Management of Biological Invasions (2015) Volume 6, Issue 4: 329-339

doi: http://dx.doi.org/10.3391/mbi.2015.6.4.02
© 2015 The Author(s). Journal compilation © 2015 REABIC

@REABIC

Management in Practice

Twenty five years of invasion: management of the round goby Neogobius
melanostomus in the Baltic Sea

Henn Ojaveer'*, Bella S. Galil?, Maiju Lehtiniemi?, Mads Christoffersen®, Sally Clink>, Ann-Britt Florin®,
Piotr Gruszka>’, Riikka Puntila® and Jane W. Behrens*

'Estonian Marine Institute, University of Tartu, Lootsi 2 a, 80012 Pdrnu, Estonia

*National Institute of Oceanography, Israel Oceanographic and Limnological Research, Haifa, Israel

3Finnish Environment Institute, Marine Research Center, P.O.Box 140, 00521 Helsinki, Finland

*Technical University of Denmark, National Institute of Aquatic Resources, Jeegersborg Allé 1, DK-2920 Charlottenlund, Denmark
SBaltic Sea Advisory Council, H.C. Andersens Blvd 37, 3rd floor, 1553 Copenhagen V, Denmark

®Department of Aquatic Resources, Swedish University of Agricultural Sciences, Skolgatan 6, 74242 Oregrund, Sweden

"Maritime Institute in Gdansk, Diugi Targ 41/42, 80-830 Gdarisk, Poland

E-mail: henn.ojaveer@ut.ee (HO), bella@ocean.org.il (BSG), maiju.lehtiniemi@ymparisto.fi (ML), riikka.puntila@helsinki.fi (RP),
maoc@aqua.dtu.dk (MC), jabeh@aqua.dtu.dk (JWB), sc@bsac.dk (SC), ann-britt.florin@slu.se (ABF), pgruszka@im.gda.pl (PG)

*Corresponding author
Received: 5 January 2015 / Accepted: 27 July 2015 / Published online: 11 August 2015
Handling editor: Kit Magellan

Abstract

The round goby, Neogobius melanostomus (Pallas, 1814), is one of the most invasive non-indigenous species in the Baltic Sea. It dominates
coastal fisheries in some localities and is frequently found in offshore pelagic catches. This paper identifies management issues and suggests
actions to be considered for post-invasion management. Priority should be given to the establishment of a coordinated pan-Baltic monitoring
programme and associated data storage and exchange, as well as the compilation of landing statistics of the round goby in commercial and
recreational fisheries. While eradication is unrealistic, population control that leads to minimising the risk of transfer to yet uncolonised areas
in the Baltic Sea and adjacent waterbodies is feasible. This should comprise the requirement that the species be landed in commercial fishery
bycatch, the management of ships’ ballast water and sediments, and hull fouling of inland and sea-going vessels, including recreational boats.
Extensive involvement of stakeholders is crucial at all phases of the management process.
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should be a priority for post-invasion management

Introduction

Non-indigenous species (NIS) can substantially
change local biodiversity, modify the structure and
functions of aquatic ecosystems, alter ecosystem
services and even threaten human health (Bax et
al. 2003; Katsanevakis et al. 2014). Therefore, NIS
are considered as important as other anthropo-
genic drivers that affect marine ecosystems, such
as exploitation of living marine resources, habitat
destruction and pollution (European Community
2008; 2010). However, only a subset of NIS is
widespread (Galil et al. 2014) and known to pose
major ecological and economic harm. These NIS

actions.

In the Baltic Sea over 100 NIS have been
recorded (AquaNIS 2014), but only one fifth are
widespread (Ojaveer and Kotta 2015). One of the
widespread and most successful NIS in the region
is the round goby, Neogobius melanostomus
(Pallas, 1814). Of Ponto-Caspian origin, it has
established large populations in the Baltic Sea,
several major Eurasian rivers and the North
American Great Lakes (Kornis et al. 2012). In
the Baltic Sea, the round goby was first observed
in the Gulf of Gdansk, Poland in 1990, and has
since spread to all the Baltic countries (AquaNIS
2014). Studies in the Baltic Sea have identified
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a dietary overlap between the round goby and the
flounder, Platichthys flesus (Linnaeus, 1758),
and documented a negative correlation between
their abundances (Karlson et al. 2007; Jarv et al.
2011). The round goby also predates on eggs of
commercially valuable fish (Fitzsimons et al.
2006 and references therein), reduces the density
of benthic invertebrates, which are shared prey
with numerous native species (Lederer et al.
2008), bioaccumulates contaminants such as
mercury or polychlorinated biphenyls (PCBs) from
polluted sediments (Ng et al. 2008; Azim et al.
2011), and functions as a vector of botulism to
avian predators (Yule et al. 20006).

Given the widespread ecological consequences,
legislation and international policies play an
important role in controlling this species.
Therefore it ought to be considered an “invasive
species of regional concern” — see Article 11 of
Regulation (EU) No 1143/2014 of the European
Parliament and of the Council of 22 October
2014 on the prevention and management of the
introduction and spread of invasive alien species
(IAS Regulation) (European Community 2014a).
In addition, the invasion of the round goby into
the Baltic Sea should also be handled in the
context of the following international legislative
acts: the International Convention for the Control
and Management of Ships' Ballast Water and
Sediments (BWMC) (IMO 2004); the EU Marine
Strategy Framework Directive (MSFD) (European
Community 2008); the Commission Decision on
criteria and methodological standards on good
environmental status of marine waters (European
Community 2010), and the EU Biodiversity Strategy
to 2020 (European Community 2011). Regarding
human health, nature conservation and fisheries
management, the Commission Decision setting
maximum levels for certain contaminants in
foodstuffs (European Community 2001), the
Directive on the conservation of natural habitats
and of wild fauna and flora (Habitats Directive)
(European Community 1992) and the Common
Fisheries Policy (CFP) (European Community 2013)
should be considered.

Although the eradication of NIS in aquatic
ecosystems has generally proved unsuccessful
(Williams and Grosholz 2008), a coordinated post-
invasion management policy may reduce population
abundance, mitigate ecological impact and curtail
secondary spread. The purpose of this contribution
is to review characteristics of the round goby
invasion, which in turn will help to identify
priority actions for coordinating post-invasion
management of the species in the Baltic Sea.
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Post-invasion management issues

1. Pan-Baltic data collection and dissemination

Internationally coordinated monitoring programmes
are in place in the Baltic Sea with respect to
several native species/populations/communities of
primary producers and invertebrates, as well as
offshore and coastal fish(eries) (HELCOM 1988;
2006; ICES 2014). These programmes provide
some information on NIS, but due to the
fragmentary nature and lack of dedicated NIS
monitoring in most Baltic countries, systematic
and timely data on NIS is scarce (ICES 2012).
Further, none of the programmes has been
designed to provide reliable information on the
spread and abundance of mobile epifauna (incl.
demersal fish). Planning and implementing a moni-
toring programme that meets MSFD requirements,
including NIS (European Community 2008; 2010),
is however underway in the EU member states.
Due to round goby’s relatively sedentary lifestyle
and male nestguarding behaviour, there is a need
to design and adapt conventional survey metho-
dology for monitoring (Brandner et al. 2013). This
includes identification of appropriate sampling
sites in invaded areas and probable target sites.
With appropriate survey methodology and
sampling gear, information could also be
gathered on other non-indigenous mobile epifaunal
species, such as the mud crab Rhithropanopeus
harrisii (Gould, 1841) which has recently colonised
new areas and 1is increasing in abundance
(Fowler et al. 2013), and the Chinese mitten crab
Eriocheir sinensis H. Milne Edwards, 1853 which
has pan-Baltic distribution (Ojaveer et al. 2007)
and may be targeted by the EU IAS regulation,
and thus requires monitoring. Alongside routine
monitoring activities, a programme of ‘citizen
science’ may serve as an effective tool for early
detection (Delaney et al. 2008; Bodilis et al.
2014). In the Baltic Sea, national reporting
systems for recording citizens’ observations are
in place in Finland, Sweden, and Denmark
(FGFRI 2011; Artportalen 2013; Kristensen et al.
2014), and should be extended elsewhere. If
widely used, these national reporting systems are
especially useful in incorporating data from
recreational catches. Mandatory catch records of
the round goby should also be required by all
Baltic Sea countries: data on commercial catches of
the round goby are only available for Estonia and
Latvia, whereas in Finland, Poland and Sweden
the data is recorded amongst *gobiids’ or ‘other
fish’. Denmark lacks bycatch data despite a
substantial bycatch in some coastal fisheries.
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2. Ship-mediated dispersal

Prevention is the principal management action to
reduce the introduction and spread of new NIS in
the marine realm (Lehtiniemi et al. 2015). As the
round goby has already established almost pan-
Baltic populations, actions should focus on
minimising the risk of spread to yet uncolonised
areas through management of the suggested
invasion vectors (LaRue et al. 2011; AquaNIS 2014).

Although the tolerance of the species’ eggs
and larvae to oceanic salinities remains to be
investigated, based on the evidence available
(Ellis and Maclsaac 2009 and references therein;
Karsiotis et al. 2012) management of the round
goby should focus on actions to minimise the
risk of introduction to the adjacent waterbodies
(essentially the North Sea, as well as Baltic
rivers and lakes). Hull fouling of vessels may
accommodate mobile fauna and serve as substrate
for eggs, possibly in the least exposed locations,
such as sea-chests (Coutts and Dodgshun 2007;
Frey et al. 2014) and small holes, such as ballast
water intake holes (Wonham et al. 2000). The
latter have been argued to contribute to the
successful introduction and establishment of
gobiids by facilitating the dispersal phase of
their invasion process (Wonham et al. 2000).

Transport in ballast tanks is considered the
most likely vector of the round goby invasion
into the Laurentian Great Lakes and the Baltic
Sea, as the populations in both regions are
genetically similar to the population near the
southern Dnieper River at Kerson, Ukraine, a
major Black Sea port (Brown and Stepien 2008;
2009). The same vector is the likely cause for its
secondary spread in the Laurentian Great Lakes,
by nocturnal intake of ballast water containing
larvae and juveniles (Hensler and Jude 2007;
Hayden and Miner 2009). Ballast treatment and
management, as mandated by the BWMC (IMO
2004), is essential for limiting the spread of the
round goby within the region and to the connected
waterbodies.

3. Population control

Direct removal of NIS as a means of eradicating
a local population may serve as a management
option under certain circumstances; for example,
a newly established, localized population of an
organism that has limited dispersal capabilities
(Willan et al. 2000; Culver and Kuris 2004;
Wotton et al. 2004; Anderson 2005). This clearly
excludes the round goby as it is already widely
dispersed. However, removal may be locally

effective for population control: culling in Pefferlaw
Brook, Ontario, Canada, has initially proven
efficient in slowing down dispersal of the species
(Dimond et al. 2010), but long-term effects are yet
to be confirmed. In suitable areas with high-
density populations, angling may be encouraged as
a management option for controlling population
size and mitigating impacts locally.

The round goby has a relatively small home
range (Ray and Corkum 2001), but may occasionally
move long distances (Kornis et al. 2012). Experi-
ments have shown strong negative intraspecific
interactions among individuals, resulting in reduced
food intake and dramatically lower growth rates
at densities of about 10 fish per m? (Kornis et al.
2014). Negative density-dependent effects on
individual growth have also very recently been
demonstrated in the field, where population
densities of 1.9 fish per m? showed significantly
poorer growth and condition compared to con-
specifics from the adjacent, recently invaded arca
with densities of 0.01 fish per m? (Azour et al.
2015). Both these studies have suggested further
dispersal due to these negative density-dependent
effects. Indeed, molecular tools demonstrate that
1.9% of individuals in lakes and 7.3% of indi-
viduals in rivers are likely first-generation, long-
distance immigrants (Bronnenhuber et al. 2011).

Classical biocontrol — “use of living organisms
to suppress the population density or impact of a
specific pest organism, making it less abundant
or less damaging than it would otherwise be”
(Eilenberg et al. 2001) — involves the deliberate
introduction of NIS and has proven efficacious
in controlling native and introduced terrestrial
pests (Caltagirone 1981; McFadyen 1998; Clewley
et al. 2012). Attempts of biocontrol in marine
ecosystems are very few, and only a handful of
them have been successful (Lafferty and Kuris
1996; Goddard et al. 2005; Carman et al. 2009).
A successful biocontrol case in freshwater habitats
includes the stocking of Pacific salmonids which
effectively reduced alewife populations in the
Laurentian Great Lakes (Fenichel et al. 2010).
Genetic biocontrol (i.e., the deliberate environmental
release of genetically manipulated organisms
that are designed to disrupt the survival or
reproduction of a targeted invasive species) is an
attractive tool as it is species-specific, reversible
under a range of different scenarios and potentially
efficient to the point of possible eradication
(Kapuscinski and Sharpe 2014; Thresher et al.
2104). Predators of the round goby in the Baltic
Sea include cod, Gadus morhua (average 22.4%
of diet by mass; Almqvist et al. 2010); perch
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Perca fluviatilis (average 69.2% of diet by mass;
Almgqvist et al. 2010; average 17.4% of predator’s
nutrition; Rakauskas et al. 2013), northern pike
Esox lucius (frequency in diet up to 25.4%
Reyjol et al. 2010), pikeperch Sander lucioperca
(17.5% of predator’s nutrition; Rakauskas et al.
2013) and turbot Psetta maxima (no quantitative
data; Sapota and Skora 2005). In several coastal
regions, the abundance of these piscivorous fish
is low due to intense exploitation (HELCOM
2006; Vetemaa et al. 2010), so effective control
of the goby population through predation is unlikely.

In addition to predatory fish, the great cormorant
Phalacrocorax carbo (60—90% of diet by number;
Bzoma 1998; 11.9% of predator’s nutrition;
Rakauskas et al. 2013) and the grey heron Ardea
cinerea (95% of diet by number; Jakubas 2004;
6.9% of predator’s nutrition; Rakauskas et al.
2013) may also be important predators of the
round goby and their role in assisting in potential
regulation of the round goby population should
be taken into account.

4. Management of nature conservation areas

The effect of NIS on native communities and
habitats has been receiving increasing attention
(e.g., European Community 2004). However, mana-
gement plans for marine protected areas (MPAs)
rarely include guidelines for NIS management
(Burfeind et al. 2013).

MPAs cover approximately 12% of the total
area of the Baltic Sea (HELCOM 2013a) and
consist mainly of the Natura 2000 network of
marine protected areas based on the Habitats
Directive (European Community 1992) and the
Birds Directive (European Community 2009), as
well as the Baltic Sea Protected Areas of the
Baltic Marine Environment Protection Commission
— Helsinki Commission (HELCOM), the latter
mainly as an outcome of the HELCOM Baltic
Sea Action Plan (HELCOM 2007). The main
objective of MPAs is to protect valuable and
threatened species, communities and habitats.
Protected areas at national level have various
management objectives, for example, recovery of
commercially exploited fish stocks (Fenberg et
al. 2012). Notably, most MPAs are situated in
shallow coastal waters, comprising habitats
suitable for the round goby.

Article 2(1) of the Habitats Directive defines
the overall aim as “... to contribute towards
ensuring biodiversity through the conservation
of natural habitats and of wild fauna and flora*
with Article 2(2) specifying measures taken
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“.. shall be designed to maintain or restore, at
favourable conservation status, natural habitats
and species of wild fauna and flora of
Community interest.” Furthermore, Article 6 (1)
states: “For special areas of conservation, Member
States shall establish the necessary conservation
measures involving, if need be, appropriate
management plans specifically designed for the
sites or integrated into other development plans,
and appropriate statutory, administrative or
contractual measures which correspond to the
ecological requirements of the natural habitat
types ... and the species ... present on the sites”
(European Community 1992). As the round goby
may exert a significant impact on benthic
communities (Kuhns and Berg 1999; French and
Jude 2001; Barton et al. 2005; Kipp et al. 2012),
its presence may compromise conservation goals,
since MPAs may serve as dispersal hubs for the
round goby and induce ‘spill-over effect’ to adjacent
areas (but see Bronnenhuber et al. 2011). This
may compromise achieving Good Environmental
Status (GES) of several descriptors of the
MSFD: Descriptor 1 “Biological diversity is
maintained. The quality and occurrence of
habitats and the distribution and abundance of
species are in line with prevailing physiographic,
geographic and climate conditions”, Descriptor 4
“All elements of the marine food webs, to the
extent that they are known, occur at normal
abundance and diversity and levels capable of
ensuring the long-term abundance of the species
and the retention of their full reproductive
capacity” and Descriptor 6 “Sea-floor integrity is at
a level that ensures that the structure and
functions of the ecosystems are safeguarded and
benthic ecosystems, in particular, are not
adversely affected” (European Community 2010).
Active removal of invasive NIS from MPAs,
including the round goby, should be allowed,
even encouraged and facilitated.

5. Contaminants uptake

Through the creation of new trophic links in the
invaded systems (e.g., Johnson et al. 2005;
Almgqvist et al. 2010), the invasion of the round
goby has not only resulted in the increase in
bioaccumulation of sediment-related toxins in
predatory fishes, but also caused biomagnification
of several toxic substances in the marine food
chain (e.g. Kwon et al. 2006; Hogan et al. 2007;
Marentette et al. 2010; Azim et al. 2011; but see
Kornis et al. 2012). As both the round goby and
its predators (piscivorous fish, see Crane et al.
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2015) are consumed by humans, human health
may be at risk. Since aquatic pollution may
increase the relative success of invasive species
(Crooks et al. 2011) and the round goby is known
to be tolerant to contamination (McCallum et al.
2014), the risk is even greater.

Furthermore, the potential increase of residuals
of contaminants further up the food-web may
compromise achieving GES of the MSFD
Descriptor 8 (“Concentrations of contaminants
are at levels not giving rise to pollution effects”)
and Descriptor 9 (“Contaminants in fish and
other seafood for human consumption do not
exceed levels established by Community legislation
or other relevant standards™) (European Community
2010).

6. Stakeholder involvement

Stakeholders, including residents in areas likely
to be affected by the invasion of NIS and the
proposed control options for mitigation of impacts,
must be informed and consulted throughout the
management process. Ideally, this should include
setting objectives, reviewing alternatives and
weighing the benefits of control options against
their risks and the risk(s) of no action (Bax et al.
2001). Dialogue with stakeholders is likely to
raise awareness of the socio-ecological problems
that may be caused by the given bioinvasion.
Understanding the attitudes and concerns of
residents towards potential management measures
can also help researchers, conservationists and
legislators to understand the challenges and
opportunities that may be encountered during the
development and application of such measures
(Trenouth and Campbell 2013; Sharpe 2014).

Recommendations for post-invasion management
actions

1. Pan-Baltic data collection and dissemination

As indicated above, currently no round goby
monitoring occurs and we depend on sporadic
and irregular data sources, which are inadequate
for accurate estimation of their abundance and
biomass. Collection, validation and timely
dissemination of accurate information on the
abundance and distribution are therefore
prerequisite for undertaking successful management
actions (Lehtiniemi et al. 2015). A Pan-Baltic
programme comprising harmonized protocols for
targeted monitoring, fisheries data and citizen
science observations would provide information
on the dispersal as well as population status of

the fish. The information collected should also
serve for any rapid response actions and be
linked to the process of proposing potential
changes in national fisheries regulations to secure
effective biocontrol (i.e., certain abundance level
of large predatory fish in the sea). Importantly,
adjacent waterbodies should be monitored for
secondary spread, which may enable rapid
eradication actions.

Thus, we should attempt to first arrive at
validated estimates of the current status of the
round goby populations based on an appropriate
monitoring programme. The second step is to
initiate discussions on management options and
launch pilot control experiments of the species at
the pan-Baltic scale.

Considering the need for standardization and
amalgamation of NIS observations (Ojaveer et
al. 2014), a pan-Baltic clearinghouse should be
established, and the regional management body,
e.g., HELCOM (or its affiliate), be established as
a central contact point.

2. Pan-Baltic management of vessel-transported
propagules

Ratification and early adoption of the BWMC by
the Baltic countries would help to reduce ballast-
transported propagules of the round goby.
Monitoring for NIS in major ports in the Baltic
Sea is a crucial component for management
decisions, which will enable an estimate of the
likelihood of ship-transported spread (IMO 2004;
HELCOM 2013b). Furthermore, round goby should
be considered a ‘red flag’ species when granting
exemptions from the BWMC (IMO 2004).

Given its notorious euryhalinity, restriction of
secondary spread into Baltic rivers and lakes and
the North Sea would necessitate the strict
application of the International Maritime
Organisation’s guidelines to minimise the risk of
transfer of invasive aquatic species via hull
fouling (IMO 2011). This would also raise further
awareness among marine operators and recreational
boaters of the necessity and importance of
antifouling maintenance.

3. Population control

3.1. Fishery

The exploitation of living marine resources in
the Baltic Sea is regulated at various levels,
depending on the resource in question. One of the
objectives of the Basic Regulation of the CFP
(Regulation 1380/2013 European Community) is
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to . gradually eliminate discards...” (as a
conservation measure for commercially exploited
fish stocks and/or marine ecosystems), taking
into account the best scientific advice. The
landing obligation includes the requirement to
develop discard plans which contain detailed
operational guidelines on the handling and storage
of the fish both onboard and on land. An open
and transparent discussion needs to occur around
the possibility to include provisions for dealing
with bycatch of the round goby. Such measures
could be considered as precautionary (reducing
risk of deliberate release to yet uncolonised
water bodies/sea areas, potentially reducing eco-
logical impact) and accompanied by monitoring/
research efforts. These ideas should be discussed
and developed in cooperation with the appropriate
stakeholder groups, with the purpose of encouraging
the use of this new marine living resource.

The potential of the recreational fishery to
control population abundance should also be
explored. If experimental findings support its
efficacy, regional management plans and policy
documents should be revised to allow and even
promote a recreational fishery for round gobies.
These may include examples such as angling
(Gutowsky et al. 2011) especially in areas and at
times where recreational fishering might otherwise
be restricted (e.g., MPA’s). However, we anticipate
that bycatch will continue to be an issue given
the lack of selectivity and limited number of
goby-specific techniques that can be employed in
a recreational angling setting. It is therefore very
likely that gear development (modifying the
already existing and/or development of new
selective gear specific for the round goby) is needed.

3.2. Manipulation of predation pressure

Classical biocontrol is considered highly risky due
to possible adverse effects on non-target species
(Simberloff and Stiling 1996; Ip et al. 2014).
Therefore it cannot be recommended as a
management tool for marine NIS (Bax et al.
2001; Atalah et al. 2015). Moreover, the EU has
been especially averse to authorizing the use of
genetically modified organisms, even as crops
(European Commission 2014b). To justify the
expense of research and testing needed to obtain
legal approval, an evaluation of the impacts of
the round goby and a thorough assessment of the
risks and benefits involved have to be unequivocably
demonstrated.

Native piscivorous predators in the Laurentian
Great Lakes may be able to control the population
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of the round goby (Madenjian et al. 2011; Burkett
and Jude 2015). However, quantitative studies on
native Baltic fish predating on the round goby
are few and no species has been convincingly
pinpointed for control purposes, although
tentative  suggestions have been  made
(Rakauskas et al. 2013). Fundamental research
efforts are required prior to suggesting the use of
piscivorous fish (or birds) as biocontrol agents
and, in turn, proposing potential changes in
national fisheries regulations to secure a certain
abundance level of large predatory fish. These
should cover, among others, both ecological
(e.g., identification of prey preference of
piscivorous fish and quantitative predator-prey
relationships in coastal fish communities invaded
by the round goby) and socio-economic issues
(e.g., stakeholder attitudes, economic implications,
market responses).

Simultaneous application of the landing
obligation of the round goby (a requirement that
the species be landed and recorded in commercial
fisheries) and securing effective control by
native predators (both piscivorous fish and birds)
may result in reduced populations of the round
goby and thereby mitigate socio-economic
impacts (e.g., income reduction for fishers due to
decline of target species in some coastal fisheries
as a consequence of the goby’s domination).

Combining culling through removal by fishers
with enhanced predation pressure may reduce its
abundance and thereby reduce the risk of further
spread. However, it is likely that some long-and
short-distance dispersal will occur and may
undermine control efforts (Bronnenhuber et al.
2011).

Pre-border prevention is indeed the preferred
option for NIS management. However, when the
introduction has already occurred, and the
impacts warrant intervention, population control
(e.g., through predation by native piscivores or
active removal) may reduce or delay secondary
spread to adjacent water bodies. Early detection
and rapid response in the Baltic Sea (sensu lato)
may be useful for yet largely uninvaded sub-
systems (i.e., Bothnian Sea and Bothnian Bay in
the northern Baltic Sea). Furthermore, there is a
growing body of evidence that predation by native
fish can control/reduce goby abundance (see
above). Therefore, management agencies could
perform risk analyses (ecological and socio-
economic) and results may guide responses to
suit local conditions.
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4. Protocols for rapid response to newly detected
populations

At present, no model exists for mobilizing a
rapid response to newly detected populations of
the round goby. A pan-Baltic rapid response plan
should be structured in order to avoid political/
bureaucratic/funding obstacles that might impede
actions. The plans should be ready for activation
in a time frame that can maximize the possibility
for control (including eradication). At the same
time, such a rapid response plan would also help
in the management of other invasive NIS in the
area.

5. Controlling the round goby in nature
conservation areas

The first priority action is to closely monitor the
status of the round goby populations inside
nature conservation areas. If the species is
detected, the management regime already in
place should be reassessed and removal of the
round goby considered/planned (see section 3.1.
above). Allowing active removal operations of
invasive NIS in conservation areas, such as
MPAs, may require changes in legislation.
Efficient protection of conservation areas can
be achieved only when surrounding areas adhere
to management plans, when close cooperation
and information exchange among all relevant
authorities (nature conservationists and fishery
managers) are in place, and when coherent
management measures within and adjacent to
nature conservation areas are jointly agreed upon.

6. Monitoring of contaminants

Levels of contaminants (European Community
2001) in round goby populations possibly intended
for human consumption should be closely
monitored, as the fish inhabits some of the most
polluted coastal areas (Sapota et al. 2005). This
monitoring should be conducted as part of the
population abundance monitoring in order to be
cost efficient.

Only if levels are within safe limits could the
round goby be utilized for human consumption
by commercial and recreational fishers. Otherwise,
alternate treatment options of the landed catch
should be sought.

7. Securing stakeholder involvement

Considering the lack of appropriate surveys and
monitoring programmes for the round goby (see

above), one of the key roles of stakeholders in
the Baltic Sea (essentially recreational and
commercial fishers) is to act as a primary source
for observational and catch data (e.g., FGFRI
2011), and eventually to help control the goby
populations through the exploition of this new
resource. A low reporting threshold can be
obtained by establishing easy-to-use websites
(see FGFRI 2011).

Several international bodies in the Baltic Sea
region should be involved in communicating,
awareness raising, and discussing and developing
potential management options, i.e., the Baltic Sea
Advisory Council, HELCOM and the Baltic Sea
Fisheries Forum, BALTFISH. In addition, the
recreational sector at large should also be engaged,
by including recreational fishing associations,
recreational boat owners and port/marina managers
(ICES 2013).

Of particular importance is regular and
management step-specific outreach (Dimond et
al. 2010) to representatives from policy advisors,
fishermen, license issuers, nature conservationists,
marine spatial planners and maritime lawyers. It
should also include demonstration and public
participation at practical events such as goby
angling/fishing competitions (e.g., SKES 2015).
Public outreach should comprise the full societal
range from schools to community and tourist
centres. Such a wide civil involvement would
enhance overall awareness of NIS invasions.

Concluding remarks

The management of NIS requires a transborder,
transdisciplinary and integrated approach, with
stakeholders taking part at all stages and in all
components of the process. Efficient marine
management can only be achieved when managers
within the sector are willing to think across the
vertical and horizontal levels of integration
(Elliott 2014). In addition, adoption of the ‘single
authority’ approach by establishing a single
national/regional coordinating body for NIS
management is highly recommended (Ojaveer et al.
2014). This will help to incorporate bioinvasions,
one of the most important human-induced
pressures affecting the marine environment, into an
ecosystem-based approach to management. Finally,
we reiterate the statement by Williams and
Grosholz (2008) that NIS in coastal waters and
estuaries should be managed with the same
resolve as other major external stressors affecting
marine ecosystems.

335



Acknowledgements

NORDEN funding for financing the dedicated workshop on
“Round goby — need for collaborative science and management in
Nordic and Baltic countries” is greatly acknowledged. The
research leading to these results has received funding from
BONUS (BIO-C3 project), the joint Baltic Sea research and
development programme (Art 185), funded jointly from the
European Union’s Seventh Programme for research, technological
development and demonstration, from the Estonian Research
Council and Academy of Finland. HO and BG acknowledge the
support of the COST Action TD1209 “ALIEN Challenge”. HO
was partially funded by Estonian Ministry of Education and
Research (grant SF0180005s10).

References

Almgqvist G, Strandmark A, Appelberg M (2010) Has the invasive
round goby caused new links in Baltic food webs.
Environmental Biology of Fishes 89: 79-93, http://dx.doi.org/
10.1007/s10641-010-9692-z

Anderson LWJ (2005) California’s reaction to Caulerpa taxifolia:
a model for invasive species rapid response. Biological
Invasions 7: 1003-1016, http://dx.doi.org/10.1007/s10530-004-
3123-z

AquaNIS (2014) Information system on Aquatic Non-Indigenous
and Cryptogenic Species. World Wide Web electronic
publication. http://www.corpi.ku.lt/databases/index.php/aquanis
Version 2.36+ (Accessed 12 December 2014)

Artportalen (2014) Rapportsystem for véxter, djur och svampar.
https://www.artportalen.se (Accessed 12 December 2014)
Atalah J, Hopkins GA, Fletcher LM, Castinel A, Forrest BM
(2015) Concepts for biocontrol in marine environments: is
there a way forward? Management of Biological Invasions 6:

1-12, http://dx.doi.org/10.3391/mbi.2015.6.1.01

Azim ME, Kumarappah A, Bhavsar SP, Backus SM, Arhonditsis
G (2011) Detection of the spatiotemporal trends of mercury
in Lake Erie fish communities: A Bayesian approach.
Environmental Science and Technology 45: 2217-2226,
http://dx.doi.org/10.1021/es103054q

Azour F, van Deurs M, Behrens J, Carl H, Hiissy K, Greisen K,
Ebert R, Mpller PR (2015) Invasion rate and population
characteristics of the invasive round goby Neogobius
melanostomus: effects of density and invasion history.
Aquatic Biology 24: 41-52, http://dx.doi.org/10.3354/ab00634

Barton DR, Johnson RA, Campbell L, Petruniak J, Patterson M
(2005) Effects of round gobies (Neogobius melanostomus) on
dreissenid mussels and other invertebrates in eastern Lake
Erie, 2002-2004. Journal of Great Lakes Research 31 (Suppl.
2): 252261, hitp://dx.doi.org/10.1016/S0380-1330(05)70318-X

Bax N, Carlton JT, Mathews-Amos A, Haedrich RL, Howarth
FG, Purcell JE, Rieser A, Gray A (2001) The control of
Biological invasions in the World’s Oceans. Conservation
Biology 15: 1234-1246, http://dx.doi.org/10.1046/j.1523-1739.20
01.99487.x

Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003)
Marine invasive alien species: a threat to global biodiversity.
Marine Policy 27: 313-323, http://dx.doi.org/10.1016/S0308-
597X(03)00041-1

Bodilis P, Louisy P, Draman M, Arceo HO, Francour P (2014)
Can citizen science survey non-indigenous fish species in the
Eastern Mediterranean Sea? Environmental Management 53:
172-180, http://dx.doi.org/10.1007/500267-013-0171-0

Brandner J, Pander J, Mueller M, Cerwenka AF, Geist J (2013)
Effects of sampling techniques on population assessment of

invasive round goby Neogobius melanostomus. Journal of

Fish Biology 82: 20632079, http://dx.doi.org/10.1111/jfb.12137

336

H. Ojaveer et al.

Bronnenhuber JE, Dufour BA, Higgs DM, Heath DD (2011)
Dispersal strategies, secondary range expansion and invasion
genetics of the nonindigenous round goby, Neogobius
melanostomus, in Great Lakes tributaries. Molecular Ecology
20:1845-1859, http://dx.doi.org/10.1111/j.1365-294X.2011.05030.x

Brown JE, Stepien CA (2008) Ancient divisions, recent
expansion: phylogeography and population genetics of the
round goby Appolonia melanostoma. Molecular Ecology 17:
2598-2615, http://dx.doi.org/10.1111/5.1365-294X.2008.03777.x

Brown JE, Stepien CA (2009) Invasion genetics of the Eurasian
round goby in North America: tracing sources and spread
patterns. Molecular Ecology 18: 64-79, http://dx.doi.org/10.11
11/5.1365-294X.2008.04014.x

Burfeind DD, Pitt KA, Connolly RM, Byers JE (2013)
Performance of non-native species within marine reserves.
Biological Invasions 15: 17-28, http://dx.doi.org/10.1007/s105
30-012-0265-2

Burkett EM, Jude DJ (2015) Long-term impacts of invasive round
goby Neogobius melanostomus on fish community diversity
and diets in the St. Clari River, Michigan. Journal of Great
Lakes Research 41: 862—872, http://dx.doi.org/10.1016/j.jglr.20
15.05.004

Bzoma S (1998) The contribution of round goby (Neogobius
melanostomus Pallas, 1811) to the food supply of cormorants
(Phalacorocorax carbo Linnaeus, 1758) feeding in the Puck
Bay. Bulletin of the Sea Fisheries Institute, Gdynia 2: 39—48

Caltagirone LE (1981) Landmark examples in classical biological
control. Annual Review of Entomology 26: 213-232,
http://dx.doi.org/10.1146/annurev.en.26.010181.001241

Carman MR, Allen HM, Tyrrell MC (2009) Limited value of the
common periwinkle snail Litforina littorea as a biological
control for the invasive tunicate Didemnum vexillum. Aquatic
Invasions 4: 291-294, http://dx.doi.org/10.3391/ai.2009.4.1.30

Clewley GD, Eschen R, Shaw RH, Wright DJ (2012) The
effectiveness of classical biological control of invasive
plants. Journal of Applied Ecology 2012: 1287-1295,
http://dx.doi.org/10.1111/j.1365-2664.2012.02209.x

Coutts ADM, Dodgshun TJ (2007) The nature and extent of
organisms in vessel sea-chests: a protected mechanism for
marine bioinvasions. Marine Pollution Bulletin 54: 875886,
http://dx.doi.org/10.1016/j.marpolbul.2007.03.011

Crane DP, Farrell JM, Einhouse DW, Lantry JR, Markham JL
(2015) Trends in body condition of native piscivores
following invasion of Lakes Erie and Ontario by the round
goby. Freshwater Biology 60: 111-134, http:/dx.doi.org/10.11
11/fwb.12473

Crooks JA, Chang AL, Ruiz GM (2011) Aquatic pollution
increases the relative success of invasive species. Biological
Invasions 13: 165—176, http://dx.doi.org/10.1007/s10530-010-9799-3

Culver CS, Kuris AM (2004) Susceptibility of California gastro-
pods to an introduced South African sabellid polychaete,
Terebrasabella heterouncinata. Invertebrate Biology 123:
316-323, http://dx.doi.org/10.1111/j.1744-7410.2004.tb00165.x

Delaney DG, Sperling CD, Adams CS, Leung B (2008) Marine
invasive species: validation of citizen science and implica-
tions for national monitoring networks. Biological Invasions
10: 117-128, http://dx.doi.org/10.1007/s10530-007-9114-0

Dimond PE, Mandrak NE, Brownson B (2010) Summary of the
rapid response to round goby (Neogobius melanostomus) in
Pefferlaw Brook with an evaluation of the national rapid
response framework based on the Pefferlaw Brook
experience. DFO Canadian Science Advisory Secretariat —
Research Documents, 2010/036.vi + 33p

Eilenberg J, Hajek A, Lomer C (2001) Suggestions for unifying
the terminology in biological control. Biocontrol 46: 387—
400, http://dx.doi.org/10.1023/A:1014193329979

Elliott M (2014) Editorial. Integrated marine science and
management: Wading through the morass. Marine Pollution
Bulletin 86: 14, http://dx.doi.org/10.1016/j.marpolbul.2014.07.026



Post-invasion management of the round goby

Ellis SE, Maclsaac HJ (2009) Salinity tolerance of Great Lakes
invaders. Freshwater Biology 54: 77-89, http://dx.doi.org/10.11
11/j.1365-2427.2008.02098.x

European Community (1992) Council Directive 92/43/EEC of 21
May 1992 on the conservation of natural habitats and of wild
fauna and flora. Official Journal of the European
Communities 1L206: 7-50

European Community (2001) EU commission decision
466/2001/EC of 8 March 2001 setting maximum levels for
certain contaminants in foodstuffs. Official Journal of the
European Communities L77: 1-13

European Community (2004) LIFE Focus/Alien species and
nature conservation in the EU. The role of the LIFE program.
59 pp

European Community (2008) Directive 2008/56/EC of the
European Parliament and of the Council of 17 June 2008
establishing a framework for community action in the field of
marine environmental policy (Marine Strategy Framework
Directive). Official Journal of the European Union L164: 19—
40

European Community (2009) Directive of the European
Parliament and of the Council of 30 November 2009 on the
conservation of wild birds. Official Journal of the European
Union L20: 7-25

European Community (2010) Decision on criteria and
methodological standards on good environmental status of
marine waters. Decision 2010/477/EU. Official Journal of the
European Union 1L.232: 14-24

European Community (2011) Our life insurance, our natural
capital: an EU biodiversity strategy to 2020. Communication
from the Commission of the European Parliament, the
Council, the Economic and Social Committee and the
Committee of the Regions COM (2011) 244, Brussels,
Belgium, May 3, 2006, 17 pp

European Community (2013) Regulation (EU) No 1380/2013 of
the European Parliament and of the Council of 11 December
2013 on the Common Fisheries Policy, amending Council
Regulations (EC) No 1954/2003 and (EC) No 1224/2009 and
repealing Council Regulations (EC) No 2371/2002 and (EC)
No 639/2004 and Council Decision 2004/585/EC. Official
Journal of the European Union 1L354: 22—61

European Community (2014a) Regulation (EU) No 1143/2014 of
the European Parliament and of the Council of 22 October
2014 on the prevention and management of the introduction
and spread of invasive alien species. Official Journal of the
European Union L317: 35-55

European Commission (2014b) Health and consumers. EU
Register of authorised GMOs. http://ec.europa.eu/food/dyna/
gm_register/index_en.cfm (Accessed 12 December 2014)

Fenberg PB, Caselle JE, Claudet J, Clemence M, Gaines SD,
Garcia-Charton JA, Gongalves EJ, Groud-Colvert K, Guidetti
P, Jenkins SR, Jones PJS, Lester SE, Mcallen R, Moland E,
Planes S, Serensen TK (2012) The science of European mari-
ne reserves: status, efficacy, and future needs. Marine Policy
36: 1012—1021, http://dx.doi.org/10.1016/j.marpol.2012.02.021

Fenichel EP, Horan RD, Bence, JR (2010) Indirect management
of invasive species through biocontrols: A bioeconomic
model of salmon and alewife in Lake Michigan. Resource
and Energy Economics 32: 500—518, http://dx.doi.org/10.1016/
j.reseneeco.2010.04.002

Fitzsimons J, Williston B, Williston G, Bravener G, Jonas JL,
Claramunt RM, Marsden JE, Ellrott BJ (2006) Laboratory
Estimates of Salmonine Egg Predation by Round Gobies
(Neogobius melanostomus), Sculpins (Cottus cognatus and
C. bairdi), and Crayfish (Orconectes propinquus). Journal of
Great Lakes Research 32: 227-241, http:/dx.doi.org/10.3394/
0380-1330(2006)32[227:LEOSEP]2.0.CO;2

FGFRI (2011) Report your observations on alien species in the
coastal areas of Finland. http://www.riistakala.info/alien_species/
index.html (Accessed 12 December 2014)

Fowler AE, Forsstrom T, von Numers M, Vesakoski O (2013)
The North American mud crab Rhithropanopeus harrisii
(Gould, 1841) in newly colonized Northern Baltic Sea:
distribution and ecology. Aquatic Invasions 8: 89-96,
http://dx.doi.org/10.3391/ai.2013.8.1.10

French JRP III, Jude DJ (2001) Diets and diet overlap of
nonindigenous gobies and small benthic native fishes co-
inhabiting the St. Clair River, Michigan. Journal of Great
Lakes Research 27: 300-311, http://dx.doi.org/10.1016/S0380-
1330(01)70645-4

Frey MA, Simard N, Robichaud DD, Martin JL, Therriault TT
(2014) Fouling around: vessel sea-chests as a vector for the
introduction and spread of aquatic invasive species.
Management of Biological Invasions 5: 21-30, http://dx.doi.
org/10.3391/mbi.2014.5.1.02

Galil BS, Marchini A, Occhipinti-Ambrogi A, Minchin D,
Nar$¢ius A, Ojaveer H, Olenin S (2014) International
arrivals: widespread bioinvasions in European Seas. Ethology
Ecology & Evolution 26: 152—171, hitp:/dx.doi.org/10.1080/039
49370.2014.897651

Goddard JH, Torchin ME, Kuris AM, Lafferty KD (2005) Host
specificity of Sacculina carcini, a potential biological control
agent of the introduced European green crab Carcinus
maenas in California. Biological Invasions 7: 895-912,
http://dx.doi.org/10.1007/s10530-003-2981-0

Gutowsky LFG, Brownscombe JW, Fox MG (2011) Angling to
estimate the density of round goby (Neogobius melano-
stomus). Fisheries Research 108: 228-231, http:/dx.doi.org/
10.1016/j.fishres.2010.12.014

Hayden TA, Miner JG (2009) Rapid dispersal and establishment
of a benthic Ponto-Caspian goby in Lake Erie: diel vertical
migration of early juvenile round goby. Biological Invasions
11: 1767-1776, http://dx.doi.org/10.1007/s10530-008-9356-5

HELCOM (1988) Manual for Marine Monitoring in the COM-
BINE Programme of HELCOM. http://www.helcom.fi/groups/
monas/CombineManual/en_GB/main/ (Accessed 27.11.2014)

HELCOM (2006) Assessment of Coastal Fish in the Baltic Sea.
Baltic Sea Environmental Proceedings No. 103 A. Helsinki,
Finland. 28 pp

HELCOM (2007) Baltic Sea Action Plan. Helsinki, HELCOM.
102 pp

HELCOM (2013a) HELCOM Red List of Baltic Sea species in
danger of becoming extinct. Baltic Sea Environmental
Proceedings No. 140. Helsinki, Finland, 106 pp

HELCOM (2013b) Joint HELCOM/OSPAR Guidelines for the
Contracting Parties of OSPAR and HELCOM on the granting
of exemptions under International Convention for the Control
and Management of Ships’ Ballast Water and Sediments,
Regulation A-4. Adopted by HELCOM Ministerial Meeting,
3 October 2013 in Copenhagen and OSPAR Agreement
2013-09. 46 pp

Hensler SR, Jude DJ (2007) Diel vertical migration of round goby
larvae in the Great Lakes. Journal of Great Lakes Research
33: 295-302, http://dx.doi.org/10.3394/0380-1330(2007)33[295:DV
MORG]2.0.CO;2

Hogan LS, Marschall E, Folt C, Stein RA (2007) How non-native
species in Lake Erie influence trophic transfer of mercury and
lead to top predators. J. of Great Lakes Research 33: 4661,
http://dx.doi.org/10.3394/0380-1330(2007)33[46:HNSILE]2.0.CO;2

ICES (2014) Report of the Baltic Fisheries Assessment Working
Group (WGBFAS), 3-10 April 2014, ICES HQ, Copenhagen,
Denmark. ICES CM 2014/ACOM:10, 834 pp

ICES (2012) Report of the ICES Working Group on Introductions
and Transfers of Marine Organisms (WGITMO), 14-16
March 2012, Lisbon, Portugal. ICES CM 2012/ACOM:31.
301 pp

337



ICES (2013) Report of the ICES Working Group on Introductions
and Transfers of Marine Organisms (WGITMO), 20-22
March 2013, Montreal, Canada. ICES CM 2013/ACOM:30.
149 pp

IMO (2004) International Convention for the Control and
Management of Ships' Ballast Water and Sediments.
http://www.imo.org (Accessed 27 November 2014)

IMO (2011) Resolution MEPC.207(62). Guidelines for the
control and management of ships’ biofouling to minimise the
transfer of invasive aquatic species. MEPC 62/24/Add.1. 25
pp

Ip KKL, Liang Y, Lin L, Wu H, Xue J, Qiu J-W (2014)
Biological control of invasive apple snails by two species of
carp: Effects on non-target species matter. Biological Control
71: 16-22, http://dx.doi.org/10.1016/j.biocontrol.2013.12.009

Jakubas D (2004) The response of the grey heron to a rapid
increase of the round goby. Waterbirds 27: 304-307,
http://dx.doi.org/10.1675/1524-4695(2004)027[0304: TROTGH]2.0.CO;2

Jarv L, Kotta J, Kotta I, Raid T (2011) Linking the structure of
benthic invertebrate communities and the diet of native and
invasive fish species in a brackishwater ecosystem. Annales
Zoologici Fennici 48: 129-141, http://dx.doi.org/10.5735/086.
048.0301

Johnson TB, Bunnell DB, Knight CT (2005) A potential new
energy pathway in central Lake Erie: the round goby
connection. Journal of Great Lakes Research 31 (Suppl. 2):
238-225, http://dx.doi.org/10.1016/S0380-1330(05)70317-8

Kapuscinski AR, Sharpe LM (2014) Introduction: genetic
biocontrol of invasive fish species. Biological Invasions 6:
1197-1200, http:/dx.doi.org/10.1057/9780230389342.0003

Karlson AML, Almqvist G, Skora KE, Appelberg M (2007)
Indications of competition between non-indigenous round
goby and native flounder in the Baltic Sea. ICES Journal of
Marine Science 64: 479-486, http://dx.doi.org/10.1093/ices
jms/fs1049

Karsiotis SI, Pierce LR, Brown JE, Stepien CA (2012) Salinity
tolerance of the invasive round goby: Experimental
implications for seawater ballast exchange and spread to
North American estuaries. Journal of Great Lakes Research
38: 121-128, http:/dx.doi.org/10.1016/j.jglr.2011.12.010

Katsanevakis S, Wallentinus I, Zenetos A, Leppékoski E, Cinar
ME, Oztiirk B, Grabowski M, Golani D, Cardoso AC (2014)
Impacts of invasive alien marine species on ecosystem
services and biodiversity: a pan-European review. Aquatic
Invasions 9: 391-423, http://dx.doi.org/10.3391/ai.2014.9.4.01

Kipp R, Hébert I, Lacharit¢ M, Ricciardi A (2012) Impacts of
predation by the Eurasian round goby (Neogobius
melanostomus) on molluscs in the upper St. Lawrence River.
Journal of Great Lakes Research 38: 7889, http://dx.doi.org/
10.1016/,jglr.2011.11.012

Kornis MS, Carlson J, Lehrer-Brey G, Vander Zanden MJ (2014)
Experimental evidence that ecological effects of an invasive
fish are reduced at high densities. Oecologia 175: 325-334,
http://dx.doi.org/10.1007/s00442-014-2899-5

Kornis MS, Mercado-Silva N, Vander Zanden MJ (2012)
Twenty years of invasion: a review of round goby
Neogobius melanostomus biology, spread and ecological
implications. Journal of Fish Biology 80: 235-85,
http://dx.doi.org/10.1111/j.1095-8649.2011.03157.x

Kristensen LD, Stettrup JG, Andersen SK, Degel H (2014)
Registrering af fangster i de danske kystomrader med
standardredskaber. Neoglefiskerrapport for 2011-2013. DTU
Aqua report nr. 2862014

Kuhns LA, Berg MB (1999) Benthic invertebrate community
responses to round goby (Neogobius melanostomus) and
zebra mussel (Dreissena polymorpha) invasion in southern
Lake Michigan. Journal of Great Lakes Research 25: 910—
917, http://dx.doi.org/10.1016/S0380-1330(99)70788-4

338

H. Ojaveer et al.

Kwon TD, Fisher SW, Kim GW, Hwang H, Kim JE (2006)
Trophic transfer and biotransformation of polychlorinated
biphenyls in zebra mussel, round goby, and smallmouth bass
in Lake Erie, USA. Environmental Toxicology and Chemistry
25: 1068-1078, http://dx.doi.org/10.1897/05-180R.1

LaRue EA, Ruetz CR III, Stacey MB, Thum RA (2011)
Population genetic structure of the round goby in Lake
Michigan: implications for dispersal of invasive species.
Hydrobiologia 663: 71-82, http://dx.doi.org/10.1007/s10750-010-
0555-6

Lafferty KD, Kuris AM (1996) Biological control of marine pests.
Ecology 77: 1989-2000, http://dx.doi.org/10.2307/2265695

Lederer AM, Janssen J, Reed T, Wolf A (2008) Impacts of the
introduced round goby (Appolonia melanostoma) on
Dreissenids (Dreissena polymorpha and bugensis) and on
macroinvertebrate community between 2003 and 2006 in the
littoral zone of Green Bay, Lake Michigan. Journal of Great
Lakes Research 34: 690—697, http://dx.doi.org/10.1016/S0380-
1330(08)71611-3

Lehtiniemi M, Ojaveer H, David M, Galil B, Gollasch S,
McKenzie C, Minchin D, Occhipinti-Ambrogi A, Olenin S,
Pederson J (2015) Dose of truth—monitoring marine non-
indigenous species to serve legislative requirements. Marine
Policy 54: 26-35, http://dx.doi.org/10.1016/j.marpol.2014.12.015

Madenjian CP, Tapanian MA, Witzel LD, Einhouse DW,
Pothoven SA, Whitford HL (2011) Evidence for predatory
control of the invasive round goby. Biological Invasions 13:
987-1002, http://dx.doi.org/10.1007/s10530-010-9884-7

Marentette JR, Gooderham KL, McMaster ME, Ng T, Parrott JL,
Wilson JY, Wood CM, Balshine S (2010) Signatures
ofcontamination in invasive round gobies (Neogobius
melanostomus): A double strike for ecosystem health?
Ecotoxicology and Envrionmental Safety 73: 1755-1764,
http://dx.doi.org/10.1016/j.ecoenv.2010.06.007

McCallum ES, Charney RE, Marenette JR, Young JAM, Koops
MA, Earn DJD, Bolker BM, Balshine S (2014) Persistence of
an invasive fish (Neogobius melanostomus) in a contaminated
ecosystem. Biological Invasions 16: 2449-2461, http:/dx.doi.
org/10.1007/s10530-014-0677-2

McFadyen REC (1998) Biological controls of weeds. Annual
Review of Entomology 43: 369-393, http://dx.doi.org/10.1146/
annurev.ento.43.1.369

Ng C, Berg M, Jude D, Janssen J, Charlebois P, Amara L, Gray K
(2008) Chemical amplication in an invaded food web:
seasonality and ontogeny in a high biomass, low diversity
ecosystem. Environmental Toxicology and Chemistry 27:
2186-2195, http://dx.doi.org/10.1897/07-636.1

Ojaveer H, Galil BS, Minchin D, Olenin S, Amorim A, Canning-
Clode J, Chainho P, Copp GH, Gollasch S, Jelmert A,
Lehtiniemi M, McKenzie C, Mikus J, Miossec J, Occhipinti-
Ambrogi A, Pecarevic M, Pederson J, Quilez-Badia G,
Wijsman JWM, Zenetos A (2014) Ten recommendations for
advancing the assessment and management of nonindigenous
species in marine ecosystems. Marine Policy 44: 160—165,
http://dx.doi.org/10.1016/j.marpol.2013.08.019

Ojaveer H, Gollasch S, Jaanus A, Kotta J, Laine AO, Minde A,
Normant M, Panov VE (2007) Chinese mitten crab Eriocheir
sinensis in the Baltic Sea—a supply-side invader? Biological
Invasions 9: 409-418, http://dx.doi.org/10.1007/s10530-006-9047-z

Ojaveer H, Kotta J (2015) Ecosystem impacts of the widespread
non-indigenous species in the Baltic Sea: literature survey
evidences major limitations in knowledge. Hydrobiologia
750: 171-185, http://dx.doi.org/10.1007/s10750-014-2080-5

Ray WIJ, Corkum LD (2001) Habitat and site affinity of the round
goby. Journal of Great Lakes Research 27: 329-334,
http://dx.doi.org/10.1016/S0380-1330(01)70648-X

Rakauskas V, Pitys Z, Dainys J, Lesutiené¢ J, Lozys L,
Arbaciauskas K (2013) Increasing population of the invader
round goby, Neogobius melanostomus (Actinopterygii:



Post-invasion management of the round goby

Perciformes: Gobiidae) and its trophic role in the Curanian
Lagoon, SE Baltic Sea. Acta Ichthyologica et Piscatoria 43:
95-108, http://dx.doi.org/10.3750/A1P2013.43.2.02

Reyjol Y, Brodeur P, Maiholt Y, Mingelbier M, Dumont P (2010)
Do native predators feed on non-native prey? The case of
round goby in a fluvial piscivorous fish assemblage. Journal
of Great Lakes Research 36: 618—624, http://dx.doi.org/10.1016/
7.jglr.2010.09.006

Sapota MR, Skora KE (2005) Spread of alien (non-indigenous)
fish species Neogobius melanostomus in the Gulf of Gdansk
(south Baltic). Biological Invasions 7: 157164, http:/dx.doi.
org/10.1007/s10530-004-9035-0

Sapota G, Szaniawska, A, Normant M (2005) Contamination by
persistent organic pollutants of invasive species from the
Baltic Sea region. Oceanological and Hydrobiological
Studies 34 (Suppl. 1): 239-248

Sharpe L (2014) Public perspectives on genetic biocontrol techno-
logies for controlling invasive fish. Biological Invasions 16:
1241-1256, http://dx.doi.org/10.1007/s10530-013-0545-5

Simberloff D, Stiling P (1996) Risks of species introduced for
biological control. Biological Conservation 78: 185-192,
http://dx.doi.org/10.1016/0006-3207(96)00027-4

SKES (2015) http://www.skes.fi/mustataplatokon_ongintamestaruus. In
Finnish (Accessed 20 May 2015)

Thresher RE, Hayes K, Bax NJ, Teem J, Benfey TJ, Gould F
(2014) Genetic control of invasive fish: technological options
and its role in integrated pest management. Biological Inva-
sions 16: 1201-1216, http://dx.doi.org/10.1007/s10530-013-0477-0

Trenouth AL, Campbell ML (2013) Perceptions of ecological risk
associated with introduced marine species in marine
protected areas. Management of Biological Invasions 4: 7—
24, http://dx.doi.org/10.3391/mbi.2013.4.1.03

Vetemaa M, Eschbaum R, Albert A, Saks L, Verliin A, Jiirgens
K, Kesler M, Hubel K, Hannesson R, Saat T (2010) Changes
in fish stocks in an Estonian estuary: overfishing by
cormorants? ICES Journal of Marine Science 67: 1972-1979,
http://dx.doi.org/10.1093/icesjms/fsq113

Willan RC, Russell BC, Murfet NB, Moore KL, McEnnulty FR,
Horner SK, Hewitt CL, Dally GM, Campbell ML, Bourke
ST (2000) Outbreak of Mytilopsis sallei (Recluz, 1849)
(Bivalvia: Dreissenidae) in Australia. Molluscan Research
20: 25-30, http://dx.doi.org/10.1080/13235818.2000.10673730

Williams SL, Grosholz ED (2008) The invasive species challenge
in estuarine and coastal environments: marrying management
and science. Estuaries and Coasts 31: 3-20, http://dx.doi.org/
10.1007/s12237-007-9031-6

Wonham MJ, Carlton JT, Ruiz GM, Smith LD (2000) Fish and
ship: relating dispersal frequency to success in biological
invasions. Marine Biology 136: 1111-1121, http://dx.doi.org/
10.1007/s002270000303

Wotton DM, O’Brien C, Stuart MD, Fergus DI (2004)
Eradication success Down Under: heat treatment of a sunken
trawler to kill the invasive seaweed Undaria pinnatifida.
Marine Pollution Bulletin 49: 844—849, http://dx.doi.org/10.10
16/j.marpolbul.2004.05.001

Yule AM, Barker IK, Austin JW, Moccia RD (2006) Toxicity of
Clostridium botulinum type E neurotoxin to Great Lakes fish:
implications for avian botulism. Journal of Wildlife Diseases
43: 479793, http://dx.doi.org/10.7589/0090-3558-42.3.479

339



