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1 TERl',-tS OF REFERENCE 

The third and final (under its current mandate) meeting of the ICES/IOC!IMO Study Group on Ballast Water and 
Sediments {SGB\VS) was held in Llandudno, Nort.~ \Vaies, UK, 12-13 April 1999 w'ith 49 pa..-ticipants, including 37 
auendees representing i 1 iCES iviember Countries (Canada, Estonia, Finiand, France, Germany, ireiand, Netheriands, 
Norway, Sweden, UK, USA), Il guests from Australia, Brazil, Chile, Georgia, Israel, Italy, and Turkey, and l 
representative each from both the International Maritime Organization (IMO) and the Intergovernrnenta1 Oceanographic 
Co!!'_f!lission {IOC) (Annex !). The meeting was chaired by Dr J.T. Car!ton (USA). Dr ~.1. Nauke represented the n--.10 
and Dr T. Knap represented t1ie IOC. Dr Nauke opened wiui remarks on the current activities of the llviO in bailast 
water management (see Section 2.1). Dr Knap conunented on the interests and concems that the IOC has relative to 
ballast water and species invasions, and noted in panicular two related initiatives, the Global Investigation of Poll uti on 
in the Ma.rine Environment (GIPME) a..nd the Global Ocean Observing System (GOOS). 

In March 1997, the SGBWS meeting in La Tremblade, France, bad an attendance of 19 panicipants, while last year's 
second meeting in The Hague had 42 pa_rticipants~ The third meeting of SGBWS was thus Lhe !argest meeting ever 
convened of ballast water scientists and managers in the world, exceeding.even last ycar's impressive attendance. 

The SGBWS was established by ICES Council Resolution in 1996 (ICES C.Res.1996/3: l O) The terms of reference for 
the 1999 meeting of SGBWS (ICES C.Res.1998/2:5:3) were to: 

a) continue the global assessment and review of the status of ballast water biological and ecological research, through 
th.e participation .of representatives from Member Countries and invited scientists from all major ballast water 
research groups in the world; 

b) continue the eva!uation oft.l]e deve!opment of ballast water control techno!ogies; 

c) continue the review of the relationship between ballast water movement and the invasion of exotic marine 
organisms, including updates on the latest ballast-mediated invas,ions globally, p!liticularly relative to those 
species that are new invasive in other regions of the world and that are ballast-transportable-but have not yct 
arnved-in Member Countries. 

2 CURRENT RESEARCH ACTIVITIES ON BALLAST WATER AND SEDil\1ENTS 

The major portion of the two-day meeting was devoted to presentations and discussions on national and global research 
and rnanagement activitie-s on ballast water and ballast sediments as a vector for the transportation, inocu!ation, and 
introduction of exotic marine, brackish water (estuarine), and freshwater organism.s. Questions and discussions followed 
each presentation, and time was devoted in the breaks to individual conferences and dialogues. Summaries of each talk 
are presented below. Annex l pro vides detailed contact information for each presenter. Following the two days of 
presentations, questions, and discussion, SGBWS convened in p1enary to summarize the meeting, !lirive at conclusions, 
and offer recorr.rnendations. 

2.1 Ballast Water Science 

Baliast Water Study at Sture. Norway 

H. Botnen 

The main purpose of this investigation, funded by Norsk Hydro and the Directorate for Nature Management, was to 
asscss t..."'ac potcntial of unintcntional introductions of non-indigenous aquatic species via ballast water to Sture. The oil 
terminai at Sture has been in operation since 1988 and now about 370 vesseis arrive annuaiiy, discharging about 14 
million tonnes of ballast water. From 22 April 1996 until27 September 1997, zooplankton and phytoplankton samples 
were collected from 30 crude carriers (tankers) arriving from international ports to- the oil termJ~af at .Sture, in wesi:ern 
Nonvay. Along with the biological sa..-rnp!ing, temperature, salinity, oxygen, phosphate, a..-"d nitrogen were mcasured. 
Information such as ballast water ongiti, amount and age (Uurahun between baiiasting and debaiiasting) was obtameå 
from the chief mate. Most sampies were collected during spring and early summer, although sampling was undertaken 
during the autumn as well. However, no sampling was undertaken in November and December 1996 or in January 
!997. 
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Live organisms were found in 29 vessels and 200 taxa were identified. Ballast water amvmg from remote areas 
contained non-indigenous species, whereas ballast water frem northern Europea._T} and Scandinavia..t1 waters mostly 
contained species that are present in Norwegian waters. 1v1ultivariate correlation analyses betwccn the species assembly 
in the samples and abiotic variables was undertak:en. For phytopiankton, the best correlation was acmeved for i.he 
combination of ballast water age, season. and salinity. For zooplankton, the best correlation was achieved for the 
combination of salinity and age of ba!!ast water. 

Ballast Research in En•land and Wales: Mari11e Organisms Transported in Ships' Ballast 

T. McCollin, J. Harner, and I. Lucas 

1 ne resean.:h 1:s being eau ied out on behalf of the -r-.. 1inistry of Agriculture, Fisheries a.."ld Food (M~A~) a.'ld involves 
investigating the number and types of marine organisms carried in ships' baiiasl. and associated sediments into ports 
around England and Wales. MAFF is responsible for the marine environment and t1sheries interests and requires this 
infor:rnation in orde.r to develop its policy on the discharge of ballast Water and sediments into coastal waters around 
England arid \V ales; This project is close1y related to research that has been carried out in Scotland and Lhe methods are 
based on those deveioped at the Marine Laboraiory in Aberdeen. 

Ballast water and the associated scdiments were sampled from 112 vesse-ls arriving at 21 English and Welsh ponso The 
most common origin of baiiasi was Northern Europe, but samples from the United States, Canada, Japan, a..'1d the 
Mediterranean were also collected. Samples were taken via a deck hatch whenever possible. Net sampies were coiiected 
for zooplankton counts and identification, and an integrated sample was taken for phytoplankton counts and 
identification and salinity analysis. A sediment sample was obtained hy pumping up from as close to the bottom of the 
tank as possible; this sample was examincd for dinoflagellate cysts. It was not ahvays possible to samp!e tP..rough a deck 
hatch and, in some cases, sampies were raken via sounding pipes, air over flows or ballast pump bleed pipes. 

AH but ane of ti1c water samples cm:ta.ined phytop!a.'1kton, ·with some evidence of a seasona] pattern of !emperate s.prjng 
and aummn blooms·. A number of toxic and/or nuisance species were found, e.g., Pseudonitzschia spp., Dinophysis spp., 
Ceratium spp., Dictyocha spp. and Phaeocystis spp. Dinoflageilate cysts were recorded in 84 % of the sediment 
samples. Scrippsiella hangoei, Pentapharsodinium tyrrenicum and Gymnodinium catenatum, dinoflagellate species not 
previously recorded in British waters, were identified, as were some potentially toxic species, of which Alexandrium 
tamarenselcatanella was the most comn10n. 

The findings of L~e project demonstrate Lhat viable organisms are heing transported into English and Welsh parts. There 
is therefore a potential risk of non-nativc species becoming subsequently established ·within British waters. Much of the 
shipping discharging baiiast in British waters, i.e., coastal and dose contin.ent traffic, will nOt be subject to tlie new 
IMO regulations and hence there is still a risk of secondary introduction of species from established popuiations at other 
European ports~ 

The Role of Sediments in Ballast Water Management 

G. Rigby, G. Hailegraeff, and A. Taylor 

The ro le of ballast tank sediments in the dispersal of marine organJsms around the world in ships' ballast water is not 
well understood. Sediments have been consideæd as possible hosts for t..~e retention and ultimate dispersion over long 
periods of time, of toxic dinofiagellate cysts and other undesirable organism~. Seditnents in ballast tanks may genera11y 
be considered to consist of 'organic' and mineral-based sediments. The former rcpresent the proportion of sediment 
attributable to organisms present and the latter to inert mineral matter that has been entrained in the water during 
ballasting. 

In order to gain a hetter understanding of the ro le of these sediments, a preliminary study was carried out on the BHP 
bulkcarrier, Iron \Vhyal!a. In this study, a series of sa.rnples was taken from a ra..nge of different locations in the ballast 
tanks. Chemical, physical, and bio1ogical analyses were undertaken. 

Observations during sampling shmved that !here were only winiw~l amounts of sediment th.roughout the tanks. In 
general, ihe double buUom tanks were essentiaHy free of sediment. Small amounts of fine material \Vere evident behind 
some longitudinals and on stiffeners. One of the sampies collecwd from bchind the iongitudinai girdeno in iht:: fotepeak 
tank contained a larger proportion of coarser material, primarily large flakes of rust. 
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Very littlc oiganic material (0.01 %-5.2 %) was present in any or me sampies, inatcating the presence of only small 
amounts oi bioiogicai material. The majority of material consisted of mineral matter, with the Si02 and Ah03 
compositions and ratios consistent with lhose generally found in fine clays. Apart from one of the samples (which 
contained a lot of large pieces of rust from the ship) tlte rest cf the sainples contained a large amount of verj fine 
material (mainly mineral rrtatter). Approximateiy 80 %--90% of this fine materiai was smalier than 25 Jlil1 in size, and 
50 % was smaller than 10 iJ.ID· Microscopic examination of the samples showed very little evidence of biolo2ical 
material or remains (sparse diatom frustules). There were only relativ~ly minor v~.riatiOns in chemical, physic-a!,-a.'!d 
biological a.11alyses for t.tte various sa..T.ples. Exa.Tjnation of a core sa:np!e taken from one of the double bottom tæ1k 
locations showed no evidence of gradual build up of ~:nateriai over time. 

These observations suggest that e-ssentia:!!y al! of the biological material taken on du...ring ballasting of this ship is 
discharged duiing L1e deba.Hasting operations. The very fine nature of the materiai present shows that there is liitie 
chancc of dinoflageliate cysts or zoopiankton materiai being retained. Further work is being planned to examine 
sediments from other types of ships, especially !hose that ballast in shallow ports where larger amounts of sediments 
could be retained. 

EU Concerted Action on 'Testing monitoring systems for risk assessment of harmful introductiQ!lS by ships to Eurooean 
waters' 

S. Gollasch 

During recent decades, ballast water discharges have increased throughout the world in most major pons. 1 ne intensity 
of shipping and the structure of vessels have undergone major changes over the past decade. In conjunction with these 
developments, dredging of harbours and river estuaries has also changed the hydrodynamics of these systems, and there 
are further altered environmental conditions in coasta! habitats, al! possib!y !eading to an increased opportunity for the 
survival of exotic species. 

The objectives of the Concerted Action indude the following: State-of-the-a.rt European ballast water studies, 
document.ation and interca!ibration of ship sampling techniques, an assessmcnt of potcntial treatment options to reduce 
the risks &ising frorn ballast water reieases and a pubiic awareness campaign. Furrhermore, European waters wiii be 
considered as donor areas so documentation of information from previous European studies on introduced species. (case 
histories) will be undertaken. Additionally. through the case histories, the Concerted Action will consider the major 
pathways of introductions in an atte-mpt to understand the requirements for the development of adequate treatment 
techniques. At the same time, tlie Conce:l..ed Action will aim to create an awareness about the Uimension and nature of 
i.he probiem within the science community, the reguiatory and intergovemmental bodies, as weU as ln the shipping 
industry and with the public. 

uuuug a st::ut:s of land-based, ucean-going ana tmercauoration worKsnops, the Loncened Action partners and mv1ted 
experts meet and work on the ObJectives listed. The most recent has been a three-day workshop held at the CEFAS 
Conwy Laboratory from 9-11 April1999. Since this meeting was held immediately before the ICES WGITMO and the 
joint ICES/IMO/IOC Study Gro up meetings, a number of lnvited experts were able to attend. So far, eight case histories 
of introduccd spccics, regional ocean-going workshops and the intercaiibration uf bailasi waier sarnpiing techniques 
have been finaiised. The pubiic awareness programme is an ongoing objective during the entire period of the Concerted 
Action. Handouts, flyer.s and posters have been prepared. The Concerted Action Internet hornepage is under 
construction and will be availahle soon. 

Brief results of the ocean-going workshops of the EU Concerted Action are as follows: Two vessels were accompanied 
on their European voyages. The Russian hydrographic ship 'Sibiryakov' wa~ joined on its voyage from St Petersburg to 
Lisbon and the oil e-a..rrier 'Nordic Torinit.a' on its trip from Cork, he!and, to Sture, Norway. During bot.~ L.'i.ps various 
sampling methods were applied to several ballast water tru:tks. The iniiiai resulis and recommendations are as foiiows: 

the temperature va..riation in short-term voyages, when mostly undertaken in ene climate zone, is not a critical 
factor controlling the survival of the specimens in the ballast water; 

the main factors causing the mort_ality of spe-e-ie-s in ballast water du.ring the first days of transport are da.T.age 
during the pumping proccss, lack of light (orientation pmblems), and wind-induced currents in i.he bailast tank; 

for future ocean-going workshops, the number of sampling techniques shou!d be !imited to the most effective 
methods--during the t..rips, one sænpling L.'i.al took about two hours to complete (a limited number of sampling 
techniques wuuid enabie ihe sampling of one bailast tank more than once a day); 
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the cone-shape-d net and bucke-t sa.rnples revealed the highest numbers. of organisms in both wing tanks that were 
investigated; 

• t.l-te recow~rnended met.l-tods for zooplankton sa_mpling are 55 ~tm cone net; 55 pm net~ bucket, and hand pump; 

a new method of using traps inside ballast tanks to catch species in ballast water was not successful, it is possibie 
that a new trap desigfl and a longer period of exposure during. hetter weather conditions will reveal berter results 
(traps should be tested durin.g longer-term ocean=geing voyages; it was also noted that chemical light sticks in 
traps may attract organisms to the traps). 

Bacteria and Vimses in Ballast \Vater 

A. Jelmert, O.K. Nilsen, O. Enger, and L. Gram 

The objectives of the project were to examine some properties (primarily the numbers and genomic diversity) of 
bacteria and viruscs entering the Mongstad Harbour via ballast water and sediments. A particular challenge was to 
exa.rnine whether specific gene sequences found in ballast water a!so could be found in the recipient A third goal was to 
examine the prevalence of resistance to various antibiotics in bacteria present in ballast water compared to a reference 
sample station. Main toois were epit1uorescence counts, agar piate counts (with and withom antibiotics), and PCR 
amplification of DNA fragments from the 16S rDNA region. The fragments were separated by degrading gradient gel 
electrophoresis (DGGE), and selected hands were compared with existing databases for similarity. Preliminary results 
show very high numben; of bacteria and viruses in ene ship \Vit..'l a short travel time (4 days) and braddsh water (BW). 
The corresponding culturabie numbers uf bacteria were approxit:nateiy 2-3 orders of magnitude lower. Typically, most 
DNA bands were found both in BW and the recipient, but some bands unique to brackish water have been founå. 
Further analvsis of· these hands is in oro.eress. Bacteria resistant against oxytetracycline have been found in higher 
numbers in Bw than in organ!sms fro~ the reference site. Bacteria- wiLh po~sible resistance to other antihiotics have 
been found, but these observations wm need confirmation by other tests. 

The Netherlands Ha!!ast Water Sampling Proo-r!lmme 1999 

L.P.M.J. Wetsteyn and S. van Gool 

After a literature review in i 998 by a Consuitam (AquaSense), it was found that Rotterdam and Amsterdam expmt much 
more ballast water than they import. The amount of discharged (imported) ballast water is much smaller, but is still a 
considerable part of the total discharged amounts in Europe. Because of this. and also because of ecological 
uncertainties, it was decided to continue 'vit.~ ballast water research and to see wh.at is actually entering The Netherlands 
in ballast water tanks. 

The reporte.ct. data on amounts of ballast water, discharge.d by different types of ships, and the possible origin of this 
water, were used to design a sampling scheme (see Tabk l) with typcs of ships and origins planned te be sa.-rnpled in 
1999. 

Tab!e 1. Number and types of ~hip~ pla.~ned to be sampled in 1999. 

Europe North America Asia Tutiil 

Container 6 2 2 !O 

Mutti.purpose 4 2 2 8 

Tanker 4 2 7 

Buik carrier 2 4 

Other 2 4 

Total 18 8 7 33 

Emphasis will be on the sampling of phytoplankton and zoopiankton in baiiast water and, if possibie, wiii be done at 
most in four ballast water tanks on each visited ship. The preferred mcthod is to sample with plankton nets (20 fliD and 
55 IJ.ffi) via w..a!L~oles, if allowed and if possible. Only in Lllis way wiH the whole water column be sampled, and not 
only phytoplankton but also larger, fast-swimming zooplankton will be caught. Because sampling via manholes is not 
always possible, sampling of plankton through sounding pipes is a viabie second option. One disadvanlage of this 
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method is that only saa-nples from the tank floor can be obtained. However, as a consequence uf sa1ety reguiations, 
eiectricity cannot be useå on Lankers and a hand. pump or air shouid ·be used. If the above-mentioned methods fail, 
sampling via the ballast water pump is another possibility. Plankton samples will be taken to the laboratorv ali ve and as 
fixed samples. Fixed samples ~ill be used to aflalyse plitnkton spe-eies ~omposition and concentrations a~d resu!ts wi!l 
be compared with_ data from the Dutch phytoplankton monitoring programnu~ (from 1990 to the present). In order to 
estimate the (autotrophic) viabiiity upon arrivai, the percentage of fiuorescem panicles in iive sampies wiH be measured 
routinely by flow cytometry. 

Sediment samples will be obtained by pumpm~ up a sedhn.ent/water mixture from just above the tanK noor or, as a 
siurry, from opened and ventilated ballast water tanks; sampling in ventilated ballast water tanks on board docked ships 
is also a real possibility. Only fresh sediment samples will be taken and used for cyst identification and gennination 
experiments in North Sea water a.IJ.d a standard a.rt:ificia! medium. 

Port authorities, ships' owners and agencies have been approached in order to obtain entrance to ships of different types 
and from different origins. Until now, only three ships have been samp!ed: one chemical ta.11l<".er and two mu!ti-pu..'1'ose 
vessels. ~-1ore ships' owners have agrccd and more samplcs will be obtaine.d and analysed t.his year. 

The Prince William Sound. Alaska. Ballao;;t Water Research Prolect 

J. Kopp 

The first year of a two-year prujecl researching (a) i.he risk uf tanker iraffic iniroducing aquatic non-indigenous species 
into Prince William Sound, Alaska, and (b) the present ro le of non-indigenous species in the Sound has been completed. 
This ambitious project. funded by the Prince William Sound Regional Citizens' Advisory Council, the U.S. Fish and 
Wildlife Service, and Alaska Sea Grant, encompasses five major components: 

l) sampling and analysis of tanker ballast water, of ballast sediments, and of hull and sea chest fouling communities; 

2) measuring the temperature and saiinity toierances of bailast water piankton; 

3) measuring the effectiveness of empty-refill and flow-tt-.rough ballast cxchangcs; 

4) field sampling for intertidal and fouling non-indigenous species in the Sound; and; 

5) analysis of curated biological samples previously collected from the Sound. 

This v•-uject, which is being conducted by the Smithsonian Envirorunentai Research Center (SERC), wiil coniinue 
through 1999, with a t1nal report expected before the years's end. 

2.2 Ballasi l'Yfanageu-.eni and Treaimeni Prograuunes 

The International MMitime. nrganization (Tf\.10) turrent Work Re.!ated to the Prep~ration of a r ega! !nstmment on 
Ballast \Vater :r-v1anagement. Accompanied by a Prograimne for Developing Countries 

M~ Nauke 

At the United Nations International Maritime Organization, legally binding provisions are being developed on ballast 
water management aimed at reducing the risk of lransferring harmful aquatic organisms and pathogens with ships' 
ballast \~.rater. Uv!O's ~1a.rine Environment Protection Con1.1I1ittee (~~1EPC) in late 1998 had requested the Secretariat to 
evaluate various options for a legal framework containntg such p.-OVISIOrts, anJ i.o prepare an ouihne for seis of 
reguiations for consideration at the fOrthcoming session of the MEPC in June-July 1999. The model for a new 
Convention was noted, in particular the substantive draft regulations set out in an annex to the proposed Convention, 
a.11d furtlter an International Code ofPractice- on Ballast Wate-r Management wPich could form an appendix !o t.J-...e annex. 
Other appendices would contain sta.iJdard or models of relevant certificates, supporting forms as well as guidelines 
providing assistance in the effective implementation of the Convention. instead of a Convention, other options, such as 
a new Annex under the existing MARPOL 73n8 Convention, were possible. To facilitate the early entry into force of 
the new legal instrument, an awareness programme, training schedules and curriculae in particular for developing 
ccuntries, as well as technical assistance inc!uding provision of technical equipment are being planned as pa..~ cf a new 
lJl..J"DP/llviO/GEF project entiiied. 'Removai of Barriers io the Effective impiementation of Baiiast Water Control and 
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Management !nitiatives in Developing Countries'. A project proposal has been forwarded in April 1999 for 
consideration by the GEF Council, tcgether 'Nith a progra.Tfl.me of planned activities, including the establishment of an 
information network (ciearing house), national and regional task teams, workshops and seminars for staff of port 
authorities, maritime administrations, surveyors and shipping agents. I1v10, as the executing agency of the baiiast water 
project, in order to effectively carry out its tasks in this regard, has to draw upon the experience of and knowledge 
gained within the ICESI!OCJIMO Study Group on Ballast Water and. Sediments. 

Review and Update of Ballast w_ ater Research Activities at the Smithsonian lnstitution 

G. Ruiz 

Over u~e past seven years, a collaborative research prcgramme has been developed at the Smit.'hsonian Environmental 
Research Center (SERC) to adåress a broaå range of issues in rnarine and estuarine invasion biology. The overall goal 
of this programme is to: 

l) measure panerns of non-indigenous species transfer, invasion, aiid impact; 

2) test spccific and general mechanis.ms t."-at under!ie these patterns; 

3) assess the efficacy of management strategies to limit the spread and impact of non-indigenous species. 

Although this research focuses on non-indigenous species (NiS) invasions, Ihere 1s aiso interest m the unique 
opportunities that invasions offer in understanding the fundamental processes of population, community, and 
evoluticnary eco!ogy (e.g., patterns of dispersat dynamics and genetics of small populations, ecological and 
evoiutionary responses of invading and resident popu!ations te species interactions, effects. of species insertions on 
community structure). SERC is locateå on Chesapeake Bay, near the middle of the U.S. Atlantic coast, and has focused 
much attention to date on Chesapeake Bay as a model system to examine patterns and mechanisms of invasion. A core 
group of approximately 15 researchers is based in the region, and has many collaborators outside of the re,gion who 
pa..-ticipatc in the Chesapeake-based research. This prograw.me also includes research a.t an increasing number of sites 
outsiåe of the Chesapeake Bay region to measure variation among sitcs and test for generalities in invasion processes. 
Within the U.S., there are research projects in Aiaska, California, Florida, and !viassachusetts primariiy, and this work 
aften involves collaboration with scientists based outside of the Chesapeake region. SERC has also developed 
co!laborative overseas research in Australia, Israel, Italy, Netherlands, arid New Zealand. 

The National Invasive Spccies Act of 1996 (NISA) directed the United States Coast Guard (USCG) in conjunction with 
the Smithsonian Environmental Research Center (SERC) to develop a clearing house for the synthesis, analysis, and 
intCipiCtation of national data concerning ballast water :rnanage-me.nt and ballast-mediated invasions. As a result, the 
National Ballast Water Information Clearinghouse (heieafter Clearinghousc) was established in 1997 at SERC. NISA 
calls for a variety of measures to reduce the risk of exotic species invasions associated with release of ballast water by 
ships. Among these, NISA requests that all ships arriving to U.S. ports from outside the Exclusive Economic Zone 
(EEZ) follm~; voluntary guidelines for open-ocean exchange of ballast tanks that are to be discharged in U.S. waters. 
This management practice is intcndcd to rr.Jnimize the transfer of ncn-indigenous species. A key element of this 
legislation is tracking the effectiveness of voluntary guideiines for ballast water management. This a.ssessment includes 
measuring: (a) the level of compliance with voluntary guideHnes, (b) changes in the rate and patterns of baiiast water 
delivery, ;_md (c) reduction in the rate ofballast-mediated invasions. The Clearinghousc was created to provide synthesis 
and a...-.alysis ofthesc measures on a national scale. More generally; the Clearinghouse will function a~ a central source 
of information on ballast water and ballast-mediated invasions to include: spatial and tempora! pattems of ballast water 
delivery and management; patterns and rates of marine and estuarine invasions; directory of onguing and pasi. n~search 
on ballast water and ballast-mediated invasions; general information on a broad range of topics relevant to this issue. 
Together, these elements wil! provide a valuable re~ource, which is now lacking for ballast water management and 
ballast-mediated ·inva.sions. The Clcaringhouse will produce reports on· national pattems of ballast \Vater management 
and invasion, as weii as databases that are availabie via the Internet. This approach is intended to provide access to a 
rich source of information for education, management, policy, and research. 

Nationai Bailast Su11'ey 

The U.S. Coast Guard and the Clearinghouse are imp!ementing a nationwide programme, the National Ballast Survey 
(NABS), to measure baliast water management and delivery patterns foi commercial vessels L1at Wtivc to U.S. ports 
from outside of the EEZ. The National Ballast Survey is designed expiicitiy to create a national database on ballast 
water that will al1ow us to: measure patterns of ballast water delivery and management (including especially exchange); 
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measure among-year changes in ballast water management by vessel type, gcogmphic regwn, atld season; assess u.;e 
accuracy of data through use of muilipie, independent data sources and direct water testing. 

The data from NABS wil! be used to measure the rate cf volunta... .... J ccmpliance wit.i guidelines for open-occan ballast 
exchange. It is expected that estimates will be made of rates of baiiast water exchange, both in terms of the frequency of 
vesseis that undergo exchange and the percentage of baliast water exchanged, for different vessel types (e.g., bulk 
carriers, oil tankers, container ships, etc.). Furthermore, it is planned to test for differences in space and time for (l) the 
rate of exchange and (2) the a..rnount of foreign ballast release. 

The design phase for NABS is now nearing completion, and various aspects of the pro"-amme have alreadv been 
implemented. It is expected that this proWarmne wiH be fully Lmpleffiented during 1999. The C!earingh~use is 
respcnsible for management and analysis of the extensive data collected under this program .. llc, and is assisting t'ie U.S. 
Coast Guard in the development and implemeniation of data coliection techniques. 

The National Ballast Su..···'..'ey will result in a comprehensive analysis and biennial report to t..'le U.S. Congress on the 
status of baiiast water delivery throughout the country. Tne first report and its underiying data wiil pro vide a nation­
wide baseline on the current status of ballast delivery and management pattems, and subsequent biennial repons will 
measure trends or changes in ballast water management. Although the Clearinghouse will provide analyses and 
interpretat!on of patterns for ballast wate-r rr1anagement, policy recorrnnendations wi!l be made by other groups cutside 
the Clea..-i.nghouse. 

E.ffectiveness of Ballast Water Exchange 

Although the National Ballast Survey will provide a detailed assessment of compliance with NISA's voluntary 
~idelines for hal1ast exchanQ"e_ it is imnortant to recouni7_e thi_s :\S nnlv nne me~snre of effedivenesr;:; NARS ir;:; c----·--------- --·------ -------·--c-• ---- ----..---------·-----c·---- ---- -- ----"~ ---- -------- -- ------·------· -··-- ·-

designed to measure th.e rate of implementation for t.'1is ma.~agement strategy but does not measure the actual cffcct on 
reUucing the rate of invasion. it is perhaps intuitive that reducing the supply of organisms that arrive to our ports in 
ballast water (via ballast water exchange) will result in tewer invasions overall, and there is a good deal of support for 
this logic. However. ballast water exchange is not 100% efficient. as not all organisms are removed by exchange. Tims, 
t.l]e effe-etiveness of this ma..11agement strategy depends upon both (a) t.lte degree of imp!ementation and (b) the 
relation.ship between supply atld invasion rates. 

Measuring the pattem and rate of invasions is integral for evaluating the effectiveness of ballast water e.x.change, or any 
other management strategy, to reduce invasions. For example, as the rate of ballast water cxchangc incrcases over time 
(i.e., the suppiy of baliast-transferred organisms declines), iis effectiveness is best characterizeå by changes in the rate 
of invasion. Thus, it is of paramount importance to link measures of patterns of ballast water delivery to associated 
patterns ofinvasion. 

The Cleannghouse strives to integrate pattems of ballast delivery and invasion. NABS has developed a programme for 
assessment of ballast water delivery pattems in space and time. As a collaborative effort. the Clearinghouse is actively 
developing a paraJlel prograrrune to measure rates of invasion nationwide-. 

The above information is also found on two SERC websites: http://www.serc.si.edu/invasions/index.htm and 
http://www ,serc.si,edu/invasions/ballast ,htm. 

Ballast Water Management and Research Activities in Canada 

ivi. Giibert 

T\vo initiatives have recently been undertaken in Ca.."1ada wit.lt regard to the management of foreign ballast water 
discharges and the associated potentiål inirudut.:ilun of non-md1genuus aquatic species in Canadian waters. 

The first initiative is the recent creat!on of a National Ballast Water Working Group (NBWWG) under the aegis cf the 
Canadian !'v1a...-ine Advisory Council to bring together scientific and technical expertise on ballast waters fot a beiler 
management of this issue in Canada. Tne NBVrWG shaii act as the prime govemmentiindustry coordinating body on 
ballast water issues in Canada and shall monitor and oversee related research and management activities on ballast 
water. The NBWWG will provide reconunendations to Lhe Standing Committee on the Environment (SCE) on policy, 
regulations, and operations. Safety issues will be dealt with tl"-.rough reports to the Standing Committcc on Construction 
and Machinery (SCCM). 
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!-.1embership of t.J.:.e NBWWG wi!l indude representatives from the federal government (Transport Canada and DFO, 
including the Canadian Coast Guard), the shipping industry and port authorities, a."ld it will be co-chaired by 
government and industry representatives who wiil be seiected every two years. In addition, the NB\"\",.VG will include 
chairs of regional working groups representing distinct ecosystems in Canada (Pacitlc, Great Lakes, Atiantic, and 
Arctic); the regional groups will provide guidance to the NBWWG rcgarding ballast water issues that are specific to 
their respective areas. The NB\l/WG is scheduled te meet twice a year, in adva..r1ce of SCE meetings, which are usual1y 
held in Niay and November. 

The second initiative that was recently undertaken is the de-ve-lopment and L-rnplementation of a three-year National 
Baiiast Water Research Progranune within the Deparunent of Fisheries and Occar~s (DFO) to provide the NBWWG 
with the appropriate scientific background and support to minimize risks for the bailast water-mediated introduction of 
non-indigenous aquatic species in Canadian waters. 

To achieve this goal, the adequacy of existing guidelines for the controi of ballast water discharges in Canadian waters 
will be assessed and ballast water treatment methods will be developed as an alternative to offshore bailast water 
exe-hanges tq minimize risk_s of ballast water mediated introductions: The adequacy of current guidelines will be 
cxamincd in two ways. First, risks for ballast water mediated introductions ·w!H be assessed for areas of intense 
internationai shipping traffic that. are not covered by any guideiines for offshore ballast water exchanges to determine 
whether such guidelines should be developed or extended to include these areas (Bay of Fundy, Gulf of St. Lawrence, 
and the Pacific coast excluding the Vancouver port area). This risk assessment will involve ballast water sampling 
surveys for phytopla.'lkton and zooplankton, inc!uding toxic phytoplankton, survival and viabihty studies onboard ships 
entenng ports on the east and west coas~ of Canada, habitat requirements studics, and an inventory of introduced 
species in some areas. 

Second, the suitabilii.y of coas.tal backup areas. for ballast water exchangcs, as defined in existing guidelines for the Port 
of Vancouver (Race Rocks) and the Great LakesiSt. Lawrence areas (Guif of St. Lawrence), wiB be assessed through 
oceanographic and dispersion modelling, and modifications will be proposed if deemed necessary. Finaily, chemicai 
ballast water treatment options wil1 be examined for the Great Lakes, given the high risks for ballast water mediated 
introductions in this a..'"'ea and the apparent inadequacy cf existing guide!ines to winimize t.hem to an acceptable level. 
This wurk wiii aliuw c.:xisting guidelines to be extended and/or refined, new guidelines to be implemented in some 
areas, and will gi ve some insight into ballast water treatment methods ·in order to hetter protect the biodiversity and 
ecosystem stability of Canadian coastal and inland waters that are used for navigation. 

Control ot HaUast Tank Biofilm: Transfer of Exotic Organisms by Surface Chemicai Release of Structure- and 
Sediment-Bound Biota 

R.E. Baier 

Biofouling and corrosion of underwater surfaces is a universal problem. Th_is means that preventative maintenance is 
req_uired to preserve operating efficiency. After fouiing auachment, sw-faces must be restored using methods that are 
environmentally acceptable. In ballast tanks, it is a concomitant need to shed all surface-bound or sediment-entrapped 
biomass into the volumc phase for the purposes of effective exchangc and control of non-indigcnous species. Prior 
methods employed aldehydes, strong alkali solutions, and chlorine. These solutions when used in ballast compartrnents 
can cause significant structural deterioration. 

The use of a c!earalng and emulsifying sol uti on is proposed, based on surface chemical principles, that will separate and 
displace t.'le organic fouling laycrs from metal and sediment surfaces such that t..l-te fouling deposits ca.r1 easi!y be 
entrained åuring baiiast exchange operations. The basic technology was pruvcn long ago for other ship-related cleaning 
problems at the U.S. Nava! Research Laboratory by W.A. Zisman, H.R. Baker and their co-workers. These stuåies 
solved difficult technical problems of oil contamination and seawater corrosion of complex electronic devices, with 
much of the information translatable to safe!y c!eaning su.rfaces which have accumulated biological slimes or gross 
fouling deposii:s. 

~A1fter even a few days of contact with natura! waters, a!! t-_llown w..aterials are coated by organic films and slime-forming 
organisms, including bacteria, diatoms, fuld otr'ier microbiota. Effective displaccment of organic layers coating a solid 
surface can be accomplished by specific surface-chemicai action, the essentiai conditions being the same as ar-e found 
for displacing water. 
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General requirements for the biofi.lm-displacing agent are as fo!lows: 

l) It should remove biopolymer and oil residues rapidly and gently and not require excessive hydraulic forces or 
bmshing of the surface. 

2) It should not cause damage, during or after the cleaning treatment. to the common structural materials employed in 
ship consLnx~tion or ballasting. 

3) It should be non-corrosive to any metals likely to be present and should retard the corrosion of any metal surface 
to which it is applied. 

4) It should be non-toxic and non-irritating to skin and tissues. 

5) it shouid be commercialiy availabie and inexpensive . 

. A marginally stable emulsion=type deaner ha.:; been developed tai.at is cspccially effectrve m meetm.g these 
requirements: i:he dispersed hydrophiiic componeni of the emulsion readily penetrates the organic rcsidues whiie the 
water portion serves to tlush out the contaminants. The continuous water phase minimizes flammability and health 
hazards, as the emulsion fluid and detached biomass are then flushed away with exchange water for collection; reuse, or 
disposal. 

The most complete removal of the fouling films occurs when the emulsion break:s as it contacts the surface so that the 
displacing agent is relea..~d to spread over; dissolve into, and replace- t_l]e water-organic layers. A spray ejected at a high 
pressure clean_s best and uses least emulsion. Field tcsts of such deaning emulsions have shown that coatings and even 
the most delicate insuiation in use on eiectricai motors are not damaged by such a fine spray appiied at 80 psi. Tnere is 
little danger of damaging the interior surfaces of ballast water systems. Rather. a corrosion-inhibiting and re­
contamination inhibiting layer is left behind. 

Bioiogical Effects ofZinc on Ballast Water Biota 

A. Jelmert 

Literature data on Lhe sensitivity of va..rious aquatic biota to zinc suggest that the app!ication of z!nc sacrificial anodes in 
ballast water tanks will affcct the sw-vival of organisms transported in the ballast water. By applying a simplifted modei 
for reiease, it was caicuiated that the concentration ofzinc may reach 2.5-18 mg Zn2

+ per iiter at pH 7.5, depending on 
ballasting/deballasting frequencies, and 1.16 mg Zn'• per liter at pH 8.2, where the Zn'• concentrations would be 
limited by the solubility of Zn(OH)2_ The concentrations anticipated in ballast water were from 50 to 200 times the 
concentrations shown to adverse!y affect gamete production and/or the early life stages of va.•ious biota such as a 
Japanese paeneid shrimp (Penaeus orientalis), a freshwater gastropod rnollusc (Ancuiu-l)luviatilis), and fathead minnow 
(Pimephaies promeias). it is the same concentration that was shown to have subiethal effects on larvae of herring 
(Clupeus harengus). Many sessile organisms have their early life stages as the main means of dispersion. and these 
earl y life stages appear especially vulnerable to dissolved zinc_ Fu__rther studie-Son the topic are- ree-ommended. 

Update on Hydrocyclone and UV Tests 

A_ Jeimert 

The scope of the treatment was to remove suspended solids and to kill remaining biota by UV irradiation. The system 
consisted of an approximately 5 m long GRP tube wiih an acceleraiing iniei device that creates the cycionic forces. 
Separated soiids were coiiected in a purge in the opposite end, diverting approximately lO % of the tlow. The remaining 
filtrate passed through a UV irradiating unit producing doses from 90-110 mWs cm-2 at 254 nm, depending on water 
flow a.nd transi!lissivity. The efficacy of the system was te sted by injecting dense cultures of A.rtemia sp. nauplii, 
Artemia cysts, the dinoflagellate Prorocentrum minimum, t.'ie green algae Teiraselmis sp., and two isolai.es of marine 
bacteria. The removai oi panicuiates anå lhe mortaiity of various biola at four stages through the system were recorded. 
The test organisms were subjected to darkness for two days (Artemia and algae) and one day (bacteria) before survival 
was assessed. Preliminary results showed that approximately 15 % of t.he Anemi-a nauplii was removed in the 
hydrocyclone. The ren1aining Artemia nauplii after the lTV unit had a morta!ity of 99.5 % and the va..--ious zooplankton 
also present in the water had a Iilurlaiiiy of99 %. Furiher data wiii be presented and discussed elsewhere. 
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Biological Test Results from t.~e r.reat J ~kes H::~ll:::~st Technoloøv Demonstration Proiect 

A.A. Cangelosi 

1nree ieveis ot tlltration were testea ror enecnveness for screemng fresh- and salt-water organisms from the ballast 
water of ships. The three screen sizes (25 j.UII. 50 IJID, and 100 IJID) were evaluated aboard two experimentai 
nlatforms-an oneratinl:!" commercial vessel in the fall of 1997 and a stationarv banze in the fall of 1998-at a flow rate .,------------ -----r- "" - -

(1200 gallons per minute) typical of St. Lawrence Seaway-sized ocean-going ships. The host ship, t.he MIV 
'Aigonorth ·, owned by Alguma Centrai lviarine, plies the Great Lakes/St. Lawrence System allowing tests in boL.'i frcsh 
and salt water. The shipboard experimental platform conslsted of the filter units and a pump mounted on the deck with 
piping to matched control and test upper wing ballast tanks. The stationary barge platform was docked at the Seaway 
Pnrt Anthnrihr nf nulnth in T1nlnth/.CO:.nnPrinr H::~rhonr_ ::~nri c.nn~i~t~cl of the same filter units and numn with oinin!Z to 
~ ~~~ ~&~~~~~~~J ~~~~~-·~~u ~-~--~--r-··-· -------, -··- --·------- -- ---- ------- ------ ------ ~ ~ ~ • ._.. 
tluee identical catchment tanks of 175 gallons each with bottom outlets. Biological effectiveness was measured tl'..rough 
comparing zoopiankton, phytopiankton, and microbiai concentrations with and without fiitratiun i.reatment. Piankton 
samples were collected using plankton nets. Whole water samples were collected to examine chlorophyll and microbial 
~onte:nt_ The hlnlouical effectiveness exnerimental desie:n and methods wil1 be summarized. Test results for both ---------· ---- -----o----- ------- - - • "-' 

planktonic and microbial organisms wiH be reported. 

Scotland~ As~es~in~ the Effectiveness of Re!!ional Exchamre on Ballast Water Plankton 

E. McDonald 

ruuuwing tlu~ initi<tl balla:st water research cauied out at the PRS rv1arine Laboratory in Aberdeen, a new projcct wiH 
soon begin to study the effectiveness oibaiiast water ex.change in regional seas around Scodand. 

:tv-1uch of Ule ballast water discharged in Scotland originatcs from northern Europe and preliminary assessments of 
baHast water ex.change in the North Sea and Irish Sea show thai it may be iess effective than in oceanic waters. The 
problems of managing ballast water in coastal and regional seas are recognized as being rather different from operations 
involving transoceanic voyages. The new Scottish project, funded by the ScoUish Office Agriculture. Environment and 
Fisheries Departrnent and Scottish Natura! Heritage, \Vill aim to address some of the problems of ballast water exchange 
in regional seas. With cooperation from industry, a series of trials are planned where planktonic organisms will be 
sampled from baHast tanks and from the ambient sea water during voyages, befare, during, and foiiowing baHast 
exchange. These trials will run through a complete seasonal cycle and will aim to cover the normal trading routes of the 
vesse!s and also in targeted are-as, -which may be suitable for ballast water exchange. 

Ballast Water Issues in Georgia 

A. Shotadze and T. Gogotishviii 

New oil pipelines have been approved for transit to Georgia for loading from offshore tenrinals in the Black Sea 
between Batumi and Poti. Dctails of the pipeiine and shipping companies' plans for baHast water management are under 
study and being compared to othcr international guidelines. 

Australia: The Ballast Water Dectston Supp01t System 

K. Colgan 

The possible introduction of harmful aquatic organisms and pathogens into Australian waters by shipping has been 
recognised as one of the major environment;d issues to face Australia. These organisms can reach Austraha from 
international parts in a number of ways with ballast water considered to be a major vector for t.1.e introduction of 
invasive marine species. Within Australia the principal Commonwealth agency responsibie for ballast water issut:s is 
the Australian Quarantine Inspection Service (AQIS). AQIS receives advice !rom the Australian Ballast Water 
Management Advisory Council (ABWMAC) which is made up of key. stakeholders in ballast water issues, including 
shipping, fishing and aquaculture industries, port authorities, environment interests a.11d State and Commonwea!Llt 
Government agencies. in juiy 1996, i.he ABW!v1AC established the Research Advisory Group (RAG) comprising 
scientific and technical experts to provide ad vice on the deveiopment and impiementation of the Strategic Bailast Water 
Research and Development Programme. 
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The outcomes of the Strategic Ballast Water Research and Development Progra..T.me are central to tJu~ development of 
cffcctive ballast water management practices. A key focus of i:he Programme is the development of a risk assessment 
baseå Decision Support System (DSS) as an effective ballast water management tool for AQIS, the shipping industry, 
and other relevant government agencies and port authorities. It is envisaged that the DSS will provide a- scientificaliy 
sound and objective risk assessment tool for application to each vesse! voyage and will allm.v aut..'lorities and the 
indust..--y to more effectively m~ ... agc ballast watei discharges fmm international and coastal vessels. 

The DSS will be essential in the imp1ementation of Australia..'l Gove-rnment Po1icy as Australia moves towards 
mandatory ballast water at-rangements in the year 2000. It is expected that t.i.e move to mandator-y d.J.tangements will 
coincide with the ratification, by the internationai Niaritime Organizaiion, of the international regulatory framework for 
the management of ballast water expected to take place either in late 2000 or early 2001. 

The objectives of the DSS are to: 

• assess t.l-te leve! of risk a vesse! poses on ent.ry to Australian -..vaters; 

determine the options for minimizing any risk; and 

estabhsh a system that wi11 develop incrementally through time. 

The essential components of the DSS will be: 

a 'trigger mechanis.m' that provides. notification in advane-e of a ship's arriva! and the need to run the DSS; 

This will be the Ballast Water Reporting Form. As of l October 1998 iris mandntory for all vessels intending to 
vis it an Australian pnrt tn cnmplete this fnrm and submit it to AQ!So 

a quantitative risk assessment methodology based on 'target species' which produces a risk assessment associated 
with the biological risk a vessel poses; 

• a qualitative risk assessment methodology which produces a risk assessment associated with the management 
aspects of the vessel and its ballast water; 

information databases which hold static and dynamic information required by the DSS; 

= a decision mechanism that a.ssociates t.1.e risk with an associated action aud maintains audit trail of the deciSiOn 
process;anå 

'!' corr11"Tiunication links between the required information sourccs, the risk assessment, the decision-makers, and the 
vessel. 

The DSS wil! be triggered by the vesse! submitting the information on the Ballast \Vater Reporting Form, idcally befOie 
leaving the last port of caH and before reaching Australian waters. It is proposed ihat this information could be 
submitted by telex. When the information is received from the ship, the quantitative and qualitative risk assessments are 
performed and the levels of risk combined using a set of rules to produce a risk leve l associated with the vessel entering 
the Aus.tralian port~ The combined level of risk would the.n be used to a!!ow or prevent enLry of the vessel into an 
Australian port. The decision regarding le vel of risk and options for the vessel, should they be determined a high risk 
vessei, wouiå be communicated back to ihe vessei. if, for example, a vessei were determined to be a iow risk, then it is 
possible that no action would be required of the vessel. If a vessel is determined to be a high risk, then it is envisaged 
that a ran!!e of ootions mav need to be oresented to the shio's mao;;ter and he woulcl neecl to de.c.lde. whlc.h ontlon w~c;:. .... ~ ~ .. . - - ------------ ---------------c----------
most suitable for t..l:le situation. !f a vessel was unable to comply with any of the options, AQIS would nccd to be 
informed and a fuf'"J1er discussion could take place. It is ini:ended thai a basic version of the DSS wiii be åeveiopeå anå 
operational by November 2000. 
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2.3 Education. and (}I.Jtreach Pr9graJP..mes 

The United States Pacific Coast Ballast Outreach Project 

(February 1999-March 200 l) 

J. Cassell, A. Dehalt, ru1d K. Ha..--t 

Coastal areas throughout the United States have been seriously impacted by introductions of aquatic nuisance species. 
For instance, the San Fra."l.cisco Bay-Delta estua.ry is host to over 200 non-indigenous or exotic species. Research 
indicates that bailast water is the leading vector for introductions of aquatic nuisance species to coastal areas, and 
hundreds of species have been found in ballast tanks and sediments. 

Recent legislation, the National Invasive Species Act of 1996 (NISA 96), requ~res the U.S. Coast Guard to deve!op 
voluntary ballast management guidelines to prevent new introductions of exotic species io U.S. waters. Compliance 
with the voluntary guidelines may be problematic for the Pacific Coast maritime industry due to the current reliance on 
open-ocean e-xchange as the primary ballast management technique (high seas on the Pacific Ocean make conditions 
frequently unsafe for open-occan cxchange). There has also been no focused effort to educate the Pacific Coast industry 
about aquatic nuisance species anå baliasi management issues. This project wil1 provide an education prograrrune to 
improve the industry's knowledge .about these issues and to stimulate industrial interest- and invoivement in the 
development of new ballast management technologies that are appropriate for the Pacific Coast. This project will 
provide an outreach programme to educate the shipping industry, government agencies, and the general public about 
aquaiic nuisance spedes and ballast management issues relevant to the \Vest Coast. 

The project \~lill comprise five major components: 

l) A general education publication on Pacific Coast aquatic nuisance species and ballast management issues. The 
public-ation will be provided to a vmiety of audiences including the Pacific Coast shipping industry, the general 
public, and natural resouiCc profcssionals. An educational poster will be included as an insert. 

2) A series of educational forums to increase industry awareness and knowledge of ballast management issues. 
Formns -..vill be half-day events (in cccrdinaticn \Vith re1ated maritime events) where individuals involved wiLh the 
deveiopment of ballasl management or ballast technology approaches will be invited to providc a presentation to 
representatives of the West Coast maritime industry. 

3) A biannual newsletter and website focusing on ballast management issues. The newsletter wil! provide current 
information on nationwide baiiast technoiogy and management research and \Vest Coast aquatic nuisance species 
issues. The project website will contain announcements, linkages to other websites, and a list-serv where 
n:util'in!lnl<;;. r!ln rli'Orn ....... i~.'011e~ and suhmit aucstions. r-··-·r---·- --· -----·-- ------- ----- -·-· , 

4) General outreach through providing articles and announcements to existing education and maritime pubiications 
and websites. 

5) The forrnation of an industry working group which will provide a basis for initiation and funding of future \~lest 
Coast ballast manal!ement demonstration oroiects. 

\ ~ - V 

3 CONCLUSIONS AND FINDINGS 

• nt followmg JS a surru11ary of the majOi conclusions and findings, as agreed by SGB\VS parti ei pants. These 
concJusions and findings are based on the repons that were presenied at the meeting, and on substantive and extended 
discussions arising from those reports. 

With rapidly increasing gi o bai trade and extensive coastal environmenial changes, an enorrnous number of invasions of 
non-native estuarine and marine plants, invertebrates, and fish have characterized the last quarter of the 20th century. 
These. ra.Tlge from the red tide causing dinotlagellates to zebra mussels and comb jellyfish, and hundreds of other 
species. In turn, it is clear that t..'lere is an ever=increa.sing potential for t.l)e continued spread of non-native spe.cies by 
shipping activiiies. The concern for this poi.entiaJ is furth.er reflected in a growing menu of legislative actions aimed at 
ballast water management, including internationally applicabie, legaliy-binding provisions that are now under 
consideration hy the International Maritime Organization with a view toward their adoption in the year 2000. 
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The fo!lowing were the key condusions a..'ising from the third mceting of the I~J..:.8/IOC/Uv10 Study Group on Ballast 
Water and Sediments: 

• 

• 
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u~...e wide variety of vessei iypes (inciuding ship age anå conåition, and baiiast systems), baiiasting history (and 
thus sources and ages of water and sediments), voyage routes, sea conditions, and durations, the changing 
biological. chemical. and physical conditions that occur inside ballast systems during transport that may impact 
biotic surviva!, and the changing environmenta! nature of both donor and receiver ports, form an int...-i.cate 
foundation for ballast research ai1d management 

In turn, the choice of sa...rnpling devices an.d instruments (the- santp!ing 'too! box') to assess t.~e biotic diversity of 
ballast water is closely linked to t.'lc natw-e of die specific research questions being asked and the overall research 
design. Strong funding suppon for systematics anå taxonomy is the 'sine qua non' ( = without which nothing) for 
understanding and appreciating the biodiversily of balJast biota. Also critical to assessing ballast biological 
diversitv is continued research on ranid and accurate identificatiOn techninne~- ~nch a~ tho~e that mav emnlov 

J • - ----------------- --------,---, ---·-- ···--- ··--- ----., ----r·-., 
molecular probes. 

Management techniques, including risk assessment science, can and should take a wide variety of approaches and 
forrns, inc!uding working c!osely wit.lJ. ship operators to facilitate an understanding of the problems of exotic 
species, coordinated with an extensive menu of ballast management guideiines. These guiUeiines shouid include 
port-of-origin management (such as avoiding baHasting during red tides or disease outbreaks), at-sea management 
(mid-ocean exchange as long as safety permits), and if necessary pon-of-arrival management. 

Due w rhe ecoiogicai, economic, and environmental 1mpacts ot oauast-medtated mvasions m coastai, estuarine, 
and inland waters of many countries, ballast water research programmes are growing in number and depth around 
the world. It is crucial that researchers (a) collahorate in thelr research efforts to aim for a cumulative, global, and 
unified database, (b) establish star.dardized sampling methcds and techniques that ensure the generation of 
comparative data, and (c) remain in contact wiih each oiher through fluent and frequent communication. 
Faciiitating this need will be international consortia such as this Study Group, continuously updated wcbsites, a 
_joint international ballast website providing links to all research and management groups. cooperative 
progranunes, and training prograrrnnes for developing count.ries to e-stab!ish and imp!ement effective 
intemationaHy applicable ballast management pwvisions. 

Public and thus political awareness and outreach are key component" of moving forward with international ballast 
water management. In this regard, establishing the actual or potential relationships between human health concerns 
(such as the spread of human diseases, mduding cholera), human ecunumic concerns (such as the spread of 
sheilfish and finfish diseases, the spread of algae causing harmful algal blooms, the spread of species impacting 
industrial systems, and the spread of species impacting resource utilization and value). and the movement of 
ballast water and sediments; will remain central to balJast ma.11agement and scie-nce. Inc!uded in this is the 
interpolation of how global changcs in climate and the changing coastal and inland water environmeni:s globally 
will eiiher enhance or depress the pmentiai for species invasions. 

It is. recognized t.l-:at effective ballast management wlll involvc a varicty of tcchniqucs, approaches, treatments, aJid 
controls, piayec.i out against a wide variety of spatiai and temporai scaies. There is urgem need ro cominue and ro 
expand cooperative research programmes that explore the application of management approachcs and treatments 
relative to different vessel types, trade routes, ballast load configurations, weather conditions, and the many other 
factors that are involved in reducing the. transfer and movement of spec:ies. Of pa.rtic:u!ar import..ance \1/i!l be the 
implementation of on-board trcatmcnt systems as they become available and accepted as effectivc, to supplement 
apen ocean exchange. In aii baliast management straregies, it is criticai ro emphasize the giobai nature of baiiast 
movement, while acknow1edging regional challenges as well. 

Equally important is the recognition ihat a ship is a fioating 'biological islanå' and as such is capable of carrying a 
vast array of living organisms (including bacleria, fungi, protists, animals, and plants) by a variety of means and 
methods, including (a) as external surface fouling on the hull, (h) in compartment.;;; where water enters the vessel 
(ll.nr-h !U.: li:P~lv~tPr nin .. ..: !ln.-1 t'P'!'I rhP..,tC'\ fro\ i'ln '!'lnt'hr...., <>n..-1 <>nr-hnr roh.,.;n<' ."..,,-1 frl\ ;.., 'h<>ll.,.~t t."..,L-., <>nrl h-.ll ..... t .. hl .. 
,~--•• ~ ~--··-~-~ y~y-.._. .. ,L.,..., ... _.,.._. ...... ~.,,,\'"'} '-'U..._., .... ._.. ...... , • ._.._.., .... , • ._.., ""'"·'&''"'> ... ,,._.. \,_.} IU .._. ...... .....,~ ~ ... 018._, UUU. VO.U..I.U.:O\.UV.I.'-' 

cargo holds. In these 'ship habiiats' organisms may be attached to hard subsi.Tates, uccur m orgamc fiims, be 
suspended in water, or occur in accumuiated sediments. An expanded view of the ship as a biological dispersal 
vector is to recognize both ballast and non-ballast components, especially with potential future bans on certain 
types of hull antifouling paint_ 
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-------------------

RECOMMENDAT!ONS 

There was very strong and unanimous consensus by SGBWS that an international meeting of scientists and managers 
concerned wit.l-t oce-an-going and coastal ships as vectors for exotic species invasions should be continued. Rather than 
being a finite look at ballast water and sediments, it was unanimously agreed that this aspect of invasJon science is just 
beginning, that numerous research groups are now starting important p.rogrammes, and that it is important to share the 
fruits of this research. The growth of SGBWS from 19 participants in 1997 to 49 participants in 1999 is a ciear measure 
of the logarithmic rise importance in this field. It was further emphasized that it is important to recognize all ship 
systems that may be involved in the movement of non-indigenous orga..nisms~ It is a.lso important, along global and 
international lines, to keep the group as a consortium of ICES, IOC, and 11--.. 1:0, rath.er than to convert t.~e Study Group to 
an ICES Working Group. This will thus ensure the broadest possible subscription to the topic. 

it was thus recommended by the ICES/H-v10/IOC Study Group on Ballast \l-later and Sediments t.ltat an 'ICES/IOC/IMO 
Study Group on Ballast and Other Ship Vectors' [SGBOSV] be convened for a period of not less than five years. The 
first meeting of SGBOSV should be scheduled for 200 l at a time and place to be detennined and under the ieadership 
of a Chair or Co-Chairs to be duly appointed. Toward this end, a letter has been sent from Mr W.A. O'Neil, Secretary 
General of the Intemational hfaritime Orga..~ization (London), to Professor C.C.E. Hopkins, General Secretfl_ry, 
International Councii for rhe Expioration of the Sea, on 6 lv1ay 1999, expressing IMO's intciCst in continuing 
cooperation with ICES in these matters. 

SGBWS funher recommends maL the ICES Working Group on Introductions and Tmnsfers of :r--.1arine Organisms 
(WGITMO) inc1ude on its agenda fOr its meeting in 2000, specific oversight of baiiast water and other ship vectur 
ISSUeS. 
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Name 

,A. vigd or Abelson 

Alec Biiney 

Christopher Bolch 

Helge Botnen 

Maicoim I. Campbeli 

A~1""."EX l: LIST OF PARTICIPANTS 

Addres5 

Institute for Nature 
Conservation Research 
Td Aviv University 
Tel Aviv 69978 
Israel 

intemationai Chamber of 
Shipping 
12 Carthusian Street 
London ECIM 6EB 
United Kingdom 

School of Plant Science 
University of Tasmania 
P. O. Box 252-55 
Sandy Bay, Hobart, Tasmania 
A!.!stralia 7001 

UN! FOB 
Section of Applied 
Environmenta! Rese-arch 
cio Dep.a..rtment of Fisheries 
a.td ~ .. 1a."inc Biolog-j 
University of Bergen 
High Technology Cemre 
N-5020 Bergen 
Norway 

Fish Heaith Unit Maritimes 
Region 
Department of Fisheries and 
Oceans 

Teiepbone 

+972 3 6407690 
+972 3 6409813 

+4417j 4178844 

+61 3 62261827 
62261841 (lab.) 

+47 55 58 44 65 

+i 506 85i 6247 

Fax 

+972 3 6407304 

+44 17i 417 8877 

+61 3 62262698 

+47 55 58 45 25 

+i 506 85i 2079 

E-maii 

avigdor@post.tau.ac.il 

aiec.bilney@marisec.org 

chris. bolch @utas.edu.au 

helge.botnen@ifm.uib_ 
no 

campbelim@dfo­
mpo.gc.ca 

P.O. Box 5030 
Moncton. NB El C 9B6 
Ca.r:!ada 

~---------+--------------~--------~--------~r----------~ 
Allegra Cangelosi 

James T. Carlton 
C!wir 

S. J. (Bas) de Grovt 

N. ClareEno 
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Northeast-Midwest Institute 
218 D Street SE 
Washington, D.C. 20003 
USA 

Maritime Studles Program 
Williams College- Mystic 
Seaport 
P.O. Box 6000 
75 Greenma.-J;,.·ille Averme 
Mystic, Connecticut 06355 
USÅ 

National Institute for 
Fisheries Research (RiV O­
D LO) 
Haringkade l 
P.O. Box68 
NL-1970 !Jmuiden 
The Netherlands 

Joint Nature Conservation 
Committee 
Monk.stone House, City Road 
Peterborough 
Cambs PE! lJY 
UK 

+l 202 544 5200 

+l 860 5725359 

+31 255 564646/731 

+44 17 33 866 833 

+l 202 544 0043 

+i 860 5725329 

+31 255 564 644 

+44 17 33 555 
948 

acangelo@nemw.org 

jcarlton@williams~edu 

eb@rivu.Ulo.ni 

eno_c@jncc.gov.uk 
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1 Name 

l BeHa Galil 

l 
Mi~.:hd Gilbert 

Stephan Gollasch 

Jane Grocss 

Julie Hall 

Cameron Hay 

Chad L. Hewitt 

Bridget Holohan 

Norbert Huelsmann 

Kristina Jansson 
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Address Telephone 

National Institute cf +972 4 8515202 
Oceanography 
P.O. Box 8030 
Haifa 31080 
Israei 

Depatl:ment of Fisheries and + 1 418 775 0604 
Oceans 
Maurice Lamontagne Institute 
P.O. Box 1000 
850, Route de la Mer 
Mount-Joli 
Quebec G5H 3Z4 
Ca..f!ada 

lnstitut fur Meereskunde 
Univen'.itlit Kiel 
Dustembrooker Weg 20 
24105 Kiel 
Germany 

Harmfu! .AJga! BJoom 
Program 
Intergovemmental 
Oceanographic Coimllission 
of UNESCO 
l, rue Miollis 
75732 Paris Cedex 15 
France 

National Institute of Water & 
Atmospheric Research 
(NIWA) 
Box 11-115 
Hamilton, New Zealand 

Cawthron Institute 
98 Halifax Street East 
Private Bag 2, Nelson 
New Zea!a..'ld 

CSIRO - Centre for Research 
on Introduced Marine Pest."; 
(CR!MP) 
Cas.tray Es.plan.ade 
GPOBox 1538 
Hobait, Tasmania 7001 
Australia 

\Villiams College -- Mystic 
Scaport 
P. O. Box 6000 
75 GreenmanviHe Avenue 
Mystic, Connecticut 06355 
USA 

Zoology - Free University 
Berlin 
Koenigin-Luise-Strasse 1-3 
14195 Berlin 
Gerrm=m.y 

Swedish Environmental 
Protcction Agency 
Research & Development 
Department 
SE-10648 Stockholm 
Sweden 

+49 431 597 3916 

+33 1 45 68 40 14 

+64 7 856 170\1 

+64 3 548 2319 

+61 (03) 6232 5102 

+ 1 860 572 5359 

+49 30 838 3921 

+46 (0) 8698 1451 

Fax 

+972 4 8511911 

+l 418 775 0542 

+49 431 565 876 

+33 1 45 685812 

+647 ~760151 

t64 3 546 9464 

+61 (03) 
623254R5 

+ 1 860 572 5329 

+49 30 838 3916 

E-u..ail 

galil @math.tau.ac.il 

gilbertm@dfo-mpo.gc.ca 

sgollasch@aol.com 

hab.ioc@unesco.org 

j.hall @niwa.cri.nz 

cameron@environrnent. 
cawthron.org.nz 

chad.hewitt@marine. 
csiro.au 

bridget @mysticseaport. 
org 

hulsmann@ zedat.fu­
berlin.de 

+46 (0) 8698 1584 kristina.jansson@ 
environ.se 
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Name 

,A •. n.ders Jelmert 

KnutE. jørsmå 

Dorothee Kieser 

Anthony Knap 
IOC 

Joe! Kopp 

Penny Lockwood 

ian Lucas 

Elspeth Macdonald 

Tracy McCollin 

Whitman Miller 

Dan Minci-J.n 

Manfred Nauke 
iMO 
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Ad dress 

Institute of M:a..-ine Rcscarch 
Austevoll Aquaculi.ure 
Research Smrion 
N-5392 Storebø 
Norway 

Teiephone 

+47 56 18 03 42 

instirure of Marine Research +47 55 23 4347 
Department of Aquaculture 
P. O. Box 1870 
N-5011 Nordnes, Bergen 
Norway 

Pacific Biological Station l +l 250 756 7069 
3190 Hammond Bay Road 
Nanaimo, B.C. 
Ca_nada 

Bermuda Bio1ogical Station 
for Research 
Bermuda GEO l 

Nonindigenous Species 
Project Manager 
Prince. William Sound 
Regional Citizens' Advisory 
Council 
V aldez, Alaska 
USA 

Ballast \Vatci a..id Introduced 
lv1.arine Pe:)t:) Section 
Ausrraiian Quarantine anå 
lnspection Service (AQiS) 
GPO Box 858 
Canberra, Australia 

University of W ai es 
Bangor, Ang1esey LL59 5EY 
North Wales 
UK 

Fisheries Research Services 
FRS Marine Laboratory 
P.O. Box 101 
Victoria Road 
Aberdeen AB 11 9DR 
Scotla.11d 
UK 

School of Ocean Sdences 
University of Wales 
Bangor, l~ ... 'lg!esey LL59 5EY 
North \V ales. UK 

S!!lithsoPia'l En.vironmenta! 
Research Center 
nr-.. n--- 'lO r. V. DVJI...:.O 

&igcwaier, Maryland 21037 
USA 

Fisheries Research Centre 
Abboistown, Dublin i 5 
ire land 

International Ma.Iitime 
Organizaiion 
Albert Embankment 
London, England 

+441 297 1880 
ext. 244 

+l 907 835 1940 

+61 2 62725363 

+44 1248 38 2871 

+44 1224 876 544 

+44 !248 3 8 2871 

+l 410 798 4424 
ext. 139 

+353 1 8210111 

+44 171 587 3124 

Fax 

+47 5618 G3 98 

+47 55 23 8333 

+l 250 756 7053 

+441 297 0860 

+l 907 835 5926 

+61 2 62723036 

+44 1248 38 2906 

+44 1224 295 511 

+44 1248 38 2906 

+1410867 7842 

+353 l 8205078 

+44 171587 3210 

E-mail 

ander:).jelmeft@intr.nu 

knut.joerstad@imr.no 

kieserd@dfo-mpo.gc.ca 

knap@sargasso.bbsr.edu 

kopp@pobox.alaska.net 

penny .lockwood @dpie. 
gov.au 

oss066@bangor.ac.uk 

macdonaldem@marlab. 
ac.uk 

oss 138 @ba.l1gor.ac.uk 

rni!ler@serc.si.;du j 

dm.inchin@ frc.ie 

l jhalleit@imo.org (or) 

l mnauke@imo.org 
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1 Name 

/ Da.a·Ten Oemcke 

l 
l . -· . 
~ergeJ Utemn 

Judith Pcderson 

GiuHo Relini 

GeoffRigby 

Harald Rosenthal 

Anya Shotadze 

Debora.b Tanis. 

Susan D. Uuing 

Saskia van Gool 
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Ad dress 

Dept. of Civil & 
Environmental Engineering & 
CRC Reef Reseruch 
James Cuuk University 
Townsviiie, Queensiand 4811 
Australia 

Centre for System Analy&is 
Klaipeda University 

l Manto 84 
l LT-5808 Klaipeda 
l Lithuania 
l l Massachusetts Institute ot 
l Technology 
l Sea Grant College Program 
l 292 Main St. E38 - 300 
1

1 

Cambridge; MS 02129 
U Si\ 

l Societa ltaliana di Biolm:!ia 

1 ~:;~~ .. :~~~~~!!21n.n~ ~ l ""V .L~LHULV U.& L.J>J"''-'0'~-

l ~~i~r~.H_a ~ 
l ~ ~~ ~at_?I, ~ 
1 1 o u o uenova 
l ltaly 

l ... . ......... ~ . . .... 
1 ~~n_2nna r~~- .LHillteu 
1 .:Sb Lresweu Avenue 
1 Charlestown NSW 2290 
l Australia 

1 Institut fur .ivieereskunde 
l Universitat Kle! 
l Dustembrooker Weg 20 
l 24105 Kiel l 
l Germanv l . 
l Georgian Mini stry of 

Environment 
Convention Inspection Office 
for Protection of the Black 
Sea 
9 1~.pri! Strcet no. 6 
Batumi 
Georgia 

Battelle Memorial Institute 
397 \Vashington Street 
Duxbury, Massachusetts 
02332 
USA 

CEFAS, CoTiwy Laboratory~ 
Benarth Road 
Conwy LL32 8UB 
North Wales 
UK 

1 North Sea Uirectorate 
l P.O. Box 5807 
l 2280 HV Rijswijk 
l The Netherlands 
l 

1 Telephone 

l +61 7 47 81 5081 

+1617 252 i74i 

, .::1 "'A nll'l n..t .c::ro 
TU.L .:."P ;7"P.J V'T .JV 

. An • .,, ,;::, • ..., . .., ""1n1.t:. 
-r:-+::1 '+.)1 .D'I .J?IU 

l 995 (222) 728 50 

l 

+31 70 33 666 22 

l E-mail l Fax 

l +61 7 47 75 1184 

l 

eng-djo@jcu.edu.au 

l +3706212940 s.olenin@samc.kuJt 

1 +l 617 252 1615 jpederso@rr..it.cdu 

l 
l sibmzool @unige.it 

l 
+61 24 947 89 38 1 rigby@maiLcom 

l 

1

1 aa..: i..,..,,.,,, -,o't' .;;-::: L ·= ',_ ~ 
__,_._, ,......... .J-' 1 rnecuat\!:!'pop.l\..lleta.ge 

l or 54 1 <Mary Elien Chatwin> 

l 

. ., ' ,...,.." .,,... n.nL: n1 
+.Jl /V:J'7VUU7J 
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1 Name 

l Inger Waiientinus 

l 
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l Address 

l ~vå. Marin bo~~-ik 
1 (Uepartment ot Marine 
l Botany) 
l Goteborg University 
l Botaniska institutionen 
i P.O.Box 461 

I
l SE 405 30 Gøteborg 

Sweden 

l Telephone 

l +46(0)311132101 

l 

!Fax 

l +46 (U)31 773 27 
l 27 

l 

i E-mail 
l l inger.wallentinus@ 
l marbot.gu.se 

l 
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ANNEX 2; AGENDA 

Monday. 12 Apri11999 

9:00 

9:15 

9:30 

9:50 

!0:!0 

!0:30 

11:00 

ii:20 

11:40 

12:00 

2:00 

2:20 

2:40 

3:00 

3:40 

4:00 

4:20 

4:40 

5:00 

5:15 

20 

Opening of the I\lieeiing 

\Velcoming Remarks 

lntroduction of Participants and Guests 

Review of Terms of Reference (above) 

Review of the Agenda (below): changes, corrections, additions 

Concerted Action ballast water activities 

M. Nauke: !MO's current work related to the preparation of a legal instrument on ballast water 
management, accompanied by a progratmnc for developing countries 

A Kmm~ R~m~rb;. on the Glohal InvestiQ:ation ofPollution in the Marine Environment (GIPME) and the --- ----r· ------------------ ---- '-' -

Global Ocean Observing System (GOOS) Health of the Oceans Panel 

Coffee break 

G. Ruiz: Review and update of ballast water research activities at the Smithsonian Institute 

J. A. Kopp: The Prin'-'e William Sound, Alaska, Ballast \Vater Project 

B. Wetsteyn: !ntroduction to the Netherlands Ballast Water Sampling Prograrrune 

Lunch 

A. Cangclosi: Bailast Water Filtration Studies in the GrcaL Lakes 

A. Jelmert: Ballast water and Hydrocyclone lUV Tcsts 

R. E. Baier: Biofilm buildup, cnntrol and resistance as a function of ballast tank structural/coating 
materials 

Coffee Break 

G. Rigby and G. Hallegraeff: Ballast tank sedimcnts; analyses of ballast exchange efficiencies 

A. Jeimert: Preliminary results from a study on bacteria and viruses in ballast water 

T. ~.1cCo!lin, J. Hamer, and I. Lucas: Ballast sampling programme in England a..nd Wales 

S. Gollasch (on behalf of the Concerted Action group): Survival rates on species in ballast tanks during 
interregional voyages 

Review of Tomorrow's Agenda; Questions 

Adjournment of Day i 
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ANNEX 2 ( continued) 

Tuesday. 13 April 1999 

9:00 

9:10 

9:30 

9:50 

10:10 

10:30 

11:00 

11:20 

ii:40 

i2:00 

2:00 

2:20 

2:40 

..., Jlr\ 
J.UU 

3:30 

3:45 

4:00 

Opening of Da y 2 

N. Huels:rumn and B. Galil: Ships as Trojan horses: trophic interrelationships in ballast tanks 

M. Gilbert: Canada Ballast Water Research Progra..rp_rne 

M. Voigt and S. Gollasch: A Chemical Treatment for Ballast Water 

A. Jeimert: Possibie effects of zinc sacrificiai anodes on baiiast water biota 

Coffee Break 

K. Colgan: Australian AQIS Ballast Water Activities, and the Australia..11 Decision Support System (DSS) 

A. B. Andersen: Ballast Water Risk Management, Risk Matrix Methodology, Hazard Assessment and 
Decision Support 

A. Uehalt and J. Cassell: USA Pacific Coast Ballast Outreach Project: Bringing New Technology and 
Management Practices to the Maritime Industry 

Lunch 

A. Shotadze and T. Gogotishvili: Ballast \Vater Issue in Georgia 

E. McDonald: Scotland Ballast Programme 

H. Botnen: Organisms in baHast water at Sture 

Coffee Break 

Surrunary of Findings 

Concluding Remarks 

Adjournment of the Third and Final Meeting of the Study Gro up 
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ANNEX 3: RECOMMENDA TIONS 

There was very strong and unanimous consensus by SGBWS that an internationai forum for scientists and managers 
concerned with ocean-going and coastal ships as vectors for exotic species invasions should be continued. Rather than 
being a finite lcck at ballast water and sediments, it was unanimously agreed that this aspect of invasion science is just 
beginning, that numerous research groups mc now st&~Jng important program .. T..es, and that it is vita!!y important to 
continue to share the fruits of this research. Tne growth of SGBWS from 19 participants in 1997 to 49 participants in 
1999 clearly indicates the logarithmic rise in this important tield. It was further emphasized that it is important to 
recogniz.e all ship systems that may be involved in the movement of non-indigenous organisms. It was felt important, 
along global and international lines, te rr.aintain the group as a consortium of !CES, IOC; and IMO experts rather than 
to convert the Study Group to an iCES \Vorking Group. This continued cooperation will thus ensure the broad.est 
possible subscription to a timely topic. 

The iCES/iLV10110C SluUy Group on Ballast \Vater and Sediments therefore recorruncnds that an 'ICES/IOC/I~ .. 10 
Study Group on Ballast and Other Ship Vectors' [SGBOSV] be estabiished for a period of not iess ihan five years. 
SGBOSV should meet in 2001 at a time and place to be decided and under the leadership of a Chair or Co-Chairs to be 
du!y appo!nted. Toward this end, a Jetter has been sent from Mr W_A. O'Ncil, Secretary General of the International 
l\riaritime Organization (London), to Professor C.C.E. Hopkins, General Secretary, International Council for the 
Exploration of the Sea, on 6 May i999, expressing INIO's intcrest in continuing its cooperation with ICES in these 
matters. 

Untii such (ime that the SGBOSV formaily meets, the ICES Working Group on Intmductions and Transfen of tv1ruinc 
Organisms (WGITMO) should include on its agenda, the specific oversight ofbaliast water and other ship vecwr issues. 
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