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    Abstract     Today global shipping transports over 90 % of the world’s overseas trade 
and trends anticipate that it will continue to play an increasing role world-wide. 
Shipping operations inevitably include also pressures on natural environments. The 
most recent waterborne threat is the transfer of harmful aquatic organisms and 
pathogens with ballast water and sediments releases, which may result in harmful 
effects on the natural environment, human health, property and resources globally. 
The signifi cance of the ballast water issue was already addressed in 1973 by the 
International Maritime Organization (IMO) as the United Nations specialised 
agency for the regulation of international maritime transport at the global scale. 
Committed work by many experts, scientists, politicians, IGOs and NGOs at IMO 
resulted in the adoption if the  International Convention for the Control and 
Management of Ships ’  Ballast Water and Sediments  (BWM Convention) in February 
2004, which is now to be ratifi ed and implemented. Work on ballast water manage-
ment issues has also shown to be very complex, hence there are no simple solutions. 
Nevertheless, the BWM Convention represents a globally uniform framework for 
the implementation of ballast water management measures, and different support-
ing tools like risk assessment and decision support systems have been developed to 
support its effi ciency. In this chapter the reader is introduced to various ballast water 
issues and responses to it. The intention of this book and the overview of its content 
is also presented.  
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        General Introduction 

 The continuous intensifi cation of the globalization of trade and production increased 
the demand for new, faster and more frequent linkages among trading and commodity 
production areas. These transport demands can only be met by maritime ship-
ping because of its inherent technical and technological advantages and properties. 
The shipping industry has reacted to these needs with new and more frequent con-
nections, increased vessels cargo and passenger capacity, and new vessel types and 
technologies. 

 Today global shipping transports over 90 % of the world’s overseas trade (IMO 
 2013 ). Future trends anticipate that global and local shipping play an increasing role 
world-wide. Intensifi ed shipping and related developments has also resulted in disas-
ters of unprecedented dimensions. Widely known examples include the  Titanic  in 
1912,  Torrey Canyon  in 1967,  Amoco Cadiz  in 1978,  Exxon Valdez  in 1989,  Estonia  
1994,  Sea Empress  in 1996,  Erika  in 1999, and  Prestige  in 2003 (David  2007 ). Such 
disasters resulted in the loss of human lives, property and/or caused signifi cant dam-
age to coastal ecosystems. In addition another inevitable consequence of shipping 
disasters is the pollution of the environment caused by a variety of pollutants. 

 Apart from harmful effects as consequences of shipping disasters, regular ship-
ping activities cause other negative environment effects, e.g., sea pollution through 
the discharges of oily water and sewage from vessels, air pollution from exhaust 
gases emitted by the vessel’s machinery, pollution of water and marine organisms 
by toxic protective underwater hull coatings (anti-fouling paints), and one of the 
most recent waterborne threats – the transfer of harmful aquatic organisms and 
pathogens (HAOP) with ballast water and sediments releases (e.g., Carlton et al. 
 1990 ,  1995 ; Gollasch  1996 ; Ruiz et al.  1997 ,  1999 ,  2000 ; Carlton  1999 ; Hewitt 
 2002 ; Hewitt et al.  1999 ; David et al.  2007 ; Nellemann et al.  2008 ). Given its ‘mys-
terious’ nature in combination with severely harmful effects on the natural environ-
ment, human health and the global economy, the problem has attracted attention of 
scientists and the public worldwide, which was particularly advanced in the 1980s 
and 1990s due to severe impacts of only a few introduced species. 

 What is the problem? Vessels need additional weight as a precondition for safe 
navigation in cases when they are not carrying cargo or are not fully or equally 
laden. The weight adding material is referred to as ballast. Historically, ballast was 
solid (e.g., sand, rocks, cobble, iron). With the introduction of iron, replacing wood, 
as basic vessel building material in the middle of the nineteenth century, the doors 
were opened to new ballasting technologies. Loading of water (i.e., ballast water) in 
cargo holds or ballast water tanks has shown to be easier and more time effi cient 
compared to solid ballast. Therefore, water as ballast was adopted as a new practice 
of increasing importance. Many different types of vessels have different structures 
of ballast tanks, as well as different ballast system capacities. Vessels ballast water 
operations are related to vessel type, vessel construction, cargo operations and 
weather conditions. However, there are no clear limits among all these factors, but 
the decision on ballast water operations is under the discretion of the chief offi cer 
and direct control of the captain, who is responsible for the vessels stability and 
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safety. Nowadays vessels fundamentally rely on ballast water for safe operations. 
A model for the assessment of ballast water discharges has been developed and 
tested. It is estimated that global ballast water discharges from vessels engaged in 
the international seaborne trade in 2013 would be approximately 3.1 billion tonnes 
(see chapter “  Vessels and Ballast Water    ”). 

 Water loaded as ballast from a vessel’s surrounding environment contains 
suspended matter and organisms. Ballast water sampling studies have shown that 
various bacteria, plant and animal species can survive in the ballast water and ballast 
tank sediment (e.g., Medcof  1975 ; Carlton  1985 ; Williams et al.  1988 ; Locke et al. 
 1991 ; Hallegraeff and Bolch  1991 ; Carlton and Geller  1993 ; Gollasch  1996 ; Gollasch 
et al  2000 ,  2002 ; Hamer et al.  2001 ; Murphy et al.  2002 ; David et al.  2007 ; McCollin 
et al.  2008 ; Briski et al.  2010 ,  2011 ). Some organisms stay viable in ballast tanks for 
several months duration (e.g., Gollasch  1996 ; Gollasch et al.  2000 ) or longer 
(Hallegraeff and Bolch  1991 ). Estimates indicate that 3,000–4,000 (Carlton and 
Geller  1993 ; Gollasch  1996 ) and possibly even 7,000 (Carlton  2001 ) different spe-
cies are transferred daily via ballast water. Species types found range from unicellu-
lar algae to fi sh (e.g., Gollasch et al.  2002 ; David et al.  2007 ). Of those, more than 
850 are known as successfully introduced and established into new regions (Hayes 
and Sliwa  2003 ). It was concluded that each vessel has the potential to introduce a 
species and that any single introduced species has the potential to cause a signifi cant 
negative impact to the recipient environment (e.g., Gollasch  1996 ). Therefore, load-
ing ballast water and sediment in one port and discharging in another represents a 
potential risk to transfer HAOP into new environments (see chapter “  The Transfer of 
Harmful Aquatic Organisms and Pathogens with Ballast Water and Their Impacts    ”). 

 The United Nations also recognised the transfer of HAOP as one of the four 
greatest anthropogenic pressures to the world’s oceans and seas, causing global 
environmental changes, and posing a threat also to human health, property and 
resources. Ballast water is one of the prime vectors of this global issue (e.g., Carlton 
 1985 ,  1989 ,  1992 ,  1996a ,  b ; Wiley  1997 ; Gollasch et al.  2002 ; Bax et al.  2003 ; 
Bailey et al.  2005 ; Davidson and Simkanin  2012 ). The unwanted impacts caused by 
introduced species are manifold and include changes of species biogeography, bio-
diversity modifi cations, introduction of predators, bloom-forming harmful algae, 
ecosystem engineers, parasites and disease agents resulting in economic problems 
of marine resource users, such as loss in fi sheries, fouling of industrial water pipes 
and on fi shing or aquaculture gear. Even negative impacts on human health are 
reported because, e.g., harmful algae causing amnesic, diarrhetic or paralytic shell-
fish poisoning and  Vibrio cholerae  as well as other disease agents were found 
in ballast water (e.g., Hallegraeff  1993 ,  1998 ; Rigby and Hallegraeff  1994 ; Carlton 
 1996a ,  b ; Ruiz et al.  2000 ; van den Bergh et al.  2002 ; Hayes and Sliwa  2003 ; Bauer 
 2006 ; Gollasch et al.  2009 ; Romero et al.  2011 ). In total more than 1,000 aquatic 
non-indigenous and cryptogenic 1     species are known from Europe (Gollasch 
 2006 ; Vila et al.  2010 ), and Hewitt and Campbell ( 2010 ), Hayes and Gollasch 

1   Cryptogenic species are species which cannot reliable be assigned as being non-indigenous or 
native because their origin is uncertain (Carlton  1996a ,  b ). 
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(both unpublished), suggest >2,000 aquatic non-indigenous species have been 
introduced world-wide. The monetary impact caused by these species is diffi cult to 
quantify (van den Bergh et al.  2002 ). However, comprehensive studies concluded 
that the estimated yearly damage or control costs of introduced aquatic non-indige-
nous species is $14.2 billion in the USA (Pimentel et al.  2005 ) and costs for repair, 
management and mitigation measures of such species in Europe was estimated 
to more than 1.2 billion Euro annually (Shine et al.  2010 ) (see chapter “  The Transfer 
of Harmful Aquatic Organisms and Pathogens with Ballast Water and Their Impacts    ”). 

 Following the primary species introduction from, e.g., the coasts of one conti-
nent to another, secondary spread within the recipient continents coastal waters may 
occur because introduced species may be further transferred by, e.g., coastal or local 
shipping, pleasure craft, fi sheries etc., or may also spread by natural means (e.g., 
Minchin et al.  2005 ; Simkanin et al.  2009 ; Rup et al.  2010 ; Bailey et al.  2011 ; 
Darling et al.  2012 ; David et al.  2013 ) thereby increasing their impact (see chapter 
“  The Transfer of Harmful Aquatic Organisms and Pathogens with Ballast Water and 
Their Impacts    ”). 

 The signifi cance of the ballast water issue was already addressed in a 1973 
International Maritime Organization (IMO) Resolution (IMO  1973 ). IMO as the 
United Nations specialised agency for the regulation of international maritime 
transport at the global scale, was tasked to deal with this issue further. After more 
than one decade of intensive and committed work by many experts, scientists, poli-
ticians, IGOs and NGOs at IMO, the fi nal text of the  International Convention for 
the Control and Management of Ships ’  Ballast Water and Sediments  (BWM 
Convention) was completed and adopted in February 2004 at a diplomatic confer-
ence in London (IMO  2004 ; Gollasch et al.  2007 ). The BWM Convention intro-
duced new BWM related requirements for port States and vessels all around the 
world. However, the implementation of this Convention is far from being simple. 
After the adoption of the BWM Convention several countries and regions have 
implemented (voluntary) ballast water management approaches (Gollasch et al. 
 2007 ; David  2007 ; David and Gollasch  2008 ) (see chapters “  Policy and Legal 
Framework and the Current Status of Ballast Water Management Requirements    ” 
and “  Ballast Water Management Under the Ballast Water Management Convention    ”). 

 Due to global efforts of industry, Member states and IMO, effi cient, fi nancially 
feasible, environmentally friendly and safe methods of preventing the translocation 
of HAOP via ballast water were developed. More than 30 ballast water management 
systems (BWMS) have already been certifi ed (type approved) so that most vessels 
can today be equipped with such systems. We are aware that this is a very fast devel-
oping area and market, at least 20 more systems are currently in the certifi cation 
process (see chapter “  Ballast Water Management Systems for Vessels    ”). 

 The BWM Convention is at the moment of this writing not yet in force, but does 
today represent a solid and uniform framework for preventive measures to avoid 
HAOP introductions and it needs to be implemented by individual countries or joint 
approaches. The BWM Convention enters into force 12 months after the date on 
which more than 30 states, with combined merchant fl eets not less than 35 % of the 
gross tonnage of the world’s merchant shipping, have signed this Convention. As of 
December 2013, 38 states ratifi ed the BWM Convention, representing 30.38 % of 
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the world merchant shipping gross tonnage (for an update visit Status of Conventions 
at   www.imo.org    ). 

 Nonetheless it must be emphasized that effi cient ballast water management 
(BWM) does not imply the prevention of HAOP introductions at any cost, thereby 
laying an additional burden on and generating higher costs for the shipping industry. 
Undoubtedly, the cost of prevention should not be higher than the benefi ts it 
generates. 

 Conditioned by the lack of on board installed BWMS on existing vessels, ballast 
water exchange (BWE) is today the most widespread available BWM method also 
approved by the BWM Convention. Nevertheless, ballast water exchange has draw-
backs which make it ineffi cient or even impracticable under certain conditions (e.g., 
on shorter voyages where “intended routes” are too close to the shore, attain insuf-
fi cient water depths, a lack of knowledge of the presence of HAOP in the water 
exchange area). Further, other issues related to an effi cient BWM system arise 
which are outside of the vessels’ responsibility, e.g., targeting of vessels for ballast 
water sampling as part of port State compliance control procedures. 

 As a result, countries wishing to protect their seas, human health, property and 
resource from the introduction of HAOP with ballast water are confronted with a 
signifi cant challenge. Given that BWM requirements may result in ineffi ciencies, 
lower safety margins and higher costs in the shipping industry, the reasons 
described above make the ‘blanket approach’ (i.e., mandatory BWM for all ships) 
unjustifi able in a range of different local conditions. An alternative to the blanket 
approach is the ‘selective approach’ where BWM is required for selected vessels. 
This selection should be based on a suite of information needs and procedural 
decisions to aid transparent and robust BWM decisions. Such systems have been 
developed in a variety of applications where a large number of complex decisions 
must be made in a consistent, transparent and defensible manner. These systems 
are typically referred to as decision support systems (DSS). Such a DSS as applied 
to BWM implies adjusting the intensity level of BWM measures to each voyage 
based on risk assessment (RA), and recommends also compliance monitoring 
and enforcement (CME) actions (see chapters “  Ballast Water Management 
Under the Ballast Water Management Convention    ”, “  Ballast Water Management 
Systems for Vessels    ”, “  Risk Assessment in Ballast Water Management    ”, “  Ballast 
Water Sampling and Sample Analysis for Compliance Control    ” and “  Ballast Water 
Management Decision Support System    ”). 

 A BWM DSS provides essentially needed support to responsible agencies for 
the implementation of effective BWM measures. The introduction of BWM prac-
tices adds burden and costs mostly to the shipping industry, on the other side, 
their effi ciency is critical. In light of these, the BWM DSS needs to provide for 
(David  2007 ):

 –    an effective protection against the introduction of HAOP;  
 –   proper RA as one of the key elements of the BWM DSS;  
 –   local specifi cs are addressed in direct relation with the effectiveness of the BWM 

(e.g., geographical, hydrological, meteorological, important resources, shipping 
patterns, regulatory regime);  
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 –   a selection of most effective and safe BWM methods according to the RA;  
 –   the consideration of impacts to the shipping industry (including safety);  
 –   the consideration of impacts on international trade;  
 –   timely decision making;  
 –   the reduction of subjectiveness in the decision process; and  
 –   a consistent and transparent decision making process.    

 A uniform DSS methodology and RA concerning HAOP introductions via ballast 
water has not yet been developed. Several foundations have already been laid, e.g., 
Australian DSS (Hayes and Hewitt  1998 ,  2000 ), GloBallast 2  Ballast Water Risk 
Assessment (GloBallast  2003 ), Det Norske Veritas (DNV) Environmental Ballast 
Water Management Assessment – EMBLA (Behrens et al.  2002 ), and BWM RA 
and DSS for Slovenia (David  2007 ). More recently BWRA according to the BWM 
Convention requirements was developed for HELCOM (David et al.  2013 ) and 
OSPAR. Currently BWRA and BWM DSS for European Seas is being developed 
under the EU-funded VECTORS 3  project, and for the Adriatic Sea under the IPA 
Adriatic strategic project BALMAS. 4  Yet the complexity and intrinsically modern 
character of the problem leaves several questions, as revealed by the ineffi ciency of 
these applied systems, unanswered. The need for answers bears vital signifi cance 
for the international environment, the goal being the future implementation of an 
effi cient BWM system in tandem with considerations for a sustainable shipping 
industry (see chapters “  Risk Assessment in Ballast Water Management    ”, “  Ballast 
Water Management Decision Support System    ” and “  Ballast Water Management 
Decision Support System Model Application    ”).  

    Intention of This Book 

 According to our knowledge this is the fi rst comprehensive book on BWM world-
wide. This book provides an overview of the possible solutions to the complex issue 
of BWM and will further outline consequences and implications to address the bal-
last water “problem” following the provisions of the BWM Convention. There is a 
need for good insights to the ship ballast operations, environmental and other 
aspects of the issue as well as international requirements. Further in-depth knowl-
edge is needed on options how to approach and manage it in a most effective way, 
especially considering specifi cs on a case-by-case basis. The editors and authors of 
this book are scientists of different disciplines including professors of universities 
in the maritime sphere and biological arena who have been involved in or are 

2   GEF/UNDP/IMO, Global Ballast Water Management Program. 
3   Vectors of Change in Oceans and Seas Marine Life, Impact on Economic Sectors (VECTORS), 
European Community’s Seventh Framework Programme (FP7/2007–2013) under Grant Agreement 
No. [266445]. 
4   Ballast Water Management System for Adriatic Sea Protection (BALMAS), IPA Adriatic Cross- 
Border Cooperation Programme strategic project. 
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leading researchers in this fi eld. This includes the involvement in the policy making 
processes at the highest international (IMO), national and regional levels. Experience 
of this group has been gained through years of committed work in this fi eld, which 
gave an unique opportunity to gain specifi c knowledge and experience to offer an 
in-depth insight and some possible solutions to the related issues. Complimentary, 
the book contributions refl ect the industry, administrations and academic views 
regarding BWM. Therefore, the book is expected to be of primary interest to stu-
dents and scientists in various fi elds, including maritime transport, naval architec-
ture, biology, decision and policy making at national and international levels, 
especially related to the shipping industry and environmental protection. The book 
is also written to be of interest to the wider public to broaden the scope of audience 
and to raise awareness to the topic.  

    Book Content 

 After this general introductory chapter, the book continues to describe vessels’ bal-
last water systems, considering stability, structural and safety aspects as well as 
ballast water volumes being carried by ships and how its discharge (in ports) can be 
calculated. Next, the types and dimensions of organisms transported with ballast 
water and their impact is described followed by a chapter which comprehensively 
summarizes worldwide ballast water policies and regulations implemented to avoid 
species introductions. The BWM Convention as overarching instrument and its sup-
porting guidelines are introduced by also mentioning the port and fl ag State require-
ments. Exemptions from and additional BWM measures as well as BWM exceptions 
are explained. In continuation, a comprehensive overview of BWMS is given. 
Recommendations and options for compliance control measurements with the 
BWM Convention’s standard are provided, separated in indicative and in detailed 
ballast water sampling and sample processing methods. This is followed by a 
description of the integration of RA, BWM and CME in a DSS. The RA exemptions 
process is shown in detail highlighting the RA principles and the need for a precau-
tionary approach. Flow charts guide the reader through a RA model for granting 
exemptions from BWM requirements. While the RA result is a simple risk quantify-
ing answer (high, medium, low), an approach is needed when a decision on “what 
to do” is to be taken. This DSS considers the RA results and forms the core part of 
this book. Theoretical and practical profi les of the ballast water RA and DSSs are 
presented and analysed as BWM tools. These provide a solid framework for the 
DSS model. The DSS model is presented in the form of fl ow charts as a step by 
step approach from the highest level to the details. The generic DSS model is 
further analysed decision by decision and element by element, also considering 
their interactions. This BWM DSS approach provides a mechanism to aid trans-
parency and consistency in the decision process regarding BWM needs. The BWM 
DSS model is then validated in a case study, by using real ballast water discharge 
data of the Port of Koper, Slovenia as well as data on vessel voyages, including 
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vessel movements, main routes, navigational constraints and ballast water patterns, 
i.e., amount of ballast water to be managed per vessel and type, ballast water 
exchange (BWE) capacity rates per vessel type and source ports. The book ends 
with BWM related conclusions also identifying knowledge gaps and highlighting 
further research needs.     

   References 

    Bailey SA, Duggan IC, Jenkins PT, MacIsaac HJ (2005) Invertebrate resting stages in residual 
ballast sediment of transoceanic ships. Can J Fish Aquat Sci 62:1090–1103  

    Bailey SA, Deneau MG, Jean L, Wiley CJ, Leung B, MacIsaac HJ (2011) Evaluating effi cacy of 
an environmental policy to prevent biological invasions. Environ Sci Technol 45:2554–2561  

    Bauer M (ed) (2006) Harmful algal research and response: a human dimensions strategy. National 
Offi ce for Marine Biotoxins and Harmful Algal Blooms, Woods Hole Oceanographic 
Institution, Woods Hole  

    Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003) Marine invasive alien species: 
a threat to global biodiversity. Mar Policy 27:313–323  

   Behrens HL, Haugom GP, Mordal Bakke S (2002) EMBLA Concept: risk assessment methodology 
and impact and consequence methodology scheme. DNV Report, Det Norske Veritas, Hövik  

    Briski E, Bailey S, Cristescu ME, MacIsaac HJ (2010) Effi cacy of ‘saltwater fl ushing’ in protecting 
the Great Lakes from biological invasions by invertebrate eggs in ships’ ballast sediment. 
Freshw Biol 55:2414–2424  

    Briski E, Bailey S, MacIsaac HJ (2011) Invertebrates and their dormant eggs transported in ballast 
sediments of ships arriving to the Canadian coasts and the Laurentian Great Lakes. Limnol 
Oceanogr 56(5):1929–1939  

     Carlton JT (1985) Transoceanic and interoceanic dispersal of coastal marine organisms: the biol-
ogy of ballast water. Oceanogr Mar Biol Annu Rev 23:313–371  

    Carlton JT (1989) Man’s role in changing the face of the ocean: biological invasions and implica-
tions for conservation of near-shore environments. Conserv Biol 3:265–273  

    Carlton JT (1992) Introduced marine and estuarine molluscs of North America: an end-of-the-20th-
century perspective. J Shellfi sh R 11:489–505  

      Carlton JT (1996a) Marine bioinvasions: the alteration of marine ecosystems by nonindigenous 
species. Oceanography 9:1–7  

      Carlton JT (1996b) Biological invasions and cryptogenic species. Ecology 77(6):1653–1655  
    Carlton JT (1999) Scale and ecological consequences of biological invasions in the world’s oceans. 

In: Sandlund OT, Schei PJ, Viken A (eds) Invasive species and biodiversity management. 
Kluwer Academic Publishers, Dordrecht, pp 195–212  

    Carlton JT (2001) Introduced species in U.S. coastal waters: environmental impacts and manage-
ment priorities. Pew Oceans Commission, Arlington  

     Carlton JT, Geller JB (1993) Ecological roulette: the global transport of nonindigenous marine 
organisms. Science 261:78–82  

    Carlton JT, Thompson JK, Schemel LE, Nichols FH (1990) Remarkable invasion of San Francisco 
Bay (California, USA) by the Asian clam Potamocorbula amurensis 1. Introduction and dispersal. 
Mar Ecol Prog Ser 66:81–94  

   Carlton JT, Reid DM, van Leeuwen H (1995) Shipping study: the role of shipping in the introduc-
tion of non-indigenous aquatic organisms to the coastal waters of the United States (others than 
the Great Lakes) and an analysis of control options. National Sea Grant College Programme/
CT Sea Grant Project R/ES 6  

    Darling JA, Herborg L-M, Davidson IC (2012) Intracoastal shipping drives patterns of regional 
population expansion by an invasive marine invertebrate. Ecol Evol 2(10):2552–2561  

M. David and S. Gollasch



9

      David M (2007) A decision support system model for ballast water management of vessels: doc-
toral dissertation. University of Ljubljana, Portorož  

    David M, Gollasch S (2008) EU shipping in the dawn of managing the ballast water issue. Mar 
Pollut Bull 56:1966–1972  

      David M, Gollasch S, Cabrini M, Perkovič M, Bošnjak D, Virgilio D (2007) Results from the fi rst 
ballast water sampling study in the Mediterranean Sea – the Port of Koper study. Mar Pollut 
Bull 54:53–65  

     David M, Gollasch S, Leppäkoski E (2013) Risk assessment for exemptions from ballast water 
management – the Baltic Sea case study. Mar Pollut Bull 75:205–217  

    Davidson IC, Simkanin C (2012) The biology of ballast water 25 years later. Biol Invasion 14:9–13  
   GloBallast (2003) Ballast water risk assessment, user guide for the BWRA database/GIS System. 

GEF/UNDP/IMO, Global Ballast Water Management Program. URS Meridian-GIS  
       Gollasch S (1996) Untersuchungen des Arteintrages durch den internationalen Schiffsverkehr 

unter besonderer Berücksichtigung nichtheimischer Arten, Doctoral Dissertation (in German), 
Univ. Hamburg, Verlag Dr. Kovac, Hamburg  

    Gollasch S (2006) Overview on introduced aquatic species in European navigational and adjacent 
waters. Helgol Mar Res 60:84–89  

     Gollasch S, Lenz J, Dammer M, Andres HG (2000) Survival of tropical ballast water organisms 
during a cruise from the Indian Ocean to the North Sea. J Plankton Res 22(5):923–937  

      Gollasch S, Macdonald E, Belson S, Botnen H, Christensen J, Hamer J, Houvenaghel G, Jelmert 
A, Lucas I, Masson D, McCollin T, Olenin S, Persson A, Wallentinus I, Wetsteyn B, Wittling 
T (2002) Life in ballast tanks. In: Leppäkoski E, Gollasch S, Olenin S (eds) Invasive aquatic 
species of Europe: distribution, impacts and management. Kluwer Academic Publishers, 
Dordrecht, pp 217–231  

     Gollasch S, David M, Voigt M, Dragsund E, Hewitt CL, Fukuyo Y (2007) Critical review of the 
IMO International Convention on the Management of Ships’ Ballast Water and Sediments. 
Harmful Algae 6:585–600  

    Gollasch S, Haydar D, Minchin D, Wolff WJ, Reise K (2009) Introduced aquatic species of the 
North Sea coasts and adjacent brackish waters. In: Rilov G, Crooks J (eds) Biological invasions 
in marine ecosystems: ecological, management and geographic perspectives. Ecological stud-
ies, vol 204. Springer, Heidelberg, pp 507–525  

    Hallegraeff GM (1993) A review of harmful algal blooms and their apparent global increase. 
Phycologia 32:79–99  

    Hallegraeff GM (1998) Transport of toxic dinofl agellates via ships’ ballast water: bioeconomic risk 
assessment and effi cacy of possible ballast water management strategies. Mar Ecol Prog Ser 
168:297–309  

     Hallegraeff GM, Bolch CJ (1991) Transport of toxic dinofl agellate cysts via ship’s ballast water. 
Mar Pollut Bull 22:27–30  

    Hamer JP, Lucas IAN, McCollin TA (2001) Harmful dinofl agellate resting cysts in ships’ ballast tank 
sediments; potential for introduction into English and Welsh waters. Phycologia 40:246–255  

   Hayes KR, Hewitt CL (1998) A risk assessment framework for ballast water introductions. CRIMP 
Technical Report 14, Division of Marine Research, CSIRO, Hobart  

   Hayes KR, Hewitt CL (2000) A risk assessment framework for ballast water introductions – volume 
II. CRIMP Technical Report 21, Division of Marine Research, CSIRO, Hobart  

     Hayes KR, Sliwa C (2003) Identifying potential marine pests – a deductive approach applied to 
Australia. Mar Pollut Bull 46:91–98  

    Hewitt CL (2002) The distribution and diversity of tropical Australian marine bioinvasions. 
Pac Sci 56:213–222  

    Hewitt CL, Campbell ML (2010) The relative contribution of vectors to the introduction and trans-
location of invasive marine species. Department of Agriculture, Fisheries and Forestry (DAFF), 
Canberra  

   Hewitt CL, Campbell ML, Thresher RE, Martin RB (eds) (1999) Marine biological invasions of 
Port Phillip Bay, Victoria. CSIRO Center for Research on Introduced Marine Pests (CRIMP), 
Technical Report 20, Hobart  

Introduction



10

   IMO (1973) Final act of the international conference on marine pollution 1973, Resolution 18. 
International Maritime Organization, London  

   IMO (2004) International convention for the control and management of ships’ ballast water and 
sediments, 2004. International Maritime Organization, 13 Feb 2004, London  

   IMO (2013) Introduction to IMO.   http://www.imo.org/About/Pages/Default.aspx    . Last accessed in 
Oct 2013  

   Locke A, Reid DM, Sprules WG, Carlton JT, van Leeuwen HC (1991) Effectiveness of mid-ocean 
exchange in controlling freshwater and coastal zooplankton in ballast water. Canadian 
Technical Report. Fish Aquat Sci 1822:1–93  

    McCollin TA, Shanks AM, Dunn J (2008) Changes in zooplankton abundance and diversity after 
ballast water exchange in regional seas. Mar Pollut Bull 56:834–844  

    Medcof JC (1975) Living marine animals in a ships’ ballast water. Proc Natl Shellfi sh Assoc 
65:54–55  

   Minchin D, Gollasch S, Wallentinus I (2005) Vector pathways and the spread of exotic species in 
the sea. ICES Cooperative Research Report 271. International Council for the Exploration of 
the Sea, Copenhagen  

    Murphy KR, Ritz D, Hewitt CL (2002) Heterogeneous zooplankton distribution in a ship’s ballast 
tank. J Plankton Res 24(7):729–734  

   Nellemann C, Hain S, Alder J (eds) (2008) In dead water – merging of climate change with pollu-
tion, over-harvest, and infestations in the world’s fi shing grounds. United Nations Environment 
Programme, GRID-Arendal  

    Pimentel D, Zuniga R, Morrison D (2005) Update on the environmental and economic costs asso-
ciated with alien-invasive species in the United States. Ecol Econ 52:273–288  

    Rigby GR, Hallegraeff GM (1994) The transfer and control of harmful marine organisms in ship-
ping ballast water: behaviour of marine plankton and ballast water exchange on the MV “Iron 
Whyalla”. J Mar Environ Eng 1:91–110  

    Romero MLJ, Kotaki Y, Lundholm N, Thoha H, Ogawa H, Relox JR, Terada R, Takeda S, Takata 
Y, Haraguchi K, Endo T, Lim PT, Kodama M, Fukuyo Y (2011) Unique amnesic shellfi sh toxin 
composition found in the South East Asian diatom  Nitzschia navis - varingica . Harmful Algae 
10:456–462  

    Ruiz GM, Carlton JT, Grosholtz ED, Hines AH (1997) Global invasions of marine and estuarine 
habitats by non-indigenous species: mechanisms, extent and consequences. Am Zool 
37:621–632  

    Ruiz GM, Fofonoff P, Hines AH, Grosholz ED (1999) Non-indigenous species as stressors in 
estuarine and marine communities: assessing invasion impacts and interactions. Limnol 
Oceanogr 44:950–972  

     Ruiz GM, Fofonoff PW, Carlton JT, Wonham MJ, Hines AH (2000) Invasion of coastal marine 
communities in North America: apparent patterns, processes, and biases. Annu Rev Ecol Syst 
31:481–531  

    Rup MP, Bailey SA, Wiley CJ, Minton MS, Miller AW, Ruiz GM, MacIsaac HJ (2010) Domestic 
ballast operations on the Great Lakes: potential importance of Lakers as a vector for introduc-
tion and spread of nonindigenous species. Can J Fish Aquat Sci 67:256–268  

   Shine C, Kettunen M, Genovesi P, Essl F, Gollasch S, Rabitsch W, Scalera R, Starfi nger U, ten 
Brink P (2010) Assessment to support continued development of the EU Strategy to combat 
invasive alien species. Final Report for the European Commission. Institute for European 
Environmental Policy (IEEP), Brussels  

    Simkanin C, Davidson I, Falkner M, Sytsma M, Ruiz G (2009) Intra-coastal ballast water fl ux and 
the potential for secondary spread of non-native species on the US west coast. Mar Pollut Bull 
58:366–374  

     van den Bergh JCJM, Nunes PALD, Dotinga HM, Kooistra WHCF, Vrieling EG, Peperzak L 
(2002) Exotic harmful algae in marine ecosystems: an integrated biological–economic–legal 
analysis of impacts and policies. Mar Policy 26:59–74  

M. David and S. Gollasch

http://www.imo.org/About/Pages/Default.aspx


11

    Vila M, Basnou C, Pyšek P, Josefsson M, Genovesi P, Gollasch S, Nentwig W, Olenin S, Roques 
A, Roy D, Hulme PE, DAISIE Partners (2010) How well do we understand the impacts of alien 
species on ecosystem services? A pan-European cross-taxa assessment. Front Ecol Environ 
8:135–144  

    Wiley C (1997) Aquatic nuisance species: nature, transport, and regulation. In: D’Itri FM (ed) 
Zebra mussels and aquatic nuisance species. Ann Arbor Press, Chelsea  

    Williams RJ, Griffi ths FB, Van der Wal EJ, Kelly J (1988) Cargo vessel ballast water as a vector 
for the transport of nonindigenous marine species. Estuar Coast Shelf Sci 26:409–420    

Introduction


	Introduction
	General Introduction
	 Intention of This Book
	 Book Content
	References


