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Abstract 

A good understanding of the mechanisms and magnitude of the impact of invasive alien species on ecosystem services and biodiversity is a 
prerequisite for the efficient prioritisation of actions to prevent new invasions or for developing mitigation measures. In this review, we 
identified alien marine species that have a high impact on ecosystem services and biodiversity in European seas, classified the mechanisms of 
impact, commented on the methods applied for assessing the impact and the related inferential strength, and reported on gaps in available 
information. Furthermore, we have proposed an updated inventory of 87 marine species in Europe, representing 13 phyla, which have a 
documented high impact on ecosystem services or biodiversity.  

Food provision was the ecosystem service that was impacted by the greatest number of alien species (in terms of both positive and 
negative impacts). Following food provision, the ecosystem services that were negatively affected by the highest number of alien species 
were ocean nourishment, recreation and tourism, and lifecycle maintenance, while the ecosystem services that were most often positively 
impacted were cognitive benefits, water purification, and climate regulation. In many cases, marine aliens were found to impact 
keystone/protected species and habitats. Thirty percent of the assessed species had an impact on entire ecosystem processes or wider 
ecosystem functioning, more often in a negative fashion. Forty-nine of the assessed species were reported as being ecosystem engineers, 
which fundamentally modify, create, or define habitats by altering their physical or chemical properties. 

The positive impacts of alien species are probably underestimated, as there is often a perception bias against alien species. Among the 
species herein assessed as high-impact species, 17 had only negative and 7 only positive impacts; for the majority (63 species), both negative 
and positive impacts were reported; the overall balance was often unknown. Although there is no doubt that invasive species have modified 
marine ecosystems, evidence for most of the reported impacts is weak, as it is based on expert judgement or dubious correlations, while only 
13% of the reported impacts were inferred via manipulative or natural experiments. A need for stronger inference is evident, to improve our 
knowledge base of marine biological invasions and better inform environmental managers. 
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Introduction 

Biological invasions severely challenge the 
conservation of biodiversity and natural resources. 
They are considered to be one of the most 
important direct drivers of biodiversity loss and 
a major pressure on several types of ecosystems, 

with both ecological and economic impacts 
(MEA 2005). In marine ecosystems, alien marine 
species may become invasive and displace native 
species, cause the loss of native genotypes, modify 
habitats, change community structure, affect food-
web properties and ecosystem processes, impede 
the provision of ecosystem services, impact 
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human health, and cause substantial economic 
losses (Grosholz 2002; Perrings 2002; Wallentinus 
and Nyberg 2007; Molnar et al. 2008; Vilà et al. 
2010). The rapid globalisation and increasing trends 
of trade, travel, and transport in recent decades 
have accelerated marine biological invasions by 
increasing rates of new introductions through 
various pathways, such as shipping, navigational 
canals, aquaculture, and the aquarium trade (Hulme 
2009; Katsanevakis et al. 2013). 

Ecosystem services are the benefits people 
derive from natural ecosystems. The oceans, and 
especially coastal zones, have been estimated to 
contribute more than 60% of the total economic 
value of the biosphere (Costanza et al. 1997; 
Martínez et al. 2007). Research on marine ecosystem 
services has grown exponentially during the past 
decade, particularly following the Millennium 
Ecosystem Assessment (MEA 2005; Liquete et 
al. 2013a). However, despite recent advances in 
the assessment and valuation of ecosystem services, 
many marine ecosystem services remain poorly 
assessed (Liquete et al. 2013a). In particular, the 
loss or modification of marine ecosystem services 
by invasive species is often overlooked.  

The Convention on Biological Biodiversity 
(CBD) recognised the need for the “compilation 
and dissemination of information on alien species 
that threaten ecosystems, habitats, or species to 
be used in the context of any prevention, 
introduction and mitigation activities”, and calls 
for “further research on the impact of alien 
invasive species on biological diversity” (CBD 
2000). The objective set by Aichi Biodiversity 
Target 9 is that “by 2020, invasive alien species 
and pathways are identified and prioritized, 
priority species are controlled or eradicated, and 
measures are in place to manage pathways to 
prevent their introduction and establishment”. 
This reflects Target 5 of the EU Biodiversity 
Strategy (EU 2011). In Europe, the Marine 
Strategy Framework Directive (MSFD; EU 2008) 
recognises alien marine species as a major threat 
to European biodiversity and ecosystem health, 
requiring Member States to develop strategies to 
reach the Good Environmental Status of the marine 
environment.  

With limited funding, it is necessary to prioritise 
actions for the prevention of new invasions and 
for the development of mitigation measures. This 
requires a good knowledge of the impact of 
invasive species on ecosystem services and 
biodiversity, their current distributions, and the 
pathways of their introduction (Molnar et al. 
2008; Katsanevakis et al. 2013; Galil et al. 2014). 

Here, we provide a comprehensive review of the 
impacts of alien marine species on the ecosystem 
services and biodiversity of European seas 
(including the entire Mediterranean and Black Seas), 
with the aim of (1) identifying high-impact species 
for each ecosystem service and for biodiversity; 
(2) classifying mechanisms of impact; (3) proposing 
an updated inventory of high-impact alien marine 
species for Europe; (4) commenting on the methods 
applied for assessing impact and their inferential 
strength; and (5) reporting gaps in available 
information. 

Methods 

Selection of list of species 

Our list of target species was compiled by 
combining and updating the ‘100 of The Worst’ 
list of DAISIE (Delivering Alien Invasive Species 
Inventories for Europe; http://www.europe-aliens. 
org/speciesTheWorst.do), the NOBANIS fact sheets 
on Invasive Alien Species (European Network on 
Invasive Alien Species; http://www.nobanis.org/Fact 
sheets.asp), the SEBI ‘List of worst invasive alien 
species threatening biodiversity in Europe’ (Stream-
lining European 2010 Biodiversity Indicators; 
http://biodiversity.europa.eu/topics/sebi-indicators), 
and the datasheets of CABI’s Invasive Species 
Compendium (CABI-ISC; http://www.cabi. org/isc/). 
These lists cover all environments (terrestrial, fresh-
water, marine), and thus we selected only those 
species that have been classified as marine by the 
European Alien Species Information Network 
(EASIN; Katsanevakis et al. 2012), excluding 
predominantly freshwater species that might also 
appear in oligohaline environments (i.e. with 
salinities < 5).  

Based on our critical review of the 
aforementioned lists (DAISIE, NOBANIS, SEBI, 
CABI-ISC), review publications that report the 
impact of alien marine species in European or 
regional seas (e.g. Streftaris and Zenetos 2006; 
Otero et al. 2013), the authors’ data and expertise, 
and our review of the scientific and grey literature, 
an updated European list of high-impact marine 
species is proposed. There are many reasons why 
such a list is needed: (1) some of the existing 
lists are general (covering all environments) and 
restrictive (e.g. ‘100’ worst invasives; the magic 
number ‘100’ is not scientifically derived); (2) 
some lists do not have a European focus but are 
either global (CABI-ISC) or sub-European 
(NOBANIS); in the former case they might 
include  species  that  are  high-impact   elsewhere 
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Figure 1. Europe and the surrounding seas. The present review covered all surrounding seas, including those that are not entirely European, 
i.e the entire Mediterranean and Black Seas. 

 
but not in Europe, while in the latter case they 
exclude by definition species that are invasive in 
the Mediterranean or the Black Sea and not in 
the North or the Baltic Seas; (3) these lists are 
not always regularly updated and re-evaluated 
and might miss newly established high-impact 
species; (4) some species that had been considered 
high-impact in the past, might have later passed 
into a non-invasive phase. 

Literature search – selection criteria – expert 
review 

An initial bibliographic search was performed 
with the Scholar Google search engine, which, 
apart from peer-reviewed articles, also includes 
technical reports, PhD theses, and conference 
proceedings. For each species on our list, 
eligibility criteria included any document with 
the following keywords anywhere in the article: 

<species name> AND “alien” AND “impact” 
AND (“Mediterranean” OR “Black Sea” OR 
“North Sea” OR “Baltic”). The results amounted 
to 20,843 articles, including duplicates (i.e. this 
is the sum of the articles found for each separate 
search for all the species of our initial high-
impact list). 

The process of selecting papers to include in 
the review started with a screening on the basis 
of the titles (2,506 papers including duplicates). 
Non-English publications were excluded, and 
full-text articles were not available for a number 
of records (266). The full text of the remaining 
articles (2,046) was screened and after excluding 
non-relevant articles, 329 papers were included 
in the review. These papers reported the impacts 
of one or more of the target marine species on 
one or more ecosystem services and/or biodiversity. 
Both positive and negative impacts were recorded. 
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At a second stage, we additionally retrieved 
information from the DAISIE, NOBANIS, and 
CABI-ISC factsheets and from additional sources 
suggested by the co-authors that had not been 
found through the systematic search described 
above. 

Ecosystem Services classification 

The marine ecosystem services classification 
recently proposed by Liquete et al. (2013a) was 
followed. This classification included the following 
categories of ecosystem services: (1) food provision; 
(2) water storage and provision; (3) biotic 
materials and biofuels; (4) water purification; (5) 
air quality regulation; (6) coastal protection; (7) 
climate regulation; (8) weather regulation; (9) 
ocean nourishment; (10) lifecycle maintenance; 
(11) biological regulation; (12) symbolic and 
aesthetic values; (13) recreation and tourism; and 
(14) cognitive benefits. A detailed description of 
each category and the correspondence with other 
classifications can be found in Liquete et al. 
(2013a) and is herein summarised in Table 1. In 
some of the reviewed papers, different categories 
of ecosystem services were used, but we adapted 
them accordingly.  

Types of evidence 

When assessing the impact of alien species on 
ecosystem services and biodiversity, the aim was 
to evaluate induced changes in the capacity of an 
ecosystem to provide services, in the flow and 
societal benefit of such services, and in the status 
of biodiversity at any level (species, habitat, 
ecosystem), including single-species impacts. In 
such assessments there is often more than one 
hypothesis that can explain an observed change. 
Evidence of an effect is herein defined as the 
information needed to separate hypotheses and 
exclude some as implausible. Strong evidence 
for an impact of an alien species excludes all 
other alternative hypotheses but that which states 
that the observed change came about as an effect 
of the introduced species. Weak evidence leaves 
us with other plausible hypotheses to explain an 
observed change, and thus no certainty of any 
effect caused by the introduced species. 

To assess the strength of documented evidence 
of the impacts of alien species, we categorised 
‘evidence’ into the following six categories: 
Manipulative Experiments, Direct Observations 
of impact, Natural Experiments, Modelling, non-
experimental-based Correlations, and Expert 

Judgement. By ‘Manipulative Experiments’ (marked 
with a superscript ‘E’ in text) we mean field or 
laboratory experiments that include treatments/ 
control and random selection of experimental 
units. In Natural Experiments (marked with a 
superscript ‘N’ in text), one of the elements of 
manipulative experiments is missing and the 
experimental units (i.e. controls or impacted 
areas) are selected by nature (i.e. not randomly). 
Natural Experiments include Before-After, Control-
Impact, and Before-After Control-Impact (BACI) 
or beyond BACI designs. ‘Modelling’ refers to 
presumed impacts as derived from ecosystem 
models. ‘Non-experimental-based Correlation’ 
herein refers to inference based on an observed 
correlation between the species’ presence/ 
abundance and the impact, but not based on an 
experimental design for data collection (e.g. 
when invasive species X appeared, native species 
Y started to decline; or the time series of 
abundance of invasive species X is negatively 
correlated with the time series of the catches of 
commercial species Y). ‘Expert judgment’ refers 
to statements of impact that are based not on 
experiments or correlations but on expert 
opinion, usually based on the species traits or the 
documented impact of similar species. ‘Direct 
Observation of impact’ is herein defined as an 
observation or direct measurement of the impact 
about which there is no doubt (e.g. the clogging 
of fishing nets by jellyfish; large-scale mortality 
events). 

Only real impacts that exist in European seas 
have been included in this assessment; potential/ 
future impacts, e.g. based on evidence in other 
marine areas outside Europe, have not been 
included. The only exception was for the 
assessments of cognitive benefits for which the 
geographic dimension is often less relevant. The 
evidence for stated impacts on ecosystem 
services or biodiversity in European seas was 
categorised as ‘Manipulative Experiment’, ‘Natural 
Experiment’, ‘Direct Observation of impact’, 
‘Modelling’, or ‘non- experimental- based 
Correlation’ only if the experiment, observation, 
or sampling was conducted in European waters. 
Otherwise, where an impact in European waters 
is inferred in the literature based on a study 
conducted elsewhere, the evidence was categorised 
as ‘Expert Judgement’, even if the original study 
reports an experiment, direct observation of 
impact, or non-experimental-based correlation. 
The magnitude of reported impacts was not taken 
into account; i.e., local, small-scale, and large-
scale impacts were all treated equally. 
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Table 1. List and description of marine ecosystem services, adapted from Liquete et al. (2013a)  

Ecosystem service Description 

Provisional services 

Food provision 
Provision of biomass from the marine environment for human consumption. This includes all industrial, artisanal 
and recreational fishing activities and aquaculture. 

Water storage and 
provision 

Provision of water for human consumption and other uses. In the marine environment, these uses are mainly 
associated with coastal lakes, deltaic aquifers, desalination plants, industrial cooling processes, and coastal 
aquaculture in ponds and raceways. 

Biotic materials and 
biofuels 

Provision of biomass or biotic elements for non-food purposes, including medicinal (e.g. drugs, cosmetics), 
ornamental (e.g. corals, shells) and other commercial or industrial purposes, such as fishmeal, algal or plant 
fertilisers, and biomass to produce energy or biogas from decomposing material. 

Regulating and maintenance services 

Water purification 

Biochemical and physicochemical processes involved in the removal of wastes and pollutants from the aquatic 
environment, including treatment of human waste, dilution, sedimentation, trapping or sequestration (e.g. of 
pesticide residues or industrial pollution); bioremediation; oxygenation of “dead zones”, filtration and absorption; 
remineralisation; and decomposition. 

Air quality 
regulation 

Regulation of air pollutant concentrations in the lower atmosphere. 

Coastal protection 
Natural protection of the coastal zone against inundation and erosion from waves, storms or sea level rise by 
biogenic and geologic structures that disrupt water movement and thus stabilise sediments or create protective 
buffer zones. 

Climate regulation 
The ocean acts as a sink for greenhouse and climate active gasses, as inorganic carbon is dissolved into the 
seawater and used by marine organisms, a percentage of which is sequestered; perennial large algae and higher 
plants can store carbon for longer periods. 

Weather regulation 
Influence on the local weather conditions, e.g. the influence of coastal vegetation and wetlands on air moisture 
and, eventually, on the saturation point and cloud formation. 

Ocean nourishment Natural cycling processes leading to the availability of nutrients in seawater for the production of organic matter. 

Lifecycle 
maintenance 

The biological and physical support to facilitate the healthy and diverse reproduction of species; this mainly 
refers to the maintenance of key habitats that act as nurseries, spawning areas or migratory routes. 

Biological 
regulation 

Biological control of pests. The control of pathogens especially in aquaculture installations, the role of cleaner 
fish in reefs, biological control on the spread of vector borne human diseases, and the control of invasive species. 

Cultural services 

Symbolic and 
aesthetic values 

This is about the exaltation of senses and emotions by seascapes, habitats or species, and values put on coastal 
natural and cultural sites, and on the existence and beauty of charismatic habitats and species such as corals or 
marine mammals. 

Recreation and 
tourism 

Opportunities that the marine environment provides for relaxation and entertainment, including coastal activities 
such as bathing, sunbathing, snorkelling, SCUBA diving, and offshore activities such as sailing, recreational 
fishing, and whale watching. 

Cognitive effects 
Inspiration for arts and applications (e.g. architectural designs inspired by marine shells, medical applications 
replicating marine organic compounds), material for research and education (e.g. as test organisms for biological 
experiments), information and awareness (e.g. respect for nature through the observation of marine wild life). 

 

Results and discussion 

Impact Matrix – Overview 

One hundred and one marine or euryhaline 
species listed as invasive in DAISIE, NOBANIS, 
SEBI, and CABI, were included in the present 
assessment (Table 2). Nine additional species (in 
bold in Table 2) were included, as their high 

impact on ecosystem services or biodiversity has 
been well documented. The dominant groups in the 
assessed list of species were Crustacea (23 species), 
followed by Mollusca (20 species), and 
macroalgae (16 species). Details on the literature 
review and the impact assessment of each 
species of the list can be found in the online 
supplementary material (Supplement 1).  

Food provision was the ecosystem service that 
was  impacted  by  the  highest  number  of  alien 
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Table 2. Impact Matrix: Negative (red) and positive (green) impacts of alien marine species in European waters on ecosystem services 
(sensu Liquete et al. 2013a) and biodiversity. Species that have not been previously listed as high-impact species in DAISIE, NOBANIS, 
SEBI, or CABI are indicated in bold. Type of evidence is indicated for each impact: Manipulative Experiments, E; Natural Experiments, N; 
Direct Observations of impact, O; Modelling, M; non-experimental-based Correlations, C; Expert Judgement, J. (Cr): Cryptogenic species. 
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Table 2 (continued). Impact Matrix: Negative (red) and positive (green) impacts of alien marine species in European waters on ecosystem 
services (sensu Liquete et al. 2013a) and biodiversity. Species that have not been previously listed as high-impact species in DAISIE, 
NOBANIS, SEBI, or CABI are indicated in bold. Type of evidence is indicated for each impact: Manipulative Experiments, E; Natural 
Experiments, N; Direct Observations of impact, O; Modelling, M; non-experimental-based Correlations, C; Expert Judgement, J. (Cr): 
Cryptogenic species. 
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Table 2 (continued). Impact Matrix: Negative (red) and positive (green) impacts of alien marine species in European waters on ecosystem 
services (sensu Liquete et al. 2013a) and biodiversity. Species that have not been previously listed as high-impact species in DAISIE, 
NOBANIS, SEBI, or CABI are indicated in bold. Type of evidence is indicated for each impact: Manipulative Experiments, E; Natural 
Experiments, N; Direct Observations of impact, O; Modelling, M; non-experimental-based Correlations, C; Expert Judgement, J. (Cr): 
Cryptogenic species. 

 

 
species (in terms of both positive and negative 
impacts) (Table 2; Figure 2; Supplement 1). 
Following food provision, the ecosystem services 
that were negatively affected by most species 
were ocean nourishment, recreation and tourism, 
and lifecycle maintenance, while the ecosystem 
services that were positively impacted by most 
species were cognitive benefits, water purification, 
and climate regulation (Table 2; Figure 2; Supple-
ment 1). There was a variety of mechanisms 
through which alien species impact ecosystem 
services, which are different for each service 
(Figure 3). No impact was documented for weather 
regulation, and low numbers of species have 

been reported to affect air quality regulation and 
biological regulation. No impact on any ecosystem 
service was reported for 31 species, while impacts 
on only one ecosystem service were documented 
for 21 species; the rest impacted (either in a 
positive or in a negative way) more than one 
ecosystem service (Figure 4). The highest number 
of ecosystem services impacted by a species was 
ten, documented for three species: the macroalga 
Sargassum muticum and the tracheophytes Spartina 
alterniflora and S. anglica. Tracheophyta and 
macroalgae were the taxonomic groups with the 
highest average numbers of impacted ecosystem 
services (9.0 and 6.1 respectively). 
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Figure 2. Overview of the number 
of taxa that have been reported to 
impact ecosystem services (Top) or 
biodiversity (Bottom). 
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The majority of the assessed alien species have 
been reported to affect more than one native 
species through a variety of mechanisms (Figure 
5), more often, i.e. 65%, in a negative way, while 
35% have been reported to have a positive impact 
on other species (Figure 2). In many cases, the 
aliens also impacted keystone species or species 
of high conservation value. Thirty-three of the 

assessed species affected entire ecosystem processes 
or wider ecosystem functions, more often in a 
negative way (Figure 2; Table 2). Forty-nine of 
the assessed species have been reported to be 
ecosystem engineers (Wallentinus and Nyberg 2007; 
Berke 2010) that fundamentally modify, create 
or define habitats by altering their physical or 
chemical properties. 
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Figure 3. Main mechanisms through which alien species impact ecosystem services (sensu Liquete et al. 2013a). Green cross: positive 
impacts; Red minus sign: negative impacts. 

 
 
Reported impacts on ecosystem services and 

biodiversity are presented in detail below. A 
superscript (E) or (N) was added to indicate 
species for which inference of an effect was 
based on manipulative or natural experiments 
respectively. This was done to highlight, which 
specific impacts are supported by strong 
evidence. We do not provide extensive lists of 
references for all reported impacts but rather 
selected examples, with a focus on manipulative 
and natural experiments. A full list of references 
is provided in the supplementary material 
(Supplement 1). 

Impact on ecosystem services  

Food provision 

Due to its economic relevance and the existence 
of market prices to provide a value, food 
provision was the most analysed marine ecosystem 
service. The most meaningful indicators of this 
service included abundance or biomass of 
commercial marine living resources, sea food 
quality, catches, landings, number of viable 
fisheries, and income and jobs from fisheries and 
aquaculture (Liquete et al. 2013a). There are many 
mechanisms through which alien species impact 
food provision (Figure 3). 
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Figure 4. Frequency chart of the number 
of impacted ecosystem services by each 
species (i.e. how many species affect 0, 
1, 2, 3, etc., ecosystem services). 
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Phytoplanktonic invasive species may bloom, 
causing severe damage to aquaculture or fisheries. 
Alexandrium minutum has caused persistent blooms 
in northern Europe since 1985, causing severe 
economic losses to aquaculture (Nehring 1998). 
Karenia mikimotoi, known as a fish-killer, has 
caused massive mortalities of fish and demersal 
animals in north-western Europe from 1968 
onwards, including farmed finfish and shellfish 
(Raine et al. 2001 and references therein). Gymno-
dinium catenatum has become an abundant and 
well-established species in the Alborán Sea, and 
is associated with frequent toxic events. Over the 
past four decades, blooms of G. catenatum have 
caused Paralytic Shellfish Poisoning (PSP) episodes 
along the west coast of the Iberian Peninsula 
(Portugal and Spain), leading to the interruption 
of harvesting and commercialization of shellfish, 
with severe economic losses to the sector (Ribeiro et 
al. 2012). The ichthyotoxic (Skjelbred et al. 2011) 
flagellate Pseudochattonella verruculosa(E) caused 
the death of 350 tonnes of farmed Norwegian sal-
mon in 1998 and 1,100 tonnes in 2001 (Edvardsen 
et al. 2007), also causing mortalities of wild fish 
(garfish, herring, sandeel and mackerel) along the 
west coast of Denmark (Naustvoll 2010). Phaeo-
cystis pouchetii(E,N) has been reported to reduce 
growth in farmed salmon, and water from algal 
cultures was found to be toxic to cod larvae 
(Aanesen et al. 1998). During Coscinodiscus 
wailesii blooms, copious amounts of mucilage can 
be produced, which may cause extensive clogging 
of fishing nets, aquaculture cages and other equip-
ment (Boalch and Harbour 1977; Boalch 1984).  

Many alien species such as the macroalgae 
Acrothamnion preissii, Caulerpa cylindracea, C. 
taxifolia, Codium fragile subsp. fragile, Gracilaria 
vermiculophylla, Lophocladia lallemandii, 
Sargassum muticum, and Womersleyella setacea, 
the two Spartina grasses, and the coral Oculina 
patagonica may cause the degradation of important 
biotopes, which support stocks of commercial and 
non-commercial fish in many ways (e.g. by pro-
viding food, refuge and nursery grounds). Hence, 
these species may have an indirect negative 
impact on food provision as they impact essential 
habitats for fish stocks, such as sublittoral algae, 
seagrass and coralligenous communities. On the 
other hand, the novel habitats created by some of 
these ecosystem engineers may support (presumably 
different) stocks of commercial species, and it is 
often difficult to assess the overall balance of the 
effect on food provision, which may vary depending 
on several factors.  

One of the most marked examples of impact 
on food provision is the invasion of the carnivorous 
ctenophore Mnemiopsis leidyi in the Black and 
Caspian Seas, which caused dramatic reductions 
in zooplankton, ichthyoplankton, and zooplankti-
vorous fish populations in the 1980s and early 
1990s (Shiganova 1998; Shiganova et al. 2001b; 
Leppäkoski et al. 2009). This species, probably 
in combination with other stress factors (Bilio 
and Niermann 2004), affected stocks of many 
commercial fish, especially anchovy Engraulis 
encrasicolus, Mediterranean horse mackerel 
Trachurus mediterraneus, and Azov kilka 
Clupeonella cultriventris (Shiganova et al. 2001b). 
The annual financial loss of the fish catch attributed 
to the Mnemiopsis plague was calculated to be 
approximately 200 million USD in the Black Sea 
and 30-40 million USD in the Sea of Azov 
(GESAMP 1997). By contrast, one of the most 
marked examples of invasion events of gelatinous 
organisms with potentially positive impact was 
the establishment of the ctenophore Beroe ovata 
in the Black Sea. B. ovata is a predator of M. 
leidyi and has been reported to cause its decline 
in the Black Sea as well as a partial recovery of 
the planktonic food web structure (Shiganova et 
al. 2001a; Finenko et al. 2003).  

Decline of commercial stocks due to direct 
predation or competition for resources (food or 
space) is the presumed mechanism of negative 
impact in the cases of the decapods Homarus 
americanus and Paralithodes camtschaticus, the 
fish Fistularia commersonii, Neogobius melastomus, 
Saurida undosquamis, Liza haematocheila, 
Siganus luridus and S. rivulatus, the bivalves 
Crassostrea gigas and Pictada imbricata 
radiata, and the gastropods Urosalpinx cinerea 
and Rapana venosa. Notably, Rapana venosa is 
responsible for the depletion of large stocks of 
commercial bivalves (esp. Mytilus galloprovincialis 
and Ostrea edulis) and the associated communities 
in the Black Sea since the 1950s (Zolotarev 
1996; Salomidi et al. 2012). On the other hand, 
most of the same species are fished or farmed 
and have substantial positive impact on food 
provision, e.g. the above-mentioned R. venosa 
has supported very profitable fisheries in the 
Black Sea (Sahin et al. 2009 as R. thomasiana).  

The following alien species are edible and are 
important, some on a large-scale and others locally, 
for fisheries or aquaculture in their introduced 
range: the fish Liza haematocheila, Saurida 
undosquamis, Siganus luridus, S. rivulatus, the 
molluscs   Ensis  directus,     Mercenaria  mercenaria, 
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Mya arenaria, Venerupis philippinarum, and 
Crepidula fornicata the decapods Chionoecetes 
opilio, Marsupenaeus japonicus, Palaemon 
macrodactylus, Paralithodes camtschaticus, and 
Portunus segnis, and the brown alga Undaria 
pinnatifida. For example, V. philippinarum is 
one of the most important species in shellfish 
farming and its production accounts for >20% of 
the global shellfish market; Italy is the largest 
European producer with a production worth over 
100 million euros (Otero et al. 2013). 

Some macroalgae (e.g. Codium fragile subsp. 
fragile, Gracilaria vermiculophylla, Grateloupia 
turuturu, Sargassum muticum, Undaria pinnatifida) 
can have an economic negative impact on 
aquaculture and fisheries by fouling shellfish 
facilities, fishing gear and shellfish beds, 
smothering mussels and scallops, clogging 
scallop dredges, and interfering with harvesting. 
The cladoceran Cercopagis pengoi attaches to 
fishing gear and clogs nets and trawls, potentially 
causing problems and substantial economic 
losses for fishermen and fish farms. Other alien 
sessile species that may negatively affect aqua-
culture and fisheries by fouling gear, equipment 
or shellfish are the polychaetes Ficopomatus 
enigmaticus, Hydroides dianthus and Hydroides 
elegans, the barnacles Amphibalanus improvisus and 
Austrominius modestus, the gastropod Crepidula 
fornicata(E), the ascidians Microcosmus squamiger, 
and Styela clava, and the hydrozoan Cordylophora 
caspia (e.g., Thieltges 2005a). These fouling 
species may compete for space with cultured 
bivalves causing a reduction of production, bring 
additional costs for sorting and cleaning fouled 
shells before marketing, and lead to extra costs 
for maintenance of fishing gear or aquaculture 
equipment.  

The entanglement of some species (e.g. 
Eriocheir sinensis, Gammarus tigrinus, Plotosus 
lineatus) in fish and shrimp nets may increase 
handling times and damage the nets or the target 
species. Coastal trawling and purse-seine fishing 
are disrupted in Israel when massive swarms of 
the jellyfish Rhopilema nomadica appear, as the 
overwhelming presence of these venomous medusas 
in the nets causes net clogging and inability to 
sort the catch (Rilov and Galil 2009). 

Disease transmission from alien species might 
be the cause of increased mortality in native 
populations of commercially important species 
or in holding facilities. For example, heavy 
mortalities of European lobsters in a South 
Wales holding facility in 2006 were due to 
gaffkaemia, a bacterial disease caused by the 

Aerococcus viridans var. homari, which was 
transmitted to native lobsters by imported American 
lobsters (Homarus americanus) (Stebbing et al. 
2012). Rhithropanopeus harrisii was identified 
as a carrier of the white spot syndrome, a viral 
infection causing a highly lethal and contagious 
disease in commercially harvested and aquacultured 
penaeid shrimp (Payen and Bonami 1979). 

Many alien species (their planktonic larvae 
included) are thought to have a positive impact 
to fish populations by being a potential food 
source. This is the case for the polychaetes 
Marenzelleria spp., which are a food source for 
demersal fish such as plaice (Pleuronectes platessa) 
and flounder (Platichthys flesus) (Winkler and 
Debus 1997). The copepod Acartia tonsa constitutes 
significant prey for pelagic fish, and has also 
been used to produce live feed for aquacultured 
species (Sørensen et al. 2007), e.g. turbot reared 
in the Black Sea. The cladoceran Cercopagis 
pengoi is a very important food source for many 
fish, such as small herring, stickleback, smelt, 
and bleak (Ojaveer et al. 2004; Kotta et al. 2006).  

Water storage and provision 

The main type of negative impact of alien species on 
water provision is by clogging the intake pipes 
of industrial plants. This has been reported for the 
macroalgae Lophocladia lallemandii and Sargassum 
muticum, the polychaete Ficopomatus enigmaticus, 
the barnacle Amphibalanus improvisus, the 
decapods Eriocheir sinensis and Rhithropanopeus 
harrisii, the bivalve Brachidontes pharaonis, the 
hydrozoan Cordylophora caspia, and the jellyfish 
Rhopilema nomadica. No positive effect on water 
storage and provision has been attributed to any 
alien marine species. 

Biotic materials and biofuels 

Many alien species may have a negative impact 
on the provision of biotic materials by causing 
the degradation of important habitats that provide 
such materials, such as sublittoral algae, coralli-
genous communities, maerl beds, and seagrass 
meadows (Salomidi et al. 2012). Alien species that 
potentially cause the degradation of such habitats 
include the macroalgae Acrothamnion preissii, 
Caulerpa cylindracea, C. taxifolia, Codium fragile 
subsp. fragile, Gracilaria vermiculophylla, Lopho-
cladia lallemandii, Sargassum muticum, and 
Womersleylla setacea, the fish Siganus luridus 
and S. rivulatus, the gastropod Crepidula fornicata, 
and the coral Oculina patagonica. 
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On the other hand, some alien species are the 
source of useful biotic materials. Both Asparagopsis 
species have been farmed as a source for 
compounds used in medicine and in cosmetics. 
Gracilaria vermiculophylla is farmed to produce 
agar. Sargassum muticum has a commercial value 
for extracting polyphenols, and when chemically 
treated its biomass can absorb heavy metals, as 
can char made from Undaria pinnatifida. The 
grasses Spartina alterniflora and S. anglica have 
been used as a food product for animals and can 
potentially be used as biofuels and as raw material 
for paper production. The crab Eriocheir sinensis 
has been used as live fish bait, for fishmeal 
production, as agricultural fertiliser, and for 
cosmetic products. Mya arenaria is also used in 
some localities to feed poultry, and Crepidula 
fornicata as a calcareous supplement for agriculture. 
The bivalves Chama pacifica and Spondylus 
spinosus are valuable species for seashell collectors, 
with a small trading market, and Rapana venosa 
shells are marketed as tourist souvenirs. 

Water purification 

Many alien species may have a negative impact 
on water purification by causing the degradation 
of important communities and their habitats that 
provide such a service, such as those of 
sublittoral algae, seagrasses, and mussel or 
oyster reefs. These species include the gastropod 
Rapana venosa, and the fish Siganus luridus and 
S. rivulatus. R. venosa is responsible (through 
predation) for the substantial reduction in the 
range and density of oyster and mussel 
settlements in the Black Sea (Zolotarev 1996; 
Salomidi et al. 2012), while Siganus spp. are 
responsible (because of overgrazing) for the 
gradual transformation of the eastern Mediterranean 
sublittoral ecosystem from one dominated by 
lush and diverse brown algal forests to one 
dominated by bare rock (Sala et al. 2011). 

Alien suspension feeders such as bivalves, the 
gastropod Crepidula fornicata(N), and the poly-
chaetes Ficopomatus enigmaticus(E), Hydroides 
elegans, H. dianthus, and H. ezoensis may 
substantially contribute to water purification by 
increased biofiltration, removal of suspended 
particulate matter and increased sedimentation 
(e.g. Davies et al. 1989; Pranovi et al. 2006). 
C. fornicata(N) greatly improves water quality 
and causes a shift of phytoplankton blooms from 
toxic flagellates to diatoms (Ragueneau et al. 
2002). Alien macrophytes can make a positive 
contribution to water purification by absorbing 

pollutants and some (e.g. Asparagopsis armata(E), 
A. taxiformis, Gracilaria vermiculophylla(E), 
Undaria pinnatifida(E)) are used in aquaculture 
as biofilters (e.g., Schuenhoff et al. 2006).  

On the other hand, the population outbreak of 
Mnemiopsis leidyi in the Black Sea, and the 
resulting trophic cascade, has led to increased 
phytoplankton and bacterioplankton populations, 
triggering increases in zooflagellates and infusoria 
populations, and causing an overall decline in water 
quality. During blooms of phytoplanktonic species, 
extracellular toxins can be measured in the seawater, 
e.g. Gymnodinium catenatum in Portugal (Costa 
et al. 2010). Species that control harmful species 
that have a negative impact on water quality are 
considered as having a positive impact on water 
purification, e.g. Acartia tonsa can serve as a bio-
logical control of algal blooms and Beroe ovata 
controls M. leidyi outbreaks in the Black Sea. 

Mortality of massive aggregations of alien 
species can be problematic for water quality. For 
example, M. leidyi has been reported to cause 
anoxia in near-bottom waters due to the massive 
deposition of dead individuals (Streftaris and 
Zenetos 2006). The copious mucilage, which 
may be produced during Coscinodiscus wailesii 
blooms, can aggregate, sink and cover the seabed, 
likely causing anoxic conditions.  

Air quality regulation 

Not many alien marine species have been 
reported to impact air quality regulation. Bloom-
forming phytoplanktonic species such as Karenia 
mikimotoi and Phaeocystis pouchetii may negatively 
affect air quality due to the anoxia caused by the 
dying, sinking bloom and the smell of dead orga-
nisms. Also, the mass development of algae (e.g. 
Lophocladia lallemandii, Womersleyella setacea) 
can often result in anoxia. Along the Romanian 
beaches, stinking masses of dead Mya arenaria 
had to be removed regularly from the shoreline 
during the tourist season (Leppäkoski 1991). 
Species producing dimethylsul-phoniopropionate 
(DMSP) such as Phaeocystis pouchetii, Codium 
fragile subsp. fragile, Spartina alterniflora, and S. 
anglica have a negative impact on air quality 
(see also the section on Climate Regulation 
below).  

Coastal protection 

Important habitats for coastal protection include 
biogenic reefs (e.g. oyster and mussel reefs), 
kelp beds, and seagrass meadows (Boström et al. 
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2011; Salomidi et al. 2012; Liquete et al. 2013b). 
Alien species that cause the degradation of such 
habitats (e.g. Acrothamnion preissii, Gracilaria 
vermiculophylla, Lophocladia lallemandii, 
Womersleyella setacea) can have a severe negative 
impact on coastal protection, although the same 
species may trap sediments (i.e., have a positive 
impact). The loss of, for example, eelgrass 
typically results in loss of positive feedbacks and 
a permanently turbid state of coarse sediment. 
Caulerpa taxifolia has been reported to outcompete 
the native seagrasses Cymodocea nodosa and 
Posidonia oceanica or affect their performance. 
However, it seems that the impact of this species 
on native seagrass beds has been overstated; 
dense and healthy seagrass beds are probably not 
affected by C. taxifolia (Jaubert et al. 1999). 
Furthermore, C. taxifolia(E) beds (as well as C. 
cylindracea beds(E)) in already degraded seagrass 
beds, stressed environments, or over bare soft 
substrata might have an overall positive effect on 
protection of sediments from erosion and provide 
coastal protection (Hendriks et al. 2010). Similar 
is the case of Sargassum muticum, which 
outcompetes seagrasses and native kelp, but on 
the other hand, its dense stands may contribute to 
coastal protection. Rapana venosa caused extensive 
damage to the oyster and mussel reefs of the 
Black Sea, and thus severely impacted the coastal 
protection service of these biogenic structures.  

Spartina alterniflora and S. anglica are 
grasses that can accrete large volumes of tidal 
sediment leading to substantial increases in 
marsh elevation. This property made the species 
valuable for coastal protection, stabilisation of 
mudflats, and reclamation schemes in the early 
20th century, and the species have been 
intentionally introduced by coastal engineers to 
coastal and estuarine mudflats throughout the 
world to control natural coastal erosion (Nehring 
and Adsersen 2006). Like other phanerogames, 
Halophila stipulacea forms dense beds in soft 
substrata, contributing to sediment stability. 

Another species with a potentially positive 
impact on coastal protection is Crassostrea 
gigas, which constructs extensive oyster reefs. C. 
gigas displaces mussel beds, which also offer 
coastal protection, but the overall balance of this 
change seems to be positive. Mature C. gigas 
reefs appear to be more persistent than mussel 
beds and may therefore stabilise the sediments 
on a longer time scale. As these mature reefs are 
anchored deep in the sediment, they consolidate 
the substrate firmly and thus prevent erosion of 
intertidal flats (Troost 2010). 

Climate regulation 

Once dissolved in the seawater, CO2 reacts with 
the water and forms carbonic acid, the anion of 
which (carbonate) is used by shelled molluscs 
and corals to make calcium carbonate skeletons 
or shells and by algae to strengthen their cell 
walls against grazers. Hence, alien species that 
create such skeletons or shells have a potentially 
positive impact on carbon sequestration and thus 
on climate regulation. All the alien shelled molluscs 
that develop massive populations, increasing the 
overall mass of calcium carbonate, have a positive 
impact on climate regulation. For example, the 
gastropod Crepidula fornicata, may create dense 
populations that entirely cover the seabed; the 
bivalve Mya arenaria, can form dense aggregations 
of shell (death assemblages) that persist for 
decades; the oysters Crassostrea gigas, Chama 
pacifica and Spondylus spinosus can form massive 
oyster reefs; and the serpulid polychaete species 
Ficopomatus enigmaticus can form reef-like 
biogenic constructions in estuarine areas.   

Mass occurrences of some alien species result 
in a decline of the carbon storage capacity of the 
ecosystem by causing the degradation of important 
habitats for carbon storage and sequestration, 
such as seagrass meadows and communities of 
sublittoral perennial algae. For example, the fish 
Siganus luridus and S. rivulatus cause the 
degradation of sublittoral brown algal forests, 
substantially reducing the carbon storage capacity 
of the shallow sublittoral zone in the eastern Medi-
terranean. Other species such as many macroalgae, 
the gastropod Crepidula fornicata, and the coral 
Oculina patagonica cause a shift from native 
habitats to novel habitats that offer the same 
service, and it is unknown what the overall 
balance is. We found no studies that set out to 
assess this balance. The grasses Spartina spp. 
and the seagrass Halophila stipulacea have a 
positive impact on carbon sequestration by 
storing carbon in their leaves and rhizomes.  

Phaeocystis pouchetii, Codium fragile subsp. 
fragile, Spartina alterniflora, and S. anglica are 
species known for producing dimethylsulphonio-
propionate (DMSP). DMSP can be enzymatically 
converted into dimethylsulphide (DMS), which 
is involved in the biological regulation of climate. 
DMS is a source of cloud-condensation nuclei 
(CCN), which regulate the reflectance (albedo) 
of clouds (Bates et al. 1987; Charlson et al. 1987; 
Carslaw et al. 2010). DMS emission seems to have 
a cooling tendency (as CO2 pumping) through its 
effect on planetary albedo, and thus these DMSP 
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producers are considered to have a positive impact 
on climate regulation. However, the sensitivity 
of CCN to changes in DMS emissions seem to be 
rather weak (Woodhouse et al. 2010; Quinn and 
Bates 2011). Schoemann et al. (2005) estimated 
that the contribution of Phaeocystis blooms to 
the global DMS flux to the atmosphere is 5 to 10%. 
On the other hand, S. alterniflora communities 
have been shown to also produce high emissions 
of the greenhouse gas methane (Tong et al. 2012), 
which has a negative impact on climate. 

Ocean nourishment  

Large algal blooms consume nutrients, and thus 
alien species that build up such blooms, such as 
Alexandrium minutum, Karenia mikimotoi, 
Gymnodinium catenatum, Phaeocystis pouchetii, 
Coscinodiscus wailesii, Fibrocapsa japonica, 
and Pseudochattonella verruculosa may have a 
negative impact on ocean nourishment. However, 
the fate of the nutrients absorbed during the 
blooms and the extent of remineralisation varies 
substantially depending on the specific conditions 
(Schoemann et al. 2005). Due to their large 
surface-to-volume ratios, many of the filamentous 
macroalgae (but also thin flat ones) have rapid 
uptake rates of nutrients (Littler 1980; Littler and 
Littler 1980; Wallentinus 1984), which are then 
unavailable to other species. If short-lived they 
may, however, decompose quite quickly, and the 
nutrients will be circulated back to the system. 
On the other hand, the seagrass Halophila 
stipulacea makes a positive contribution to ocean 
nourishment as it absorbs its nutrients from the 
sediment, but the leaves have quite a fast 
turnover rate, meaning that the bound nutrients 
could be used within the food web.  

Filter feeders, such as the bivalves Anadara 
kagoshimensis, A. transversa, Arcuatula senhousia, 
Brachidontes pharaonis, Chama pacifica, 
Crassostrea gigas, Ensis directus, Pinctada 
imbricata radiata, the gastropod Crepidula 
fornicata, the barnacle Amphibalanus improvisus, 
and the reef-forming polychaete Ficopomatus 
enigmaticus, filter suspended particles and 
subsequently deposit faeces as well as particles 
captured but not consumed onto the sediments. 
They can greatly increase the rate at which 
particles are transported from the water column 
to the sediments. Such increased sedimentation 
can represent a significant loss of energy and 
nutrients from the water column and decrease 
pelagic production (Strayer et al. 1999; Vanni 
2002). Some of the N and P that was originally 

incorporated in phytoplankton, but was not 
digested by the bivalves, can become buried in 
the accumulating sediments (Newell 2004). 
Furthermore, where biodeposits are incorporated 
into aerobic surficial sediments that overlay 
deeper anaerobic sediments, microbially mediated, 
coupled nitrification-denitrification can permanently 
remove N from the sediments as N2 gas (Newell 
2004). If they end up in anaerobic sediments, the 
anammox process may also result in N2 gas. 
Hence, although in the short-term filter feeders 
might increase the nutrients in the seawater 
through excretion and by reducing the standing 
biomass of phytoplankton, the overall balance is 
negative. Additionally, many bivalves represent 
a large harvestable biomass, whose removal actually 
removes nutrients from the system. Thus, in general, 
invasive filter feeders have a negative impact on 
ocean nourishment, as defined by Liquete et al. 
(2013a). However, it has to be stressed that in areas 
heavily loaded by nutrients, ocean nourishment 
is not a concern; filter feeders in such locations 
are generally considered of positive impact as 
they greatly improve water quality and thus 
assist highly valued species (e.g., seagrasses and 
macrophytes) to grow to greater depths due to 
increased light penetration and reduced epiphyte 
overgrowth. 

Additionally, bioturbation of sediments through 
soft-bottom bivalve movements (Anadara kagoshi-
mensis, A. transversa, Ensis directus, Mya 
arenaria, Venerupis philippinarum(N)) increases 
sediment water and oxygen content and releases 
nutrients from the sediment to the water column 
(Vaughn and Hakenkamp 2001), thus positively 
impacting ocean nourishment. For example, V. 
philippinarum(N) is known to significantly increase 
bioturbation rates, sediment mixing and re-
suspension rates, which enhance solute exchange 
with the overlying water column and can promote 
phytoplankon blooms and macroalgal growth, 
positively affecting primary production (Bartoli 
et al. 2001; Queirós et al. 2011). The polychaetes 
Marenzelleria spp. also re-circulate organic matter 
and nutrients deposited in deeper sediment and 
accelerate remineralisation through their 
bioturbation activity, thus nourishing the seawater 
(Kotta et al. 2001; Norkko et al. 2012). 

Lifecycle maintenance 

Important habitats that act as nurseries, spawning 
areas, or migratory routes are communities of 
infralittoral algae, coralligenous communities, maerl 
beds, seagrass meadows, and biogenic structures 
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such as mussel and oyster beds or polychaete worm 
reefs (Salomidi et al. 2012). Therefore, any aliens 
that cause the degradation of such habitats may 
have a severe impact on the lifecycle maintenance 
of associated species. This is the case with many 
aliens such as the macroalgae Acrothamnion 
preissii(E), Caulerpa cylindracea, C. taxifolia, 
Codium fragile subsp. fragile, Gracilaria vermiculo-
phylla, Lophocladia lallemandii, Sargassum 
muticum, Undaria pinnatifida, and Womersleylla 
setacea(E,N), the grasses Spartina alterniflora and 
S. anglica, the oyster Crassostrea gigas, the 
gastropods Crepidula fornicata and Rapana 
venosa, the coral Oculina patagonica, and the 
fish Siganus luridus and S. rivulatus (see also the 
text on ‘Water purification’ above). On the other 
hand, some of these species are also providers of 
the same service, and the overall balance is 
usually unknown. For example, U. pinnatifida 
seems to be beneficial in areas with high sediment 
load and lower salinities, where less native 
vegetation occurs, by providing a nursery ground 
for small fish and shelter for macrofauna (Fletcher 
and Farell 1999). S. muticum has been reported 
to dominate the macroalgal assemblages of many 
sites and has caused the decline of many seaweeds 
and some seagrass beds. On the other hand, the 
morphology of the species, with its lateral branches 
lifted in an upright position due to the many 
small air bladders, contributes to the establishment 
of a three-dimensional habitat, which is important 
for the lifecycle maintenance of many species. 

Only positive impacts on lifecycle maintenance 
have been reported for the brown alga Undaria 
pinnatifida, the seagrass Halophila stipulacea, 
the serpulid polychaete Ficopomatus enigmaticus, 
and the bivalves Chama pacifica, Pinctada 
imbricata radiata, and Spondylus spinosus. These 
three bivalves can create dense oyster beds, 
increasing the spatial complexity of benthic habitats, 
and acting as important feeding and nursery 
grounds for many fish and invertebrate species. 
F. enigmaticus creates reef-like aggregates, in 
which tubes grow vertically to the substrate in 
clumps and attach to each other, offering substrate, 
shelter, and food for many species such as fish 
and migratory birds. 

The introduction and outbreak of Mnemiopsis 
leidyi in the Black Sea rendered the pelagic 
habitat unfavourable for the reproduction and 
thriving of many species of zooplankton and 
pelagic fish. The invasive species was able to 
consume most of the zooplankton stock within a 
few days (Finenko et al.  2006), causing cascading 
effects such as the collapse of planktivorous fish 

and vanishing dolphin populations (Shiganova 
1998). The negative impact of M. leidyi on 
lifecycle maintenance has been mitigated by the 
arrival and expansion of its predator Beroe ovata 
(Shiganova et al. 2001a; Finenko et al. 2003), which 
is therefore considered as having a positive 
impact on lifecycle maintenance. 

Biological regulation 

Some alien species may control other invasive 
species and thus have a positive impact on 
biological regulation. Due to its high abundance 
and  grazing abilities,    the copepod Acartia tonsa 
can serve as a potential biological control of 
algal blooms (Leppäkoski et al. 2002). The 
gastropod Crepidula fornicata(E,N) causes a shift 
of phytoplankton blooms from toxic flagellates 
to diatoms, and can also serve as a sink for 
infectious trematode parasites and hence be 
beneficial for bivalve basibionts (Ragueneau et 
al. 2002; Thieltges et al. 2006, 2009). Beroe ovata 
is an important regulator of the invasive ctenophore 
Mnemiopsis leidyi (Shiganova et al. 2001a; Finenko 
et al. 2003). On the other hand, the predatory 
cladoceran Cercopagis pengoi has caused the 
decline in the Baltic Sea of native small-sized 
cladocerans such as Bosmina coregoni maritima, 
Evadne nordmanni, and Pleopsis polyphemoides 
probably due to direct predation (Ojaveer et al. 
2004; Kotta et al. 2006), and may enhance algal 
blooms due to decreased grazing pressure. 

Many macroalgae have potential benefits for 
pest and disease control, however to our knowledge 
none of these species is industrially exploited in 
Europe for such purposes. For this reason, we 
have only included such applications in cognitive 
benefits, as materials for research and education.  

Symbolic and aesthetic values 

The impact of alien species on symbolic and 
aesthetic values is predominantly negative, as 
they can outcompete native species and cause the 
degradation of important and symbolic habitats. 
Such highly-valued habitats include coralligenous 
communities (especially gorgonian facies), biogenic 
structures such as mussel beds and coral reefs, 
seagrass meadows, and communities of infralittoral 
algae (Salomidi et al. 2012). Alien species that 
have negative impacts on these habitats include 
many macroalgae such as Acrothamnion preissii, 
Caulerpa taxifolia, C. cylindracea, Codium fragile 
subsp.       fragile,       Gracilaria      vermiculophylla, 
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Lophocladia lallemandii, Sargassum muticum, and 
Womersleylla setacea, the fish Siganus luridus 
and S. rivulatus, the bivalve Crassostrea gigas, 
the gastropod Rapana venosa, and the coral 
Oculina patagonica. C. gigas is the only species 
for which both negative and positive impacts on 
symbolic and aesthetic values have been reported, 
as it contributes to the decline of the North Sea 
mussel beds (Kochmann et al. 2008) but also 
creates highly-valued oyster reefs (Troost 2010). 
Occasionally, large amounts of detached alien 
macroalgae are seen cast ashore on beaches, 
reducing the aesthetic quality of the shores (e.g. 
Hay and Villouta 1993: 475). 

The cryptogenic wood-boring marine bivalve 
Teredo navalis has caused enormous damage to 
wooden constructions, e.g. in the North Sea and 
even in the southernmost Baltic, including 
archaeologically-valuable wooden shipwrecks 
(Förster 2003). 

Recreation and tourism 

Phytoplanktonic invasive species such as 
Alexandrium minutum, Karenia mikimotoi, 
Gymnodinium catenatum, Phaeocystis pouchetii, 
Coscinodiscus wailesii, Fibrocapsa japonica, 
and Pseudochattonella verruculosa may bloom, 
with negative impacts on coastal recreational 
activities. 

Many invasive species may cause the degradation 
of habitats such as coralligenous communities, 
kelp, seagrass meadows, communities of sublittoral 
algae, and biogenic reefs that are important for 
recreational activities such as snorkelling, SCUBA 
diving, and recreational fishing (Salomidi et al. 
2012). Such species include the macroalgae 
Acrothamnion preissii, Caulerpa cylindracea, C. 
taxifolia, Codium fragile subsp. fragile, Gracilaria 
vermiculophylla, Lophocladia lallemandii, 
Sargassum muticum, Undaria pinnatifida, and 
Womersleyella setacea, the bivalve Crassostrea 
gigas, the gastropod Rapana venosa, the coral 
Oculina patagonica, and the fish Siganus luridus 
and S. rivulatus. On the other hand, Crassostrea 
gigas creates biogenic reefs and thus provides a 
new habitat with positive impacts for recreational 
fishing or diving. 

Spartina anglica is an invasive grass that may 
impede recreational activities. Along the Kattegat 
coast, some of its establishments occur on sandy 
beaches that are attractive to tourists, where the 
formation of large swards would change the aspect 
of the beach and create a belt with unattractive 
sedimentation (Nehring and Adsersen 2006). 

Since the mid-1980s, massive swarms of the 
planktivorous jellyfish Rhopilema nomadica 
have appeared along the Levant coast, stretching 
over more than 100 km (Rilov and Galil 2009). 
These swarms frequently draw nearer to the 
shore and adversely affect tourism because of the 
public’s concern over the painful stings inflicted 
by the jellyfish (Yoffe and Baruchin 2004).  

Ensis directus (a bivalve of shallow subtidal 
sands) might have an impact on the recreational 
value of some beaches as its sharp shells can 
cause deep cuts on bathers’ feet. Such injuries 
can also occur when stepping on native species, 
but E. directus lives at much shallower depths 
than native species and consequently injuries are 
more likely. Mechanical removal of dead shells 
is required in some beaches. 

Cognitive benefits 

Inevitably, alien species introductions and their 
establishment in a novel region and ecosystem 
open new opportunities for ecological research, 
as they can be used for studies of concepts such 
as adaptive strategies, niche construction, niche 
dimensions, keystone species, interspecific relation-
ships, trophic cascades, rapid evolution, propagule 
pressure, ecosystem engineering, connectivity, 
and dispersal mechanisms. However, they also 
result in reduced research possibilities in bio-
geography (it is difficult to explain the causalities 
behind the present distribution of species) and 
population genetics (Leppäkoski 2002). Some alien 
invasions greatly interfere with research and moni-
toring activities. For example, in the Baltic Sea, a 
long-term international monitoring programme of 
benthic communities, that has been conducted 
since the 1910s, may be invalidated by the establish-
ment of aliens such as the polychaetes Marenzelleria 
spp. that have become dominant in soft-bottom 
communities, utilising the space and energy 
resources in a different manner and rate, and 
restructuring food webs (Leppäkoski 2002). 

Many alien species have been used as material 
for research. Experiments have been conducted 
on Alexandrium minutum to try to increase their 
biomass and lipid production in bioreactors, with 
the goal of producing biofuels. The huge cells of 
Coscinodiscus wailesii have been used in many 
basic experiments in ecology, morphology, and 
physiology. Hydroides elegans is an excellent 
model organism for experimental studies and is 
easily adapted for laboratory biofouling research 
because of its rapid generation time (~3 wks) and 
ease of propagation. Larvae of Amphibalanus 
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improvisus are regularly used in toxicity tests, 
especially in connection with antifouling substances. 
Austrominius modestus has also been used as a 
test organism for toxicity tests. Because of its size 
(10 cm), abundance, longevity (max. 28 years), 
and ease of identification, Mya arenaria is used 
as a biomonitor and indicator species in several 
Baltic countries. Pinctada imbricata radiata has 
been used as a bioindicator of heavy metal pollution, 
because of its tolerance to chemical contamination 
and its ability to accumulate metals to several 
orders of magnitude higher than the background 
medium. The use of the crustacean Caprella 
mutica to monitor trace metals, especially due to 
environmental perturbations (oil spill accidents, 
waste outfalls, etc.), has been suggested. The crab 
Rhithropanopeus harrisii has become a popular 
model organism in many developmental, physio-
logical and ecotoxicity studies. 

Basic ecological studies have been performed 
with the red alga Bonnemaisonia hamifera and 
the brown alga Sargassum muticum on how 
grazer-deterrent substances and mechanisms work. 
The red algae Gracilaria vermiculophylla and 
Grateloupia turuturu have been used for fundamen-
tal studies on how different light and nutrient 
regimes affect these species. For the brown alga 
Undaria pinnatifida, there are many studies within 
medicine, products for functional food, and basic 
physiological science, such as studies on a gene 
that might help to protect this alga against various 
abiotic   stresses.   A  gene   regulating  biological 
processes has been sequenced for Stypopodium 
schimperi, and enzymatic activities in the 
chloroplasts have been studied using the green 
alga Codium fragile subsp. fragile. Asparagopsis 
armata extracts were shown to have a cytotoxic 
activity against human cancer cells, and medical 
research has shown that methanol extracts from 
Polysiphonia morrowii have photo-protective 
effects against ultraviolet B radiation-induced 
keratinocyte damage. Mercenaria mercenaria is 
possibly important in pharmacology, as the visceral 
mass and especially the liver and the crystalline 
style, contain a substance capable of acting selecti-
vely on cancer cells. The bryozoan Bugula neritina, 
probably through its symbiotic bacteria, is the 
source of the bryostatins, a family of macrocyclic 
lactones with anticarcinogenic properties.  

Substantial research has been conducted on 
the use of materials from macroalgae for pest 
and disease control. Extracts obtained from the 
red alga Grateloupia turuturu, as well as from 
Asparagopsis armata and A. taxiformis, exhibited  

a strong activity against fish pathogenic bacteria, 
the latter two species also against the disease in 
humans caused by the protozoans of the genus 
Leishmania. Compounds in Polysiphonia morrowii 
showed antiviral activity for several fish diseases. 
Extracts or bacteria hosted by many macroalgae 
(e.g. Gracilaria vermiculophylla, Grateloupia 
turuturu, Sargassum muticum, Undaria pinnatifida) 
have been found to have great potential for the 
production of anti-fouling materials. The alkaloid 
of C. cylindracea, caulerpin, has various biological 
properties such as antioxidant, antifungal, anti-
bacterial, antinociceptive, and anti-inflammatory 
and can also be used as an insecticide against 
mosquito larvae. The seagrass Halophila stipulacea 
has been shown to have compounds that are 
insecticidal against rice weevil.  

The degradation of habitats such as coralligenous 
communities, maerl beds, seagrass meadows, and 
communities of sublittoral algae that support 
cognitive services (Salomidi et al. 2012) has 
been reported for many alien species such as the 
macroalgae Acrothamnion preissii, Caulerpa 
cylindracea, C. taxifolia, Codium fragile subsp. 
fragile, Gracilaria vermiculophylla, Sargassum 
muticum, and Womersleyella setacea, the coral 
Oculina patagonica, and the fish Siganus luridus 
and S. rivulatus.  

Impact on biodiversity 

For 29 of the assessed species, no impact on 
biodiversity was found to be documented in the 
scientific and grey literature. The rest (81 species) 
have been documented to affect biodiversity with 
negative or positive impacts of various extent and 
intensity, ranging from single-species interactions 
to effects on entire ecosystem processes and 
wider ecosystem function, through a variety of 
mechanisms (Figure 5). In most cases of interactions 
with native species, multiple-species impacts 
have been reported, while in only three cases the 
invasive species have been reported to impact 
only a single species. All of these three cases are 
crustaceans (the lobster Homarus americanus, 
the prawn Marsupenaeus japonicus, and the 
amphipod Platorchestia platensis) that have been 
reported to negatively impact native species of 
similar niches and of the same genus or family 
(the European lobster Homarus gammarus, the 
prawn Melicertus kerathurus, and the amphipod 
Orchestia gammarellus, respectively). 

In all other cases, the invasive species have 
impacted (in a negative or positive way) more 
than one species or even entire communities. 
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There are various kinds of interactions with 
native species through competition for resources, 
predation, release of toxins, disease transmission, 
and ecosystem engineering. Hybridisation between 
some alien species and native congenerics has 
been reported, e.g. between Crassostrea gigas and 
C. angulata, Mytilus edulis and M. galloprovin-
cialis, Venerupis philippinarum and V. decussata, 
Spartina alterniflora and S. maritima, with 
implications for native populations. In the latter 
case, the hybrid subsequently underwent 
autogenic chromosome doubling to produce a 
new high-impact invasive fertile species, 
Spartina anglica. 

Competition for resources (predominantly for 
space and secondarily for food or nutrients) is the 
most commonly reported mechanism by which 
native species are displaced. It has been reported 
for many macroalgae, such as Acrothamnion 
preissii(E,N), Asparagopsis armata, A. taxiformis, 
Bonnemaisonia hamifera(E), Caulerpa cylindra-
cea(E,N), C. taxifolia(E,N), Codium fragile subsp. 
fragile, Gracilaria vermiculophylla(E), Grateloupia 
turuturu, Lophocladia lallemandii(N), Sargassum 
muticum(N), Stypopodium schimperi, Undaria 
pinnatifida, and Womersleyella setacea(E,N), which 
may dominate algal assemblages by outcompeting 
native macroalgae and sessile invertebrates and 
often creating monospecific stands and homogenised 
microhabitats (e.g. Piazzi et al. 2005; Cebrian et 
al. 2012; Svensson et al. 2013). Spartina spp. 
alter natural coastal habitats, turning them into 
monoculture meadows and thereby displacing 
native flora and fauna. Sessile invertebrates such 
as the barnacles Amphibalanus improvisus and 
Austrominius modestus, the coral Oculina 
patagonica, the hydrozoan Cordylophora caspia, 
the bivalves Brachidontes pharaonis(E), Chama 
passifica, Crassostrea gigas(E,N), Pinctada imbricata 
radiata, and Spondylus spinosus, the gastropod 
Crepidula fornicata(E,N),  the ascidians Botrylloides 
violaceus(N), Microcosmus squamiger, and Styela 
clava, and the bryozoan Tricellaria inopinata 
have been reported  to dominate benthic communities, 
outcompeting other sessile species for space or 
food (e.g., Safriel and Sasson-Frosting 1988; 
Kochmann et al. 2008). Motile benthic invertebrates 
such as the crustaceans Callinectes sapidus, 
Caprella mutica(E), Eriocheir sinensis, Gammarus 
tigrinus(E), Hemigrapsus sanguineus(E), Palaemon 
elegans, the polychaetes Marenzelleria spp.(E) 
and the gastropod Potamopyrgus antipodarum 
compete with ecologically similar native species, 
which may be displaced under certain conditions 

(e.g., Kotta and Ólafsson 2003; Neideman et al. 
2003; Shucksmith et al. 2009; Landschoff et al. 
2013). The fish Neogobius melanostomus 
successfully competes for space, nesting sites, 
and food resources with many other cohabiting 
benthic fishes. The lizardfish Saurida undosquamis 
has been reported to displace the hake 
Merluccius merluccius and the native lizardfish 
Synodus saurus. The Pacific mullet Liza haemato-
cheila has been reported to compete for food with 
the native mullets Mugil cephalus and M. auratus. 
The copepod Acartia tonsa competes with native 
copepods, especially congenerics, and may dominate 
zooplanktonic communities.  

Eight alien species have been blamed for the 
decline of native populations due to direct 
predation. The Ponto-Caspian predatory cladoceran 
Cercopagis pengoi has caused the decline of 
native small-sized cladocerans in the Baltic Sea, 
such as Bosmina coregoni maritima, Evadne 
nordmanni, and Pleopsis polyphemoides, probably 
due to direct predation. The crab Hemigrapsus 
sanguineus has been observed to reach very high 
densities and have negative impacts on small 
recruits and juveniles of several native species of 
barnacles, littorine snails, brachyuran crabs, and 
mytilid bivalves. The large crab Paralithodes 
camtschaticus is an active predator on benthic 
fauna, especially in deep soft-bottom environments, 
and can have an enormous predatory impact on 
local species, especially during mass developments. 
The gastropod Rapana venosa feeds on bivalves 
and is responsible for the depletion of large stocks 
of commercial bivalves (esp. Mytilus galloprovin-
cialis) and the associated communities in the 
Black Sea since the 1950s. The Atlantic oyster 
drill Urosalpinx cinerea preys on oysters, 
mussels and clams, and is a major pest to the 
commercial oyster industry. In the Black Sea, the 
carnivorous ctenophore Mnemiopsis leidyi has 
caused dramatic reductions in zooplankton, ichthyo- 
plankton, and zooplanktivorous fish populations in 
the 1980s and early 1990s. The fishes Fistularia 
commersonii and Lagocephalus sceleratus predate 
on various fish and invertebrates, some of which 
are of commercial importance, and could 
potentially affect their stocks (Kalogirou 2013).  

The release of toxins, which may be released 
into the seawater or transmitted through the food 
chain and accumulate in some species, thereby 
affecting their condition, behaviour and survival, 
has been documented for many phytoplantonic 
aliens such as Alexandrium minutum, Karenia 
mikimotoi, Gymnodinium catenatum(E),     Fibrocapsa 
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japonica(E), and Pseudochattonella verruculosa(E) 
(e.g. Estrada et al. 2010; Skjelbred et al. 2011; de 
Boer et al. 2012). For Bonnemaisonia hamifera(E) 
it has been shown that the grazer-deterrent 
1,1,3,3-tetrabromo-2-heptanone, also works as 
an allelopathic compound, and it was proven that 
this can be transferred by direct contact, from 
this alien alga to a native host alga. The transferred 
compound remains active and with unaltered 
function; i.e., inhibiting recruitment of native 
competitors (Svensson et al. 2013). C. taxifolia 
produces caulerpenyne, a toxic secondary metabolite 
that protects this macroalga against epiphytes 
and herbivores, and thus it does not provide the 
same trophic support as seagrasses and native 
seaweeds. Codium fragile subsp. fragile has been 
shown to contain relatively high concentrations of 
dimethylsulfonio-propionate (DMSP) and the 
products of its cleavage, dimethylsulphide 
(DMS), and acrylic acid (AA), the latter two 
acting as chemical defences against sea urchins. 
Lophocladia lallemandii(N) excretes lophocladines, 
alkaloids with cytotoxic effects, resulting in an 
increased antioxidant response by its host, the 
seagrass Posidonia oceanica (Sureda et al. 2008); 
these cytotoxic compounds may be the reason 
L. lallemandii is avoided by herbivorous fish, 
resulting in a negative impact on the higher 
levels of the food web. 

Some alien species have been reported to 
transmit diseases to native populations. Gaffkaemia, 
caused  by Aerococcus viridans var. homari,  has 
been introduced in European waters by American 
lobsters (Homarus americanus) and has infected 
European lobsters (H. gammarus) both in holding 
facilities and in the wild (Stebbing et al. 2012). 
The white spot syndrome can be transmitted by 
Rhithropanopeus harrisii to native penaeid shrimp 
(Payen and Bonami 1979). 

In some cases, invasive alien species have 
been reported to negatively impact keystone species 
or species of high conservation value. Such species 
include the protected Mediterranean endemic 
seagrass Posidonia oceanica and its associated 
communities, which are impacted by the macroalgae 
Acrothamnion preissii, Caulerpa cylindracea(N), 
C. taxifolia(N) (Dumay et al. 2002), Lophocladia 
lallemandii(N) (Ballesteros et al. 2007), and Womer-
sleyella setacea; the eelgrass Zostera marina, 
which is impacted by Gracilaria vermiculo-
phylla(E,N) (Martínez-Lüscher and Holmer 2010; 
Thomsen et al. 2013), and potentially by Sargassum 
muticum); the grass Spartina maritima, the 
eelgrass  Zostera noltii,  and  the locally  rare sea 

lavender Limonium humile (impacted by 
Spartina alterniflora and S. anglica); mussel and 
oyster biogenic reefs (impacted by the oyster 
Crassostrea gigas, the macroalga Codium fragile 
subsp. fragile, and the gastropod Rapana venosa); 
gorgonians (impacted by A. preissii(E) and W. 
setacea(E); Linares et al. 2012; Cebrian et al. 
2012); dolphins in the Black Sea and seals in the 
Caspian Sea (because of the collapse of pelagic 
fisheries due to Mnemiopsis leidyi); and the 
threatened Cystoseira forests  in the Mediterranean 
Sea (impacted by Siganus luridus(E) and S. rivu-
latus(E); Sala et al. 2011). The only alien species 
which have been reported to have positive 
impacts on keystone species or species of high 
conservation value are (1) Marenzelleria spp.(E), 
which by burying the seeds of Z. marina reduces 
seed predation and facilitates seed germination 
(Delefosse and Kristensen 2012); (2) C. fragile 
subsp. fragile(E,N), which has been reported as 
being likely to speed up the process of recovery 
of mussel beds after their integrity has been 
disrupted by heat stress or human harvesting (Bulleri 
et al. 2006; based on experiments on breakwater 
structures); and (3) C. cylindracea(E), which was 
reported to have both negative and positive 
impacts on the seagrasses Cymodocea nodosa 
and Zostera noltii (Ceccherelli and Campo 2002).  

One potentially positive impact on other 
species is related to the alien being an abundant 
source of prey. For example, decapods such as 
the prawn Crangon crangon feed well on the 
alien diatom Coscinodicus wailesii; Spartina 
spp. are a food source for many grazers such as 
geese, ducks and other water birds and wildlife; 
polychaetes such as Ficopomatus enigmaticus, 
Hydroides spp., and Marenzelleria spp. are 
excellent food for many species, including fish; 
the copepod Acartia tonsa, the cladoceran 
Cercopagis pengoi, and the amphipod Caprella 
mutica are significant prey for fish; the crab 
Hemigrapsus sanguineus, the shrimp Palaemon 
elegans, and the clams Ensis directus and Mya 
arenaria can serve as important food resources 
for many species of birds and fish; the chironomid 
insect Telmatogeton japonicus can be advanta-
geous for native species as a food source, 
especially for birds; the introduction of the clam 
Venerupis philippinarum into European coastal 
waters has presented the Eurasian oystercatcher 
Haematopus ostralegus with a new food resource 
and reduced its predicted over-winter mortality 
rates; the mytilid Brachidontes pharaonis and 
the ascidian Microcosmus squamiger are preyed 
upon by the native whelk Stramonita haemastoma, 
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positively impacting its populations; and the fish 
Neogobius melanostomus is a very important food 
source for great cormorants (Phalacrocorax carbo).  

A different type of positive impact has been 
reported for Crepidula fornicata(E), which offers 
protection to mussels against starfish predation 
(Thieltges 2005b). Amphibalanus improvisus(E) 
can promote the settlement success and further 
development of filamentous algae, probably by 
increasing nutrient availability in benthic systems 
through biodeposition (Kotta et al. 2006). Beroe 
ovata had a positive impact on many planktonic 
species by controlling their predator Mnemiopsis 
leidyi. In addition to that, alien ecosystem engineers 
probably have the most marked impacts on native 
species. The diversity and richness of native species 
is enhanced in many cases by alien ecosystem 
engineers (e.g. de Montaudouin and Sauriau 1999; 
Buschbaum et al. 2006; Markert et al. 2009; 
Thomsen 2010; Thomsen et al. 2013), especially 
by structural engineers (see the following section 
on ecosystem engineering).  

Many alien species may have a marked impact 
on ecosystem processes and the functioning of 
the broader ecosystem. Algal blooms can cause 
massive mortalities on the populations of many 
species, reduce the transfer of carbon and nutrients 
in food-webs, and change the physiochemical 
properties of water (e.g. by reducing available light 
for benthic autotrophs). Invasive macroalgae such 
as Acrothamnion preissii(N), Caulerpa cylindra-
cea(N), C. taxifolia, Codium fragile subsp. fragile, 
Gracilaria vermiculophylla(E,N), Lophocladia 
lallemandii, and Womersleyella setacea(N), may 
entirely modify the community structure and 
trophic flows, may form mono-specific layers that 
often trap sediments and create an anoxic layer 
underneath, can modify the quality and intensity 
of physical, chemical and hydrodynamical 
factors, the number and quality of shelters, and 
substantially modify trophic webs (e.g. Piazzi et 
al. 2007; Cacabelos et al. 2012). Sargassum 
muticum(E,N) creates a novel three-dimensional 
habitat, modifies the trophic web, reduces photo-
synthetically active radiation on the under-storey 
layers, and has physical effects on its local 
environment, such as effects on sedimentation 
and light penetration, water movement, and oxygen 
levels (e.g. Strong et al. 2006). The grasses 
Spartina spp.(E) can form extensive monocultural 
meadows, cause the elevation of mudbanks, 
change water circulation patterns, reduce tidal 
flows, increase the oxidising capacity of sediments, 
enhance total microbial mineralisation, and replace 

open mudflat habitats associated with bottom-
dwelling invertebrate communities with vegetative 
salt marsh species (e.g. Gribsholt and Kristensen 
2002). Bioturbators such as the polychaetes 
Marenzelleria spp.(E) and the burrowing bivalves 
Mya arenaria(N) and Venerupis philippinarum(E) 
re-circulate organic matter and nutrients deposited 
in deeper sediment layers, link benthic and 
pelagic subsystems, affect sediment and fluid 
transport processes, improve oxygen circulation 
and the aerobic transformation of organic matter, 
and affect nutrient fluxes (Kotta et al. 2001; Sgro 
et al. 2005; Hietanen et al. 2007; Quintana et al. 
2013). Through severe predation or competition 
for resources, many species dramatically modify 
food webs and trophic flows within invaded 
ecosystems (e.g. Acartia tonsa, Cercopagis 
pengoi, Rapana venosa, Mnemiopsis leidyi, 
Beroe ovata). Filter feeders such as Crassostrea 
gigas, Crepidula fornicata, and Mya arenaria 
can substantially modify trophic structure, 
increase sedimentation, remove nutrients from 
the water column, and decrease pelagic production. 
The replacement of native species by Gammarus 
tigrinus(E) can lead to a substantial decrease in 
the recycling rate of leaf litter (Piscart et al. 
2011). Paralithodes camtschaticus  can cause the 
degradation of sediment habitat quality due to 
hypoxic conditions and low levels of biological 
activity.  Arcuatula senhousia alters sedimentary 
properties through the construction of byssal mats 
on the surface of soft sediments. Oculina 
patagonica can initiate an important change in 
community structure and end the monopolisation 
of algae in shallow assemblages; potentially it 
can greatly modify both the underwater seascape 
and the sources of primary production in the 
ecosystem. Siganus spp.(E), through overgrazing, 
radically alter the community structure and the 
native food web of the rocky infralittoral zone, 
depriving the ecosystem of the valuable functions 
of algal forests (Sala et al. 2011). 

In addition to the impacts of each single 
species on biodiversity, which were the focus of 
this review, alien species generally add to species 
pools, increasing γ-biodiversity. For example, 
~1,000 alien marine species have been reported 
in the Mediterranean, of which more than half 
are established and spreading (Zenetos et al. 
2012), while no basin-wide extinction related to 
invasive species has been recorded. On the other 
hand, as reported above, there are many examples 
of local extirpation and range shifts that are 
concurrent with alien invasions. Hence, α-diversity 
has locally decreased in some cases (see the 
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Siganus spp. example above) and increased in others 
(see the next section on ecosystem engineering) 
because of the habitat-specific increase in species 
richness. Biotic homogenisation as a result of 
invasive species has been suggested (Galil 2007; 
Ben Rais Lasram and Mouillot 2009), but this 
needs further investigation and is dependent on 
the spatial scale (Olden 2006).  

Ecosystem engineering – creation of novel habitats 

Ecosystem engineers are those organisms that 
“directly or indirectly modulate the availability 
of resources (other than themselves) to other species 
by causing physical state changes in biotic or 
abiotic materials. In so doing, they modify, maintain, 
and/or create habitat” (Jones et al. 1994). These 
novel habitats differ in composition and structure 
from past and present native habitats, and result 
in different species interactions and functions. In 
general, ecosystem engineers benefit the populations 
of some species, while they cause the local decline 
of others. Both positive and negative impacts are 
associated with most ecosystem engineers. Olenin 
and Leppäkoski (1999) were among the first to 
classify alien benthic species in brackish-water 
systems according to their habitat modifying ability 
and novel ecosystem services provided. Berke 
(2010) classified ecosystem engineers into four 
broad process-based categories that are not mutually 
exclusive: structural engineers, bioturbators, 
chemical engineers, and light engineers. 

Structural engineers generally enhance diversity 
and richness, although not in every context (Berke 
2010). This category consists of organisms that 
create or modify structural elements of the habitat, 
such as reef-builders, tube-builders, macroalgae, 
and seagrasses. Of the assessed species (Table 
2), the alien structural engineers include: most 
macroalgae; the seagrass Halophila stipulacea; 
the grasses Spartina spp.; the reef-building poly-
chaetes Ficopomatus enigmaticus and Hydroides 
spp.; the barnacles Amphibalanus improvisus and 
Austrominius modestus; the bivalves Arcuatula 
senhousia, Anadara transversa, Brachidontes 
pharaonis, Chama pacifica, Crassostrea gigas, 
Mya arenaria, Petricolaria pholadiformis, Pinctada 
imbricata radiata, and Spondylus spinosus; the 
gastropod Crepidula fornicate; the coral Oculina 
patagonica; and the hydrozoan Cordylophora 
caspia. With the exception of most macroalgae 
and the coral O. patagonica that might diminish 
structural complexity and species richness by 
outcompeting native assemblages, these species 
generally increase the spatial complexity of benthic 

habitats, offer novel microhabitats, and provide 
nursery grounds, shelter for macro- and microfauna, 
and strongholds for a diverse community of algae 
and invertebrates.  

Burrowing infauna have important roles in the 
geophysical environment and in community 
dynamics, being agents of sediment transport and 
porewater flux (Aller et al. 2001). Eight of the 
assessed alien species fall into this category of 
ecosystem engineers (other species might also 
exhibit burrowing activities, but there was no 
evidence of their having an important role as eco-
system engineers in European seas): Marenzelleria 
spp., Eriocheir sinensis, Anadara kagoshimensis, 
Anadara transversa, Ensis directus, Mya arenaria, 
Venerupis philippinarum. Due to their burrowing 
activity, these species can increase sediment water 
and oxygen content and enhance solute exchange 
with the overlying water column, thereby affecting 
nutrient cycling (Vaughn and Hakenkamp 2001; 
Bartoli et al. 2001; Queirós et al. 2011; Norkko et 
al. 2012). They also increase sediment erosion and 
re-suspension rates (Sgro et al. 2005), substantially 
modifying both benthic and pelagic habitats. 

Chemical engineers alter the chemical matrix 
of their environment through physical or physio-
logical activities; many of them are also structural 
engineers or bioturbators (Berke 2010). All the 
burrowing species mentioned above are also 
included in this category as their activity extends 
the oxygenated layer deeper into the sediment, 
thereby increasing local redox potential and 
contributing to sediment-water solute exchange 
(Aller et al. 2001). Other alien chemical engineers 
are: the grasses Spartina alterniflora and S. 
anglica(E), as they increase the oxidising capacity 
of sediments and enhance total microbial minerali-
zation in comparison to unvegetated areas (Gribsholt 
and Kristensen 2002); the bivalve Arcuatula 
senhousia,  as it deposits  large amounts of organic 
matter, altering the nutritional quality of the 
sediment, leading to the shallowing of the redox 
potential discontinuity layer, and making the 
environment within or under byssal mats 
unsuitable to adults or larvae of other species 
(Mistri et al. 2004); Caulerpa cylindracea(N), as 
it can form compact multilayered mats up to 15 
cm thick that trap sediment, beneath which an 
anoxic layer may develop (Piazzi et al. 2007; Klein 
and Verlaque 2008); Crepidula fornicata, as it 
traps suspended matter and produces considerable 
amounts of mucous pseudofaeces, transforming 
the primary sandy sediment into a muddy one 
with  a high organic content that becomes rapidly 
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anoxic and unsuitable for other species; the 
phytoplanktonic species Karenia mikimotoi and 
Phaeocystis pouchetii, whose dying, sinking blooms 
cause anoxia; the diatom Coscinodiscus wailesii, 
whose copious mucilage can aggregate, sink and 
cover the seabed, likely causing anoxic conditions; 
Mnemiopsis leidyi, which can cause anoxia in 
near-bottom waters due to massive deposition of 
dead individuals (Streftaris and Zenetos 2006).  

Light penetration is an important physical 
property of habitats, as it defines the depth at 
which photosynthesis can occur. Bloom-forming 
phytoplanktonic species, such as Alexandrium 
minutum, Alexandrium monilatum, Karenia 
mikimotoi, Phaeocystis pouchetii, Coscinodiscus 
wailesii, Fibrocapsa japonica, and Pseudo-
chatonella verruculosa, reduce light penetration. 
Mnemiopsis leidyi causes the collapse of zoo-
plankton, an increase in phytoplankton (which is 
free from grazing pressure), and thus a reduction 
in light penetration. All filter feeders (listed in 
the section on ‘Ocean Nourishment’) reduce 
turbidity and may substantially increase light 
penetration, leading to increased depths at which 
macrophytes grow and thus supporting greater 
biomasses per unit area by providing more three-
dimensional habitat. Many of the alien 
macroalgae either build up thick mats or are so 
large that they reduce the amount of light 
reaching other primary producers. The filamentous 
or turf-forming Acrothamnion preisii, Asparagopsis 
armata, Bonnemaisonia hamifera, Lophocladia 
lallemandii and Womersleyella setacea often 
grow so densely on other primary producers that 
they significantly reduce the light that is available 
to them. Other species such as Caulerpa 
cylindracea, C. taxifolia, Codium fragile subsp. 
fragile, Gracilaria vermiculophylla, Grateloupia 
turuturu, Sargassum muticum and Undaria 
pinnatifida either form dense stands or are large 
enough to efficiently reduce the light that reaches 
understorey species. The Spartina grasses, when 
occupying sediments, also cause a large reduction 
in the light available to sediment-dwelling primary 
producers. 

Proposed inventory of high-impact alien marine 
species in Europe 

Some alien marine species that are reported as 
being of high impact elsewhere, as documented 
in the CABI-ISC, do not seem to have become 
invasive in European seas. These species include 
the crustaceans Charybdis japonica and C. helleri, 
the bivalves Crassostrea virginica and Mytilus 

edulis (considered alien to the Black Sea), the 
ascidians Didemnum vexillum, Diplosoma 
listerianum, and Polyandrocarpa zorritensis, the 
jellyfish Phyllorhiza punctata, the hydrozoan 
Gonionemus vertens, the bryozoan Bugula neritina 
(for which only some positive cognitive benefits 
were found), the starfish Acanthaster planci (its 
presence in Europe is questionable), and the alga 
Ulva australis. While, based on our current 
knowledge, they should not be considered as high-
impact species in Europe (and thus were excluded 
from our proposed inventory), some of these 
species should remain on watch lists as they may 
become invasive in the future. Chinook salmon, 
Oncorhynchus tshawytscha, although included in 
the CABI-ISC database, is not considered to be 
invasive anywhere in the world (CABI 2013), 
and its establishment in Europe is uncertain. 

Some predominantly freshwater species that 
are also found in marine environments have been 
included in our assessment. While they have a high 
impact in the freshwater environment, most of 
these  species  are  not  invasive in marine waters 
and thus were excluded from the proposed 
European inventory of alien species that have a 
high impact on the ecosystem services and 
biodiversity of the marine environment. These 
species include the mysid Hemimysis anomala, 
and the fishes Oncorhynchus mykiss and 
Salvelinus fontinalis. 

For the diatom Odontella sinensis (DAISIE), 
the polychaetes Pileolaria berkeleyana (SEBI) 
and Spirorbis marioni (SEBI), the crustaceans 
Monocorophium sextonae (NOBANIS) and Percnon 
gibbesi (DAISIE; SEBI; CABI-ISC), the ascidian 
Molgula manhattensis (NOBANIS), and the 
hydrozoan Blackfordia virginica (SEBI), sufficient 
evidence of any impacts on ecosystem services 
and biodiversity was not available; therefore, 
these species were excluded from the proposed 
inventory. For example, for P. gibbesi the only 
impact mentioned by both DAISIE and CABI-
ISC refers to its potential competition with the 
native species Pachygrapsus marmoratus (and to 
a lesser extent with Eriphia verrucosa). 
However, laboratory experiments indicate that P. 
marmoratus is unlikely to be excluded from its 
natural habitat by the alien species, and 
significant spatial resource partitioning on the 
part of P. marmoratus is unlikely to occur 
(Sciberras and Schembri 2008). Of the 101 high-
impact marine species included in the lists of 
DAISIE, NOBANIS, CABI-ISC, and SEBI, we 
excluded   23  species   for  which  we  found  no 
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Figure 6. Type of evidence for the reported impacts on Ecosystem Services (ES) and Biodiversity. Positive (green cross) and negative 
impacts (red minus sign) are shown separately. The impact due to being ecosystem engineers (last column of Table 2) has not been included 
in this graph as essentially in all cases the main related type of evidence is ‘direct observation’. 

 
evidence of high impact on ecosystem services 
or biodiversity. Hence, including the 9 species 
we added (which were not previously included in 
any of the above-mentioned lists), we came up 
with an inventory of 87 species that have a 
documented high impact on ecosystem services 
or biodiversity (Table 3). 

Strength of evidence  

Manipulative experiments provide the strongest 
possible evidence, yielding results that are more 
rigorous than those of virtually any other form of 
investigation. However, it is difficult and often 
impossible to carry out manipulative experiments 
in marine ecology. Furthermore, their results are 
not always realistic, because manipulation is by 
definition artificial, and hence a change that was 
achieved by deliberately separating correlated 
changes that might accompany it in nature, might 
not occur naturally (McArdle 1996). Natural 
experiments (‘pseudoexperiments’ or ‘designed 
observational studies’) have weaker inferential 
strength than manipulative experiments, as there 
is no true random selection of control and 
treatment sites, and correlations between the 
treatment effects and confounding environmental 
factors are generally difficult to avoid. Direct 

observations of an impact, in the context of this 
work, also provide strong evidence of an impact, 
as it is the impact itself that is directly observed 
or measured and not the change of an indicator 
variable.  

Models (e.g. trophic-web models) can make 
predictions or have structural features that can be 
tested or investigated in the field, allowing them 
to be falsified. However, the evidence provided 
by models is only as strong as the data that 
support them, and greatly depends on the underlying 
assumptions (McArdle 1996; Burnham and 
Anderson 2002).  

Non-experimental-based correlations are poor 
evidence of causality. Such correlations can 
establish the possibility of an effect, but we can 
seldom distinguish these from other plausible 
hypotheses. Other abiotic and biotic factors could 
equally well correlate with the studied effect and 
provide other possible causal explanations. 
Although, expert judgement is valuable when 
formulating a set of alternative hypotheses that 
might explain an observed phenomenon, inference 
based solely on expert judgement is extremely weak. 
Without any supporting data and hypotheses 
testing, inference based only on expert judgement is 
just  a subjective  reflection  of  opinion  and    has 



S. Katsanevakis et al. 

416 

  
Table 3. Proposed inventory of alien and cryptogenic marine species with a reported high impact on ecosystem services or biodiversity. 
Species that have not been previously included in the lists of invasive species by DAISIE, NOBANIS, SEBI, and CABI-ISC are marked in 
bold. Cr: Cryptogenic. Species whose impact was only documented by Expert Judgement or non-experimental-based Correlations are 
marked in yellow (weak evidence); the rest are marked in orange. Species whose impact, at least for one ecosystem service or biodiversity 
component, is based on manipulative or natural experiments are marked with an asterisk (*). 

Dinophyta (Myzozoa) Insecta Mollusca 

Alexandrium minutum (Cr) Telmatogeton japonicus Anadara kagoshimensis 
Alexandrium monilatum Crustacea Anadara transversa 
Karenia mikimotoi (Cr) Acartia (Acanthacartia) tonsa (Cr)  Arcuatula senhousia 
Gymnodinium catenatum (Cr) * Amphibalanus improvisus (Cr) * Brachidontes pharaonis * 

Haptophyta Austrominius (Elminius) modestus Chama pacifica 

Phaeocystis pouchetii (Cr) * Callinectes sapidus Crassostrea  gigas * 

Ochrophyta Caprella mutica * Crepidula fornicata * 

Coscinodiscus wailesii (Cr) Cercopagis pengoi Ensis directus 
Fibrocapsa japonica (Cr) * Chionoecetes opilio Mercenaria mercenaria 

Pseudochattonella verruculosa (Cr) Eriocheir sinensis Mya arenaria * 

Macroalgae  Gammarus tigrinus * Petricolaria pholadiformis 

Acrothamnion preissii * Hemigrapsus sanguineus * Pinctada imbricata radiata  

Asparagopsis armata * Homarus americanus Potamopyrgus antipodarum 

Asparagopsis taxiformis (Cr) Marsupenaeus japonicus Rapana venosa 
Bonnemaisonia hamifera * Palaemon elegans Spondylus spinosus 

Caulerpa cylindracea * Palaemon macrodactylus  Teredo navalis (Cr) 

Caulerpa taxifolia * Paralithodes camtschaticus * Urosalpinx cinerea 

Codium fragile subsp. Fragile * Platorchestia platensis (Cr) Venerupis philippinarum * 

Gracilaria vermiculophylla * Portunus segnis ex P. pelagicus Ascidiacea  

Grateloupia turuturu   Rhithropanopeus harrisii Botrylloides violaceus * 
Lophocladia lallemandii * Cnidaria  Microcosmus squamiger  
Polysiphonia morrowii Cordylophora caspia  Styela clava 
Sargassum muticum * Oculina patagonica Fish 

Stypopodium schimperi  Rhopilema nomadica  Liza haematocheila 

Undaria pinnatifida * Bryozoa  Fistularia commersonii     
Womersleyella setacea * Tricellaria inopinata Lagocephalus sceleratus     

Tracheophyta Victorella pavida (Cr) Plotosus lineatus 

Halophila stipulacea  Polychaeta  Neogobius melanostomus 
Spartina alterniflora * Ficopomatus enigmaticus * Saurida undosquamis 
Spartina anglica * Hydroides dianthus Siganus luridus * 
Ctenophora Hydroides elegans Siganus rivulatus * 
Beroe ovata (Cr) Hydroides ezoensis 
Mnemiopsis leidyi Marenzelleria spp. (neglecta & viridis) * 

 
very low inferential strength. Expert judgements 
may be influenced by value-laden opinions, lack 
of experience, and conflicts of interest, and are 
sensitive to a host of psychological idiosyncrasies 
and subjective biases, such as framing, overconfi-
dence, anchoring, availability bias, confirmation 
bias and dominance (Gilovich et al. 2002; McBride 
et al. 2012). The “native good, alien bad” perception 
sometimes prejudices expert judgements when 
assessing the impact of alien species 
(Goodenough 2010). 

Our assessment of the type of evidence of 
reported impacts yielded some interesting results 
(Figure 6): (1) only a low percentage of inferred 
impacts was based on manipulative experiments 
(8.1% of all cases), mainly for biodiversity impacts; 

(2) inference based on natural experiments and 
modelling also represented only a small percentage 
of cases (4.9 and 0.6% of cases respectively); (3) 
macroalgae was the taxonomic group with the 
highest percentage of experimentally-based (mani-
pulative or natural experiments) reported impacts; 
for this group a few other quantitative/meta-
analytical reviews of impacts have been conducted 
(e.g., Thomsen et al. 2009, 2012); (4) evidence 
for the vast majority of reported impacts was 
weak as it was based on expert judgement or 
non-experimental-based correlations (50.7 and 
12.1% respectively); (5) direct observations of 
impacts were the most common type of evidence 
for provisional ecosystem services (e.g. damage 
on fishing gear or catch; mortality events, 
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additional costs for fisheries and aquaculture 
because of fouling equipment) and were also quite 
common for biodiversity impacts (e.g. observed 
overgrowing of sessile species; measurements of 
predation rates using stomach content analyses); 
(6) the weakest evidence was provided for 
impacts on cultural, regulating and maintenance 
ecosystem services, as it was based mainly on 
expert judgement.   

Although there is no doubt that invasive species 
have modified marine ecosystems, evidence for 
most of the reported impacts is weak (Figure 6). 
A similar result was reported by Ruiz et al. 
(1999) who reviewed the ecological impacts of 
alien species in Chesapeake Bay. They found 
quantitative data for only 6% of the examined 
species, of which many were restricted to 
correlations in space or time, confounding cause-
effect relationships with other covariates. Given 
the complexity of marine ecosystems, it is often 
quite difficult to identify the interaction between 
native and alien species. Apart from invasive 
species, many other cumulative stressors impact 
marine ecosystems and their services, such as 
climate change and ocean acidification, extractive 
activities, marine pollution, and coastal development 
(Halpern et al. 2008). With expert judgements or 
non-experimental-based correlations between the 
presence/abundance of alien species and changes 
in ecosystem services or biodiversity, it is 
impossible to discriminate between the effect of 
an alien species and the cumulative effects of all 
the other stressors or natural variability. The 
dominance of aliens and the decline of natives 
within a community may be a consequence of, 
rather than the driving force behind, ecosystem 
disturbance (Chabrerie et al. 2008) because alien 
species are often better able to tolerate disturbance 
due to their generalist ecology and phenotypic 
plasticity (Smith 2009; Goodenough 2010).  

There is an evident need for stronger inferences 
based on manipulative or well-designed natural 
experiments and on direct observations or measure-
ments of impacts, to improve our knowledge base 
of marine biological invasions and better inform 
managers. On the other hand, conclusions based 
on expert judgement or non-experimental-based 
correlations can be useful where managers are 
required to act in the absence of better evidence. 
The risks and costs of inaction or of delayed 
response may outweigh the costs of making a 
wrong choice based on poor evidence (McArdle 
1996). In the absence of stronger evidence, 
structured elicitation techniques (e.g. McBride et 
al. 2012) might be useful to reduce potential 

sources of bias and error among experts, and 
improve impact assessments. Combining informa-
tion from various sources, weighing the various 
types of evidence, and understanding the inherent 
difficulties and cost of obtaining better data 
should all be considered when deciding to invest 
on additional research or on management 
interventions.  

Positive vs negative impacts 

Among the species herein assessed as being high-
impact species (Table 2), 17 had only negative 
and 7 only positive impacts; both negative and 
positive effects were reported for the majority 
(62 species) (Table 2). The “native good, alien 
bad” view is a misconception, and the role of 
most of the alien species in marine ecosystems is 
rather complex. Alien species often benefit some 
components of native biodiversity and can enhance 
or provide new ecosystem services. Furthermore, 
the impact of a native species that has become 
invasive can often be stronger than that of an 
alien invasive species. Thomsen et al. (2012), in 
a meta-analysis of seaweed impacts on seagrasses, 
found that alien invasive seaweeds had lower 
negative effects than native species. Alien invasive 
species often have negative effects on biodiversity 
within one trophic level but positive effects on 
the biodiversity of higher trophic levels. Such 
contrasting effects are manifested through 
community-wide antagonism (competition and 
consumption) versus facilitation (habitat and food 
provisioning) interactions (relative trophic position 
hypothesis; Thomsen et al. 2014). To develop 
effective management strategies and to move the 
discipline of invasion ecology forward, the impacts 
of alien species need to be seen under a holistic 
perspective and as a multifaceted process that 
takes account of societal perceptions and impli-
cations (Goodenough 2010; Simberloff et al. 2013).  

Positive impacts of alien species are under-
estimated, as there is a persistent perception bias 
against alien species that is also reflected in an 
historical publication bias that favours descriptions 
of their negative effects (Gurevitch and Padilla 
2004; Goodenough 2010; Schlaepfer et al. 2011, 
2012; Simberloff et al. 2013; McLaughlan et al. 
2013). However, the study of the positive effects 
of invasive species is receiving increasing attention 
(Thieltges et al. 2006; Schlaepfer et al. 2011; 
McLaughlan et al. 2013; Thomsen et al. 2010, 
2014). In marine and coastal areas that have been 
greatly modified by climate change and human 
activities, alien species may be more likely than 
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native species to persist and provide ecosystem 
services. Alien ecosystem engineers are often 
key species, which create novel ecosystems that 
fulfil important roles that might otherwise be lost 
in degraded systems (Hobbs et al. 2009). In the 
future, some alien species might even contribute 
to the achievement of conservation goals 
(Schlaepfer et al. 2011).  

The way forward 

Currently, our knowledge of the effects of alien 
marine species on ecosystem services and bio-
diversity is mainly qualitative and largely based 
on weak evidence. The complexity of species 
interactions and the variety of both negative and 
positive impacts associated with an introduced 
species makes environmental management decisions 
quite difficult and often controversial. In addition, 
the lack of precise knowledge about the life 
history traits of alien species and their invasive 
strategies constitutes a big obstacle to understanding 
their functional roles in the prevailing ecosystems 
and their impacts on ecosystem services and 
biodiversity. Cost-benefit analyses of biological 
invasions and of alternative mitigation measures 
are a pillar of invasion economics, but they have 
to be fed with high-quality information on all the 
effects related to the introduction of a species.  

The impacts of a species can differ among 
European marine areas. For example, around the 
mid 2000s, the comb jelly Mnemiopsis leidyi was 
reported as being present in several areas in 
northern European waters. However, although 
zooplankton biomasses were strongly reduced 
on, for example, the Swedish west coast during 
the first years following its introduction, not 
many of the other dramatic effects reported from 
its presence in the Black Sea have been reported. 
Furthermore, the numbers of M. leidyi in Sweden 
have decreased during the past years, although 
the species is still abundant in, for example, 
Belgium (L-J Hansson, pers. comm.). Hence, simple 
knowledge of the presence of alien species is 
insufficient to locally assess the magnitude of 
their impacts, which will generally vary across 
their distributional range. Furthermore, impacts 
may vary temporally, as there is a dynamic 
interaction between the population of alien species 
and the components of the recipient ecosystem. 
Significant time lags can occur between the 
introduction of a species and their subsequent 
impacts, or the magnitude of impacts over time 
can be reduced. 

Quantification and mapping of impacts as well 
as a better understanding of how anthropogenic 
changes and human pressures facilitate many 
invasions will greatly assist managers and policy 
makers in their decisions on prevention or 
mitigation actions to be taken. Constraints to 
quantifying and mapping the impact of alien 
marine species include (1) the lack of coverage 
and resolution in the available natural and socio-
economic data (e.g. habitat mapping, spatial 
distribution of native and alien species), (2) gaps 
in assessments of marine ecosystem services 
(Liquete et al. 2013a), which naturally precedes 
the assessment of any impact on them, and (3) 
the inherent complexity of the problem. Among 
the recommended next steps to be taken are the 
improvement of methods for the assessment of 
the impacts of alien species, the development of 
suitable indicators, better mapping of species 
distribution and abundance, and shifting from 
approaches that offer only weak evidence to 
experiments or measurements that offer both strong 
evidence of an impact as well as an estimate of 
the magnitude of the impact. 
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