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Abstract
Invasive alien species (IAS) negatively impact the environment and undermine human well-being, often 
resulting in considerable economic costs. �e Mediterranean basin is a culturally, socially and economi-
cally diverse region, harbouring many IAS that threaten economic and societal integrity in multiple ways. 
�is paper is the �rst attempt to collectively quantify the reported economic costs of IAS in the Medi-
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terranean basin, across a range of taxonomic, temporal and spatial descriptors. We identify correlates of 
costs from invasion damages and management expenditures among key socioeconomic variables, and 
determine network structures that link countries and invasive taxonomic groups. �e total reported inva-
sion costs in the Mediterranean basin amounted to $27.3 billion, or $3.6 billion when only realised costs 
were considered, and were found to have occurred over the last three decades. Our understanding of costs 
of invasions in the Mediterranean was largely limited to a few, primarily western European countries and 
to terrestrial ecosystems, despite the known presence of numerous high-impact aquatic invasive taxa. �e 
vast majority of costs were attributed to damages or losses from invasions ($25.2 billion) and were mostly 
driven by France, Spain and to a lesser extent Italy and Libya, with signi�cantly fewer costs attributed 
to management expenditure ($1.7 billion). Overall, invasion costs increased through time, with average 
annual costs between 1990 and 2017 estimated at $975.5 million. �e lack of information from a large 
proportion of Mediterranean countries, re�ected in the spatial and taxonomic connectivity analysis and 
the relationship of costs with socioeconomic variables, highlights the limits of the available data and the 
research e�ort needed to improve a collective understanding of the di�erent facets of the costs of biologi-
cal invasions. Our analysis of the reported costs associated with invasions in the Mediterranean sheds light 
on key knowledge gaps and provides a baseline for a Mediterranean-centric approach towards building 
policies and designing coordinated responses. In turn, these could help reach socially desirable outcomes 
and e�cient use of resources invested in invasive species research and management.

Abstract in French
Coûts économiques des espèces exotiques envahissantes dans le bassin méditerrannéen. Les es-
pèces exotiques envahissantes (EEE) impactent négativement l’environnement et le bien-être humain, 
et résultent souvent en des coûts économiques considérables. Le bassin méditerranéen est une région 
culturellement, socialement et économiquement variée; elle abrite de nombreuses EEE qui menacent 
son intégrité économique et sociétale de multiples façons. Cet article constitue la première tentative 
de quanti�cation collective des coûts économiques associés aux EEE dans le bassin méditerranéen au 
travers de divers descripteurs taxonomiques, temporels et spatiaux. Nous identi�ons les corrélations 
des coûts dûs aux dégâts des EEE et aux dépenses induites par leur gestion avec des variables socio-
économiques clés, et nous déterminons les structures des réseaux qui lient les pays et les di�érents 
groupes taxonomiques envahissants. Le montant total du coût des invasions dans le bassin méditer-
ranéen s’élève à $27,3 milliards, et $3,6 milliards si seuls les coûts réalisés sont pris en compte au cours 
des trois dernières décennies. Notre compréhension du coût des invasions biologiques en Méditerranée 
est largement réduite aux données concernant quelques pays, essentiellement d’Europe de l’Ouest, et 
aux écosystèmes terrestres, malgré la présence avérée de nombreux organismes aquatiques envahissants 
à fort impact. La grande majorité des coûts reportés correspondent à des dégâts ou des pertes ($25,2 
milliards) et concerne essentiellement la France, l’Espagne et, dans une moindre mesure, l’Italie et la 
Libye, avec signi�cativement moins de coûts correspondant à des dépenses de gestion ($1,7 milliard). 
De façon générale, les coûts liés aux invasions augmentent avec le temps, avec un coût annuel moyen 
entre 1990 et 2017 estimé à $975,5 millions. Le manque d’information pour une grande part des pays 
méditerranéen, qui se re�ète dans l’analyse de connectivité spatiale et taxonomique et les relations entre 
les coûts et les variables socio-économiques, met en évidence les limites des données disponibles, ainsi 
que l’e�ort de recherche qui est nécessaire pour une compréhension plus globale des di�érentes facettes 
des coûts des invasions biologiques. Notre analyse des coûts reportés pour la région méditerranéenne 
met en lumière les principales lacunes de connaissance et pose les bases d’une approche Méditerranée-
centrée visant la mise en place de politiques et le design de réponses coordonnées. En retour, celles-ci 
pourront aider à atteindre une utilisation e�cace et socialement acceptable des ressources investies dans 
la recherche sur les espèces envahissantes et dans leur gestion.
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Abstract in Spanish
Costos económicos de las especies exóticas invasoras en la cuenca mediterránea. Las especies exóticas 
invasoras (EEI) tienen un impacto negativo en el medio ambiente y perjudican el bienestar humano, lo 
que a menudo genera costos económicos considerables. La cuenca del Mediterráneo es una región cul-
tural, social y económicamente diversa, que alberga un gran número de especies exóticas invasoras que 
amenazan la integridad económica y social de múltiples maneras. Este artículo es el primer intento de 
cuanti�car colectivamente los costos económicos reportados de las EEI en la cuenca del Mediterráneo, 
a través de una variedad de descriptores taxonómicos, temporales y espaciales. Identi�camos las correla-
ciones de los costos causados por los daños de las EEI y los gastos relacionados con su gestión con una 
serie de variables socioeconómicas clave y determinamos las estructuras de red que vinculan a los países 
de la cuenca Mediterránea y los grupos taxonómicos invasores. Los costos totales de invasión reportados 
en la cuenca del Mediterráneo ascendieron a $27.3 mil millones, o $3.6 mil millones cuando solamente 
se consideraron los costos realizados, los cuales ocurrieron durante las últimas tres décadas. Nuestro cono-
cimiento de los costos de las invasiones en el Mediterráneo se limitó en gran medida a unos pocos países, 
principalmente de Europa occidental, y a ecosistemas terrestres, a pesar de la presencia conocida de nu-
merosos taxones invasores acuáticos de alto impacto. La gran mayoría de los costos se atribuyeron a daños 
o pérdidas por invasiones ($25.2 mil millones) y fueron impulsados ​​principalmente por Francia, España y, 
en menor medida, Italia y Libia, con costos signi�cativamente menores atribuidos a los gastos de gestión 
($1.7 mil millones). En general, los costos aumentaron con el tiempo, con costos anuales promedio entre 
1990 y 2017 estimados en $975.5 millones. La falta de información de costos en una gran proporción 
de países mediterráneos, re�ejada en el análisis de conectividad espacial y taxonómica y la relación de 
los costes con las variables socioeconómicas, pone de mani�esto los límites de los datos disponibles y el 
esfuerzo investigador necesario para mejorar la comprensión colectiva de las diferentes facetas de los costos 
de las invasiones biológicas. Nuestro análisis de los costes reportados asociados con las invasiones en el 
Mediterráneo pone de relieve las actuales lagunas de conocimiento y proporciona una línea de base para 
un enfoque centrado en el Mediterráneo hacia la creación de políticas y el diseño de respuestas coordina-
das. A su vez, este estudio podría ayudar a alcanzar resultados socialmente deseables y un uso e�ciente de 
los recursos invertidos en la investigación y el manejo de EEI en la cuenca del Mediterráneo.

Abstract in Italian
Costi economici delle specie aliene invasive nel bacino del Mediterraneo. Le specie aliene invasive 
(SAI) impattano negativamente l’ambiente e minacciano il benessere umano, spesso con conseguenti costi 
economici. Il bacino Mediterraneo è una regione culturalmente, socialmente ed economicamente diversa, 
ospitando molte SAI che minacciano l’integrità economica e sociale in molti modi. Questo articolo è il 
primo tentativo di quanti�care collettivamente i costi economici riportati per le SAI nel bacino Mediter-
raneo, con un uno spettro di descrittori tassonomici, temporali e spaziali. Identi�chiamo i correlati dei costi 
dai danni delle invasioni e le spese di gestione tra le variabili socioeconomiche chiave, e determiniamo strut-
ture a rete che collegano Paesi e gruppi tassonomici invasivi. I costi totali delle invasioni riportati nel bacino 
Mediterraneo ammontano a $27,3 miliardi, o $3,6 miliardi se si considerano solo i costi realizzati, e si sono 
veri�cati nel corso degli ultimi tre decenni. La nostra comprensione dei costi delle invasioni nel Mediterra-
neo era ampiamente limitata a pochi Paesi Europei, soprattutto quelli occidentali, e agli ecosistemi terrestri, 
nonostante la nota presenza di numerosi taxa acquatici invasivi di alto impatto. La grande maggioranza dei 
costi delle invasioni sono stati attribuiti a danni o perdite ($25,2 miliardi) e sono stati principalmente deter-
minati dalla Francia, dalla Spagna e, in misura minore, dall’Italia e dalla Libia, con costi signi�cativamente 
minori attribuiti alle spese di gestione ($1,7 miliardi). In generale, i costi delle invasioni sono aumentati 
nel tempo, con un costo annuale medio tra il 1990 e il 2017 stimato a $975,5 miliardi. La mancanza di in-
formazioni da una larga proporzione di Paesi del Mediterraneo, ri�essa nell’analisi di connettività spaziale e 
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tassonomica e nella relazione tra i costi e le variabili socioeconomiche, sottolinea i limiti dei dati disponibili 
e delle ricerche necessarie per migliorare la conoscenza collettiva dei diversi aspetti dei costi delle invasioni 
biologiche. La nostra analisi dei costi riportati associate alle invasioni nel Mediterraneo fa luce sulle lacune 
chiave nella conoscenza e fornisce una base per un approccio Mediterraneo-centrico verso la formulazione 
di politiche e di risposte coordinate. A sua volta, queste potrebbero aiutare a raggiungere risultati social-
mente desiderabili e un uso e�ciente delle risorse investite nella ricerca e nella gestione delle specie invasive.

Abstract in Greek
�•�©�ª�¯�­�¯�¬�©�ª�œ�� �ª�¼�³�´�§�� �¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �³�´�§�­�� �«�¥�ª�œ�­�§�� �´�§�²�� �•�¥�³�¯�£�¥�Ÿ�¯�µ�����”�¡�� �¥�©�³�¢�¯�«�©�ª�œ�� �¥�Ÿ�¤�§�� �¥�°�§�±�¥�œ�¦�¯�µ�­��
�¡�±�­�§�´�©�ª�œ���´�¯���°�¥�±�©�¢�œ�«�«�¯�­���ª�¡�©���µ�°�¯�¢�¡�¨�¬�Ÿ�¦�¯�µ�­���´�§�­���¡�­�¨�±�¾�°�©�­�§���¥�µ�§�¬�¥�±�Ÿ�¡�����ª�œ�´�©���°�¯�µ���³�µ�·�­�œ���ª�¡�´�¡�«�ž�£�¥�©���³�¥���³�§�¬�¡�­�´�©�ª�œ��
�¯�©�ª�¯�­�¯�¬�©�ª�œ���ª�¼�³�´�§�����ˆ���«�¥�ª�œ�­�§���´�§�²���•�¥�³�¯�£�¥�Ÿ�¯�µ���¥�Ÿ�­�¡�©���¬�©�¡���°�¯�«�©�´�©�³�´�©�ª�œ�����ª�¯�©�­�¹�­�©�ª�œ���ª�¡�©���¯�©�ª�¯�­�¯�¬�©�ª�œ���°�¯�©�ª�©�«�¼�¬�¯�±�¶�§��
�°�¥�±�©�¯�·�ž�� �°�¯�µ�� �¶�©�«�¯�®�¥�­�¥�Ÿ�� �°�¯�«�«�œ�� �¥�©�³�¢�¯�«�©�ª�œ�� �¥�Ÿ�¤�§�� �´�¡�� �¯�°�¯�Ÿ�¡�� �¡�°�¥�©�«�¯�½�­�� �´�§�­�� �¯�©�ª�¯�­�¯�¬�©�ª�ž�� �ª�¡�©�� �ª�¯�©�­�¹�­�©�ª�ž�� �³�µ�­�¯�·�ž��
�¬�¥�� �¤�©�œ�¶�¯�±�¯�µ�²�� �´�±�¼�°�¯�µ�²���� �ˆ�� �¥�±�£�¡�³�Ÿ�¡�� �¡�µ�´�ž�� �¥�Ÿ�­�¡�©�� �¬�©�¡�� �°�±�¾�´�§�� �°�±�¯�³�°�œ�¨�¥�©�¡�� �­�¡�� �°�¯�³�¯�´�©�ª�¯�°�¯�©�ž�³�¥�©�� �³�µ�­�¯�«�©�ª�œ�� �´�¡��
�¯�©�ª�¯�­�¯�¬�©�ª�œ���ª�¼�³�´�§���¥�©�³�¢�¯�«�©�ª�¾�­���¥�©�¤�¾�­���°�¯�µ���•�·�¯�µ�­���¡�­�¡�¶�¥�±�¨�¥�Ÿ���£�©�¡���´�§�­���«�¥�ª�œ�­�§���´�§�²���•�¥�³�¯�£�¥�Ÿ�¯�µ���¬�¥���´�§���·�±�ž�³�§���¥�­�¼�²��
�¥�½�±�¯�µ�²���´�¡�®�©�­�¯�¬�©�ª�¾�­�����·�±�¯�­�©�ª�¾�­���ª�¡�©���·�¹�±�©�ª�¾�­���°�¥�±�©�£�±�¡�¶�•�¹�­�����‘�±�¯�³�¤�©�¯�±�Ÿ�¦�¯�µ�¬�¥���³�µ�³�·�¥�´�Ÿ�³�¥�©�²���´�¯�µ���ª�¼�³�´�¯�µ�²���¡�°�¼���´�©�²��
�¦�§�¬�©�•�²�� �ª�¡�©�� �¤�©�¡�·�¥�Ÿ�±�©�³�§�� �´�¹�­�� �¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �¬�¥�� �¢�¡�³�©�ª�•�²�� �ª�¯�©�­�¹�­�©�ª�¼���¯�©�ª�¯�­�¯�¬�©�ª�•�²�� �¬�¥�´�¡�¢�«�§�´�•�²���� �ª�¡�¨�¾�²�� �¥�°�Ÿ�³�§�²��
�ª�¡�©���´�©�²���¤�¯�¬�•�²���´�¯�µ���¤�©�ª�´�½�¯�µ���°�¯�µ���³�µ�­�¤�•�¯�µ�­���´�©�²���·�¾�±�¥�²���¬�¥���´�©�²���¥�©�³�¢�¯�«�©�ª�•�²���´�¡�®�©�­�¯�¬�©�ª�•�²���¯�¬�œ�¤�¥�²�����”�¯���³�µ�­�¯�«�©�ª�œ���ª�¼�³�´�§��
�¡�°�¼���¥�©�³�¢�¯�«�•�²���³�´�§�­���«�¥�ª�œ�­�§���´�§�²���•�¥�³�¯�£�¥�Ÿ�¯�µ���¥�ª�´�©�¬�ž�¨�§�ª�¡�­���³�¥���������������¤�©�²�����ž�������������¤�©�²���«�¡�¬�¢�œ�­�¯�­�´�¡�²���µ�°�¼�¸�§���¬�¼�­�¯���´�¡��
�°�±�¡�£�¬�¡�´�©�ª�œ���µ�«�¯�°�¯�©�§�¨�•�­�´�¡���ª�¼�³�´�§�����ª�¡�©���•�«�¡�¢�¡�­���·�¾�±�¡���³�´�§���¤�©�œ�±�ª�¥�©�¡���´�¹�­���´�±�©�¾�­���´�¥�«�¥�µ�´�¡�Ÿ�¹�­���¤�¥�ª�¡�¥�´�©�¾�­�����ˆ���£�­�¾�³�§��
�¬�¡�²�� �£�©�¡�� �´�¡�� �ª�¼�³�´�§�� �´�¹�­�� �¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �³�´�§�­�� �•�¥�³�¼�£�¥�©�¯�� �°�¥�±�©�¯�±�Ÿ�³�´�§�ª�¥�� �³�¥�� �¬�¥�£�œ�«�¯�� �¢�¡�¨�¬�¼�� �³�¥�� �«�Ÿ�£�¥�²���� �ª�µ�±�Ÿ�¹�²��
�¤�µ�´�©�ª�¼���†�µ�±�¹�°�¡�º�ª�•�²���·�¾�±�¥�²���ª�¡�©���³�¥���·�¥�±�³�¡�Ÿ�¡���¯�©�ª�¯�³�µ�³�´�ž�¬�¡�´�¡�����°�¡�±�œ���´�¯���¼�´�©���£�­�¹�±�Ÿ�¦�¯�µ�¬�¥���£�©�¡���´�§�­���°�¡�±�¯�µ�³�Ÿ�¡���°�¯�«�«�¾�­��
�¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �³�¥�� �µ�¤�œ�´�©�­�¡�� �¯�©�ª�¯�³�µ�³�´�ž�¬�¡�´�¡�� �¬�¥�� �³�§�¬�¡�­�´�©�ª�•�²�� �¥�°�©�°�´�¾�³�¥�©�²���� �ˆ�� �³�µ�­�´�±�©�°�´�©�ª�ž�� �°�«�¥�©�¯�¸�§�¶�Ÿ�¡�� �´�¯�µ��
�ª�¼�³�´�¯�µ�²���¡�°�¯�¤�¼�¨�§�ª�¥���³�¥���¦�§�¬�©�•�²���ž���¡�°�¾�«�¥�©�¥�²���¡�°�¼���¥�©�³�¢�¯�«�•�²�����������������¤�©�²�����ª�¡�©���ª�µ�±�Ÿ�¹�²���¡�°�¼���´�§�­���„�¡�«�«�Ÿ�¡�����Š�³�°�¡�­�Ÿ�¡���ª�¡�©���³�¥��
�¬�©�ª�±�¼�´�¥�±�¯���¢�¡�¨�¬�¼���¡�°�¼���´�§�­���Š�´�¡�«�Ÿ�¡���ª�¡�©���´�§�­���Œ�©�¢�½�§�����¥�­�¾���³�§�¬�¡�­�´�©�ª�œ���«�©�£�¼�´�¥�±�¡���ª�¼�³�´�§���¡�°�¯�¤�¼�¨�§�ª�¡�­���³�´�§���¤�©�¡�·�¥�Ÿ�±�©�³�§��
������������ �¤�©�²������ �“�µ�­�¯�«�©�ª�œ���� �´�¡�� �ª�¼�³�´�§�� �´�¹�­�� �¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �¡�µ�®�ž�¨�§�ª�¡�­�� �³�´�§�­�� �¤�©�œ�±�ª�¥�©�¡�� �´�¯�µ�� �·�±�¼�­�¯�µ�� �¬�¥�� �´�¯�� �¬�•�³�¯��
�¥�´�ž�³�©�¯���ª�¼�³�´�¯�²���¬�¥�´�¡�®�½���´�¯�µ�������������ª�¡�©�������������­�¡���¥�ª�´�©�¬�œ�´�¡�©���³�´�¡�����������������¥�ª�¡�´�¯�¬�¬�½�±�©�¡�����ˆ���•�«�«�¥�©�¸�§���°�«�§�±�¯�¶�¯�±�Ÿ�¡�²���¡�°�¼��
�¬�¥�£�œ�«�§���¬�¥�±�Ÿ�¤�¡���•�¥�³�¯�£�¥�©�¡�ª�¾�­���·�¹�±�¾�­�����°�¯�µ���¡�­�´�©�ª�¡�´�¯�°�´�±�Ÿ�¦�¥�´�¡�©���³�´�§�­���·�¹�±�©�ª�ž���ª�¡�©���´�¡�®�©�­�¯�¬�©�ª�ž���¡�­�œ�«�µ�³�§���³�µ�³�·�•�´�©�³�§�²��
�ª�¡�©���³�´�§�­���³�·�•�³�§���¬�¥�´�¡�®�½���´�¯�µ���ª�¼�³�´�¯�µ�²���ª�¡�©���ª�¯�©�­�¹�­�©�ª�¼���¯�©�ª�¯�­�¯�¬�©�ª�¾�­���¬�¥�´�¡�¢�«�§�´�¾�­�����¡�­�¡�¤�¥�©�ª�­�½�¥�©���´�¯�µ�²���°�¥�±�©�¯�±�©�³�¬�¯�½�²��
�°�¯�µ���¨�•�´�¯�µ�­���´�¡���¤�©�¡�¨�•�³�©�¬�¡���¤�¥�¤�¯�¬�•�­�¡���ª�¡�©���´�§�­���¡�­�œ�£�ª�§���£�©�¡���•�±�¥�µ�­�¡�����£�©�¡���¬�©�¡���ª�¡�«�½�´�¥�±�§���³�µ�«�«�¯�£�©�ª�ž���ª�¡�´�¡�­�¼�§�³�§���´�¹�­��
�¤�©�¡�¶�¯�±�¥�´�©�ª�¾�­���°�´�µ�·�¾�­���´�¯�µ���ª�¼�³�´�¯�µ�²���´�¹�­���¢�©�¯�«�¯�£�©�ª�¾�­���¥�©�³�¢�¯�«�¾�­�����ˆ���¡�­�œ�«�µ�³�ž���¬�¡�²���£�©�¡���´�¡���ª�¡�´�¡�£�¥�£�±�¡�¬�¬�•�­�¡���ª�¼�³�´�§��
�¥�©�³�¢�¯�«�©�ª�¾�­�� �¥�©�¤�¾�­�� �³�´�§�� �•�¥�³�¼�£�¥�©�¯�� �¶�•�±�­�¥�©�� �³�´�¯�� �¶�¹�²�� �³�§�¬�¡�­�´�©�ª�œ�� �ª�¥�­�œ�� �£�­�¾�³�§�²�� �ª�¡�©�� �°�±�¯�³�¶�•�±�¥�©�� �´�§�­�� �¢�œ�³�§�� �£�©�¡�� �¬�©�¡��
�°�±�¯�³�•�£�£�©�³�§�� �¬�¥�� �¥�°�Ÿ�ª�¥�­�´�±�¯�� �´�§�­�� �•�¥�³�¼�£�¥�©�¯���� �£�©�¡�� �´�¯�­�� �³�·�¥�¤�©�¡�³�¬�¼�� �³�µ�­�´�¯�­�©�³�¬�•�­�¹�­�� �¤�±�œ�³�¥�¹�­�� �ª�¡�©�� �´�§�­�� �¤�§�¬�©�¯�µ�±�£�Ÿ�¡��
�°�¯�«�©�´�©�ª�¾�­���� �•�¥���´�§���³�¥�©�±�œ���´�¯�µ�²�� �¡�µ�´�•�²�� �¬�°�¯�±�¯�½�­�� �­�¡�� �¢�¯�§�¨�ž�³�¯�µ�­�� �³�´�§�­�� �¥�°�Ÿ�´�¥�µ�®�§���¥�°�©�¨�µ�¬�§�´�¾�­�� �¡�°�¯�´�¥�«�¥�³�¬�œ�´�¹�­�� �ª�¡�©��
�¡�°�¯�¤�¯�´�©�ª�ž�²���·�±�ž�³�§�²���´�¹�­���°�¼�±�¹�­���°�¯�µ���¥�°�¥�­�¤�½�¯�­�´�¡�©���³�´�§�­���•�±�¥�µ�­�¡���ª�¡�©���¤�©�¡�·�¥�Ÿ�±�©�³�§���¥�©�³�¢�¯�«�©�ª�¾�­���¥�©�¤�¾�­��

Abstract in German
Kosten invasive Arten Kosten invasiver gebietsfremder Arten im Mittelmeerraum. Invasive gebiets-
fremde Arten wirken sich negativ auf die Umwelt aus und beeinträchtigen das Wohlbe�nden des Men-
schen, was häu�g zu erheblichen wirtschaftlichen Kosten führt. Das Mittelmeerbecken ist eine kulturell, 
sozial und wirtschaftlich vielfältige Region mit vielen gebietsfremden Arten, die die wirtschaftliche und ge-
sellschaftliche Integrität auf vielfältige Weise gefährden. Dieses Arbeit ist der erste Versuch, die gemeldeten 
wirtschaftlichen Kosten dieser Arten im Mittelmeerraum über eine Reihe taxonomischer, zeitlicher und 
räumlicher Deskriptoren hinweg kollektiv zu quanti�zieren. Wir identi�zieren Korrelationen von Kosten 
biologischer Invasionen und Verwaltungsausgaben unter den wichtigsten sozioökonomischen Variablen 
und bestimmen Netzwerkstrukturen, die Länder und invasive taxonomische Gruppen verbinden. Die 
gesamten gemeldeten Kosten im Mittelmeerraum beliefen sich auf $27,3 Mrd. oder $3,6 Mrd., wenn nur 
realisierte Kosten berücksichtigt wurden, und wurden in den letzten drei Jahrzehnten festgestellt. Unser 
Verständnis der Kosten biologischer Invasionen im Mittelmeerraum war trotz des bekannten Vorhanden-
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seins zahlreicher hoch-invasiver aquatischer invasiver Taxa weitgehend auf einige wenige, hauptsächlich 
westeuropäische Länder und terrestrische Ökosysteme beschränkt. Die überwiegende Mehrheit der Kos-
ten ent�el auf Schäden oder Verluste an Ressourcen durch Invasionen ($25,2 Mrd.) und wurde hauptsäch-
lich von Frankreich, Spanien und in geringerem Maße von Italien und Libyen getragen, wobei die Ver-
waltungsausgaben ($1,7 Mrd.) erheblich geringer waren. Insgesamt stiegen diese Kosten im Laufe der 
Zeit, wobei die durchschnittlichen jährlichen Kosten zwischen 1990 und 2017 auf $975,5 Mio. geschätzt 
wurden. Der Mangel an Informationen aus einem großen Teil der Mittelmeerländer, der sich in der räum-
lichen und taxonomischen Konnektivitätsanalyse und dem Verhältnis der Kosten zu sozioökonomischen 
Variablen widerspiegelt, zeigt die Grenzen der verfügbaren Daten und den Forschungsaufwand auf, der 
erforderlich ist, um ein kollektives Verständnis der verschiedenen Facetten der Kosten für biologische Inva-
sionen zu verbessern. Unsere Analyse der gemeldeten Kosten im Zusammenhang mit Invasionen im Mit-
telmeerraum beleuchtet wichtige Wissenslücken und bietet eine Grundlage für einen auf den Mittelmeer-
raum ausgerichteten Ansatz zur Erstellung von Strategien und zur Gestaltung koordinierter Reaktionen. 
Dies könnte wiederum dazu beitragen, sozial wünschenswerte Ergebnisse zu erzielen und die Ressourcen 
die in die Forschung an invasiven Arten und deren Bewirtschaftung investiert werden, e�zient zu nutzen.

Abstract in Croatian
Ekonomski troškovi invazivnih stranih vrsta u mediteranskom bazenu. Invazivne strane vrste nega-
tivno utje�u na okoliš i sabotiraju dobrobit ljudi, što �esto rezultira zna�ajnim ekonomskim troškovima. 
Mediteranski bazen je kulturno, socijalno i ekonomski raznolika regija u kojoj se nalaze mnoge invazivne 
strane vrste koje na više na�ina ugro�avaju njezin ekonomski i društveni integritet. Ovaj rad je prvi pokušaj 
kolektivnog kvanti�ciranja prijavljenih ekonomskih troškova invazivnih stranih vrsta u mediteranskom 
bazenu, kroz niz taksonomskih, vremenskih i prostornih deskriptori. Utvrdili smo korelati troškova od 
štete prouzor�ene invazivnim stranim vrstama i izdataka za upravljanje me�u klju�nih socioekonomskih 
varijabli, i utvrdili mre�ne strukture koje povezuju dr�ave i invazivne taksonomske skupine. Ukupni pri-
javljeni troškovi invazije u mediteranskom bazenu iznosili su 27,3 milijarde dolara, odnosno 3,6 milijardi 
dolara kada su se uzimali u obzir samo ostvareni troškovi, a koji su zabilje�eni u posljednja tri desetlje�a. 
Naše razumijevanje troškova invazije na Sredozemlju uglavnom je bilo ograni�eno na nekoliko, prven-
stveno zapadnoeuropskih zemalja i kopnene ekosustave, unato� poznatoj prisutnosti brojnih vodenih 
invazivnih svojti s prepoznatim velikim utjecajem. Velika ve�ina troškova pripisana je šteti ili gubicima 
od strane invazija (25,2 milijarde dolara), uglavnom predvo�enim od strane Francuske i Španjolske te u 
manjoj mjeri Italije i Libije, uz znatno manje troškova pripisanih izdacima za upravljanje (1,7 milijardi 
dolara). Sveukupni troškovi invazije s vremenom su se pove�avali, a prosje�ni godišnji troškovi izme�u 
1990. i 2017. procjenjuju se na 975,5 milijuna dolara. Nedostatak informacija iz velikog dijela mediter-
anskih zemalja, koji se ogleda u analizi prostorne i taksonomske povezanosti te odnosu troškova sa socioe-
konomskim varijablama, ukazuje na ograni�enost dostupnih podataka i istra�iva�kog napora potrebnim 
za poboljšanje kolektivnog razumijevanja razli�itih aspekata troškova bioloških invazija. Naša analiza pri-
javljenih troškova povezanih s invazijama na Mediteranu ukazuje na klju�ne nedostatke u znanju i daje 
osnovu za mediteranski usmjeren pristup izgradnji politika i osmišljavanju koordiniranih odgovora. Takav 
pristup bi zauzvrat mogao pomo�i u postizanju društveno po�eljnih rezultata i u�inkovitom korištenju 
resursa ulo�enih u istra�ivanje i upravljanje invazivnim stranim vrstama.

Abstract in Arabic
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Introduction

�e ongoing spread of invasive alien species (IAS) is a key driver of biodiversity and 
ecosystem degradation that continues to adversely a�ect human and social well-being 
at local, national and global scales (Pyšek et al. 2020; Secretariat of the Convention 
on Biological Diversity 2020). With increasingly globalised trade and transport net-
works, there is no sign of abatement in invasion rates worldwide (Seebens et al. 2017), 
owing to high propagule and colonisation pressures sustained from increasingly in-
terconnected biogeographic regions (Seebens et al. 2018). Despite the relatively well-
characterised ecological impacts of several IAS among ecosystem types and geographic 
regions (Dick et al. 2017; Crystal-Ornelas and Lockwood 2020), a paucity in estima-
tion of economic costs, along with a poor understanding of socioeconomic impacts, 
limits monetary investments in management (Courchamp et al. 2017). In turn, this 
also hampers rationale for timely management of IAS at national or regional scales. 
�at is despite the well-known and accepted fact that investments in prevention are far 
more economically e�cient than longer-term control protocols (Leung et al. 2002).



433

Large-scale e�orts to quantify invasion costs have primarily focused on a single 
country (e.g. the U.S.; Pimentel et al. 2000, 2005 or Australia; Ho�mann and Broad-
hurst 2016), taxonomic group (e.g., insects; Bradshaw et al. 2016) or economic sec-
tor (e.g., agriculture; Paini et al. 2016). Whilst these studies have promoted attention 
towards burgeoning economic costs of invasions, a lack of understanding of these costs 
at smaller spatial scales, across countries, species or sectors, presently impairs regional-
scale interventions, and particularly for regions that are interconnected biogeographi-
cally. Moreover, extrapolations in previous estimations of IAS costs have prompted 
debate on their relevance and reliability (Cuthbert et al. 2020). For interconnected 
countries with borders lacking natural or anthropogenic barriers for species’ movement, 
a uni�ed approach to IAS management may be most e�cient: investments from one 
country could o�set future costs in another, given the ease at which invaders can spread. 
However, the factors driving invasion success are also often highly context-dependent, 
and can vary depending on many parameters, such as taxa, introduction pathways, 
spread mechanisms, characteristics and vulnerability of recipient ecosystems (Novoa et 
al. 2020). Factors that mediate the economic impacts of IAS have yet to be considered 
in monetary quanti�cations to better inform decision-making and management.

�e Mediterranean basin is a major biogeographic unit, whether de�ned by its 
shared climate or marine resources, its distinct biome (Dinerstein et al. 2017), or as 
one of the world’s most diverse biodiversity hotspots (CEPF 2020). Spanning three 
continents, countries within the Mediterranean basin are highly connected through 
terrestrial and aquatic routes and often share similar pathways and ecosystem charac-
teristics (e.g. Katsanevakis et al. 2013). �is interconnectedness calls for coordinated 
responses and management actions (Traveset et al. 2008; Tempesti et al. 2020). For 
example, in the Mediterranean Sea, the opening of the Suez Canal in 1869 facilitated 
the widespread introduction of numerous alien marine taxa. �e speed of invasion and 
range of Lessepsian IAS have been increasing ever since, owing to a number of factors 
such as currents, climate change, removal of high and low�salinity barriers, overexploi-
tation of native �sh, etc (Lasram et al. 2008, 2010; Raitsos et al. 2010; Edelist et al. 
2011, 2013; Vergés et al. 2014). Indeed, for marine taxa, recorded species introduc-
tions into the Mediterranean Sea signi�cantly exceed the numbers of species introduc-
tions in other European seas, with the eastern Mediterranean possibly the most heavily 
impacted (Edelist et al. 2013; Galil et al. 2014).

Aside from the marine realm, terrestrial and freshwater ecosystems also share similar 
invasion patterns across countries of the Mediterranean basin, such as similar species 
traits of successful invaders or habitat vulnerability (e.g., Arianoutsou et al. 2013), and 
deserve attention given the diversity and impacts of invasions there (Clavero et al. 2010).

�e millenary history of trade and travel, and multiple other anthropogenic distur-
bances in the region, has led to a biogeographically diverse set of invaders (Arianoutsou 
et al. 2013). �ese IAS have strong socioeconomic and geographical imprints which 
are particularly high in both the mainland and islands of the basin (Groves and di 
Castri 1991; Vilà and Pujadas 2001; Pyšek and Richardson 2010). Notably, the Med-
iterranean-type climate imposes stringent regulatory e�ects over the invasion potential 
of many species, hindering the establishment of species requiring colder or wetter con-
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ditions, and leading to the development of circum-Mediterranean or quasi-circum-
Mediterranean ranges for well-adapted ones. Among the latter are many highly damag-
ing species, such as the Asian tiger mosquito (Aedes albopictus) (Gasperi et al. 2012), 
the red swamp cray�sh (Procambarus clarkii) (Gherardi and Acquistapace 2007), or the 
palm moth (Paysandisia archon) (Muñoz�Adalia and Colinas 2020). Despite e�orts to 
understand economic dimensions for some of the most prominent IAS in this region 
along with their impact on human well-being, integrated analyses encompassing im-
pacts and costs at the scale of the Mediterranean basin are still largely missing.

Recognising this gap and the often-expected connectivity of invasions across eco-
systems in the region, a useful approach for prioritising the allocation of resources 
aimed at IAS management is to identify which species pose the greatest economic risks 
and build collaborative strategies for their management. Additionally, lessons gained 
from the successes and failures of managing a species in one country can guide manag-
ers in others. Indeed, regional approaches are recognised to be essential in sustainable 
and e�cient prevention against IAS (Faulkner et al. 2020). Identifying in which habi-
tat types costs are reported, which socioeconomic sectors are a�ected, and how costs 
accrue over time further informs targeted management interventions. However, at pre-
sent, economic impacts attributable to IAS are not centrally examined, categorised or 
systematically reported within the Mediterranean basin, impeding e�ective ecosystem 
management responses, and reducing e�ciencies of investments. �e Mediterranean 
region is also a cradle of civilisations that encompasses a wide range of environmental, 
socioeconomic and cultural elements. Well-being, social and economic development 
are highly dependent on natural resources and a vulnerable environment that, similar 
to the rest of the world, is at risk from biological invasions.

�e present study thus builds on the InvaCost initiative (Diagne et al. 2020a, c) to 
present the �rst large scale analysis of invasion costs in the Mediterranean basin. We exam-
ine how costs in this region are distributed over time and across countries, habitat types, 
taxonomic groups and economic sectors. We also estimate the in�uence of socioeconomic 
drivers (e.g., trade, tourism, research) on the reporting of IAS costs. Moreover, countries 
with the highest economic costs are identi�ed, as well as similarities and di�erences in their 
cost characteristics and network structures that indicate countries impacted by similar taxa.

Materials and methods

Data collection and extraction

For the purposes of quantifying the costs associated with IAS in the Mediterranean ba-
sin, we combined information from databases linked to the InvaCost project, the �rst 
global e�ort to systematically compile and synthesise the monetary costs of invasive 
species (Diagne et al. 2020a) (Fig. 1).

InvaCost is a living database, meant to be updated on an ongoing basis by au-
thors and future users (Diagne et al. 2020a). We used the cost entries available at 
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Figure 1.  Process of compiling data sources for a database of invasion costs for the Mediterranean.

the time of writing (November, 2020; 4,793 entries, Ballesteros-Mejia et al. 2020; 
Diagne et al. 2020b), which were the result of both systematic and targeted searches, 
conducted through standardised English-language search strings in Web of Science, 
Google Scholar and Google. Targeted searches allowed opportunistic addition of sup-
plementary cost entries, in both English and French. �ese searches were conducted 
in a number of di�erent ways which span from examining the content of relevant web 
pages to contacting national and international experts for obtaining published or un-
published documents. Further methodological details regarding the search strategies, 
search terms used, material included, the screening process and the inclusion criteria, 
can be found in Diagne et al. (2020a).

�ese data were further complemented with 5,212 cost entries extracted from litera-
ture in 15 languages other than English (Angulo et al. 2020, 2021). �ese cost estimates 
were collated through a) a standardised literature search that used the InvaCost protocol 
described in Diagne et al. (2020a) and b) a more targeted opportunistic search through 
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national databases, web pages of national institutions, NGOs and other organisations, 
as well as through contacts with regional national experts (Angulo et al. 2021).

We �ltered the cost entries compiled (n = 10,005) to select only costs of IAS in the 
26 countries having a coastline on the Mediterranean Sea (or countries within these 
countries, i.e. Andorra, San Marino, Vatican City), or costs in the Mediterranean Sea. 
Costs of IAS explicitly occurring in overseas territories of these countries (e.g. French 
Guiana) were excluded from our analyses.

Prior to analyses, all cost entries in our database were expanded so that each entry 
was annualised (i.e. corresponding to a single year), given that original cost estimates 
may have corresponded to either a cost realised over a single year, a period of less than 
a year, or a cost reoccurring over a series of years. For the purpose of expanding these 
original cost entries, we used the expandYearlyCosts function of the ‘invacost’ R package 
(Leroy et al. 2020), based on the di�erence between the probable starting and end-
ing years of each cost entry presented in the database. Note that this process removed 
any cost entries (including one for Israel, Morocco and Tunisia) that occurred over an 
unspeci�ed time period following the procedure described in Diagne et al. (2020a). 
Our analysis is therefore based on the 4,786 “expanded” cost entries resulting from this 
process and occurring up until 2017 (the last complete year included in all systematic 
searches). �ese mostly originated from the following 15 Mediterranean countries: 
Albania, Bosnia and Herzegovina, Croatia, Cyprus, Egypt, France, Greece, Israel, Italy, 
Libya, Malta, Montenegro, Slovenia, Spain and Turkey.

All cost estimates were standardised to 2017 equivalent US dollars (US$) using 
the market exchange rate (World Bank), and accounting for in�ation (Consumer Price 
Index of the year the cost was estimated for in each study) (Diagne et al. 2020a, b). 
�e dataset used for the analysis is provided as a Suppl. material (Suppl. material 1: 
Mediterranean database).

Cost descriptors, temporal cost dynamics and correlation with socioeco-
nomic variables

�e extracted cost data were classi�ed according to temporal, spatial, and taxonomic 
descriptors (see Diagne et al. 2020a for more details): (i) Publication year: referring 
to the year in which the study and/or costs were published; (ii) Method reliability: 
illustrating the perceived reliability of the type of publication and methodological ap-
proach used for cost estimation; estimates obtained from o�cially pre-assessed materi-
als (peer-reviewed articles and o�cial reports), or from grey material but with docu-
mented, repeatable and traceable methods, were designated as “High” reliability. All 
other estimates were designated as having a “Low” reliability; (iii) Implementation: 
referring to whether the cost estimate was actually realised or empirically incurred 
due to an invasive species within the invaded habitat (“Observed”), or whether it was 
not incurred but rather expected and/or predicted over time within or beyond its ac-
tual distribution area (“Potential”); (iv) Country: describing the origin country of the 
listed cost; (v) Taxonomy, referring to the taxonomic grouping of the cost; (vi) Habitat 
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of species: corresponding to where the species occurs (i.e. “Aquatic”, “Semi-aquatic”, 
“Terrestrial” or “Diverse/Unspeci�ed”) (Suppl. material 2: Table S1a); (vii) Type of 
cost: grouping of costs according to the categories: (a) “Damage” referring to damages 
or losses incurred due to the invasion (i.e., costs for damage repair, resource losses, 
medical care), (b) “Management” comprising expenditure such as control, monitoring, 
prevention, eradication, (c) “Mixed” including a mix of categories (a) and (b) (cases 
where reported costs were undistinguishable damage and management costs); (viii) 
Impacted sector: the activity, societal or market sector that was impacted by the cost 
(Suppl. material 2: Table S1b); note that individual cost entries not allocated to a sin-
gle sector were classi�ed as “Mixed” in the “Impacted sector” column. Costs that were 
incurred from multiple or unspeci�ed taxa, or countries, were categorised as “Diverse/
Unspeci�ed”.

To assess temporal trends of invasion costs in the Mediterranean over time, we 
considered 5-year means since 1990 (the �rst year with invasion costs in our database). 
We examined costs as a function of the “Impact year”, which re�ects the time at which 
the invasion cost likely occurred based on probable starting and ending years (Leroy 
et al. 2020). �is allowed for an estimation of annual average costs over the entire 
reported period.

In addition to the data included in our cost database, we collected complemen-
tary elements from the Centre for Agriculture and Bioscience International (CABI 
2020) to obtain information on the geographic origin of each invasive species causing 
observed damage costs in the studied area, including their presence in each country, 
pathways of introduction, impacts and uses (if any). To improve our analysis and 
interpretation of invasion costs, we also extracted information on several country 
indicators from the World Bank (2020) (Suppl. material 2: Table S2) to further assess 
whether costs in each country could be correlated to key socioeconomic variables. 
To that aim, the ggcorr function of the ‘GGally’ package in R 4.0.0 was used. We 
found signi�cant correlations between some of these indicators (Suppl. material 2: 
Fig. S1). However, since we aimed to study the relation of each indicator with the 
observed costs independently, we estimated Spearman rank correlations between each 
extracted indicator and country-level expenditures and damage costs using the ‘gg-
pubr’ package in R 4.0.0.

Network analysis of costs

Spatial and taxonomic aspects of Mediterranean invasion costs were concurrently ex-
amined using a bipartite network of two types of nodes: (1) countries and (2) tax-
onomic groups (excluding studies reporting costs on diverse taxonomic groups, or 
in other words costs for species belonging to di�erent taxonomic groups that were 
reported together). For taxa, broad groupings were created from combinations of 
habitat and animal taxonomic group (e.g. “terrestrial mammal”, “aquatic arthropod”) 
or plant guild e.g. (“terrestrial forb” or “aquatic �oating”) to facilitate broad-scale 
taxonomic linking among countries. �e taxonomic groupings used can be found 
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in Suppl. material 1: Mediterranean database. In brief, links were produced among 
nodes where a group had a cost in a given country, and the link thicknesses and node 
sizes were attributed to respective cost totals. As such, the size of the nodes, and 
thickness of the links, correspond to the magnitude of cumulative economic costs 
incurred for the 1990–2017 period. �e network was illustrated in Gephi 0.9.2 using 
the ForceaAtlas2 algorithm (Bastian et al. 2009). We applied the Map Equation com-
munity-detection algorithm (version 0.19.12, www.mapequation.org; Rosvall and 
Bergstrom 2008, Rosvall et al. 2009) to examine clusters of countries which exhibited 
similar combinations of invasion costs. Clusters within this network re�ect groups of 
nodes sharing costs (e.g., an invasive group that impacted multiple countries, or mul-
tiple groups that impacted altogether one to several countries). �e network analysis 
was performed using the ‘biogeonetworks’ R package (Leroy et al. 2019; Leroy 2020), 
and based on the Map Equation algorithm optimised for a two-level partition of the 
network with 1,000 trials.

Results

Overview of invasion costs

Between 1990 and 2017, the total cost of IAS in the Mediterranean basin was esti-
mated at $27.31 billion (in 2017 US$ values). �e majority of the costs for the Medi-
terranean in our database were published after the mid-2000s (orange line, Fig. 2). �e 
number of costs occurring per year exhibited a general increase over time, especially 
after 2006 (red line, Fig. 2)

�e vast majority (87%) of total costs for the region were derived from expec-
tations or predictions (Potential, $23.73 billion), rather than empirical observations 
(Observed, $3.59 billion). However, these potential costs correspond to a relatively 
small number of database entries (n = 279) with the majority of entries corresponding 
to empirical observations (n = 4,507, Fig. 3). Additionally, close to 98% of the cost 
entries for the Mediterranean basin (n = 4,672), corresponding to $25.89 billion, were 
deemed highly reliable based on the method of estimation (see also Suppl. material 2: 
Fig. S2, for method reliability in observed costs). Most of the costs (69%, $18.81 bil-
lion) originated from English-language references.�

Spatial distribution of costs

Between 1990 and 2017, the majority of Mediterranean invasion costs were recorded 
in the western part of Europe: Spain ($12.47 billion, n = 3,367), France ($10.85 bil-
lion, n = 1,237) and Italy ($680.76 million, n = 107). Costs were also high in Libya 
($593.04 billion; n = 8). �e sum of costs in the remaining 11 countries for which data 
were available (i.e. Albania, Bosnia and Herzegovina, Croatia, Cyprus, Egypt, Greece, 
Israel, Malta, Montenegro, Slovenia and Turkey) were found to be relatively low, cor-
roborating low numbers of cost entries (Fig. 4).
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Figure 2. Temporal trends in numbers of documents reporting costs (left y-axis) and cost entries (right 
y-axis) concerning invasive alien species within the Mediterranean basin published during 1990–2020. 
Note the di�erent scales for the two vertical axes. All data shown here re�ect costs occurring in 2017 or 
earlier, as used in our analysis (note that some of these costs were published after 2017).

Figure 3. Balloon plot indicating invasion costs (total) and cost entry numbers for Mediterranean coun-
tries available, according to implementation type (Observed/Potential) and method reliability (High/Low). 
�e numbers inside or adjacent to each balloon correspond to the sample size (also indicated by shading).

When “Observed” costs were considered, France ($780.71 billion, n = 1,036), 
Italy ($502.9 million, n = 94), and Libya ($339.77 million, n = 4) were the top three 
countries, with Turkey ($325.84 million, n = 11) ranking fourth and Spain ($234.48 
million, n = 3,320) �fth. Our dataset contained no costs for the following 11 coun-
tries: Algeria, Andorra, Gibraltar, Lebanon, Monaco, Morocco, Palestine, San Marino, 
Syria, Tunisia and Vatican City.
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