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Abstract

Economic assessments for invasive alien species (IAS) are an urgent requirement for informed decision-
making, coordinating and motivating the allocation of economic and human resources for the manage-
ment of IAS. We searched for economic costs of IAS occurring in Spain, by using the InvaCost database
and requesting data to regional governments and national authorities, which resulted in over 3,000 cost
entries. Considering only robust data (i.e. excluding extrapolated, potential (not-incurred or expected)
and low reliability costs), economic costs in Spain were estimated at US$ 261 million (€ 232 million)
from 1997 to 2022. There was an increase from US$ 4 million per year before 2000 to US$ 15 million
per year in the last years (from € 4 to 13 million). Robust data showed that most reported costs of IAS in
Spain (> 90%) corresponded to management costs, while damage costs were only found for 2 out of the
174 species with reported costs. Economic costs relied mostly on regional and inter-regional administra-
tions that spent 66% of costs in post-invasion management actions, contrary to all international guide-
lines, which recommend investing more in prevention. Regional administrations unequally reported costs.
Moreover, 36% of the invasive species, reported to incur management costs, were not included in national
or European regulations (i.e. Black Lists), suggesting the need to review these policies; besides, neighbour-
ing regions seem to manage different groups of species. We suggest the need of a national lead agency to
effectively coordinate actions, facilitate communication and collaboration amongst regional governments,
national agencies and neighbouring countries. This will motivate the continuity of long-lasting manage-
ment actions and the increase in efforts to report IAS costs by regional and inter-regional managers which
will adequately provide information for future budgets gaining management effectiveness.
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Abstract in Spanish

Costos econémicos de las especies exdticas invasoras en Espafia. Las evaluaciones de los costos de las
especies exdticas invasoras (EEI) son un requisito urgente para informar en la toma de decisiones, coordinar
y motivar la asignacién de recursos econémicos y humanos para la gestién de las EEL En este estudio, bus-
camos informacién sobre los costos econdmicos de las EEI en Espafia, usando la base de datos InvaCost, y
solicitando datos a las administraciones regionales y nacionales, lo que resulté en mds de 3000 entradas de
costos. Considerando solamente los costos robustos (es decir, excluyendo los costos extrapolados, potenciales
(no observados o esperados) o de baja fiabilidad), los costos econdémicos de EEI en Espaia fueron estimados
en 261 millones de délares americanos (US$, 232 millones de €) entre 1997 y 2022. Observamos un incre-
mento desde 4 millones de US$ por afio antes del afio 2000 hasta 15 millones de US$ por afio en los tltimos
afos (de 4 a 13 millones de €). Los datos robustos indicaron que la mayorfa de los costos reportados en Es-
pafia (>90%) correspondieron a costos de gestién, mientras que los dafios econdmicos sélo fueron observa-
dos para 2 de las 174 especies con costos reportados. Los costos econémicos correspondieron principalmente
a las administraciones regionales o inter-regionales que gastaron 66% de los costos en acciones de manejo
después de la invasion, al contrario de lo recomendado en las gufas internacionales, que es invertir mds en
prevencién. Las administraciones regionales reportaron de manera desigual los costos. En este sentido, el
36% de las especies invasoras reportadas con costos de gestion no estaban incluidas en las leyes nacionales o
Europeas (listas negras), lo que sugiere la necesidad de revisar esas leyes; ademds, las regiones vecinas parecen
gestionar diferentes grupos de especies. Sugerimos la necesidad de una agencia que coordine las acciones
de manera efectiva a nivel nacional, y facilite la comunicacién y la colaboracién entre gobiernos regionales,
agencias nacionales y paises vecinos. Esto motivard la continuidad de las acciones de gestion a largo plazo,
que proveerdn de informacién adecuada a los futuros presupuestos, ganando en efectividad en la gestién.

Abstract in French

Cotits économiques des espéces exotiques envahissantes en Espagne. Les évaluations économiques des
especes exotiques envahissantes (EEE) sont une nécessité urgente pour motiver et orienter les actions des
autorités et décideurs en matiere de gestion des EEE. Nous avons recherché les cotits économiques des
EEE en Espagne via (i) la base de données InvaCost et (ii) des sollicitations adressées aux gouvernements
régionaux et autorités nationales. Ce travail a abouti a 'obtention de plus de 3000 données individuelles de
colits. Sil'on ne tient compte que des données considérées comme les plus robustes (C’est-3-dire lorsqu'on
exclut les colts extrapolés, potentiels (i.e. prédits ou non-observés) et/ou peu fiables d’'un point de vue
méthodologique), les colits économiques en Espagne ont été estimés & 261 millions de dollars américain
(232 millions d’euros) entre 1997 et 2022. Il y a eu une augmentation annuelle de 4 millions de dollars
avant 2000, puis de 15 millions de dollars par an ces derni¢res années. Ces données robustes ont montré
que la plupart des cotits déclarés des EEE en Espagne (> 90%) correspondaient aux cotits de gestion, tandis
que les colits des dommages n'ont été constatés que pour 2 des 174 espéces dont les colits étaient reportés.
Nous avons montré que les colits économiques reposaient principalement sur les administrations région-
ales et interrégionales; celles-ci ont consacré 66% des colits enregistrés aux actions de gestion post-invasion,
contrairement aux directives internationales qui recommandent d’investir davantage dans la prévention.
Les administrations régionales ont déclaré les colits de maniere inégale. De plus, 36% des espéces enva-
hissantes, déclarées comme entrainant des colits de gestion, n'étaient pas incluses dans les réglementations
nationales ou européennes (c’est-a-dire les listes noires). Ceci suggere la nécessité de revoir ces politiques;
en outre, les régions voisines semblent gérer différents groupes d’especes. Nous suggérons la nécessité d'une
agence nationale ‘chef de file’ pour coordonner efficacement les actions, faciliter la communication et la
collaboration entre les gouvernements régionaux, les agences nationales et les pays voisins. Cela motivera la
continuité des actions de gestion a long terme et I'intensification des efforts pour rendre compte des cotits
des EEE par les gestionnaires régionaux et interrégionaux. Tout ceci permettra de fournir des informations
adéquates pour les budgets futurs, avec un bénéfice certain pour I'efficacité des mesures de gestion.
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Abstract in Italian

Costi economici delle specie aliene invasive in Spagna. Le valutazioni economiche delle specie aliene
invasive (SAI) sono un requisito urgente per processi decisionali informati, e per coordinare e motivare
I’allocazione di risorse economiche e umane per la gestione delle SAIL. Usando la banca dati InvaCost e
richiedendo i dati ai governi regionali e alle autorita nazionali, abbiamo cercato i costi economici delle
SAI presenti in Spagna, ottenendo come risultato 3000 voci di costi. Considerando solo i dati robusti
(i.e. escludendo i costi estrapolati, potenziali (non sostenuti od attesi) ¢ con bassa attendibilitd), i costi
economici in Spagna dal 1997 al 2022 stati stimati a 261 milioni di $ americani (232 milioni di €).
C’¢ stato un aumento da 4 milioni di $ americani all'anno prima del 2000 a 15 milioni di $ americani
all’anno negli ultimi anni (da 4 a 13 milioni di €). I dati robusti hanno mostrato che la maggior parte
(> 90%) dei costi riportati per le SAI in Spagna corrispondeva a costi di gestione, mentre i costi riferiti
ai danni sono stati trovati solo per 2 delle 174 specie con costi riportati. I costi economici si basano
soprattutto sulle amministrazioni regionali e interregionali, che hanno speso il 66% dei costi in azioni
di gestione post invasione, contrariamente a tutte le linee guida internazionali, che raccomandano di
investire di pitt nella prevenzione. Le amministrazioni regionali hanno riportato i costi in modo dis-
eguale. Inoltre, il 36% delle specie invasive per cui sono riportati costi di gestione non era incluso nei
regolamenti nazionali o europei (i.e. Liste Nere), il che suggerisce il bisogno di rivedere queste politiche;
inoltre, regioni limitrofe sembrano gestire gruppi diversi di specie. Suggeriamo la necessita di un’agenzia
principale nazionale per coordinare efficacemente le azioni, facilitare la comunicazione e la collaborazi-
one tra i governi regionali, le agenzie nazionali e i Paesi vicini. Questo motivera la continuita di azioni
di gestione a lungo termine e 'aumento degli sforzi per riportare i costi delle SAI da parte dei gestori
regionali e interregionali, che forniranno informazioni adeguatamente per far si che i futuri bilanci ac-
quisiscano eflicacia gestionale.

Abstract in Portuguese

Custos econémicos das espécies invasoras na Espanha. Avaliacoes econdmicas para espécies exéti-
cas invasoras (EEI) sio uma necessidade urgente para informar, coordenar e motivar tomadores de
decisio na alocagao de recursos econdémicos e humanos para a gestao das EEI. Nés buscamos por
custos econdmicos de EEI na Espanha utilizando o banco de dados InvaCost e solicitamos dados para
governos regionais e autoridades nacionais, o que resultou em mais de 3.000 registros de entrada. Con-
siderando apenas dados robustos (ou seja, excluindo custos extrapolados, potenciais (nio observados
ou esperados) e custos de baixa confiabilidade), os custos econdmicos na Espanha foram estimados em
261 milhées de délares (232 milhées de euros) de 1997 até 2022. Houve um aumento de 4 milhoes
de délares por ano, antes do ano 2000, para 15 milhées anuais nos anos mais recentes (de 4 para 13
milhées de euros). Com base nos dados robustos, os custos com manejo foram os mais reportados na
Espanha (> 90%), enquanto custos com danos foram encontrados apenas para 2 das 171 espécies com
custos reportados. Os custos econdémicos dependem principalmente de administracoes regionais e
inter-regionais que gastaram 66% do recurso com agoes de manejo pés-invasio, ao contrdrio de todas
as diretrizes internacionais que recomendam investir mais em prevencio. Administragoes regionais
reportaram os custos de forma desigual. Além disso, 36% das espécies invasoras, que foram respon-
sdveis por custos com manejo, ndo foram incluidas em regulamentagées nacionais ou europeias (tal
como, listas de espécies indesejadas), sugerindo a necessidade de revisio dessas politicas. Ainda, regioes
vizinhas parecem gerir diferentes grupos de espécies. Nés sugerimos a necessidade de uma agéncia
nacional central para coordenar acoes de forma efetiva, facilitar a comunicacio e a colaboracio entre
os governos regionais, agéncias nacionais e paises vizinhos. Isso ird motivar a continuidade de agoes
de gestdo a longo prazo e o aumento dos esforgos para reportar custos com EEI por gestores regionais
e inter-regionais, que fornecerdo informagéoes adequadas para orcamentos futuros ganhando eficdcia

na gestao.
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Abstract in Arabic
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Abstract in Galician
Custos econémicos das especies exdticas invasoras en Espafia. As avaliaciéns econdmicas para especies
exéticas invasoras (EEI) son un requisito urxente para a toma de decisiéns informadas e a coordinacién e
motivacién da asignacién de recursos econémicos e humanos para a sua xestién. Neste estudo buscamos
informacién dos custos econémicos das EEI en Espafia mediante a utilizacién da base de datos InvaCost
e solicitude de datos aos gobernos rexionais e autoridades nacionais, o que deu lugar a mdis de 3.000
entradas de custos. Considerando s6 datos sdlidos (¢ dicir, excluindo os custos extrapolables, potenciais
(non ocasionados ou esperados) e de baixa fiabilidade), os custos econémicos en Espafia estimdronse en
US$ 261 milléns (232 milléns de euros) entre 1997 e 2022. Houbo un aumento de US$ 4 milléns ao ano
antes do 2000 a US$ 15 milléns ao ano nos tltimos anos (de 4 a 13 milléns de euros). Os datos sélidos
mostraron que a maiorfa dos custos reportados das EEI en Espaia (> 90%) corresponden a custos de
xestién, mentres que os custos dos danos s6 se atoparon en 2 das 174 especies con custos notificados. Os
custos econdmicos dependen principalmente das administraciéns rexionais e interrexionais que gastaron o
66% dos custos en accidns de xestion posterior 4 invasion, en contra de todas as directrices internacionais,
que recomendan investir mdis en prevencién. As administraciéns rexionais informaron desigualmente dos
custos. Ademais, o 36% das especies invasoras con custos de xestion reportados, non foron incluidas na
normativa nacional ou europea (¢ dicir, as listas negras), o que suxire a necesidade de revisar estas politicas;
ademais, as rexiéns vecifias parecen xestionar diferentes grupos de especies. Suxerimos a necesidade dunha
axencia lider nacional para coordinar de xeito eficaz as acciéns de xestidn, e facilitar a comunicacién ¢ a
colaboracién entre gobernos rexionais, axencias nacionais e paises vecifios. Isto motivard a continuidade
das accidns de xestion de longa duracién e o aumento dos esforzos para reportar os custos das EEI por
parte dos xestores rexionais e interrexionais, o cal proporcionard informacién para os futuros orzamentos
que mellorardn a eficacia da xestién de EEL

Abstract in Catalan

Custos Costos econdmics de les espécies exotiques invasores a Espanya. Lavaluacié econdomica del
impacte d’espécies exotiques invasores (EEI) és un requisit urgent per a la presa de decisions informades,
promovent i coordinant I'assignacié de recursos humans i econdmics per a una gestié adequada de les
EEIL Hem cercat informacié sobre els costos econdomics de les EEI a Espanya, mitjancant la base de
dades InvaCost i consultes als governs regionals i les autoritats nacionals, amb un resultat de més de
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3.000 entrades sobre costos. Tenint en compte només dades solides (és a dir, excloent els costos extrapo-
lats, potencials (no incorreguts o esperats) i costos de baixa fiabilitat), els costos econdmics a Espanya
es van estimar en 261 milions de dolars (US$, 232 milions d’euros) des del 1997 fins al 2022. Hi va
haver un augment de 4 milions de dolars per any abans del 2000 a 15 milions de dolars en als darrers
anys (de 4 a 13 milions d’euros). Les dades solides van mostrar que la majoria dels costos reportats de
les EEI a Espanya (> 90%) corresponien als costos de gestié, mentre que els costos de danys només es
van trobar en 2 de les 174 espécies amb els costos reportats. Els costos economics es basaven principal-
ment en administracions regionals i interregionals que gastaven el 66% dels recursos en accions de
gestio postinvasié, contrariament a totes les directrius internacionals, que recomanen invertir més en
prevencié. Les administracions regionals van informar desigualment de costos. D’altra banda, el 36% de
les espécies invasores, que suposaven un cost de gestid, no estaven incloses en les regulacions nacionals
o europees (és a dir, les llistes negres), cosa que suggereix la necessitat de revisar aquestes politiques; a
més, les regions veines semblen gestionar diferents grups d’especies. Suggerim la necessitat d’una agén-
cia lider nacional per coordinar eficagment les accions, facilitar la comunicacié i la col-laboracié entre
governs regionals, agéncies nacionals i paisos veins. Aixd motivara la continuitat de les accions de gesti6
de llarga durada i una millora de la informacié sobre els costos derivats de les EEI per part dels gestors
regionals i interregionals, proporcionant la informaci6 adequada per tal de maximitzar una eficag gestié
en futurs pressupostos.

Abstract in Basque

Espezie exotiko inbaditzaileen kostu ekonomikoak Espainian. Espezie exotiko inbaditzaileen (EEI)
kudeaketarako kostuen ebaluazioa ezinbestekoa da, bai erabakiak hartzeko, informazioa emateko zein
baliabide ekonomikoen eta giza baliabideen esleipena koordinatu eta motibatzeko. Ikerketa honetarako
Espainiako EElIen kostu ekonomikoei buruzko informazioa bilatu genuen. Horretarako InvaCost datu-
basea erabiliz gain, eskualdeko eta nazioko administrazioei datuak eskatu genizkien. Guztira, bilaketak
3.000 kostu-sarrera baino gehiago ekarri zituen. Kostu sendoak bakarrik kontuan hartuta (hau da, es-
pero ziren kostuak, aurreikusiak edo potentzialak alde batera utzita), 1997 eta 2022 bitartean Espainian
EElIren kostu ekonomikoak 261 milioi dolar (232 milioi €) izan zirela kalkulatu zen. 2000. urtea baino
lehen urteko kostua 4 milioi US$-koa bazen, azken urteetan 15 milioira igo da (hau da, 4 milioi eurotik
13 milioi eurora). Datu sendoen arabera, Espainian jakinarazitako kostu gehienak (>90%) kudeaketa-
kostuei zegozkien. Kalte ekonomikoak, berriz, 174 espezieetatik 2rekin bakarrik erlazionatu ziren. Kostu
ekonomikoak eskualdeko edo eskualde arteko administrazioenak izan ziren batez ere. Nazioarteko gidetan
gomendatzen den moduan prebentzioan gehiago inbertitu beharrean, kostuen %G66 inbasioaren ondoren-
go erabilera-ekintzetan gastatu zuten. Eskualdeetako administrazioek ez zituzten kostuak modu berean
aurkeztu. Kudeaketarako kostuak ezarritako espezie inbaditzaileen artean, %36a ez zen lege nazionaletan
edo Europako legeetan agertzen (zerrenda beltzak). Gertaera honek, legeak berrikusteko beharra adieraz-
ten du. Horrez gain, aldameneko eskualdeck espezie-talde desberdinak kudeatzen dituztela dirudi. Hori
dela eta, estatu mailan ekintzak eraginkortasunez koordinatuko dituen agentzia baten beharra iradokitzen
dugu. Agentziak gainera eskualdeetako gobernuen, agentzia nazionalen eta auzoko herrialdeen arteko
komunikazioa eta lankidetza erraztu beharko luke. Kudeaketa eraginkorragoa izan dadin, agentziaren
sorrerak epe luzeko kudeaketa-ekintzak aurrera jarraituko dutela eta etorkizuneko aurrekontuei buruzko
informazio egokia emango dela ziurtatuko luke.

Keywords
Iberian Peninsula, InvaCost, management costs, monetary impacts, non-native species, prevention costs,
socioecology, stakeholders



272 Elena Angulo et al. / NeoBiota 67: 267-297 (2021)

Introduction

Invasive alien species (IAS) can cause significant negative environmental and socioeco-
nomic impacts (Blackburn et al. 2019). These include loss of biodiversity (Simberloff
et al. 2013; Bellard et al. 2016), changes to ecosystem functioning (Ehrenfeld 2011),
impacts on human health and well-being (Jeschke et al. 2014) and large economic
losses. Knowledge about the economic impact of IAS is, however, generally limited
geographically, taxonomically or to some socioeconomic sectors. In the 2000s, Pimen-
tel et al. (2005) provided the first estimations of the economic costs of IAS at large
spatial scales. Since then, other studies have attempted to collect further data on these
costs, such as in Europe (Kettunen et al. 2009), in invasion research and management
(Scalera 2010) or for specific taxonomic groups (e.g. insects, Bradshaw et al. 2016).
However, available data are scarce, scattered and not easily accessible and extrapola-
tion-based approaches underlying most of these estimates are methodologically ques-
tionable (Cuthbert et al. 2020). These fragmented data and methodological flaws are
reflected by critical knowledge gaps on the economic costs of IAS for most taxa, coun-
tries and regions of the world (Aukema et al. 2011). Such economic assessments are,
therefore, an urgent requirement for informed decision-making by policy-makers and
other stakeholders, for coordinating and motivating the allocation of economic and
human resources for the management of IAS and for raising public awareness (Hulme
2006; Andreu et al. 2009; Diagne et al. 2020a, 2021a).

Europe represents a hub for alien species introductions (Turbelin et al. 2017), of
which several thousands are already established (Dawson et al. 2017), inducing substan-
tial economic impacts to the continent (Haubrock et al. 2021a). As a consequence, there
is an increasing awareness to tackle IAS throughout the continent (Garcia-de-Lomas and
Vila 2015; Turbelin et al. 2017). With an area of 505,992 km?, Spain is one of the larg-
est countries in Europe, presenting a considerable geographical, topographical, climatic,
geological and species diversity. It also has a large diversity of IAS: the Spanish Govern-
ment estimates that up to 190 alien species have already established invasive populations
in the country (Spanish Catalogue of Invasive Alien Species, Royal Decree 630/2013).
Spain has adopted legislation aiming at tackling biological invasions for the last 25 years.
However, although the introduction of TAS was already considered as a criminal offence
since 1995 (through an Organic Law, 10/1995) and the Spanish Strategy for the Conser-
vation and Sustainable Use of Biodiversity (following the Convention of the Biological
Diversity’s reccommendations to protect biodiversity from IAS) was developed in 1998,
it was not until 2007 when policies for preventing and managing IAS were strength-
ened. The Law of Natural and Biodiversity Heritage (Law 42/2007) includes not only
the need for prevention (through the Spanish Catalogue of Invasive Alien Species, Royal
Decree 630/2013), but also the creation of strategic management plans for those IAS that
threaten native species, natural habitats, agronomy and economic resources associated
with environmental resources. The responsibility for implementing the Law falls into the
“competent authorities”, which are mainly the regional governments (i.e. the autonomous
communities) and the national authorities (e.g. national authorities managing borders,
continental waters or national parks that spatially correspond to more than one region).
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Andreu et al. (2009) showed that environmental managers from regional author-
ities in Spain were generally aware of the risks posed by biological invasions. How-
ever, they claimed that there were limited economic funds to manage invasive alien
species, and a lack of coordination amongst different regional and national admin-
istrations, scientific research on the performance of different strategies to manage
invasive alien species and knowledge on the economic costs of IAS in the country
(Andreu et al. 2009). The latter is known to be essential to help regional and national
authorities to set up efficient budgets for IAS management. In this context, the In-
vaCost database (Diagne et al. 2020b), the most up-to-date repository of invasion
costs worldwide, provides an excellent opportunity to tackle the current lack of data
on the economic costs of IAS in Spain. Here, we extracted the data available in the
InvaCost database regarding the economic costs of IAS in Spain. We expanded these
data by requesting further information directly from Spanish regional and national
environmental managers. Our aims were to (i) describe the distribution of reported
economic costs of IAS across regions, environments, taxonomic groups, cost types
and economic sectors; (ii) identify those IAS causing the highest costs; and (iii)
examine the temporal trends of the economic costs reported over the last decades.

Methods

Data collection

We extracted data on the costs of IAS from the most updated version of the InvaCost
database: InvaCost_v.3.0 (9,823 entries, Diagne et al. 2020b, https://doi.org/10.6084/
m9.figshare.12668570) (Fig. 1a). This database consists of cost data extracted from
documents obtained through standardised literature searches (i.e. using SI Web of
Science platform, Google Scholar and the Google search engine) and opportunistic
targeted searches (i.e. expert consultations for which data gaps were identified). One
of these targeted searches addressed cost data in non-English languages (Angulo et al.
2020, https://doi.org/10.6084/m9.figshare.12928136). Cost values (including Span-
ish) recorded in InvaCost_v.3.0 were converted from local currencies to US$ by divid-
ing the cost estimate by the official market exchange rate corresponding to the year of
the cost estimation and then to 2017 US$ using inflation factors (Diagne et al. 2020b).
From InvaCost_v.3.0, we extracted specific relevant data, resulting in a total of 3,260
entries of economic costs of IAS in Spain (Suppl. material 1; Fig. 1b).

Due to the importance of the non-English targeted search for the Spanish dataset
(i.e. only 49 of the 3,260 entries in our dataset were extracted from documents written
in English — 20 vs. 61 documents), we expand here the methods used by Angulo et al.
(2021) to collect cost data in non-English languages. Spain is administratively divided
into 17 autonomous regions (herein “regions”). Each of these regions manages IAS in-
dependently. We explored the web pages of regional government offices in charge of
managing invasive species in each region and, when available, emailed environmental
managers or sent administrative forms requesting economic data on the costs of IAS.
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Figure 1. Data collection and filtering processes (a) data sources (b) raw data (timeframe and number of
entries) obtained after extracting the data for Spain; raw data were segregated in two groups (c) robust data
and (d) non-robust data using three variables, acquisition, implementation and reliability (e) expanded

data to obtain comparable yearly costs.

Moreover, Spanish continental waters are managed in coordination with the Ministry
for the Ecologic Transition and Demographic Challenge, through independent river
basin authorities (hydrographic confederations). Therefore, we searched for available in-
formation in their web pages and contacted those river basin authorities from whom we
could obtain the contact details of their environmental managers (i.e. Guadiana, Tajo,
Segura, Basque Country, Cantédbrico). In the region of Valencia, costs were reported
as working days and we transformed them into economic costs by multiplying the re-
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ported number of working days by € 128 (i.e. cost per day, Vicente del Toro, Biodiver-
sity Service, Generalitat Valenciana, pers. comm.). We obtained data for Spain up to
December 2020, with costs being reported in Spanish and in two co-official languages:
Catalan and Galician (Suppl. material 1: Tab InvaCost_3.0_Spain, column “language”).

Data structure

Cost data extracted for Spain (herein raw data, Fig. 1b, Suppl. material 1: Tab In-
foVariables) were described with a set of variables pertaining to: (i) information on
the document reporting the cost, (ii) spatial information (e.g. location, spatial scale,
environment — aquatic or terrestrial — and whether the location corresponds to a pro-
tected area or to an island), (iii) taxonomy of the invasive species incurring the cost,
(iv) temporal information, (v) typology of costs reported (e.g. management actions or
economic damages, impacted sector) and (vi) a set of variables reporting the raw cost
estimates, currency used and the converted US$ values.

With respect to the type of cost, we first used the column “type_of_cost_merged”
which included three categories: “damage” costs: economic losses due to direct and/
or indirect impacts of invaders, such as yield loss, health injury, land alteration, infra-
structure damage or income reduction; “management” costs: economic resources allo-
cated to prevention, control, research, long-term management, or eradication; “mixed”
costs: when costs include both damage and management expenditure. We also used the
column “management_type” to divide further management costs in the following cat-
egories: “pre-invasion management’: monetary investments for preventing successful
invasions in an area (including quarantine or border inspection, risk analyses, biosecu-
rity management, etc.); “post-invasion management”: money spent for managing IAS
in invaded areas (including control, eradication, containment); “knowledge/funding”:
money allocated to all actions and operations that could be of interest at all steps of
management at pre- and post-invasion stages (including administration, communica-
tion, education, research etc.); “unspecified” for costs without detailed types; and a
“mixed” category was assigned when costs included at least two of the above categories.

Categories for the economic sector included: “agriculture”: considered at its broad-
est sense, such as crop growing, livestock breeding, beekeeping, land management;
“authorities-stakeholders™: governmental services and/or official organisations — such as
conservation agencies and forest services — that allocate efforts for the management of
biological invasions (e.g. control programmes, eradication campaigns, research funding);
“environment”: impacts on natural resources, ecological processes and/or ecosystem ser-
vices; “forestry”: forest-based activities and services, such as timber production/industries
and private forests; “health”: for every item directly or indirectly related to human health,
such as control of disease vectors (e.g. mosquitoes transmitting pathogens to humans) or
medical care and damage to work productivity due to impacts on health; “public and so-
cial welfare”: activities, goods or services contributing to human well-being and safety in
our societies, including local infrastructure, such as the electricity system, quality of life
(e.g. income, recreational activities), personal goods (e.g. private properties, lands), pub-
lic services (e.g. transport, water regulation) and market activities (e.g. tourism, trade).
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Data processing

Three variables about the typology of the costs are important for the further selection of the
data we used (Diagne et al. 2020b): (i) the acquisition method for the cost value ("report-
ed" if the cost data were directly obtained or derived using inference methods from field-
based information or "extrapolated” if the cost data were obtained using computational
modelling), (ii) the implementation of the cost ("observed" if the cost was actually incurred
or "potential" if the cost is predicted to occur over time) and (iii) the reliability of the cost
value reported ("high" or "low", based on whether the approach used for cost estimation
in the document was reported and traceable). We filtered our dataset to differentiate the
most robust data, i.e. directly reported, observed and highly reliable costs (corresponding
to 3,170 raw entries, Fig. 1¢). Indeed, we considered as non-robust data 90 cost entries that
were extrapolated, not yet actually incurred and/or of low reliability (Fig. 1d).

We considered the full dataset (raw data, 3,260 entries, Fig. 1b) to explore general
differences in the number of cost entries for Spain amongst descriptors. The number of
entries is a good indicator of how detailed reported costs are (e.g. costs obtained from
a single report for one region covering all invasive species, invaded locations, years and
types of management can be assumed to be less detailed than costs obtained from sev-
eral reports, each of them covering different invasive species and their management).
Moreover, since the period of estimation across reported costs varied from months to
years, we homogenised the cost values for the full dataset (including both robust and
non-robust data) as follows: we recalculated costs covering several years on an annual
basis and repeated these annual values over the duration time (in number of years) of
each cost occurrence. For example, a cost reporting US$ 500 occurring in the period
1996-2000 was transformed into five identical costs of US$ 100 for each of those
years. Costs occurring in less than one year were assumed as having occurred during a
single complete year in order to avoid overestimation. Hence, we obtained comparable
annual costs for all cost entries. This was performed using the "expandYearlyCosts"
function of the ‘invacost’ package version 0.3-4 (Leroy et al. 2020 in R version 3.6.3
(R Core Team 2020). The expanded full dataset resulted in 4,408 entries (Fig. 1e) from
which 4,187 cost entries correspond to robust data and 221 to non-robust data. All
the analyses presented in the main text were carried out with the robust data. Results
including the non-robust data are briefly presented in the first sentences of the results
and shown in Figure 1 and in Suppl. material 2: Fig. SI.

Data analysis

We first described the number of entries and the economic costs for each of the 17 au-
tonomous regions and mapped the information across the country using the package
"ggplot” in R version 4.0.2 (R Core Team 2020). We also described the costs across
specific descriptors: main taxonomic groups, main environments in which the costs
occurred, economic sectors impacted by the cost, the spatial scale at which the costs
occurred and whether or not the costs occurred in protected areas.
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We calculated the temporal trends of IAS economic impacts in Spain by using the
function summarizeCosts of the "invacost package" version 0.3-4 (Leroy et al. 2020)
in R version 3.6.3 (R Core Team 2020). This function allowed us to calculate average
annual costs between 1997 and 2019, providing averages in 4-year periods throughout
the study period using the extended entries calculated by the "expandYearlyCosts"
function described above.

Finally, we identified the costliest IAS in Spain and assessed whether the species
causing economic costs in Spain are those recorded as invasive in the country or in-
cluded in European or national regulations. We collected information on the identity
of those alien species (i) recorded as invasive in Spain (sensu the Global Invasive Species
Database; http://www.issg.org/database); (ii) included in the Spanish Catalogue of Inva-
sive Alien Species (Royal Decree 630/2013), (iii) included in the List of Invasive Species
of Union Concern (EU, No 1143/2014 of the European Parliament); and (iv) proposed
as potential candidates to be included in the List of Invasive Species of Union Concern
(Carboneras et al. 2018). Besides European and National regulations, some Spanish re-
gions also present regional invasive alien species regulations. For example, in the region
of Aragon, it is not allowed to introduce, catch, keep, transport or sell any freshwater
alien crayfish species (Decreto 127/2006 of the Aragon Government). However, most
regions rely exclusively on national and European regulations and have no specific lists
of invasive alien species (with the exception of Valencia; Decreto 14/2013 of the Con-
sell). Therefore, we only considered national and European regulations in our analysis.

Results

Costs of invasive species in Spain amounted to US$ 28.52 billion (€ 25.38 billion, using
the 0.89 conversion factor for 2017) from 1997 to 2032 (Fig. le). However, although
only 90 out of 3,260 raw entries were extrapolated, potential and/or unreliable costs,
these constituted 99.08% of the economic costs in our dataset (Fig. 1e). Most of these
high costs were driven by one single entry: a cost derived from an extrapolation of the
potential loss of forestry stock caused by Bursaphelenchus mucronatus, the pine wood
nematode, over a period of 22 years (2008—2030, Suppl. material 2: Fig. S1). Without
considering non-robust data, the reported, observed and reliable costs for invasive species
in Spain constituted US$ 261.28 million (€ 232.54 million). These costs occurred from
1997 to 2020, except for two raw entries that went over this year: one corresponding to a
LIFE+ project ranging from 2019 to 2022 aimed at controlling Lampropeltis californiae
in the Canary Islands and the second corresponding to an annual management pro-
gramme for invasive plants in Sierra Espufia Regional Park (Murcia) that included part
of the year 2021. Thus, both reported budgets are considered already delivered costs.
Only using the robust dataset, we showed that the highest amount of costs was
reported for plants (66%; especially from the orders Myrtales and Commelinales),
followed by arthropods (12%; mainly insects) and mollusca (11%; mostly bivalves)
(Fig. 2a—¢). Most costs corresponded to IAS from terrestrial environments (53%), while
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aquatic and semi-aquatic environments contributed with 35% and 5% of the costs,
respectively; the number of entries was much higher for terrestrial environments (Fig.
2f). Only 10% of the total costs were reported to occur specifically in protected areas
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Figure 3. Distribution of the observed economic costs of biological invasions in Spain across the autono-
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species with costs. All values correspond to the robust data (reported, incurred and reliable costs); values
in (b) and (d) correspond to the raw data and (c) to the expanded data.

(Fig. 2g). The most impacted sector was authorities and stakeholders (92%, Fig. 2h); i.e.
governmental services and/or official organisations (e.g. conservation departments) that
allocate efforts to the management of IAS (e.g. prevention, eradication campaigns, con-
trol or monitoring programmes, research funding). The forestry and health economic
sectors had only one (for B. mucronatus) and two (for Ambrosia artemisiifolia) entries,
respectively. These entries consisted of extrapolated amounts and, therefore, were not
considered as robust data. Costs impacting agriculture came from both scientific papers
(three entries that consisted of extrapolated costs and, thus, not included in the robust
data) and information obtained directly from managers (four entries for Pomacea spp.).
Less than 1% of the costs corresponded to economic damage while 92% corresponded
to management costs (Fig. 2i). Taking into account only management costs, most costs
reporting management actions consisted in post-invasion management (74%), while
relatively low costs were spent for knowledge/funding (3%, including education, com-
munication etc.) and pre-invasion management actions (1%, Fig. 2j).

Although a high number of entries corresponded to information obtained direct-
ly from the regional autonomous communities, economic costs were divided almost
equally at the country (33%), inter-regional (30%, such as river basins situated across
regions) and regional levels (37%, Fig. 3a). Within the autonomous regions, there were
differences in the amount of costs and number of entries amongst them (Fig. 3b, c).
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Both variables showed different patterns; for example, Valencia reported a high num-
ber of detailed entries (i.e. including information on time, location, type of manage-
ment etc.), while their costs were not as high as those reported by other regions, such
as Murcia and Canary Islands. In other cases, for example, Catalonia, a high number
of entries corresponded to a high amount of costs. Valencia had the highest number of
entries, expanding from 2009 to 2019, followed by Catalonia, from 2014 to 2018 (Fig.
3b). Canary Islands constituted the region with the highest reported costs, followed by
Murcia, Catalonia, Valencia and Galicia (Fig. 3¢). The rest of the regions accounted for
less than US$ 5 million. Castilla y Le6n and La Rioja showed the lowest costs (i.e. low-
er than US$ 1 million). With respect to the number of IAS managed by region, these
largely differed amongst regions, ranging from 1 to 111 IAS (Fig. 3d). Mean number of
IAS reported to incur costs amongst regions (16.5) was intermediate between the ones
managed at the country level (18) and the ones managed at the inter-regional level (8).

The average annual costs of biological invasions in Spain, taking into account only
the robust data, was US$ 10.85 million (€ 9.66 million) over a time period from 1997
to 2020 (Fig. 4). Most of the robust data were reported between 2017 and 2020. An-
nual costs increased from US$ 4.22 million per year (€ 376 million) before 2000 to
US$ 14.60 million per year (€ 12.99 million) in the last four years (Fig. 4). Using
the robust dataset, trends of costs in Spain showed an initial increase during the first
decade of cost reporting (1997-2007) and seemed to stabilise afterwards (Fig. 4). The
apparent decrease in reported costs between 2013 and 2016 is most likely an artefact
arising from a lack of cost estimates, given the multi-year delay between occurrence
and reporting in literature.

Robust data show that economic damage in Spain was only observed for two spe-
cies (Dreissena polymorpha and Procambarus clarkii), while the rest of the costs cor-
responded to managing IAS (Fig. 5a). Of the 174 IAS incurring management costs in
Spain (robust data), 63 (36%) were not recorded as invasive for the country (GISD;
http://www.issg.org/database) nor included in the current European or national regu-
lations or proposed to be assessed to potentially include them in European regulations
(Fig. 5a, Suppl. material 3). The management costs corresponding to these 63 invasive
species (US$ 48.24 million, € 42.93 million) were recorded in the regions of Asturias
(1 species), Balearic Islands (1), Canary Islands (4), Cantabria (1), Castilla La Man-
cha (1), Catalonia (4), Galicia (4), Navarra (2) and Valencia (46). Most of the costs
invested in managing IAS that are not included in national or European regulations
corresponded to terrestrial and aquatic plants (Fig. 5b, Suppl. material 3).

The 10 IAS presenting the highest economic costs (considering only robust man-
agement costs) include five terrestrial plants, one aquatic plant, two terrestrial animals
and two aquatic animals (Table 1). Of these, seven species are included in the national
regulations (Arundo donax, Carpobrotus sp., Cenchrus setaceus, Cylindropuntia rosea,
Eichhornia crassipes, Rhynchophorus ferrugineus and Vespa velutina) and four in the Eu-
ropean regulations of IAS (E. crassipes, C. setaceus, C. rosea and V. velutina). Regarding
the number of cost entries of IAS in Spain, 50% of the entries corresponded to 15
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species, all registering more than 50 cost entries each (Suppl. material 4: Fig. S2). The
species with the highest number of entries was Cylindropuntia pallida, with a total
of 203 records that represent 6.40% of the data, extracted from a total of six docu-
ments from Valencia. The 15 species with the highest number of cost entries did not
vary when considering only management costs, while the 15 species with the highest
economic costs slightly differed due to the damage reported for D. polymorpha (Suppl.

material 4).
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Table . Lists of the ten costliest species in Spain considering only robust management costs. Costs are
in US$ million; “Environ” corresponds to the environment where the cost occurred, “Taxon” refers to the
taxonomic group of the species; “Regulation” indicates whether the species is listed in national (SP) and/
or European (EU) regulations.

Species Costs Environ Taxon Regulation
Eichhornia crassipes 55.63 Aquatic Plant SP & EU
Eucalyptus sp. 50.25 Terrestrial Plant -
Rhynchophorus ferrugineus 24.12 Terrestrial Animal SP
Arundo donax 13.98 Terrestrial Plant SP
Cenchrus setaceus 10.13 Terrestrial Plant SP & EU
Neovison vison 7.91 Aquatic Animal -
Pomacea maculara™ 6.20 Aquatic Animal -
Vespa velutina 5.33 Terrestrial Animal SP & EU
Carpobrotus sp. 4.92 Terrestrial Plant SP
Cylindropuntia rosea 2.92 Terrestrial Plant SP & EU

* The taxonomy of 2 maculata is not clear; however, it was reported with this name in the InvaCost database.

Discussion
General costs of IAS in Spain

We analysed economic costs of IAS occurring in Spain and explored more than 3,000
entries, using the InvaCost database and additional sources. Invasive species cost Spain
at least US$ 261.28 million between 1997 and 2019. Contrary to what Haubrock
et al. (2021a) found at the European continent scale, our estimations of expenditure
were mostly incurred by governmental organisations (including regional administra-
tions and river basin authorities) in managing IAS (92% of all costs). Damage costs
were only found for two species (i.e. D. polymorpha and Procambarus clarkii). Since a
large number of invasive species are known to cause high environmental and socioeco-
nomic impacts in Spain (Andreu et al. 2009), these results highlight the need for future
investments in research efforts to understand and quantify the economic damage of
biological invasions in the country. Such knowledge on the economic damages of IAS
in Spain could help increasing societal awareness, prioritising the management of IAS
and motivating further investments in IAS management actions.

Compared with other countries of the Mediterranean basin, Spain has been reported
as the fifth most impacted country regarding observed costs associated with IAS (Kouran-
tidou et al. 2021), after France (US$781 billion, n = 1,036 cost entries), Italy (US$503
million, n = 94), Libya (US$340 million, n = 4) and Turkey (US$326 million, n = 11).
From a continental perspective, Haubrock et al. (2021a) ranked Spain at a similar place
than The Netherlands and Ireland, both countries being much smaller than Spain.

As for other countries and regions, our results show that not accounting for sourc-
es of information besides those written in English would have led to a significant
knowledge gap and bias for this first assessment of global costs of invasive species in
Spain (Angulo et al. 2021). The majority of costs and entries in our dataset came from
non-English sources, mainly consisting of unpublished documents in Spanish, which
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resulted in a high percentage of cost entries reported in Spanish (98%), consistent with
findings in some other European countries that reported costs in their native language
(e.g. 97% for France, Renault et al. 2021; 69% for Germany, Haubrock et al. 2021b).
For instance, in Central and South America over 40% of cost estimates came from
Spanish and Portuguese sources (Heringer et al. 2021); and in Ecuador 51.8% of the
costs were reported in Spanish (Ballesteros-Mejia et al. 2021). An extreme situation
is observed in Japan, where all recorded costs were in Japanese (Watari et al. 2021),
although this was a common trend in Asia (reviewed in Liu et al. 2021).

Management costs focused in aquatic and terrestrial environments, but mostly
targeting invasive plants. The costliest invasive species in Spain was the aquatic plant
E. crassipes (commonly known as water hyacinth), which was first recorded in the Gua-
diana River in 2004 and by 2005 it was already covering 75 km of the river surface.
A large research effort has been invested in understanding the management options
available to control this invasive plant. For example, in 2008, a workshop, arranged
by European organisations, was attended by international experts, aiming to share
experiences in the management of E. crassipes (e.g. the successes or failures resulting
from applying different management actions) to facilitate the design of management
actions in the Guadiana River (http://archives.eppo.int/meeTingS/2008_conferences/
eic-chornia_workshop.htm). However, its management is still a challenge for the area
(Téllez et al. 2008; Kriticos and Brunel 2016). This species, together with D. polymor-
pha or Neovison vison, which are amongst the ten costliest species in Spain, are also
amongst the invasive aquatic species causing the most widespread economic impacts
(Cuthbert et al. 2021a). E. crassipes also seems to be one of the costliest species in sev-
eral African countries, in Asia and in North American countries, such as Mexico (Di-
agne et al. 2021b; Liu et al. 2021; Rico-Sdnchez 2021); while D. polymorpha seems to
be very costly in the USA and M. vison in other European countries such as Germany
(Crystal-Ornelas et al. 2021; Haubrock et al. 2021b). Being in the list of the 100 of
the worst invasive species, D. polymorpha was also ranked as the 8" costliest species of
that list (Cuthbert et al. 2021b).

Regional management and the need for effective national coordination of
actions

Regional administrations unequally reported costs, with regions, such as Catalonia or
Valencia, reporting detailed annual economic costs from the last decade and others
reporting relatively low amounts of costs. Many of the regions reporting high numbers
of entries and large amounts of costs present high levels of development, trading and
tourism activities, which are normally associated with biological invasions (Pysek et
al. 2010; Haubrock et al. 2021a). However, regional administrations reporting low
numbers of entries and low costs are also largely invaded by IAS (e.g. Dana et al.
2009) and, therefore, might need further investments in reporting and managing IAS
in the future.
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The use of lists including IAS with known invasive potential is a widely used regu-
lation tool at international and national levels (Garcia-de-Lomas and Vila 2015). Most
Spanish regions relied on the national catalogue of IAS rather than establishing their
own regional listing (except, for example, Valencia). Based on the national list, man-
agers can prioritise either IAS already present and expanded in their regions or the
ones identified as potentially harmful in the future, in order to prevent their entrance.
However, our results show that economic costs for pre-invasion management actions
related to biosecurity issues, such as early detection, early warning, risk assessment or
prioritisation analyses, constituted less than 1% of all costs; while most economic costs
(74%) were spent in post-invasion management actions, such as monitoring, control
or eradication. Although the importance of prevention rather than post-invasion man-
agement to efliciently manage IAS is known (Leung et al. 2012; Wilson et al. 2016),
there could be an under-estimation of the costs of pre-invasion management actions in
the data analysed for Spain. In many cases, managers communicating costs recognised
that some prevention actions, such as risk analyses or monitoring for early detection,
were not included in the reported costs, as no additional funding was required to im-
plement such actions (e.g. managers use already existing resources, their time, comput-
ers or cars), while eradication or control campaigns need extra work (i.e. worker teams,
machinery etc.).

A large number of the managed invasive species (63 IAS, 36% of all managed
species) were not listed as invasive in Spain (sensu the GISD database; http://www.
issg.org/database), included in European regulations or proposed to be assessed to
potentially include them in European regulations. This suggests that Spanish envi-
ronmental managers do not prioritise the management of invasive species accord-
ing to current regulations or tools, such as the Global Invasive Species Database,
or published expert assessments. The rationale for prioritising the management
of IAS in the country, therefore, remains unknown. One possible explanation is
that some managers are following the common approach of developing and im-
plementing management actions for groups of species with similar management
requirements, instead of doing this separately for individual species (van Wilgen
et al. 2011). For example, in 2019, the Global Cactus Working Group (GCWG)
identified a set of invasive and potentially-invasive cacti and key actions that can
be taken to manage them worldwide (Novoa et al. 2019). In our dataset, six of
the cactus species identified as invasive by the GCWG have reported management
costs. However, only two of these are included in national regulations. Addition-
ally, our data showed that, in aquatic environments, control of known invasive
species, such as invasive turtles, fishes or crayfishes, lead to capture of other non-
native species as a by-catch, such as other turtles of different genera (e.g. Grapte-
mys, Mauremys or Pelodiscus), fishes (e.g. Carassius auratus) or crayfishes (e.g. Calli-
nectes sapidus), not included in national regulations. Managing species that are not
included in national lists is not uncommon; for example, Elvira and Almodé4var
(2019) showed that only 2 out of 11 fish species introduced in Spain since 2000
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are included in the national catalogue. Even if it is laudable and even encouraging
that most managers are proactive and in advance of regulations, we suggest that the
national catalogue should be revised to account for all species that are or should
be managed.

A substantial amount of research has been recently focused on developing strat-
egies to prioritise the management of IAS, including optimisation frameworks and
decision processes (e.g. McGeoch et al. 2016; Curtois et al. 2018; Novoa et al. 2018),
all in collaboration with different stakeholder groups (Novoa et al. 2020). Our results
suggest that future efforts should focus on stakeholder engagement in Spain, in order
to develop transparent and evidence-based management decisions. Moreover, inter-re-
gional management costs, such as those incurred in river basins, were equal to the sum
of the costs of all regions together. Such inter-regional management actions are gener-
ally more effective than single regional ones, since managing different species pools in
neighbouring regions can hinder the effectiveness of the actions at larger geographic
scales (Faulkner et al. 2020). Therefore, species prioritisation should ideally be done
in collaboration with neighbouring regions in order to achieve effective management
results (Sutcliffe et al. 2017).

Odur results suggest that there is a need for a country-level organism responsible for
the management of IAS that can effectively coordinate joint management strategies,
facilitate communication and collaboration between regional governments, national
and inter-regional agencies (such as river basin authorities), neighbouring countries
and other stakeholders (Caffrey et al. 2014; Piria et al. 2017). This will motivate the
continuity of long-lasting management actions and reporting of the costs of IAS that
will adequately provide information for future budgets increasing management effec-
tiveness (Pergl et al. 2020). The non-native species secretariat in the UK (http://www.
nonnativespecies.org/) is a good reference for this, while a starting point in clarifying
competencies across different administrations is suggested.

The good and the bad: high costs in aquatic environments and low costs in
protected areas

Although terrestrial environments had more and higher reported costs than other
environments(US$ 138.6 million), invasions were also relatively costly in aquatic
(US$ 91.9 million) and semi-aquatic environments (US$ 12.4 million). There are
generally few reports on the global economic impacts of invasive species in aquatic
ecosystems (Lovell et al. 2006). However, compared with the whole InvaCost data-
base (Diagne et al. 2020b), our estimates for these ecosystems are exceptionally high
(but see the case of Mexico, Rico-Sdnchez et al. 2021). A global assessment of all data
included in InvaCost reported that the monetary costs of aquatic invasive species only
constituted 5% of the total reported costs. This percentage increased to only 9% when
considering management costs only (Cuthbert et al. 2021a). In contrast, we show
that, in Spain, 35% of the funds allocated to the management of invasive species were
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spent in aquatic environments (plus 5% in semi-aquatic environments). Interestingly,
some of the management costs reported by the river basin authorities along the Iberian
Peninsula river basins were really high, such those reported in the Guadiana River
related to the control of the water hyacinth (£. crassipes) since 2005 or that from the
Ebro Basin related to the control of the Zebra mussel (D. polymorpha) in the 2000s
(Table 1).

Protected areas in the Iberian Peninsula are known to be effective as natural biodi-
versity refugia (Aratjo, Lobo and Moreno 2007; Gaston et al. 2008). In some Spanish
regions, such as Andalusia, protected areas represent 30.5% of the total surface, which
was reported as more than twice the European average (13.7%, Angulo et al. 2016).
However, our results show that only 10.3% of the economic costs of IAS in the coun-
try (8.2% of cost entries) incurred specifically in protected areas in Spain. These low
numbers suggest a lower reporting of costs or a lower investment in managing IAS in
protected areas than in non-protected land, which is worrisome given the high eco-
logical impacts of IAS in protected areas in the country. For example, Gallardo et al.
(2017) showed that 38% of marine and 24% of inland protected areas in Europe were
already affected by at least one of the 86 most threatening invasive species in Europe.
Moreover, Capdevilla-Argiielles and Gallardo (2019) ranked a set of top-invaders by
their menace to the Spanish national parks and some of those that constituted the
highest menace, are amongst the ones we reported here with the highest costs, such
as E. crassipes, Cenchrus setaceus, N. vison, V. velutina or Cortaderia selloana. Further-
more, Moodley et al. (2021) classified Baccharis halimifolia and V. velutina among the
costliest species in European protected areas, while V. vison was among the costliest in
semi-aquatic environments within protected areas (B. halimifolia was ranked 11* in
Spain when looking only at management costs). However, it could be that our data are
conservative regarding the real costs incurred in protected areas. For example, Saavedra
and Medina (2020) showed that an eradication programme implemented in La Palma
Island, Spain, prevented the expansion of the ring-necked parakeet (Psittacula krameri)
into La Palma Island Biosphere. These costs were, however, recorded at the island level,
not only in the protected lands.

Limitations of the study

Our study shows high economic costs of IAS in Spain, despite our conservative selec-
tion of data. Mainly, four potential sources of costs in Spain remained unexplored.
On the one hand, while most protected areas are managed by the regional authori-
ties, national parks, the most important figure of conservation for protected areas
in Spain, are managed by a national authority, the Autonomous Organism of Na-
tional Parks (OAPN). Although we also contacted environmental managers from the
OAPN, they could not provide us with data on the economic costs of IAS, since
this was not readily available. The main reason for this was that their management
is shared by a number of private enterprises (mainly from the TRAGSA group) that
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work for the administration in broad public services, not only in the management of
invasive species (Pep Amegual, Chief of Research Office in the OAPN, pers. comm.).
Therefore, future engagement with these enterprises is needed to include these data
in further analysis.

On the other hand, many research projects in Spain, commonly founded by na-
tional or international agencies, study biological invasions, despite few entries report-
ing research costs (n = 166). Scalera (2010) reported an increasing number of EU
funded projects focusing on IAS from 1992 to 2006, with a budget for this period
exceeding € 132 million; Spain, together with Italy and France, hosted 52% of these
projects. Although we approached European Programmes’ Advisors from the Spanish
National Research Council (CSIC) and searched the web of the Ministry for Educa-
tion and Professional Career, the information on these costs was difficult to obtain.
We only consider costs of a few European projects that took place in Spain, for which
cost information was available on the web or was reported by targeted researchers (i.e.
Invasep, Ripisilva, Lampropeltis, ConHabit, Margal Ulla, La Rioja Life, Estuarios del
Pais Vasco). New ways to obtain this information are needed in order to include such
economic costs in future assessments.

Third, even if costs for invasive aquatic species were well reported in our database,
costs for marine species were not reported in Spain; a possible explanation is that we
did not specifically target national administrations with governance in marine species.
However, this is a common problem for the global InvaCost project, since only 2% of
all global aquatic invasion costs were related to marine-tolerant invasive species (Cuth-
bertet al. 2021a).

Finally, border controls, phytosanitary measures against invasive pests or pri-
vate efforts to control invaders, have not been searched specifically. Border control
measures exist in Spain. For example, in the Canary Islands, there are strict border
controls, but control of invasive species is difficult to quantify separately from other
border activities. Some private efforts have been recorded, such as those targeting
the eradication of the first outbreak of the invasive termite Reticulitermes flavipes in
Tenerife Island between 2010 and 2015 (Herndndez-Teixidor et al. 2019) or the man-
agement of D. polymorpha in the Ebro Basin, which costs € 615,000/year to energy
companies and € 321,450 in 2009 to the private companies using its water (Durdn
et al. 2012). However, we argue for a better reporting of these private costs. In re-
lation to damage caused by invaders, it is likely that our targeted research did not
succeed in obtaining such information from the public administrations that could
hold such data. For example, our database does not include data on damage caused
to agriculture or forestry by invasive pest species, such as apple snails or bark beetles
(Golzanadera et al. 2012; Joshi and Parera 2017) or damage caused by disease vec-
tors, such as health-associated costs by invasive Aedes sp. mosquitoes (Collantes et al.
2015). However, it could also depend on how local funds are distributed, prioritising
management actions rather than damage evaluation, which would require additional
resources and scientific skills.
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Conclusion

This study is the first one attempting to economically evaluate the impact of IAS in
Spain. We collected cost data mainly from the literature, regional governments and
river basin authorities. Beside certain extrapolated costs on the economic impacts
of IAS in the forestry sector, most of the reported costs consisted of funding used
for managing established IAS (such as control or monitoring costs). Despite inva-
sive species posing high environmental and economic impacts in Spain (Andreu et
al. 2009), most of the collected costs corresponded to management actions, while
damage costs were only found for two species. These results suggest the need for
further investment in understanding the damage costs of IAS in the country and
reporting them. Taxonomically, Spanish environmental managers expended more
funds in managing invasive plants than animals and substantial efforts were di-
rected to manage IAS in aquatic environments. From a geographic perspective,
a country-level organism responsible for the management of IAS could promote
long-lasting research-based management strategies and reporting of costs that ex-
pand political borders amongst regions and efliciently coordinate actions amongst
all the implicated actors.
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Supplementary material |

Dataset of the economic costs of invasive alien species in Spain and descriptive

variables

Authors: Elena Angulo, Liliana Ballesteros-Mejia, Ana Novoa, Virginia G. Duboscg-

Carra, Christophe Diagne, Franck Courchamp

Data type: excel file

Explanation note: Spreadsheets: “InvaCost_3.0_Spain” contains the 3,260 raw entries;
“InfoVariables” contains information on each variable and their categories; “Correc-
tions”: report of corrections made with respect to the original source (Invacost_3.0).

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59181.suppl1

Supplementary material 2

Figure S1

Authors: Elena Angulo, Liliana Ballesteros-Mejia, Ana Novoa, Virginia G. Duboscg-

Carra, Christophe Diagne, Franck Courchamp

Data type: pdf file

Explanation note: (a) Descriptors of the economic costs of invasive alien species in
Spain using the non-robust data (extrapolated cost, not occurring and/or unreliable
costs) and (b) temporal trends of these economic costs (US$). In (b), each blue cir-
cle represents the cumulative cost for a given year, whereas its size is proportional to
the number of estimates for that particular year. Average annual costs are calculated
in 4-year periods and are represented by black points and horizontal solid lines.
Dashed lines connect the average annual costs for these 4-year periods. Non-robust
data started with low values in the 2000s increasing highly (mainly due to the pre-
dicted costs for the pine wood nematode) for the period between 2008 and 2030.
See sample size in Fig. 1.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59181.suppl2
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Supplementary material 3

Lists of species used in Figure 5

Authors: Elena Angulo, Liliana Ballesteros-Mejia, Ana Novoa, Virginia G. Duboscq-

Carra, Christophe Diagne, Franck Courchamp

Data type: excel file

Explanation note: Spreadsheets: “Management and damage” contains species recorded
as invasive in the country (GISD; Pagad et al. 2018); species in national regula-
tions, European regulations or proposed as potential candidates to be included in
European regulations (Carboneras et al. 2018); species having management costs
and damage costs in InvaCost. “Management” contains only managed species with
their presence in the lists reported in the previous spreadsheet and information
about their environment and taxonomy (Env/Phyl), as well as their costs in US$.
“Management_non_listed” contains the species not listed in any of the previous
lists and the regions where each one has been reported as having management costs.
Codes 1-0 mean presence or absence in the list, respectively.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59181.suppl3

Supplementary material 4

Figure S2

Authors: Elena Angulo, Liliana Ballesteros-Mejia, Ana Novoa, Virginia G. Duboscq-

Carra, Christophe Diagne, Franck Courchamp

Data type: PDF file

Explanation note: Lists of the costliest species in Spain considering all the cost types or
only management costs and separating robust and non-robust data. (A) Economic
costs (US$ million) and (B) number of entries. Colours in the tenth costliest invasive
species using the robust data facilitate comparison of species amongst different lists.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.67.59181.suppl4
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