fish in river ecosystems and data requirements for this
method largely exceed the current state of data availability. If, in the future, knowledge improves, the
BPL is a good candidate indicator for a precise evaluation of the state in relation to biopollution.

d. Comparison of methods and use of results

To conclude the test of applicability of these methodologies for the assessment of BC&BC, this
section elaborates on the use of results and compares the results of the two indices that have been
calculated, using the date for 2007-2008, estimated with biomass as indicator of abundance.

There is 82 percent coincidence in the results between SBC and IBPR. Discrepancies are related to
water bodies where there is low abundance of black-list species (with results tending less favourable
using IBPR) or areas with high richness of white-list species (with more favourable results using IBPR).
In ca 5.1 percent of the water bodies, this discrepancy leads to a totally different signal in terms of the
assessment and compliance (in terms of terms of achievement of good status) is dependent on the
evaluation method chosen.

Tabl
able 44 Type or results SBC IBPR Nws %
Comparison of results .SBC and IBPR levels ® ® 125 53,2
(2007-2008, abundance as biomass), Nwg2008=235
Same result 3 3 18 7.7
Source: Own elaboration
49 20.9
2 3 1 0.4
3 2 5 2.1
Different result,
) 3 6 2.6
Percentage IBPR same signal
of water bodies according Compliance | Non compliance 2 11 4.7
to ‘compliance’ (0,2) (2,3,4) - 3 8 3.4
Compliance (o,1) 53.2 0.0 > 1 1 0.4
SBC : Different signal
Non compliance (2,3,4) 5.1 41.7 3 1 11 4.7

In relation to the possible use of results, BP&BC can be helpful in several ways. Fig. 43, plotting the
results of IBPR, will be used as an illustration. First, the identification of areas with low levels of
biocontamination or risk of biopollution supports the development of preventive measures, at it is
clear that that these areas must remain as priority zones for conservation of native species (for
instance, the area ‘a’ in the map). Second, the allocation of available resources can be guided by a
cost-effectiveness principle, employing them in areas where the biopollution risk is still moderate or
low, instead of where it is severe, and therefore the intervention may result in a future situation of
compliance (e.g., the choice between areas ‘b’ in the map). Third, BP&BC assessment can support
programmes of measures with effects in the biotic communities. Thus, for example the improvement
of river connectivity or the implementation of ecological flows, put in place in order to recover the
hydro-morphological quality of the river, may have also adverse effects in relation to alien species,
facilitating their spread to area where they were previously absent. The planning of such measures

may take into account likely effects in BP&BC as one of the criteria for intervention.
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Finally, it is worth mentioning the meaning of the grey areas in the map, which introduce different
elements of uncertainty. On the one hand, there are sections of the river basin that are not typified as
rivers but fall under other categories of water bodies (wetlands, lakes, etc.). Therefore, the
monitoring routine for rivers does not include them and there is not available information with the
same level of detail than the river sections. Two examples are indicated with the sign @ in the map:
the mouth of the Ebro River, considered a wetland, and the series of reservoirs in the mid-course of
the Ter River that have appeared in previous chapters, considered as heavily modified water bodies.

On the other hand, there are actual river sections that where monitored but, for different reasons, no
fish were caught. Two examples are indicated in the map with the sign @. In some of these areas, as
in the many ephemeral streams along the coastal areas, the Mediterranean natural regime prevents
the establishment of fish communities and the absence of fish is not surprising. However, in other
areas, as in the mouth of the Llobregat River, the absence of fish indicates poor water quality. It
might happen in the future that, due to river management practices, the physicochemical quality of
the river improves to the extent that fish communities can be sustained there. In that situation, alien
species that tolerate better poor water quality are likely to establish first. Oddly enough in this case
the BP&BC indices would point to a worsening of the situation.

4.2.3 Are the BP&BC indices good ‘state’ indicators?

As indicated at the beginning of this Section 4.2, a clear association between stressors and the
indicator used for quality status is considered a necessary property for the identification of suitable
candidates to be state indicators. Then, a pertinent question would be whether the BC&BP levels are
correlated with the gradient of pressure in the water bodies.

Anthropogenic activities or actions that may have an impact on ecosystem health are considered to
be pressures (Conrad, 1979). In order to characterise the pressures in the sampling sites, the values of
a stressor gradient assessment proposed by Munné and Prat (2009) were obtained, with permission,
from the watershed authority for the different water bodies in Catalonia. This stressor gradient
synthesizes the combined effect of different pressures, such as land use types and several types of
contamination sources, together with the dilution capacity of the river ecosystem. The stressor
gradient value (RI_AP) was available for the year 2003 for water bodies matching 246 sites in with
available data on BP&BC in 2003 and 235 sites in 2007.
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Fig. 44 Scatter plot of stressor gradient across SBC and IBPR levels
Source: Own elaboration based on SBC and IBPR (own calculation) and data on stressor gradient (by ACA)
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The scatter plotting of the BP&BC levels and the stressor indicator (Fig. 44) pointed to a certain
association of the variables: the higher the stressor value, the highest the BC&BP levels. Some visible
outliers were confirmed not to be errors and therefore they were not excluded from the data set.

Then using a simple bivariate correlation analysis, which indicates how variables or rank orders are
related, weak positive linear associations were found between BP&BC and the pressures in the water
body. Similar results were found computing the correlations — based on the consideration of BP&BC
indicators as ordinal variables — using two nonparametric correlation measures: Spearman's rho and
Kendall's tau-b, run with Statistical Package for the Social Sciences (IBM SPSS version 21.0) (Table
45). There is a statistically significant correlation between both SBC and IBPR and the pressure
indicators both in 2003 and 2007, with coefficients ranging from 0.215-0.315 [2003] and 0.208-0.313
[2007]. For both periods, the IBPR levels were slightly more correlated with the pressure indicator
RI_AP than the SBC levels, regardless the indicator of fish abundance used (density or biomass).

The use of the Pearson correlation coefficient was also tested and it pointed out the same result,
although the results are not included in the dissertation as this coefficient is admittedly more
appropriate for scale variables.

Table 45 Test RI_AP RI_AP
PB&BC levels and pressures, (BP&BC 2003) (BP&BC 2007)
results of the correlation analysis Correlation Coefficient -215%% 219
SBCindha Sig. (2-tailed) .000 .000
Note: **. Correlation is significant at N 246 235
the 0.01 level (2-tailed). Correlation Coefficient .240%% .208
SBCkgha Sig. (2-tailed) .000 .000
Source: Own elaboration. N 246 235
Full results in Annex V1 , Correlation Coefficient 243%* 224
t':insa” s IBPRindha Sig. (2-tailed) .000 .000
- N 246 235
Correlation Coefficient 240%% .239
IBPRkgha Sig. (2-tailed) .000 .000
N 246 235
Correlation Coefficient 1.000 1.000
RIAP Sig. (2-tailed) . .
N 295 311
Correlation Coefficient 274%% .282
SBCindha Sig. (2-tailed) .000 .000
N 246 235
Correlation Coefficient .305%% 271
SBCkgha Sig. (2-tailed) .000 .000
N 246 235
Spearman’s Correlation Coefficient .315%* 296
tho IBPRindha Sig. (2-tailed) .000 .000
N 246 235
Correlation Coefficient .310%* 313
IBPRkgha Sig. (2-tailed) .000 .000
N 246 235
Correlation Coefficient 1.000 1.000
RIAP Sig. (2-tailed) . .
N 295 311

These results suggest that biopollution and biocontamination are indeed associated with the gradient
of pressures to the water bodies, although the current data availability does not point to a very strong
association. The knowledge on pressures is expected to improve over time. In case a more precise or

136



sensitive indicator of pressures pointed out to similar or more intense association, the result herein
presented would be confirmed.

In any case, the results obtained tend to confirm that BC&BP indicators have conditions to be pressure
indicators. Besides the utility that this has for the specific context of the implementation of the WFD,
this test provides new insights for the consideration of BC&BP indicators in relation to their
applicability as an indicator towards the 2020 targets for biodiversity in Europe. Find more on this
discussion in EEA (2012).

4.2.4 Are the results of BP&BC redundant with the indicators of biological quality?

After the WFD, the biological quality of rivers is assessed according to different biological quality
elements (BQE): aquatic flora, invertebrates and fish. In relation to the other BQE, fish tend to signal
larger spatial and temporal scale processes. As fish are often at the top of the trophic chain, they are
sensitive to influences in the rest of aquatic communities. Moreover, fish have relatively higher social
visibility and economic relevance than other BQE (ACA, 2006a). Being a part of popular culture and
traditional ecological knowledge (e.g. Boquera Margalef and Quiroga Raimundez, 2001), changes in
fish communities can be traced through historical and ethnographic research.

All the above reasons make fish a good base for assessing biological quality. Among the different
methodologies developed in this respect, the indices of biotic integrity based on Karr (1987, 1981) have
become widely accepted. This conceptual approach assesses the composition and diversity of species,
their abundance and the conditions of the fish. In Catalonia, the index based on this approach, first
developed in 2003 (Sostoa et al., 2003) and further refined in 2010 (Sostoa et al., 2010) is called IBICAT.
It was commissioned by the watershed authority that uses it for guiding water quality assessment in
rivers, together with indicators for the other BQE (ACA, 2006a). The index allows generating different
quality levels based on the score for the different metrics included.

The process to refine IBICAT took particular care of the issue of alien species during the stage of
selecting candidate metrics to be part of the assessment. Then, it is a pertinent question whether the
results of this index in relation to the issue of AS made it redundant the calculation of an ad hoc BP&PC
indicator as the ones that have been tested in this section.

In order to compare both types of information, data on the scores (from 1 to 5) for two different
versions of the index (IBICAT 0,0 [Nwe=234], IBICAT,, [nwe=235]) was obtained, with permission of the
watershed authority, for rivers in Catalonia. The data corresponds to the fish monitoring in the period
2007-2008, that is, the same raw data than the used for the calculation of the BP&BC indices of that
period. Levels 1 and 2 correspond to very good and good quality level, and therefore, would point at
water bodies in compliance with the WDF; levels 3,4 and 5 correspond to moderate, deficient and bad
quality levels and would indicate incompliance with the WFD.

The results of the different quality levels for the both versions of the IBICAT index, compared with the
corresponding level of BP&BC are shown in Table 46. The cells highlighted in light brown indicate the
water bodies in which the assessment of biological integrity and BP&BC provide the same signal
(either compliance or incompliance). Meanwhile, white cells indicate divergent results between these
two kinds of assessment.
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Table 46 BC&BP level IBICAT, ;0 Score IBICAT,p, Score
Crosstabs of BC&BP levels and scores of the = = 3 & S & -

biological quality assessment for fish, frequencies, Bl 300608 17 313 5 [R29NN7ZN 18 1 0
Nws= 234, 235, period 2007-2008 SBC(ind/ha) 2 R : : © © N 2 ©
3 9 21 8 [¢} 2 4 22 11 0
Source: Own elaboration based on data provided by - o 1 13 34 19 1 2 11 40 14
ACA o 30 60 17 13 5 29 77 18 1 o
2 1 o 1 0 o 1 o 1 o
SBC(Kg/ha) 3 8 23 8 o 3 22 11 0
- o) 2 12 34 19 0 2 11 41 14
o 30 60 17 13 5 29 77 18 1 o
1 o 3 4 o o 1 2 4 o o
IBPR(ind/ha) 2 o 3 5 11 o 2 2 8 6 2
3 1 4 16 9 3 o 16 15 o0
- 0 1 10 23 16 O 1 5 32 12
o 30 60 17 13 5 29 77 18 1 o

i o0 5 6 1 o 3 2 5 2

IBPR(kg/ha) 2 o 2 3 10 o 0 2 7 5

3 1 3 13 9 1 o 1 13 13
- o 1 13 23 18 o 2 8 33 12

Based on this table of frequencies, it is possible to calculate the probability of coincident results and

non-coincident result, shown in Table 47(a). Looking at the different combinations of indices, it is

clear that the probability of coincident results (ranging between 79-88 percent) is always higher than

the probability of non coincident results (12-21 percent). Being the probability of coincident results

remarkably high in both versions of the biological quality index, IBICAT,, seems to capture better the

issue of BP&BC than IBICAT,.,, for each one of the indices and metrics used for the assessment of

BP&BC.

Table 47 Coincidence of results between BC&BP levels and biological quality scores

Note: Compliance (C) means levels 0,1 for BC&BP and scores 1,2 for biotic integrity indicators; Non-compliance (NC) means is levels

2,3,4 for BC&BP and scores 3, 4,5 for biotic integrity indicators
Source: Own calculation

a) Probability of coincident/non coincident results

IBICAT2010 Score IBICAT2b Score

BC&BP level "B - Y BN
o
. 2
SBC(ind/ha) i 20 % 80% 12 % 88 %
o
2
SBC(Kg/ha) i 20 % 80% 12 % 88 %
o
1
IBPR(ind/ha) 2
ﬁ 21 % 79 % 13% 87%
o
1
IBPR(kg/ha) 2
ﬁ 21% 79% 13% 87%

b) Conditional probability of non-coincident results

IBICAT2010 Score IBICAT2b Score

BC&BP level C NC C NC
C 28 % 15%
SBC(ind/ha) N L. 9%
C 28 % 15 %
SBC(Kg/ha) NC  12% 9%
C 30% 17 %
IBPR(ind/ha)
NC 9% 6%
C 30% 19 %
IBPR(kg/ha)
NC 7% 4%
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Focussing now briefly on the non-coincident results, two situations are possible: that BP&BC indices
indicate compliance while there biological quality index indicates incompliance, or the other way
around. The first situation may be explained by the fact that the fish community suffers from a
pressure unrelated to the issue of alien species. The second situation is more problematic from the
point of view of the topic addressed in this dissertation. If the biological quality index indicates
compliance, there would not be any signal for the water managers to engage in policy measures of
ecological improvement, as the state of the water body would be considered as good or very good
from the point of view of the fish communities. However, the BP&BC indices would be pointing out at
the existence of a problem of bioinvasions in that particular water body.

With this in mind, the conditional probability of these two situations was estimated for the different
indicators involved (Table 47 [b]). Conditional probabilities there are calculated according to the
formula P(A|B) = P(A n B)/P(B) when P(B) >0, where the event of interest A is either the biological
quality indicator (BQl)'s non-compliance (NC) or compliance (C) and the restricted sample space B is
the opposite result in BC&BP level. The results shown in the table indicate that the probability of
BC&BP compliance and biotic integrity incompliance (highlighted in orange) ranges between 15-30
percent, and it is always higher than probability of BC&BP incompliance and biotic integrity
compliance (highlighted in purple), ranging between 4-12%.

This later result is relevant, because demonstrates that the standard quality assessment fails to
completely pinpoint the issue of alien species. While the probability that this happens is relatively low,
the failure is systematic regardless the indicator used. Of course, the considerations on uncertainty
about the BP&BC indices presented along this section should be taken into account when interpreting
this result.

In any case, based on the results presented in this section, it can be argued that the biological quality
index used for fish in Catalonia and the BP&BC indices are not redundant. While there is an undeniably
high level of coincidence between their results, they do not reflect the same thing, and there is a small
probability of systematic failure of the BQlI to provide the required policy signals.

4.2.5. Concluding remarks about biopollution and biocontamination indices

The consideration of AS in the assessment of biological quality is necessary whenever there is
evidence that Al constitute a pressure to or have an impact on the aquatic ecosystem. Some voices
even claim that the high ecological status is unsuited for water bodies where AS are present. Yet
taking up AS until the last consequences in ecological status assessment may be problematical for
water managers. In Catalonia there are practically no water bodies without alien species present. The
eradication of most of them is environmentally or economically unfeasible. Should a strict AS-based
quality assessment be adopted, the water policies would be locked in the predicament of recognising a
problem of generalised poor ecological status without being able to effectively redress this situation.

In this context, the existence of supplementary BP&BC indices is helpful to guide policies in support of
increased biological quality. In the case of Catalonia, and using fish as biological element, two of the
methodologies present in the literature can be estimated with the existing monitoring data and would
not require further sampling effort beyond the routine monitoring.
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The BP&BC indices thus estimated undoubtedly provide useful information for the management of AS
in aquatic ecosystems. The classification of water bodies or, as a part of the calculation of IBPR, a
classification of the AS themselves, helps to prioritize efforts, targeting those management units or
species whose control will have the most benefit for the available resources. In the case of the species,
such a classification could be easily linked to regulatory frames. For instance, it could be helpful to
communicate to the general public why the possession, sale or any other kind of management is
restricted for ‘black species’'.

In fact, impacts of the species are explicitly taken into account in two of the methodologies
introduced, although in one case the impact is presumed based on the information from the literature
and the other requires actual evaluation in situ. A consideration in relation to species’ impacts is the
extent to which the criteria for classification are discussed with stakeholders. Although the
assessment itself must be guide a systematic organisation of knowledge, and therefore, can be
considered as a scientific endeavour, an agreement with stakeholders on the reasons why a particular
species is considered as a hazard will benefit both the comprehensiveness of the analysis and the use
of its results in policy making.

In general, the indexes fall short of portraying species whose impacts are not completely understood.
Additionally, an element that is absent from the different BP&BC indicators, and that it would be likely
to emerge as a result of an open discussion about AS impacts and biopollution, is the recognition of
the ambivalence of the species. From the ecological point of view, the potential benefits of alien
species include providing habitat or food resources to rare species, serving as functional substitutes for
extinct taxa, and providing desirable ecosystem functions (Schlaepfer et al., 2011). Moreover, many of
the AS, as some of those present in Catalonia, are economically important. Despite this, there is such a
scant research done on the potential conservation benefits of alien species that make it think that the
topic is a scientific taboo. With increase knowledge about these potential benefits, a new challenge
would rise on the best way to integrate it in BP&BC assessment: can benefits be an offset for negative
effects of the species?

This section about biopollution closes with some final recommendations informed by the testing and
analyses done. A major point here is that water bodies are not necessarily homogeneous in terms of
the represented habitats, overall all in relation to flora species. A relative abundant species may cause
diverse impact depending on the type of habitats along the water body. As a result, the attribution of
the impact on habitats may differ. Therefore, a more precise assessment of biopollution, based on
actual information about AS impacts, would benefit from changes in the monitoring protocols that
involved data gathering about local distribution and effects on local ecosystems and biodiversity, even
if it is under qualitative basis. Another point is the taxonomic groups to be included in the analysis. Due
to data availability reasons, the assessment in this section has relied on fish species. As indicated
above, most of the tests of biopollution and biocontamination have been done using
macroinvertebrates. Potentially, the methodology can be used with any taxa. Then a question would
be whether other types or organisms with very likely negative effects in ecological status (e.g.,
zoonotic organisms like parasites) should not be explicitly addressed outside the classical BQE
including in the assessment of ecological state.
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4.3 Scenario development in the assessment of biological invasions

Scenarios have been used as planning tools for over five decades in various areas (Kahn and Wiener,
1967; van Notten et al., 2003). In an attempt to summarise views, Berkhout and Hertin (2003:45)
indicated that the benefits of scenario analysis and planning are twofold. First, the scenario approach
expands the range of outcomes considered in strategic decision-making. It encourages new ways of
thinking about the future and linking the different components and actors of a complex problem in the
policy design process. Second, the process of scenario-making and elaboration is itself seen as a
contribution to prepare the grounds for change, as scenarios challenge conventional wisdom and
encourage debate. It is argued that juxtaposing scenarios provides a means to think about the
relationships between choices, dynamics, and alternative futures (Gallopin et al., 1997b). Given their
flexibility and promotion of links between science and social actors in complex issues, scenarios are
part of the methodological toolkit of science-governance-policy interfaces in environmental matters,
such as social multi-criteria evaluation (Kowalski et al., 2009; Stewart et al., 2013) and integrated
assessment (Bohunovsky et al., 2010; Caille et al., 2007; Kasemir et al., 2003).

Scenarios have been employed to analyse the impact of different policies on global or regional
sustainability, such as energy policies, climate change or EU enlargement (Rotmans et al., 2000;
Wehrmeyer et al., 2003). On the global scale, for instance, the IPCC developed a set of scenarios
illustrating the impact of specific developments in population growth, energy use and technology, and
associated climate change patterns (IPCC, 2007; Rogelj et al., 2012). Other examples of global
scenarios include the Global Scenario Group (GSG) scenarios (Bertrand et al., 1999) and World Water
Vision Scenarios (Gallopin and Rijsberman, 2000). In Europe, the European Commission promoted a
number of studies, including Vision 2020 (EC-DGXI, 1996), European Energy to 2020 (EC-DGXVII, 1996),
Scenarios Europe 2010 (Bertrand et al., 1999) and Four Futures of Europe (Mooij and Tang, 2003).

Scenario development for assessing biodiversity is an emergent application. Understanding of
ecosystem change is addressed by considering the evolution of its drivers. Mainly focused on larger
scales, both analytic and participatory methods have been employed for biodiversity-related scenario
development. Related studies are presented in

Table 48, including one example dealing with invasive species. This case, together with the most recent
work by Roura-Pascual et al. (2011), count among the very few implementations of scenario planning
in the field of bioinvasions.

Both are related to plant invasions in South Africa and explicitly aim at guiding management options.
Their conclusions point at the benefits of formulating management strategies based on scenarios. The
reasons argued are that scenarios allow expanding the knowledge of the factors driving invasions in a
context of multiple complexities and uncertainties in future environmental conditions. Without fully
implementing a scenario approach, Albins and Hixon (2013) and Hellmann et al. (2008) also use
scenario techniques and terminology to forecast future developments related with alien species with
the aim of underpinning long-term management processes.
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Table 48 Scenarios for biodiversity assessment

Source Purpose Type Main scenarios
. SUM: No interaction among drivers
Global To project changes of Analytic / Model-based o . .
biodi it global biodiversity o MAX: Antagonistic interactions between drivers.
iodiversity i o Itornative Quanutapve .m.0d6|5 based on  pjodiversity respond only to the driver to which it is most
(Salaetal ling to afte changes in driving forcesand  gensitive
2000) N evolution of driving the known sensitivity of o . )
forces. biodiversity to these changes. MULT: Sylnerglstlc mteractllon's bgtween drllvers.
Biodiversity responds multiplicatively to drivers of change
) ) Garden of Eden: strongly performing economy and
Biological coherent policies and regulations.
invasions in

South Africa

(Chapman et
al., 2001; Le
Maitre et al.,
2004)

To anticipate and
understand possible
trajectories of plant
invasions in South Africa
in a frame of complexity

Analytic / Expert-based

Qualitative storyline based on
workshop activities with
natural scientists

Another farmyard: strong national economy but weak
regulatory environment

Green desert: weak national economy and weak regulatory
environment

New mosaic: weak economy but strong regulatory
environment

GEO-3

(UNEP, 2007,
2002)

To provide to decision-
makers a picture of what
tomorrow might bring in
terms of human well-
being and environmental
security and what the
impact of their decisions
is likely to be.

Analytic / Hybrid (model-
based — expert based)

Qualitative narratives take
centre stage with the
quantitative tools playing a
supporting role

Markets First: market-driven developments converge on
the values and expectations that prevail in industrialized
countries

Policy First: strong actions are undertaken by governments
in an attempt to reach specific social and environmental
goals

Security First: great disparities, where inequality and
conflict prevail, brought about by socio-economic and
environmental stresses

Sustainability First: new development paradigm emerges in
response to the challenge of sustainability, supported by
new, more equitable values and institutions

Regional
ecosystem
services

(Peterson et

To assess the
sustainability of
ecosystem servicesina
region in transition
(Northern Highland Lake

Participatory / Ecological
scientist & stakeholders

Qualitative narratives based
on social and ecological
processes that are known to

Walleye Commons: Development decrease and little
effective lake management

Northwoods.com: Development increase, moderate
vulnerability, protection of certain lakes

Lake mosaic: Development increase, management by

al., 200 istri i i
! 3) District, Wisconsin) take place groups of residents surrounding specific lakes
Analytic / Hybrid (expert Global Orchestration: global economic and social policies
based - model-based) are the primary approach to sustainability
To address the . .
Global consequences of Combination of qualitative Order from Strength: protection through boundaries
biodiversit ) . . becomes paramount
lodiversity different plausible storyline development based
loss on interviews and literature

(MA, 20053)

futures for global
ecosystem services and
human well-being

review and quantitative
modelling based on
assumptions about the
evolution of indirect drivers

Adapting Mosaic: environmentally proactive local and
regional management as the primary approach to
sustainability

TechnoGarden: potential role of technology in providing or
improving the provision of ecosystem services.

ALARM
project

(Settele etal.,
2012;
Spangenberg
etal., 2012)

To explore possible
future risks to
biodiversity in Europe,
stimulating
interdisciplinary learning
and policy awareness

Analytic [ Hybrid (expert
based - model-based)

Qualitative narratives
illustrated with several
sectoral models (econometric,
ecosystem, land use) ,
combined with outputs from
climate models

Business As Might Be Usual (BAMBU): known and
foreseeable socio-economic and policy trajectories in
EU decision making.

GRowth Applied Strategy (GRAS): liberal, growth-
focused policy-driven scenario

Sustainable European Development Goal (SEDG):
socially, environmentally and economically sustainable
development.
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Studying the factors that contribute to the introduction, establishment and kind of impacts of alien
species, seems to enable the exploration of key uncertainties tied to the socioeconomic and
institutional context of bioinvasions. Thus, decision making may be informed about the kind of social
response and economic impact that may be expected from the implemented measures. With this in
mind, two different approaches to scenario development are tested and reported in this section.

In the first case, local and regional stakeholders in the Ebro joined in a structured exercise of
participatory scenario development which was the first implementation of such approach to the issue
of aquatic bioinvasions. In the second case, analytic management scenarios were developed based on
a detailed knowledge of the pre-invasion context in the Ter River.

Table 49 overviews some elements of interest in both cases, developed in greater detail along the
following sections 4.3 and 4.4. Additionally, the use of scenarios to understand inter-scale
interactions, and the role of agency (as defined in section 2.3 above) is analysed in section 4.5.

Table 49 Approaches in the scenario development of aquatic invasions in two Catalan regions

Source: Own elaboration

Approach Expected support to
Context pp Type Outcome p PP
IS management
Post invasion Crossover of ke Participator o . . . . .
. L 4 . P . Y Qualitative narratives of the invasion Deliberation
(Low Ebro River) uncertainties Qualitative
. ) ) Analytical I . ) ) . .
Pre invasion Alternative Qualitative narratives of the invasion Deliberation
_ Qualitative o
(reservoirs in the management quantitative/ Management guidelines Management
Ter River, options ) ; i i videlines
) P illustration Estimated impacts g

4.3.1  Scenarios post-invasion: zebra mussel and European catfish in the Ebro River

This section reports a practical experience of participatory scenario development carried out in the
case of the Ebro River.” In 2005, several years after the detection of the zebra mussel in the Ebro
River, the specific ways why and how the invasion was taking place, and how it was related with the
presence of other alien species had not been openly discussed among the main stakeholders. At that
time, zebra mussel was known to be established only in the original area of detection with signals of
its spread to new nearby basins. In this context, it seemed clear to the author that the information
from the developments in that region was crucially relevant both for the organisation of a local
response and for the preparation of preventive measures in other neighbouring areas. That motivated
the organisation of a participatory scenario exercise, the results and insights of which are presented
next.

* With acknowledgement to the financial support of European Integrated Project ALARM (COCE-CT-2003-506675) and
the training action Marie Curie in the University of Leeds. The very active role of Rosa Binimelis and lliana Monterroso in
the organisation of the workshop is also gratefully acknowledged, as it is the logistic support by Grup de Natura Freixe
in Flix. The contents of this section were previously reported in my master dissertation ‘Interlinked biological invasions in
the Ebro River. A multi-scale scenario approach’.
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4.3.1.a Methods and participants’ selection

The methods encompassed three stages, which extended along four months: preparatory activities,
the conduction of a participatory workshop and the assessment of results through desk research.

The preparatory activities started from the preliminary contacts with stakeholders and formal
invitation. Prior to the workshop, a series of interviews sounded out stakeholders’ opinion about the
utility of a participatory scenario development. This permitted the adaptation of the agenda to the
participants’ expectations, which was specified in the formal invitation. As a part of the preparation,
the necessary facilitation resources were designed (participants’ kits, reporting templates and a
presentation for conducting the workshop).

A full-day scenario workshop took place in the facilities of the Sebes Natural Reserve, at Flix, on
September 22nd, 2005. The workshop aimed at promoting deliberation among the participants
around management scenarios of biological invasions. To this end, a group dynamics was conducted
adapting the methodology of the IDON Scenario Thinking (Galt et al., 1997). The exercise
encompassed several roundtables, assemblies and leisure breaks (see Annex VII). During the breaks
exchange about the evolution of the workshop was also promoted. The dialogue was kept in Catalan
and Spanish, depending on the preference of the participants. The records of the exercise comprise
the filled templates, photographs and both audio and written records.

Finally, the scenarios were assessed through desk analysis. This phase included the assessment of
both results and methodological process. Participants’ opinions and ex-post appraisals (e. g. emission
of local radio reports) were taken as inputs for the assessment.

Fig. 45
Diverse moments during the scenario workshop

Source: ALARM-UAB team

The phase of participants’ selection made clear that many of the stakeholders had a role in both
invasion processes (zebra mussel and Wels catfish). In part, this is due to the fact that both invasions
were taking place in the same geographic area. Moreover, already in the preliminary contacts the
interrelation of both invasions was pointed out by several interviewees. Therefore the decision was to
undertake a joint exercise of scenario development for both species.
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With this in mind, criteria for selecting the participants needed for the workshop were: a)
representation of the different groups of stakeholders identified during the institutional analysis; and
b) decision-making capacity at the local level. Eighteen stakeholders from fifteen organisations
participated in the exercise (Table 50). Additionally, some stakeholders confirmed their participation
but did not attend for several reasons. They are presented for transparency and also because their
absence generated some reactions from the participants that were reflected in the storylines.

Table 50
. Selected S
Selected participants stakeholders Sector Organisation
of the scenario Regional administrations DGA, Servicio provincial de MA en Zaragoza
workshop - .
Ayuntamiento de Mequinenza
) Municipalities
Source: Own Ayuntamiento de de Flix
elaboration - o o :
Watershed authority Confederacion Hidrografica del Ebro (Quality Area)
Chemical industry Erkimia (Area waste waters treatment)
Badia Tucana
Tourist sector Club nautic de Riba-roja
Part|C|pants Industria hotelera (Hotel hacienda Pepito)
in workshop
Societat de Pescadors "El lucio" de Flix
Angling societies
Societat de pesca 'la carpa’ Riba-roja
Environmental Grup de Natura Freixe
organizations Pla de Proteccid Integral del Delte de I'Ebre — COCE
Universitat de Barcelona
Universities Universitat de Lleida
Universitat de Girona
Electric company ENDESA / ENHER
Non- Regional administrations ~ Generalitat de Catalunya, Dir. General de Medi Natural
attendant

stakeholders Ayuntamiento de Riba-roja

Municipalities
Ayuntamiento de la Pobla de Massaluca

4.3.2.b Results

An important component of the employed methodology is the facilitation of stakeholders’ reflection
by means of visual language in every step of the dynamics, including: 1) Identification of driving forces;
2) Hierarchy of driving forces, 3) ldentification of key underlying themes; 4) Generation of scenarios
and 5) Development of storylines. Section 2.2 reports the results of the two fist stages of the exercise
related to the identification and classification of driving forces. What follows is the use that the
participants made of such hierarchies to complete the scenario development.

o Identification of key underlying themes

Disclosing perception about the relevance and the controllability of the driving forces focuses the
analysis in those important factors whose evolution is not predetermined. A thematic cluster of such
factors allows recognizing the critical uncertainties, key themes whose alternative evolution underlies
the progress of biological invasions.

Those topics considered as key themes were water use management and the character of
administrative framework. The first one included all these factors related to the specific economic
practices using water resources. This comprises irrigation, domestic consumption, energy production
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and, very especially, recreation activities. The second one refers to the nature of the administrative

response to the invasion. It involves elements as institutional responsibility, mechanisms for control

and inspection, normative performance and prevention culture, among others.

Fig. 46 ldentifying key uncertainties

Source: Own elaboration.
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uncertain

Generation of scenarios

Each one of the key underlying themes or key uncertainties evolves according to a non determined

rationale. Next step of the scenario development is unveiling possible rationales. The alternative
should not be the identification of the both ‘good’ and ‘bad’ options, but abstracting the practical
choice based on stakeholders’ knowledge about the critical uncertainties.

Labelling the options for the two underlying themes is a way to summarize the general view. In the

case study, the group of participants recognized the alternatives presented in Fig. 47.

Fig. 47

Identified options for key
uncertainties

Source: Own elaboration

Fig. 48

Generation of scenarios from key
uncertainties

Source: Own elaboration
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The stakeholders distinguished an administrative / normative framework where the institutional lack
of coordination prevails (Status quo) versus another where the intervention is organized under
common purposes (Integrated intervention). On the other hand, the water use management can be
guided by the demand made by different economic actors (Leisure — business) or a more ecosystem-
based management is carried out (Environmental). The combination of each alternative for both key
themes allows generating the niches for the scenarios to be described, as it is shown in Fig. 48.

o Development of storylines

Once identified, the scenarios must be filled with contents. A fist step for this is titling each scenario.
This generates a fundamental frame to focus the discussion. Contents are provided by joint
deliberation about the plausible evolution of each driver under the specified option for their
correspondent key theme. This way, storylines are built up. Narratives synthesizing stakeholders’
contribution are presented in Box 5.

In the first scenario, Every Man for Himself, there is a strong utilitarian focus on the water use
management in the Ebro. The second scenario, Politically Correct Business, depicts a river
management centred on recreational market-based activities developing in a coordinated
administrative context. Administrative Chaos with Good Intentions describes an Ebro wherein an
environment-friendly normative is implemented without cooperation between administrations and
other stakeholders. In the fourth scenario, Shangri-la, an ecosystem management of the river is
attempted together with an effort of integrated action between stakeholders.

Box 5 Four participatory scenarios of bioinvasions in the Ebro River
Scenario I. Every man for himself! (Campi qui pugui!)

Lack of coordination emphasizes individualism as the utilitarian focus of water use management. In this scenario there
is a strong weight of the economic interests in the exploitation of resources, above all recreational activities around
sport angling. Visits of international anglers and traffic of boats increase as also revenues from fishing licenses and
angling related business. Sales of bait, including living bait, rise. Other uses of water, as domestic consumption and
irrigation, increase their demand.

As a result of the intensification of their driving forces, both invasions spread. Zebra mussel continues causing damages
and spreads to other basins. Administration does not play an active role in the management of the invasion processes.
Different local and regional authorities exercise diverse administrative roles without coordination. Lack of effort is
reflected in the persistence of legal gaps. As a result of the lack of resources for control and inspection, non-compliance
of both navigation and fishing rules remain, as well as the non-controlled use of jetties.

‘Easy solutions’ are adopted for controlling the invasions, like chemical and biological control by the introduction of
other exotic species. Deliberate introductions of exotic fishes are used as well for maintaining the critical mass of
fishable species. Local ecosystems are strongly affected.

Scenario Il. Politically correct business (Negoci politicament correcte)
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In this scenario both business and marked-based activities for leisure prevail in the context of an integrated
administrative performance. Management is subordinated to political will, which eventually decides the chosen
direction. There is a common goal that may be pursued by different stakeholders.

Integrated intervention overcomes some of the drawbacks. Thus, for instance, sharing available resources for
inspection and control reduces the problem of their scarcity. Policy is oriented to good environmental practices. One of
its branches is environmental education, which promotes general knowledge of local ecosystems through programs of
environmental communication. Scientific knowledge of the invasion processes is enhanced by research activities.

These innovative elements for controlling the invaders take place together with the pre-eminence of utilitarian values
for the water management. For instance, legal framework protects recreational activities, relaxing administrative
mechanisms for this sector. Well-organized installation of facilities (e.g. jetties) is promoted, as well as diversification of
the tourist activities developed in the area. Good tourist practices include the definition of confined areas for angling.

There is flexibility to avoid those non-controlled tourism activities that contribute to the spread of the species.
Regulations meet real needs thanks to the cooperation between economic actors and rulers. Political action is, in this
sense, agreed with social stakeholders.

Scenario Ill. Administrative chaos with good intentions (Caos administrativ amb bones intencions)

An environment friendly normative framework is developed, but its implementation is applied in the context of passive
lack of cooperation between administrations and stakeholders. Regulation of water uses for controlling the species
exists, although it is not specific enough and it is complied only occasionally. Policies for public awareness (as
informative campaigns and signalling) are not specific enough.

Economic agents bear the costs of the zebra mussel pest. This includes preventive mechanisms like filtering systems
and alternative intakes for human consumption (e.g. digging wells). Concurrently, a deliberate self-restriction of water
demand is carried out by some sectors, for instance agriculture.

Ecotourism activities exploit other alternatives aside the water use (e.g. landscape visits, trekking). This gives a boost to
sustainable tourism, including angling practices. Thus, for instance, use living bait is restricted. For this reason, the
speed of the species spread is somewhat reduced. Specific management actions in this regard are:

- river surveillance and monitoring of the pest evolution;
- managing the level of the reservoirs and controlling floods for avoiding the spread of the species;
- preventive measures for the new village water intakes, as well as the protection of the current water intake systems.

Lack of orchestration affects not only the administrations but also other actors including scientific research. Without
coordination, different studies focus on different aspects of the problem.

Scenario VI. Shangri-la (Shangri-la)

Shangri-la scenario is fruitful from the point of view of controlling invasive species since administrative and normative
issues are properly ruled. In this scenario, the integrated action of different administrations and groups of stakeholders
contributes to the accomplishment of agreed laws. Better implementation of norms is combined with an increased
information flow, especially that coming from scientific research. Information exchange gives a boost to better
management.

At the level of uses of the reservoirs, activities and responsibilities are allocated in a transparent way. A real control
arises from the shared guardianship of the resources. This way, certifications and quotas are complied with. Social
context is also important to support the assumption of a better accomplishment of the legislation. Each economic
sector is subject to a specific performance line.

Specific management instruments accompanying this scenario are:
- Promotion of information flow and development of environmental education programs

- Promotion of scientific research
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- System of routine inspections

- System of cleaning certificates

- Territorial planning of different activities employing the river

An additional scenario would characterize the ‘Business as Usual (BAU)' situation. Since

administrations are organized to a certain extent, and environmental interests influence some of the

management practices, BAU would be in the middle, leaning towards lack of coordination and

utilitarian management.

Adrmiristrative | normative framework

Fig. 49 Scenariosinthe Ebro River,
including BAU

Source: Rodriguez-Labajos et al, (2010)
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4.3.2.c Assessment of scenarios by stakeholders and perceived usefulness

Development of scenarios by stakeholders plays as a test for its consistency. Self-assessment

reinforces this consistency. Next, participants’ opinions about scenarios are summarised.

Campi qui pugui. For local stakeholders, this is not a realistic scenario. Apparently, it is a very
negative scenario that might be employed as base line or business as usual scenario. However,
participants did not agree in likening this scenario with current situation. They recognized that
control actions were already taken into account. As example, the distinction between legal and
illegal jetties and the inspections of fishing permits is mentioned.

Negoci politicament correcte. This is perceived as a better scenario than the existing situation,
since there is a common objective that can be pursued by all the actors. Local stakeholders,
especially those related to economic activities, highlighted their prime interest in preserving
local resources as a means to keep their activities working. Placing policies at the service of
business and consensus are key factors that would contribute to social agreements.

Caos administrativ amb bones intencions. Lack of coordination characterizes this scenario. This
is found as a main pitfall for any management initiative. Stakeholders adduced that, in spite of
the environmental inclination of watershed management, lack of coordination between
stakeholders would avoid suitable performances. Thus, failures to comply with the law would
prevail. Disarray would extend to scientific research, turning out to be incomplete and disperse.
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o Shangri-la. This scenario is perceived as a utopia and less real scenario. For the participants, the
presented context is crucially dependent on political will. A factor perceived as particularly hard
to reach is the real coordination between the administrations. According to stakeholders’
perception, administrative performance is not driven by local needs but by external political
interests. The fact that different political parties rule the diverse local and regional
administrations is regarded as a barrier to coordination.

Besides assessing each scenario, stakeholders also made relevant observations about the desirable
dynamics. While there is consensus in avoiding ‘Campi qui pugui” as future evolution, the opposite
image ‘Shangri-la’ was not necessarily the favourite scenario. Stakeholders wanted to move forward
to a context where agreements are easier to reach. In this sense ‘Negoci politicament correcte’ was
praised. The opinion was that the good utilitarian management is not incompatible with
environmental considerations as long as it is properly governed. Meanwhile, ‘Shangri-la’, and ‘Caos
administrativ amb bones intencions’ would lead to conflicts, which local stakeholders seemed to avoid.

In relation to the usefulness of the scenarios for the stakeholders, and particularly, for the
management of the invasion, four main axis are explained next.

o Framing local situations in the larger underlying influences

Local actors aim to keep their livelihoods in the frame of successive rounds of historical subordination
to external interests and strong (and successful) reaction against them. In this sense, both biological
invasions and policies for protecting biodiversity can be interpreted as a new round of external
impositions. As they have done historically, local stakeholders will adapt to them. Through the
development of scenarios, stakeholders could share their views in the problem definition, and framed
their local concerns in the larger underlying dynamics. In this way, two elements were promoted:
support to shared responsibility and a contribution to empowerment (based on an extended
knowledge of the processes).

But adaptation is not the only — and for other topics, most prevalent — way of interaction with the
larger-scale dynamics. Reaction is also an important strategy (as developed further in section 4.3.5).

Specifically, each participant could: a) recognise factors driving the invasion process according to his
or her own views and other stakeholders’ perspectives; b) define relevant key uncertainties of the
cases; c) identify criteria for the assessment and d) include the obtained information in their decisions
of adaptation or reaction.

o Accompanying social learning and participation

Development of scenarios by means of participatory techniques entailed the interaction of the analyst
with the object of study. While generally this is accepted as a risk for the objectivity of scientific work,
it also allows a reconfiguration of the knowledge domain for both the researcher and the participants.

During the interaction process, the purpose of each stage was presented in order to enhance
transparency. In this way, participants shared their points of view in a structured way. Many
possibilities arose for recognizing the implications of every contribution in the frame of the shared
vision of the problem. Some topics generated interaction between stakeholders with asymmetric
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knowledge. Two-way communication boosted learning focussed on specific topics around the invasion
process. As example, the following matters can be mentioned:

Different meanings of water quality (biological quality, quality for human consumption) and
their correspondence with the selected indicators.

The current distribution of the species. Some actors ignored the recent invasion of the
Mequinenza reservoir, a definitive sign of the spread of the invasion upriver.

Changes in the fishing law and the potential effects in terms of loss in local guardianship of river
resources. Linked to this, stakeholders gave examples of previous effective agreements
between administrations that disappear after political changes.

Actions being carried out by the authorities (beyond the generalized opinion that they do not
work in a coordinated way).

o Guiding management?

Organization of local initiatives around common positions would have been a desirable result of
scenario development. In this regard, focus on common specific issues was more valued than the
dispersion of initiatives around ambitious environmental plans. What is the obstacle to this
organization in the case of invasions? This is restricted by the existence of asymmetries of power
regarding decision-making capabilities (either financial or administratively based).

In addition, both case studies offer elements for consideration regarding scenario development.
a) Zebra mussel.

All the stakeholders agreed in considering the species as an unwanted organism, through recognizing
its opportunistic usefulness against the Ebro River water transfer plan. The kind of response that
should be adopted is not that clear. They desire to come back to the state prior to the introduction,
when no zebra mussel was present in the river. However, this was not a part of any of the described
scenarios. Stakeholders acknowledge a lack of options for the eradication of the species. Even the
most radical solution (emptying the reservoirs) did not seem to be completely effective and loss any
plausibility after the discovery of the species upstream the reservoirs. No agreed decision and partial
responses had been the reactions observed by the stakeholders.

Taking this into account, scenarios are a good frame for developing adaptation strategies in the area
affected by the pest. Additionally, the described elements are keys for detecting areas in Spain and
perhaps elsewhere (the IBC, Portugal, Morocco) prone to be invaded in the future, where prevention is
still possible. This links to the development of scenarios pre-invasion, as it is shown in section 4.3.4.

b) Wels catfish.

In this case, the course of action is not clear. Economic benefits of the invasion seem to overcome its
ecological impacts. Environmentally motivated agents are not strong. They lack veto power.
Legislation points out to the control of the species by means of the systematic sacrifice of the catches.
Anglers refuse this action due to sportive and ethical reasons. But the workshop revealed the strong
belief that the presence of the species has been and still is a driver of the invasion of zebra mussel.
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Interlinked invasions means interlinked responses, and they are better addressed if management
employs integrative assessment methods, like scenario development.

o Providing the grounds for larger scale management [a postscript]

Soon after the results of the scenario exercise presented in this section were reported by Rodriguez-
Labajos (2006), evidence of a considerable spread of the zebra mussel along different parts of the Ebro
Basin triggered changes in management for the different regions involved. In Catalonia, control
measures were passed by the authorities in charge of natural environment to the water management
authority, ACA. The author of this thesis was invited to coordinate this process with freedom to
integrate the research results within the new management scheme.

This happened in the context of an emergency situation, with public attention focused on the
governmental response to an issue that for a period became high-profile. While the link between the
measures implemented then and the research results were not explicitly stated, some key aspects
were actually integrated. In order to prevent the spread of the invasion to the non-affected areas,
there was a focus on the dispersal pathways.

Control of fish restocking, restrictions to boat traffic and the development of a boat disinfection
system, in line with the recommendations about coordination, were agreed with regional sports
associations (anglers, boat owners, water skiers and canoeists) and local stakeholders. Institutional
coordination prompted management measures involving several governmental agencies at the
regional and national level. An example of such coordination was the monitoring of the invasion based
on larvae sampling and tracking of the population’s distribution and density (Rodriguez-Labajos et al.,
2010).

Only after the main management protocols had already been put in place, there was the chance to
analyse the experience. This was done together with the officer in charge of implementing the EU
Water Framework Directive (WFD) in the Catalan river basin district, within the planning area, who
later would become the head of the monitoring and environmental improvement department in the
watershed authority (ACA). According to his view, the way how the management measures had been
aimed at dragging the BAU towards a more integrated intervention and more ecosystem-based
management, that is, towards a ‘Shangri-la’ scenario. This shift was not encouraged because of the
evidence of a bottom-up request, but because these two aspects are among the basic principles of the
WFD (Antoni Munné, pers. com, 2007). In particular, there was an aim at developing prevention and
mitigation measures based on shared responsibility and active public participation as well as pursuing
the good ecological state of water bodies, both guiding principles of the Directive.

That said, it would not be accurate to state that the BAU reached a ‘Shangri-la’ situation for all
elements considered in the storyline in the Ebro River study area. Limited (and declining over time)
economic resources, together with strong barriers for institutional coordination despite the good will
between the different parts, played against this. Still, the exercise was helpful even beyond the
original study area, as helped to understand drivers for establishing preventive measures in other parts
of Catalonia. The information about the experience in the Ebro was also the base to analytically
develop management scenarios in pre-invaded areas, as reported in next section.

152



4.3.4 Scenarios pre-invasion: the zebra mussel in the Ter reservoirs®

The purpose of this section is to develop scenarios in the pre-invasion phase in an area that is currently

influenced by the driving forces of the zebra mussel invasion. The aim was to identity plausible (and

mutually exclusive) alternatives that improve the information base of management policies. Based on

these alternatives, it is possible to generate proposals that may help to prioritise interventions.

4.3.4.a Methods

The procedure for scenario development in this case encompassed an analytic process that included

the following steps:

1.

Selecting the area of reference. This entails both the ecosystem where the invasion would be
taking place and the socioeconomic area of influence of such ecosystem.

Identifying the driving forces that configure the invasion process in that area. This means
recognising the mechanisms inducing the introduction, the establishment and the kind of impacts
of zebra mussel in the reference area. Having in mind the specific actors and sectors related to
such mechanisms is relevant to better understand their motivations and likely actions during the

invasion.

Identifying the policy strategies or management alternatives with the potential of shaping
effectively such driving forces. To this end, literature review and with the dialogue with
stakeholders were useful to recognise basic aspects in the policy design (e.g. political ideologies,
habits or inertias from the past that have an influence in the management of aquatic ecosystems).

Recreating the key relevant stages along the invasion and associated turning points, together with
key sectors and processes participating in each stage.

Developing coherent narratives that characterise these management options. The storyline needs
to consider what is to be expected in each scenario for each stage of the invasion process. In
particular, it is important to define the direction taken in face of a turning point, having in mind
the most coherent management decision in each policy strategy. This direction should be grained
according to the prevalent technologies, institution, economic activities in the assessed context.

lllustrating scenarios with indicators, the plausible evolution of which may be estimated through
different techniques.

*° This section was developed with support from the Spanish Ministry of the Environment in Research and Development
(R+D) Project No. 072/SGTB/2007/1.1. | am grateful to Samanta Benaiges and Nuria Julve, who assisted the last stage of
the research and developed related bachelor degree dissertations in environmental sciences at the UAB under my
supervision.
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Next section shows how this procedure was implemented in the case of invasion scenarios in the non-
colonised area. The process was entirely analytic, although informed by participatory methods in two
ways. First, it is rooted in knowledge from the previous participatory scenarios from the Ebro River in
2005-2006. Second, it is an outcome of the ethnographic process of working within the main
organisation in charge of aquatic invasive species control, particularly during the period 2006-2010.

4.3.4.b Results: management scenarios in the Ter reservoirs

This section includes the description of the plausible events of different courses of the invasion process
of the zebra mussel in the Sau-Susqueda-El Pasteral area. Specifically, the process that aims at being
represented involves three basic constituents:

The introduction of the zebra mussel in the area, via transport of adult individuals or larvae from
invaded areas and its establishment (along the whole life cycle including the reproduction).

The kinds of management interventions that are likely to be applied in response to each phase
of the invasion.

The impact of the presence of the zebra mussel in the socio-economic activities of the study
area and its area of influence.

In order to figure out how this sequence takes place under each scenario, the procedure outlined in
section 4.3.4.a would start from the selection of the study area. This area is the system of reservoir in
the central course of the Ter River and the reference information is the detailed description that has
been presented in section 1.4.4 (The situation in the internal basins of Catalonia).

Next if follows an identification of driving forces operating in the area. Building or previous results
from the dissertation, the information from section 2.2.3 (Generalisation of the factors in the invasion
of the zebra mussel in Catalonia) and, in particular, the factors of the invasion and related
management measures presented in Table 23 are used to complete this part.

The rest of the steps in the scenario development (from step 3 and following) are developed next.
o Identification of the policy strategies or management alternatives

A necessary step to define the management scenarios is to specify the objectives of each
management alternative. To this end, the distinction made by Perrings (2005) between mitigation and
adaptation responses in the field of bioinvasion is taken into account. The common ‘do-nothing’ idea
is represented though an extreme scenario of total lack of intervention. Finally, the measures
undertaken by the administration are included in a business-as-usual (BAU) scenario.

Table 51 Management scenarios: objectives and description

Source: Own elaboration

Scenario Objective Description
1. Do nothin No IS management objectives It entails a complete lack of intervention along the invasion process.
’ 9 are specified No monitoring, prevention or impact mitigation action is undertaken.
To reduce the likelihood of the There is an emphasis in the prevention of the arrival and
1. Mitigation adverse event of each phase of establishment of the species in the area. If this happens, prevention
the invasion of impacts becomes the priority.
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The irretrievable invasion by the zebra mussel is assumed, so all

) energies put into prevention will not be fruitful in the long run.
To reduce the size of the

lll. Adaptation ) oo Therefore the efforts concentrate on adapting the users to the
invasion impacts unavoidable arrival of the species.
There is an emphasis in the mitigation of the impacts.
IV. BAU Business-as-usual It describes the measures already put in place and those that can be

expected if the current policy of action remains unchanged

« Identification of the policy strategies or management alternatives

In order to develop the four scenarios, it was clear the need to specify the different phases during the
invasion process. The identification of such phases comes from the experience of facing them in
different moments of contact with such the

Pre-invasion: Whereas diverse driving forces are operating, there are not evidences that the
invasion has already taken place. An area can be consider in the pre-invasion phase when 1)
there are physico-chemical factors and conditions of the water body that make it prone to be
invaded, and d) there are factors of larvae and/or adults introduction.

In practice, this is the common situation in any area under the responsibility of an
administration. Still, risk assessment (such as that illustrated in section 4.1, may help to point
out those most under pressure. In Catalonia practically all reservoirs that are not in the following
two categories can be considered in a pre-invasion context.

Pre-alert: There are signals of the invasion, although it has not been confirmed. The pre-alert is
activated once larvae are occasionally detected at very low densities.

In Catalonia this situation took place in several reservoirs of the Ebro basin since August 2007,
when the CHE reported occasional detection of larvae in the reservoirs of Sant Lloreng de
Montgai, Talarn and Rialb (and others afterwards), without evidences so far of massive
colonisation by the zebra mussel. That meant an unforeseen management situation. Previously
the belief was that the first detection of the species would mean the application of all control
measures at once. However the persistent lack of confirmation shows that some preventive
measures can and must be applied, but compromising all uses it is not required. The first
moments of alert can be employed to unite efforts in the preparation of the following phase, but
being too restrictive needlessly undermines social support to future preventive measures.

Invasion alert: There is a confirmed and frequent detection of larvae or detection of adults. The
colonisation of the water body should be expected, according to the biological model of the

invasion.

This is the situation of the colonisation of La Baells reservoir, in the Llobregat River, the better
example in Catalonia.

o Development of coherent narratives for each management alternative

Having these three phases in mind, next each scenario is developed by inferring the kind of
management measures which may be expected in each stage. Again, this is based on the best
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available knowledge about what has happened in the past under similar situations, together
with information about current management practices.

Table 52 presents the storylines, specified as answers to key questions along the invasion
process. A particular detail to have in mind is the relevance of some turning points that mark a
milestone between invasion stages (e.g., when does the introduction take place? When does the
establishment occur? What does confirm the invasion?). Looking at the storylines, the different
scenarios turn out to be different each other, particularly in relation to these turning points.
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Table 53 Management scenarios in the pre-invasion context - Source: Own elaboration

Key elements along the

invasion process

Do nothing

Mitigation

Adaptation

Which actions during the pre-
invasion phase?

Neither monitoring nor
preventive information
campaign with involved
sectors is carried out

No protocols for involved
stakeholders / sectors is
prepared

Intensive monitoring (larvae and
adults)

Information to all involved sectors

Design of guidelines for action for all
sectors

Resourcing (infrastructures and
preventive equipment)

Moderate monitoring

Information campaigns with sectors related to
infrastructure management

Adaptation of the irrigation systems

Adaptations of water supply systems with upstream
intake

Improvement in the water treatment system of the
Pasteral reservoir (filtering/pre-treatment in the
reservoir)

Moderate monitoring (larvae)
Protocols for sectors linked to navigation

Confinement of motor navigation in Sau, ban
to navigation in Susqueda and El Pasteral

Authorisation to canoeing in Sau and in the
river section between Susqueda and El
Pasteral

When does the zebra mussel
introduction takes place?

At any time, in any of the
reservoirs

Belated or not happening, in Sau

Belated, in any of the reservoirs

Belated

How is the pre-alert activated?

Itis not activated

After the first detection of larvae, or
detection of the species in
neighbouring reservoirs

After the first detection of larvae

After the first detection of larvae, or
detection of the species in neigboring
reservoirs

Intensification of monitoring and I oo ) P - )
Monitorin None surveillance measures to confirm the Intensification of monitoring and surveillance Intensification of monitoring and surveillance
9 detection measures to confirm the establishment measures to confirm the detection
Which kind Angling None Angling suspended Possible temporary suspension of angling Informative campaigns, angling not
of rapid suspended
response Navigation confinement (motor boats and
measures Naviaation None Navigation suspended (motor boats Navigation confinement (motor boats and canoes, in | canoes, in Sau). Confinement or navigation
take place 9 and canoes, in all the area) all the area) ban for canoes in the section between
during the Susqueda and Pasteral reservoirs
pre-alert - o Guidelines for actions activated
phase? M ¢ Intensified pre-chlorination of water S fth i the P | )
: anagemen f tart of the pre-treatment in the Pasteral reservoir P S
9 supply inthe Ter ETAP P ) S ! Intensified pre-chlorination of water supply
of None M t of water level in all Start of the treatment in the irrigation systems inthe Ter ETAP
infrastructures anagement of waterieveling Management of the water level in the Pasteral
reservoirs 9
reservoir

When does the establishment
occur?

At any time, in any of the
reservoirs

Inthe Susqueda reservoir and, soon
after that, in the Sau reservoir

Inthe Susqueda reservoir and, soon after that, in the
Sau reservoir

In the Susqueda reservoir and, soon after
that, in the Sau reservoir

Which circumstance confirms
the invasion alert?

Establishment of adults,
evidence of massive impacts

Establishment of adults, frequent
detection of larvae

Establishment of adults

Establishment of adults, frequent detection
of larvae

Which systems suffer impacts
after the establishment?

All systems (water supply,
irrigation, power production)

All systems, with lesser intensity in
those infrastructures that can be
managed

All systems, except for those infrastructures that can
have been adapted

All systems, with lesser intensity in those
infrastructures that can be managed
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« lllustrating scenarios with indicators: estimation of impacts

Another way to distinguish the scenarios each other is to understand their differences in relation to the
associated impacts. The whole section 3.4 builds on the scenarios just developed to estimate possible
monetary impacts from the scenarios ‘Do nothing’, ‘Mitigation’, and ‘Adaptation’, and for four moments
of the invasions: the pre-invasion context; the first alerts of the invasion; the post-invasions moment,
when there is evidence of massive impact, and the permanent post-invasion situation. The interpretation
of those results, not repeated here for simplicity, also supplements the storylines and the narratives
associated with each scenario.

4.3.4.c Utility for management of analytic scenarios

Pre-invasion scenarios constitute a basic element for the development of preventive measures. In this
case the different futures have been systematically explored having in mind the strategic decision of
which kind of policy should be deployed. In this respect, they are clearly scenarios, and not prognoses, as
the narratives differ significantly each other.

A clear example is the type of impacts in each case, which depend on stakeholders’ choices. The exercise
also helps to distinguish the elements of the response that do not depend of stakeholder’s behaviours or
management decisions (e.g. the location of the water body, certain physico-chemical characteristics of
the water body). These elements encompass infrastructures that are vulnerable to the impact of the
species, and whose adaptation is not feasible or technically challenging in the short term. For this,
analytic scenarios as the ones presented can be easily complemented with risk assessment (eliciting
plausible areas of invasions) or with probabilistic tools that give a more precise idea of what can happen
with them.

The scenarios just presented where developed based on a reflective ‘knowledge from within’ and
synthesise years of daily contacts with the management of zebra mussel in Catalonia. A test of
consistency was to present results to the water authority in September 2014, once the author was no
longer part of the management team. In the meantime, the detection of several water bodies in the IBC
colonised by the zebra mussel|, still relatively far from the study area, had to be dealt with in the context
of reduced resource availably from the water authority.

For this test, after an introductory presentation of the scenario results and clarification of possible
questions, four questions were made and discussed. The results of the deliberation are presented next.

o What is the desirable scenario in terms of the WFD?

‘No action’ is clearly not an option, not only because of the magnitude of the potential costs involved, but
because the current situation is already different from that scenario.

As the WFD urges the achievement of good ecological status or good potential, in principle, ‘Mitigation’
seems a scenario that aims at defending the environmental conditions the most. However, there are two
important nuances to this reasoning. On the one hand, it is not clear that the effects of the zebra mussel
on the indicators used to assess water quality are inevitably negative. In fact, it might happen that some
of these effects are positive for the performance of the metrics used, and therefore, preventing the
entrance and establishment is not a must, just having the implementation of the WFD in mind. On the
other hand, the achievement of the good status (or good potential in this case) is not the only basic
principle of the Directive. The consideration of water pricing policies for whole water cycle and the
balancing of interest of the environment with those who depend on it may advise against scenarios that
defend the environment at any cost, in particular if such cost is not affordable.
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In this respect, the distribution of costs over time is very different in ‘Mitigation’ and ‘Adaptation’ (see
section 3.4.2). For a consideration of the most advisable scenario that accounts for economic principles,
estimating the future savings activated by investments in the pre-invasion phase would be advisable. In
order to prepare a meaningful comparison of scenarios, knowing the probability of each one of the
events (e.g., activation of the pre-alert, establishment, etc.) along a timeline is essential. Yet the
occurrence of such events is uncertain and it changes between scenarios. Hence their probabilities are
not available and a risk-based comparison are is viable.

. Where is the BAU?

The current situation tends more to ‘Mitigation’ than to ‘Adaptation’. Given the scarce funding available
to develop AS management measures, inaction takes place beyond the deliberate decisions of the
managers. In order to explain this, one of the interviewed officials located BAU within a triangle, near the
midpoint in the edge between ‘Mitigation’ and ‘Do nothing’.

o What is the scenario to be expected?

‘No action’ is not to be expected, as the current situation already involves activities of both ‘Mitigation’
and, into a lesser degree, ‘Adaptation’. The current economic context makes it difficult to fund
adaptation measures. Together with this there is a problem because ‘Adaptation’ requires considerable
investments that perhaps are never required. This rationale is very different from the way how public
administration plan and implement management. Since administrations find hard to compromise
investments for uncertain futures, while there are topics that require immediate attention and offer
results in the short term, the most plausible scenario is then ‘Mitigation’.

o What utility this can have for water management? And for local stakeholders?

This type of scenarios allows stakeholders to identify the management options best fitting their
interests. Thus, ‘Mitigation’ is problematic for recreational users (anglers, boat holders and canoeist),
because it is a scenario that restricts the variety and intensity their activities in the area with the rationale
of preventing the entrance of the invaders. Meanwhile, ‘Adaptation’ allows these stakeholders to
develop such activities, while at the same time does not require them the bulk of investments, which are
rather incurred by the majors users of the reservoirs (water managers and hydroelectric sector and
administrations).

For other stakeholders, like administrations and water managers, deliberation based on scenarios may
be helpful to get greater insights about necessary changes in management, such as opting for a different
strategy for monitoring. Another useful element is visualising the current situation in relation to possible
strategic shifts. Managers become thus more aware not only about the implications in terms of possible
costs of action and inaction, but also about the position that can expect from other stakeholders in each
one of the possible scenarios.

In this respect, from the above it can be understood that, while the management strategy tends to favour
‘Mitigation’ as the scenario that is more consistent with the current policies of water management,
‘Adaptation’ may be more consistent with the interests of the stakeholders related with recreational
activities. The policies of water management operate at the regional scale, while the recreational
stakeholders have a direct contact with the local processes and are, in fact, associated with the direct
drivers of the invasion. In this respect, how stakeholders at different scales are positioned in relation to
the scenarios and how this can be approached from a methodological point of view is also a relevant
research question. This is the topic addressed in the next section.
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4.3.5 Scenarios, scale and agency
4.3.5.a Multi-scale interaction in local-scale scenario development

Despite its popularity, a review of the scenario literature reveals some missing elements regarding multi-
scale interaction in local-scale scenario development. Local areas are not independent entities isolated
from the larger economic and social forces acting on them. Localities are influenced by a web of global
(globalisation), regional (e.g. EU policies, EU enlargement), national (e.g. trade policy, agricultural policy)
and local (e.g. power relations) forces that involve a multitude of feedbacks and interactions (Kok et al.,
2006b). Yet, in the scenario literature, scenarios built at the local level that take national and global
developments into account, have so far been limited. Today, there is growing interest in linking scenarios
at various geographical scales, and new contributions include the VISIONS project (Rotmans et al., 2000),
subglobal scenarios linked to the Millennium Ecosystem Assessment (MA) (Lebel et al., 2005), the
MedAction project (Kok et al., 2006a), the SCENES project (van Vliet and Kok, 2007) and the AG2020
experience focused on the EU agriculture (Stratigea and Giaoutzi, 2012).

A remarkable effort and a key contribution to linking scenarios developed at various geographical scales
is that of Zurek and Henrichs (2007), who systematically describe concepts for scenario development
processes and discuss how scenarios can be coupled (or not) across geographical scales. However, the
authors do not provide a detailed account of when to use each process: “which process is best suited and
how much interconnectedness is needed, will depend both on the focal issue and the primary purpose of the
scenario exercise” (Zurek and Henrichs, 2007: 1282).

In fact, while discussing the multi-tiered structures and the interaction of multiple forces, Biggs et al.
(2007) argue that formal approaches for linking local scenarios across different scales are currently not
yet very well developed. The work by Zurek and Henrich mentioned above classifies ways of coupling (or
not) the scenarios. However, in this classification, scenario exercises usually focus on processes at a
specific location and are built independently across scales. As a result, while comparable across scales
and useful for engaging people in decision finding processes, they omit relevant dynamics of interaction
and outcomes. For instance, as noted by Greeuw et al. (2000), the POSSUM team (1998), in which
sustainable transport goals for the year 2020 are formulated, seems to have treated Europe as an
isolated continent. Similarly, scenarios developed in World Water Vision included both a set of global
scenarios and a variety of substantially different regional scenarios developed in independent scenario
exercises. Of course, there is no problem with such attempts, if one considers these issues solely
regional, in other words, as decoupled from issues at global scale.

Alternatively, there are some more tightly coupled multi-scale scenario exercises; but these are primarily
either top-down (namely, equivalent across scales), with an emphasis on downscaling higher level
processes, or hierarchical (namely, consistent across scales), setting the more aggregated level as a
boundary condition for any lower level of aggregation (Kok et al., 2006b; Ozkaynak, 2008). According to
Esteva and Prakash (2004: 410), this is mainly because in an increasingly global capitalist economy and
given the rise of supranational institutions, the significance of the nation-state is declining and localities
navigate in a sea of globally generated constraints and imperatives: “more and more voices are raising
alarms about their growing sense of powerlessness, tugged and pulled by 'global forces"”. Similarly, Noronha
et al. (2002) argue that global forces are becoming so powerful, the main constraints on sustainable
futures at the local level—and sometimes at the national level—seem to emerge from the ‘room to
manoeuvre’ available in making choices.
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In this context, adopting a strict downscaling methodology, while maintaining consistency across scales
to allow for comparison of scenarios, potentially limit scenario variability and stakeholders’ creativity and
omit power relationships among stakeholders at different scales (Kok et al., 2006a). For instance, in the
MedAction project that focused on land degradation and desertification in Europe and in the
Mediterranean region, local scenarios ended up being largely similar to the three Mediterranean-level
scenarios. Here, the problem was that information on general attitudes, such as ‘Europe is more
environmentally friendly’, was directly translated into local scenarios in a creative manner ‘ecotourism
will bloom’, ‘small-scale agriculture will prevail’, ‘windmill parks will be built’ without questioning the
local conditions, i.e. the probability of growing tourist numbers in the specific region. However, as
Greeuw et al. (2000) also note, although this is an attempt to address multiple scales, it is just a ‘one-
way-integration” where local scenarios basically lose their relevance to decision-makers at the lower
scale.

Needless to say, while external forces can be particularly strong, they are not the sole influence on
localities. Local driving forces, and social actors and coalitions in the local environment also play crucial
roles in the future of a region. Although global forces have become increasingly important, Onis and
Senses (2007) argue that for these forces to be effective in terms of accomplishing the implementation of
policy, the parallel development of a supportive domestic coalition is required. This is also consistent
with the argument that a structural analysis, that is an analysis at the macro level, cannot be deemed
adequate until it specifies the political process through which systematic imperatives are translated into
lower level policies (Mollenkopf, 2003). In this context, global powers are built on shaky foundations, and
given the right conditions they may be effectively opposed through local action (Esteva and Prakash,
2004). In that regard, there is extensive literature which stresses that it is the intentions and (re)actions of
local agents that determine the viability of a policy regime (Borer, 2005; Byrne et al., 2007; Onis and
Senses, 2007) and this has not been thoroughly explored in local scenario methodology. Local scenarios
thus far appear to underplay the importance of local politics and the potential for community action,
since these have not been part of the analytical picture in general.

4.3.5.b The local scale and the larger scale: strategies for interaction™

The existence of multiple forces operating at various spatial scales poses empirical and theoretical
problems, and over the past decades numerous theorists have addressed this problem of interaction
(Alfasi and Fenster, 2009; Gibson et al., 2000). Flyvbjerg (2001), for instance, notes the difficulties of
attempting to simultaneously account for the structural influences that shape the development of a
given phenomenon and still craft a clear, penetrating narrative or microanalysis of that phenomenon.
The author also highlights that research linking macro-level factors and actors’ choices in a specific social
and political context, has so far only been addressed by disconnected projects. Yet, following Bandura
(2000: 77), a full understanding of human adaptation and change requires an integrative assembly of
external influences and self-influence, since human agency operates generatively and proactively on

social systems.

In this context, this section explains in more detail how scenario development constitutes an integrative
framework for analysing inter-scale interactions, and proposes a procedure to account simultaneously
for global influences and local factors in scenario development. Specifically, this procedure consists of

** This section reproduces, with permission, some parts of the paper ‘Multi-scale interaction in local scenario building: a
methodological framework’ (Ozkaynak and Rodriguez-Labajos, 2010).
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first, overlapping driving forces considered at different scales, and then checking to see whether they are
consistent across scales. Here, any consistency across driving forces at different scales would lead to
positive feedback loops. In case of inconsistencies, the plausibility of possible local-level reactions would
be subject to the varied agency capabilities of actors/coalitions. In other words, given the different
agency capabilities of actors/coalitions, it is also plausible for scenarios to be inconsistent across scales.

Hence, based on agency capability at the local level—as defined and analysed in the section 2.3—two
strategies of local scenario development are explored: accommodation and reaction.

o Astrategy of accommodation

Taking the city-region case as an example, Ravetz (2000) argues that many elements of local-level
scenarios are necessarily linked explicitly or implicitly to a national scenario, which in turn, is governed by
a European or a global scenario. When local areas are not complete masters of their own destinies, a
number of economic, demographic, social, political, technological and natural factors have varying
degrees of influence on urban patterns, as well as on one another. In places where local agency capability
has been qualified as low, reaction scenarios are seen as implausible. In such cases, external driving
forces are considered paramount in shaping the future of the local area; they boast the greatest potential
to motivate fundamental changes and deviation from current trends, and make the difference between
the possible trajectories. Consequently, scenarios are generated and developed from the start with the
boundary conditions of the larger scale.

Certainly, when accommodation is the assumed strategy, the seeming compliance of the local context
does not necessarily imply a lack of reaction. At times, the accommodation strategy is also a sign of local
efficacy. Some local-scale coalitions may deem that their interest is a conduit of the external influences
at the local level, and hence decide to adopt the external configuration of a problem as a rational
strategy. With high agency capability, such coalitions may also play key roles in the parallel development
of supportive domestic circumstances. In this context, Onis and Senses (2007) argue that global drivers
and local forces/coalitions moving in the direction of these global drivers usually strengthen the impact
of one another, and facilitate the process through which systematic imperatives are translated into local
policies.

Needless to say, the costs and benefits of the accommodation strategy are not equally distributed. The
pre-eminence of the larger-scale scenario usually benefits the particular interests and values of the
supportive coalition dominating the local level. And since opportunities for influencing the local setting
are not evenly distributed either, those that could be in favour of resistance become merely a weak
opposition and take part in the institutionalisation of the context they aimed to resist, if their agency
capabilities are low.

o Astrategy of reaction

While larger-scale scenarios may set the boundary conditions for local scenarios, given the right
circumstances, the scope of events can also include bottom-up influences. The plausibility of such
interactions relies on the capability of the local context to counterbalance pressures from the larger
scale, and thus requires a high degree of agency performance. Here, internal and external driving forces
interact without the particular dominance of the larger scale, and inconsistency across scales becomes a
valuable asset in understanding the plausible dynamics of the scenarios.

If external and internal driving forces for future developments are in accord, the local scale will consent to
operate within the structural influences. The intensity of external development will even be accentuated

162



by positive feedback from the assenting local context. Yet, any potential discord across structural
influences and dominant local drivers and/or coalitions with high agency capability is likely to produce
discrepancy and resistance from the local context. Here, resistance entails persistently facing those
external pressures that are perceived as threats to local development, and involves a deliberate or
spontaneous desire to control the possible adverse outcomes of the external influences. Unless the larger
scale has a specific vested interest in the changes produced at the local scale, such as the direct
consumptive use of local resources, resistance by local coalitions are likely to succeed. Due to the
enhanced properties of high agency capabilities, the strength of local coalitions with a higher sense of
attachment and belonging is likely to enable local interests and values to prevail. This explains successful
resistance even in contexts of violent suppression of opposing movements (see, for instance, Malseed
(2008).

4.3.5.C Inter-scale interaction for the Ebro scenarios

In Chapter 2, bionvasions processes in general and in the Ebro in particular have been analysed as the
outcome of multi-level driving forces, operating many of them outside the limits of the local level. For
this reason, it is interesting to understand plausible futures beyond the local or regional level, as the ones
contained in the scenarios developed in this chapter so far.

Given the emphasis brought on policies and lifestyles as types of driving forces, a reasonable unit of
analysis to represent the larger scale in the case of the Ebro is the European Union. Then, based on
literature review it is possible to generate precise assumptions regarding the evolution of socio-economic
driving forces of biological invasions, in the case of three alternative policy scenarios for Europe proposed
by the research team in the ALARM project (Spangenberg et al., 2012).

In particular, three narratives about risks to biodiversity at the EU scale, based on ALARM scenarios were
available: (1) BAMBU (business as might be usual), extrapolating the expected trends in EU decision-
making and assessing their sustainability and biodiversity impacts; (2) GRAS (growth applied strategy),
liberal, free-trade, globalisation and deregulation scenario; and (3) SEDG (sustainable European
development goal), integrated environmental, social, institutional and economic sustainability scenario
Based on them, the narratives for the specific issue of biological invasions at the EU level were expanded
consistently. The full methodology and process is reported by Rodriguez-Labajos (2006). Here only the
final storylines are presented, in Box 6.

Box 6 Three scenarios for bioinvasion in Europe
GRAS, a tale of lost identity

GRAS scenario allows the intensification of nearly every driver of biological invasions, many of them with very rapid
increase.

Economic processes reinforce the introduction of invasive species. The increase in physical trade, as well as the intensity of
transport and tourism, extend the number of arrivals from long distances and keep accumulating critical masses of
invaders. Survival of these species is enhanced by the speed of transport. The probability of accidental releases increases
with the recurrent frequency of commercial and tourist routes.

Monetary trade flows from Latin America and Africa stagnate, but increase in physical terms, especially for raw materials,
including those commodities more prone to give be hitchhiked by invaders (such as seeds, micro-organisms and insects).
Arrivals from East Asian countries increase; transport routes from China and India emerged as new invasion corridors.
Economic growth of these countries improves their internal transport networks. The Euro-Asian road transport increases.
Together with the present trend in climate change, two factors promote the establishment of introduced species.
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e Agriculture, cattle management, forestry and aquaculture opt for monoculture production of market-valued
commodities. Some of the productions are based in the exploitation of alien species, whose adaptation to the European
biophysical conditions is enhanced. Use of GMO becomes a common practice to this end. Alien species and GMO are
accidentally released. Pesticide use must increase because monocultures have turned the cultivated lands into less
resilient areas to invaders.

* Expanding human infrastructures and urbanization extend the areas prone to invasion, by fragmenting landscape and by
creating invasion corridors within the European ecosystems. The spread rate of invaders increases.

As a result, the number of invasive species increases for all taxa. This will cause biodiversity loss. In spite of the high
damage costs and high control costs, action against bioinvasions is limited. Such costs are neglected, compared to the
general benefits of laisser-faire economic growth.

Responses toward invasive species damaging economic assets (infrastructures, commercial crops and harvests) are
required. They adopt those ‘easy’ solutions that, inside the soft regulatory framework, match with the mainstream
economic interest (pesticides, GMO). Impacts on human health of both biological invasion and their control are tolerated
except for the few incidents where liabilities are clearly demonstrated.

Taking into account the deteriorating public health systems and the polarization of income, poorest and least powerful
strata are the victims of the process. Urban poor communities and inhabitants of depopulating rural areas become clients
of new products for invasive control or develop their own adaptation strategies. Occasional episodes of social reaction
blaming those actors that drive bioinvasions and produce pollutants have not had repercussion in the media or in the
policy action.

Lifestyle is defined by material consumption. Former sense of place has been replaced by homogenized stages, set for
common consumption patterns. Accordingly, lack of social interest in biodiversity is part of a broader lack of interest in
nature conservation as an expression of identity. Availability of exotic biota as commodity does not generate social
concern since aliens only matter as long as they cause economic costs. Accidental releases of species for pet and aquarium
(small vertebrates, some invertebrates) and ornamental flora increase because of such neglect.

Defined by business opportunities, research agenda focuses on innovative technical solutions for fighting against pests,
namely biotechnology.

BAMBU, a tale of political correctness

BAMBU scenario represents a Europe where most of the trends for introduction and establishment of invasive species
remain, and some of them increase in intensity.

Due to the implemented policies, some driving forces of biological invasions are controlled to certain extent. Eco-taxes on
air travel have entailed the stabilization of tourism flows. But tourists still prefer long-distance trips and participate in both
intentional and unintentional introductions. Frequency of unintentional introductions intensifies due to the rise of physical
trade volumes. The profile of international trade activities is the same described in the GRAS scenario: a) Sustained
physical flows of raw materials from Latin America and Africa contribute to hitchhiking seeds, micro-organisms or insects;
and b) Increased material flows from East Asian countries reinforce air and marine invasion corridors from China and India.
Euro-Asian road transport increases as a result of the improvement of internal transport networks within these countries,
especially in China. Within the EU, the extension of transport networks and their intensive use facilitate the spread of
invasive species. Road pricing is the only obstacle, by limiting road transport volumes.

Thus, the inflow of invasive species is constant. However, the species find some barriers for establishing. Although the
trend to urbanization favours bioinvasions, an aim of nature conservation pushes some policies, like CAP, towards
landscape maintenance. The network of protected areas is extended.

However, these actions are kept in the frame of dominance of economic interests. This means that control actions are
taken after pondering the costs to economic activities over the abatement costs. There is not a coordinated action
between different actors, but specific initiatives held by affected actors. Technical solutions tend to promote the use of
pesticides, and less, of GMOs. Health concerns give rise to tensions between users of pesticide and the public, which seeks
protection in the upgraded Biocide directive. This situation is used by the industry as an argument to defend research in
GMO as ‘healthier’ alternative. Still, public resistance to GMOs prevails.

For the rest, preventive policies are pursued by supporting weakest-link countries. Interest in external markets is only a
part of the external relationships of EU. Two factors rise as source of emergence of new donor regions that require
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preventive efforts. First, the enlargement of EU extends to Turkey, Ukraine and Balkan countries. Second, development
cooperation is strengthened, which implies bigger exchanges with third countries of minor institutional capabilities for
controlling bioinvasions. Facing this, two kinds of measures are adopted: an additional pressure to domestic inspection
systems and some support to the controls systems in developing countries.

Research agenda on biological invasions focuses on technical solutions for controlling biological invasions. Educational
programmes supporting nature appreciation are also required by a part of the society.

SEDG, a fairy tale

In contrast to previous storylines, SEDG scenario allows visualizing a Europe where some of the driving forces of biological
invasions subside.

Several factors reduce the intensity of the invasive species introduction. Thus, the drop in physical trade volumes turns out
to reduce the need of transport practices. Far East countries (over all, China) still raise as new main actors of international
trade. For this reason, transport routes to these countries keep opening the new invasion corridors.

The fall in the long-distance tourism lessens introductions of invasive species to the EU. But the rising short-distance
tourism is a factor for promoting biotic exchanges between European biomes. For this reason, an increased attention is
given to the nature of eco-tourist activities. Some recreational practices with implication in fauna management (e.g.
angling) are revised for avoiding their contribution to biological invasions. Preference for native species prevails in land
management together with a renewed interest in traditional practices as sign of own identity. This way, both organic
farming and adaptative management play in favour of native ecosystems. Although reaction against aliens is not a
deliberate strategy, farmers act with increased consciousness about the implications of the presence of invasive species. In
this way, they develop an effective guardianship on local resources.

However, some factors play against the control of biological invasions. Urbanization is still a trend that promotes the
establishment of invaders. On the other hand, the boost to rural life means that all intensity human settlement spreads all
over the European territory. Neo-rurals become a source of secondary releases of alien species, but at the same time they
exert stewardship of rural areas. Abandonment of previously cultivated lands (and subsequent decrease in Human
Appropriation of Net Primary Production) is a double-edge process. On the one hand, it offers space for more biodiversity.
But, by offering areas for the succession of vegetal communities, it also opens spaces for those invasive plants that are
better competitors. That enhances the establishment of invaders in many unused lands.

Multi-lateral cooperation (e.g. aid trade) and acceptance of refugees entail an increase of biotic exchange with areas under
less severe inspection and control systems. Thus, an increase of unintentional introductions takes place. The response
entails an increase of supporting programs towards these developing countries.

Sense of place and resources in environmental education have made of sustainability a basic ideological guideline for
acting towards invasions. Two kinds of responses are taken. On the one hand, each specific invasion is systematically
assessed with stakeholders’ support. Vigorous control and effective mitigation measures are taken only in some cases. On
the other hand, the very concept of biological invasions is deconstructed. The capability of adaptative management takes
the place of a general bioinvasions policy.

Then a question would be how to the local scenarios in the Ebro developed in Section 4.3.2.b and the
larger-scale scenarios just introduced interact. A simple methodology, introduced by Rodriguez-Labajos
(2006), and further refined by Ozkaynak and Rodriguez-Labajos (2010) was used to this end. It involves a)
the assessment of local agency capability to understand which strategy from the ones described above
(accommodation or reaction) can be expected in the region; b) overlapping of the scenarios at the two
scales; c) characterisation of consistency between the scenarios at the two levels and d) characterisation
of tensions and description of ensuing plausible trends.

In the Ebro, local agency capability was identified as being high (see Section 2.3.2). Therefore,
employing larger-scale scenarios just as boundary conditions (accommodation strategy) was deemed an
inappropriate methodological decision. Likely bottom-up influences were acknowledged aand a reaction
strategy was therefore used as the basic approach to build the local scenarios.
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Table 54 Inter-scale integration (EU and the Ebro River), Source: Own elaboration

Tables4a GRAS

Negoci politicament

Caos administratiu amb

Local scenario Campi qui pugui . . Shangri-la
prauipug correcte bones intencions 9
Consistency between the .
large scale trends and the Consistency between the
Consistency? Yes references of domestic large scale trends and the None
Zconomic actors institutional conditions.
Demands from the national Tension regions — UE
| regional administrations Citizens’ demands are .
Tensions? No towards the UE institutions | _oqlected by the Why some regions are able
! glected by to defend themselves in
Political tension but social administrations. front of the large scale
indifference dynamics?
Dynamics towards Resistance
Described trends Possible downloading degradation of social
. 2 o i ) )
Plausible trends: ;E/T;i;zllasszrec;z both levels. towards a GRAS profile profile. Alliance of regions (e.qg.
: MO-free region
Social concern - Protests GMO-free regions)

Tables4b BAMBU

Negoci politicament

Caos administratiu amb

Local scenario Campi qui pugui correcte bones intencions Shangri-la
Yes. ‘Local BAMBU' with Yes. ‘Local BAMBU' with
more efficient domestic less efficient
administrations administrations
Gansisianay? Considerably with regard to ] ) . Only some aspects are
the economic interests Domestic economic actors Consistency of local actors consistent
join the chrematistic with the more positive
dynamics of large scale aspects of the European
scenario new policies
They will appear in case Tension regions — UE
Tension from the UE that the political objectives Some of the EU policies are )
Tensions? institutions to national oflthe? Iargg scalewould not | not |mp|emenlted forthe Why some regions arelable
institutions. coincide with the local lack of operative to defend themselves in
interests guiding political capabilities. front of the large scale
will. dynamics?
The way to ‘Campi qui
pugui’ is only limited by the
Possible advance towardsa | ability of the states for
*‘Negoci politicament keeping administrative Supported by the EU
ey Correcte’ if the coordination policies, citizens may Social concern — protest
administrative conditions criticize the performance of
are influenced by the Possible demands fromthe | administrations.
general trends. domestic government for
theincrease of local
competences / subsidiarity

Table 54 c SEDG

Local scenario

Campi qui pugui

Negoci politicament
correcte

Caos administratiu amb
bones intencions

Shangri-la

Large-scale dynamics has
not influenced the region,

Large-scale dynamics has
not influenced the citizens

Cohesion gaps?

Tension UE / regions

than in sustainability.
Tensions UE/ citizens

large-scale dynamics.
Citizens taking the lead.

Why has this happened?

Consistency? None although it has affected the | but not the ves
administrations. administrations.
Domestic administrations
Why some regions develop | Localinterests guiding have not been able to
; their own profiles? political will may be more adapt themselves to the
Tensions? based on economic welfare No

Plausible trends?

Resistance

Alliance of regions

Weigh of administrative
decisions will define if the
evolution will tend either
towards SEDG or BAMBU.

Weigh of citizens will
define if the evolution will
tend either towards SEDG
or BAMBU.

Virtuous circle
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Next, a hypothetical overlapping of scenario levels was tested to check whether the local scenarios were
consistent with the narratives of the larger-scale scenarios (See Table 54). There were a several clearly
positive (e.g., GRAS and Campi qui pugui; SEDG and Shangri-la) or negative (e.g., SEDG and Campi qui
pugui) answers to this question. Apart from that, situations where larger-scale trends or policies were
embraced only by some actors or sectors at the local level, e.g. economic actors or regional
administrations, also appeared. For instance, the economic actors in the local scenario ‘Negoci
politicament correcte’ would favour the GRAS, although other actors not so directly linked with economic
interests may put into question that scenario.

In fact, sources of possible inconsistency in negative or partially positive answers were identified. Did the
inconsistency disclose any specific kind of tension between scales? Here, the analysis revealed aspects
such as tensions between administrative levels, divergent economic interests, cohesion gaps, citizens’
leadership, or lacking operative capabilities. Finally, trends that could be expected from these tensions
were assessed.

The conceivable dynamics highlighted likely top-down and bottom-up effects. The scope of possibilities
covered extremes from the positive feedback and reinforcement of the described trends at both levels,
to strong resistance taking the form of regional alliances against large-scale tendency. Other options
between these extremes included social concern, protest, and partial support to policies, demands for
increased local competence or effective subsidiarity, and outcomes determined by the power game
between the main local or regional actors, among others.

4.3.6  Scenarios and local management

When issues are complex, diversity of perspectives cannot be reduced. In this context, scenarios become
best-suited integrative tools for socio-environmental deliberation, as they rise as effective bridges of
communicating diverse standpoints into a single narrative. Thus, this approach produces representations
that stakeholders (including managers) may fill with meaning from their respective experience about
past events and from their expectations about the future. In this respect, scenario development
encourages meaningful debates guided by a common purpose. Based on the experience of this
dissertation, scenarios are useful for concrete management needs:

to generate options that can be compared in terms of the impacts caused by the species;

to be included as input into deliberation about the effects of the invasions and the organisation of
responses

to prepare concrete management measures in face of different assumptions about the
development of the invasion.

The typology and method selected for scenario development depends on the objective of the scenario
and the role that it will play in management, having in mind the different advantages and disadvantages
of the approach chosen (Table 55).

Recognizing the multiplicity of IS-related drivers and effects contributes to opening black boxes of social
behaviour without falling into reductionism. Also, it is possible point out to transitions by overlapping the
results obtained for different scales. Not always the seemingly ‘desirable’ scenario is the one favoured by
the actors directly in contact with the local processes. For instance, stakeholders in the Ebro River
seemed to prefer less conflicting scenarios independently of the outcome in terms of the specified
problem (the invasion process). That shows again that solving conflicts does not necessarily lead to
solving problems.
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Table 55. Advantages and disadvantages of scenario development

Source: own elaboration

Advantages

Limitations

Scenarios support a precautionary view to the uncertain
futures, even when the assessment has been done ex
post.

They help to face complexity directly, becoming the only

They do not provide crisp results.

Assumptions are restricted by the frames of reference of
the participants, either stakeholders or the analysts

Scenario possibility when uncertainty is irreducible. themselves. Information constraints and underlying
development  They are flexible tools: They integrate many languages discourses will be reflected in the outcomes.
in general and forms of knowledge. Assumptions are difficult to test.
Scenario development enhances learning: new When they are strictly qualitative, scenarios may be
information is added to the old knowledge in a lacking in meaning to those audiences used to crisp
meaningful way. results.
Assumptions are stated transparently.
Less time consuming, only dependent on analyst
Analytic agehda. _ S Information is restricted to available publications and
. The inclusion of technicalities is only bounded by the databases.
scenarios

ability of the analyst.
They can easily target the topic of interest.

Risk of excluding relevant views.

Participatory
scenarios

Consistency is warranted by stakeholders’ participation.
Trust building enhances their role as tools for transition.

When scenario development meets stakeholders’ needs,
they contribute with their time and effort. Research cost
can be reduced in time and money.

Time and resource consuming.

Preparatory tasks, including strengthening of trust and
creation of the working atmosphere, are crucial.

The focus of discussion can easily move towards themes
outside the original topic of interest.

Scenario development also constitutes an integrative framework for analysing inter-scale interactions.
An overlapping of scenarios at different levels can reveal affinities or tensions between scales. This can
be done through a step-by-step process that answering the following questions: Are the narratives at
both levels consistent? If they are not, does the inconsistency reveal any specific kind of tension between
scales? Which kind of top-down and bottom-up effects can be expected from those tensions?

In this respect, the results presented above contribute to the growing body of work that views multi-scale
scenario-building as a valuable approach in addressing issues of local development and planning. Local
policy cuts across a multitude of interests and strategies. It must be formed and reformed, based on the
logic of macro level factors as to what is feasible and what is not. Local actors’ responses and political
judgements about what values and interests they really wish to promote, also play a role. In this context,
scenario analysis at the local level provides everyone with an opportunity to examine both the pros and
many cons—what is wrong, has gone wrong and can go wrong—of different development paths.

When the storylines are developed, a proper framing within the management context is necessary if the
outcome is going to be employed to support policy making processes. The different management
domains related with the invasion should be represented (e.g. hydrologic management, angling, natural
environment, etc.). A possibility that has not been explored in this dissertation is the consideration of
shock scenarios (wild cards) generated through the identification of sudden unexpected developments,
the likelihood of which is difficult to estimate.

In retrospect, one scenario that was never considered at Catalan or Spanish level was the invasion by the
zebra mussel. Very few people, if anybody at all, had foreseen anything like this.
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5 A reflexive management theory for aquatic bioinvasions
and a Decalogue for unconventional action

The specialised literature offers a respectable number of guidelines for management of alien species.
Among them there are well-established references for the systematic deployment of prevention,
eradication and control measures (e.g. Genovesi and Shine, 2004; Shine et al., 2010; Wittenberg and
Cock, 2001) or comprehensive handbooks with thorough scrutiny of technical aspects of management
(e.g. Clout and Williams, 2009). Any of these works are good reference materials and could — and should
—be used to prepare programmes of measures against aquatic bioinvasions.

This section is not going to reproduce what others have been done well in the past. Instead, it focuses on
the increasing concern about substantial gaps at the junction of science and policy that are hampering
AIS management (Campbell, 2013; Williams and Grosholz, 2008). These are related to the fact that
responses to invasions entail manipulating not just the invader itself but also the biotic and abiotic
components of the system (Buckley, 2008). Connected to this, there is a concern about the fact that the
analysis of AIS management usually focuses on actions needed at the international and national levels,
while the critically relevant processes at the local and regional levels are less addressed (see Table 56).

Table 56 List of the top 20 AlS issues
identified by the delegates of the
conference “Freshwater Invasive
Networking for Strategy (FINS)”

Issue Scale

Biosecurity awareness L/N/I

Coherent EU legislation for effective biosecurity |

International biosecurity best practice |

Note: Scal des: L- Local; N -Nati I - -
ote: >cale codes ocal ationa, Regulatory framework to prevent introduction of IAS |

—International

Dedicated and appropriate resources for IAS N/I

Source: (Caffrey etal., 2014) New technologies for early detection N/I

Early warning mechanisms |

Rapid risk assessment methods to prioritise future invasion events N/

Standardise pan-European risk assessment to underpin EU IAS |
black list
Knowledge gaps in risk assessment |

The importance of economic analysis in risk assessment N
Rapid response - a vital tool in IAS management N/I
Emergency powers to manage IAS N
Novel control in IAS management N/I
Knowledge transfer to improve IAS management N/I

Outreach to foster improved IAS management

Effective communication to raise awareness of IAS

Cost analysis in IAS management

N
N
Non-market valuation in IAS economic assessment N
N
N

Single responsible agency -the answer to national IAS management

Responding to these concerns, and building on insights from the above chapters, the next concluding
pages offer ten policy recommendations for the management of the responses towards aquatic
bioinvasions (Fig 56). Since each of the chapters has already offered some policy-oriented
recommendations, this chapter goes a step beyond this and conceptualises actions that are more
generally needed to underpin AIS management in an integrated manner. Linking to the empirical context
of the thesis, AIS management is presumed to be an activity led by the public sector, although clearly in
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relation to actions and initiatives of many different types of stakeholders with direct links with activities
in the field.

The recommendations keep a deliberate level of abstraction, and can be regarded as an action-oriented
conclusion from the previous contents of the dissertation. While references, data and examples have
been reduced to the minimum, the contents of the chapter are not speculative. Each one of the
statements in the sections below can be supported by specific data in the previous chapters, by concrete
evidence achieved during the ethnographic phase of the research or are the result of reasoning. As the
recommendations set forth some general rules on how to implement effective measures in relation to
AS, the chapter is offered as a contribution to the management theory for aquatic AS. In this respect, it is
a consistent final step of a reflexive model of science in which “theory is not something stored up in the
academy but itself becomes an intervention into the world it seeks to comprehend"” (Burawoy, 2009: 55).

@Tackle the invasional

A

Fig. 50 meltdown
Policy recommendations in this chapter and v
some of the synergies among them © Confront the common
Source: Own elaboration enemy first
N7

GFocus awareness from the
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A
A
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A ¢ A

GEngage in networking
action at all management
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{

OTackle uncertainty with @/anage at the most
diverse appropriate | appropriate scale and
methods encourage local agency
1 Visualise the goal as a moving target

Management of any kind needs an agenda, and in the case of aquatic bioinvasions its purpose must not
remain unstated or presumed. The visualisation of an objective should be part of an open exercise that
clarifies what it can be considered a successful management. This clarification will unavoidably entail a
clash of views about some alien species, seen as concern by some actors, and ignored, or even positively
beheld by others. Managers may leap directly to actions based on the consideration of alien species as
hazards, moved maybe by precautionary reasons, or by the desire of avoiding inter-stakeholders (or
inter-scales) conflicts in conspicuous cases of lack of social consensus. As a result of this, there is a
seeming clarity about management objectives, but a reality of disproportionately high dissemination
cost (to persuade social actors about the rightness of action) and/or surveillance efforts that are doomed
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to failure in a context where the actors driving AIS introduction and spread have more frequent and
intense contact with the territory than the managers themselves.

Although it would be desirable, it is highly unlikely that the agendas of the different stakeholders
coincide in a way that a collective (pre-emptive) deliberation on objectives takes place in status quo
situation. In this respect, crises offer unique opportunities to focus the attention of different groups on
the relevance of the matter, albeit they give less room of manoeuvre to deliberation.

The classical AS management scheme —starting for prevention followed by eradication or, that not being
possible, control and impact mitigation — is often used to structure management plans, complemented
by risk assessment and monitoring measures. A practical design of responses will bring each of these
stages to fine-grained specification of management goals that concentrate efforts there where they are
more effective. Where should be preventing the entrance through early detection mechanisms? Which are
the priorities for the species control? Which on-going bioinvasions required detailed impact mitigation
procedures and which areas are more vulnerable to such impacts? Answering all these questions is part of
the definition of the objectives for AIS management.

If here we talk about moving targets is not only because of the often relentless spread of some AS. It is
also due to the fact that the invasion process comes together with changing priorities for action. So far
the most common situation is that the objective of management is very static, once assessed the
invasion stage, and the change to a new objective is interpreted as a fiasco in pursuing the previous one.
However, invasion processes are by nature very dynamic. Where in the past it was imperative to prevent,
today it might be crucial to control populations and in the future it will be necessary to mitigate impacts.

It might happen that managers, aware of the difficulties of an effective control and the discouraging
effects of failure, set modest goals that are eventually achievable. Instead of losing battles beforehand,
the proposal of a multi-stepped set of objectives helps to clarify a realistic sequence of action: ‘The
objective is to prevent the entrance of the species A to the area B. Should this introduction takes place, the
objective becomes to extirpate the species A from the area B. If this is not possible, the objective is to control
(e.g. to restrain or confine) the populations. Together with this, and particularly in case this fails, the
objective is to mitigate the socioeconomic and ecological impacts of the established populations of the
species A in the area B’. This does not mean to passively accept the invasion as an inescapable fate —
which in fact demotivates the response — but to organise the set of objectives, and hence planning
responses, according to plausible course of events according to available information of the species and
the context. Even in the case of the most virulent bioinvasions there are likely to be net benefits from
delaying impacts.

2 Improve coordination by all means

‘Coordination, coordination, coordination’ should be the mantra of for AIS managers in aquatic
ecosystems. The spread of IAS is not confined by administrative boundaries and the replication of
management efforts is clearly a waste of increasingly scarce public resources. This is not news for public
managers. The need for enhanced coordination is the most recurrent claim from stakeholders in all kind
of participatory processes related with alien species. The scientific community is aware of the utmost
importance of coordination, and a plea for public orchestration of measures against AIS appears often in
the conclusion of workshops and specialised conferences.

Effective coordination has traditionally faced some barriers. There are indeed practical issues on how this
coordination is set up and whether the established mechanism fits the resource availability (including
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funding and time availability inter alia) of the involved parties. Besides this, for managers engaging in
coordination initiatives may be challenging because it usually entails transgressing spaces of
responsibility, competence and expertise, while public administration relies on a very strict definition of
concrete responsibilities. Organisations that share an interest for controlling AIS may adopt a
competitive, rather than cooperative approach, eager to underpin organisational development and
budget allocation. Officers may feel uncomfortable in areas where the delineation of this responsibility is
not clear, not only in relation with other public actors, but also (and perhaps particularly) in the
interactions with non-public actors, the relation to which has traditionally seen as a hierarchical
‘command-and-control’ rather than horizontal cooperation. There might be also a reluctance to trust in
other organisations’ skills or capabilities, when the safeguards of quality control are limited.

A major barrier for coordination is also the deception that manager officers may have suffered in the past
when previous coordinated agreements made at the technical level were not be able to reach the policy
action, due to divergent interest influenced by Realpolitik. The realisation that technical sense does not
match institutional priorities, political moments, or tensions between organisations may discourage
engagement in coordination beyond a shallow ‘go-and-see-what-is-going-on’.

In face of all these challenges, and based on insights from the research process, desirable attributes for
effective coordination are:

e Cooperation in practice. Action-oriented problem solving provides good incentives for the
managers to cooperate, because it makes it visible and concretise the significance of
collaborating with other organisations and benefits each organisation’s performance. Action
also helps to accumulate understanding and information about factors of success and failure
that are useful for further collaboration.

e Communication. This element involves both information exchange between organisations and
also the need to communicate the coordination process itself to the public at large. It is a
common situation that the public perceives a discoordination despite the fact that the involved
organisations are actually working together.

e Not dominant leaderships. Not dominated processes avoid antagonisms while at the same time
facilitate that the general agenda responds to all the participant’s interests. Creative alternatives
flourish as the participants perceive that there is room for negotiation in the way how this
partnership is developed. Dominating leaderships may be helpful to create an initial focus, but
introduce the risk that the coordination process itself is subdued to the interest of the leading
organisation and therefore the process becomes unstable.

e Stable contact points. Collaboration is a dynamic process. Still it is necessary to prevent excessive
learning costs and promote trust by defining stable representatives within the participant
organisations who are endowed with decision-making power in relation to AIS management.

e Enabled local agency. The foundations for interaction may need to be built from a very basic
level. In this respect, underpinning local agency requires mobilising resources at level that is
closer to local management, and cooperation should not be restricted to the sphere of decision-
making. It should also, and very specially, promote collaboration between agents in relation with
direct territorial interventions. Thus, common enforcement campaigns, training, or monitoring
need to be developed in cooperation between governmental and non-governmental actors
working at the local level. In some cases, this may result in opening up local tensions but also — or
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perhaps, as a result of an unprecedented catharsis — stimulating understanding and mutual trust.
This point is particularly relevant for coordination of intersectoral activities beyond water
management but with influences in aquatic bioinvasions (e.g. involving actors related to
agriculture, gardening, trade, coastal management, etc.).

e Multi-level action. Local action is needed to strengthen response capabilities. However, the
research has shown the multi-level nature of some drivers, which leads to the need to an
integrated action ad different scales. This necessary involves actors such as national
governmental authorities, social lobbies and the educational system. When the presence of AS is
not commonly perceived as negative, as in the case of species used in business practices, this
collaboration is particularly important.

e Regularity. Emergency situations offer excellent opportunities to mobilise resources for
management and the needed political will to cooperate. However if the contacts between
organisations only respond to urgency or take place sparsely over time, there might be little
chance to strengthen durable common action. Such contacts do not necessarily entail face-to-
face meetings and can be vehicled through videoconferences, e-mail listing, or through the
regular update of joint platforms as the one mentioned below. The point is to provide keepalive
signals and to track progress towards a common agenda.

e Conflict management. Satisfactory ways to manage conflicts should be foreseen at early stages
of the collaboration initiative. Persistence of antagonisms — between different branches of the
administration, between angling societies, between scientific advisors, etc. — erodes the
potential for collaboration, even in the most hierarchical systems. The point here is not
necessary dispute settlement, but finding a common entry point to facilitate specific alliances
around common management actions.

Based on the work done at the regional level and building on the experience of initiatives related to the

promotion of partnerships for the control of unwanted organisms, namely the International Plant

Protection Convention (www.ippc.int) and the Global Ballast Water Management Programme

(http://globallast.imo.org), potential areas for cooperation in the management of AIS could encompass:

Planning and prioritisation of control measures, such as designing general strategies, drafting
regulations, designing inter-institutional programmes and campaigns, including the designation of
common priority prevention or control areas, or developing joint specific and inter-specific protocols
of emergency response.

Preparation of harmonised standards and joint implementation of measures tending to improve
knowledge about the existing and potential bioinvasions, such as risk assessment and risk
management or monitoring programmes.

Information and knowledge sharing, particularly in relation to: a) collaborative information exchange
(on species features, distribution or risk, reference materials, in-coming events, meetings, etc.); and
b) experience and knowledge sharing (e.g. monitoring and sampling, successful and failed
experience about treatments in infrastructures and measures of direct AlS control); and c) creation of
consultative fora in support of AIS management.

Improvements of capacity-building through: a) training and education of governmental officials
(technical staff and enforcement personnel), managers of hydraulic infrastructures, irrigation
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societies, recreational operators, adjusted to the needs and expectations of the different groups; and
b) awareness-raising among the public at large and specific stakeholder’s groups.

e Deployment of joint management measures in relation to a) allocation and pooling of equipment; b)
signalling, communication campaigns and co-production of informative materials; and «c)
enforcement and inspection campaigns.

Cooperation certainly involves joint activities in the scope of scientific research. However, in the context
of the dissertation, this point deserves particular attention and is elaborated below in a specific
recommendation about this matter.

There is a gradient of coordination from unilateral action (no collaboration) to full partnership. Each time
there is a chance of interaction, acknowledging the different options is advisable, together with an open
recognition of the limiting institutional constraints for each one. A recommendation to bridge the
coordination gaps identified in the current state of affairs is to promote as much intense cooperation as
possible whenever the opportunity arises.

3 Create an information hub at the regional level

Cooperative action should be fostered by a stable data repository and knowledge-sharing system. This
must be properly linked to the aspects of AIS management, from risk analysis to monitoring of
populations, at the level that is more useful for organising local and regional responses.

In fact, the compilation of consolidated open databases from what previously was a myriad of
information sources about AlS has been one of the remarkable developments during the last decade. The
Global Species Database (www.issg.org/database), supported by the World Conservation Union and
endorsed by the CBD, has been continuously enhanced in terms of number of species and spatial
representation worldwide. The database from the DAISIE project (www.europe-aliens.org), delivered by
scientific experts within the UE Sixth Framework Programme, provides updated information not only
about species and their distribution in European countries, but also about experts within and outside the
scientific world. Recently, the European Commission launched the European Alien Species Information
Network (EASIN, http://easin.jrc.ec.europa.eu), which in its final version will be able to deliver species
distribution in different formats (10x10 km grid, countries or river basin districts). The EASIN aims at
extending the network of partners, now including mostly database managers at the global scale.

In terms of AIS management, the information provided by international initiatives is extremely valuable,
as it helps to identify locally absent species that are present in neighbouring countries. However, besides
that direct responses against aquatic AlS require timely and precise information at two different scales:
regional (all water bodies within a basin district) and local (river sections or other time of water bodies).

In this matter, Catalonia finds itself in a privileged position due to the existence of the ExoAqua (for AS in
aquatic environments) and ExoCat (for AIS in general) information systems. However, both initiatives
require further development in order to become real information hubs in support of AIS control. In
particular, desirable properties of a possible *hub of alien species in aquatic environments of Catalonia’
are:

e Cooperative effort. The development of this type of schemes requires time and a large amount of
resources, not only for the system design, but also for information input, update and quality control.
It could be only useful as long as it is the outcome of a horizontal cooperation and the cost is shared
among many users who also benefit from the outcome. This involves water managers and
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environmental authorities, but also representatives of other sectors (agriculture, aquaculture and
aquarium, sports authorities and federations, etc.).

Link to management. The hub should not only be an information repository but also a decision
support system, providing local managers with reliable resources that they can employ in face
organising responses, even in the very short-term. Information at the regional level is particularly
useful for planning while some activities related with direct management — such as monitoring local
AIS distribution and impacts, signalling, control of access, localisation of facilities — require detailed
information at the local level.

Accessibility. The system should be open to the public at large. This does not only enhances public
communication but also facilitates the prompt identification of information gaps. In this respect,
transparency is herein considered a desirable property and what ‘good information’ is can also be
assessed upon users’ feedback and their communication of requests and needs.

Interactivity. The information hub we refer here is mostly conceived as a virtual online platform
coproduced by several organisations that collaborate in the data search, gathering, moderation and
distribution. Data reports should be downloadable and printable versions of the files should be
provided for those stakeholders with difficulties for online access to the materials.

Interoperative electronic format. The datasets should be connected to other databases and
information systems, either larger-scales databases about alien species or intra-institutional
programmes that can operate as data providers (e.g. different monitoring initiatives among the
participant organisations). Robust platforms tent to be demanding in terms of system requirements.
This point should be managed in a way that robustness does not entail lack of functionality. An
aspect that facilitates the dataflow between uses is that geo-referenced information is available for
the different scopes of management (e.g. water body, municipality and grid).

Plurality. The system should be able to host very different types of information, both in terms of file
formats (e.g. datasets, GIS, multimedia) and quality of data. This involves data from scientific
sources and routine programme monitoring, but also data from citizen science. Opening the strand
to all kinds of information indeed increases the risk of mixed messages, a fact that has been already
pinpointed by the scientific world. Yet only by bringing all these types of information together it will
be possible to compare them and to assess their reliability and suitability to inform policy decisions.

Timely data availability. Access to up-to-date data demands both easy incorporation of new data and
enabling timely access to the information. Therefore, both data entry and data export formats must
be considered from the moment when the information system is designed.

Multilingual. The information hub should be accessible in the languages that better fit the users. As
international communication is a need, the availability of the information in English besides the local
languages is highly advisable.

The contents of potential ‘Catalan AIS information hub’, with the characteristics that have been just

outlined should not replicate information that can be easily found in other similar initiatives. Instead,

concrete information that can be useful for underpinning regional and local management encompasses:

- Recognisable contact points within the different participant organisations.

- Information about local distribution of species available per (and within) water body and
municipalities.
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- Glossary of terms according to regulations in force and links to the regulations themselves.

- Regional and local planning schemes and protocols in case of contingencies (detection of new
species, new detections of species already present).

- Communication programmes and links with initiatives of citizen science.

- Guidelines for preventive management of pathways and dispersal vectors, both from a sectoral
and from a spatial point of view.

- Battery of tested eradication and control measures, not replicating information that already

exists in other databases, but compiling regional tested practices.

Table 57 Possible

Item Public (open) Public (interactive) Internal
structure of a - —
. Species Species list Search (e.g. by Geo-referenced
regionalhubonIAS  ;13hace Species fact sheets location, by species databases (application
Source: Adapted from Id.ent.lflca?tlon tool group, by pathway) for data _entry,
Distribution map (water body, Risk assessment tool moderation, export)
East / South European municipality, grid) Citizen's science area Risk assessment tool
network for IAS Photo gallery (metadata)
(www.esenias.org)  Territory Pathways and entry points Search facilities Geo-referenced

Hotspots

Vulnerable areas (e.g. key biodiversity
areas, key infrastructures)

Facilities for AIS prevention and control

databases (application
for data entry,
moderation, export)

Experts and
practitioners

Public managers (per sector)
Institutions (research, education)
NGO (e.g. environmental and sports)
Private (economic sectors)

Working groups

Search experts (by
location, by taxonomic
group, by type)
Register as an expert
Contact

Detailed contact info
Mailing lists

Projects Projects by country Search project Common project area
Project by species

Legislation Legislation Search legislationand  Internal operative

and Competent authorities guidelines guidelines

guidelines Biosecurity guidelines
Codes of practice
Glossary of terms

Management Risk assessment protocols & Risk Search management Internal protocols
management plans options (emergency, sampling,
Best management practices communication)
Action plans (species, sectoral, site-
specific)

Resources Scientific publications Search resource Internal documents /
Reports and documents minutes
Newspapers Draft documents
Education materials
Video / podcasts

News Species alerts News alert Non-confirmed species
News alert
Announcements (e.g. campaigns)
Events (meetings and conferences)

Links Links (to databases and programs at the ~ Search links by contry ~ None
global, international, national, regional
level)

4 Tackle the invasional meldown

Aquatic bionvasions are interlinked and should not be managed separately from each other. On the one
hand, they are all related to complex processes that impair the biological quality of the river in an
uncontrollable manner. On the other hand, the social processes behind the invasions are also complex
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and can be hardly manipulated in isolation. As shown in the previous chapters, some stakeholders
benefit from the presence of given species, like an introduced fish, but its presence is possible due to the
prior abundance of other damaging alien species and its use is likely associated to the introduction of
new species that causes impacts to other stakeholders.

The hypothesis of the invasional meltdown surged within the field of invasion biology as an extension of
the idea of mutualism. However, it is also useful as a metaphor of the tangled socio-ecological drivers
that need to be addressed to prevent damaging invasions.

Inaction should not be the corollary of the invasional meltdown since efforts to control the existing
species are valuable to lessen the likelihood of future invasions. Thus the identification of key facilitative
interactions should be a first step to prepare responses in an integrated way, starting from risk
assessment. For instance, the interactions between AIS and their host ecosystems need to be properly
formulated. Then, then measures need to be deployed in a way that not only the impacts of a particular
species, but the chain of changes linked to that species can be prevented. A fish like Alburnus alburnus is
considered as a low risk species in Catalonia. However, the bioinvasion chain described in this
dissertation relates it indirectly with the introduction of a damaging high risk species (D. polymorpha).
Thus control measures for this species would be justified based on precautionary reasons, to prevent the
tangled chain of changes that follow this introduction.

This idea should pervade the different policies developed on the area, especially water management,
environmental protection, tourism development and agriculture. This requires a clear expression of
political will on AIS control in each of these policies, though integrated decisions, regulations, access to
information and resources availability.

5 Confront the common enemy first

How to disentangle the invasional meltdown? The socio-environmental interactions that drive
bioinvasions often operate at levels beyond the regional policy maker’s capacities for action. In this
context, the goal of controlling non-conspicuous AS may not be a priority for many groups, regardless of
the role that such species have in the general bioinvasion issue. However, some AS have the power to be
mostly agreed as unwanted events. In such cases, the argument of the common enemy may trigger a
focal response.

Along the research process, it was noticed that the topics addressed in the debate about these
charismatic AlIS often went beyond the presence and management of the invasive species itself. The
issue ‘invasion’ seemed a useful topic to discuss other environmental and socio-economic problems that
take place in similar scales involving the same set of stakeholders. Specifically, in the case of the zebra
mussel, it was easy to use the invasion argument to construct dialogues that otherwise would not have
taken place. Invasions were even used to protect the environment or to push forward territorial initiatives
that previously were blocked. This is the case of the rejection of the National Hydrological Plan in the
Ebro. Other examples are the reorganization of the navigation schemes in the Internal Basins of
Catalonia, the restructuring of the fish repopulation system in Catalonia or even the frequent request for
an integrated management of water bodies, in particular when there was a strong recreational
component involved.

Although the original interests of the involved stakeholders did not change, focussing on the common
objective — combating the invasion of the zebra mussel — facilitates the exchange of information and
mutual learning. This does not guarantee the reaching of agreements among the stakeholders but it
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breaks deadlocks by offering a good reason to initiate dialogues. Common enemies are usually high risk
species, but not all high risk species prompt join responses. The same as in the case of emergency
situations, mentioned above, the ‘common enemy’ should be employed as a triggering factor, but
integrated policies should derive from there. This bring us to the next recommendation.

6 Focus awareness from the anecdotal to the integrated discourse of management of water
quality

In Spain, the invasion of charismatic species such as the zebra mussel or the apple snail has produced a
better public understanding of invasive species as an environmental problem. Although this awareness is
related to the economic impacts of the species, public actors and scientific advisors highlight the
opportunity it gives to strengthen the discussion on the role of biodiversity in ensuring a good water
quality. Good ecological status (or potential) of water bodies is bounded by physico-chemical, hydro-
morphological and biological quality elements that deviate only slightly from undisturbed conditions.
The presence of the some alien species has an effect on such elements and thus entails a menace for
fulfilling the quality targets of the WFD. The particular effects of the species are poorly studied at the site
level, but indices such as IBPR can identify areas where there is a risk of non-compliance. As
demonstrated above, biopollution risks indices are not totally redundant with the indices used to assess
biological quality elements.

There is a need of an inclusive social dialogue about river quality and river use management. This
supports the idea that engagement with biodiversity must be comprehensive and not confined to the
rare and threatened, a message repeated by some global conservation initiatives.

The role of invasive species in the impairment of river quality might be more apparent if the integrative
frameworks, such as the ES approach, were used to explain the AIS impacts. Note that in this way, the
benefits of the species, such as the recreational value of the presence of alien fish would emerge as a
relevant factor to be taken into account in their management. But the consideration of the different
effects may promote an open dialogue about the implications of such management at the territorial
level. At the same time, this would support research on the study and communication about the real
ecological impact of fish invaders.

7 Manage at the most appropriate scale and encourage local agency

Despite the fact that in Europe governmental organisations with responsibilities of territorial
management (e.g. biodiversity, water management planning) are mostly are the regional level, research
about the role of regional agencies in AS management has been neglected. This is, in fact, a key level for
management, as it has been highlighted along the dissertation. Another key insight has been the
relevance of underpinning the capacities for local response. According to the above analysis, the
performance of the local agency depends on the opportunities of stakeholder groups to access
information, past resistance movements against external influences, social networks and polarization of
coalitions, among other factors. Local agency performance is relevant for inter-scale interactions.

While stating this, there is awareness on the risk of the ‘local trap’, a problem highlighted for studies in
political ecology that seem to assume that action at the local scale result in more desired social and
ecological effects, while this is not inherently true (Brown and Purcell, 2005). In face of this,
reinforcement of local agency would strengthen the local stakeholders’ capacity of coping with
unwanted external influences. Larger-scale driving forces of damaging bioinvasions are one of these
undesired influences. The local agenda can be improved if water quality (including biodiversity) and not
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only water quantity becomes the centre of debate. Local stakeholders are prone to participating in the
integral management of water bodies (planning, monitoring and surveillance) if they perceive that their
proposals are really implemented. Biodiversity can be one of the focuses of this kind of participatory
planning. Thus, the inclusion of stakeholders in the process of designing, implementing, and monitoring
management responses to biological invasions is recommended. This does not mean to delegate all the
responsibilities of AIS control to the local level. Regular interaction and mutual surveillance on the
obligations at the different management levels is required.

Areas where enabling local agency for controlling bioinvasions involve local planning for the prevention
and control of AIS, monitoring, information campaigns and the implementation of eradication and
control campaigns in coordination with regional authorities. A pilot experience in the UK to test strategic
approaches to freshwater non-native species management (Taylor and Lycett, 2008) entailed a process
which seems to be adequate to replicate in the case of water bodies in Catalonia. It involves the following
stages: 1): Identification of an appropriate scale at which to run the initiative; 2) Identification of and
contact of relevant stakeholders; 3) Organisation and facilitation of workshops; 4) Drafting targets and
actions; and 5) Ensuring engagement and sustainability of the process.

Empowering local agency often requires regulatory adaptations in relation to the larger-scale
framework, distribution of funding, training and small-funding allocation (e.g. for the development of
prevention facilities). Initiatives that aim for a self-organised, but integrated, local development (as in the
case of planning recreational initiatives for specific reservoirs) offer great opportunities for AlS
prevention and control based on local agency.

8 Engage in networking action at all management scales

A main insight from the previous chapters is the multi-scale nature of drivers and impacts of aquatic
bioinvasions. In the same line, there are also different initiatives that respond to the problem, from the
international to the very local one. As advised above, orchestrated action is a key element of responses
against aquatic AlS. However, there are very different ways to approach coordination, from the most
hierarchical to the most horizontal one. A way to prevent replication of efforts and enhance autonomy
between the different parties interested in AIS control is to articulate the inter-organisational ties
through networking action (NA).

The advantage of networks in relation to other types of organised response is that they facilitate the
participation of different types of actors, at different scales (and across scales), more spread in the
territory and with faster time-spans in terms of response (that in turn can be more adjusted to complex
assemblages of drivers and potential impacts). Thus NA arguably offers a cost-effective and enduring
way to organise responses as they it brings together expertise and resources from multiple stakeholders.
NA not only provides opportunities for collaboration but also promotes connections between actors with
differentiated skills who were previously unaware of their collaboration potential. The point is to
stimulate discussions and agreements on common action in the respective scopes of competence.

In the case of bioinvasion management, the idea is not to create viral networks but organised ones,
based on different roles can be performed (leading, being part of data providers/managers, being
informed, etc.). An organisational design is therefore needed in order to identify areas or responsibility,
potential overlapping areas and even intervention gaps. The starting point can be a simple database of
contacts, which can be expanded based of snowball engagement. Some actions may be favoured by
more extended networks (e.g. communication, citizen’s engagement in prevention and monitoring,
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volunteering in control actions), while some others may require deepening the networks (e.g.
coordinated enforcement campaigns involving a core group of managers).

Networking tools may involve regional stakeholders’ meetings (including scientific meetings and
conferences), workshops, training courses, seminars and webinars and the creation of virtual fora,
dissemination and use of the social media. Exploring NA opportunities and using effectively the AIS hub
outlined above are two sides of the same coin.

9 Tackle uncertainty with diverse appropriate methods

There is a variety of available methods to tackle uncertainties around bioinvasions, involving both
qualitative and quantitative approaches. Information sources and methods should be used with an open,
pluralist mindset, picking up the ones most befitting each specific decision context.

Along the thesis, some specific elements of knowledge gaps or ‘uncertainty’ have been unveiled, most of
them based on the empirical context. Building on the scheme proposed by (Stirling, 2010; Stirling et al.,
2007), such elements have been classified in four types: risk, uncertainty, ambiguity and ignorance. Note
that in this scheme, indeterminacy (sensu Wynne, 1992) is considered a particular form of
phenomenological ignorance, when intrinsic properties of the world are hidden to the observer.
‘Ambiguity’ corresponds to what has been called ‘ambivalence’ in other sections of the thesis. The
different items are presented in Table 58, together with analytic and management methods that seem
appropriate to deal with them.

A general recommendation is to respond to knowledge gaps with an adaptive management founded on
humility and enhanced transparency. More specifically, and summarising insights from the dissertation it
is possible to distinguish some advisable strategies for each one of the situations depicted in in Table 58.
Thus, under a risk condition appropriate tools involve those dealing with risk assessment,
communication and management, estimation of BP&BC indices, and simulation. In the case of
ambiguity tools that enable dialogue and deliberation at a public scale are advisable, together with
those that help to increase awareness about the complexity of decisions on introduction and
management of AS. An example would be to explain the difficulties of dealing with a species isolated for
the effects that this species may have in increasing the potential for other invaders to establish.

Both in the case of uncertainty and ignorance, acquiring new information (either about the attributes or
outcomes of a certain bioinvasion or about probability of their occurrence) may be a way to deal with
knowledge gaps. Resources like enhanced monitoring, added knowledge through research, or
transdisciplinary and inter-stakeholder exchange of ideas may help to this purpose. Adaptive
management is recommended in both situations. In the case of uncertainty this can be underpinned
with scenario development and scenario-based modelling. Meanwhile management in conditions of
ignorance can be supported in expert assessment and qualitative RA, acceptance of sources of
information alternative to traditional scientific information, societal and institutional learning, design of
shock scenarios and public deliberation.

Knowledge development may lead to changes in the way how a given question is situated in relation to
‘uncertainty’. A traditional approach in invasion biology has been to underpin datasets and
methodological processes to produce more accurate risk assessment; that is, moving from a condition of
ignorance to a condition of risk. However, more and more scientific-informed opinions speak in support
to the use of more integrative tools, like scenario development, in conditions of real uncertainty.
Managers have been familiar with the issue of ambiguity and just recently this issue has started to be
addressed in scientific research.
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Table 58 Uncertainty in AS management

Note: Each sector reflects a type of knowledge gap. The arrows point to appropriate methods for gaps listed immediately above.

Source: Own elaboration

Knowledge about probabilities

Less problematic

More problematic

Knowledge about outcomes

Less problematic

More problematic

Risk

Introduction of highly invasive species

Spread of species already present in the territory,
based on the match between the species and the
characteristics of the territory

Vulnerability of host ecosystems (e.g., seabeds, river
sections, reservoirs)

Impacts in highly vulnerable areas (.e.g. fixed / non-
adaptable infrastructure)

- Risk assessments / BC&BP

- Simulation

2Risk communication & management

Ambiguity

Values of ‘nativeness’ vs. (ecological and socioeconomic)
functionality of AS

Conservation trade-offs in the case of radical measures for the
control of AIS

Economic trade-offs due to restrictions to management

Diverging views about the effects of a specific AS

Bioethical conflicts on the elimination of AS

= Public deliberation on and negotiation of management
actions

- Awareness and communication of complexity (e.g.
bioinvasional meltdown)

Uncertainty

Arrival of species related pushed by complex socio-
environmental drivers

Intensity in the operation of some of drivers (actual
traffic of vehicles, actual number of anglers ...)

Actual distribution of the species during their lag
phase

Effectiveness of the surveillance grids / protocols to
detect new arrivals

Key facilitative interactions between AS

Attribution of ‘potential’ impact for some species

Existence of time lags between information needs
and information availability

= Enhanced monitoring

= Additive knowledge increased by research

Ridge between the ‘not-invaded’ and ‘invaded’
condition (ecologically and from the management
point of view)

Degree of tolerance of AS in in undisturbed
conditions of water bodies

= Transdisciplinary / Inter-stakeholder deliberation

Prevalent administrative and normative framework
for the control of AIS

Prevalent type of water management

Prevalent strategy for AIS management

Magnitude / type of impacts dependent on
management decisions or social choices

= Scenario development & Scenario-based
modelling

= Adaptative management, information)

Ignorance

Acknowledged information gaps in available datasets and lack
of biological, ecological and socio-economic knowledge
about:

- marine species, in particular marine macroalgue

- driving forces (including pathways) associated with the less
studied species and pathways of introduction of some
species in the past

- impacts of fish species, and alien species in general

- effects of AS in native biota; effect of AS control in biota

- benefits of AS

- difference between high invasiveness potential and real
invasive performance

- interaction between AlS impacts and other stressors

- irreversibility of the transformations the river ecosystems
due to AS

—=Enhanced monitoring

>Additive knowledge increased by research

= Scientific cooperation

Poor knowledge of ecological attributes of some species (e.g.
algae) leads to incomplete logic models for the risk analysis
of species

Lack of predictive value of risk assessments (false negatives)

Information about the species unavailable to proceed to risk
assessment

= Expert assessment and qualitative RA

= Methodological development / Independent testing of the
method / analyst

= Acceptance of alternative information sources

= Adaptative management

Salient knowledge about aquatic AlS of concern is largely
available (e.g. Proclambarus clarkii, Cyprinus carpio,
Carassius auratus) but this has been poorly accounted for in
normative development (e.g. Spanish AlS catalogue;
regional angling regulation). This is a form of institutional
ignorance that should be progressively redressed opening
the legislative process to truly transdisciplinary
enrichment.

Information about AS distribution and impacts should be
publically available and interconnected thus preventing
societal ignorance due to poor data availability through
societal learning.

Occurrence of illegal fish translocation, malicious deliberate
releases

= Transdisciplinary / Inter-stakeholder dialogue

> Societal & institutional learning

= Design of shock scenarios
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10 Set an agenda for management-focused research

Science and management are different domains and merging them should not be aimed at. Very
effective practical and corporatist barriers prevent this from happening anyway. However, it is desirable
that both entangle their concerns in a way that new research sheds light precisely on the issues where
the need to tackle uncertainty in is more critical for management. Although this goes against any
presumption of separation between science and policy making, it also entails a defence of normal
science, which has made significant contributions to AS management in the past, as long as the scientific
process enables mechanisms to listen and to respond to collective and institutional calls for engagement.

In fact, scientists already play a prominent role in management of alien species in Catalonia. The
responsibilities of AIS management are diffuse from and administrative point of view and it has been
thanks to the warning from the scientific domain that there has been a push towards integrated
intervention. Thus scientists supported planning, scientific advice, and as in the case of the author of this
thesis, multi-stakeholders participation in the measures against AlS. The watershed authorities have
been developed a network of stable collaboration with several research centres although these were
rather dependent on the availability of financial resources to maintain the joint activities.

Dependency on funding is not the only element that prevents a better integration of scientific
developments in the management of AlS. In order to advance towards a more reflexive science, some
desirable properties of the science-management nexus would be the following:

Principles

- Mutual respect and understanding of the diverging objectives of science and policy &
management.

- Reflecting on doing. The transformation of management concerns into research priorities is
contingent of the interaction of the researchers with the specific contexts and processes that generate
the policy concern. Only facing and solving specific problems will be possible to trigger an innovation
process that will provide more accurate insights for management that a priori reflections. Thus certain
issues could be internalised as the focus of research, with a conscious awareness of the implications of
the use of the scientific outcomes, in terms of scope and limitations.

- Communication and dissemination of findings. While being crucial, seeking new information and
knowledge is not the only type of cooperation between scientist and managers. Such knowledge also
needs to be offered in formats that are available and comprehensible to the users. This means, in
particular, to find effective ways to disseminate scientific results outside the scientific literature.

- Preventing replicated efforts and focus efforts on data gaps. There are identifiable gaps in the
existing datasets and lack of biological and ecological knowledge of some AIS (see above in Table 58),
while other species concentrate disproportionately high scientific attention. A dialogue on this issue
between managers and scientist could help to optimise resource allocation for research.
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Source: Own elaboration

Table 59 Areas for enhanced science-management interaction

Policy to science

Science to policy

Visualise the goal as a
moving target

Listing of priorities for management
Identification of policy questions and
sensitive issues interlinked with AIS
management

Clarification of the institutional and legal
frameworks for action

Providing evidences of the need of controlling
bioinvasions

Better understanding of ambivalence. In this process,
not only natural sciences can be supportive. Social
sciences play a crucial role in the consideration of
diverse (and possibly, divergent) social views

Improve coordination by
all means

Proposal of a discussion agenda for
scientific boards

Effective consideration of scientific
insights into policy action

Scientific advice in policy events, participation in
scientific boards in support of management
Training

Create an information hub
at the regional level

Information sharing (from monitoring
programmes, citizen science initiatives,
etc.)

Hosting and managing the nodes of
management within the hub

Information sharing (from scientific research)
Hosting and managing the nodes of scientific research
within the database

Tackle the invasional
meldown

Identification of processes of concern
that can be hiding an invasional
meltdown

Identification of key facilitative interactions between
AS

Confront the common
enemy first

Pinpoint ‘common enemy’ candidates
from the administrative point of view’

Pinpoint ‘common enemy’ candidates from the
scientific point of view

Focus awareness from the
anecdotal to the
integrated discourse of
management of water
quality

Local distribution, abundance and
impacts of AS through routine
monitoring programmes

Although the assessment itself must be guide a
systematic organisation of knowledge, and therefore,
can be considered as a scientific endeavour, an
agreement with stakeholders on the reasons why a
particular species is considered as a hazard will benefit
both the comprehensiveness of the analysis and the use
of its results in policy making.

AS and water quality

Manage at the most
appropriate scale and
encourage local agency

Engage local stakeholders in the
identification of research needs related
with management activities

Integrate local stakeholders in concrete scientific
activities (through dissemination, training, monitoring)

Networking is a crucial
element at all
management scales

Designating a board of scientific advisors

Play a role within the advisory board of the network
Data providers

Long term research

Tackle uncertainty with
diverse appropriate
methods

Pointing out species that are
problematic from the management
point of view

Implementation priorities

Improving knowledge on AS impact (impact of 5% AS
listed in Catalonia has not been evaluated)

Methodological development for the study of
ambivalence

Strategies

Strategies to underpin reflexive science entail creating areas of reflection for managers, offering spaces
of intervention to researchers and promote innovations through the interaction between both
researchers and managers.

a) Provide spaces of reflection to the managers

e Public organisms are often present in research initiatives but their participation is restricted to be
supporting institutions or, in the good times, funders of applied research. Public managers have
the technical capacities and should participate in research projects as actors of innovation and
not just as its final users.

e Systematization of management experiences (failures and successes) should be done under a
regular basis, and communicated to other organisms in charge of AIS management.
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Internal seminars of for knowledge sharing should be organised, as a part of the regular training
and technical update of public officers.

b) Provide spaces of action to the researchers

Faced with concrete experiences of management, scientist can more easily frame their problem
choice. This facilitates that the priorities of research are motivated and organised with
independence of a compromise of funding.

The contact of researchers with concrete spaces of management action also allows to work
beyond the niches of the specific disciplines, finding ways to employ disciplinary knowledge in
innovative ways and to encourage transdisciplinarity in the way how the scientific agenda is set

up.

c) Provide spaces of interaction and cooperation between scientist and managers to enhance innovation

Joint discussions on core issues in management guide scientists in their problem choice,
pinpointing socially and institutionally relevant uncertainties.

Stable networks of collaboration, sustained by setting up fora and webinars.
Joint seminars by technical staff / workshops / campaigns.

Openness to build on citizen science and other forms to connect scientific outcomes to the public
at large.

As an example of the benefits from this two way cooperation, areas for enhancement of the policy-

science relationship are presented in Table 59, according to the management guidelines explained in this

chapter.

Themes

Generally speaking, all the topics presented in Table 58, on the uncertainties for the management of AIS

can potentially become research problems. More specifically, some topics have appeared frequently in

the interaction with the stakeholders in relation to important topics for management-oriented research.

Knowledge about species impacts is of particular interest. The impact of 59% of the alien species in

Catalonia has not been evaluated yet. In part for this reason, management focuses on the species

that are better known and so does the public attention and demands to the policy sphere.

Understanding of the drivers, given the current trends and plausible developments, together with

information about donor environments should improve knowledge about entrance of new species.

Both the evaluation of impacts and the risk assessment should improve in relation to the matches

between the species and the host environments, beyond dealing with the species individually.

Understanding of facilitative relations between species and elements that help to prioritize

territories and groups of species of risk.

184



Final remarks of the chapter

This chapter has offered ten general recommendations for organising responses to aquatic bioinvasions.
While the recommendations can be generalised to a certain extent, they have been informed by the
contents of the dissertation, and therefore they are conceived to suit the empirical context for which
they have been formulated.

The ‘Decalogue’ does not reproduce traditional schemes for the management of AIS but stems from key
findings from the dissertation. In this respect, it can be considered as an empirical conclusion to the
thesis. In order to close this document in a more traditional way, a final chapter with conclusions is

presented next.
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Conclusions

From the theoretical point of view, this dissertation has brought together the literatures of ecological
economics, conservation and invasion biology, water management and uncertainty studies. Empirically,
the relevance of the topic has been highlighted in relation to a major pressure in global biodiversity
impacting particularly freshwater ecosystems, and a priority of environmental and water management
that is also a rising social concern.

The dissertation has been framed within a reflexive model of science, which entailed engagement with
the observed processes. Thus analyst's influence has gone beyond the construction of a set of meanings,
since it has also shaped parts of the agenda and somehow the evolution of the socio-environmental
phenomena under study. Many of the research activities were product oriented, this encompassing the
design of informative campaigns and training courses about the impacts and prevention of the zebra
mussel spread, the promotion of new research activities for its genetic identification, the monitoring of
the evolution of the species, defining criteria for declaring a new colonized area, the identification of
impacted actors and sectors and the development of mitigation measures, among others. Along these
activities, new information was created and acquired significance, thus contributing to a more complete
understanding of the invasion processes. At the same time, the research was still based at university with
complete freedom to include topics and approaches that are relevant for such studies.

The use of the DPSIR framework has been useful to organize the information available from direct and
long-lasting contact with the research topic. However, the DPSIR scheme has not been used for
analytical purposes since it faintly represents processes occurring at various scales, or processes that are
understood different by diverse actors. The decision was then to employ the DPSIR categories for
presenting the results, but organizing the answers to the different research questions using different
approaches and methods. The following pages summarise the main findings of the dissertation,
organised according to the blocks of research questions presented in the introduction.

Responding research questions
a. Management context

Chapter 1 has described the problématique of AlIS management in aquatic ecosystems. This has been
done using the case of Catalonia at two scales, the regional level and the local level in two study areas.
Some references to the situation in the Spanish and EU contexts have been also included.

At the Catalan level, the changes in management have been illustrated with some emblematic cases,
namely the recent history of management of exotic marine algae, freshwater fish and the apple snail. In
general, the response to aquatic bioinvasion has shifted from the interest in some high-impact AIS to a
more integrated approach to the state of aquatic ecosystems. In Catalonia, the clearest manifestation is
the way how the issue of IAS has been integrated in the implementation of the WFD, which puts the
control of AIS hand in hand with the improvement of water quality. This integration is examined in detail
by first time in this thesis. Such integrated interest though is dependent on changing political priorities
and has been impaired by the effects of the economic crisis on public funding. However, there is firm
scientific attention on the matter for the last fifteen years. Tracing the appearance of these taxa in the
press since the 1970s until 2013, it has been also possible to demonstrate an increasing social awareness
about each one of the cases, and also about the issue of bioinvasions in general.
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The situation of AIS management has been also described in-depth for the case of two aquatic species
(Dreissena polymorpha and Silurus glanis) in two different study areas of Catalonia. This helps to better
understand the concrete management processes and how they are influenced by different administrative
and socio-economic conditions. The two studied areas have a strategic role in the provision of crucial
material benefits (energy supply and water supply respectively) for users outside the areas. That
provision required the construction of dams that had a double and intertwined effect. On the one hand
they created a new socio-economic space for actors interested in recreational activities. On the other
hand, they enabled transformation in the biotic communities, facilitating the establishment of alien fish
that fit well with the altered hydro-morphology. The levels of profitability needed to sustain economic
activities related with sports angling would hardly be obtained based on the previous species, less
attractive for the anglers. Thus, to certain extent, the two effects are mutually required.

Aquatic invasions transform irreversibly and are also result of the transformation in what — paraphrasing
Paul Robbins — can be considered a *human preparation of the (water)scape’. The change in aquatic
communities is not only a matter of biological change, or in the functionality of aquatic ecosystems. It is
also accompanied by deep socio-cultural and economic changes. When a dam is built and a new fish
community replaces the previous one, new economic activities can indeed flourish, but the previous
socio-cultural context is irreversibly modified. Rivers have suffered a silent colonisation that has eroded
traditional ecological knowledge on aquatic species. Efforts to restore ecological quality may not reverse
this situation. Stakeholders’ engagement fosters management actions. But it also opens up conflicts on
the criteria that are relevant, on the scale to be adopted, and on the very definition of invasive species
themselves.

In any case, water management and the idea of improved water quality determine the perception of both
species (zebra mussel and European catfish) as unwanted. However, eradication is impracticable in the
two analysed cases. Technical reasons in the case of D.polymorpha, while economic and social reasons in
the case of S.glanis, rise as barriers for eradication. In particular, there is agreement in the need of
considering European catfish as a species that should be controlled. However, the economic interests
related to angling in one of the areas (the Ebro River) are high enough to have percolate the legal
normative, becoming de facto a zone where the species has the consideration of an asset for angling
practices rather than a species to be controlled for the improvement of biological quality of the river.
Although introduction of alien fish species is forbidden, the increasing number of records of Silurus glanis
shows that new translocations are still taking place outside the Ebro River.

At the same time new records of zebra-mussel spread evidence the limits of the measures applied so far.
The invasion of Dreissena polymorpha is agreed upon as a damaging process that should be controlled.
This alien mollusc has received a great deal of public attention and resources for management. Still the
invasion has advanced unstoppably in the Ebro. Although the colonisation has been confirmed in other
areas of the IBC, it has not yet been detected (to the best author’s knowledge) in the Ter River, despite
the fact that the invasion drivers operate intensively in that area. Alarmingly, the restrictions to certain
activities that contribute to the spread of this species (angling and navigation) have been recently
relaxed related with the interest of promoting economic activities.

b. Driving forces

When policy action is required to manage environmental change, there is a need to characterise driving
forces in terms of the immediate possibility of intervention to reach desirable scenarios. Thus, identifying
driving forces seems to be necessary not only to understand the processes encompassing biological
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invasions but also to generate policy-making initiatives. In Chapter 2, driving forces of biological
invasions have been analysed under two different approaches. Fist generic driving forces of biological
invasions have been examined through literature review according to a framework that has allowed
distinguishing several levels of response. First, there are drivers in relation with management practices
(such as transport, trade activities, changing practices of flora and/or fauna management or the access to
available options for invasive species control. Second, there are drivers related with the policy level, such
as trade policies, agricultural policies, political transformation, environmental policies and all the
regulatory changes that accompany such policies. Third there are drivers related with ideologies and
lifestyles encompassing global and domestic economic and social developments, emerging social
interests, changing perspectives in environmental protection and all that has to do with developments in
knowledge and information. Finally human population dynamics and global climate change were
considered as important driving factors that should be considered as exogenous in the short term.

This level of analysis provides a rich understanding of the different aspects that can be taken into account
when preparing responses to invasion processes. It also helps to distinguish driving forces in relation to
the easiness to translate management decisions in concrete desired societal behaviours. Developing
communication activities with stakeholders, based on their views about the plausible evolution of the
key-drivers indicators, may enhance the policy strategy. Attention to the different levels of drivers and
their interactions will broaden the system of analysis and favour a deliberation process where different
stakeholders should intervene in the discussion of responses.

In fact, the linkages between the different types of driving forces are difficult to establish at that generic
level. In this respect, it has been valuable to study the concrete cases of the D. polymporpha and the S.
glanis invasions in the two specified research areas of Catalonia. For the issue of the driving forces, this
was done using participatory methods in a post-invasion context.

Besides the identification of the specific driving forces of each one, three findings emerged from this
process. The first one is to conclude that the invasion of the zebra mussel in Catalonia is part of what the
literature has called an ‘invasional meltdown’ where a chain of alien species establish facilitative
interactions among them. In this case, it is revealed that these interlink is not reduced to a particular
form of mutualism (ruled by ecological relations), but extends to the socio-economic drivers that pushes
the different invasion processes. This opens the door to study invasional meltdowns also as a matter of
concern of political ecology, trying to establish the type of socio-ecological transformations needed to
sustain this process and the outcomes, in terms of the distribution of costs and benefits involved.

A second (and related) finding was disentangling these interconnected set of drivers, coming back to the
organising framework at the beginning of Chapter 2. In support of the use of a political ecology
perspective the relation between the introduction of damaging AlS with recreational and angling-related
practices based on alien fish predators triggers a discussion where, on the one hand, there are the social
and economic benefits that these activities provide to the area and in the other hand there is an process
of ecological impoverishment of the river communities. The chapter then highlights that the ecological
homogenization is a result of a utilitarian, market-based view of ecosystem management.

Finally, the third finding consists in establishing a hierarchy of driving forces, based on the views of the
local stakeholders, where less relevant factors are distinguished from givens (relevant and predictable
factors), and from key uncertainties (relevant and unpredictable factors). Seeking a generalisation of
these results, this chapter also helps to helps to classify driving forces for the case of zebra mussel and
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proposals that are coherent with these different types of risk factors, uncertainty factors and ignorance
factors.

The final part of Chapter 2 integrates both ways to understand driving forces stating that, while multi-
level action (regarding management, policies, ideologies and lifestyles) is required, local agency matters
(a lot), regarding AIS management. According to the analysis done, the performance of the local agency
depends on the opportunities of stakeholder groups to access information, past resistance movements
against external influences, social networks and polarization of coalitions, among other factors. After
examining several these constituents, it is possible to conclude that Ebro people have been able to
activate local agency and react to recent unwanted initiatives in their territory, despite the multiple
transformations of the river. Local agency performance is relevant for inter-scale interactions. Therefore,
any management measure should rely not only be informed by the plausible developments that are
relevant at larger scales, but also be consistent (and not be resisted) by the local contexts.

c¢. Impacts

Chapter 3 offers different insights on the consideration of impacts of aquatic AlS. This is done, first, by
presenting a framework to organise impacts of biological invasions that distinguishes impacts caused
directly by the species from those that stem from the type of responses to the invasion. This framework
relies strongly in the use of the ecosystem service approach to understand diverse types of effects and
their interrelation. The use of the ecosystem services (ES) framework has proved to classify impacts and
depict them according to a set of suitable indicators. As a consequence, the inherent complexity of
bioinvasions is simplified in a way that it can benefit policy-making in the three ways: communication,
monitoring and assessment. The approach also reveals the issue of ambivalence of AlS, that is, that
species may generate benefits along with the damages caused.

After this, the framework was used to analyse direct impacts of AS from different taxonomic groups
present in aquatic ecosystems in Catalonia, using data from the ExoAqua information system. This
entailed a laborious classification of 356 species according to the type of impacts in ES provision, which
has done for the first time for the Catalan case. More than 75 percent of the listed species in the ExoAqua
database lack a data for characterisation of impacts, either because the existing studies are not
conclusive in terms of the impacts caused or, more frequently (58 percent of the listed species), because
this impact has not been evaluated. This offers an important insight in terms of the challenges for
scientific research about AS. Focussing on the species that count on information, plants, followed by fish
and invertebrates, are the taxonomic groups more frequently related with AS impacts. Regulating and
supporting services are the most frequent impacted services although they are unnoticed for the general
public. This analysis refers to the number of impacts registered, and not to the intensity of the impacts.
This explains that impacts in provisioning services or the incurrence of control costs, while much less
frequent, tend to be more conspicuous for the public at large.

The analysis identifies 17 species that are associated to monetary costs (either damage or control costs).
It also helps to pinpoint 12 AS present in Catalonia that have proved impacts, according to the literature,
in different dimensions of water quality, either physico-chemical (e.g., increased turbidity or increased
nutrient concentration), biological (e.g. changes in phytoplankton or alteration of invertebrate
communities) or hydro-morphological (e.g. reduced instream flows or destabilisation of sediments). All
these elements are at risk due to the proliferation of AS in the Catalan rivers. At the same time half of
these species of concern for the improvement of water quality are related to monetary cost.
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Again in order to get better insights about the impacts at the local level, the effects of D. polymorpha an
S.glanis have been classified using the framework presented at the beginning of the Chapter 3. A variety
of impacts are presented and, in the case of the zebra mussel, a monetary estimate of impacts during the
period 2001-2008 is presented, based on direct research done in the area. Results point out to annual
cost of ca EUR 1.4 m per year by the end of the assessed period. These calculations are consistent with
estimates from the water authority in the Ebro, but more precise in terms of the distinction between
damage and control costs.

Gathering information from the invaded context was also useful to get orders of magnitude of costs that
would be then use to generate estimates of the potential monetary impacts of the zebra mussel in a non-
affected area, the Ter River. These are calculated using different management scenarios that, in fact, are
described in the next chapter. Here, the impacts are calculated based on a simple methodology proposed
also in this thesis. While the accuracy of the estimates may certainly improve with more direct research
in the non-affected area, the calculations still deliver highly valuable information for management.

Thus, the estimate of the potential damages offers ranges of costs for three possible scenarios(‘No
action’, ‘Mitigation’, ‘Adaptation’) along four stages of the invasion process that are relevant for
management (‘Pre-Invasion’, ‘Pre-alert’, ‘Immediate post-invasion’ and ‘Persistent post-invasion’). The
possible distribution of costs between the main types of actors involved, along the invasion process is
also outlined. In general, the hydroelectric sector and water supply managers would be impacted sectors
in all scenarios, followed by sector involved in irrigation.

Accordingly, all actors incur costs during the post-invasion phase, but these costs vary remarkably
according to the management scenario. Thus higher costs bore during the pre-invasion and pre-alert
stages entail more than proportionate savings during the post-invasion contexts, particularly in the long
run. The extreme cases are the ‘Do nothing’ and the ‘Adaptation’ scenarios. Using data from the lower
range estimates, ‘Do nothing’ means no costs during the pre-invasion stage, while ‘Adaptation’ may
mean to invest up to ca EUR 0.7 m. Then, if the invasion eventually occurs, the costs can be up to EUR 1.3
m per year in a context of inaction, while ‘Adaptation’ would mean annual costs lower than EUR 0.2 m.
These conservative figures (in orders of magnitude comparable to the ones in the Ebro River) have a
more than a twofold increase if the higher range stimates are used instead.

After the different approaches to the assessment of AS impacts, it is possible to conclude that AIS
impacts are multidimensional, ambivalent, often unknown and context-dependent. This entails
challenges for management-oriented assessments. In particular, two essential traits to have in mind are
the potential and limits of monetary assessment of impacts and the central role ES have in facilitating
coherent responses to aquatic bioinvasions.

d. Preparing responses

Chapter 3 brings together three different approaches to address uncertainties that emerge while
preparing responses to invasion processes. Thus it expands on the use of such approaches for the
preventive management of AS in Catalonia, with a particular reference to the use of their use for the
management of the zebra mussel and fish invaders.

The first approach is risk assessment, a tool favoured by managers in charge of tackling invasion
processes. The chapter reviews the existing experiences in what aquatic bioinvasions concerns, and
explains the state-of-the-art situation in Catalonia. Catalonia counts on a relatively advanced level of
implementation of risk assessments of aquatic AS, but this does not necessarily infiltrates management
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decisions. Two developments illustrate to this situation. First, the creation of the index MZ-Cat,
developed for the case of the zebra mussel, entailed an advanced methodological approach that
distinguishes elements of introduction and elements of establishment. The susceptibility to the invasion
of most of the water bodies assessed goes from *high’ to ‘extreme’. This is consistent with the detection
of zebra mussel in new reservoirs over time. This vulnerability will increase if prevention measures
related to the main drivers of the invasion (angling and navigation) are not enforced or relaxed. Second,
64 species present in aquatic ecosystems count on an assessment adjusted for the regional context
prepared together with the existing information system about AS (Exo-Aqua). Nine of the 21 fish species
assessed are ‘high’ or ‘very high’ risk species but four of them have been matter of exception in the
mechanism for AS control within the angling regulation in force.

The section continues arguing the usefulness of pursuing a risk assessment approach for Catalonia. The
reasons mentioned involve 1) the convenience of lower-scale evaluations due to environmental
singularities and b) the better knowledge of relevant factors such as regulatory mandates and social
considerations.

Methodological developments on risk assessment and better knowledge of the species are still required,
over all for those where the risk assessment is not conclusive due to information gaps. In respect, the
desirable attributes of risk assessment s for a practical support to public policies are finally outlined,
encompassing accuracy, adaptability of the method, traceability of results, articulation with systems of
early alert, usability of results, disaggregation of results per invasion stage, spatial representation and
link to regulatory mechanisms. However, improved methodologies and more information about the
species do not suffice for preparing preventive policies if the results of the assessments are not really
considered in management.

Chapter 4 continues with a second approach, assessing BC&BP indices as an option to integrate AS and
their impacts in the ecological status classification of water bodies. This responds to a critical need of
testing such indices in relation to their application to the procedures of the WFD, including monitoring.
Three methodologies are tested, and two of them (the SBC and IBPR indices) are deemed to be
applicable with information available from the routine monitoring programmes for fish species, that is,
without requiring additional sampling effort and resources.

The test is done for different periods and using different metrics of AS abundance (density or biomass).
Results do not differ markedly depending on the metric used although some nuances are detailed in the
corresponding sections, together with the advantages and disadvantages of each methodology. Results
suggest less than good ecological status — indicated by moderate and more than moderate
biocontamination [biopollution risk] —, in 47 percent [40 percent] of sites with fish communities. There is
82 percent coincidence between the results of SBC and IBPR. In 5.1 percent of the water bodies the
results of the indices give a totally different signal in terms of the assessment and compliance, being SBC
the most conservative in terms of non-compliance. The test of applicability closes by showing the
helpfulness of BC&BP indices for management, regarding the development of preventive measures,
allocation of available resources and support to programmes of measures with effects in the biotic
communities.

In relation to potential use of the assessed indices as state indicators, the chapter proves that there is a
positive (albeit weak) linear association between the performance of BP&BC and a stressor gradient that
synthesizes the effect of different pressures in the water bodies in Catalonia. This means that both
indices meet the requirement for candidate state indicators. Therefore they could potentially be used as
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state indicators if deemed necessary. Different elements of uncertainty interwoven within each method
should also be taken into account when selecting state indicators.

Finally, the section on BP&BC indices compares the results of the indices with the performance of the
indicators used to assess biological quality for fish, reliant of biotic integrity, which are in fact the ones
providing managers with signals to engage in policy measures. The probability of coincident results
(ranging between 79-88 percent) is remarkably higher than the probability of non-coincident results
(between 12-21 percent). Still, focussing on the non-coincident results, the probability of BC&BP
incompliance and biotic integrity compliance ranges between 4-12 percent. This demonstrates that the
standard quality assessment fails to completely pinpoint the issue of alien species, hence both types of
indices are not redundant. Ensuing remarks are done in terms of helpfulness, limitations and possible
improvements about BC&BP indices and their use in management.

The third and final approach to address uncertainty included in Chapter 4 is scenario development which
compares advantages and disadvantages of participatory and analytic approaches. Qualitative scenarios
were developed for the post-invasion context in the Ebro River. Participatory scenario development was
based on the cross-over of key uncertainties detected through deliberation with local and regional
stakeholders. Key underlying themes in the set of driving forces of aquatic bioinvasions in the Ebro River
are the type of water use management and the nature of the administrative response to the invasion.
The combination of alternative rationales for each one of these topics configures four basic scenarios
that were filled by contents by the stakeholders, and offered an opportunity to frame local situations,
accompany social learning, guide local management and, as a corollary of the experience, to provide
grounds for larger scales management of bioinvasions.

Another scenario approach tested for the pre-invasion context identified plausible management
alternatives and the consistent developments in terms of measures applied and incurrence of monetary
impacts. An analytic procedure was applied that generated three basic scenarios (‘Do nothing’,
‘Mitigation’, ‘Adaptation’) and the BAU. Management alternatives along the different phases of the
invasion process were identified and described in detail, thus allowing enabling the estimation of
monetary impacts that has been described above. A test of consistency of the scenarios unveiled that,
while the management strategy tends to favour ‘Mitigation’ as the scenario that is more consistent with
the current policies of water management (at the regional level), ‘Adaptation’ may be more aligned with
the interests of the stakeholders related with recreational activities (at the local level).

Precisely the issue of inter-scale interaction in scenario development is the one addressed in the final
section of Chapter 4. In this context, the dissertation clarified the conditions under which different
interaction methods can be used for local scenario development. Overall, it was recognised that larger
forces create framework conditions on a smaller scale that local actors can both benefit from and react
to, and local actors in turn respond to these conditions: they resist, cooperate, form alliances, adapt
and/or accept bargains. The actual outcome is a result of the dialectic of structural change and the actors’
responses, and local scenarios have to take these interactions into account. At this point, attention is
drawn to the role of local agency, and in particular, the exploration of agency capabilities of multiple
constituencies at the local level. In fact, a formal approach to linking scenario exercises consists of
exploring inconsistencies and given the local agency capability, choice of the appropriate interaction
strategy, as accommodation or reaction. This innovative proposal is used to understand how three
scenarios of bioinvasions in Europe may interact with the four qualitative scenarios for the Ebro River,
thus expanding the possibilities for the use of scenario development in management of aquatic
bioinvasions.
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e. Offering responses

In the same way as the dissertation postulates the benefits of a reflexive model of science, the final
chapter of the thesis is devoted to set forth a set of general rules that, based on the findings from
previous chapters, aim at increasing the effectiveness of AS management. They are related with the way
how to set the objectives of management, the need and ways to improve coordination, the indispensable
creation of information hubs, the necessity to tackle bioinvasional meltdowns but confronting first
common enemies, the convenience to focus public awareness towards an integrated debate about water
quality, the appropriateness of the working scales and encouragement of local agency, the engagement
in networking, the use of suitable methods to tackle uncertainty and, finally, the need to set an agenda
for management-focused research.

Scope and limitations of the thesis

This thesis innovates in several ways in relation to the socioeconomics of bioinvasions, both empirically
and methodologically. Empirically, this is a first exercise to understand the socioeconomics of aquatic
bioinvasions in Catalonia, in particular with reference to the implementation of the WFD. This entails,
among other applications, a first assessment of the BC&BP indices for fish in the context of the WFD
discussions. From the methodological point of view, contributions encompass the method for the
estimation of impacts in pre-invasion contexts, the understanding of agency’s pivotal role in multi-scale
scenario development and the classification of sources of uncertainty in relation with consistent
management measures.

Although the research effort has tried to offer a relatively comprehensive view of the issue of managing
aquatic bioinvasions, it is clearly lacking in many respects. First — and being totally consistent with the
DPSIR framework —, knowledge of specific pressures put by aquatic AS has not been explored in depth,
although the topic has appeared concisely in Chapter 2. This is due to the fact that this type of
knowledge is mostly related with biological and ecological characteristics of the species, and therefore
has been mostly generated by the biosciences, while the thesis has been centred in the socioeconomics
of bioinvasions.

Second, the issue of uncertainty has been addressed along the whole document, and the need to tackle
uncertainty with diverse appropriate methods has been included as one of the ten recommendations for
AS management. However, the three methods that have been proposed to address uncertainty in the
preparation of responses to bioinvasions have not been compared to each other. This is deliberate, as
each one of these methods corresponds to different context and aspects of uncertainty, and hence
comparing them is not deemed pertinent. Instead, their appropriate use has been suggested (see in
Table 58).

Reflecting on reflexive science for managing bioinvasions

As stated at the beginning, this thesis is written with the motivation of bringing to potentially interested
audiences an outline of the challenges and benefits of a reflexive model of science in the context of
managing aquatic bioinvasions. This section presents final considerations on this point, beyond those
already introduced in Chapter 5, as the final contribution of the dissertation.

Dealing with bioinvasions evidences the lack of a single social perspective on the phenomenon. Both at
the Catalan level and in the local case studies addressed, there was a variety of concerns about the alien
species and priorities on how to deal with them among the stakeholders under study. Thus, policy-
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oriented research on biological invasions faces the need to fit stakeholders’ languages and interests into
the context in order to gain in scientific quality. Scientific results are bound to be improved through
participation: the subject of aquatic invasive species may have been new both for scientists and
stakeholders, but the actors’ stakes are often higher, and so is their interest in improving the research.

In an engaged research project, results are important but even more important is the process itself.
Developing social processes around the knowledge of bioinvasions entails both communication of
complexity and the building of trust. Scientists appear as stakeholders at different scales of the
bioinvasion issue. They have been able to accompany communication processes that address social
responses to bioinvasions. For instance, during workshop or focus groups organised for this research,
scientists commonly played as spokespersons of the working groups without leading them but only
facilitating the discussion. This procedural result of research is then a powerful line of action for problem-
based science. It can be argued that the increased involvement of scientific research can easily lose the
neutrality. A conclusion of our research is that this neutrality loss, while transparent, increases the
effectiveness of research. While the researcher may be concerned by the loss of scientific independence,
his or her work may gain in social relevance and, at the same time, obtain important insights in terms of
the nature of the research matter.

Then, accepting the potential benefits of a reflexive model of science for the management of aquatic
bioinvasions, which are the major challenges faced?

A reflexive science in relation to AIS management should be aware of the normative and administrative
constraints faced. Even in the most prosperous times, let alone the current ones, there might be
difficulties for the implementation of top-down traditional policy measures consistent with a linear
model of science. In Catalonia, for instance, this is exemplified by the complexities of the normative and
administrative framework of the two management areas (biodiversity conservation and water
management) that are more involved in tackling aquatic bioinvasions.

Also, the identification of the pertinent use of methods is crucial, trying to promote theoretical and
methodological developments that suit best the research queries. In this respect, for instance, research
on bioinvasions does not generally use scenario development despite recognised weaknesses in
quantitative risk assessment. One should ask: why? A possible explanation is that bioinvasions research
has been dominated by the methods of natural science and the approach to the understanding of
uncertainty is rather different and very much related with the idea of quantitative or semi-quantitative
risk assessment.

On the one hand this calls for caution. Scientific practice should not fall into the temptation of informing
the policy cycle with methods that are familiar to the researchers but unappropriated for the type of
management requirements. A concrete example in this respect has been the presented in the paradox
that entails the calculation of one of the biopollution indices, the BPL. This methodology undoubtedly
outshines the other ones introduced in terms of accuracy in portraying the indicandum, the state of
biopollution. However, in the case of Catalonia it can be argued that the methodology is not useful for
management because the amount of resources needed for a proper calculation of BPL is remarkable.
Instead of spending resources to recognise how bad the situation is, they could be better used to roughly
indicate how bad it might be and to prevent its worsening.

For researchers, this entails the (perhaps) difficult decision to establish research priorities not only
according to his/her own preferences. While there is a permanent call from academia to managers to
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adopt scientifically-informed decisions, researchers should make a societally-informed choice of research
problems. After that, the decision is of the researcher only.

On the other hand, there should be acceptance of the delicate balance between rigueur, timing and
available resources. This balance may lead to counter-intuitive recommendations — like ‘let's promote
more scientifically robust, evidence-based management measures’ — when encouraging democratisation
of expertise. Scientists working in a normal (positive, linear) model of science have been the ones making
most of the contributions so far in relation to aquatic bioinvasions. While plurality of perspectives and
valuation languages is clearly needed, the conditions for opening a debate that accompanies integrated
management may not exist for a variety of reasons (e.g., because more urgent, more relevant, more
uncertain topics than aquatic bioinvasions dominate the societal debates). When the post-normal
scientist observes (from the comfort of his desk) mismatches between the needs of management and
the outcomes of scientific endeavours, there might be a lack of awareness of these practical difficulties.

In this context, ‘normal’ researchers — because of their consistent interest in promoting a management
agenda for aquatic environments, even in times of economic crises, and because of the stock of
accumulated knowledge of the issue over the years —may become major stakeholders whose view needs
to be explicitly included in the management agenda. Then, it is only logical to expect that a prescription
for more positive science will be in the ‘reflexive research agenda’ (e.g., ‘more information about impacts
of the species needed’). While the science-management feedback remains, so do the management
measures. There are more chances for further societal engagement with policies against bioinvasions if
these policies actually exist.

Of course, this is not the only reason to defend normal science in the context of biological invasions.
There are many aspects of the invasions, outlined above, that critically require scientific attention. Again,
from everything the author has learned in her own research experience, the highlight is that scientific
activities, in their interaction with concrete management processes, are likely to find increased and more
relevant opportunities for development.
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Annexes

Annex | Municipalities supplied by the ETAP del Ter (2008)

Sources: () ATLL (2004); (b) IDESCAT (2010) (c) ATLL (2010). Note: Volumed supplied by ATLL, without distinguishing its origin

Municipality Comarca’ Population (2009) ” Volume supplied by ATLL (m?, 2008)
Alella Maresme 9397 849.416
Argentona Maresme 11 633 1.031.280
Badalona Barcelonés 219 547 n.a.
Barbera del Vallés Vallés Occidental 31144 2.431.394
Barcelona Barcelonés 1621537 (SGAB) 73.685.337; (SGAB) Fontana 12.252.763
Cabrera de Mar Maresme 4 4,08 644.372
Cabrils Maresme 6 964 786.614
Caldes d’Estrac Maresme 2799 285.001
Caldes de Montbui Vallés Oriental 16 885 n.a.
Canovelles Vallés Oriental 16 023 1.062.942
Cardedeu Vallés Oriental 16 596 981.938
Cerdanyola del Vallés Vallés Occidental 58 747 n.a.
Dosrius Maresme 4937 (acueduct) 773.789; (town) 574.734
El Masnou Maresme 22288 1.790.479
Granollers Vallés Oriental 60 658 5.024.374
L'Ametlla del Vallés Vallés Oriental 7949 755.079
La Garriga Vallés Oriental 14 991 1.055.032
La Llagosta Vallés Oriental 13 820 112.220
La Roca del Vallés Vallés Oriental 10 214 983.575
Les Franqueses del Vallés Vallés Oriental 17 660 1.405.247
Llica d’Amunt Vallés Oriental 14 143 864.795
Llica de Vall Vallés Oriental 6290 346.795
Llinars del Vallés Vallés Oriental 9035 23.813
Martorelles Vallés Oriental 4922 (Martorelles 2) 1‘;?2?2
Mataro Maresme 121722 5.859.674
Mollet del Vallés Vallés Oriental 52 484 3.083.648
Montcada i Reixac Vallés Occidental 33 453 n.a.
Montgat Maresme 10 270 n.a.
Montmeld Vallés Oriental 8955 640.992
Montornes del Vallés Vallés Oriental 15 509 1.233.568
Orrius Maresme 640 50.757
Palau-solita i Plegamans Vallés Occidental 14 070 1.440.753
Parets del Vallés Vallés Oriental 17 632 1.044.656
Polinya Vallés Occidental 7676 576.362
Premia de Dalt Maresme 9944 721.583
Premia de Mar Maresme 27399 1.573.859
Ripollet Vallés Occidental 37088 2.346.819
Sabadell Vallés Occidental 206 493 12.196.007
Sant Adria de Besos Barcelonés 33761 n.a.
Sant Andreu de Llavaneres Maresme 10181 1.048.010
Sant Antoni de Vilamajor (parcial)  Vallés Oriental 5 44k 299.981
Sant Cugat del Vallés Vallés Occidental 79 253 8.319.890
Sant Fost de Campsentelles Vallés Oriental 8234 611.002
Sant Pere de Vilamajor Vallés Oriental 4021 369.752
Sant Quize del Vallés Vallés Occidental 18 462 551.052
Sant Viceng de Montalt Maresme 5627 887.961
Sentmenat Vallés Occidental 7 870 414.523
Sta. Coloma de Gramenet Barcelonés 119 717 n.a.
Sta. Maria de Martorelles Vallés Oriental 850 52.288
Sta. Maria de Palautordera Vallés Oriental 8823 162.028
Sta. Perpétua de Mogoda Vallés Occidental 25048 2.355.520
Teia Maresme 6 087 472.914
Terrassa Vallés Occidental 210 941 1.731.065; (LesFonts) 222.836
Tiana Maresme 7 590 457.874
Vallromanes Vallés Oriental 2283 241.319
Vilanova del Vallés Vallés Oriental 4 654 315.283
Vilassar de Dalt Maresme 8672 758.391
Vilassar de Mar Maresme 19 482 1.165.993
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Annex Il Questionnaires applied in the Ebro River to elicit economic costs of the zebra mussel invasion (2008)
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Annex Ill complete specification of potential impacts caused by D.polymorpha in the Ter reservoirs
Tipo de Tipo de mgr:iet:(;iil
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i D Di/l Ef Ef Descripcion ef Descrip-efecto2 ¢ Como? 4 : i POST- POST- POST- POST- POST- POST-
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infraestructuras para la ETAP de Montoliu Ab_Hum Si tratamiento en v v Y Y g 9
canalizacion (canales, galerias) el Pasteral Il
Recubrimiento de substratos Instalaciones
fiuros (paredes, fondos) en Recubrlmlento de canales de Riego si para la filtracion o o o o 3 o
infraestructuras para la riego del caudal
canalizacion (canales, galerias) derivado
Recubrimiento de substratos
duros (paredes, fondos) en -
depdsitos de agua (balsas, Recubrimiento de presas Sau, Ab_Hum No N.A. 0 0 0 0
K Susqueda, El Pasteral
presas, infraestructuras de
decantacion)
Recubrimiento de substratos
duros (paredes, fondos) en Recubrimiento de balsas de Intensificacion
depositos de agua (balsas, decantacion en la ETAP del Ter Ab_Hum Si de la pre- 0 0 0 0 0 0
presas, infraestructuras de (previas a la cloracion) cloracién
decantacion)
Recubrimiento de substratos
duros (paredes, fondos) en .
depdsitos de agua (balsas, Recubrlmlento de balsas de Riego No? N.A. 0 0 0 0
K riego, embalse de Colomers
presas, infraestructuras de
decantacion)
Recubrimiento de substratos
duros (paredes, fondos) en Uso de
depdsitos de agua (balsas, Embarcaderos en Sau Naveg Si coberturas anti- 0 0 0 0 0 0
presas, infraestructuras de adherentes
decantacion)
Recubrimiento de dispositivos
(p.e. rejas, compuertas, P
arquetas, colectores, juntas, Recubrimiento de instalaciones Intensificacion
sifones, filtros, estaciones de de las ETAP del Ter (ATLL) Ab_Hum Si dela Pte- © © © © © @
- cloracién
bombeo, aspersores, circuitos
de refrigeracion)
Recubrimiento de dispositivos
(p.e. rejas, compuertas, e
arquetas, colectores, juntas, Recubrimiento de instalaciones Intensificacién
sifones, filtros, estaciones de de las ETAP de Montoliu (AdG) Ab_Hum Si dela Pte- © © © © © @
- cloracién
bombeo, aspersores, circuitos
de refrigeracion)
Recubrimiento de dispositivos Ir!stala‘u'on de
(p.e. rejas, compuertas, dispositivos con
a?" L;etas ’colectores 'u’ntas Recubrimiento de instalaciones capacidades
X q " fJ g de turbinado en las CH de Sau, Hidro-elec Si filtrantes, 0 0 0 0 0 0
sifones, filtros, estaciones de .
- Susqueda y El Pasteral antiincrustantes,
bombeo, aspersores, circuitos .,
. . gestion de la
de refrigeracion) L
presion del agua
Reduccion del didmetro interior Interrupcion de
de conducciones de agua y actividades de
tuberias, con la consiguiente - abastecimiento
L . . Recubrimiento de la .,
disminucion del flujo del agua ” y produccion,
R L, conduccién entre las torres de . . . L.
(incremento de la friccion) (una Hidro-elec Si? instalacion de 0 0 0 0 0 0
. ATLL y ENDESA en Sau y . s
capa de mejillones de 1-2 mm Susqueda dispositivos con
puede sponer pérdidas de 9 capacidades
carga del 5-10% en una filtrates,
tuberia). antiincrustantes
Reduccién del didmetro interior "
. Interrupcién de
de conducciones de agua 'y s
) . actividades de
tuberias, con la consiguiente roduccion
disminucién del flujo del agua Recubrimiento de la ipnstalacién Vde
(incremento de la friccion) (una  conduccidn entre las torres de Hidro-elec Si? 0 0 0 0 0 0

capa de mejillones de 1-2 mm
puede sponer pérdidas de
carga del 5-10% en una
tuberia).
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ENDESA Yy las CH

dispositivos con
capacidades
filtrates,
antiincrustantes




.TIpO de Tipo de
impacto impacto
(dafio  D/C (dir vs Di/Ind Efecto
vs indir)
control)

Ef Descripcién efecto Descrip-efecto2 Sector
Reduccién del didmetro interior
de conducciones de agua 'y
tuberias, con la consiguiente
disminucion del flujo del agua Tomas de agua en el Club
(incremento de la friccién) (una  Nautic Vic-Sau y otras Naveg
capa de mejillones de 1-2 mm instalaciones
puede sponer pérdidas de
carga del 5-10% en una
tuberia).
Eventual obturacién de Eventual obturacién de la
conducciones y tuberias, conduccidn entre las torres de Hidro-elec
hidrantes ATLLy Endesa
Eventual obturacién de . .
. . Obturacién de los hidrantes y .
conducciones y tuberias, . Riego
X sistemas de goteo
hidrantes
Eventual obturacion de Tomas de agua en el Club
conducciones y tuberias, Nautic Vic-Sau y otras Naveg
hidrantes instalaciones
Deterioro de equipos y Deterioro de equipos de
. K e . Ab_Hum
materiales control de calidad y dosificacion
Deterioro de equipos y Deterioro de equipos de
. Ab_Hum
materiales telecontrol (?)
Deterioro de equipos y Deterioro de embarcaciones; Nave
materiales deterioro de pantalanes 8
Deterioro de equipos y Deterioro de equipos de pesca Pesca
materiales (hijos, pérdida de anzuelos)
Pérdida de produccion en las
E ia eléctri Hidro-el
nergla electrica CH Sau, Susqueda, El Pasteral | \dro-elec
Pérdida de produccion agricola
Produccion agricola por cambios en la frecuencia de Riego
riego
Poblacion abastecida por ATLL
Poblacion abastecida con % reducido de fuentes Ab_Hum
propias
Pérdidas directas sobre el Pérdidas directas sobre el Nave
sector turistico sector turistico 8
Efectos en la produccion en Cambios en la produccién de .
centrales de agua fluente ante Hidro-elec
. las CH de agua fluente
cambios en los caudales
Pérdidas en el sector turistico Dlsmlnuc!on‘ de a.CtIVIdadES en
N . el Club Nautico Vic-Sau;
derivadas de restriccones de Naveg

acceso
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actividades de la Federacién
Catalana de Esqui Nautico

¢Dafio
gestionable?

Si

No

No

No

Si

Si

Si

No

Si?

No

Si

¢Cémo?

Instalacién de
dispositivos con
capacidades
filtrantes,
antiincrustantes

Es necesaria su
substitucion

Es necesaria su
substitucion

Es necesaria su
substitucion

Mantenimiento

Mantenimiento

Mantenimiento

Es necesaria su
substitucion

Instalacion de
dispositivos con
capacidades
filtrantes,
antiincrustantes,
gestion de la
presién del agua
(pérdida de
produccion
durante la
instalacion)

Tal vez se
devenguen

subsidios
compensatorios.

N.A.

N.A.

N.A.

Comunicacién
parala
prevencién

Orden de
magnitud (1-
decenas de miles,
2-cientos de miles,
3-millones, I-
inconmensurable, )

Valor
min

3000

20000

3000

3000

3000

3000

3000

20000

3000

20000

3000

Valor
max

8000

50000

8000

8000

8000

8000

8000

50000

8000

50000

8000

No-accién No-accién
_PRE _PREALERTA
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

No-accién
_POST-
Inmediato

No-accién
_POST-
Persist

Mitigacion  Mitigacion Mit;?;:n
_PRE R Inmediato
0 0
0 0 0
0 0 5
0 0 5
0 0 5
0 0 5
0 0 5
0 0
0 0 3
0 0 3
0 0 7
0 0 5
0 ? 0
3 5 5

Mitigacion
_POST-
Persist

Adaptacién
_PRE

Adaptacién
_PREALERTA

Adaptacion
_POST-
Inmediato

Adaptacion
_POST-
Persist




.TIpO de Tipo de
impacto impacto
(dafio  D/C (dir vs Di/Ind Efecto
vs indir)
control)

Ef Descripcién efecto Descrip-efecto2 Sector
L L Disminucidn de actividades de
Pérdidas en el sector turistico 9
. ) la Federacién Catalana de
derivadas de restriccones de L Naveg
Piragiiismo o clubs/empresas
acceso .
de piragliismo
. - Disminucién de ingresos
Pérdidas en el sector turistico . . N
X N asociados a licencias y
derivadas de restriccones de Pesca
concursos de pesca en los tres
acceso
embalses
L P Cambios en la fauna piscicola
Percepcion de pérdida de . . X P
} ) de interés recreativo o Pesca
calidad del medio )
comercial
| - Necesidad de fuentes
Disponibilidad de agua N ..
. alternativas de abastecimiento
(necesidad de fuentes Ab_Hum
R - de agua potable; sobreuso de
alternativas de abastecimiento) :
fuentes alternativas
| - Necesidad de fuentes
Disponibilidad de agua N .
R alternativas de agua de riego; .
(necesidad de fuentes Riego
R . sobreuso de fuentes
alternativas de abastecimiento) N
alternativas
Impactos en la calidad del agua  Impactos en la calidad del agua Ab Hum
por tratamientos. por tratamientos. -
Percepcion negativa del drea
” . or eventual prohibicién o
Percepcion de pérdida del valor P " X P .
X - confinameinto de la navegacion
recreativo/ estético de la masa R R
. en Sau (impedimento para Naveg
de agua por restricciones de .
navegar en otras areas);
acceso ; .
eventual confinamiento de las
embarcaciones a remo
Percepcion de pérdida del valor L . .
X - Percepcion negativa del area
recreativo/ estético de la masa L
. por la eventual prohibicién de Naveg
de agua por restricciones de
la pesca
acceso
- . Reposicion de equipos con .
Adaptacion de infraestructuras P R quip Hidro-elec
nuevas propiedades en las 3 CH
Adaptacion de las
) ) infraestructuras en la captacion
Adaptacion de infraestructuras . L. P Ab_Hum
de El Pasteral (Filtracion,
mejora de la pre-cloracion)
- . Instalaciones para el pre-
Adaptacion de infraestructuras X P P Ab_Hum
tratamiento en el Pasteral Il
Adaptacion de infraestructuras  Filtros en sistemas de riego Riego
Recubrimientos (p.e. pinturas L, .
. (p P ) Proteccion de rejas Ab_Hum
o materiales anti-incrustantes
Recubrimientos (p.e. pinturas, .
. (p P ) Embarcaciones Naveg
o materiales anti-incrustantes
Equipos de desinfeccion Equipos desinfeccion Naveg
Cambio en los tratamientos del  Pre-cloracion de agua para Ab Hum
agua abastecimiento en Pasteral -
Cambio en los tratamientos del ~ Pre-cloracién en la derivacion
Ab_Hum

agua

221

del Pasteral Il

¢Dafio
gestionable?

Si

Si

Si

Si

Si

Si

Si

Si

éCémo?

Comunicacién
para la
prevencién

Comunicacién
para la
prevencion

Comunicacién

Busqueda de
fuentes
alternativas

Busqueda de
fuentes
alternativas

Tratamientos de
depuracién

Comunicacién
para la
prevencion

Comunicacién
para la
prevencion

Orden de
magnitud (1-
decenas de miles,
2-cientos de miles,
3-millones, I-
inconmensurable, )

Valor
min

3000

3000

Valor

8000

8000

20000

20000

3000

3000

20000

20000

50000

50000

8000

8000

50000

50000

No-accién
_PRE

No-accién
_PREALERTA

No-accién
_POST-
Inmediato

No-accién
_POST-
Persist

Mitigacion
_PRE

Mitigacion Mit;%'—:’sc;‘j“
—PREALERTA In:nediato
3 5
3 5
0
® 7
® 7
© 3
9 5
3 5

Mitigacion
_POST-
Persist

_PRE _PREALERTA | — o Dot
0 3 3 1
0 3 3 1
0 0

0 0 0 0
0 0 0 0
0 3 5 5
0 0 3 5
0 3 3 3




Tipo de

. Tipo de
impacto impacto
(dafio  D/C (dir vs Di/Ind Efecto
vs indir)
control)

Ef Descripcién efecto Descrip-efecto2 Sector
Incremento de la pre-cloracién
mbio en los tratamien | .
gau: o en los tratamientos de y cloracién en la ETAP del Ter; Ab_Hum
g ETAP de Montoliu

Cambio en los tratamientos del ~ Tratamientos en sistemas de Riego
agua riego &
Costos de monitoreo de la . -
) . Costes de monitoreo de larvas Administr
Invasion
Costos de monitoreo de la . .
. . Costes de monitoreo de adultos | Administr
invasion
Costes de investigacion Costes de investigacion Administr
Costes de comunicacién Costes de comunicacién Administr
Costos de gestion por
maniobras de cambio de caudal  Costes de gestion de maniobras Hidro-elec
(desguace, cierre de en las presas
compuertas)
Costes de gestion en los riegos  Costes de gestion en los riegos Riego
Costos adicionales de Costos adicionales de
certificacion de limpieza de certificacion de limpieza de Administr
embarcaciones embarcaciones
Costes de control y vigilancia Costes de control y vigilancia Administr
Gastos encaminados a la Gastos encaminados a la
mitigacion, subvenciones para mitigacion, subvenciones para Administr
la instalacion de equipos la instalacion de equipos
Costes de gestion (p.e
comunicacion para la Coste del establecimiento de
mitigacion de efectos convenios y protocolos dentro Administr
indicrectos, convenios entre de laadministracion
administracion)
Costes de gestion (p.e
comunicacion para la Coste del establecimiento de
mitigacion de efectos convenios y protocolos con la Naveg
indicrectos, convenios entre administracion
administracion)
Costes de gestion (p.e
comunicacion para la Coste del establecimiento de
mitigacion de efectos convenios y protocolos con la Pesca

indicrectos, convenios entre
administracion)

administracion

¢Dafio
gestionable?

¢Cémo?

Orden de
magnitud (1-
decenas de miles,
2-cientos de miles,
3-millones, I-
inconmensurable, )

Valor

20000

20000

3000

3000

20000

3000

3000

3000

3000

20000

20000

3000

3000

3000

Valor

50000

50000

8000

8000

50000

8000

8000

8000

8000

50000

50000

8000

8000

8000

No-accién
_PRE

No-accién
_PREALERTA

No-accién
_POST-
Inmediato

No-accién
_POST-
Persist

Mitigacion Mitigacion
_PRE _PREALERTA
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Mitigacion Mitigacion Adaptacién  Adaptacién Adaptacion  Adaptacion
_POST- _POST- PRE PREALERTA _POST- _POST-
Inmediato Persist - - Inmediato Persist




Annex IV Results of the determination of the Site-specific contamination level, using fish, for the water bodies in Catalonia (2002-

2003 and 2007-2008), for different indicators of AS abundance (density [ind/ha] and biomass [kg/ha])

a) Results for all assessment units

SBC (ind/ha), 2003 SBC (Kg/ha), 2003
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b) Results for assessment units with fish fauna
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Annex V Results of the determination of Biopolution Risk Index, using fish, for the water bodies in Catalonia (2002-2003 and 2007-

2008), for different indicators of AS abundance (Ind/ha and kg/ha)

a) Results for all assessment units

IBPR (ind/ha), 2003 IBPR (Kg/ha), 2003
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b) Results for assessment units with fish fauna
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Annex VI BC&BP levels and pressures, results of the correlation analysis

Source: Own elaboration

Data on BP& BCin 2003 SBCindha SBCkgha IBPRindha IBPRkgha RIAP
Correlation Coefficient 1.000 .924%* .8g1** .836%* DAl
SBCindha Sig. (2-tailed) . .000 .000 .000 .000
N 246 246 246 246 246
Correlation Coefficient .924%* 1.000 .8gg** .9o2%* .240%*
SBCkgha  Sig. (2-tailed) .000 . .000 .000 .000
N 246 246 246 246 246
Correlation Coefficient .8g1** .8gg** 1.000 .go7** .243%*

Kendall's . . .

tau b IBPRindha Sig. (2-tailed) .000 .000 . .000 .000
- N 246 246 246 246 246
Correlation Coefficient .836%* .9o2** .9o7** 1.000 .240%%
IBPRkgha Sig. (2-tailed) .000 .000 .000 . .000
N 246 246 246 246 246
Correlation Coefficient .215%% L240%% 243%% .240%% 1.000
RIAP Sig. (2-tailed) .000 .000 .000 .000 .
N 246 246 246 246 295
Correlation Coefficient 1.000 .965** .954%* .927%* TR
SBCindha Sig. (2-tailed) . .000 .000 .000 .000
N 246 246 246 246 246
Correlation Coefficient .965** 1.000 .957%* .959%** .305%*
SBCkgha  Sig. (2-tailed) .000 . .000 .000 .000
N 246 246 246 246 246
S o Correlation Coefficient .954%* .957%* 1.000 .964** BRI
rl’f):arma s IBPRindha Sig. (2-tailed) .000 .000 . .000 .000
N 246 246 246 246 246
Correlation Coefficient .927%* .959%* .964** 1.000 .310%*
IBPRkgha Sig. (2-tailed) .000 .000 .000 . .000
N 246 246 246 246 246
Correlation Coefficient 274%% .305%* .315%* .310%* 1.000
RIAP Sig. (2-tailed) .000 .000 .000 .000 .
N 246 246 246 246 295

**_Correlation is significant at the 0.01 level (2-tailed).
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Data on BP& BCin 2007 SBCindha SBCkgha IBPRindha IBPRkgha RIAP

Correlation Coefficient 1.000 967 886" 877 219"
SBCindha Sig. (2-tailed) . .000 .000 .000 .000
N 235 235 235 235 235

Correlation Coefficient .967 1.000 .894 .900 208
SBCkgha  Sig. (2-tailed) .000 . .000 .000 .000
N 235 235 235 235 235

Correlation Coefficient .886 .894 1.000 .959 224

Kendall's . . .

tau b IBPRindha Sig. (2-tailed) .000 .000 . .000 .000
- N 235 235 235 235 s

Correlation Coefficient .877 .900 .959 1.000 .239
IBPRkgha Sig. (2-tailed) .000 .000 .000 . .000
N 235 235 235 235 235
Correlation Coefficient 219 208 224 .239 1.000
RIAP Sig. (2-tailed) .000 .000 .000 .000 .
N 235 235 235 235 3

Correlation Coefficient 1.000 .983 949 944 282
SBCindha Sig. (2-tailed) . .000 .000 .000 .000
N 235 235 235 235 235

Correlation Coefficient .983 1.000 .953 .956 271
SBCkgha Sig. (2-tailed) .000 . .000 .000 .000
N 235 235 235 235 235

S , Correlation Coefficient .949 .953 1.000 .985 296
rl’f):armans IBPRindha Sig. (2-tailed) .000 .000 . .000 .000
N 235 235 235 235 235

Correlation Coefficient 944 .956 .985 1.000 .313
IBPRkgha Sig. (2-tailed) .000 .000 .000 . .000
N 235 235 235 235 235
Correlation Coefficient 282 271 .296 313 1.000
RIAP Sig. (2-tailed) .000 .000 .000 .000 .
N 235 235 235 235 311

**_Correlation is significant at the 0.01 level (2-tailed).
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Annex VIl Templates for the scenario workshop (2005)

Source: Rodriguez-Labajos ( 2006)

W [L R0 EBRD

v hatural oe hrbe

Actividad 1.
Identificacion de factores relevantes en los
procesos de invasion del mejillon cebra y el siluro

En tres grupos, los participantes generaran una lista
de posibles enel
establecimiento, impactos y respuesta a estas
invasiones.

30 - 45 minutos

Actividad 2.
Jerarquia de factores

A partir de la lista anterior y utilizando fichas, los
tres grupos clasificaran de manera preliminar los
factores en funcion de si resultan mas o menos

RELEVANTES INCIERTOS

45 min - 1 hora
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Objetivos

A partir de la informacion disponible y percepcion
de los actores:

los que inciden en
el : y a las
invasiones biologicas (mejillon cebra vy siluro) en los
pantanos de Mequinenza, Riba-roja y Flix.

en relacion a los
a la hora de definir una respuesta a la
invasion, reconociendo las de las
respectivas propuestas.

incorporando las

diversas de cada actor.




Actividad 3.
Organizacion de la jerarquia de factores e
identificacion de temas subyacentes clave

En plenaria, los resultados de los tres grupos permitiran
acordar una jerarquia de factores que integre la
percepcion sobre su relevancia e incertidumbre.

1h30min-2h

A partir de esta jerarquia, la plenaria decidira los
temas subyacentes clave que deben estan en la base
de los escenarios a desarrollar.

30min-1h

Mas.
inclertos

¢ De donde surgen los escenarios ?

ESCENARIO | = ESCENARIO II

ESCENARIO Il ESCENARIO IV
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Actividad 4.
Generacion de escenarios

A partir de la combinacion de los diferentes temas clave,
se generaran cuatro escenarios basicos.

En cuatro grupos, los participantes dotaran de contenidos
a cada escenario.
a. Designacion de los escenarios
b. Identificacion de criterios / indicadores
c. Definicion de preguntas clave para el desarrollo
de narrativas
d. Desarrollo de narrativas

2h
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