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In 2016 two important aquatic invasive species
conferences occurred. The 19th International Conference on Aquatic Invasive Species (ICAIS) was held
in Winnipeg, Canada from April 10 to 14, 2016 and
was hosted by the Western Canada Chapter of the
International Society for Ecological Restoration (SERWC) (https://www.icais.org/html/previous19.html and
http://chapter.ser.org/westerncanada/event/19th-inter
national-conference-on-aquatic-invasive-species/).
The ICAIS is widely recognized as the most comprehensive international forum on aquatic invasive
species and continues to evolve and address new and
emerging issues. In recent years, the conference has
typically involved over 400 participants from over
30 countries from the fields of academia, industry,
government, non-government organizations (NGOs)
and other stakeholders involved in this issue (Lucy
and Panov 2014). The 2nd “Freshwater Invasives –
Networking for Strategy II” (FINS-II) Conference
was held in Zagreb, Croatia from July 11 to 14, 2016,
organised jointly by the University of Zagreb and the
European Inland Fisheries and Aquaculture Advisory
Commission (EIFAAC) (http://finsconference.eu).

At FINSII, top 10 new key threats and opportunities
related to invasive species to be addressed up to 2020
were identified by 80 academics, applied scientists,
policy makers and stakeholders from 14 European
Union (EU) and three non-EU countries (Piria et al.
2017). This special issue of Management of
Biological Invasions titled “Management of Invasive
Species in Inland Waters” presents outcomes from
these conferences. Specifically, this special issue
contains eleven research papers presented in the 19th
ICAIS, five papers presented in the FINS-II
Conference, and one applied paper presented at the
special session on aquatic invasive species at the 33rd
Congress of the International Society of Limnology
(SIL) (31 July – 5 August 2016, Torino, Italy)
(http://limnology.org/meetings/past-sil-congress/).
The theme of 19th ICAIS conference was “Global
Advances in Research and Management of Aquatic
Invasive Species”. The following sessions were
covered: 1) global AIS policy and legislation drivers,
2) outreach, education, and extension, 3) management
and control, 4) vectors and pathways, 5) early
detection and monitoring, 6) prevention and risk
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assessment, 7) ballast water, 8) eDNA, 9) species of
interest, 10) aquatic plants, 11) Asian carps, 12) other
invasive fishes, and 13) dreissenid mussels (http://
www.icais.org/pdf/abstracts_2016.pdf). Papers collected for this special issue are representative samples
of topics from the 19th ICAIS. As shown in previous
ICAIS conferences (Lucy and Muckle-Jeffs 2010;
Karatayev et al. 2012; Lucy and Panov 2014), dreissenid mussels are still a major topic for ICAIS,
which includes mussel population dynamics, control
and treatment, eDNA and genetics (http://chapter.
ser.org/westerncanada/event/19th-international-confe
rence-on-aquatic-invasive-species/). This dominance
is due to these mussels’ profound impacts to both
water industry and lake/river ecology as well as their
continuous spread in North America and Europe
(Karatayev et al. 2007, 2011; Molloy et al. 2007; Bij
de Vaate 2010; Wong and Gestenberger 2011;
MacNeil and Campbell 2014; Ashton and Klauda
2015; Gingera et al. 2017).
Among the five selected dreissenid papers, two of
them are about quagga/zebra mussel control technology. Pucherelli and Claudi (2017) evaluate the
effects of ultra-violet (UV) treatment on quagga
mussel settlement and veliger survival. Unlike most
previous studies that studied in vivo exposure of
veligers to UV light sources in laboratory settings
(Chalker-Scott and Scott 1998; Mackie and Claudi
2010; Delrose et al. 2015; Stewart-Malone et al. 2015),
Pucherelli and Claudi (2017) utilized in situ UV
equipment in treating an industrial facility. This very
practical assessment of the UV treatment to control
veliger settlement makes it a valuable contribution to
the field. The second control technology tested by
Luoma et al. (2017) is the use of electrified fields to
control adult zebra mussels under different laboratory conditions. They demonstrate that 20% duty
cycle square-wave pulsed direct current requires less
energy than sinusoidal alternating current to induce
the same level of adult zebra mussel mortality
(Luoma et al. 2017). The results from their research
will add information to the literature where little data
are currently available.
The remaining three dreissenid papers mainly
discuss detection of the veliger mortality using a
simple stain (Stockton-Fiti and Claudi 2017) and
early detection of the dreissenid mussel veligers
using eDNA (Hosler 2017; Gingera et al. 2017). The
most frequently used methods for analyzing mussel
veliger mortality through observing and scoring the
condition of treated dreissenid mussel veligers is
often complicated and time consuming (e.g.,
Stockton-Fiti and Claudi 2017). Stockton-Fiti and
Claudi (2017) tested a fast green stain, which is
typically used as a food coloring dye, to aid in
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determination of live and dead veliger tissues. The
staining method resulted in more rapid and precise
results with no need for a long recovery step. This
fast green stain method, which is relative easy to use
in the field or laboratory setting, is going to be
helpful in improving accuracy and efficiency of
detecting mussel veliger mortality.
After reviewing the history, activities, and evolution
of the United States (U.S.) Bureau of Reclamation’s
detection laboratory for exotic species (RDLES) in
invasive mussel detection in western U.S. waters,
Hosler (2017) demonstrates RDLES’ persistent efforts
over time to develop the best protocols for detecting
and identification of dreissenid mussels. Since 2006,
the RDLES laboratory has examined over 17,000
raw water samples representing over 400 western
U.S. water bodies using both eDNA and microscopy.
Their testing program revealed some unique information on the invasion of mussels in the western
U.S. both from the way samples are collected and
preserved, to the slower than anticipated spread of
these pest species.
Building upon the concept of detection, Gingera
et al. (2017) provided a case study using eDNA as a
tool for detecting dreissenid mussels in Lake
Winnipeg, Canada, where zebra mussels were first
recorded in 2013. They developed two speciesspecific and one Dreissena-specific qPCR-based
environmental DNA (eDNA) assays designed as a
single multiplexed reaction able to identify the
presence of zebra mussel and infer the presence of
quagga mussel in water samples from at-risk and
invaded locations in 2014. This case study demonstrates that eDNA is an early indicator of the
presence of zebra mussels, a useful detection tool at
the forefront of their recent invasion in Manitoba
and provides the foundation for the development of a
zebra mussel eDNA monitoring program for
waterbodies in Manitoba and western Canada
(Gingera et al. 2017). At the same time, there are
still critical knowledge gaps for eDNA being
recognized as a reliable management tool (Fischer et
al. 2012; Lance et al. 2017). In this special edition, a
case study on decay of eDNA from bighead and
silver carps provides more detailed information
about the fate of eDNA materials in the aquatic
environment (Lance et al. 2017). Lance and colleagues
(2017) found that the decay patterns of eDNA
associated with both carp species significantly fit
monophasic exponential decay curves. Temperature,
microbial loads, and pH affected eDNA degradation
significantly, while water turbulence did not show
apparent effect. It is clearly demonstrated that the
environmental factors can potentially influence the
decay of eDNA over time and space (Lance et al.
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2017). There is a growing interest in the field of eDNA,
which is becoming an important consideration for
aquatic resource managers dealing with invasive
species. We believe that these eDNA research projects
will contribute significantly to the field of aquatic
invasive species’ early detection (Darling and Mahon
2011; Jerde et al. 2011, 2013; Fischer et al. 2012;
Amberg et al. 2015; Carmon and Hosler 2015).
Six additional papers on aquatic invasive species
control technology, monitoring, risk assessment and
management from the 19th ICAIS Conference are
also selected for this special edition. A potential
management tool to control invasive alien species is
the sterile male release technique (SMRT). Descamps
and de Vocht (2017) examine inducing sterility in
male American bullfrogs through creating triploid
individuals, which is the initial step before introduction of sterile males into wild invasive populations
can take place. They found that applying a cold
shock to fertilized eggs did not result in triploid
individuals while 54% triploidy was obtained by
applying pressure shocks. The induced triploidy
indicates that the SMRT technique might potentially
be a useful management technique of American
bullfrog populations, though further research on the
reproductive behavior of the sterile frogs is necessary
before implementation. To determine effective techniques for controlling invasive silver carp, such as
herding fish into a net for removal, Vetter et al.
(2017) studied the response of wild silver carp to
broadband sound. In their experiment, broadband
sound (0.06–10 kHz) elicited jumping behavior from
silver carp and the number of jumping fish decreased
with subsequent sound exposures.
Detection of species is an important management
consideration. The amphipod Apocorophium lacustre
is a recent colonizer of freshwater ecosystems in the
U.S. and Europe. There is strong interest in preventing spread of the species into the Great Lakes Basin,
but there has been no systematic sampling in the
Illinois River and Chicago Area Waterway System.
The paper by Keller et al. (2017) presents the results
of a geographically extensive sampling effort
designed to detect whether A. lacustre has spread
upstream into Lake Michigan. It was found that the
species is not abundant upstream of the previously
measured extent, and additional/alternative sampling
methods are needed to get more certainty about the
species range in this system.
Although not present in North America yet,
Oliveira et al. (2010) predicted that there is a
potential that the golden mussels (Limnoperna
fortunei) can establish in the Mississippi River
below its confluence with Ohio River, the Colorado
River and Rio Grande. It is also reported that the

golden mussel has a high probability of establishment if introduced to the Great Lakes (Great Lakes
Aquatic Nonindigenous Species Information System
2015). To assess the risk of the golden mussels
arriving, establishing and spreading within the
Province of Ontario, Canada, Mackie and Brinsmead
(2017) undertook a 4-step risk assessment. Mackie
and Brinsmead (2017) determined that the likelihood
of the arrival, survival, establishment, and further
spread of the golden mussel was “low”, due to its
physiological intolerance of cold winter waters.
Based on the current distribution of golden mussel
being limited mostly to waters with minimum
temperatures of 10 °C to 12 °C at 36o latitude and
the number of degree days required for reproduction
and establishment, the level of risk for invasion into
Ontario waters is low and the level of uncertainty is
moderate. This risk outcome would likely apply to
all of the waters in Canada and most of the USA
north of the 36th parallel that is covered by snow or
where lakes have ice cover for at least two months of
the year (Mackie and Brinsmead 2017).
In order to face biological invasions in aquatic
environments, the project Marie Sklodowska Curie
2014 ITN (Innovative Training Network) H2020
Aquainvad-ED (AQUAtic INVaders: Early Detection,
Control and Management; 2015–2019) was developed
to tackle alien invasive species in Europe and to harmonize with the Marine Strategy Framework Directive
and the Water Framework Directive (Tricarico et al.
2017). The main research goal of Aquainvad-ED is
to exploit novel tools combined with the power of
crowd data sourcing (citizen science) to develop
innovative methods for early detection, control and
management of aquatic alien invasive species. Aquainvad-ED network, consists of universities, research
centres and companies from different European
countries, offers a multidisciplinary approach (genetics,
behaviour, ecology, citizen science, risk assessment),
and brings the expertise of academic and nonacademic partners to the assessment and management
of biological invasions in aquatic habitats.
The primary objective of the FINS-II conference
was to provide a forum where international scientists, policy makers and stakeholders could discuss
designated themes in areas related to aquatic invasive
species and to develop up to date information for
improvement of management and policy in EU and
non EU countries (Piria et al. 2017). The following
topics were discussed during the FINS-II Conference:
1) legislation remit in both EU and non-EU countries;
2) best management and biosecurity practice for
control; 3) data management and early warning; and
4) pathways of introductions and citizen science.
The selected papers presented at the FINS-II confe269
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rence provide more insights into particular problems
of invasive species that are not well regulated by
legislation, and gives insight on priorities and opportunities to resolve invasive species issues through
strategic cooperation among European counties.
Thus, Varray and Hudin (2017) presented the management strategy on invasive alien species of the LoireBrittany basin through multi-level coordination groups.
Based on the learnings of more than 10 years, the
Loire basin invasive alien species management
strategy 2014–2020 is articulated with the strategies
at European, national and regional levels. These
strategies led to 24 priority actions such as
coordination, knowledge and exchanges, monitoring
and early intervention, management and awareness,
communication and training.
In order to respond to the growing concern on
invasive alien species and their impact in freshwater
environments in France, a working group on biological invasions in freshwater environments was
created in 2009 to increase management capacity by
valuing and promoting expert knowledge, digesting
and giving access to scientific information, and
providing guidance on decision-making (Sarat et al.
2017). The group is coordinated by the French Biodiversity Agency and the IUCN French Committee.
The group’s activities are determined by the shared
needs of the formed network, such as the: development of an internet platform to provide access to
information; publication of a best practices guide
with fully detailed feedbacks from management
efforts; and setting up of an information database
focused on the operational management of introduced
aquatic species in France (Sarat et al. 2017).
After studying the origin and pathway (or reason
for translocation) of fish introductions and/or translocations between the Danube and Adriatic basins of
Croatia, Pofuk et al. (2017) found that sport and
recreational fishing has played a very important role
for translocations of non-native fish both socially
and economically. It is recommended that the issue
of translocation should be addressed in the Croatian
legislation to reinforce control measures to prevent
translocations, particularly for the Adriatic region
(Pofuk et al. 2017). Copp et al. (2017) provided solid
evidence in a case study from England that the
introduction of pumpkinseed Lepomis gibbosus, a
North American sunfish, into an angling lake is a
contaminant of native aquatic plants during their
stocking to enhance the fishery there. This study
highlights the importance of adhering to current
guidelines on the movement of aquatic plants (e.g.
Great Britain’s “Be Plant Wise” educational initiative)
with the aim to prevent unwanted transfer of aquatic
organisms. Furthermore, Piria et al. (2017) provide a
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synopsis on threats and opportunities to tackle freshwater invasive species based on outcomes of the
FINS-II conference. The top 10 identified threats are:












lack of funding and resources;
lack of responsible lead agencies;
lack of awareness and education;
lack of standardisation in data management;
lack of common approaches to biosecurity;
conflicts of interest;
insufficient monitoring;
poor communication;
limited access to and possible interventions
on private property; and
difficulties in the implementation of
legislation in bordering non-EU countries.

The top 10 identified opportunities are:











cooperation and communication;
funding and related economic issues;
education and outreach;
increased interdisciplinarity in invasive
species analysis and management;
sharing of data and expertise;
common practices;
competent authorities;
enhanced cross-legislation monitoring and
management;
use of legislation to enforce compliance;
increased assessment of relevant natural
capital including ecosystem services.

These sets of threats and opportunities underline the
importance of international cooperation on invasive
alien species issues in communication, education and
funding, as priorities, as well as in standardisation of
legislation, control methods and best practise of
research (Piria et al. 2017). For a timely response to
alien species it is vital to have accurate and up to
date knowledge regarding their distribution. Lozano
et al. (2017) compared native and alien plant species
distributions in South America using the GBIF
database and a separate database constructed through
traditional literature searches. Their results indicate
that depending on the database used outcomes can
differ significantly. Thus, in order to facilitate
prevention and monitoring it is important to combine
existing databases with additional literature derived
data.
Biological invasion costs are often an unintended
side effect of international trade (Perrings et al. 2005).
As globalization increases, there will be a foreseeable
increased risk of invasion (Karatayev et al. 2007).
Therefore, it is critical for invasive species
communities to adopt efficient, cost-effective, and
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environmentally friendly technologies for early
detection and rapid response, for eradication and
control of the targeted invasive species population in
a manageable level. In the meantime, international
cooperation is also the key for ensuring worldwide
invasive species education, awareness, communication,
and legislation. Let’s embrace all possible best
management practices while collaborating as much
as possible in a global scale to minimize the risks
posed by invasive species to the economy, environment,
and public health of human beings.
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