
isbn  978-0-309-11313-7

Great Lakes 

Shipping, Trade, 

And aquatic 

Invasive Species

transportation research board

special report 291
Great Lakes Shipping, Trade, and Aquatic Invasive Species

Since its opening in 1959, the St. Lawrence Seaway has provided a route into the Great Lakes 
not only for trade but also unfortunately for aquatic invasive species (AIS), which have had 
severe economic and environmental impacts on the region. Prevention measures have 
been introduced by the governments of Canada and the United States, but reports of newly 
discovered AIS continue, and only time will tell what impacts these species may have. Pressure 
to solve the problem has even led to proposals that the seaway be closed. At the request of 
the Great Lakes Protection Fund, the National Research Council assembled a committee of 
experts to identify and explore options that would both enhance the potential for global trade 
in the Great Lakes region and eliminate further introductions of AIS from ships transiting the 
St. Lawrence Seaway. The report concludes that trade should continue on the St. Lawrence 
Seaway but with a more effective suite of prevention measures that evolves over time in 
response to lessons learned and new technologies.
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On June 26, 1959, Queen Elizabeth II and President Eisenhower
officially opened the St. Lawrence Seaway, a series of locks and
canals providing a navigation route into the North American
heartland for deep-draft vessels coming from the Atlantic Ocean
and beyond. Almost 50 years later, the seaway, which is managed
and operated jointly by Canada and the United States, provides a
route into and out of the Great Lakes for cargoes such as grain, iron
ore, and steel. Between 1997 and 2006, an average of 33.5 million
metric tons (tonnes) of cargo moved each year through the
Montreal–Lake Ontario section of the seaway, which links the
lower St. Lawrence River and Lake Ontario. 

When the seaway was constructed, it was seen as offering impor-
tant economic benefits for Canada and the United States through
enhanced navigation and associated trade, as well as the generation
of much-needed electricity by the associated Moses–Saunders hy-
droelectric power station. An additional effect of opening up a
route into the Great Lakes for international shipping did not at-
tract attention until much later. The rapid spread throughout the
Great Lakes of the European zebra mussel, discovered in Lake St.
Clair in 1988, drew public attention to the fact that the seaway pro-
vides a route into the North American heartland not only for ships
but also for potentially troublesome stowaways—namely, aquatic
invasive species (AIS) inadvertently taken aboard in ballast water
at previous ports of call.  

In addition to the zebra mussel, invaders such as the Eurasian
ruffe, round goby, and quagga mussel are all thought to have
entered the Great Lakes in the ballast water of ships. Held in a
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x Great Lakes Shipping, Trade, and Aquatic Invasive Species

variety of tanks or holds, ballast water provides the stability re-
quired for safe ship operations under a variety of conditions and is
routinely loaded or discharged at various points during a voyage.
When discharged, organisms loaded with ballast water at previous
ports of call may be dispersed into new environments where,
under favorable conditions, they establish new populations. Re-
search has shown the ballast water of ships engaged in interna-
tional trade to be a major vector for transferring species from
locations such as the Baltic, Black, and North Seas across the
Atlantic Ocean to the freshwater ecosystem of the Great Lakes. 

The economic and environmental impacts of AIS in the Great
Lakes have been, and continue to be, severe. The cost of removing
zebra mussels from piping in power generation plants, public and
private drinking water plants, and industrial facilities; navigation
lock and dam structures; and marinas has been tentatively esti-
mated at over US$1 billion since 1989, and some put the estimate
as high as US$5 billion. In addition, the zebra mussel’s rapid re-
production, coupled with its consumption of microscopic plants
and animals, has modified the aquatic food web and led to a suite
of indirect effects, including increased water clarity and the accom-
panying growth of rooted aquatic vegetation in shallow areas of the
lakes and nuisance algae along shorelines.  

Efforts have been under way since 1989 to prevent further intro-
ductions into the Great Lakes of AIS carried in ships’ ballast water.
These efforts have focused primarily on the steps ships can take to
reduce the risk of introductions, notably replacing (exchanging)
their freshwater ballast with ocean water before entering the Great
Lakes. Ballast water exchange (BWE) removes organisms from a
ship’s ballast tanks by dilution and exposes freshwater organisms in
the tanks to salt water, thereby killing many of them. Canadian and
U.S. regulations require vessels in international trade entering the
Great Lakes to manage their ballast water, and BWE is one of the
options for vessels carrying ballast. Despite this requirement, re-
ports of new AIS discovered in the Great Lakes continue. Recent
estimates put the total number of such species, including algae, fish,
invertebrates, and plants, at more than 180. Shipping is by no
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means the only mechanism by which AIS enter the Great Lakes. De-
liberate releases, aquaculture, home aquaria, water gardens, and
recreational boating have all been implicated in reported AIS
introductions. However, the major role of shipping through the
seaway as a vector for such introductions is not disputed. 

Against this backdrop, the Great Lakes Protection Fund (GLPF)
asked the Transportation Research Board (TRB) and the Division
on Earth and Life Studies (DELS) of the National Academies to
convene an expert committee to develop a detailed plan for elicit-
ing a wide range of transportation options and concepts for the
Great Lakes region that would (a) promote global commerce and
(b) eliminate the introduction of additional nonindigenous species
and pathogens into the Great Lakes due to oceangoing vessels tran-
siting the St. Lawrence Seaway. The project began as an effort to
plan and conduct a design competition to develop innovative so-
lutions to the problem of AIS introductions into the Great Lakes
by commercial shipping. At the end of the first phase, however,
both GLPF and the National Academies concluded that a design
competition would not be the best strategy to identify such so-
lutions. Phase 2 became a more traditional project to identify,
develop, and recommend potential solutions. 

In Phase 1 of the project, TRB and DELS convened a 13-member
committee that met twice, first in Washington, D.C., in May 2004
and then in Montreal, Quebec, Canada, in September 2004. In
conjunction with the second meeting, a group of committee mem-
bers visited the Port of Montreal and the St. Lawrence Seaway
Management Corporation’s St. Lambert Lock facility. At its meet-
ings, the committee heard presentations from experts in invasion
biology, ballast water management, and freight transportation and
from stakeholders, including representatives of the St. Lawrence
Seaway and the shipping industry. The committee also discussed
lessons learned from design competitions in other fields (architec-
ture, town planning, and aeronautics and astronautics) with ex-
perts who had planned and administered such competitions. In
December 2004, the Phase 1 committee delivered its proposal for
a design competition to GLPF. 
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In light of concerns about the feasibility of a design competition,
GLPF, the chair of the Phase 1 committee, and National Academies
staff explored alternative approaches to generating options for
meeting the two project criteria. Subsequently, in late 2005, GLPF
asked TRB and DELS to convene a second expert committee, which
was charged with identifying and exploring options for the Great
Lakes region that would meet two criteria: (a) enhance the poten-
tial for global trade in the Great Lakes region and (b) eliminate
further introductions of nonindigenous aquatic species into the
Great Lakes by vessels transiting the St. Lawrence Seaway. These
criteria are similar to those considered in Phase 1, but not identi-
cal. Most notably, the requirement to eliminate further AIS intro-
ductions targets all vessels transiting the seaway, rather than
exclusively oceangoing vessels engaged in international trade. In
addition, pathogens, which are very different in nature from most
of the AIS studied thus far, are not included explicitly. As in Phase
1, the criterion relating to global trade is a broad mandate without
specific directives.  

The committee was to commission papers, hold a symposium
at which these papers would be presented and discussed, and de-
velop a range of practical and technically feasible options that
would meet both project criteria. 

In accordance with usual National Research Council (NRC) pro-
cedures, TRB and DELS assembled a Phase 2 study committee of 
13 members under the leadership of Jerry R. Schubel, President and
Chief Executive Officer of the Aquarium of the Pacific in Long
Beach, California.1 Committee members have expertise in trans-
portation and logistics, marine transportation operations, ballast
water treatment, invasion biology, ecology and ecosystem manage-
ment, environmental systems analysis, Great Lakes science, the
Great Lakes regional economy, public policy, and decision analysis. 

The committee held five meetings between May 2006 and July
2007 (see Appendix A). It also commissioned a series of eight ex-

1 Dr. Schubel also chaired the Phase 1 committee, and four Phase 1 committee members (Captain
Jenkins and Drs. MacIsaac, Waite, and Wolman) also served in Phase 2.
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pert papers (see Appendix B) to inform its discussions. Prelimi-
nary findings and conclusions from seven of these papers were dis-
cussed by committee members and guests at the committee
meeting held in Irvine, California, in February 2007. The authors
then completed their drafts, which were reviewed by committee
members in advance of a 1-day public symposium, held in
Toronto, Ontario, in May 2007 in conjunction with the commit-
tee’s fourth meeting. After presenting their major findings and
conclusions at the symposium, the authors finalized their papers.
The paper by Drs. Kelly and Kazumi on retroactive evaluation of
the International Maritime Organization’s ballast water standards
was commissioned, prepared by the authors, and reviewed by
committee members between the fourth and fifth meetings. After
the fifth meeting, additional committee comments on the draft
paper were shared with the authors, who then finalized their paper. 

All eight commissioned papers are being made available in elec-
tronic form in conjunction with this report. The reader is cau-
tioned that the interpretations and conclusions contained in the
papers are those of the authors and are not necessarily endorsed by
the committee.  

After its fifth and final meeting in July 2007, the committee
worked by correspondence to refine its recommendations and
develop its report.  
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1

Summary

The Laurentian Great Lakes are the largest unfrozen reservoir of
freshwater on earth, accounting for almost one-fifth of the world’s
fresh surface water. They are vital to the economy of the Great
Lakes region and to the quality of life of its residents, providing
drinking water for more than 33 million people in Canada and the
United States, supplying hydroelectric power, supporting indus-
tries, providing waterborne transportation, and offering a variety
of recreational opportunities.

Human activities have, however, imposed stresses on the Great
Lakes basin’s ecological integrity, and one of these stresses—the
introduction of nonindigenous species of animals and plants—
is the focus of this report. The opening of the St. Lawrence Seaway
in 1959 provided a route into the Great Lakes not only for inter-
national maritime trade but also for aquatic invasive species (AIS)1

carried in the ballast water needed by ships to operate safely.
Ships’ ballast water is not the only vector by which AIS enter the
Great Lakes, but it has accounted for 55 to 70 percent of reported
AIS introductions since 1959, including that of the zebra mussel
(Dreissena polymorpha).

In this context, the committee, which was convened at the re-
quest of the Great Lakes Protection Fund, was charged with iden-
tifying and exploring options for the Great Lakes region that would
meet two criteria: (a) enhance the potential for global trade in the

1 In accordance with common usage, the term “AIS” is used throughout this report to describe non-
indigenous aquatic species.
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Great Lakes region and (b) eliminate further introductions of AIS
into the Great Lakes by vessels transiting the St. Lawrence Seaway.

The options recommended by the committee were to be practi-
cal and technically feasible, in addition to meeting the two project
criteria.

Because of the number, diversity, and distribution of vectors and
routes by which AIS can enter the Great Lakes, the committee views
elimination of all new AIS introductions as virtually impossible.
However, shipping through the seaway is easier to control than
some other invasion vectors and routes because the geographic
chokepoint at the seaway entrance provides a unique opportunity
to inspect and control vessels entering the Great Lakes, the number
of vessels involved is relatively small (approximately 300 annually),
and the shipping industry is already highly regulated.

After examining various candidate actions, the committee con-
cluded that the only way to eliminate all further AIS introductions
into the Great Lakes by vessels transiting the seaway would be to
close the waterway to all vessel traffic. Such action would, how-
ever, be incompatible with efforts to enhance the Great Lakes re-
gion’s potential for global trade. It also appears impractical from
a political perspective. Thus, the committee’s task became one
of identifying compromise actions that would reduce—but not
eliminate—further ship-vectored AIS introductions into the Great
Lakes. Two very different alternatives were identified: (a) use ballast
water management technologies (ballast water exchange, saltwater
flushing, and ballast water treatment) to kill or remove organisms in
ships’ ballast water or (b) close the seaway to the “riskiest” com-
ponent of traffic from an AIS perspective, namely, transoceanic
vessels engaged in trade with countries outside of Canada and the
United States.

Although closing the seaway to transoceanic shipping would
reduce substantially the risk of AIS introductions by vessels using
the waterway, this action could not, in the committee’s judgment,
be implemented in a timely fashion. Moreover, economic princi-
ples indicate that eliminating a transportation option would in-
crease the cost of moving goods and therefore would not enhance
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trade. Other disadvantages could include adverse environmental
impacts associated with alternative transportation modes and routes
and reprisals by trading partners of the United States and Canada.
In contrast, mandatory use of ballast water management technolo-
gies by all categories of vessel known to pose a risk could lead to a
marked reduction in AIS introductions by vessels using the seaway
and could be implemented almost immediately. In the committee’s
judgment, such a measure would achieve a high level of protection
against further ship-vectored AIS introductions without the dis-
advantages of closing the seaway to transoceanic shipping, if it
was supported by effective procedures for vessel monitoring and
for enforcing ballast water management regulations and by an AIS
surveillance and control program for the Great Lakes.

The committee recommends, therefore, that access to the Great
Lakes through the seaway be restricted to vessels taking protective
measures aimed at ensuring that they do not harbor living aquatic
organisms. Such measures should form the core of a compre-
hensive technology-based AIS control program incorporating the
following features:

• A uniform set of effective and enforceable standards for the
Great Lakes;

• Monitoring for compliance with the standards, strict enforce-
ment mechanisms, and remediation options for arriving vessels
that do not immediately meet standards for entry;

• Surveillance of the Great Lakes ecosystem for early detection of
new AIS from any source;

• Rapid response capability for containment, control, and possi-
ble subsequent eradication following the discovery of any new
AIS; and

• Feedback mechanisms to update and improve the control pro-
gram over time.

The committee recommends nine actions necessary to imple-
ment the proposed control program. In the committee’s view,
many of these actions could be implemented within the next 2 to
3 years if Canada and the United States have the necessary political
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will. To establish a solid foundation for the control program, the
following four actions should be taken as a matter of urgency.

Transport Canada and the U.S. Coast Guard should ensure
that all vessels entering the Great Lakes after operating in
coastal areas of eastern North America take protective
measures similar to those required for transoceanic vessels,
notably ballast water exchange for ballasted vessels and salt-
water flushing for vessels declaring no ballast on board.2

The United States should follow Canada’s lead and take im-
mediate action to adopt and implement ballast water ex-
change and performance standards for the Great Lakes that
are identical to those specified in the International Maritime
Organization’s International Convention for the Control
and Management of Ships’ Ballast Water and Sediments.

A binational science-based surveillance program should be
established to monitor for the presence of new AIS in the
Great Lakes. The program should involve dedicated lake
teams, as well as academic researchers, resource managers,
and local citizens groups, and should leverage existing
monitoring activities wherever possible.

An adaptive process should be established to ensure that pol-
icy measures designed to prevent further AIS introductions
into the Great Lakes are updated in a timely and periodic
fashion to reflect practical experience and knowledge gained
through research. The organization responsible for this
process should have a binational mandate; adequate re-
sources to conduct its work; and the ability to draw on the ad-
vice of scientific and policy experts in Canada, the United
States, and elsewhere as needed. It should also be widely per-
ceived as independent and free from conflicts of interest.

2 For the purposes of the present report, coastal vessels are defined as those that operate within the
exclusive economic zone (i.e., not more than 200 nautical miles from shore) before entering the
Great Lakes St. Lawrence Seaway system.
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The requirement to eliminate further AIS introductions is ab-
solute and narrow and addresses one invasion vector and route
(shipping on the St. Lawrence Seaway). In contrast, the require-
ment to enhance the potential for global trade is a broad mandate
without specific directives. A region’s potential for global trade is
influenced by a multitude of forces, both within the region and
outside it. Although the committee received and examined many
suggestions, it has not recommended any actions aimed solely at
enhancing the Great Lakes region’s potential for global trade. It
noted, however, that the development of efficient transportation
infrastructure and services is one of many strategies for stimulat-
ing economic growth and ensuing trade. Uncertainty about future
ballast water management regulations for the Great Lakes may well
be hindering investment in the transportation system. Thus, timely
implementation of the committee’s recommendations with regard
to ballast water management and associated standards could help
reduce regulatory uncertainties and the associated barrier to the
development of trade-enhancing transportation infrastructure and
services. In the committee’s judgment, the recommended suite of
actions comes closer to achieving the two project criteria than any
other options it identified.
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1
Introduction

The Laurentian Great Lakes—Superior, Michigan, Huron, Erie,
and Ontario—are the world’s largest reservoir of freshwater, with
the exception of the Antarctic and Greenland ice caps. Comprising
almost one-fifth of the global supply of freshwater, the Great Lakes
cover a total area of 94,000 square miles (244,000 km2) with a
shoreline of approximately 10,500 miles (17,000 km).

Unlike the polar ice caps, the Great Lakes provide drinking water
for the more than 33 million people living in the 300,000 square
miles (750,000 km2) of watershed. They are also vital to the economy
of the region, supplying hydroelectric power, supporting industries
and commercial enterprises, and providing waterborne trans-
portation for both people and goods. The Great Lakes’ commercial
and sport fishery, for example, is valued at $4 billion (Great Lakes
Information Network n.d.), and the region supports a multibillion-
dollar recreational and tourism industry. The Great Lakes are also
fundamental to the region’s culture and history. The basin’s water
and other resources have played a major role in the history and de-
velopment of both Canada and the United States, and the basin is
now home to one-fourth of the Canadian population and more than
one-tenth of the U.S. population (U.S. Environmental Protection
Agency and Government of Canada 1995).

Perhaps not surprisingly, human activities have imposed numer-
ous stresses on the Great Lakes basin’s ecological integrity. These
stresses include cultural eutrophication, an accelerated process of
nutrient and sediment concentration in a body of water caused by
excessive human activity; toxic contaminants, such as heavy metals
and synthetic organic chemicals; overfishing; habitat destruction;
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and the introduction of nonnative species of animals and plants.
Billions of dollars and uncounted hours have been spent in ad-
dressing these and other stresses and their impacts on the Great
Lakes ecosystem.

Given that the Great Lakes form a single system of intercon-
nected lakes and rivers, it is widely acknowledged that many of
the stresses imposed on the system by human activity can only
be addressed effectively on a systemwide basis (see, for example,
U.S. Environmental Protection Agency and Government of Canada
1995). The Great Lakes system of governance, however, is frag-
mented among the agencies, offices, and organizations of two
federal governments; eight states; two provinces; and myriad mu-
nicipalities, local governments, and aboriginal peoples. As a re-
sult, it has been suggested that the institutional capacity to halt
either new or reemerging stresses is lacking (International Joint
Commission 2003).

This report focuses on one of the many stresses imposed on the
Great Lakes by human activity: the introduction of aquatic inva-
sive species (AIS) through maritime trade. Also referred to as in-
troduced, alien, exotic, nonnative, or nonindigenous, an invasive
species, which may be aquatic or terrestrial, is defined as one trans-
ported by human activity into a region where it did not occur in
historical time and where it is now established in the wild. Not all
introduced species are invasive, in the sense of being harmful, very
abundant, or spreading rapidly. However, the term “AIS” has been
widely adopted by the press, politicians, and the public, and for
that reason it is used throughout this report, except in quoting
sources that use alternative terminology.

Recent reports estimate the number of AIS in the Great Lakes at
more than 180, including algae, fish, invertebrates, and plants
(Ricciardi 2006). There are many agents, or vectors, by which such
species enter the Great Lakes, including commercial shipping,
recreational boating, angling or bait fishing, aquaculture, commer-
cial and home aquaria, water gardens, canals, and rivers. The focus
of this report is commercial shipping, and in particular vessels tran-
siting the St. Lawrence Seaway.
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AIS AND SEAWAY SHIPPING

Following the discovery of the zebra mussel (Dreissena polymorpha)
in Lake St. Clair1 in 1988, the highly visible effects of this species’
invasion of the Great Lakes drew public attention to an age-old
phenomenon, namely, the unintentional carriage of organisms to
new locations by ships. The zebra mussel was by no means the first
AIS to enter the Great Lakes on board a ship, but its explosive pop-
ulation growth resulted in clogged water pipes, drains, and vents
and damage to docks, boats, power generation facilities, and water
treatment plants. In addition, large numbers of zebra mussels
washed ashore and rotted on Great Lakes beaches, leaving a foul
odor and sharp-edged shells. There is considerable uncertainty
about the economic impact of the zebra mussel invasion, but the
costs of zebra mussel cleanup during the period since 1989 are
estimated to be at least US$1 billion.2

The AIS problem is not unique to the Great Lakes. More than
50 AIS have been reported in San Francisco Bay since 1970, for ex-
ample. Further afield, Australian ports have been invaded by the
North Pacific sea star (Asterias amurensis) from Japan, and a car-
nivorous North American comb jellyfish has invaded and con-
tributed to massive fisheries losses in the Black and Caspian Seas
(NRC 1996; Shiganova et al. 2001; Kideys 2002). However, the
Great Lakes differ from many other regions experiencing ship-
mediated AIS introductions because of their freshwater ecosystem
and the distinctive patterns of maritime trade to, from, and within
the Great Lakes St. Lawrence Seaway (GLSLS) system.3

The opening of the St. Lawrence Seaway in 1959 is widely rec-
ognized as having provided a route into the Great Lakes not only
for trade but also for ship-vectored introductions of AIS. While a
trade corridor along the St. Lawrence River and into the Great

1 Lake St. Clair, together with the St. Clair and Detroit Rivers, connects Lake Huron and Lake Erie.
2 Zebra Mussel Economic Impacts, 1989–2006. Presentation to the committee by Chuck O’Neill,

Cornell University/New York Sea Grant, May 24, 2006.
3 The GLSLS system stretches from Anticosti Island in the Gulf of St. Lawrence to the western shore

of Lake Superior.
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Lakes has been in use since the earliest days of European settlement
in North America, the modern seaway, built to facilitate interna-
tional maritime trade into the North American heartland, allows
deep-draft oceangoing vessels from all over the world to enter
the Great Lakes carrying not only freight but also aquatic species
loaded along with ballast water at previous ports of call. This bal-
last water is used to increase a vessel’s draft, change its trim, regu-
late its stability, and maintain stress loads within acceptable limits,
and it is essential for safe operations (NRC 1996).

During the 20 years since the discovery of the zebra mussel in
Lake St. Clair, research has led to a greater understanding of the
mechanisms by which AIS enter the Great Lakes, both in ships’
ballast water and by other means. Ballasting practices that pose a
risk of introducing AIS have been identified, with particular em-
phasis on the trade patterns of transoceanic vessels entering the
Great Lakes from outside of the Canadian and U.S. exclusive eco-
nomic zones. The geographic origins of many of the AIS found in
the Great Lakes have been identified, as have a number of “high-
risk” species likely to invade in the future. While forecasts of future
invaders are far from infallible, a mysid shrimp native to the Black
Sea (Hemimysis anomala) was identified as having a high risk of in-
troduction into the Great Lakes several years before its discovery
in Lakes Michigan and Ontario in 2006 (Ricciardi and Rasmussen
1998; Grigorovich et al. 2003). Research on the science of AIS in-
troductions into the Great Lakes has been accompanied by efforts to
develop science-based ballast water management practices and tech-
nologies that can be used by ships to prevent such introductions
and by the promulgation of regulations requiring certain ships
entering the Great Lakes to undertake ballast water management
measures.

Despite these various efforts, reports of new AIS introductions
into the Great Lakes continue.4 Recent invaders include the mysid
shrimp, Hemimysis anomala, and an amphipod, Gammarus tigrinus.

4 As discussed in Chapter 3, there may be a considerable time lag between the introduction of a new
AIS and reports of its discovery.
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Of course, not all AIS are introduced into the Great Lakes by ves-
sels transiting the St. Lawrence Seaway. Nonetheless, such vessels
have historically been a major source of AIS introductions since
the waterway opened in 1959. Hence, seaway shipping continues
to be a focal point for many of the efforts aimed at eliminating
further AIS introductions into the Great Lakes.

Canada and the United States have not been alone in their ef-
forts to understand and prevent ship-vectored AIS introductions.
For example, in 2001, Australia introduced mandatory ballast
water management requirements to reduce the risk of introducing
harmful aquatic organisms into the nation’s marine environment
through ships’ ballast water (Australian Quarantine and Inspection
Service 2007). And in 2004, after more than 10 years of prepara-
tory work, the International Maritime Organization (IMO) adopted
the International Convention for the Control and Management of
Ships’ Ballast Water and Sediments (IMO 2004). This convention,
which has yet to be ratified by the necessary quorum of the world’s
maritime nations, aims to “prevent, minimize and ultimately elim-
inate the risks to the environment, human health, property and re-
sources arising from the transfer of harmful aquatic organisms and
pathogens via ships’ ballast water” (Gollasch et al. 2007, 586).

The ballast water control and management regulations contained
in the Canada Shipping Act of 2006 include ballast water standards
identical to those proposed in the IMO convention. The United
States has yet to update its invasive species legislation, which was
first enacted in 1990 and reauthorized in 1996, although draft leg-
islation is currently before Congress. Frustration at the delays in
passing U.S. federal legislation aimed at preventing further AIS in-
troductions appears to be an important factor driving some groups
to act on their own or in concert with others. The state of Michigan
has established its own ballast water legislation, and other Great
Lakes states are considering following suit. A coalition of environ-
mental groups has called for a moratorium on oceangoing vessels
using the seaway until Congress establishes effective ballast water
discharge standards, and others are seeking to have ballast water
discharges regulated under the U.S. Clean Water Act.
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CHARGE TO THE COMMITTEE

In the above context, the Great Lakes Protection Fund asked the
Transportation Research Board and the Water Science and Tech-
nology Board of the National Academies to convene an expert com-
mittee to identify and explore options for the Great Lakes region
that would meet two criteria: (a) enhance the potential for global
trade in the Great Lakes region and (b) eliminate further intro-
ductions of nonindigenous aquatic species into the Great Lakes by
vessels transiting the St. Lawrence Seaway.5

The committee was tasked with developing a range of practical
and technically feasible options that would meet these criteria. In
its final report, the committee was to comment on the strengths and
weaknesses of the options identified and suggest approaches that
appear most promising for more detailed evaluation and possible
implementation.

COMMITTEE’S APPROACH

Consideration of the two project criteria led the committee to ob-
serve that the requirements to enhance the potential for trade and
eliminate further AIS introductions are very different in both nature
and scope. The subject of economic development and ensuing
trade is broad in scope, and a region’s potential for global trade is
influenced by a multitude of forces, both within the region and out-
side it. The requirement to enhance the Great Lakes region’s poten-
tial for global trade is a broad mandate without specific directives.
In contrast, the requirement to eliminate further AIS introductions
is an absolute and narrow requirement addressing a specific vector
(shipping) and a single route (the St. Lawrence Seaway).

Identifying options that meet both project criteria simultane-
ously proved to be a key component of the committee’s task and
involved assessing the extent to which efforts to enhance the Great

5 The committee’s task statement uses the term “nonindigenous aquatic species” in place of “AIS.”
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Lakes region’s potential for global trade are likely to be influenced
by efforts to eliminate further ship-vectored AIS introductions. For
example, imposing additional regulatory requirements on vessels
entering the seaway could adversely affect trade by excluding those
vessels unwilling or unable to comply. Nonetheless, the influence
of such policies may not be major. A government with numerous
protective tariffs and quotas, for example, would find it difficult to
enhance global trade, regardless of its policies for preventing AIS
introductions.

With these observations in mind, the committee undertook a
series of activities to gather the data necessary to inform its devel-
opment of future options for the Great Lakes region. It held two
initial information-gathering meetings, one in Washington, D.C.,
in May 2006 and one in Toronto, Ontario, in August 2006 (see Ap-
pendix A). At these meetings, a series of invited presentations from
experts and stakeholders helped establish what actions are currently
being undertaken to prevent further ship-vectored AIS introductions
into the Great Lakes and enhance the region’s potential for global
trade. In conjunction with its August 2006 meeting in Toronto,
the committee visited two locations on the GLSLS system, the
Welland Canal and the Port of Hamilton.

Armed with the information gathered from these meetings and
site visits and from its background reading, the committee com-
missioned a series of expert papers on topics relating to the two
project criteria (see Appendix B). Some of the papers focused on
clarifying the current state of knowledge, while others explored op-
portunities to catalyze changes aimed at enhancing the Great Lakes
region’s potential for global trade while preventing further AIS in-
troductions by vessels transiting the seaway. At its third meeting,
held in Irvine, California, in February 2007, the committee met
with the authors of the commissioned papers to review their progress,
discuss the major messages of their draft papers, and provide guid-
ance for completing the drafts.

The first day of the committee’s fourth meeting, which was held
in Toronto in May 2007, was devoted to a public meeting, Aquatic
Invaders and Global Trade: Options for the Great Lakes Region.
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The primary purpose of the meeting was for the committee to gain
a better understanding of stakeholder views about possible ap-
proaches to meeting the two project criteria. To this end, partici-
pants were invited to suggest solutions and to comment on a variety
of actions that might be taken. The 34 meeting guests represented
Canadian and U.S. federal and provincial or state government agen-
cies, environmental groups, private-sector organizations (including
the shipping industry and developers of ballast water treatment
technologies), and academia (see Appendix C). To help inform the
discussions, the authors of the commissioned papers spoke briefly
about their work.

The remainder of the fourth meeting and most of the fifth and
final committee meeting, which was held in Washington, D.C., in
July 2007, were devoted to committee deliberations and develop-
ment of the conclusions and recommendations of this report.

ORGANIZATION OF THE REPORT

The next chapter provides a brief historical overview of the 
St. Lawrence Seaway and discusses the waterway’s management,
operations, and financing. Historical trends in seaway traffic are
summarized, and some of the factors likely to influence the wa-
terway’s future role within the larger Great Lakes transportation
system are identified. After a brief overview of the history of AIS
introductions in the Great Lakes, Chapter 3 summarizes the role
of ships’ ballast water in introducing AIS and examines briefly
the impacts of AIS introductions with reference to both high-
profile and less studied invaders. The difficulties in interpreting
historical trends in such introductions are then discussed in the
context of efforts to assess the effectiveness of prevention mea-
sures. Chapter 4 identifies the categories of vessel using the sea-
way and discusses each briefly. The ballast water management
requirements for vessels entering the GLSLS system are then
summarized. Chapter 5 describes the committee’s approach to
identifying and exploring options for the Great Lakes region that
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would meet the two project criteria. Candidate actions for meet-
ing each criterion are examined, and ways of combining these ac-
tions to meet both criteria simultaneously are then considered.
The final chapter discusses the committee’s conclusions about two
alternative options for the Great Lakes region. It then describes the
committee’s recommended option and the actions necessary to
implement this option.
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2
The St. Lawrence Seaway

The Great Lakes St. Lawrence Seaway (GLSLS) system is a bina-
tional waterway operated jointly by the United States and Canada.
Encompassing the St. Lawrence River and the five major Laurentian
Great Lakes (Ontario, Erie, Huron, Michigan, and Superior), the
inland waters that make up the GLSLS system stretch westward
over 2,300 miles (3,700 km) from Anticosti Island in the Gulf of
St. Lawrence to the western shore of Lake Superior (see Figure 2-1).

The St. Lawrence Seaway proper, within the meaning of the leg-
islation providing for its construction and maintenance, extends
from Montreal to Lake Erie and is made up of two sections:

• The Montreal–Lake Ontario (MLO) section, located partially
in Canadian waters and partially in international boundary
waters, includes a series of seven locks (five Canadian, two U.S.)
and connects Montreal, Quebec, and Lake Ontario. It enables
ships to navigate the 190 miles (304 km) between the lower 
St. Lawrence River [elevation 20 feet (6 m)] and Lake Ontario
[elevation 243 feet (75 m)].

• The Welland Canal, located in Canadian waters, includes a series
of eight locks (all Canadian) and connects Lake Ontario and Lake
Erie [elevation 569 feet (175 m)], a distance of 36 miles (58 km).

The MLO section, which opened in 1959, was the last link to
be completed in the series of channels and canals allowing deep-
draft vessels to move between the Atlantic Ocean and ports on the
Great Lakes.

To provide context for the committee’s identification and explo-
ration of options for the Great Lakes region, this chapter gives a
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short historical overview of the St. Lawrence Seaway, from early
efforts to develop a transportation route and trade corridor along
the St. Lawrence River into the Great Lakes to the culmination of
these efforts in the 1959 opening of the modern seaway. A sum-
mary of the waterway’s management, operations, and financing
includes brief comments on the roles and perspectives of the
seaway’s Canadian and U.S. partners. The infrastructure of the
seaway itself and of associated ports and industrial facilities is then
discussed. The section on seaway traffic comments on historical
trends, notes the difficulties encountered in forecasting future traf-
fic levels, and seeks to put the seaway in the broader context of the
Great Lakes transportation system as a whole by identifying alter-
native (competing) routes and modes for international commerce.
The chapter concludes with a brief discussion of two areas—global
climate and world maritime trade—where anticipated changes
could well affect the numbers and types of vessels using the seaway
in the future.

HISTORICAL OVERVIEW

The Great Lakes have provided a means of transporting people and
goods since humans first settled in the Great Lakes basin. The lakes
and tributaries provided transportation by canoe for the native
peoples, and trade among groups flourished. European settlement
in North America during the 16th and 17th centuries was accom-
panied by efforts to develop a travel route and trade corridor along
the St. Lawrence River and into the Great Lakes, and a trading
post was established at Duluth at the head of Lake Superior as
early as 1679.

During the 18th and early 19th centuries, the St. Lawrence River
was the principal inland route for people, supplies, arms, and com-
mercial goods, even though major shipping could travel no further
west than Montreal. Despite the need to portage past obstacles such
as the Lachine Rapids and Niagara Falls, the river was far easier to
travel than rugged inland routes. Over time, various rapids were
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bypassed by channeling or dredging, and by the middle of the 19th
century a continuous water route—including the first Welland
Canal—linked Lake Erie to the Atlantic Ocean. The waterway was
rudimentary, however, and its depth and lock dimensions pre-
cluded the shipment of heavy bulk cargoes aboard large vessels.
The system closed frequently because of bad weather and was
generally inoperable for 5 months over the winter. The railroads
began to expand into the Great Lakes basin during the 1840s,
providing an alternative means of transporting large amounts of
freight year-round between the Atlantic Ocean and the continental
interior; by the 1850s the Erie Canal was losing much of its traf-
fic to the railroads.

During the second half of the 19th century, rapid industrial ex-
pansion and population growth in the continental interior resulted
in greatly increased requirements to move goods, notably wheat
and iron ore. Construction of the transcontinental Canadian Pacific
Railway in the 1880s opened up the possibility of transporting grain
by rail from the prairies to Port Arthur (now part of Thunder Bay)
for shipment down the Great Lakes. Also during this period, mod-
ernization of the St. Lawrence waterway continued through a variety
of lock and canal construction projects, and in 1895 the governments
of the United States and Canada appointed a Deep Waterways
Commission to study the feasibility of a seaway. The commis-
sion reported in favor of the project (U.S. Congress 1897), and
its report was followed in 1905 by the establishment of the Inter-
national Waterways Commission, created to advise the govern-
ments of both countries about water levels and flows in the Great
Lakes, especially in relation to the generation of electricity by hydro-
power. The Boundary Waters Treaty between the United States
and Canada was signed in 1909 and provided for the creation of
the International Joint Commission (IJC),1 which conducted a
series of engineering studies and proposed the construction of the

1 IJC has the authority to resolve disputes over the use of water resources that cross the international
boundary. The commission is currently responsible for the regulation of the water level in Lake
Ontario, which governs the flow of water in the St. Lawrence River.
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St. Lawrence Seaway. However, two world wars and strong oppo-
sition from the railroads and other industrial interests prevented
the start of any joint seaway construction projects to allow ocean
vessels to enter the Great Lakes for another 45 years.

Finally, in the early 1950s, the pressing needs for both power gen-
eration and improved navigation led to the creation of the seaway.2

In 1951, the Canadian Parliament approved legislation authorizing
construction of a Canadian Seaway and associated hydroelectric
power generation facilities. The proposed dams in the Interna-
tional Rapids section of the St. Lawrence River would not only
create a navigation pool upstream of the dams to allow sufficient
draft for shipping but also offer the opportunity to generate more
than 12 billion kilowatt-hours of electricity annually. In 1954, the
U.S. Congress passed the Wiley–Dondero Seaway Act authorizing
the U.S. government to work jointly with the government of Canada
to create a deepwater navigation channel in the St. Lawrence River
between Montreal and Ogdensburg, New York, and associated
hydroelectric generation facilities. Construction work commenced
later that year. The Moses–Saunders hydroelectric generating
station commenced operations in 1958, and the seaway was offi-
cially opened for navigation by Queen Elizabeth II and President
Eisenhower on June 26, 1959.

MANAGEMENT, OPERATIONS, AND FINANCING

Canadian and U.S. legislation authorizing construction of the sea-
way also created organizations to manage and operate the waterway,
namely, the Canadian St. Lawrence Seaway Authority (SLSA) and
the U.S. St. Lawrence Seaway Development Corporation (SLSDC).
Both organizations have undergone changes in the years since their

2 Significant changes in elevation in various sections make the St. Lawrence River ideal for electric
power generation. The first hydroelectric power generation facilities were built by private firms in
the late 1800s. In contrast to the power generation facilities associated with the current seaway,
these were modest projects that used only a small fraction of the water flow.
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creation. SLSDC is now an operating administration of the U.S.
Department of Transportation, subject to the policy direction and
supervision of the Secretary of Transportation, and since 1986 has
been an appropriated rather than a self-financing agency. On
the Canadian side, the 1998 Canada Marine Act replaced SLSA by
a private, not-for-profit entity, the St. Lawrence Seaway Manage-
ment Corporation (SLSMC), which operates and maintains the
Canadian Seaway infrastructure, while the Canadian government
retains ownership of the infrastructure and acts as regulator.

The Canadian and U.S. seaway corporations jointly operate and
maintain the GLSLS system3 and provide traffic control assistance
to vessels using the waterway. The two organizations also undertake
trade development functions aimed at enhancing use of the GLSLS
system, which is increasingly referred to in promotional literature
as Highway/Autoroute H2O.

The total cost of the St. Lawrence Seaway navigation project was
US$470.3 million, of which Canada paid $336.5 million (72 percent)
and the United States $133.8 million (28 percent). When the sea-
way opened in 1959, a system of tolls based on estimates of future
traffic was established by agreement between the two countries.
The purpose of the system was to obtain directly from users the
revenues required to cover the costs of operation and maintenance,
as well as interest on loans and repayment of capital over a 50-year
period (Ghonima 1984). This objective was not met, and the op-
erating deficit for the system escalated rapidly during the 1970s,
despite some of the highest traffic volumes in the seaway’s history.
A revised toll system, agreed on by the two governments in 1978,
allowed for the phase-in of higher tolls, and further revisions were
implemented during the early 1980s.

Tolls were eliminated on the U.S. portion of the seaway in 1986
when the U.S. Congress created the Harbor Maintenance Tax

3 The U.S. Army Corps of Engineers (USACE) is involved in maintenance of the GLSLS system
through its broad responsibilities for inland waterway transportation in the United States. USACE
facilitates the movement of vessels by activities such as deepening, widening, and straightening
navigation channels, and it evaluates, plans, and constructs improvements to inland harbors
and channels.
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(HMT) to generate revenue for operation and maintenance of the
nation’s navigation infrastructure. The HMT is an ad valorem
(value) tax assessed on cargo moved by ship between U.S. ports
and to U.S. ports from overseas, and it is paid by the owner of the
cargo. HMT receipts are placed in the Harbor Maintenance Trust
Fund. Expenditures from this fund are determined by the con-
gressional budget and appropriations process and include annual
appropriations to SLSDC that are used to meet operation and
maintenance expenses for the seaway.4

Canada continues to charge seaway tolls, which are a major
source of revenue for SLSMC. For the period April 1, 2006, through
March 31, 2007, the corporation’s total revenue was C$85.2 million,
of which C$80.3 million (94 percent) was from seaway tolls. The
current toll structure is a composite charge that depends on cargo
tonnage and type, as well as on the vessel’s gross registered tonnage.
For vessels using the Welland Canal, there is also a lockage charge
for each lock transited. Cargo tolls are generally higher for higher-
value commodities. Thus, for the 2007 navigation season, the tolls
per metric ton (tonne) for coal and grain were approximately C$0.6,
while those for general cargo and steel slab were C$2.4 and C$2.2,
respectively.

While the seaway is managed and operated jointly by Canada
and the United States, there are important differences between the
two partners in terms of the seaway’s geography and financing.
As already noted, Canada had a greater financial stake in the origi-
nal navigation project, paying 72 percent of the total cost. In addi-
tion, 13 of the 15 seaway locks are operated by the Canadian
SLSMC and two by the U.S. SLSDC. As a result, Canada makes
a much larger financial contribution than does the United States
to seaway operations. In 2006, SLSMC’s operating expenses were
C$63.7 million, while those of SLSDC were US$19.3 million.
Furthermore, while the GLSLS system serves both the United

4 Proposals in the Bush administration’s FY 2006 and FY 2007 budgets to reinstate tolls on the
U.S. portion of the seaway met strong opposition from Great Lakes ports and many others in
the region’s maritime industry.
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States and Canada, the St. Lawrence Seaway itself, comprising the
MLO section and the Welland Canal, is used primarily by foreign-
and Canadian-flagged vessels. The majority of the U.S.-flagged
vessels operating on the GLSLS system are too large to transit the
Welland Canal, and their operations are limited to the upper Great
Lakes (see Chapter 4).

INFRASTRUCTURE

Navigation System

The seaway channels and canals were built throughout to a project
depth below chart datum5 of 27 feet (8.2 m), and the locks were
built to a usable length of 766 feet (233.5 m) and a width of 80 feet
(24.4 m). Thus, after the completion of the MLO section in 1959,
vessels capable of carrying 25,000 tons or more of cargo were able
to enter the Great Lakes for the first time.6 Over the past 15 years,
technological developments and more sophisticated modeling tech-
niques have led to increases in allowable vessel draft and length,
thereby enabling vessels to carry more cargo (possibly up to 30,000
tons per voyage).7 Today, the seaway locks can accommodate ves-
sels up to 740 feet (225.5 m) long and up to 78 feet (23.8 m) wide
and loaded to a draft not exceeding 26 feet 6 inches (8.2 m).

Maintenance of the seaway infrastructure, including system
improvements, is conducted during the annual winter closure
between December and March. SLSMC’s annual asset renewal
expenses, which represent the cost of maintenance and major re-
pairs of locks, canal bridges, buildings, and other infrastructure

5 The chart datum is the level of water from which charted depths displayed on nautical charts are
measured.

6 Construction of the current Welland Canal started in 1913 but was interrupted by World War I.
When the current canal opened in 1932, it allowed for the passage of vessels larger than those ex-
isting on the Great Lakes at the time.

7 See, for example, Transport Canada 2001.
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assets, have increased steadily from C$16.9 million for 1998–1999
to C$35.5 million for 2006–2007. The Canadian government has
been providing general Canadian Treasury funds to SLSMC for
its capital improvement projects and has more than doubled
SLSMC capital and maintenance funding over the past few years
(SLSDC n.d.). SLSDC’s annual operating expenses for maintenance
and engineering have been relatively constant over the past 10 years,
averaging approximately US$3.6 million.8 SLSDC has developed
a 10-year U.S. Seaway Asset Renewal Program Capital Invest-
ment Plan for its navigation infrastructure and facilities, and proj-
ect and equipment costs are estimated at US$86 million for the
period FY 2009–FY 2013 (SLSDC n.d.).

As the seaway system ages, planning for future operation, mainte-
nance, repair, and rehabilitation is becoming increasingly important.
The MLO section is almost 50 years old, and the eight locks of the
Welland Canal date from 1932.9 Thus, in 2003, the governments of
Canada and the United States initiated a joint study to evaluate the
infrastructure needs of the GLSLS system, including the St. Lawrence
Seaway proper and the Soo Locks, which allow transit of vessels
between Lake Superior and Lake Huron. The GLSLS study, pub-
lished in late 2007 (Transport Canada et al.) assessed the ongoing
maintenance and long-term capital requirements needed through
2050 to ensure the continuing reliability of the system. The study
report does not give a “bottom line” cost estimate, but the infor-
mation provided indicates that structural maintenance costs for the
MLO section, the Welland Canal, and the Soo Locks over the next
four decades could exceed US$2 billion (in 2007 nominal dollars).

8 Data on asset renewal and maintenance and engineering expenses are taken from the Annual
Reports of SLSMC and SLSDC, which are available on the GLSLS system website (www.
greatlakes-seaway.com/). The two seaway corporations use different budget categories to 
report their various expenses, so the data cited should be interpreted as indicative of the rela-
tive contributions of the Canadian SLSMC and the U.S. SLSDC to maintenance and renewal
of the seaway infrastructure rather than as rigorous comparisons.

9 A 7-year program to rehabilitate the Welland Canal, funded by the Canadian federal government,
was undertaken in the late 1980s and early 1990s.
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Ports and Industrial Facilities

In addition to the infrastructure of the seaway itself, port facilities
and a network of industrial capacity, including land-based trans-
portation services, have grown up around the GLSLS system. As
noted in a recent report, these facilities embody significant capital
investment by industry, Great Lakes states and provinces, and the
Canadian and U.S. federal governments (Cangelosi and Mays 2006).
As the report’s authors observe, port facilities may be large and
generalized to a range of cargoes or small and specialized to a specific
cargo, or even a specific carrier. Those with nearby manufacturing
facilities may have major rail connections to move semifinished or
finished products to the next point on the supply chain.

Some ports in the GLSLS system specialize in transshipment—
the transfer of goods from one vessel to another or to another mode
of transportation—and are equipped accordingly. For example,
transshipment elevators that handle both Canadian and U.S. grain
exports are situated along the St. Lawrence River in Montreal,
Sorel, Quebec City, Trois Rivieres, Baie Comeau, and Port Cartier.
These elevators are capable of receiving, storing, and loading all
types of export grain, and even of transferring parcels between one
ship and another. Import and export cargoes also move by road
or rail between transshipment ports on the St. Lawrence River and
inland destinations. For example, the Port of Montreal, which has
extensive rail links to destinations throughout North America, is a
major center for transshipment of containerized cargo between
ocean vessels and rail.

Transshipment does not necessarily require specialized port
facilities, however. The self-unloading ship was developed and per-
fected by the domestic Great Lakes shipping industry as a means
of delivering bulk cargoes to clients with little or no infrastructure
for receiving or handling ships. Conveyors serviced by hoppers
under each cargo compartment transfer the cargo to an additional
conveyor on a long boom, thus allowing these highly maneuver-
able ships to place an entire cargo, or parcels of cargo, in one loca-
tion without the assistance of stevedores or shore equipment.

11320-03_CH02.qxd  12/10/08  3:00 PM  Page 26
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TRAFFIC

Historical Trends

Traffic data collected by the seaway corporations show that the
amount of cargo shipped through the seaway each year has varied
considerably since the waterway opened to deep-draft vessels in
1959 (Figure 2-2). For this report, the focus is on vessels transiting
the seaway that may be carrying aquatic invasive species (AIS) into
the Great Lakes. Thus, the traffic data of particular interest are those
for the MLO section, which capture information on all vessels
passing through the geographic pinch point at the entrance to the
seaway. (The different categories of vessel transiting the seaway
are discussed in Chapter 4.) The cargo tonnage moving through
the Welland Canal is generally higher than that moving through the
MLO section, as Figure 2-2 illustrates, because of the large amount
of interlake traffic carrying relatively low-value bulk commodities
(see Chapter 4).

Traffic on the seaway grew rapidly in its first 7 years and con-
tinued to grow, with some fluctuations, until the late 1970s. This
20-year period of growth was followed by an overall downward
trend ending in 1993, when traffic levels were the lowest since
1963. A number of factors caused this decline, including a pro-
longed economic recession affecting the U.S. steel, automotive,
and related industries in the Great Lakes region; reduced demand
for grain from traditional markets in Western Europe, notably the
former Soviet Union; and increased movement of Canadian grain
by rail to developing west coast ports serving the growing Asian
market. Between 1994 and 2000, seaway traffic saw a modest re-
covery, largely as a result of a surge in steel traffic reflecting the
overall strength of the U.S. economy. In recent years, traffic vol-
umes have continued to fluctuate as a result of varying charter rates
for ocean vessels, restructuring in the steel industry, and slowing
industrial production in the Great Lakes region.10

10 A detailed analysis of trends in seaway traffic from 1959 to 2001 has been conducted by TAF Con-
sultants (2002).
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The availability of both inbound and outbound cargoes is also
an important factor affecting current levels of seaway traffic. In the
early days of the seaway, it was not unusual for vessels with no
cargo on board to enter the GLSLS system destined for ports on
Lake Superior, where they would load export cargoes of grain.
Since the early 1990s, however, requirements for commercial via-
bility have dictated that vessels using the GLSLS system carry cargo
on both inbound and outbound voyages (Jenkins 2007). To this
end, vessel owners and operators have sought to exploit the com-
plementary nature of the seaway steel and grain trades, notably
in the case of transoceanic vessels trading with countries outside
of North America (see Chapter 4). Taylor and Roach (2007, 5)
note that “the front haul movement of steel and other products
into the Great Lakes may be a key determinant of how much out-
bound grain moves by [transoceanic] vessels, since these vessels
present an opportunity for an attractively priced backhaul move-
ment of grain.”

Forecasts

Taylor and Roach (2005) offer a brief review of long-run traffic
forecasts for the St. Lawrence Seaway. Four studies are cited that
made forecasts for traffic on the MLO section for 2000. On average,
the forecast tonnage was found to be more than twice the actual
tonnage, with individual forecasts ranging from 1.8 to 2.8 times
the actual values. Thus, these forecasts have missed their mark by
a wide margin. An additional study forecast 2010 tonnage on the
MLO section of the seaway at 130 million tonnes (Mt), a level that
appears unlikely to be achieved, given that it is about 4 times the
average traffic for the most recent 5-year period. Taylor and Roach
do not identify the reasons behind the overly optimistic traffic fore-
casts other than to note the possible influence of high seaway traf-
fic volumes in the mid-to-late 1970s and errors in forecasting grain
tonnages on the MLO section of the seaway.

The observation that past efforts to forecast future commerce
via the St. Lawrence Seaway have fallen short is not surprising.
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Accurate long-run forecasts of international trade patterns are
extremely difficult to establish despite the best efforts of econo-
mists, geographers, demographers, and other social scientists
armed with a variety of mathematical and statistical tools. History
shows that the comparative advantage of a trading region and its
transportation links to international markets are affected by a mul-
titude of dynamic economic and political forces, which do not
often lend themselves to numerical extrapolation.

The sources of the substantial errors in St. Lawrence Seaway
traffic forecasts have not been specifically identified, although 
a multitude of political and economic forces and the dynamic
environment in which they operate are often cited (see, for exam-
ple, TAF Consultants 2002). Factors affecting levels of seaway traf-
fic include the decline in automotive and steel industries in the Great
Lakes region; a decline in European demand for North American
grain as a result of the European Union’s (EU’s) agricultural poli-
cies, technology, and preferential trade agreements;11 a decline in
grain exports from Canada and the United States to the former
Soviet states following the Soviet Union’s collapse; a geographic
redistribution of international trading patterns, and in particular
the growth of trade with Asia; a comparative decline in real over-
land transport rates on competing routes; the worldwide shift to
containerization; government policies; and a myriad of other forces
that are difficult to forecast.12

A recent forecast of future seaway traffic appears more conser-
vative than some of the earlier forecasts examined by Taylor and

11 Grain production in Western Europe has climbed steadily over the past 40 years because of a com-
bination of new technology, high prices, and income support provided by the EU’s Common
Agricultural Policy. As a result, the EU has been a grain exporter for more than two decades.

12 The difficulties encountered in attempting to forecast future traffic on a specific trade corridor are
not unique to the St. Lawrence Seaway. A report on inland navigation system planning for the upper
Mississippi River and Illinois Waterway cites difficulties encountered by USACE in forecasting
waterway traffic to determine feasibility of improved navigation infrastructures and new waterway
construction (NRC 2001). Examples include an effort to forecast future traffic on the upper
Mississippi River system (Lock 26 at St. Louis, Missouri) and studies that focus on feasibility of
the Tennessee–Tombigbee waterway project. In particular, forecasts in 1975 and 1982 of traffic
at Lock 26 (St. Louis) in 1999 are about 60 percent greater than actual traffic, and actual tonnage
on the constructed Tennessee–Tombigbee project is only 20 percent of forecast tonnage.
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Roach, although it still anticipates that traffic in bulk commodities
through the GLSLS system will “increase gradually through to the
year 2030 and grow steadily for the 20 years thereafter” (Transport
Canada et al. 2007, 47). Even the pessimistic scenario assumes that
traffic through the MLO section will grow, albeit at an average an-
nual rate of only 0.1 percent, and will reach an annual tonnage of
33 Mt by 2050. Under the most likely scenario, the average annual
growth rate is estimated to be 0.7 percent, with annual tonnage
through the MLO section reaching 42 Mt by 2050.13 The forecast
methodology is described as quantitative and qualitative econo-
metric analysis, but few details are provided.

A possible alternative approach to exploring the future role of the
seaway and its importance for the Great Lakes regional economy
could consider, perhaps in a scenario form, likely “futures” and
their realization in terms of trade and economic interdependence
in the region. For example, it may be useful to examine the general
question of how the geography of production and trade may evolve
in the region over the next several decades. More specific questions
to be considered could include the following:

• Will the region’s increasing dependence on trade external to
North America change the volume and composition of what is
shipped into the region via the seaway? For example, will the
move to greater containerization of international trade focus
on a relatively small number of megaports, with a concomitant
increased dependence on road and rail for movement of goods
to interior destinations?

• Will North American export trade (physical as opposed to
trade in services or information) move to greater reliance on
nonmanufactured products (e.g., agricultural products, wood,
minerals), thus generating increased possibilities for the use of
the seaway, or will these exports be “diverted” to increasing
domestic use in response to changes in relative prices and tech-
nology (e.g., increased use of grains for ethanol production)?

13 For the 5-year period 2002–2006, annual tonnage through the MLO section averaged 32 Mt.



32 Great Lakes Shipping, Trade, and Aquatic Invasive Species

Such scenario analysis was beyond the scope of the committee’s
charge but may be of interest in informing further examinations
of the GLSLS system’s future, particularly given the historical dif-
ficulties in developing reliable traffic forecasts.

Alternatives to the Seaway

The seaway has played, and continues to play, a key role in cer-
tain markets—notably the shipment of grain, iron ore, coal, and
steel—where the constraints imposed by the seasonality of the
navigation season and the relatively long transit times can be ac-
commodated. Nonetheless, the seaway is only one component of
the Great Lakes region’s complex multimodal freight transporta-
tion system. Within this system, alternative routes and modes com-
pete for the various commodities moving within or through the
region between supply and demand centers in North America and
overseas. Consideration of modal competitive dynamics suggests
that, in general, rail rather than truck is the most viable alternative
to waterborne transportation for many of the relatively low-value
bulk commodities moving on the seaway (see Table 2-1). For inter-
national movements of such commodities, a number of compet-
ing routes and modes to the seaway are available, as illustrated
by the examples in Box 2-1. The relative advantages and dis-
advantages of these competing routes and modes change over
time in response to a host of dynamic forces, including the state of
the Canadian and U.S. economies, the strength of the Canadian
dollar and U.S. dollar relative to each other and to other curren-
cies, fuel prices and associated transportation costs for different
modes, and congestion at ports and other locations on the trans-
portation network.

In practice, the amounts and directions of commodity move-
ments (trade) on the Great Lakes region’s transportation network
are influenced by a multitude of economic and political forces
at both domestic and international levels. For example, a report
prepared for Transport Canada examined seaway competitive-
ness versus the Mississippi and rail options for the movements of
grains (TAF Consultants 2002). The competitiveness of the GLSLS
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TABLE 2-1 Typical Characteristics of Shipments Moved 
by Different Transportation Modes

Shipment
Transportation Mode

Characteristic Water Rail Truck

Volume Very large Large to Medium to less 
of cargo single carloads than truckloads

Inventory High Medium Low

Product value Low Low to medium Medium to high

Distance Variable, determined Medium to long Short to long
by water links

Relative transit Low Medium High
time sensitivity

Transportation Critical factor Important factor Secondary factor
cost sensitivity

NOTE: Table 2-1 has been adapted from a presentation to the Committee on the St. Lawrence
Seaway, Phase 1, by Yves Lemieux of Canadian National and Malcolm Cairns of Canadian Pacific
Railway in Montreal, Quebec, on September 28, 2004.

system for moving Canadian grain was found to depend on mul-
tiple factors, including world grain demand, Canadian grain supply,
the available capacity of the western Canadian seaboard outlet,14

and the ability of the seaway to compete with alternative trans-
portation systems in terms of total transportation costs and charges.
The Canadian and U.S. governments subsidize the seaway through
their provision of capital and maintenance funding, and these sub-
sidies affect the waterway’s competitiveness vis-à-vis other trans-
portation modes. As already discussed, forecasting future traffic
on one or more specific trade corridors is challenging and gener-
ally unsatisfactory. Thus, while there are alternatives to the seaway
for moving goods, the future competitive position of the seaway
versus the various alternatives is difficult to assess with any degree
of certainty.

14 The seaway provides an overflow route for Canadian grain exports in the event of delays at west
coast ports due to capacity constraints or other factors.
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BOX 2-1

Competing Routes and Modes to the Seaway for International
Commerce in the Great Lakes–Seaway Hinterland

An alternative Canadian routing to the seaway could involve export
movements from hinterland locations (e.g., Ontario, Manitoba) via
land-based transport, most likely railroads, to east coast Canadian
(e.g., Quebec, Montreal) or Hudson Bay ports for transport by ship
to international markets. Similarly, ship-transported Canadian 
imports may bypass the seaway by entering east coast or Hudson
Bay ports for land-based shipment to interior locations. Much of
Canada’s increasing trade with Asia is bypassing the seaway via
railroads that link interior Canadian regions and west coast ports.
Finally, selected regions in Canada may find it feasible to access 
international markets through U.S. Gulf ports via a Canadian rail-
road (Canadian National) or U.S. inland waterways. For example,
if the Canadian dollar continues to strengthen against the U.S.
dollar, such routings could become increasingly attractive to
Canadian grain exporters because of the reduced logistics costs
incurred at U.S. Gulf ports.

Several alternative routes allow U.S. commerce in the Great
Lakes–Seaway hinterland to bypass the seaway. Interior U.S. 
locations may route international commerce through U.S. east
coast or Gulf ports rather than the seaway. Often the commerce
transshipping at Gulf ports moves via inland waterways and 
railroads while commerce to east coast ports is generally trans-
ported by railroads. For example, U.S. trade with regions in 
eastern Canada (e.g., Labrador) can move by ship through the 
seaway or bypass this artery by moving directly to east coast 
U.S. ports for subsequent transport to interior locations by rail. 
As with Canada, the expanding trade with Asia is largely through
west coast ports but facilitated by rail links with interior U.S. 
locations.
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A CHANGING FUTURE

As the seaway is about to enter its sixth decade of service, it faces a
variety of challenges and opportunities, some related to its aging
infrastructure and others to environmental, economic, and social
changes since its opening in 1959. The committee’s information-
gathering activities (see Appendix A) indicated that exploration
of many of these challenges and opportunities is already being
undertaken by a variety of organizations, most notably the two
seaway corporations. These activities are referenced as appropri-
ate throughout this report. The following paragraphs provide brief
comments on two areas of change that the committee judged im-
portant in the context of its efforts to identify and explore options
for the Great Lakes region that will meet the two project criteria.
Changes in global climate and in world maritime trade could af-
fect both the numbers and the types of vessels using the seaway in
the future and could, therefore, affect efforts to enhance the Great
Lakes region’s potential for global trade and to eliminate further
AIS introductions by vessels transiting the seaway.

Global Climate Change15

A number of studies completed over the past 20 years have inves-
tigated the anticipated effects on the hydrology and lake levels of
the GLSLS system as a result of climate change associated with
increased concentrations of greenhouse gases in the atmosphere.
Using increasingly complex general circulation models and emis-
sions scenarios, these studies estimated changes in air and water
temperatures, precipitation, runoff, and lake evaporation. These
parameter estimates were then input into lake-level routing models
and ice formation models to assess impacts on ice cover, water
levels, and flows. With one exception, all of the models resulted in
lower lake levels and a large reduction in ice cover, both of which
would affect navigation.

15 The following discussion draws extensively on an expert paper commissioned by the committee
on global climate change and international Great Lakes shipping (Millerd 2007).
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The depths of the Great Lakes are such that navigation on the
open lakes would not be affected by the lower water levels associ-
ated with climate change. However, navigation in shoal areas, in
connecting channels between the lakes (the St. Mary’s, Detroit,
and St. Clair Rivers), in sections of the St. Lawrence Seaway, and
in harbors would become problematic if water levels decline as
predicted by the models. As shown in Table 2-2, anticipated aver-
age water levels in the Port of Montreal would decrease, and the dif-
ference between minimum and maximum levels would increase.
The maximum allowable vessel draft in the seaway locks and nav-
igation channels would also decrease, with the result that additional
trips would be needed to carry the same amount of cargo. For a lake
vessel moving grain out of the lakes to the lower St. Lawrence River
of the Gulf of St. Lawrence, it has been estimated that a reduction in
draft of 1 m would reduce the cargo-carrying capacity by 17 percent
(Millerd 2007).

The seaway is closed every winter because ice conditions make
use of the locks difficult and winter navigation in restricted chan-
nels presents environmental problems. As a result of milder winters,
however, there has been a gradual increase in the length of the
seaway navigation season since the 1980s. Hence, for the 5 years
from 1982 to 1986, the average open period for the MLO section
was 269 days. For the 5 years from 2002 to 2006, it was 279 days,

TABLE 2-2 St. Lawrence River at Montreal Jetty 1 Quarter-
Monthly Mean Level Statistics for Climate Change
(Base Case and Different Scenarios Simulated with
Plan 1958D with Deviations)

Base Warm and Not as Warm Warm and Not as Warm 
Case (m) Dry (m) and Dry (m) Wet (m) and Wet (m)

Average 6.80 5.74 6.10 5.98 6.65

Maximum 9.21 8.78 9.14 9.19 9.16

Minimum 5.01 4.31 4.45 4. 41 4.92

Difference, 
max − min 4.20 4.47 4.69 4.78 4.24

SOURCE: Fay and Fan 2006.
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an increase of 10 days. And in 2006, the MLO section was open for
a record 283 days.

The reduced ice cover associated with climate change may
offer the possibility of further extending the seaway navigation
season, although there are no current plans to do so. The condi-
tions allowing for opening of the navigation season would occur
earlier, and conditions requiring closing the locks would occur
later. Thus, the adverse effects of lower water levels on navigation
could be offset to some extent by a longer navigation season.

A longer navigation season could, however, complicate main-
tenance and replacement schedules. Some period of closure is
required every year for regular maintenance and inspection because
the majority of lock sites throughout the system possess only one
lock chamber and no parallel or auxiliary chambers (Transport
Canada et al. 2007). Thus, in the absence of lock “twinning,” it is
not possible to conduct all the necessary maintenance while the
system is operational. As already noted, the winter shutdown of the
seaway provides an opportunity to conduct lock maintenance and
mechanical overhauls and to replace machinery and other parts
while there is no shipping using the system. Maintenance engi-
neers suggest that this regular annual maintenance could be done
in 1 month, providing no major problem is encountered. Every
3 to 5 years, however, lock machinery requires major maintenance,
replacement, and upgrading, and resurfacing of lock walls may
be necessary, requiring at least 2 months. Thus, for many years
a maintenance closure of 1 month would suffice, but every third
to fifth year a longer closed period would be required. Mainte-
nance procedures and schedules would have to be rearranged and
more outside contractors may need to be hired to accommodate
the shorter periods of closure. The increased maintenance require-
ments associated with aging of the locks could also complicate efforts
to extend the navigation season.

As the preceding paragraphs indicate, the direct effects of global
climate change on seaway navigation are expected to be mixed,
with the adverse impacts of lower water levels offset to some extent
by a longer shipping season. However, policies aimed at reducing
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transportation-related greenhouse gas emissions could favor water-
borne freight transportation over competing surface modes. An
expert paper commissioned by the committee (Lawson 2007)
indicates that ships are generally more “environmentally friendly”
than trains and trucks in terms of greenhouse gas emissions, although
data limitations preclude detailed quantitative comparisons.

In addition to long-term changes associated with global climate
change, cyclical variations in water levels in the Great Lakes affect
navigation from time to time.

Changes in World Maritime Trade

As already discussed, steps have been taken to maximize the amounts
of cargo carried by vessels transiting the seaway by increasing the
allowable vessel draft and length. Nonetheless, an analysis con-
ducted in 2001 showed that, while 70 percent of vessels in the world
fleet can be accommodated by the seaway locks, these seaway-size
vessels represent only 13 percent of world vessel capacity (USACE
2002). In particular, less than 2 percent of the world’s bulk fleet
by capacity and less than 5 percent of its container fleet can use
the seaway. Furthermore, larger vessels are under construction
or entering service, indicating that the percentage of the world
fleet able to transit the seaway is likely to decline in the foresee-
able future.

The continued rapid growth of containerization is widely ac-
knowledged as a key factor likely to influence future world maritime
trade. The advent of the cargo container and of small and large ships
designed to carry nothing but containers has been a major step in
expediting the transoceanic movement of general cargo and has
introduced a new connotation to “transshipment.” It has led to the
establishment of transshipment hubs, strategically located in shel-
tered deepwater locations adjacent to major trade routes, where
container shipments are consolidated by destination. Designed
to minimize the costs of transporting goods between shipper
and consignee, these hub ports service feeder containerships that
move containers in a local area, larger containerships on dedicated
transoceanic routes, and the megacontainerships that continually
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circumnavigate the globe. Hub ports aim to limit the number of
port calls and overall port time for the ships they service and to
receive, sort, and reship containers so that they reach their intended
destination by the fastest possible route. Such facilities are in oper-
ation, are under construction, or are being promoted around the
world in locations such as Tanjung Pelepas, Malaysia; Singapore;
Colombo, Sri Lanka; Manzanillo, Panama; Freeport, Bahamas;
Kingston, Jamaica; the Malta Freeport; Sydney, Nova Scotia; and
Scapa Flow, Scotland.

New waterborne feeder services throughout the GLSLS system
could serve the existing containerport in Halifax, Nova Scotia, or
a possible new hub port for container transshipment in Sydney,
Nova Scotia. It has been suggested, for example, that ships built for
the purpose could move containers to the Lake Ontario port of
Hamilton, where they would be distributed throughout the Great
Lakes basin.16 Questions remain about the effects of relatively long
transit times and seasonal closure on the demand for container
shipping on the GLSLS system (see Chapter 5). Nonetheless, the
fact that future container feeder services are being explored indi-
cates that efforts to prevent further AIS introductions into the Great
Lakes by vessels transiting the seaway need to recognize the possi-
bility that the mix of vessels using the seaway may be different from
that of today. The ports of origin of these vessels may also be dif-
ferent, with an increase in the proportion of traffic from coastal
areas of eastern North America providing feeder services into the
Great Lakes.

CONCLUDING REMARKS

The binational GLSLS system, which includes the St. Lawrence
Seaway, stretches over 2,300 miles (3,700 km) from the Gulf of
St. Lawrence to the western shores of Lake Superior. The 1959

16 Opportunities for container shipping on the GLSLS system are discussed in the recent GLSLS
study (Transport Canada et al. 2007).
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opening of the MLO section of the seaway was the final step in
establishing a navigation system that allows deep-draft ocean ves-
sels to move between the Atlantic Ocean and Great Lakes ports. In
the almost 50 years since its opening, the MLO section has handled
1.9 billion tonnes of cargo. Although traffic volumes in recent
years have been about half the peak levels of the 1970s and early
1980s, the seaway continues to play a key role in the shipment of
grain, iron ore, and steel. Seaway trade is particularly important for
Canada, which paid more than 70 percent of the total cost of the
original seaway navigation project and continues to play a greater
role than its U.S. partner in financing and operating the waterway.

Forecasting future seaway traffic has historically proven prob-
lematic because of the multitude of economic and political forces
affecting trade, both within the Great Lakes region and beyond.
In addition, the seaway is only one component of the larger Great
Lakes transportation system, which offers a variety of alternative
routes and modes for moving cargoes.

As the seaway enters its sixth decade of service, its future role
within the Great Lakes transportation system is unclear. This
observation does not imply that the waterway has no future role,
but rather that this role remains difficult to anticipate because of the
numerous uncertainties. On the one hand, the seaway infrastruc-
ture is in need of major renovation to ensure its continuing relia-
bility, and the waterway’s locks can accommodate only a decreasing
fraction of world vessel capacity as the growth of container ship-
ping leads to the building of ever-larger vessels. On the other hand,
the seaway offers an alternative to increasingly congested land-
based routes, particularly for cargo movements where the rela-
tively long transit times and seasonality of the navigation season
can be accommodated. Furthermore, the growth of hub ports for
container shipping on North America’s eastern seaboard may pro-
vide opportunities to develop feeder services into the Great Lakes
through the seaway. The overall influence of global climate change
on seaway navigation is also uncertain, with the possibility that the
adverse effects of lower water levels may be offset to some extent
by a longer navigation season.
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3
Aquatic Invasive Species 

in the Great Lakes

This chapter provides an overview of aquatic invasive species (AIS)
in the Laurentian Great Lakes to set the context for the commit-
tee’s examination of ways to eliminate further introductions of AIS
by vessels transiting the St. Lawrence Seaway. After a brief histor-
ical overview, invasion vectors and pathways are discussed, with
emphasis on the ballast water vector, which has played a predom-
inant role in ship-mediated AIS introductions into the Great Lakes
since the opening of the modern seaway in 1959. The impacts of
AIS are considered, with particular reference to the zebra mussel,
one of the high-profile invaders. Other AIS that have attracted less
study, and in many cases less public attention, are also discussed.
Historical trends in AIS introductions are important in assessing
the effectiveness of measures taken to prevent such introductions,
and the challenges in interpreting observed trends are examined.
Brief remarks about future AIS introductions are made, and the
chapter concludes with a summary of key points pertaining to the
committee’s task.

HISTORICAL OVERVIEW

The Laurentian Great Lakes have an extensive history of human-
mediated introductions of AIS, both intentional and unintentional,
beginning almost 200 years ago. Precise numbers of introduc-
tions are hard to determine, given the challenges of finding and
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identifying some new species and verifying their nonnative status,
as well as uncertainties associated with sampling. As discussed later,
confusion may also result over the inclusion or exclusion of micro-
scopic organisms such as viruses, bacteria, parasites, or protozoans
(Drake et al. 2007). The number of reported AIS established in the
Great Lakes has, however, increased substantially from the early
19th century to modern times, with current estimates ranging from
a low of 136 to more than 180 species of nonnative algae, fish, in-
vertebrates, and plants (U.S. Geological Survey n.d.; Ricciardi 2006).

During the period of human-mediated biological invasions, a
number of transitions have occurred with respect to both the types
of AIS that have established and the mechanisms by which they en-
tered the Great Lakes. Fish and plants were the most common in-
vaders before the 20th century, with most introductions resulting
from human releases (Mills et al. 1993). Algae and invertebrates be-
came more common invaders after transoceanic shipping converted
to use of liquid ballast around 1900. Shipping appears to have be-
come the dominant means by which AIS have been transported into
the Great Lakes during much of the 20th century, and notably since
the opening of the St. Lawrence Seaway in 1959. The origins are less
certain for invasive plants that now dominate coastal wetlands in
highly urbanized areas, such as Lake Michigan’s lower Green Bay.

INVASION VECTORS AND PATHWAYS

In invasion biology, a vector is defined as the physical means or
agent by which a species is transported. There are multiple vectors
by which AIS gain access to the Great Lakes, including commercial
shipping, recreational boating, angling or bait fishing, aquaculture,
commercial and home aquaria, water gardens, canals, and rivers.

For the purposes of this report, an invasion pathway is defined
as the geographic path over which a species is transported from
its origin (donor area) to its destination (target area). An analysis
commissioned by the committee examined pathways of introduction
for AIS reported as being established in the Great Lakes since the
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opening of the St. Lawrence Seaway in 1959 (Kelly 2007). Informa-
tion on the most probable geographic sources of species and the
vector assignments showed Eurasia to be the dominant source,
accounting for 67 percent of established AIS, followed by North
America with 14 percent; 15 percent had unknown or widespread
origins, and Australasia and Africa each contributed a single species.

Committee’s Charge

The committee was asked to identify and explore options for elim-
inating “further introductions of nonindigenous aquatic species
into the Great Lakes by vessels transiting the St. Lawrence Seaway.”
Thus, its charge was limited to one specific invasion route into the
Great Lakes (the St. Lawrence Seaway) and addressed only non-
indigenous aquatic species (i.e., AIS) and not terrestrial invasive
species. Most AIS that have drawn attention in recent decades in-
habit benthic or pelagic areas of the Great Lakes, although the sys-
tem has been invaded by and remains vulnerable to invasions by
wetland species such as hybrid cattail (Typha x glauca). In addi-
tion, the committee’s charge was restricted to one group of vectors
by which AIS enter the Great Lakes, namely, those associated with
shipping (vessels).

There are many dispersal vectors for the transport of organisms
on board ships, but the most important is widely acknowledged to
be ballast water, which is needed for vessels to operate safely (NRC
1996). As discussed in Chapter 4, the mechanisms by which AIS
enter the Great Lakes in ships’ ballast water have been extensively
investigated. Hull fouling is another vector by which vessels can
transport AIS, although this vector is thought to have played a
minor role compared with ballast water in introducing AIS into
the Great Lakes (see later).

Importance of the Ballast Water Vector

To help set the context for its work, the committee commissioned
the aforementioned analysis of AIS reported as being established
in the Great Lakes since the opening of the St. Lawrence Seaway in
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1959 (Kelly 2007). By means of a series of criteria to determine in-
troduced status, 59 species were identified as nonindigenous, with
an additional 21 species (mainly algae) classified as cryptogenic
(not clearly introduced or native). Ships’ ballast water was the
leading vector for approximately 55 percent of species identified as
nonindigenous.1 Deliberate releases, unauthorized introductions,
range extensions, hull fouling, and recreational boating were all
of lesser importance, each representing less than 10 percent of
species. A clear vector could not be established for 11 percent of
the confirmed AIS. Other less conservative analyses suggest that
ships’ ballast water may account for as much as 65 or 70 percent of
the total documented inventory of AIS in the Great Lakes (Ricciardi
2006; Holeck et al. 2004). In summary, the evidence points to
ships’ ballast water as the leading vector for recorded introductions
of AIS into the Great Lakes since the opening of the seaway, with
other vectors collectively accounting for the remaining 30 to 45 per-
cent of introductions. Hence, eliminating further AIS introductions
by vessels transiting the seaway, as specified in the committee’s
charge, would be expected to have an important impact on the AIS
problem. However, data on the relative importance of different 
invasion vectors suggest that this action would not prevent all further
AIS introductions into the Great Lakes.

Hull Fouling Vector

Ballast water, as well as residual ballast water and sediment, has
been well characterized for transoceanic vessels entering the Great
Lakes.2 In contrast, there is a dearth of information with regard
to the risk of AIS introductions posed by hull fouling on such
vessels. Marine-to-marine introductions on hulls of ships have
occurred for hundreds of years, and studies conducted in marine

1 The analysis showed Europe to be the source of 94 percent of ballast-mediated invasions, includ-
ing 15 species from western and central Europe, 12 from the Ponto-Caspian region, and three
from the Baltic Sea.

2 As discussed in Chapter 4, transoceanic vessels (i.e., those engaged in international trade) are the
major—but not the only—source of ship-vectored AIS introductions into the Great Lakes.
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and estuarine habitats have demonstrated that hull fouling is as, or
more, important than ballast water to the introduction of non-
indigenous species (see, for example, Gollasch 2002). However,
ecologists have perceived the Great Lakes as less at risk of intro-
ductions via the hull fouling vector owing to the required transfer
of fouling species from a freshwater course (the vessel’s port of ori-
gin), across an inhospitable saline medium (the Atlantic Ocean),
to a freshwater destination (the Great Lakes). To date, only one
study has explored the role of the hull fouling vector for the Great
Lakes. Drake and Lodge (2007) examined a single ship that required
dry-docking on Lake Ontario for emergency repairs. This vessel
had just been purchased “as is” after extended stays in Algeria and
Chile before entering the Great Lakes and was not, therefore, rep-
resentative of Great Lakes vessels in general. A large number of
species (29) were found encrusted on a small surface area of the
vessel hull, suggesting that the total number of hull fouling species
could be as many as 200. However, further analyses of the species
found on the hull determined that only eight are not presently re-
ported in the Great Lakes and, of these, only two appear capable of
survival in freshwater.3 Additional examinations of exterior surfaces
(e.g., hulls and rudders) of vessels entering the Great Lakes will be
needed to help determine whether hull fouling is an important mech-
anism for AIS introductions. Absent a solid body of evidence indi-
cating the importance of the hull fouling vector, the committee’s
analysis of options for preventing further introductions of AIS by ves-
sels transiting the St. Lawrence Seaway focused on ballast water as the
predominant vector associated with shipping into the Great Lakes.

IMPACTS OF AIS

Judgments about the impacts of AIS are frequently anecdotal and
qualitative, and the impacts of many species have not been studied
explicitly. However, available data demonstrate clearly that some

3 Personal communication from Sarah Bailey, Fisheries and Oceans Canada, to Hugh MacIsaac,
committee member, January 2008.
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AIS have had severe economic or ecological influences in the Great
Lakes. The most problematic invasive species include alewife, com-
mon carp, Eurasian ruffe, Eurasian water milfoil, purple loosestrife,
zebra and quagga mussels, rainbow smelt, round goby, rusty cray-
fish, sea lamprey, and spiny and fishhook waterfleas (U.S. Geologi-
cal Survey n.d.). These species alone have contributed to extirpations
and some extinctions of native taxa, along with severe alterations in
local food webs. In addition, invasive plants in Great Lakes coastal
wetlands, such as Typha and Phalaris arundinacea, have resulted in
the exclusion of many native species and declines in plant species
richness and evenness of distribution.

The following section summarizes the impacts of one of the
Great Lakes’ highest-profile invaders—the zebra mussel. Other
AIS that have attracted less study are then discussed, with particu-
lar reference to plants and to viruses and bacteria.

Zebra Mussel

The zebra mussel (Dreissena polymorpha) has been one of the most
successful Great Lakes invaders. Most estimates of the costs of ship-
vectored introductions of AIS into the Great Lakes have focused
on this species and on the costs of cleaning infrastructure depen-
dent on raw lake water, such as power generation plants, public
and private drinking water plants, industrial facilities, navigation
lock and dam structures, marinas, and golf courses. One expert re-
ported to the committee that the total cost of zebra mussel cleanup
during the period 1989–2004 has been tentatively estimated at
$1 billion to $1.5 billion.4 Other reports put the estimate as high as
$5 billion for cleanup since the discovery of the zebra mussel in
1988 (Lovell and Stone 2005).

In addition to its economic impacts, the zebra mussel has had
both direct and indirect effects on the Great Lakes ecosystem. Zebra
mussels are efficient filter feeders, competing directly with indige-

4 Zebra Mussel Economic Impacts, 1989–2006. Presentation to the committee by Chuck O’Neill,
Cornell University/New York Sea Grant, May 24, 2006.



Aquatic Invasive Species in the Great Lakes 49

nous mussel species for food and space. Zebra mussel numbers,
particularly in Lake Erie, have reached such levels that concentra-
tions of particulate matter in the lake (much of it phytoplankton,
also the basis of the pelagic food web) have fallen below levels pre-
dicted by phosphorus availability. Redirection of algal biomass to
benthic from pelagic food webs has implications for both rates of
nutrient recycling and the efficiency with which energy makes its
way up the food web to support the fishery. The “benthification”
of the Great Lakes by dreissenid mussels portends greater energy
and resources for many benthic species of animals and plants and
less for planktonic species (Hecky et al. 2004).

The invasion of the Great Lakes by the zebra mussel, and by the
quagga mussel, has also had indirect effects. Reductions in sus-
pended particles have increased water clarity, allowing deeper
penetrations of light into the water column. This, in turn, fosters
growth of nuisance, attached algae (Cladophora glomerata) along
shorelines. Rooted aquatic vegetation has increased dramatically
in shallow areas of the lakes. These changes are facilitating numer-
ous benthic invertebrates, including the rapid spread of a “Ponto-
Caspian” associate of the zebra mussel, the benthic amphipod
Echinogammarus ischnus (Vanderploeg et al. 2002). In addition,
because the biomass of zebra mussel populations is orders of mag-
nitude higher than that of native mussel populations, they have an
important impact on contaminant dynamics in invaded lakes. As
suspension feeders, zebra mussels bio-accumulate metals and or-
ganic contaminants, and the transfer of these contaminants up the
food chain to waterfowl and fish that eat mussels has the potential
to change contaminant cycling in the system significantly (see, for
example, Mazak et al. 1997).

The zebra mussel was almost certainly introduced into the Great
Lakes in freshwater ballast discharged by vessels engaged in inter-
national trade (see Chapter 4). Since its discovery in Lake St. Clair
in 1988, the zebra mussel has spread throughout the Great Lakes,
into hundreds of small inland lakes and rivers in most of the states
and provinces bordering the Great Lakes, and into the Mississippi
River, and it can now be found all the way down to New Orleans.
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In January 2008, the species was found in San Justo Reservoir in
San Benito County, California. This rapid expansion has highlighted
concerns about the spread of invaders as a result of the inter-
connectivity of waters through canals, boat traffic, and recreational
practices.

Less Studied AIS

While invaders such as the zebra mussel are unlikely to go unno-
ticed because of their abundance, size, and readily observable and
widespread impacts, the same cannot be said of all AIS. For exam-
ple, analyses of beach sand revealed introduced species of benthic
copepods and testate rhizopods, species that are both inconspicu-
ous and low impact (Horvath et al. 2001; Nicholls and MacIsaac
2004). Moreover, interest in and study of AIS have not historically
been even across taxa, as illustrated by the following discussion of
plants and of viruses and bacteria.

Plants
Gollasch et al. (2007) report that the first biological study to infer
ballast water as a vector for nonindigenous species introductions
concerned phytoplankton.5 In the 100 years since that first study,
however, research on shipping as a vector for AIS has shifted sub-
stantially toward animals. Where data on plants are available, the
primary emphasis has been on macrophytes, with some attention
to benthic algal species, such as the widely publicized spread of the
macroalgae Caulerpa taxifolia in the Mediterranean, rather than
microscopic pelagic phytoplankton. In the Great Lakes, the intro-
duced diatom Thallossiosira baltica evaded detection from 1988 until
1994, even though it was a dominant member of the phytoplankton
community (Edlund et al. 2000). Those reports that do consider
phytoplankton are principally focused on marine-to-marine trans-
fers. There is general agreement that ballast water, or ballast tank

5 Publishing in the inaugural volume of the journal Plankton in 1908, C. H. Ostenfeld reported a
mass occurrence of the Asian phytoplankton species Odontella sinensis in the North Sea, which he
believed originated in either the Red Sea or the Indian Ocean (www.jncc.gov.uk/page-1663).
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sediment, could act as a vector for introduction of phytoplankton,
and the appearance of novel algal species in the Great Lakes has
been documented (see, for example, Mills et al. 1993), but it is un-
clear whether these taxa arrived via ballast water or on ship hulls.
Data on the potential ecological significance of exotic algae for the
Great Lakes are lacking, although studies on marine systems sug-
gest that they could pose threats to aquaculture, aquatic food webs,
and human health. Thus, while the impacts of high-profile AIS in
the Great Lakes are well documented, the impacts of relatively in-
conspicuous AIS, particularly plants, have not attracted the same
degree of attention.

Viruses and Bacteria
A further area that has attracted relatively little attention until re-
cently is invasions by aquatic microorganisms, such as viruses
and bacteria. These microorganisms are orders of magnitude more
abundant in aquatic systems than macroorganisms such as fish and
crustaceans, indicating that large numbers could enter ships’ ballast
tanks during normal operations (Dobbs and Rogerson 2005). Mean
abundances of 8.3 × 108 bacteria per liter and 7.4 × 109 viruslike
particles per liter have been reported in the ballast water of vessels
entering the Chesapeake Bay from foreign ports (Ruiz et al. 2000).

The invasion biology of aquatic microorganisms is not nearly as
well studied as that of vertebrates and macroinvertebrates (Drake
et al. 2007), perhaps in part because of the sophisticated micro-
biological investigation techniques required. Moreover, some re-
searchers have questioned whether free-living microorganisms
should be designated as invasive species at all, arguing that these
species are found everywhere and that their distribution is not spe-
cific to certain geographical areas (Finlay 2002).6, 7 Other researchers

6 This argument applies only to free-living microorganisms. In the case of a virus attached to a host,
for example, if the host has a biogeography (i.e., has a distribution that is specific to certain geo-
graphical areas), the virus will have one too.

7 In discussing bacteria, for example, Fenchel notes that “every habitat will contain a pool of bacte-
rial species that do not thrive locally, but may grow if the environment becomes more favorable”
(2003, 925).
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dispute the argument that “everything is everywhere” and point
to a large body of work supporting the idea that free-living micro-
bial taxa exhibit biogeographic patterns (see, for example, Martiny
et al. 2006).8

The debate about the invasive nature of microorganisms is di-
rectly relevant to efforts aimed at preventing further “introduc-
tions” of aquatic microorganisms, such as the virus responsible for
the fish disease viral hemorrhagic septicemia (VHS) (see Box 3-1),
into the Great Lakes. In light of this ongoing debate and the nu-
merous unknowns and uncertainties with regard to the appear-
ance of VHS in fish populations in the Great Lakes, it remains
unclear whether ships’ ballast water played any role in the recent
VHS outbreak. However, in view of the natural abundance and
widespread distribution of aquatic microorganisms, the commit-
tee sees merit in the approach taken by the International Maritime
Organization, which differentiates microorganisms from other
AIS in its proposed ballast water performance standard (IMO 2004).
Some of the issues related to this differentiation are discussed in a
recent paper by Dobbs and Rogerson (2005).9

EXAMINING TRENDS IN INVASION HISTORY

Curves showing the cumulative number of AIS in an ecosystem as
a function of time (cumulative invasion curves) are often used to
illustrate trends in invasion history and sometimes to assess the

8 These authors do not consider the question of whether the distribution of viruses is specific to cer-
tain geographic areas because “their biology adds further complications and, in most cases, far less
is known about their distribution than that of other microorganisms” (p. 103).

9 The results of an analysis commissioned by the committee suggest that eliminating viruses from
ships’ ballast water may be a daunting task because of their small size and their possible abundance
in ships’ ballast tanks (Kelly and Kazumi 2007). These authors note, however, that the VHS virus in
a free, non-host-associated form can be inactivated by a variety of means. To control its spread in
aquaculture facilities, for example, fish eggs are usually treated with iodophors and hatchery
waters with ultraviolet irradiation. If the VHS virus is carried on an infected fish host rather than
being in an unassociated form, physical treatment technologies such as screens and media filters
could be used to remove both fish and virus from ballast water.
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BOX 3-1

Viral Hemorrhagic Septicemia

VHS is a disease that can cause fish to hemorrhage, resulting in
rapid mortality. Classified as a reportable disease by the World
Organization for Animal Health because of its high mortality and
severe economic consequences (U.S. Department of Agriculture
2006), the virus responsible for VHS poses no known health threat
to humans.

How long the VHS virus has been present in the Great Lakes
ecosystem is unknown. VHS was first observed in the Great Lakes
in 2005, when it caused fish die-offs in Lake Ontario and Lake 
St. Clair, but the virus may have entered the Great Lakes much
earlier, perhaps in 2002 or 2003. In 2006 the disease was detected 
in an increasing number of fish in Lake Erie, and in 2007 it was
confirmed in Lake Huron. Although the exact pathway of VHS
infection is at present unknown, restrictions have been imposed 
on the movement of live fish in an effort to prevent (or limit) the
spread of the disease. Fish die-offs, together with these restrictions,
have had serious implications for the Great Lakes commercial and
sport fishing industries.

Several strains of the VHS virus are known to affect freshwater and
marine fish around the world. In North America, strains are found 
in the marine and estuarine waters of the Pacific and Atlantic
Oceans. The VHS virus observed on fish in the Great Lakes is a
North American strain and is most closely related to that detected
in marine fish within waters of the Atlantic and eastern Gulf of 
St. Lawrence (Fisheries and Oceans Canada n.d.).

As noted in the text, there is an ongoing debate about the “invasive”
status of aquatic microorganisms, including viruses. If the VHS virus
in the Great Lakes is indeed an AIS, vectors of introduction could
include migrating fish (Elsayed et al. 2006), commercial aquaculture
operations, and the ballast water of vessels entering the Great Lakes
from marine waters in eastern North Americaa (see, for example,

(continued)
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effectiveness of measures aimed at preventing invasions. The com-
mittee, however, chose not to characterize the progressive invasion
of the Great Lakes by AIS by using such a curve because of two in-
herent sources of uncertainty: (a) time lags, which vary by taxa and
possibly also by decade of study, and (b) the level of investigator
interest.

Time Lags

The time scale on typical invasion curves does not reflect the time
of entry of an AIS into the Great Lakes. Instead, the date assigned
is the reported date of identification of the species. There is an
unknown time lag between the date of entry and the date of iden-
tification, the duration of which depends on a variety of factors.

A time lag could result from the need to build populations suf-
ficiently large to be detected, assuming adequate sampling. Under
this scenario, lags depend on the nature and intrinsic life history

Whelan 2007). As yet, none of these alternative vectors has been
confirmed or excluded from further consideration.

Despite these uncertainties, some organizations have already taken
precautionary measures aimed at preventing or slowing the possible
spread of the virus by ships’ ballast water. In March 2007, the Lake
Carriers’ Association introduced voluntary ballast water manage-
ment measures to combat the spread of VHS by U.S.-flagged lakers
operating within the Great Lakes, and in September 2007, the 
U.S. National Park Service closed Lake Superior waters within the
boundaries of Isle Royale National Park to the release of untreated
ballast water (Lake Carriers’ Association 2007; Lake Superior
Magazine 2007).

a In the case of the ballast water vector, the virus could have entered the Great Lakes 
either suspended in ballast water or on an infected fish transported in ballast water.

BOX 3-1 (continued )
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of the species. Microbes, for example, are far less likely to be re-
ported than larger organisms unless, like VHS, their impacts are
relatively widespread and readily observable. Lags also depend on
extrinsic factors, such as initial propagule pressure,10 extant tem-
perature, or facilitation of new invaders by preoccurring ones
(see, for example, Vanderploeg et al. 2002). Alternatively, a small
population could persist undetected at a relatively low level for a
considerable period of time until the emergence of a superbly
adapted local genetic variant results in the establishment of a de-
tectable population.11

The nature of the time lag for any particular species influences the
pattern of cumulative numbers of invasions over time. Wonham
and Carlton (2005) demonstrated that the cumulative number of
invasions in the northeast Pacific Ocean increased at linear, qua-
dratic, and exponential rates depending on taxa, invasive path-
ways, and spatial scales. Consequently, these authors argue against
conclusive statements with regard to invasion rate that are based
on reported discovery rates.

Investigator Interest

A second important cause of uncertainty in estimating the arrival
time of diverse species resides in the number of expert investiga-
tors engaged in both searching for and identifying the broad spec-
trum of potential AIS. The total effort engaged in AIS identification
includes lay observers, such as anglers, boaters, and others partic-
ipating in recreational pursuits, as well as trained professionals. It
is the latter, however, who possess the knowledge and experience
to distinguish invaders from native species—a challenging task
when species may be distinguishable only by subtle differences or,

10 Propagule pressure, also referred to as “introduction effect,” depends on the number of intro-
duction events, the number of propagules introduced per event, and the condition of the propa-
gules upon release.

11 See, for example, Lee 2002, in which the author identifies a reasonable number of citations sup-
porting the role of genetic attributes in invasion success.
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in some cases, only at a genetic level. The number of such profes-
sional specialists actively engaged in looking for and identifying in-
vasive species is likely to be variable and limited, with resulting
variability in the rate of discovery of new AIS. Global interest in
invasive species in general over the past few decades has grown
(Ricciardi and MacIsaac 2008), and it is safe to assume a parallel
growth in interest in and study of AIS in the Great Lakes region.
However, this interest may not be even across taxa, which may
explain why many more introduced invertebrate species than
microbial species have been described in the Great Lakes.

As noted earlier, the committee recognizes clearly that the num-
ber of AIS in the Great Lakes has increased over time and that the
number of such species introduced by ships’ ballast water is be-
tween 55 and 70 percent of AIS introduced since the opening of the
seaway. However, it has not attempted to draw on a cumulative in-
vasion curve to interpret the dynamics of the invasive species biol-
ogy or draw inferences about policy options. The invasion curve is
too uncertain a tool to support such conjecture and is not needed
to formulate strong policies at this time.

FUTURE AIS INTRODUCTIONS

The vectors and pathways by which AIS enter the Great Lakes are
continuously changing. In the case of the shipping vector through
the seaway, for example, changing trade patterns and routes may
provide opportunities for AIS from new donor areas to enter the
Great Lakes or open up alternative pathways for AIS from known
donor areas. Thus, Kelly (2007) reports that the 1992 opening of
the Main Canal connecting the Danube with the Rhine system
provided a new westward colonization pathway for AIS from the
Black Sea basin. Changes in the target area (the Great Lakes), such
as those associated with climate change, may also result in changes
in the pattern of AIS introductions.

The nature of changes that could affect future AIS introductions
into the Great Lakes is often difficult to anticipate, which adds to
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the challenge of eliminating further AIS introductions. However,
some progress in identifying the most likely species and sites for
further introductions has been made. The following paragraphs
provide a brief overview of approaches to identifying “hot species,
hot spots, and hot moments” for future AIS introductions and
note some possible effects of climate change on AIS introductions
into the Great Lakes.

Hot Species, Hot Spots, and Hot Moments

A paper commissioned by the committee in support of its work
notes that there have been a number of recent efforts to identify
new AIS most likely to establish populations in the Great Lakes
(“hot species”), as well as locations that may be particularly sus-
ceptible to such AIS introductions (“hot spots”) (Vander Zanden
2007 and references therein). The paper also discusses the concept
of “hot moments,” or windows of opportunity, when introduc-
tions are most likely to occur.

Efforts to identify hot species have used risk assessment meth-
ods, together with information on invasion corridors,12 vectors,
patterns of invasion, environmental match between donor and
recipient regions, and other factors likely to affect the probability of
successful introduction. Although such efforts are widely acknowl-
edged to have limitations, they have had at least one notable suc-
cess. Hemimysis anomala was identified as having a high risk of
introduction into the Great Lakes several years before its discovery
in Lakes Michigan and Ontario in 2006 (Ricciardi and Rasmussen
1998; Grigorovich, Colautti, et al. 2003).

The concept of hot spots appears to have attracted less attention
than that of hot species. However, areas with high concentrations
of new AIS, as well as invasion “cold spots,” have been reported
(Grigorovich, Korniushin, et al. 2003), indicating that some loca-
tions within the Great Lakes ecosystem are seemingly more sus-
ceptible to invasion than others.

12 An invasion corridor is a physical conduit over or through which a series of species moves en route
from a common origin to a common destination.



58 Great Lakes Shipping, Trade, and Aquatic Invasive Species

Possible Effects of Climate Change

Biological responses to climate change are complex and difficult to
predict. In addition to changes in the occurrence and distribution
of current resident species in the Great Lakes, changes are expected
in the survival rates of new AIS. As a result of the higher water tem-
peratures arising from climate change, northward movements of
warm water species and the extirpation of cooler water species are
anticipated. Warmer water temperatures may also speed rates of
growth and development, increasing the possibility that minimum
viable populations of AIS will establish before the onset of un-
favorable winter conditions (see, for example, Millerd 2007; Great
Lakes Water Quality Board 2003; Kling et al. 2003).

CONCLUDING REMARKS

Ships’ ballast water has historically been the major vector for AIS
introductions into the Great Lakes since the opening of the seaway
in 1959, and during the ensuing period of almost 50 years it has ac-
counted for 55 to 70 percent of reported AIS introductions from
all sources. Current evidence indicates that the hull fouling vector
has played a very minor role in introducing AIS into the freshwater
ecosystem of the Great Lakes. Eliminating AIS introductions by
vessels transiting the seaway would have an important impact on
the AIS problem in the Great Lakes but would not eliminate all
further AIS introductions.

A number of high-profile AIS introductions, such as that of the
zebra mussel, have had major economic and ecological impacts on
the Great Lakes region and have been extensively studied. Other
AIS introductions are less readily observable or less widespread
and are often less well characterized.

The interpretation of historical trends in AIS introductions is
challenging because of the variable time lags between the intro-
duction and reporting of a new AIS and the variable levels of inves-
tigator interest, both over time and across taxa. Thus, linking
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observed trends to measures aimed at preventing further introduc-
tions is complicated. In seeking to eliminate further ship-vectored
AIS introductions through the seaway, as required by the com-
mittee’s task, the continuously changing nature of both invasion
pathways and the Great Lakes ecosystem must be recognized. Thus,
adaptive elimination strategies will likely be needed to respond to
the ever-changing threat of AIS introductions.
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4
The Ballast Water Vector

As discussed in the preceding chapter, ships’ ballast water has been
identified as the leading vector for recorded introductions of
aquatic invasive species (AIS) into the Great Lakes since the open-
ing of the St. Lawrence Seaway in 1959. Thus, the characteristics of
the ballast water vector, including the amount of ballast water car-
ried by a vessel, the provenance of that ballast water, and details of
the vessel’s ballasting operations, are important items to be con-
sidered in seeking to eliminate further AIS introductions.

This chapter describes the three categories used by the commit-
tee to group the vessels transiting the seaway: transoceanic, coastal,
and inland. The characteristics of these three vessel fleets and of typ-
ical vessels in each are then described briefly. The section on vessel
operations explains the terminology used to describe a vessel’s bal-
last condition and then discusses typical ballasting patterns for each
of the vessel categories and current understanding of the associated
risks of AIS introduction. The chapter concludes with a description
of current measures aimed at preventing further introductions of
AIS into the Great Lakes by vessels transiting the seaway.

VESSELS TRANSITING THE SEAWAY

Vessels transiting the St. Lawrence Seaway are frequently assigned 
to one of two categories: ocean vessels, sometimes referred to as 
“salties,” which are involved in international trade with countries out-
side of North America; and “lakers,” all of which operate within the
Great Lakes St. Lawrence Seaway (GLSLS) system (see Figure 2-1)
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and some of which also operate within Canadian and U.S. coastal
waters.1 For the purposes of this report, however, the committee
deemed it more appropriate to group vessels transiting the seaway ac-
cording to their voyage patterns and associated risk of introducing
AIS into the Great Lakes through their ballasting operations. Conse-
quently, it considered three categories of vessel transiting the seaway:

• Transoceanic vessels enter the GLSLS system after operating out-
side of the Canadian and U.S. exclusive economic zones (EEZs).
Transoceanic vessels currently operating into the Great Lakes
are all foreign-flagged.

• Coastal vessels operate within the continental EEZ (i.e., not more
than 200 nautical miles from shore) before entering the GLSLS
system. Vessels currently operating in coastal trade are predomi-
nantly Canadian-flagged and capable of performing transoceanic
voyages but restrict their trade to coastal areas for commercial
reasons. Foreign-flagged vessels also participate in this coastal
trade on an occasional basis.

• Inland vessels are Canadian- or U.S.-flagged vessels certified to
operate solely within the inland waters of the GLSLS system,
which extend as far eastward as Anticosti Island in the Gulf of
St. Lawrence.2

Thus, transoceanic vessels, as defined here, correspond to the
ocean vessel category used in the seaway traffic reports3 (and else-
where), while the coastal and inland vessels correspond to the laker
category used in the traffic reports. Subdividing the laker category
into two groups is important both in examining the risks of AIS
introduction posed by different vessels and in considering oppor-

1 The U.S.-flagged domestic lakes fleet comprises approximately 60 vessels, mostly bulk freighters,
the majority of which are too large to transit the Welland Canal. Hence, these vessels trade exclu-
sively on Lakes Erie, Huron, Michigan, and Superior, carrying iron ore and coal for domestic steel
production, coal for electric power generation, and limestone for cement manufacturers. The
smaller units of this fleet may transit the seaway on an occasional basis.

2 A few of these vessels are permitted to make occasional summer voyages further into the Gulf of
St. Lawrence (i.e., into coastal waters) under strict limitations imposed by the flag administration.

3 The seaway traffic reports are available on the GLSLS system’s website (www.greatlakes-seaway.com).
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tunities for and constraints on ballast water management to reduce
these risks. However, the coastal and inland components cannot
be readily extracted from the reported laker traffic.

The definition of coastal vessels used in this report is a catchall
covering all vessels that (a) enter the GLSLS system after trading
within the continental EEZ and (b) do not fall under the defini-
tions of either transoceanic or inland vessels. Hence, this defini-
tion may not be related to the definitions used in either Canadian
or U.S. regulations.

FLEET AND VESSEL CHARACTERISTICS

Transoceanic Vessels

The fleet of transoceanic vessels currently using the seaway is flagged
in more than 30 foreign countries (i.e., excluding Canada and the
United States). The majority of these vessels belong to a stable, core
group of vessels purpose-built for the trade and operating on reg-
ular runs into the Great Lakes every navigation season (liner
trades). If cargo demand dictates, these vessels make multiple en-
tries into the Great Lakes through the seaway during a single nav-
igation season. The balance of the transoceanic fleet is made up of
tramp vessels, either on single voyages into the Great Lakes or
chartered in periodically by the liner operators to satisfy demand.

The size of the transoceanic fleet, and particularly the tramp
component, can fluctuate considerably from year to year. The fluc-
tuations reflect not only variations in Great Lakes trade, notably
grain exports and steel imports, but also changes in trading op-
portunities elsewhere in the world and variations in charter rates
for ocean vessels. Since the introduction of Lakes-max oceangoing
bulk carriers4 in the early 1980s, the typical fleet size has ranged

4 The term “Lakes-max” describes a subset of handy-size bulk carriers that have been designed to
optimize cargo carriage within the constraints of the seaway’s lock dimensions and draft restric-
tions. Initially designed on a 10:1 length-to-breadth ratio similar to maximum-size inland vessels,
the latest vessels are built to a lesser ratio that is more compatible with the stresses imposed on a
ship’s hull in ocean trade.
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from 200 to 300 vessels annually (Colautti et al. 2003). Over the
past 5 years (2003–2007), the number of inbound transoceanic
vessels entering the seaway each navigation season has averaged
233, with a low of 214 and a high of 260.5, 6

The transoceanic fleet using the seaway comprises three distinct
groups of vessels. Large dry bulk carriers carrying imports of steel
and raw materials and grain exports predominate. Smaller dry bulk
and project cargo carriers carry imports of manufactured goods un-
suitable for container shipment, such as turbines and ancillary
equipment for wind energy farms being developed in New York,
Wisconsin, and Ontario, as well as other processed steel products,
and exports ranging from fabricated assemblies to bulk grain. Finally,
chemical tankers carry imports and exports of bulk liquid chemicals
in parcels, rum, liquid fertilizers, animal fats, and vegetable oils.

The cargo-carrying capacities of these ships range from as little
as 2,500 deadweight tonnes (DWT) up to 38,300 DWT, with the
majority of vessels being bulk carriers in the range of 20,000 to
38,000 DWT. Within the restricted depths of the seaway, the larger
ships are limited to less than 30,000 DWT. Their water ballast–
carrying capacities range from 1,200 to 24,500 cubic meters.

The transoceanic fleet servicing the Great Lakes is constantly
evolving technically to maximize performance given the vagaries
of the system. Included in this technical evolution have been changes
in design and outfitting of ballast systems to enable more thorough
evacuation of ballast tanks. While the oldest vessels, built in the
early 1980s, are nearing the end of their useful service life, more than
50 modern ships built specifically for the Great Lakes trade have

5 Personal communication to Phil Jenkins, committee member, from the St. Lawrence Seaway
Management Corporation, January 2008.

6 It is important to distinguish between the numbers of transoceanic vessels entering the Great Lakes
through the seaway each navigation season and the numbers of inbound vessel transits recorded in
the seaway traffic reports. Because some vessels make multiple entries during any given navigation
season, the number of vessels is less than the number of inbound vessel transits. A transoceanic ves-
sel carries a risk of introducing new invaders each time it enters the Great Lakes, so the number of in-
bound vessel transits is often used in discussing AIS introductions. However, when the installation of
shipboard equipment aimed at preventing such introductions (ballast water treatment or monitor-
ing systems, for example) is considered, the number of vessels is clearly the more relevant figure.
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been introduced into service since 2000. Companies dedicated to
serving the Great Lakes operate these ships on both owned and char-
tered bases and enter them into the trade as cargo demands dictate.

Coastal Vessels

The Canadian domestic fleet using the GLSLS system comprises al-
most 70 vessels. While all these vessels are recorded as lakers in the
seaway traffic data, there is a subset of more than 20 vessels that
trade beyond the inland waters of the GLSLS system and are more
properly described as coastal. These vessels can service the eastern
seaboard of the North American continent, from Nunavut in the
north to Florida in the south, and in many respects are a micro-
cosm of the entire trade through the seaway. The dry cargo vessels
range from Lakes-max self-unloading bulk carriers and gearless
bulk carriers to smaller geared bulk carriers and project cargo ves-
sels, with cargo-carrying capacities from 3,000 to 39,000 DWT and
ballast capacities from 2,000 to 25,000 cubic meters. Ten oil tankers
ranging from 9,500 to 21,000 DWT also operate regularly in coastal
trade, and another four or five similar-sized foreign-flagged tankers
are chartered into the trade under a flag waiver by the major oil com-
panies during periods of peak demand for fuel and heating oils. In
addition, while a number of the Canadian tankers are classed to
carry both oil and chemicals, Canada lacks the capacity to train of-
ficers for specialized cargo trades and thus to man these ships for
chemical carriage. Consequently, domestic movements of bulk
liquid chemicals are made through the seaway by foreign-flagged
chemical tankers chartered in under the same flag waiver conditions.

The committee’s charge addresses specifically AIS introductions
by “vessels transiting the St. Lawrence Seaway.” However, Cana-
dian dry cargo vessels operating between Montreal (a freshwater
port) and Newfoundland and tankers operating between Saint
John, New Brunswick, and Montreal could transfer AIS between
coastal waters and the freshwater Great Lakes ecosystem, even
though they do not enter the Montreal–Lake Ontario (MLO) sec-
tion of the seaway.
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Inland Vessels

The remaining domestic GLSLS fleet, excluding the coastal vessels
described above, comprises 43 vessels or tug–barge units that are ca-
pable of transiting the seaway locks but are restricted by their design
scantling7 from proceeding beyond the limits of Canadian inland
waters (east of Anticosti Island). These vessels are primarily dry bulk
carriers, the majority of which are self-unloaders ranging in capac-
ity from 16,000 to 36,000 DWT with ballast capacities of 10,000 to
20,000 cubic meters. The self-unloading vessels, 30 in number, are
both operationally and environmentally efficient carriers capable of
delivering cargoes to locations with little port infrastructure as noted
in Chapter 2, yet having sufficient flexibility to be used in the coal,
iron ore, potash, aggregates, salt, and grain trades. Two of the barge
units and a further small bulk carrier are specialized carriers of
bulk cement with the capability to both load and self-unload the
material without any dust release into the local environment. In
addition, 16 gearless bulk carriers are used primarily in the export
grain transshipment trade. These vessels backhaul iron ore for part
of their return passage from the grain transfer elevators on the
lower St. Lawrence River to those on the upper lakes.

By ocean-shipping standards, the inland fleet is elderly, with the
older vessels built in the 1960s and the last completely new vessel
delivered in 1985. It is, however, a fleet best described as a work in
progress, since life extension is a specialty of the Great Lakes ship-
ping industry. Such life extension is possible because the vessels
operate for the most part in a relatively benign freshwater envi-
ronment, as opposed to a saltwater ocean environment, and the
winter layup of almost 3 months provides an opportunity for ex-
tensive steel replacements and major machinery replacements with-
out a forced withdrawal from commercial service. Replacement of
the complete forebody (the cargo-carrying section) is not unusual,
and at the same time the vessel dimensions can be changed to ben-
efit from draft and beam tolerance changes implemented by the
seaway corporations. In the case of self-unloaders, cargo systems

7 “Scantling” refers to the dimensions of the structural parts of a vessel.
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can also be upgraded with the latest technology. Many older vessels
in the inland fleet now include only a part of the original vessel.

VESSEL OPERATIONS

Ballast Condition

Vessels carrying little or no cargo carry ballast water to compen-
sate for shear forces on their hulls and to achieve the longitudinal,
transverse, and directional stability necessary for safe operation.
Whether navigating in confined waters where precise steering is
needed or in the open ocean where maintaining steerage in all sea
and swell conditions is imperative, adequate submergence of the
hull, and particularly the propeller(s) and rudder(s), is of para-
mount importance. Traditionally, a vessel may be identified as
being in one of three ballast conditions.8 A vessel that is not carry-
ing any cargo and that has water in its ballast tanks is described as
being in ballast. A vessel operating with some cargo and some bal-
last is described as being with ballast. And a vessel fully laden with
cargo and with only unpumpable residual water and sediment in
its ballast tanks may be described as having no ballast on board and
is frequently referred to as a NOBOB.

In the context of efforts to prevent further AIS introductions
into the Great Lakes, a distinction has historically been made be-
tween vessels in ballast or with ballast that are able, in principle, to
exchange the water in their ballast tanks with ocean water during
the course of a voyage and NOBOBs that are unable to conduct
such ballast water exchange (BWE, see Box 4-1 on pages 78–79)
because their ballast tanks contain only unpumpable residual
water and sediment (see later).9 Thus, the term BOB (“ballast on

8 A more detailed description of ballast water and ships is provided elsewhere (NRC 1996, Chapter 2).
9 Few ships, particularly in the dry bulk cargo trade that predominates on the Great Lakes, are capa-

ble of evacuating their ballast tanks completely during the course of a deballasting/cargo loading
cycle (Jenkins 2007). A survey of NOBOB vessels on the Great Lakes indicated that the volume of
unpumpable residual water and sediment in their ballast tanks averaged 60 cubic meters per vessel
(Bailey et al. 2003).
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board”) is often used to distinguish vessels in ballast or with ballast
from those in NOBOB condition.

As discussed later in this chapter, both ballasted vessels and
NOBOBs can introduce AIS into the Great Lakes through their
ballasting operations. Whereas AIS introductions by ballasted ves-
sels have been reported in many countries, AIS introductions by
NOBOBs are largely confined to the Great Lakes (Jenkins 2007).
Thus, some brief comments about the term NOBOB are appro-
priate in the present context.

Many ships entering the seaway laden with cargo carry small
amounts of ballast to attain the necessary trim10 and to meet the air
draft limitations posed by bridges and power lines in various loca-
tions throughout the GLSLS system. In addition, a number of
project cargo vessels have entered the Great Lakes in recent years
carrying large windmill components manufactured in Europe and
destined for wind farms in the Great Lakes region and beyond.
Carriage of these large and sometimes unwieldy components often
requires a vessel to carry a limited amount of ballast water to counter-
balance irregular cargo stowage and to achieve the necessary sta-
bility. These groups of vessels are not strictly NOBOBs because
they carry some ballast, albeit a limited amount. From an AIS per-
spective, however, they are essentially NOBOB vessels that cannot
conduct BWE and have to be treated accordingly for the purposes
of ballast water management and inspection (see later).

In seeking to prevent AIS introductions into the Great Lakes, an
incoming vessel’s NOBOB status needs to be determined at Quebec
City, where fresh and tidal waters merge, as opposed to where the
vessel enters the MLO section of the seaway. Inbound vessels en-
tering the St. Lambert Lock above Montreal may already have
called at one of the freshwater ports on the Saguenay River or on
the St. Lawrence River between Quebec City and Montreal to dis-
charge some or all of their cargo. Of particular concern are vessels
that enter the GLSLS system fully laden with cargo and discharge
all this cargo at one of the freshwater ports, where they take on

10 A vessel’s trim is defined as the difference between its after and forward drafts.
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freshwater ballast before transiting the seaway and entering the
Great Lakes. Although such vessels are BOBs when they transit the
seaway, they have to be inspected and treated as NOBOBs because
they entered the freshwater part of the GLSLS system with no ballast
on board.

As the above discussion indicates, a simple “BOB” or “NOBOB”
designation may be convenient in some cases. However, for the pur-
poses of preventing further AIS introductions into the Great Lakes,
it is important to have more detailed information about a vessel’s
ballast condition and to understand practical constraints on its bal-
lasting capabilities and the associated implications for managing its
ballast water. Inspection protocols for vessels entering the GLSLS
system take account of these complexities (see later).

Typical Ballasting Patterns and Associated Risks 
of AIS Introduction

Transoceanic Vessels
Efforts to prevent further ballast-mediated AIS introductions into
the Great Lakes focused initially on transoceanic vessels carrying
ballast. Ballast water loaded by these vessels in regions outside of
the Great Lakes entrains viable freshwater species that are often
discharged during cargo loading in Great Lakes ports and may re-
sult in AIS introductions. Before the introduction of Canada’s Vol-
untary Ballast Water Exchange Program for ships entering the
Great Lakes in 1989 and the subsequent implementation of ballast
water management regulations by the U.S. Coast Guard in 1993,
transoceanic vessels entered the GLSLS system loaded with fresh,
brackish, or marine ballast water probably taken on board at one
or more overseas ports of departure. These vessels entered the
Great Lakes primarily to collect grain from the export terminals in
Toledo, Chicago, Milwaukee, Duluth, or Thunder Bay, where they
would discharge their ballast water—and AIS contained therein. It
is almost certain that such notorious invaders as zebra mussels
(Dreissena polymorpha), quagga mussels (D. rostriformis bugensis),
and round gobies (Neogobius melanostomus) were introduced in
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freshwater ballast of a BOB vessel, since these species are not tol-
erant of saline water and do not produce viable resting stages, such
as cysts, that could tolerate saline conditions.

Because the ballast tanks of NOBOBs contain only unpumpable
residual water and sediment, these vessels were not initially
identified as a possible vector for AIS introductions. However,
the ongoing discovery of new AIS in the Great Lakes after the
implementation of the ballast exchange regime (see later) drew
attention to the role of NOBOBs in introducing AIS (Aquatic
Sciences, Inc., et al. 1996).

Since the early 1980s, the numbers of NOBOB vessels entering
the GLSLS system have been increasing steadily. Such vessels cur-
rently make up the vast majority of transoceanic vessels entering
the system, with only a small percentage of vessels entering in bal-
last. Colautti et al. (2003) estimated that the number of vessel en-
tries in ballast made up approximately 10 percent of inbound
traffic to the Great Lakes during the 1990s. The trend for relatively
few transoceanic vessels entering in ballast appears to be continu-
ing, with 54 (10.3 percent) of the 523 inbound vessel transits
through the MLO section of the seaway during the 2005 navigation
season being in full ballast condition and 64 (9.5 percent) out of
676 inbound transits in ballast in 2006.11 Today, most transoceanic
vessels enter the GLSLS system fully laden with import cargoes and
report NOBOB status.

A majority of the NOBOB vessels visit multiple ports while trav-
eling upstream, discharging cargo and loading Great Lakes ballast
water to maintain safe operating parameters (see Figure 4-1).12

This water mixes with the residual water in the ballast tanks, and
at a final destination port in the Great Lakes—typically Thunder
Bay or Duluth–Superior—the combined solution is discharged
when outbound cargo (grain) is loaded. Unless preventive measures

11 Data from Great Lakes St. Lawrence Seaway Traffic Reports at www.greatlakes-seaway.com.
12 Figure 4-1 shows a typical transit of a transoceanic NOBOB vessel on the Great Lakes, as reported

by Colautti et al. (2003). The vessel illustrated made three stops inbound to off-load cargo before
heading to Duluth–Superior to load grain; other vessels may stop only once or twice before head-
ing to Duluth–Superior or Thunder Bay.
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are taken, this discharged water may contain AIS that were present
in the vessel’s ballast tanks when it entered the Great Lakes. In ad-
dition, once Great Lakes water is added to ballast tanks, resting
stages of AIS contained in ballast sediments may be stimulated to
hatch and may eventually be discharged into the lakes with ballast
water (Bailey et al. 2005).

Coastal Vessels
Vessels that are engaged in North American coastal trade and that
transit the seaway originate primarily from east coast areas of the
United States and Canada. These vessels may enter the Great Lakes
in either ballasted (BOB) or nonballasted (NOBOB) condition.
There does not appear to be any particular or regular pattern to
this trade, which is predicated on prevailing market conditions.
Cargoes include liquid and dry bulk fertilizer from the southeast
United States, gypsum from and feed grain to Nova Scotia, and
feedstock and refined petroleum products in either direction. The
same tanker fleet services the industry requirements both in the
Great Lakes and in the Canadian Maritimes, and trade to the east
coast through the seaway system is more a case of providing a
cargo to position a ship than a purely commercial venture. Tankers
servicing the Great Lakes refineries of Sarnia and Nanticoke in On-
tario tend to supply product as far east as Sept Isles, while tankers
servicing the refineries in Dartmouth, Nova Scotia, and Saint John,
New Brunswick, tend to deliver product as far west as Montreal.

The irregularity of the coastal trade could, however, change dra-
matically as a result of the current emphasis on short-sea shipping
as a means of bypassing congestion on land-based routes and
modes and related incentive programs being offered by the seaway
corporations. In addition, the development of container feeder
trade between the Canadian Maritimes and Lake Ontario could
greatly alter the nature of the coastal trade, as noted in Chapter 2.

Until recently, AIS introductions vectored by vessels transiting
the seaway were attributed exclusively to transoceanic vessels.
However, the amphipod Gammarus tigrinus, which is found in
coastal marine waters on the east coast of North America, is an AIS
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in the Great Lakes. This species was likely introduced in ballast
water from the Gulf of St. Lawrence, although genetic analysis can-
not preclude the Hudson or Elizabeth River estuaries in the United
States (Kelly et al. 2006). The viral hemorrhagic septicemia virus
is also found in coastal marine waters on the east coast of North
America and, while its invasive status in the Great Lakes is debatable,
a number of possible vectors of introduction, including ballast
water, have been identified (see Chapter 3). At present insufficient
information exists to resolve these possibilities.

The ballasting histories of coastal vessels entering the Great Lakes
and the numbers of such vessels are only now being explored, so the
associated risks of introduction are not well understood. Nonethe-
less, invasion biologists and other experts have cautioned that
the risk of AIS introductions posed by coastal vessels should not be
ignored and that appropriate prevention measures should be im-
plemented without further delay (see, for example, Reid et al. 2007).

Inland Vessels
The dry bulk vessels of the inland fleet that transit the MLO section
of the seaway downbound generally do so with grain cargoes des-
tined for the transshipment elevators at Montreal, Sorel, Trois
Rivieres, Quebec City, Port Cartier, and Baie Comeau. Once that
cargo is discharged, these vessels may proceed in ballast to one
of the iron ore loading ports on the north shore of the lower 
St. Lawrence River (Port Cartier or Sept Isles) or to a bulk ore/coal
transshipment dock in or above Quebec City to load for their jour-
ney back into the lakes. Alternatively, they may proceed in ballast di-
rectly back through the seaway to load at another lakes port. Hence,
they may return through the seaway into the Great Lakes with fresh,
brackish, or saltwater ballast or residuals in their ballast tanks.

These inland vessel operations within the GLSLS system are
thought to play a role in distributing AIS already present in the sys-
tem, although reliable scientific evidence to support this hypothe-
sis is lacking. An ongoing study at the University of Windsor is
assembling a database on laker movements, including volumes of
cargo (and ballast water) loaded and unloaded at various locations
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throughout the GLSLS system, to explore and elucidate possible
mechanisms by which AIS may be distributed by inland vessels.

CURRENT MEASURES TO PREVENT AIS
INTRODUCTIONS INTO THE GREAT LAKES

Current measures aimed at preventing further introductions of
AIS into the Great Lakes by vessels transiting the seaway focus on
ships’ ballast water as the leading invasion vector. The following
discussion summarizes these measures and identifies the ballast
water management requirements for the three categories of vessel
transiting the seaway (transoceanic, coastal, and inland). Inspec-
tion and enforcement measures to ensure compliance with the var-
ious rules and regulations are then outlined.

Bodies Issuing Rules and Regulations

Rules and regulations specifying ballast water management re-
quirements for vessels entering the GLSLS system are issued by the
Canadian and U.S. federal governments and by the joint Seaway
Authorities comprising the Canadian St. Lawrence Seaway Man-
agement Corporation (SLSMC) and the U.S. St. Lawrence Seaway
Development Corporation (SLSDC).

In Canada, the Ballast Water Control and Management Regula-
tions issued pursuant to the Canada Shipping Act of 2006 aim to
protect waters under Canadian jurisdiction from nonindigenous
aquatic organisms and pathogens that can be harmful to ecosys-
tems.13 In the United States, the Nonindigenous Aquatic Nuisance
Prevention and Control Act of 1990 directed the U.S. Coast Guard
to issue regulations to prevent the introduction and spread of
aquatic nuisance species into the Great Lakes through the ballast
water of vessels and establish civil and criminal penalties for vio-
lating these regulations. Mandatory requirements for ballast water

13 TP 13617 E, A Guide to Canada’s Ballast Water Control and Management Regulations, is avail-
able on the Transport Canada website (www.tc.gc.ca).
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management for the Great Lakes went into effect in 1993 (33 CFR
151). In addition, Section 30 (2) of the Seaway Practices and Pro-
cedures issued jointly by the Seaway Authorities specifies ballast
water management practices with which vessels must comply be-
fore being granted clearance to transit the seaway.14

In contrast to the situation in Canada, where the federal govern-
ment has sole jurisdiction over all matters dealing with shipping, in-
dividual U.S. states may choose to establish their own ballast water
legislation to supplement federal regulations. Michigan is currently
the only Great Lakes state to have taken such action, although oth-
ers are considering following suit. Following the passage of state leg-
islation in 2005, vessels coming from outside the GLSLS system and
engaging in port operations in Michigan are now required to com-
ply with the state’s ballast water control requirements.15

Current Ballast Water Management Requirements

The ballast water management techniques (BWE, saltwater flush-
ing, shipboard treatment, and shore-based treatment) specified in
the various rules and regulations discussed below are described
briefly in Box 4-1.

Canadian regulations require vessels coming from outside the
Canadian EEZ (i.e., transoceanic vessels and coastal vessels com-
ing from the U.S. EEZ) to use, either separately or in combination,
the following ballast water management measures:

1. Exchange of ballast water or saltwater flushing of ballast tank
residuals,

2. Shipboard treatment of ballast water using an accepted tech-
nology option,

3. Discharge of ballast water to a shore-based reception facility, or
4. Retention of ballast water on board the ship.16

14 The Seaway Practices and Procedures are available on the GLSLS system website (www.
greatlakes-seaway.com).

15 Further information is available on the Michigan Department of Environmental Quality website
(www.michigan.gov/deq).

16 These ballast water management requirements apply to all vessels entering waters under Canadian
jurisdiction, with a few exceptions. They are not limited to vessels entering the GLSLS system.
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BOX 4-1

Ballast Water Management Techniques

Ballast Water Exchange
BWE involves replacing (exchanging) a vessel’s ballast water with
ocean water. There are two principal methods of exchange: rebal-
lasting and dilution. The reballasting or empty-refill method in-
volves emptying and then refilling a ballast tank, whereas the
dilution or flow-through method admits water to the tank at the
same time as water is discharged. In either case, BWE has two
major effects on biota in ballast tanks. First, because BWE involves
replacing 95 to 99 percent of water in the tanks, an equal percent-
age of organisms is removed by the dilution effect, assuming a 
homogeneous distribution of flora and fauna. In some cases, popu-
lations of some species may be completely purged or rendered low
enough that recovery and establishment are not likely once any 
remaining organisms are released. Second, BWE may involve 
replacing freshwater ballast with open ocean water (saltwater), 
resulting in osmotic stress for most freshwater organisms resident
in the tank. Consequently, BWE conducted by vessels moving 
between European freshwater ports and the Great Lakes is ex-
pected to reduce both the abundance and diversity of freshwater
life dramatically. In situ studies of invertebrates in ships traveling
between the Great Lakes and Europe illustrated that BWE sharply
reduced both diversity and abundance of freshwater invertebrates
in ballast tanks (Gray et al. 2007).

Saltwater Flushing
NOBOB vessels are unable to conduct BWE because their ballast
tanks contain only unpumpable residual water and sediments. The
alternative to BWE for NOBOBs is saltwater flushing, which is accom-
plished by allowing a limited amount of saltwater to slosh around in
an individual ballast tank as a result of the ship’s rolling and pitching
motion during passage (Reid et al. 2007). This agitation resuspends
trapped sediments and provides a salinity shock to biota, which are
then discharged into the open ocean. Thus, saltwater flushing pro-

(continued)
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vides the dual effects of dilution and salinity shock that are achieved
with BWE, but it applies them to empty (NOBOB) tanks. Both BWE
and saltwater flushing techniques are currently used by vessels 
operating into the Great Lakes.

Shipboard Ballast Water Treatment
The use of shipboard systems to kill AIS in ballast water is widely
viewed as offering greater operational flexibility than either BWE or
saltwater flushing, as well as the potential for greater effectiveness.
A variety of proven water treatment technologies are available, but
adapting them for shipboard application presents major technical
challenges (see, for example, NRC 1996). However, important
progress has been made in recent years, largely in response to 
the International Maritime Organization’s proposed ballast water
management requirements (IMO 2004), and shipboard ballast water
treatment systems are expected to become commercially available
by 2009 (Lloyd’s Register 2007). Some prototype systems have been
installed on operational vessels, at least three of which are trading
into the GLSLS system, but shipboard ballast water treatment is 
not currently a proven method of ballast water management in an
operational environment.

Shore-Based Ballast Water Treatment
Shore-based ballast water treatment avoids some of the chal-
lenges associated with shipboard application of water treatment
methods. However, bulk handling of ballast water from a ship to 
a shore-based facility is complex. In addition, the economics of
shore-based ballast water treatment facilities have been identified
as problematic by a number of authors (see, for example, NRC
1996). There are currently no shore-based ballast water treatment
facilities available to vessels operating on the GLSLS system, 
although Wisconsin recently announced that the state will spend
US$6 million to invest in experimental shore-based ballast water
treatment systems for its Great Lakes ports (Egan 2008).
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For Option 1, transoceanic vessels are required to conduct mid-
ocean BWE during ballast-laden voyages in an area 200 nautical
miles from any shore and in water 2,000 meters deep whenever
possible, before entering waters under Canadian jurisdiction.
Transoceanic NOBOB vessels are required to conduct saltwater
flushing in similar areas on their passage to the Great Lakes to elim-
inate fresh or brackish water residuals in their ballast tanks. Coastal
vessels must comply with similar requirements, except that BWE or
saltwater flushing is to be conducted in an area at least 50 nautical
miles from shore where the water depth is at least 500 meters.17

U.S. regulations require that all vessels entering U.S. waters in
ballast after operating outside the U.S. EEZ manage their ballast
water by undertaking mid-ocean BWE, retaining their ballast water
on board, or using an alternative environmentally sound method
of ballast water management preapproved by the U.S. Coast Guard.
In the case of coastal vessels coming from the Canadian EEZ that
elect to manage their ballast water by BWE, this process is to be
conducted within designated exchange areas. Since August 2005,
NOBOBs entering U.S. waters have been strongly encouraged,
but not required, to conduct saltwater flushing before entering the
Great Lakes. From the beginning of the 2008 navigation season,
however, the seaway regulations require all transoceanic NOBOB
vessels to conduct saltwater flushing before entering the Great
Lakes, regardless of whether their destination is a U.S. or Canadian
port.18 U.S. regulations also require that every vessel equipped with
ballast tanks that operates in U.S. waters and is bound for ports
or places in the United States comply with a suite of management
practices designed to minimize the quantity of aquatic organisms
it may be carrying (33 CFR 151.2035, Subpart D).

17 Under certain circumstances, vessels may also conduct BWE or saltwater flushing in designated
exchange zones within the Canadian EEZ.

18 A notice of proposed rulemaking issued by the SLSDC (2007) aimed to harmonize U.S. and
Canadian requirements for saltwater flushing by transoceanic vessels operating in the binational
waters of the GLSLS system. In February 2008, the Seaway Practices and Procedures were updated
to include the saltwater flushing requirement for transoceanic NOBOB vessels.
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The carriage of vessel-specific ballast water management plans
and compliance with mandatory record-keeping and reporting
regimes are also required by both Canada and the United States.

In addition, the Seaway Practices and Procedures mandate that
every vessel entering the seaway after operating beyond the EEZ
(i.e., all transoceanic vessels) must agree to respect the Shipping
Federation of Canada’s Code of Best Practices for Ballast Water
Management (2000) while operating anywhere within the Great
Lakes and the seaway. Every other vessel entering the seaway (i.e.,
coastal and inland vessels) must agree to comply with the Voluntary
Management Practices to Reduce the Transfer of Aquatic Nuisance
Species Within the Great Lakes by U.S. and Canadian Domestic Ship-
ping (Lake Carriers’ Association and Canadian Shipowners Associ-
ation 2001) while operating anywhere within the Great Lakes and
the seaway.

Table 4-1 summarizes current ballast water management re-
quirements for the three categories of vessel transiting the seaway
(transoceanic, coastal, and inland). In addition to these require-
ments, vessels engaging in port operations in Michigan that have
operated beyond the mouth of the St. Lawrence River are required
to purchase a permit from the Michigan Department of Environ-
mental Quality (MDEQ). This permit applies to vessels that either
engage in port operations and do not discharge ballast water or dis-
charge ballast water treated by a method approved by MDEQ.19

Inspection and Enforcement Procedures

In January 2006, the agencies that inspect, test, and monitor the
ballast water of vessels entering the GLSLS system—Transport

19 There is a $75 application fee for the certificate of coverage under the general permit and a $150
annual renewal fee. The certificate of coverage under the general permit is effective for 5 years.
The approved treatment methods are hypochlorite treatment, chlorine dioxide treatment, ultra-
violet radiation treatment preceded by suspended solids removal, and deoxygenation treatment.
Vessel owners proposing an alternative treatment method may apply for an individual permit.
Penalties for noncompliance with the permit range up to $25,000 per day.
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TABLE 4-1 Ballast Water Management Requirements 
for Vessels Entering the GLSLS System

Vessel Ballast Ballast Water Management 
Vessel Origin Destination Status Requirements

Transoceanic Vessels

Coastal Vessels

Canadian Great
Lakes ports

U.S. Great
Lakes ports

Canadian Great
Lakes ports

U.S. Great
Lakes ports

Canadian Great
Lakes ports

U.S. Great
Lakes ports

BOB

NOBOB

BOB

NOBOB

BOB or
NOBOB

BOB

NOBOB

BOB

NOBOB

BOB or
NOBOB

BWE, treatment, discharge 
to reception facility, or
retention

Code of Best Practicesa

Saltwater flushing, treatment,
discharge to reception
facility, or retention

Code of Best Practicesa

BWE, retention, or alternative
preapproved environmen-
tally sound method

Code of Best Practicesa

Regulated Management
Practicesb

Saltwater flushing mandatory
from beginning of 2008
seaway navigation season

Code of Best Practicesa

Regulated Management
Practicesb

Voluntary Management
Practicesc

BWE, retention, or alternative
preapproved environmen-
tally sound method

Regulatedb and Voluntary
Management Practicesc

Regulatedb and Voluntary
Management Practicesc

BWE, treatment, discharge 
to reception facility, or
retention

Voluntary Management
Practicesc

Saltwater flushing, treatment,
discharge to reception
facility, or retention

Voluntary Management
Practicesc

Regulatedb and Voluntary
Management Practicesc

Outside Canadian
and U.S. EEZ

Within Canadian
EEZ

Within U.S. EEZ
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Vessel Ballast Ballast Water Management 
Vessel Origin Destination Status Requirements

Inland Vessels

a Code of Best Practices for Ballast Water Management, Shipping Federation of Canada, Sept. 28, 2000.
b 33 CFR 151.2035, Subpart D.
c Voluntary Management Practices to Reduce the Transfer of Aquatic Nuisance Species Within the
Great Lakes by U.S. and Canadian Domestic Shipping, Lake Carriers’ Association and Canadian
Shipowners Association, Jan. 26, 2001.

Canadian ports

U.S. ports

BOB and
NOBOB

BOB and
NOBOB

Voluntary Management
Practicesc

Regulatedb and Voluntary
Management Practicesc

Inland waters of
GLSLS system

Canada Marine Safety, the U.S. Coast Guard, the U.S. SLSDC, and
the Canadian SLSMC—formed a U.S.–Canadian Ballast Water
Working Group (BWWG). This initiative aimed to standardize
commonly needed information, such as ballast water inspections,
verifications, testing, sampling, reports, and data collection, and
to optimize the use of available resources to ensure maximum
coverage (inspection of every vessel) with no duplication of effort.
BWWG has developed a standardized ballast water reporting form,
developed and coordinated a memorandum of understanding signed
by Transport Canada and the U.S. Coast Guard setting out proce-
dures and parameters to conduct joint vessel exams in Montreal,
and developed and implemented a standardized GLSLS System
Joint Agency Ballast Water Management Inspection Report that
captures each agency’s inspection needs.

Every vessel entering the GLSLS system from beyond the Cana-
dian EEZ is subject to inspection to ensure that the salinity of the
ballast, or ballast residuals, in its tanks is greater than or equal to
30 ppt. Highly trained and experienced inspectors follow a strict
inspection protocol, prioritized on the basis of risk, that aims to
cover all vessels without causing unnecessary delays to shipping. In
the case of such vessels discharging their entire import cargo at a
Quebec freshwater port outside the seaway and indicating their in-
tention to enter the GLSLS system, every attempt is made to con-
duct an inspection before the vessel takes river ballast on board
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so that the residual salinity can be determined. (As noted earlier,
these latter vessels need to be treated as NOBOBs, even though
they are carrying ballast when they transit the seaway.)

Ballasted vessels that do not conduct open-ocean BWE before
entering the St. Lawrence Seaway may be required either to return
to sea to conduct BWE or to retain their ballast water on board for
their entire voyage through the Great Lakes. In the latter case, a
letter of retention is placed aboard. When the vessel later departs
the system, the relevant ballast tank or tanks are inspected to ensure
compliance with the retention requirement and the letter of reten-
tion is removed. A similar procedure is followed for noncompliant
ballast tanks on NOBOBs. In 2006, the U.S. Coast Guard issued
seven retention letters for vessels going to U.S. ports, and Trans-
port Canada issued 25 retention letters for vessels going to Canadian
ports (U.S. Coast Guard 2007). As noted earlier, vessels carrying
project cargoes, such as wind turbines, require ballast to balance
their cargo load. For these vessels, retention of ballast water on board
is a far safer option than attempting to conduct BWE. A number of
the letters of retention issued during the 2006 navigation season
are understood to have been issued to such project cargo vessels.

For minor first-time offenses, such as discrepancies in a vessel’s
ballast water management plan, records, or reports, the U.S. Coast
Guard issues a letter of warning. In Canada, letters of correction are
used to instruct a ship’s operator to correct such discrepancies.
Information on letters of warning and correction issued in 2006 has
been published by the U.S. Coast Guard (2007). Both Canada and
the United States have strict systems of fines as additional penalties
for failure to comply with ballast water management regulations.

CONCLUDING REMARKS

Vessels transiting the seaway may be grouped into three categories
(transoceanic, coastal, and inland) on the basis of their voyage pat-
terns and associated risks of introducing AIS into the Great Lakes
through their ballasting operations. Ballast water has historically
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been the predominant vector for ship-vectored AIS introductions
into the Great Lakes since the opening of the seaway in 1959, and
current ballast water management regulations aim to prevent
further such introductions.

As of the beginning of the 2008 navigation season, all transoceanic
vessels transiting the seaway are required to conduct BWE (ballasted
vessels) or saltwater flushing (NOBOBs) in an effort to prevent
further ballast-mediated AIS introductions into the Great Lakes.
These measures, if rigorously applied, are expected to reduce con-
siderably further AIS introductions by transoceanic vessels. How-
ever, coastal vessels also carry a risk of introducing AIS through
their ballasting operations, and not all such vessels are currently
required to conduct either BWE or saltwater flushing. Ballasted
vessels (BOBs) are required to conduct BWE only if they move from
one jurisdiction to another (U.S. to Canadian waters, or vice versa),
and NOBOBs are required to conduct saltwater flushing only if
their voyage takes them from within the U.S. EEZ to a Canadian
Great Lakes port.
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5
Identifying and Exploring Options

for the Great Lakes Region: 
The Committee’s Approach

As noted in Chapter 1, the two project criteria to be met by future
options for the Great Lakes region differ in nature and scope. The
requirement to enhance the potential for global trade is a broad
mandate with no specific directives. In contrast, the requirement
to eliminate further introductions of aquatic invasive species (AIS)
into the Great Lakes by vessels transiting the St. Lawrence Seaway
is absolute and narrow, addressing a specific vector (shipping) and
a single route into the Great Lakes (the seaway).

The requirement to eliminate further introductions has two
other noteworthy features. First, the term “vessels” without any
qualifier required the committee to consider all three categories of
vessel transiting the seaway: transoceanic, coastal, and inland (see
Chapter 4). Second, vessels can introduce AIS not only through
their ballasting operations but also via hull fouling. As discussed in
Chapter 3, current evidence suggests that the importance of the
ballast water vector far outweighs that of the hull fouling vector for
AIS introductions into the freshwater ecosystem of the Great Lakes.
Nonetheless, a better understanding of the role of hull fouling is
needed to help ensure the elimination of further AIS introductions
by shipping through the seaway.

This chapter describes the process used by the committee to
identify candidate actions to meet one or the other (or possibly
both) of the two project criteria. It then discusses the strengths
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and weaknesses of the individual candidates. In assessing the
strengths and weaknesses, the committee took account of the re-
quirement specified in its task statement that the recommended
options for the Great Lakes region be “practical and technically
feasible.” The chapter ends with the committee’s conclusion about
the possibility of establishing a suite of actions that would both
enhance the potential for trade and eliminate further ship-vectored
AIS introductions.

IDENTIFYING CANDIDATE ACTIONS

As a first step in identifying and exploring options for the Great Lakes
region, the committee developed preliminary lists of actions that
could meet or contribute to meeting one or the other (or possibly
both) of the two criteria. The preliminary lists drew on information
obtained by the committee during its meetings and field trips (see
Appendix A), draft versions of the expert papers commissioned by
the committee and discussions with the authors (see Appendix B),
examination of the literature, and the expertise of individual com-
mittee members. The strengths, weaknesses, unknowns, and uncer-
tainties associated with each candidate action were identified, and the
lists of actions were developed further during a “brainstorming” ses-
sion at the public meeting hosted by the committee in Toronto in
May 2007 (see Appendix C). The resulting candidate actions to en-
hance the potential for global trade and to eliminate further AIS in-
troductions are listed in Boxes 5-1 and 5-2, respectively.

The inclusion of a candidate action in Box 5-1 or 5-2 does not
necessarily indicate that the committee viewed it as promising or en-
dorsed the proposed approach. The intent at this initial stage was to
capture a wide range of ideas and not to limit the investigation of
candidate actions to those already being pursued. By engaging the
authors of the commissioned papers, stakeholders, and the public in
the process of identifying candidate actions, the committee sought
to expand the list of possibilities beyond the status quo—while
recognizing that some background knowledge of the issues is a
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prerequisite to suggesting actions that are practical and technically
feasible.

The candidate actions listed in Boxes 5-1 and 5-2 are broad in
scope and variable in their level of detail. Some of the underlying
concepts have already been applied in different contexts (e.g., post-
ing of bond and testing for compliance), whereas others are relatively
unknown, at least in practice (e.g., charging for externalities).
The committee gave due consideration to all the candidates listed,

BOX 5-1

Candidate Actions to Enhance the Potential for Global Trade

Invest in Transportation Infrastructure
• Develop binational strategy to finance seaway capital mainte-

nance and renovation
• Establish new saltwater ports to handle transshipment through-

out the Great Lakes region

Develop an Array of Transportation Options
• Facilitate short-sea shipping
• Expand use of ships into the Great Lakes heartland
• Encourage more holistic treatment across all modes of transport
• Enhance intermodal service for bulk commodities
• Enhance intermodal service for containers

Foster an Environment Conducive to Economic 
Development and Trade
• Develop a binational guarantee that the seaway will remain open
• Encourage greater collaboration among ports within the Great

Lakes St. Lawrence Seaway (GLSLS) system
• Build on bonding authority of ports
• Market freshwater assets of Great Lakes region in economic

development strategies

Account for the External Costs of Transportation
• Provide transition assistance to shippers
• Charge for externalities
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BOX 5-2

Candidate Actions to Eliminate Further Introductions

Exploit Ballast Water Management Technologies
• Require mandatory ballast water exchange or flushing with 

automated reporting
• Install shipboard ballast water treatment systems
• Implement design changes for new ships to enhance ballast water

management
• Develop portable modular ballast water treatment system
• Provide shore-based ballast water treatment options
• Treat ballast water as it is handled (loaded or discharged)

Adopt Ballast Water Management Regulations, Including Standards
• Adopt International Maritime Organization (IMO) ballast water

standards for vessels entering the Great Lakes in advance of 
ratification of IMO convention

• Adopt ballast water standards more stringent than those of IMO
• Adopt ballast water standards more stringent than those of IMO,

with voluntary phase-in period
• Implement tiered system of ballast water permits
• Regulate ballast water discharges in a manner consistent with the

U.S. Clean Water Act

Enforce Regulations and Standards
• Require posting of bond and testing for compliance
• Engage major shippers in requiring compliance with prevention

measures

Monitor Progress and Plan Ahead
• Implement surveillance, control, and rapid response capabilities
• Accelerate research and development on role of hull fouling as a

vector for introductions

Coordinate Prevention Efforts
• Coordinate state and provincial actions to prevent introductions
• Adopt unified binational approach to IMO convention: Canada 

has indicated its intention to ratify, and the United States should
follow suit
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drawing wherever possible on reports about candidate actions that
are already being investigated or implemented. The two following
sections summarize the candidate actions to enhance the potential
for trade and eliminate further ship-vectored AIS introductions and
discuss their potential strengths and weaknesses. Areas of uncer-
tainty and unknowns are noted, and any potential roadblocks are
highlighted.

CANDIDATE ACTIONS TO ENHANCE THE POTENTIAL
FOR GLOBAL TRADE

Economic development and ensuing trade are influenced by myr-
iad forces. Some of these forces arise from government policies with
regard to fiscal, monetary, and trade issues that affect expectations

• Harmonize U.S. and Canadian regulations such that both nations
require saltwater flushing by ships with no ballast on board

• Be cognizant of different political mechanisms for implementing
policies

Involve Stakeholders
• Encourage environmental initiatives by the shipping industry
• Involve all Great Lakes users and beneficiaries in seeking solutions
• Encourage self-regulation by carriers and shippers

Assign Liability
• Encourage litigation under tort law
• Require carriers, shippers, and receivers to have “invasive species

insurance”

Close the Seaway
• Introduce a moratorium on ocean vessels entering the Great

Lakes until protective standards are in place
• Close the seaway to transoceanic shipping
• Close the seaway to all inbound vessel traffic
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among entrepreneurs who risk capital to profit from trade. Poli-
cies related to tariffs and quotas have particular relevance to
trade, as do the policies and practices of the public and private
institutions needed to execute trade-related functions, such as
customs agencies and customs brokers. Efficient transportation
infrastructure and services are also important to economic de-
velopment and trade.

The discussion by Cangelosi and Mays (2006) of key drivers and
influences for transoceanic waterborne trade activity in the GLSLS
system illustrates how actions related to the global economy and
financial system can influence trade in the Great Lakes region. Ex-
amples include the introduction or removal of U.S. steel tariffs,
stipulations by the European Union concerning genetically mod-
ified crops, increases in oil prices, rapid growth in development
activities in China, and mergers of companies to form larger and
more powerful global organizations.

Given the focus of the current project—namely, the seaway as a
transportation route into the Great Lakes for both trade and AIS—
the committee did not consider examination of the full range of
actions potentially capable of enhancing the Great Lakes region’s
trade to be within the scope of its charge. Instead, as dictated by
the overall study context and objective, it focused primarily on
transportation-related actions for meeting the requirement to
enhance the potential for global trade.

This section summarizes candidate actions that may meet or
contribute to meeting the first project criterion, namely, enhance
the potential for global trade in the Great Lakes region (Box 5-1).
To facilitate the discussion, the candidates have been grouped into
four categories:

• Invest in transportation infrastructure.
• Develop an array of transportation options.
• Foster an environment conducive to economic development

and trade.
• Account for the external costs of transportation.
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Invest in Transportation Infrastructure

Investments in transportation infrastructure can enhance trade by
reducing transportation costs. Thus, investing in the seaway infra-
structure and in Atlantic ports could be a means of enhancing the
Great Lakes region’s potential for global trade.

The seaway infrastructure has reached or exceeded its design
life, and major renovations will be needed in coming years if ser-
vice reliability is to be maintained. Absent such renovations, the
decline in reliability could well lead to an associated decline in
trade through the seaway. Developing a binational strategy to fi-
nance the seaway’s capital maintenance and renovation could,
therefore, contribute to enhancing the Great Lakes region’s po-
tential for global trade by removing an anticipated impediment to
such trade. As discussed in Chapter 2, ongoing maintenance and
long-term capital expenditures needed through 2050 to ensure the
continuing reliability of the GLSLS system have been estimated at
more than $2 billion (Transport Canada et al. 2007). However,
given the difficulties experienced in the past in forecasting seaway
traffic (see Chapter 2), the impact of a major renovation project on
seaway trade is difficult to quantify with any confidence.

The expected growth in trade (notably container trade) from
South Asia to North America through the Suez Canal and across
the Atlantic Ocean has led to examination of opportunities to ex-
pand port capacity along the northern range of Atlantic ports. The
development of a new saltwater port in Sydney, Nova Scotia, is one
option under consideration. Such port expansion and develop-
ment could well increase the potential for global trade in the Great
Lakes region and enhance opportunities to develop feeder services
(see later).

These candidate actions involving investment in transportation
infrastructure are major and expensive projects that would take
many years to complete. While renovation of the seaway infra-
structure and development of a new saltwater port in Sydney,
Nova Scotia, are both under consideration, it remains to be seen
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whether these projects will be judged to have economic merit and
whether the necessary funding will be available.

Develop an Array of Transportation Options

Facilitate Short-Sea Shipping and Expand Use of Ships 
into Great Lakes Heartland
There is already considerable domestic short-sea shipping of both
liquid and dry bulk cargoes within the GLSLS system. Because the
seaway serves the industrial and agricultural heartland of North
America, it could be used as a route for transshipping goods from
saltwater ports on the east coast of North America to inland ports.
Such transshipment would expand the use of ships into the Great
Lakes heartland and might include container feeder services be-
tween deepwater transoceanic ports on the eastern seaboard and
Great Lakes ports, such as Hamilton, Ontario.

Realizing new short-sea shipping services is seriously handi-
capped by a number of Canadian and U.S. government policies,
including the U.S. Harbor Maintenance Tax, customs regulations,
a 25 percent Canadian import duty on vessels for domestic use
built outside of Canada, and pilotage and cabotage rules. However,
the governments of both Canada and the United States are ex-
ploring issues related to short-sea shipping, which is viewed by
many as offering a safe and sustainable alternative to increasingly
congested land-based modes, notably highways.1

While some containerized cargoes have been shipped on the sea-
way, containers currently account for less than 0.01 percent of total
annual cargo tonnage through the Montreal–Lake Ontario (MLO)
section. The degree to which containerized traffic will grow in the
future is unclear. On the one hand, the GLSLS system is operating
at only about 50 percent of capacity and could provide an alterna-

1 In 2003, Canada and the United States signed a Memorandum of Cooperation on Sharing Short-
Sea Shipping Information and Experience, and in 2006, the U.S. Maritime Administration and
Transport Canada jointly sponsored the North American Short-Sea Shipping Conference in Van-
couver, Canada. At this meeting, Canada, the United States, and Mexico signed a trilateral decla-
ration committing the three nations to expand marine highway operations in North America by
establishing a steering committee focused on the creation of a trilateral strategy.
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tive to some increasingly congested land-based corridors (Trans-
port Canada et al. 2007). On the other hand, water-based modes
are, in general, a slower means of transporting goods than land-
based modes, and seaway-based container feeder services could
have difficulty overcoming this time penalty. The seasonal nature
of the seaway navigation system could also be a major disadvantage,
since shippers and receivers would need to stockpile inventories
of relatively high-value containerized cargoes or find alternative
means of moving goods during the seaway’s winter closure.

Enhance Intermodal Services and Encourage More Holistic
Treatment Across All Modes
Enhancing intermodal services for goods moving on the seaway
could add to the Great Lakes region’s potential for global trade by
offsetting the adverse impacts of policies aimed at preventing further
ship-vectored AIS introductions. Such services would require im-
proved integration of different transportation modes, as discussed
in a recent report on the future of the GLSLS system (Transport
Canada et al. 2007).

Intermodal transportation service for bulk commodities of the
types that often move on the seaway could be enhanced on cer-
tain rail routes with spare capacity. Government-guaranteed
loans, subsidized interest rates, or outright capital grants for in-
termodal facilities could be provided to improve rail access for
shippers now dependent on the seaway. Loans or tax credits might
be provided to railroads or shippers to purchase additional hop-
per cars to move bulk commodities by rail. Investments in more
efficient transshipment facilities to move bulk commodities be-
tween modes could be part of the overall effort. The initiative
would be designed to meet the “but for” test; that is, but for the
government assistance a market demand would not be met. Loan
guarantees and interest rate subsidies would be preferred since
they would require risk sharing by carriers, who would not act in
the absence of expected demand.

Intermodal transportation services for containers could be en-
hanced through use of the same financial mechanisms and through
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promotion of intermodal service from the east coast of North
America to the Great Lakes region by either water or rail.

The committee was unable to obtain a clear picture of the extent
to which there is unused rail capacity in the region of the GLSLS
system. Some experts suggest that the rail network in northeastern
North America is not facing any capacity constraints, at least for
nonpriority freight. Others confirm this view but note that logisti-
cal issues, such as a lack of spare rolling stock, could limit oppor-
tunities to shift cargoes from water to rail. Yet others indicate that
there are capacity constraints and bottlenecks in certain areas, such
as around Chicago. Thus, there may well be opportunities for some
shifting of cargoes from water to rail as part of a strategy to enhance
intermodal transportation services, but the extent to which such
shifts are feasible is unclear.

The financial assistance mechanisms proposed are familiar to
governments but may not be attractive. In Canada, government
assistance mechanisms have been strenuously avoided in the trans-
portation sector, where subsidies that distort modal selection are
generally viewed as undesirable. Applying such strategies in one re-
gion of Canada (the Great Lakes) and not others would also be
problematic. Nonetheless, the seaway is already subsidized by the
Canadian and U.S. governments, which provide funds for capital
improvement projects and maintenance (see Chapter 2). In the
case of intermodal services, however, the market may well stimu-
late development without the need for government assistance, par-
ticularly in the case of container movements, which are expected
to grow considerably.

Foster an Environment Conducive 
to Economic Development and Trade

Role of Ports
Encouraging greater collaboration among ports within the GLSLS
system is a possible approach to enhancing the Great Lakes region’s
potential for global trade. While some ports may compete for car-
goes, different ports serve different hinterlands to a large extent.
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Hence, collaborative efforts to encourage use of the GLSLS system
could benefit the region’s trade without compromising the compet-
itive position of an individual port. Many Great Lakes ports are al-
ready participating in an initiative that unifies the GLSLS system of
rivers, lakes, canals, locks, and ports under a single marketing brand,
namely, Highway/Autoroute H2O (www.hwyh2o.com/). Through
this effort, ports collaborate in encouraging use of the “marine high-
way” and seek to optimize its use as part of the supply chain. The ex-
tent to which these efforts will affect longer-term trends in seaway
traffic is unclear, but some short-term benefits have been reported,
with market developments centered on the Highway/Autoroute
H2O campaign bringing in more than 500,000 tonnes of new cargo
movements during the course of 2006 (GLSLS 2007).

There may also be opportunities for U.S. ports to build on their
bonding authority for competitive advantage—for example, by
facilitating nonmaritime development to take advantage of water-
front assets or by investing in shore-based ballast water treatment or
other industrial facilities.2 This candidate action would build on ex-
isting abilities and trends, such as the development of waterfront
housing, retail outlets, and office buildings.3 While such develop-
ment can bring economic benefits, it could also result in more con-
stituencies opposed to port operations and a resulting loss of trade.
In addition, the economic feasibility of shore-based ballast water
treatment facilities has been widely questioned (see later discussion),
indicating that such facilities could constitute a risky investment.

Develop Binational Guarantee That Seaway Will Remain Open
Developing a binational (Canadian and U.S.) guarantee that the
seaway will remain open to vessels complying with ballast water
management regulations could help stimulate several seaway-
dependent, economy-enhancing initiatives within the Great Lakes

2 Because Canadian ports do not have bonding authority, the option of using this authority for
competitive advantage is available only to U.S. ports.

3 Specific examples of development projects already funded by ports in the Great Lakes region
(Cleveland and Toledo) are cited by Cangelosi and Mays (2006).
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region, such as developing new feeder services to deepwater con-
tainer ports, enhancing trade in bulk commodities and specialized
cargoes, and encouraging cruise ship operations associated with
ecotourism. While it is not clear which, if any, of these ventures
will prosper, all depend on unhindered shipping via the seaway.
The current uncertainties about what regulations will be promul-
gated, by whom, and when, and even about whether the seaway
may be closed to some categories of vessels, make it difficult for
shipping companies to generate the investment capital needed to
expand their capabilities and thereby catalyze economic develop-
ment within the Great Lakes region.

The proposed guarantee could be particularly important in en-
couraging shipping companies that operate regular services into
the Great Lakes to invest in new vessels designed to optimize ship-
board management of ballast water and sediments. Thus, it could
be a valuable component of a suite of actions to prevent further
ship-vectored AIS introductions and enhance the potential for
global trade.

Market Freshwater Assets in Economic Development Strategies
Given that drinking water is an increasingly precious commodity,
it has been suggested that the Great Lakes region could market its
freshwater assets in various economic development strategies.4 For
example, a report from the Brookings Institution observes that the
Great Lakes and its waterways offer “a tremendous opportunity for
reinvigorating the economy of the region,” while other regions
face long-term sustainability challenges arising from lack of water,
among other factors (Austin et al. 2007, 10). The report envisages
new technologies and industries built around an environmentally
improved Great Lakes region. In the absence of specifics about
such economic development strategies, the committee was unable
to reach any conclusions about the strengths and weaknesses of
this candidate action or its likely impacts on the Great Lakes re-
gion’s potential for global trade.

4 This candidate action would not involve exporting freshwater to other regions.
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Account for the External Costs of Transportation

Transportation services, such as shipping lines, railroads, and motor
carriers, impose external costs on society as a result of their envi-
ronmental impacts, including emissions, habitat degradation, in-
troductions of invasive species, congestion, risk of accidents, and
noise. While some organizations are choosing to change their actions
in response to these detrimental effects on the environment, spe-
cial measures are needed to address the issue of externalities in
a consistent, rational, and comprehensive fashion. For example,
laws or regulations may require particular actions or impose costs
on polluters consistent with the costs they impose on society. Quan-
tifying environmental effects as a basis for such laws or regulations
remains problematic, however (see TRB 1996).

Provide Transition Assistance to Shippers
Shipping companies are likely to incur additional costs in ensur-
ing that their vessels take measures to prevent further AIS intro-
ductions into the Great Lakes. These costs may take various forms,
such as capital and operating costs associated with shipboard bal-
last water treatment systems,5 added time per voyage if additional
port procedures are necessary, and opportunity costs if less cargo
can be loaded. It is difficult to generalize about the effects of such
costs on voyage profitability. In some instances, shipping compa-
nies may be able to pass the additional costs on to customers in the
form of higher freight rates. In other instances, competition from
other modes of transportation may preclude this option, and the
additional costs may have to be absorbed by the shipping com-
pany. Under the latter scenario, some shipping companies might
decide to cease operations into the Great Lakes altogether to avoid
the costs of complying with requirements to treat ballast water
on board ship. The resulting loss of competition could lead to
increased freight rates for cargo carried on vessels transiting the

5 A recent report from Lloyd’s Register (2007) tentatively estimates the cost of a 200-m3/h plant at
$135,000 to $165,000, with operating costs ranging from $0.01 to $0.35 per cubic meter of treated
water.
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seaway, as well as reduced service to certain ports. An increase in
the cost of shipping goods via the seaway would put steel companies,
grain exporters, and other shippers at a competitive disadvantage,
as would service reductions. This competitive disadvantage could
result in some companies moving their facilities (and associated
jobs) to locations outside of the Great Lakes region. To avoid such
losses, financial assistance could be provided to shippers during a
transitional period to help them adjust to the higher transporta-
tion costs. If water service were reduced to certain shippers, for ex-
ample, assistance could take the form of subsidizing rail rates to
facilitate the shift from ship to rail.

The proposed transition assistance strategy could help mitigate
the possible loss of manufacturing and other facilities, and associ-
ated jobs, from the Great Lakes region. However, such subsidies
could run afoul of the World Trade Organization, would be diffi-
cult and potentially costly to administer, and could be difficult to
terminate once established. Also, fair compensation could be dif-
ficult to establish, since the differential between water and rail rates
is commercially sensitive information and not widely available.
Moreover, a transportation subsidy that distorts modal selection
would be unlikely to find favor in Canada.

Charge for Externalities
The case of shipowners incurring additional costs to ensure that
their vessels do not introduce AIS into the Great Lakes is an ex-
ample of the far broader issue of the external costs associated with
transportation services. To encourage trade with the least environ-
mental impact, society could charge for such externalities by re-
quiring carriers to internalize their external costs. This strategy,
which could include the elimination of subsidies where they exist,
would result in fairer competition among the different modes and
in commerce that reflects true environmental costs. However, it
would increase the costs of transportation, and as a result it would
not enhance the potential for global trade.

In the committee’s judgment, the above strategies for taking ac-
count of the external costs of transportation are unlikely to enhance
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the Great Lakes region’s potential for global trade. However, if a
global user-pay system were to be established, the Great Lakes re-
gion might benefit because the availability of water transportation
could result in a lower overall incidence of environmental costs.
Thus, the region could enjoy a relative trade advantage over some
other regions.

Concluding Remarks

Various aspects of Great Lakes regional economic development,
including opportunities to enhance global trade, are already being
explored by many highly qualified individuals and organizations
in government, the private sector, and academia. For example,
Canada’s National Policy Framework for Strategic Gateways and
Corridors aims to enhance the competitiveness of the Canadian
economy in the rapidly changing field of global commerce.6 The
two seaway corporations and Great Lakes ports undertake trade
development functions aimed at enhancing use of the GLSLS sys-
tem (Highway/Autoroute H2O), and entrepreneurs in the private
sector are exploring new opportunities to develop transportation
services linked to the seaway. And the aforementioned report from
the Brookings Institution explores the broader regional economic
benefits of restoring the Great Lakes ecosystem (Austin et al. 2007).
Thus, it is not surprising that most of the candidate actions listed
in Box 5-1 are already under investigation.

In a number of instances, the future outcomes of the candidate ac-
tions are uncertain and are difficult to forecast with any confidence—
for example, the growth of container shipping on the GLSLS system.
Nonetheless, if commercial opportunities arise, the market may well
respond without the need for government action, as in the example
of developing improved intermodal transportation services.

The efficiency of transportation infrastructure, including that
of the seaway and of the GLSLS system’s ports and harbors, is

6 Development of the Ontario–Quebec Continental Gateway and Trade Corridor will not only ex-
amine global markets and trade opportunities for Canada but also address issues linked to trans-
portation, including protection of the environment (Transport Canada 2007).
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important for trade. Thus, candidate actions involving infrastruc-
ture renewal and development may well enhance the potential
for global trade, particularly in the longer term. The two cases
examined—developing a binational strategy to finance seaway
capital maintenance and renovation and establishing a new salt-
water port to handle transshipment throughout the Great Lakes
region—would both require major financial investments and many
years to bring to fruition.

Expanding the use of ships into the Great Lakes heartland through
the facilitation of short-sea shipping appears to be a promising
candidate, although detailed recommendations about the imple-
mentation of this strategy would require further investigation of
policy issues that are beyond the scope of the committee’s work.
For example, analysis of any of the policy impediments to short-
sea shipping—customs duties, import duties on vessels, the U.S.
Harbor Maintenance Tax, pilotage and cabotage rules—would
be a substantial undertaking requiring specialized knowledge and
expertise.

The committee concluded that there are few new and promis-
ing transportation-related opportunities to enhance the Great Lakes
region’s potential for global trade over and above the candidate
actions already under consideration. It did, however, identify one
promising new approach to reducing impediments to global trade—
developing a binational guarantee that the seaway will remain open
to shipping. Whether such action would be compatible with actions
to prevent further ship-vectored AIS introductions into the Great
Lakes is discussed later.

CANDIDATE ACTIONS TO ELIMINATE 
FURTHER AIS INTRODUCTIONS

There are two fundamentally different approaches to eliminating
further ship-vectored AIS introductions into the Great Lakes. The
shipping vector can be eliminated either by removing or killing po-
tentially invasive organisms carried by vessels or by keeping vessels
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that may be carrying such organisms out of the Great Lakes. The
candidate actions listed in Box 5-2 build on these approaches. For
example, encouraging self-regulation by carriers and shippers and
requiring posting of bond and testing for compliance are both ac-
tions that could help ensure the effective implementation of tech-
nologies that kill or remove AIS in ships’ ballast water. Alternatively,
the threat of litigation under tort law could deter vessels from trad-
ing into the Great Lakes, thereby reducing the likelihood of further
ship-vectored AIS introductions.

This section describes candidate actions listed in Box 5-2 that
may meet or contribute to meeting the second project criterion:
eliminate further introductions of nonindigenous aquatic species
into the Great Lakes by vessels transiting the St. Lawrence Seaway.
To facilitate the discussion, the candidates have been grouped into
the following categories:

• Exploit ballast water management technologies;
• Adopt ballast water management regulations, including standards;
• Enforce regulations and standards;
• Monitor progress and plan ahead;
• Coordinate prevention efforts;
• Involve stakeholders;
• Assign liability; and
• Close the seaway.

Exploit Ballast Water Management Technologies

Ballast Water Exchange, Saltwater Flushing, 
and Shipboard Treatment Systems
Ship-based ballast water management technologies—notably bal-
last water exchange (BWE), saltwater flushing, and treatment (see
Box 4-1)—are widely viewed as the most feasible technological
approaches for preventing further introductions of AIS by ships
entering the Great Lakes. The advantages and limitations of these
technologies, including opportunities to enhance their effective-
ness in new vessels, are discussed more fully in Chapter 6. Candi-
date actions using these technologies are summarized briefly here.
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The proposed requirement for mandatory BWE or flushing with
automated reporting would require all vessels that risk introduc-
ing AIS through their ballasting operations to conduct open-ocean
BWE [in the case of ballasted vessels (BOBs)] or flush their empty
ballast tanks with ocean water [in the case of vessels with no bal-
last on board (NOBOBs)] before entering the seaway. The salinity
of water in the tanks of BOB and NOBOB vessels following BWE
or flushing should be at least 30 ppt. As discussed in Chapter 4, the
effects of BWE or flushing are twofold. Many freshwater organisms
potentially able to flourish in the Great Lakes are killed by exposure
to saltwater, and the concentrations of such organisms are greatly
reduced by the dilution effects of the exchange or flushing process.

Compliance with the proposed requirement would be moni-
tored by automated shipboard systems, with information on the
vessel’s Global Positioning System location, the salinity of water in
its ballast tanks, and information about its ballasting operations
being transmitted to the relevant authorities in advance of the ves-
sel’s entry into the GLSLS system. Noncompliant vessels would be
required to take additional ballast water management measures
before being granted permission to enter the seaway.

The shipping industry currently uses automated shipboard re-
porting systems for maintenance and insurance purposes, and the
International Convention for the Safety of Life at Sea requires certain
vessels to carry voyage data recorders similar to the “black boxes” car-
ried on aircraft. Discussions with experts in marine informatics and
with vendors of black box monitoring systems for ships suggest that
available technologies could be readily adapted to monitor the salin-
ity of water in ballast tanks, although current systems are not being
used for this purpose. Work would be needed to optimize automated
shipboard reporting systems for monitoring BWE or flushing, but
such systems could be fully implemented on both existing and new
vessels within the next few years without the need to develop costly
new technologies. Whether the associated expenditures could be jus-
tified would depend to a large extent on the time line for the imple-
mentation of alternatives to BWE and flushing. If shipboard ballast
water treatment systems and associated ballast water discharge stan-
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dards render BWE or flushing redundant within a year or so, auto-
mated reporting systems of the type described would probably not
be a worthwhile investment. On the other hand, if BWE or flushing
is more than a short-term stopgap measure for ballast water man-
agement, automated reporting could be an attractive option.

The main weakness of the candidate action just described (manda-
tory BWE or flushing with automated reporting) is that the designs
of current vessels limit the effectiveness of BWE and flushing in
removing or killing freshwater organisms in ballast tanks. While
methodologically rigorous studies have shown BWE to be highly
effective in reducing the diversity and abundance of freshwater in-
vertebrates in ballast tanks (see, for example, Gray et al. 2007),
most ships were not designed to optimize exchange or flushing effi-
ciency from a biological standpoint. Ongoing research using exper-
imental and computational fluid dynamics methods to examine the
flow behavior inside ballast tanks during flow-through BWE has
highlighted potential “dead spots” where very low local flow veloc-
ities may prove problematic (Wilson et al. 2006). Changes in vessel
design and modular construction methods could enhance the ef-
fectiveness of BWE and flushing and could be incorporated cost-
effectively in new-builds, but such changes represent a long-term
solution, given the typical 25-year lifetimes of transoceanic vessels
operating into the Great Lakes. As noted in Chapter 4, the oldest
vessels in the current transoceanic fleet are nearing the end of their
useful service life, but more than 50 modern vessels have been in-
troduced into service since 2000.

Ballast water treatment systems installed on board individual
ships to kill a wide range of organisms in ballast water are being de-
veloped and evaluated, with commercially available systems meet-
ing IMO specifications expected within the next year or so (see
Chapter 4). Such shipboard systems would allow a vessel to treat
its ballast water in transit or during normal ballasting operations.
The main challenge in developing these treatment systems is to
adapt proven water treatment technologies for shipboard opera-
tion. For new-builds, cost-effective incorporation of ballast water
treatment systems is not expected to be a problem, but retrofitting
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such systems on existing vessels is likely to be technically challeng-
ing and costly in many cases (Kazumi 2007).

Portable Modular and Shore-Based Ballast Water Treatment Systems
An additional technology-based ballast water management option
would be to use a modular treatment system operating on the ship’s
power independently of any ship function. The system would be
placed on board a ship at a convenient location before it entered
the seaway and removed when it was no longer needed. This option
would have several advantages. Ships transiting the seaway would
require only limited modifications to shipboard systems and would
not have to conduct ballast water management before entering the
seaway. In addition, there would be only a negligible delay in vessel
transit times along the seaway. However, development of efficient
and effective ballast water treatment systems that could be modu-
larized and that could operate unsupervised would be a major tech-
nical challenge, particularly if treatment of NOBOBs as well as
ballasted vessels were required.

The geography of the GLSLS system with its pinch point at the en-
trance to the seaway also appears to lend itself to the establishment of
shore-based ballast water treatment facilities. The estimated total vol-
ume of ballast water from ships entering the seaway is relatively small,
so such facilities would not need to be extensive. However, bulk han-
dling of ballast water from a ship to a shore-based facility is complex.
With few exceptions, the types of ship using the seaway lack the ca-
pability to transfer ballast ashore and would require extensive mod-
ification with commensurate expense. While this option is possible,
it would not be considered attractive by the shipping industry, par-
ticularly in view of the unavoidable delays while the original ballast is
removed, residuals are treated, and ballast is replaced so that the voy-
age can be safely resumed. In addition, the economics of shore-based
ballast water treatment facilities have been identified as problematic
by a number of authors (see, for example, NRC 1996). More recently,
a study for Transport Canada explored the possibility of converting
an existing shore-side wastewater facility at the Port of Belledune,
New Brunswick, to a shore-based ballast water treatment facility to
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supplement shipboard ballast water management practices (PPD
Technologies 2006). The authors concluded that two major prob-
lems would need to be overcome: how to load and off-load ballast
water and how to finance the ongoing operation of a treatment plant
on perpetual standby awaiting the few vessels that are not in compli-
ance with current ballast water management regulations. Another re-
cent assessment was more optimistic in its conclusions, but in this
case, shore-based treatment was considered as the primary ballast
water management method for transoceanic BOBs rather than as a
supplement to shipboard ballast water management for noncompli-
ant vessels (Wisconsin Department of Natural Resources 2007).

Adopt Ballast Water Management Regulations, 
Including Standards

The adoption of revised ballast water management regulations for
vessels entering the Great Lakes has received widespread attention
as a key component of efforts to prevent further ballast-mediated
AIS introductions. Much of the discussion has concerned IMO’s
International Convention for the Control and Management of Ships’
Ballast Water and Sediments, and in particular the proposed ballast
water performance standard (IMO 2004). Whether this proposed
standard is sufficiently stringent to protect the freshwater ecosys-
tem of the Great Lakes has been the subject of much debate, and
conclusive scientific evidence indicating the degree of stringency
needed to protect the Great Lakes is lacking. The potential biolog-
ical effectiveness and the technical feasibility of a standard more
stringent than that proposed by IMO are topics for further re-
search. Moreover, slow progress toward ratification of the con-
vention has led to suggestions that Canada and the United States
adopt ballast water standards identical to those proposed by IMO
in advance of the convention’s entry into force.7 Canada has al-
ready taken this step, but the United States has not.

7 The convention will enter into force 1 year after it has been ratified by at least 30 nations repre-
senting at least 35 percent of the world’s oceangoing commercial tonnage. As of May 31, 2008, only
14 nations representing less than 4 percent of the world’s tonnage had ratified the convention.
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As indicated in Box 5-2, several approaches to regulating ballast
water management by vessels entering the Great Lakes can be en-
visaged with the IMO convention as a baseline. As already noted,
one option would be to restrict, before the convention enters into
force, passage through the seaway to vessels equipped with treat-
ment technologies capable of meeting the proposed IMO ballast
water performance standard. Alternatively, Canada and the United
States could set and implement a ballast water performance stan-
dard more stringent than that proposed by IMO. Such a standard
would reflect the unique freshwater character of the Great Lakes
ecosystem, and all vessels entering the Great Lakes would be re-
quired to meet the more stringent standard. A variation on this ap-
proach would involve establishing a more stringent ballast water
performance standard than that proposed by IMO but with a vol-
untary phase-in period. In this proposal, Canada and the United
States would move as rapidly as possible to ratify the IMO con-
vention and apply its ballast water standards, but as soon as possi-
ble thereafter they would identify more stringent standards for the
Great Lakes. Compliance with the more stringent standards would
be voluntary, but vessels meeting them would be rewarded with
significant incentives, such as reduced tolls or port charges. At
some time in the future, the more stringent standards would likely
become mandatory.8

Ballast water management regulations for the Great Lakes that
are not directly related to the IMO convention have also been pro-
posed. For example, individual states and provinces could require
vessels to purchase a permit and prove that they either will not dis-
charge ballast water in state or provincial ports or that they are
equipped to treat the water to prevent the release of AIS. Michigan
has already implemented such a ballast water permit requirement
for transoceanic vessels calling at its ports, and other Great Lakes
states are considering following suit. A variation of this approach
could involve a tiered system of ballast water permits, with the du-

8 Further discussion of the candidate actions outlined in this paragraph is provided in a paper
commissioned by the committee (Hodgson 2007).
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ration of the permit linked to the level of ballast water treatment
the vessel could achieve. Vessels able to comply with the proposed
IMO ballast water performance standard would be eligible for a
10-year permit, for example, whereas vessels able to comply with
a more stringent performance standard would be granted a permit
for the lifetime of the vessel.

Yet another approach—regulation of ballast water discharges
under the U.S. Clean Water Act (CWA)—is currently being as-
sessed by the U.S. Environmental Protection Agency (EPA). Ballast
water discharges have been excluded from the CWA’s permitting
requirements since 1973, but in 1999 environmental groups peti-
tioned EPA to repeal the ballast water exemption, claiming that
the CWA prohibits discharge of pollutants, including biological
materials, into U.S. waters without a permit. As a result of this and
related lawsuits, EPA may be required to regulate ballast water dis-
charges under the CWA after September 30, 2008, pending the
outcome of an appeal. However, such regulation would not apply
to discharges into Canadian waters and is of questionable value in
protecting the binational waters of the Great Lakes. In particular,
it would not prevent species discharged in Canadian waters from
spreading into U.S. waters.

All the proposed approaches for adopting revised ballast water
management regulations, including standards, aim to allow “envi-
ronmentally responsible” vessels to continue operating on the
Great Lakes while turning away vessels that are unwilling or unable
to make the necessary technology investments and operational
changes. One of the major challenges is to achieve this objective
within the Great Lakes region’s complex multijurisdictional system.
While some argue that harmonization with international require-
ments is desirable, others argue that IMO’s proposed ballast water
performance standard is inadequate to protect the Great Lakes’
unique freshwater ecosystem. International standards aside, it is far
from clear that the diverse organizations with authority to establish
ballast water management regulations affecting vessels using the
Great Lakes could agree among themselves on how best to achieve
the desired protection. A complex patchwork of federal, state and
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provincial, and local ballast water management regulations could
well result, leading to reduced levels of compliance and increases in
associated costs.

New ballast water regulations and standards are also important in
stimulating technology development, as evidenced by the increased
effort to develop shipboard treatment systems following the estab-
lishment of the proposed IMO standards in 2004. In this context, it
may well be in the interests of Canada and the United States to move
as quickly as possible in setting ballast water standards for the Great
Lakes. In the absence of standards and the reduction of technical and
market risks that they provide, the usual incentives for stimulating
technology development are stymied. In particular, developers of
ballast water treatment technologies are handicapped in attracting
investment capital to investigate and develop new treatment systems
in the absence of clearly defined requirements. This issue has been
recognized by the U.S. Department of Commerce, which funds the
National Oceanic and Atmospheric Administration’s Ballast Water
Management Demonstration Program. The purpose of this pro-
gram is to create test platforms for use by technology vendors in de-
veloping new ballast water treatment systems.

Practical considerations about achievable levels of ballast water
treatment and associated verification capabilities are also impor-
tant in establishing ballast water standards. At present, the only
available performance data for shipboard ballast water treatment
systems are from trials of prototypes. Experts anticipate that data
from shipboard treatment systems on vessels engaged in com-
mercial operations will prove valuable in assessing and improving
system performance. Thus, there is considerable merit in setting
ballast water performance standards at technically feasible levels
that will encourage operational deployment of shipboard treat-
ment systems, thereby providing an opportunity to learn from
practical experience. In addition, compliance with the standard
must be verifiable with available techniques.9 If compliance could

9 Gollasch et al. (2007) discuss some of the issues associated with ballast water sampling to demon-
strate compliance (or noncompliance) with the IMO ballast water performance standard.



Identifying and Exploring Options 111

not be reliably demonstrated, the usefulness of the standard would
be questionable.

Enforce Regulations and Standards

Without adequate enforcement, ballast water management regula-
tions and accompanying standards would be of limited effective-
ness in preventing further ballast-mediated AIS introductions
into the Great Lakes. One approach to strengthening current en-
forcement practices would be to require a vessel entering the
seaway to post bond. Samples would also be taken from the ves-
sel’s ballast tanks and stored in a suitable repository for testing
later. The sampling protocol could be based on the vessel’s risk
of introducing AIS, as determined by factors such as its port of
origin, its ballasting history, and the “track record” of its oper-
ator. Historical data for individual vessels could also be used in
the case of vessels that transit the seaway on a regular basis. Ran-
dom spot checks of ballast tanks could also be conducted as part
of the enforcement program. A vessel that failed the test because
its ballast water did not comply with requirements would forfeit
its bond.

Such a scheme would have the advantage that samples could
be taken while a vessel was in a lock or awaiting lockage, so the
economic impact on operations would be minimal. Even if not
all vessels were tested, the possibility of forfeiture could have a
strong deterrent effect if the cost of the bond were sufficiently
high. A major weakness, however, would be the delay between
taking ballast water samples and testing them. This delay could
result in the entry of a vessel carrying high-risk ballast water into
the Great Lakes before remedial action had been taken. Although
the vessel would forfeit its bond, the Great Lakes ecosystem
would not be protected from the risk of new AIS introductions. In
addition, distinguishing viable from dead organisms is not always
an easy task, and development of specific assays would be needed
for successful implementation of the proposed spot checking
approach.
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Monitor Progress and Plan Ahead

Measures to prevent further AIS introductions into the Great Lakes
could be supplemented by a surveillance program, which would
focus on early detection of new invaders through targeted moni-
toring. Guided by assessments of environmental susceptibility and
species risk, such monitoring would target specific high-risk loca-
tions and likely invaders. On detection of a new invasive species, an
eradication assessment would inform decision making and guide
the response to managing the invasion (eradicate or control). A sur-
veillance program would also allow ongoing assessment of measures
aimed at preventing further introductions and could inform the
development of improved prevention measures.10

Efforts to gain a better understanding of AIS introductions into
the Great Lakes—for example, the importance of the hull fouling
vector (see Chapter 3) and the risks of introduction associated with
vessels in coastal trade (see Chapter 4)—could also help in devel-
oping a more robust set of prevention measures.

In the committee’s judgment, efforts to monitor progress in
preventing further AIS introductions and investigate possible de-
ficiencies in current prevention strategies are key components of
any technology-based approach to eliminating further AIS intro-
ductions by vessels transiting the seaway.

Coordinate Prevention Efforts

As discussed in Chapter 4, rules and regulations specifying ballast
water management requirements for vessels entering the GLSLS sys-
tem are issued by the Canadian and U.S. federal governments and
by the joint seaway authorities comprising the Canadian St. Lawrence
Seaway Management Corporation and the U.S. St. Lawrence Sea-
way Development Corporation. Within the context of these rules
and regulations, vessels may be required to comply with guidelines
and codes of practice issued by industry groups, notably the Ship-
ping Federation of Canada, the Lake Carriers’ Association, and the

10 Surveillance strategies and their benefits are discussed more fully in Chapter 6.
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Canadian Shipowners Association. Thus, as Table 4-1 illustrates,
the ballast water management requirements for vessels transiting
the seaway are complicated and depend on a vessel’s ballast status
(BOB or NOBOB) and its ports of origin and destination. In addi-
tion, the state of Michigan has introduced its own ballast water
management regulations, and local Great Lakes ballast water man-
agement regulations were introduced in September 2007, when the
U.S. National Park Service closed Lake Superior waters within the
boundaries of Isle Royale National Park to release of untreated bal-
last water (Lake Superior Magazine 2007).

Many in the shipping industry have noted that a complicated
patchwork of differing federal, state and provincial, and local bal-
last water management regulations could well reduce levels of com-
pliance while increasing associated costs. They have emphasized
the importance of coordinating efforts to prevent further ballast-
mediated AIS introductions. As noted earlier, the number of juris-
dictions with authority to issue ballast water management regulations
affecting vessels operating on the Great Lakes makes it difficult to
establish a harmonized system of regulations, particularly in the
absence of robust scientific evidence about the levels of ballast
water “cleanliness” required to prevent further ship-vectored AIS
introductions. The arguments in favor of a holistic approach are
well known. New invaders are oblivious to national, state and
provincial, and local boundaries, and they will establish new pop-
ulations wherever favorable conditions occur. Because the Great
Lakes are open water, species discharged in Canadian waters will
spread to U.S. waters, and vice versa. Similarly, species discharged
in the waters of one Great Lakes state or province will spread to the
waters of other Great Lakes states and provinces without regard for
any state or provincial ballast water management regulations.

Involve Stakeholders

Engaging stakeholders in efforts to prevent further AIS introduc-
tions into the Great Lakes is widely viewed as a key component of
any prevention program, regardless of the vector of introduction.
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For example, the “Stop Aquatic Hitchhikers” campaign has been
effective in encouraging boaters and anglers to take action at water
access points to prevent the spread of AIS, and the “Habitattitude”
campaign has encouraged home aquarium and water garden own-
ers to prevent the release of fish and aquatic plants into the envi-
ronment.11 The Green Marine initiative, an environmental program
of the St. Lawrence and Great Lakes maritime industry, is seeking
to strengthen environmental performance through a process of
continuous improvement, with the establishment of performance
standards and codes of conduct, as well as implementation of guid-
ance to members and verification of adherence to agreed policies.
Green Marine has identified AIS as one of its priority issues and
developed a series of collective actions aimed at reducing the risk
of introducing and propagating aquatic organisms and harmful
pathogens by means of ships’ ballast water.12

Assign Liability

Because transoceanic vessels entering the Great Lakes have been a
major source of biological pollution in the form of AIS, some have
argued that shipowners and operators should be held accountable
for damages resulting from past releases. Proponents of this strategy
would encourage litigation under tort law based on the princi-
ple of “the polluter pays.” As many have noted, however, establish-
ing clear, unequivocal evidence that links a release of ballast water
containing AIS by a particular vessel (a culpable defendant) to an
invasion of a given species is problematic, not least because of the
time lag between the release and the discovery and reporting of a
new AIS in the Great Lakes (see Chapter 3). A recent study for the
Great Lakes Protection Fund suggests that the law of nuisance may
provide grounds on which to hold carriers (shipping companies)

11 As reported by Doug Jensen, University of Minnesota Sea Grant Program, during a presentation
to the committee entitled “It’s Not Just About Ballast Water: Opportunities and Successes,”
Washington, D.C., July 31, 2007.

12 See Green Marine’s website, www.green-marine.org/index.php?lang=en.
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accountable for unauthorized releases of invasive species (GLPF
2006), but this approach has not been tested in court.

The committee is not qualified to explore the likely legal impli-
cations and ramifications of an approach to preventing further
ship-vectored AIS introductions based on litigation under tort law.
However, recent lawsuits relating to the regulation of ballast water
under the CWA have been protracted, and the final outcomes re-
main far from certain.13 Thus, it appears unlikely that the litigation
route would result in timely action to address the problem of AIS
introductions by vessels transiting the seaway.

Requiring carriers (ships carrying goods), shippers (those send-
ing goods), and receivers (those receiving goods) to have “invasive
species insurance” to cover the damages associated with introduc-
tions of AIS would take account of the “chain of responsibility” as-
sociated with the supply chain. Rather than imposing the burden
solely on shipping companies (carriers), it would ensure the in-
volvement of those who ship and receive goods in promoting en-
vironmentally responsible freight transportation.14 The results of
the aforementioned study, however, raise questions about whether
any insurer would be willing to offer AIS coverage (GLPF 2006).
In general, the usual antipollution tools, such as bonding, insur-
ance, assignment of liability, and litigation, may have limited ap-
plicability in preventing AIS introductions because of the absence
of robust evidence identifying a culpable defendant.15

13 As noted earlier, the litigation was initiated in 1999 when environmental groups petitioned EPA
to repeal the long-standing exemption of ballast water discharges from the CWA’s permitting
requirements. As of December 2007 (almost 9 years after the initial action), the issue remains
unresolved.

14 Business for Social Responsibility’s Clean Cargo Working Group is already seeking to involve both
carriers and shippers in promoting environmentally and socially responsible transportation
(www.bsr.org/membership/working-groups.cfm).

15 A statutory liability scheme modeled after the Comprehensive Environmental Response, Com-
pensation, and Liability Act may be an option, although the committee is not qualified to assess
such an approach. Such a scheme would impose strict (that is, without regard to fault) joint and
several liability on vessels that discharge ballast for the cost of remediation plus damages to nat-
ural resources. Thus, the difficulty of identifying a culpable defendant could be circumvented.
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Close the Seaway

Closing the seaway to transoceanic shipping, either permanently
or temporarily, has been proposed as a means of eliminating fur-
ther AIS introductions into the Great Lakes.16 This candidate ac-
tion is seen by many people as the most obvious and the most
direct way of eliminating further AIS introductions vectored by
transoceanic shipping. In the case of temporary closure (a mora-
torium), transoceanic vessels would not be allowed to enter the
Great Lakes until the Canadian and U.S. governments enforce bal-
last water regulations that protect the lakes from further AIS in-
troductions. Cargo would be off-loaded from transoceanic vessels
before entering the lakes and would be transshipped by laker,17

barge, rail, or truck to its destination within the Great Lakes region.
A preliminary estimate indicates that the transportation cost in-
creases resulting from a cessation of transoceanic shipping in the
Great Lakes would be approximately $55 million per year (Taylor
and Roach 2005). This analysis has shortcomings, as discussed in
Appendix D, and does not, in the committee’s judgment, consti-
tute a robust basis for informing a major transportation policy
decision—that is, whether to close the seaway to transoceanic
shipping. Nonetheless, it is the only published estimate of trans-
portation cost savings associated with transoceanic vessels using
the seaway, and at the time of writing, no alternative (improved)
estimate has been proposed.

Closing the seaway to transoceanic shipping would eliminate
the leading vector for AIS introductions into the Great Lakes,
namely, the ballast water of transoceanic vessels. This action would
not, however, eliminate further AIS introductions by vessels tran-
siting the seaway. Two categories of vessel—coastal and inland—
would continue to operate through the seaway, and both could
transport new AIS into the Great Lakes, as discussed in Chapter 4.

16 See, for example, Great Lakes United’s Salt Free Lakes campaign (www.glu.org/english/invasive_
species/saltfreelakes/index.htm).

17 As noted in Chapter 4, the term “laker” is often used to describe vessels that operate within the
GLSLS system. Some of these vessels also operate within Canadian and U.S. coastal waters.
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Thus, closing the seaway to transoceanic vessels would signifi-
cantly reduce—but not eliminate—the risk of further AIS intro-
ductions into the Great Lakes by vessels transiting the seaway.18

Complete closure to all vessel traffic would, however, guarantee
the elimination of all further AIS introductions by vessels transit-
ing the seaway, as required by the second project criterion.

Concluding Remarks

While Box 5-2 lists a number of promising candidate actions to
eliminate, or help eliminate, further ship-vectored AIS introduc-
tions into the Great Lakes, the committee’s review indicates that
most are not stand-alone options. They would need to be part of
a suite of actions aimed at meeting the second project criterion.
For example, ballast water management technologies would need
to be combined with appropriate regulations, enforcement, and
monitoring to ensure that the technologies were being imple-
mented correctly and were proving effective in preventing further
AIS introductions.

In contrast, closing the seaway to all vessel traffic appears, at
least at first sight, to be a more straightforward and effective ap-
proach. It is the only candidate action listed in Box 5-2 that could
guarantee to eliminate all further ship-vectored AIS introductions
into the Great Lakes. This action would eliminate not only the bal-
last water vector associated with transoceanic, coastal, and inland
vessels, but also the hull fouling vector. This latter vector is far less
well studied and understood than the ballast water vector in the
context of AIS introductions into the Great Lakes and is thought
to pose far less risk (see Chapter 3). Nonetheless, the absolute re-
quirement to eliminate further ship-vectored introductions dic-
tates that even relatively minor invasion risks not be ignored.

However robust technology-based measures are and however
much they improve over time, they cannot guarantee to eliminate
every viable propagule from a vessel’s ballast system and thus to

18 Other strengths and weaknesses of closing the seaway to transoceanic vessels are examined in
detail in the next chapter.
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eliminate ballast-mediated AIS introductions. In some cases, a single
propagule could, in principle, give rise to a new population. Closing
the seaway to all vessels would obviate the need for such ballast water
management technologies, as well as regulations and enforcement.

Thus, complete closure of the seaway to vessel traffic appears to
be the most promising candidate action to eliminate further ship-
vectored AIS introductions into the Great Lakes—and is the only
candidate identified by the committee that could guarantee to
meet the absolute requirement to eliminate further introductions
by vessels. The effects of this candidate action on the other project
criterion—enhancing the Great Lakes region’s potential for global
trade—are discussed in the following section.

OPTIONS THAT MEET BOTH CRITERIA?

Closing the seaway to all vessel traffic would not, of course, pre-
vent all further AIS introductions into the Great Lakes. Histori-
cally, 30 to 45 percent of AIS introductions have been attributed to
nonshipping vectors (see Chapter 3), and these vectors would not
be eliminated by closing the seaway. Nonetheless, closing the sea-
way to all vessels would eliminate further ship-vectored AIS intro-
ductions into the Great Lakes via the seaway. This action would
also eliminate a trade route into and out of the Great Lakes.

If the seaway were closed to all vessel traffic, some cargoes could
move by alternative modes and routes. Evaluating transportation
system capacity is difficult, but it is doubtful that these alternatives
currently have sufficient spare capacity to handle the more than
30 million tonnes of cargo moving through the MLO section of the
seaway each year.19, 20 Alternative transportation options for sea-

19 For the purposes of the present discussion, the MLO section of the seaway was assumed to be the
point of entry into the Great Lakes.

20 For the 10 years from 1997 through 2006, the volume of cargo moving on the MLO section of the
seaway each year has ranged from a low of 28.9 million tonnes in 2003 to a high of 39.2 million
tonnes in 1998, with an average annual volume of 33.5 million tonnes (seaway traffic reports at
www.greatlakes-seaway.com).
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way cargoes would likely emerge over time in response to market
demand, but the costs of moving cargoes would increase because
of the elimination of competition from the seaway. Such trans-
portation cost increases would not enhance trade, and some in-
dustries and sectors could be particularly hard-hit. For example,
about 40 percent of the iron ore extracted from the mines of the
Labrador Trough in Quebec moves upstream through the MLO
section of the seaway to steel mills in the United States and Canada
(Transport Canada et al. 2007). The committee concluded, there-
fore, that complete closure of the seaway to all vessel traffic would
not enhance the Great Lakes region’s potential for global trade.

Because there is no alternative to complete seaway closure for
eliminating further ship-vectored AIS introductions, and because
such closure would be incompatible with the requirement to en-
hance the potential for global trade, the committee concluded that
there is no option that could meet both project criteria simultane-
ously. It is not possible to combine actions meeting the two crite-
ria individually in such a way that the potential for global trade is
enhanced and further AIS introductions by vessels transiting the
seaway are eliminated.

The committee focused, therefore, on identifying compromise
options that would both enhance the Great Lakes region’s poten-
tial for global trade and greatly reduce the risk of further ship-
vectored AIS introductions via the seaway. The following chapter
presents the committee’s conclusions about possible compromise
options, with particular reference to the two different approaches
to preventing further ship-vectored AIS introductions—removing
or killing organisms carried by vessels or keeping these vessels out
of the Great Lakes altogether. It then enumerates the actions nec-
essary to implement the committee’s recommended approach for
greatly reducing the risk of further AIS introductions by vessels
transiting the seaway and enhancing the Great Lakes region’s po-
tential for global trade.
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6
Committee’s Conclusions and

Recommended Option for 
the Great Lakes Region

The committee was asked to develop a range of practical and tech-
nically feasible options that would meet the following two criteria:
(a) enhance the potential for global trade in the Great Lakes region
and (b) eliminate further introductions of nonindigenous aquatic
species by vessels transiting the St. Lawrence Seaway.

After examining a wide range of candidate actions aimed at
meeting these criteria, the committee concluded that the only way
to satisfy the absolute requirement to eliminate further ship-
vectored introductions of aquatic invasive species (AIS) would
be to close the seaway to all vessel traffic. Such action would elim-
inate a trade route into and out of the Great Lakes and would not,
therefore, enhance the Great Lakes region’s potential for global
trade. In the committee’s judgment, moreover, such closure is not
a realistic solution to the AIS problem since it is far from clear that
both the Canadian Parliament and the U.S. Congress would pass
the legislation that would be needed to close the binational water-
way to traffic. Hence, closure of the seaway to all vessels would not
address the AIS issue in a timely manner. As noted in Chapter 5,
such closure would also not prevent all further AIS introductions
into the Great Lakes, given that 30 to 45 percent of such introduc-
tions have historically been attributed to nonshipping vectors.

In the absence of an ideal suite of actions that enables both project
criteria to be met simultaneously, the committee’s task became one
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of selecting the most promising alternatives from among possible
compromise options. After some brief comments about distinguish-
ing features of these compromise options, this chapter discusses the
committee’s rationale for identifying practical and technically feasi-
ble options for the Great Lakes region. Two alternatives—closure
of the seaway to transoceanic shipping and the technology-based
approach recommended by the committee—are then examined.
The various components of the recommended approach are then
discussed and the actions necessary to implement this approach are
enumerated. After an examination of the strengths and weaknesses
of the recommended approach, the chapter concludes with brief
remarks about future management of the waters of the Great Lakes.

COMPROMISE OPTIONS

The most important difference among the alternative compromise
options lies in how to meet the requirement to eliminate further
ship-vectored AIS introductions. As noted in Chapter 5, examina-
tion of the candidate actions listed in Box 5-2 led the committee to
conclude that there are two distinct approaches to eliminating fur-
ther AIS introductions by vessels transiting the seaway:

1. Eliminate the shipping vector by removing or killing AIS carried
by vessels.

2. Keep vessels that may be carrying AIS out of the Great Lakes.

The first approach would rely on a combination of technologies,
regulation, enforcement, and monitoring. Prevention strategies
would address all vessels transiting the seaway that pose a risk of in-
troducing AIS into the Great Lakes. The most serious limitation of
this approach is that current technologies cannot guarantee to kill
or remove all potential invaders, although they offer the potential
to reduce markedly the risk of further AIS introductions if they are
rigorously implemented. Furthermore, improvements in the effec-
tiveness of technologies are anticipated, particularly for new vessels.
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As already discussed, the second approach—closing the seaway
to all vessel traffic—is not a realistic solution. The question remains
whether closing the seaway to transoceanic vessels, which have his-
torically been the main source of AIS introductions into the Great
Lakes since the waterway opened, would be an effective and imple-
mentable compromise. Such closure would not eliminate further
ship-vectored AIS introductions by vessels transiting the seaway but
would reduce substantially the risk of such introductions.

The committee’s conclusions with regard to both the above
compromise options are discussed later.

COMMITTEE’S RATIONALE

In its efforts to identify practical and technically feasible options for
meeting the two project criteria, the committee sought an approach
that is the most robust among various alternatives because it

• Offers the potential to make progress toward the ultimate goals
in a timely manner,

• Minimizes undesirable consequences, and
• Keeps options open for an uncertain future.

Timeliness

Timeliness was identified as a critical consideration following the
public meeting in Toronto in May 2007. One of the major messages
that the committee took away from the meeting was the urgency of
taking action to prevent further introductions of AIS into the Great
Lakes. A wide range of stakeholders expressed the view that actions
rather than words are needed, and they are needed now. This view
derives not only from the observed impacts of AIS on the Great
Lakes ecosystem and the costs incurred by public and private orga-
nizations in managing a number of high-profile invaders, such as
the zebra mussel, but also from the continuing reports of new AIS
discoveries in the Great Lakes. Chapter 3 indicated that a consider-
able time may elapse between the introduction of a new AIS and re-
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ports of its discovery. Nonetheless, the fact that new AIS continue
to be reported argues strongly against any complacency in preven-
tion efforts.

Avoid Undesirable Consequences

An acceptable solution to the problem of AIS introductions into the
Great Lakes cannot be developed without consideration of its broad
environmental and other consequences. Thus, a “solution” that
shifts the AIS problem to a different geographic location, such as ma-
rine ports on the east coast of North America, would be unaccept-
able. An approach that substitutes one environmental problem for
another would also be unsatisfactory. For example, attempts to solve
the AIS problem in the Great Lakes by shifting marine cargoes to al-
ternative modes of transportation would need to take account not
only of introductions of invasive species but also of other environ-
mental impacts of transportation, including greenhouse gas emis-
sions, criteria air contaminant emissions, accidents, and noise.
Moreover, the possibility of shifting seaway cargoes to alternative
land-based modes may raise questions about capacity and logistical
constraints and the effects of trying to move even more freight on an
already overburdened system. Thus, while shifting seaway cargoes to
alternative routes or modes of transportation may be viable, the var-
ious trade-offs would need to be evaluated carefully before advocat-
ing such an approach to solving the AIS problem in the Great Lakes.

Keep Options Open for an Uncertain Future

The need to keep options open and retain flexibility reflects the un-
certainties underlying the selection and implementation of actions
aimed at meeting the two project criteria. For example, experts
are not yet in a position to make quantitative estimates of how ef-
fective ballast water management technologies will be when they
are applied rigorously to all vessels posing a risk of AIS introduc-
tions. Similarly, reliable forecasts of the direction, composition,
and magnitude of global trade affecting the Great Lakes region are
not possible. In addition, the extent to which the Great Lakes
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ecosystem should be modeled as biologically fragile (easily subject
to perturbation) or resilient is unclear, and there is no widely ac-
cepted ethical calculus for weighing the interests of the different
uses and users of the Great Lakes.

One approach to decision making under such conditions of deep
uncertainty is to develop sophisticated models with enhanced pre-
dictive capabilities. In this case, the committee did not consider
such an approach to be productive. Even experts are unable to
create simulations of a complex and adaptive system (the Great
Lakes economy), placed within a larger environment of other world
economies, that will yield reliable predictive outputs. Large and
well-refined macromodels are not entirely satisfactory in predict-
ing even 1 year into the future, to say nothing of a decade or more.

In this case, the objective is not to forecast the future but rather
to understand (a) how changes in the future might affect the choice
among alternative actions taken today and (b) how these actions, if
taken, would affect the chances of meeting specified goals in the fu-
ture. If today’s actions are to be chosen wisely in light of long-term
objectives, the key question is not, What will happen? Rather, be-
cause the future cannot be forecast accurately, we want to ascertain
which actions taken today will both further our goals and preserve
options that may be desirable later in light of improved under-
standing. The committee sought to take account of such consider-
ations in assessing candidate options for the Great Lakes region.

The remainder of this chapter addresses two compromise options
for meeting the project criteria. It gives the committee’s assessment
of whether the proposed approaches are timely, free of undesirable
consequences, and flexible in light of future uncertainties.

CLOSURE OF THE SEAWAY 
TO TRANSOCEANIC SHIPPING

As the following discussion illustrates, the committee’s assessment
of the effects of closing the seaway to transoceanic shipping was beset
with uncertainties. The various economic, environmental, political,
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and legal unknowns indicated to the committee that any decision
to close the seaway to transoceanic vessels would be a high-risk
strategy—even in view of the uncertainty with regard to the future
role of the seaway within the larger Great Lakes transportation sys-
tem (see Chapter 2). The current limited understanding of the con-
sequences of closing the seaway to transoceanic vessels is insufficient
to support a robust public policy decision about such closure.

The committee’s remarks about the economic impacts of closing
the seaway to transoceanic shipping focus on their general direction
and nature. The remarks are founded on economic principles and
thus are compelling. However, no attempt was made to quantify
the effects, and any attempt to do so would be subject to wide un-
certainties. For example, individuals and organizations are adaptive
in their responses to change, so the full nature of their responses is
uncertain, as is the estimation of transportation costs for alterna-
tive routes and modes (Taylor and Roach 2005). As discussed at
some length in Appendix D, estimating the economic benefits of
transoceanic shipping through the seaway is a challenging task.
The committee’s review of the literature suggests that partial answers
are available to some of the relevant questions, but the compre-
hensive analysis needed to quantify with confidence the economic
impacts of closing the seaway to transoceanic vessels is lacking.

Permanent or Temporary Closure

A few preliminary remarks about the two variants listed in Box 5-2—
permanent and temporary closure of the seaway to transoceanic
vessels—are appropriate in the present context. Advocates of tem-
porary closure (a moratorium) are careful to note that they are not
calling for permanent closure. However, a prolonged moratorium
could have serious financial consequences for the seaway’s future
because of the loss of Canadian toll revenues. These revenues are
needed to support day-to-day operations of the seaway, as well as
ongoing maintenance, which cannot be deferred without jeopar-
dizing safety. Tolls, which made up more than 90 percent of the
St. Lawrence Seaway Management Corporation’s (SLSMC’s) total
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revenue for 2006, are generally higher for the higher-value com-
modities often carried by transoceanic vessels (see Chapter 2). A
recent study examined the revenue impacts of a cessation of
transoceanic shipping through the seaway on the seaway corpora-
tions and concluded that, for the period 2002–2006, SLSMC would
have incurred a loss in toll revenues of about $18 million annually
(Taylor and Roach 2007).1

It has been suggested that the economic shortfall resulting from
a loss of transoceanic traffic through the seaway could be remedied
either by increasing the tolls on domestic vessels or by increasing
government subsidies (Taylor and Roach 2005). The committee
did not explore either of these possibilities in detail. It noted, how-
ever, that even small increases in freight rates for low-value bulk
commodities of the type carried by many domestic laker vessels
can make the difference between a carrier being profitable or un-
profitable. In light of the aforementioned uncertainties about re-
sponses to change, the effects of increased tolls on domestic vessels
are unclear. Whether the Canadian government would increase its
current subsidy to SLSMC to keep the seaway operating in the ab-
sence of transoceanic traffic is unknown. However, if revenues
were insufficient to ensure continuing maintenance of the water-
way’s infrastructure—a plausible consequence of a permanent or
prolonged temporary closure to transoceanic shipping—the sea-
way could cease to be a viable transportation option and could end
up closing to all vessel traffic, not just to transoceanic vessels.

Potential for Global Trade

The Great Lakes region’s trade with the rest of the world consists
of far more than the movement of cargoes through the seaway.
Much of this trade is carried to and from the region via other
routes and by other modes of transportation. The actual value of

1 As noted in Chapter 2, tolls on the U.S. portion of the seaway were eliminated in 1986. The U.S.
St. Lawrence Seaway Development Corporation (SLSDC) relies almost exclusively on federal ap-
propriations for its revenues and thus would not be directly affected by a loss of toll revenues from
transoceanic vessels (Taylor and Roach 2007).
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transoceanic shipping through the seaway has proved difficult to
specify, as discussed in Appendix D, but closing the seaway to
transoceanic shipping could hardly serve to enhance the potential
for global trade. Economic principles indicate that, in the absence
of the seaway option, the costs of moving cargoes by alternative
modes and routes would almost certainly increase. As noted earlier,
the responses of individuals and organizations to such changes are
subject to wide uncertainties. Some bulk commodities currently re-
lying on the seaway might shift to rail, albeit at a higher cost, but in
other cases the higher cost of movements could result in a curtail-
ment of the enterprises generating the cargoes. Shipping companies
(i.e., carriers) that have invested in specialized vessels for Great
Lakes international trade would lose a key market if the seaway were
closed to transoceanic shipping. While there may be opportunities
to use such vessels elsewhere, companies that these carriers service
may not be able to relocate and could go out of business.

The committee endeavored to obtain estimates of the value of
international seaway trade as a percentage of the Great Lakes re-
gion’s trade in its entirety, by all modes and all routes. However, a
literature search did not reveal any such estimates, perhaps because
compiling the necessary data represents a major challenge. Taylor
and Roach (2005) note that, in 2002, Great Lakes transoceanic
shipping accounted for 10.9 percent of all Canadian grain exports
and 21.4 percent of all Canadian steel imports in terms of tonnage.
The corresponding data for the United States are 1.9 percent of all
grain exports and 6.3 percent of all iron and steel imports.

Available data suggest that it would be hard to posit the continued
use of the seaway as vital to the economic health of North America.
However, the seaway may be critical for the continued operation of
certain industries in the Great Lakes region, particularly in a time of
heightened international competitiveness. For specific communities,
sectors, and port operators, closure of the seaway to transoceanic
shipping would have serious and disruptive effects. For example,
shippers would incur not only higher freight rates but also the
expense of changes in their logistics infrastructure and practices.
Although the full nature of responses to such changes is unclear,
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some shippers and their supporting logistics providers might go out
of business. Thus, the region’s trade could be adversely affected, at
least in the short term pending the development of alternative trans-
portation options. Whether competitive transportation alternatives
to transoceanic shipping through the seaway could be provided has
not been demonstrated convincingly, although the absence of such
evidence should not lead one to conclude that such alternatives do
not exist or would not emerge in response to demand.

The political and legal uncertainties surrounding any decision
to close the seaway to transoceanic vessels (see below) would also
hamper efforts to catalyze economic development in the Great Lakes
region through investment in transportation options that are water
based or multimodal with a water-based component.

Timeliness

Closing the seaway to transoceanic shipping would require leg-
islative action by the Canadian Parliament and the U.S. Congress.
Furthermore, recent litigation relating to the regulation of ballast
water under the U.S. Clean Water Act and to Michigan’s ballast
water permit requirement suggests that any action to initiate clo-
sure of the seaway would bring the issue before the courts. Work-
ing through the political and legal issues, particularly in a binational
context, could be a protracted process, and the eventual outcome
is not clear. Unforeseen circumstances, coalitions of political forces
with asymmetric strength and influence, and unpredictable out-
comes could result in no closure—or no resolution of the issue.

In the committee’s judgment, closure of the seaway to trans-
oceanic shipping would require many years, if it could be carried
out at all. Years could be lost awaiting uncertain legal and political
outcomes, during which time AIS introductions would continue.
The prolonged period of uncertainty could also adversely affect ef-
forts to develop technological solutions to eliminate AIS from bal-
last water. Few factors have a more deleterious effect on investment,
innovation, and the ability of market mechanisms to alter behav-
ior than a climate of uncertainty. While international efforts to
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develop ballast water treatment systems are expected to continue
regardless of the status of shipping on the seaway, uncertainties
about the future market could stymie the development of treat-
ment systems optimized for the Great Lakes’ freshwater environ-
ment. Thus, valuable time that could have been spent pursuing
technical solutions to the AIS problem would have been lost. In this
respect, a decision to pursue closure of the seaway to transoceanic
vessels could impede quick and comprehensive action with the po-
tential to achieve the same end, namely, a significant reduction in
further ship-vectored AIS introductions into the Great Lakes.

Environmental Consequences

Closing the seaway to transoceanic vessels would be expected to
eliminate further AIS introductions by such vessels and would ad-
dress both the ballast water and hull fouling vectors. (As discussed
in Chapter 3, the hull fouling vector is thought to play a minor role
compared with the ballast water vector in introducing AIS into the
freshwater ecosystem of the Great Lakes.) A variety of environmen-
tal consequences would accompany the likely increase in trans-
shipment of cargoes by rail (and possibly by truck2) resulting from
closure of the seaway to transoceanic shipping. To estimate the en-
vironmental impact of such modal shifts, the committee commis-
sioned an expert paper on the environmental footprints of ship,
rail, and truck modes of freight transportation (Lawson 2007). The
paper led the committee to conclude that precise estimates and rig-
orous quantitative comparisons of the environmental effects of
freight transportation by ship and overland modes in hypothetical
scenarios resulting from seaway closure are not currently possible
because of data limitations. However, the paper provided general
indications with regard to the effects of ship, rail, and truck modes
on 13 environmental factors. The ship mode was found to have the

2 For relatively low-value bulk commodities moving on the seaway, many of which can be stock-
piled if necessary, rail would be the most likely alternative mode. Truck is generally a more at-
tractive option for medium- or high-value semifinished or finished products for which inventories
are low and short transit times are critical (see Table 2-1).
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smallest and least undesirable footprint in 11 of the 13 environ-
mental categories, and rail is preferable to truck in virtually every
category. The two areas where the ship mode ranks unfavorably
are AIS introduction and particulate matter emission.3 The com-
mittee concluded, therefore, that shifts of cargoes to land-based
modes (notably rail) that would result from closing the seaway to
transoceanic shipping could result in increased environmental im-
pacts in terms of fuel use, greenhouse gas emissions, accidents,
noise, congestion, and several other factors.4

Closure of the seaway to transoceanic vessels could also result in
an increased number of such vessels discharging and loading car-
goes at marine (i.e., saltwater) ports in Canada or the United States
for transshipment by water- or land-based modes to and from lo-
cations within the Great Lakes region. These marine ports could
become more vulnerable to AIS introductions vectored by hull
fouling. Thus, while closing the seaway to transoceanic vessels would
reduce the risk of ship-vectored AIS introductions into the Great
Lakes, it could increase the risk of such introductions elsewhere by
diverting vessel traffic to alternative destinations.

Future Options

A decision should not be made on the basis of sunk costs—costs
that have already been incurred. In the case of an infrastructure
asset, such as the seaway, any decision about its future should not
be prejudiced by considerations of the money that went into its
creation and cannot now be unspent. The key question, from a
purely economic perspective, is whether the asset has a future value
(option value) that more than offsets the direct and indirect costs
associated with maintaining it.

3 Lawson (2007) notes that anticipated reductions in the sulfur content of fuels are expected to 
reduce emission rates of sulfur oxides and particulate matter for all modes.

4 A recent study examines the likely air quality impacts of shifting seaway cargoes from transoceanic
vessels to alternative modes, notably rail (Taylor and Roach 2007). In common with Lawson (2007),
these authors comment on the difficulties of obtaining relevant emissions data. Their analysis, which
is based on the single comprehensive data source they were able to find, indicates that “the cessation
of ocean shipping into the Great Lakes would have no significant impact on air quality” (p. 44).
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The committee heard testimony that the continued existence of
the seaway is of value and may prove to be of greater value as the
years pass—although forecasting domestic and international trade
patterns is problematic because of its complexity and numerous
uncertainties (see Chapter 2). Climate change, for example, is
likely to be a mixed blessing for global trade and shipping on the
Great Lakes St. Lawrence Seaway (GLSLS) system (see Chapter 2
and Millerd 2007).

On the basis of the evidence available to the committee, the net
effect of factors such as global warming and the changing balance
in stores of freshwater on the Great Lakes region’s economy and
global trade remains unclear. In addition, the energy savings in-
herent in waterborne transport could prove to be of great impor-
tance in the future. For example, Corbett and Winebrake (2007)
note that environmental performance is motivating new models
for selecting intermodal freight routes. Environmental parameters,
such as carbon dioxide emissions and energy consumption, are
more likely to be considered in decision making, together with
competing logistics constraints, such as time of delivery, cost, and
distance. In addition, national emergencies on either side of the
border may cause the seaway to assume greater importance than it
has in the recent past.5 The committee concluded, therefore, that
while the option value of maintaining the seaway cannot currently
be calculated with certainty, it is almost certainly nonzero. Whether
this option value outweighs the costs of operating and maintaining
the seaway is a question for the future.

The possibility of closing the seaway to international shipping
also raises concern about reactions by trading partners, among
others. Such closure could lead to similar decisions around the
globe, thereby preventing international shipping from operat-
ing into certain ports. As a result of such restrictions, both the
Great Lakes region’s and the world’s trade would be adversely
affected.

5 An early seaway concept envisaged the waterway as having strategic value for the United States by
allowing the transport of vital commodities to and from the nation’s heartland.
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Conclusion

The committee’s evaluation of the effects of closing the seaway to
transoceanic shipping led it to conclude that this action would be
not only high risk but also an impractical and unsatisfactory com-
promise in terms of the two project criteria. Its main strength—
a substantial reduction in the risk of further AIS introductions into
the Great Lakes by vessels transiting the seaway—would be out-
weighed by a number of serious disadvantages, as follows:

• Closure of the seaway to transoceanic traffic in a timely fashion
appears extremely unlikely, if it could be achieved at all.

• Shifting seaway cargoes to alternative modes of transportation
could well have adverse environmental impacts in terms of in-
creased fuel use, greenhouse gas emissions, accidents, and noise.

• The diversion of international vessel traffic could render Cana-
dian and U.S. saltwater ports more vulnerable to ship-vectored
AIS introductions.

• The increased cost of moving goods would not be trade enhanc-
ing, although the committee was unable to quantify the likely
impact on the region’s global trade.

• Closure of the seaway to international shipping could lead to copy-
cat actions or other reprisals by trading partners of the United
States and Canada, with resulting adverse impacts on all trade,
not just that of the Great Lakes region.

• Closing the seaway to transoceanic vessels for any prolonged pe-
riod could raise concerns about the financial viability (and con-
tinued operation) of a transportation asset that is likely to have
value in the future, even though that value cannot currently be
quantified with any degree of certainty.

COMMITTEE’S RECOMMENDED OPTION

The committee concluded that using technological approaches to
remove or kill organisms in ships’ ballast water is the preferred
strategy for reducing the risk of further ship-vectored AIS intro-
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ductions into the Great Lakes. Keeping transoceanic vessels out of
the Great Lakes is not a practical approach and could delay the de-
velopment of effective ballast water treatment systems for the
Great Lakes.

A combination of technological solutions, enforcement, and
monitoring offers the potential to reduce markedly the risk of AIS
introductions by shipping. At the same time it retains the seaway as
a transportation option for a future in which the impacts of global
warming, the changing balance of stores of freshwater, and sectoral
and regional changes affecting both global trade and the Great Lakes
region’s economy are all uncertain. As noted in Chapter 3, 55 to
70 percent of recorded AIS introductions into the Great Lakes since
the opening of the seaway have been attributed to ships’ ballast water.
Other vectors collectively account for the remaining introductions.
Thus, an important reduction in the risk of ballast-mediated intro-
ductions would be expected to result in major reductions in both the
total number of introductions and the proportion of these intro-
ductions attributable to the ballast water vector.

In parallel with the actions needed to implement the recom-
mended technology-based approach, the committee sees great value
in a change in perspective, with access to the Great Lakes through
the seaway viewed as a privilege rather than a right. This privilege
would be restricted to vessels meeting criteria designed to elimi-
nate further introductions of AIS. The geographic pinch point at
the entrance to the seaway provides an important opportunity to
protect what lies within, and those responsible for the seaway’s
management and operation would be viewed as the guardians of
the resource represented by the Great Lakes. The seaway would
welcome vessels conforming to the criteria necessary to prevent fur-
ther AIS introductions. It would be incumbent on those seeking
passage to provide assurances that they have taken the measures
necessary to merit this welcome.

The option recommended by the committee and summarized in
Box 6-1 does not guarantee enhancement of the potential for global
trade or elimination of further ship-mediated AIS introductions
into the Great Lakes. It does constitute a practical and technically



BOX 6-1

Committee’s Recommended Option

Access to the Great Lakes through the St. Lawrence Seaway should
be restricted to vessels taking protective measures aimed at ensur-
ing that they do not harbor living aquatic organisms. Such measures,
which should be approved immediately by both Canadian and U.S.
authorities, should form part of a comprehensive technology-based
AIS control program targeting all vessels transiting the seaway. Al-
though transoceanic vessels have been the primary focus of efforts
to date to prevent further ballast-mediated introductions of AIS into
the Great Lakes, vessels entering the Great Lakes from coastal areas
of eastern North America may have played a role in some introduc-
tions. Thus, the latter vessels should be required to take the same
protective measures as transoceanic vessels.

The AIS control program should incorporate the following features:

• A uniform set of effective and enforceable standards that form a
basis for preventing the release of AIS into the Great Lakes basin;

• Monitoring for compliance with the standards, strict enforcement
mechanisms, and remediation options for arriving vessels that do
not immediately meet standards for entry;

• Surveillance of the Great Lakes ecosystem for early detection of
new AIS from any source;

• Capabilities for containment, control, and possible subsequent
eradication after the discovery of any new AIS; and

• Feedback mechanisms to ensure that lessons learned from
practical experience with prevention measures, including any fail-
ures of protective mechanisms, and knowledge gained through
research are used to update and improve the control program
over time. In this way, the control program would adapt to both
new knowledge and experience with AIS introductions.

The control program should emphasize the urgent need for action in
preventing further introductions of AIS. It should also have a sound
basis in science and incorporate the best available technologies.

To avoid unacceptable delays, the recommended actions making
up the control program should be undertaken by existing organiza-
tions, in some cases with expanded mandates.
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feasible approach that goes a long way toward meeting the two
project criteria. Furthermore, many of the actions recommended
in the following sections of this chapter could be implemented
within the next 2 to 3 years if Canada and the United States have
the necessary political will. Thus, the proposed approach is re-
sponsive to the calls for action by the many groups and individu-
als concerned about continuing reports of new AIS introductions
into the Great Lakes.

The committee recognizes that some may view its recommended
control and eradication program and adaptive process as being be-
yond the scope of its charge, since they require actions to be taken
after AIS have entered the Great Lakes. However, in light of the un-
knowns and uncertainties discussed in earlier chapters, the com-
mittee deemed it necessary to recommend an approach that aims
not only to eliminate further ship-mediated AIS introductions but
also to remedy possible deficiencies in elimination strategies.

The recommended approach focuses on vessels with a demon-
strated risk of AIS introduction—transoceanic and coastal vessels—
and on the dominant vector for ship-mediated introductions into
the Great Lakes (i.e., ballast water). If research were later to show
that hull fouling is an important mechanism for AIS introductions
into the Great Lakes, additional prevention measures would be
needed. Similarly, if vessels operating exclusively within the inland
waters of the GLSLS system were shown to be playing a role in in-
troducing AIS, further preventive action would be required. The
adaptive AIS management processes recommended by the com-
mittee address such possibilities by providing for updates and im-
provements that reflect practical experience and knowledge gained
through research.

The following sections address ballast water management tech-
nologies, a surveillance and control program for the Great Lakes
ecosystem, and an adaptive process for strengthening prevention
measures over time. After an assessment of the strengths and weak-
nesses of the committee’s recommended approach, the chapter
concludes by considering briefly a future approach to managing the
waters of the Great Lakes.
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BALLAST WATER MANAGEMENT TECHNOLOGIES

Ballast water management (BWM) technologies—notably ballast
water exchange (BWE), saltwater flushing, and shipboard ballast
water treatment—can kill or remove AIS in ships’ ballast water.
If they are rigorously applied and strictly monitored, these tech-
nologies could reduce markedly the risk of further introductions
of AIS into the Great Lakes by vessels transiting the St. Lawrence
Seaway. Furthermore, the efficacy of BWM technologies is likely
to increase over time as understanding of their advantages and lim-
itations gained through practical experience leads to technological
improvements.

Much current BWM technology development is focused on ship-
board treatment systems that aim to reduce the numbers of viable
organisms in ballast water to the levels specified in the International
Maritime Organization’s (IMO’s) proposed ballast water perfor-
mance standard (IMO 2004). While this development is certainly
important for vessels transiting the seaway, as discussed later, the
freshwater nature of the Great Lakes means that BWE for ballasted
vessels (BOBs) and saltwater flushing for vessels declaring no ballast
on board (NOBOBs) can be effective techniques for killing or re-
moving potential invaders when conducted properly.

BWE and Saltwater Flushing

The ballast tanks of both BOB and NOBOB vessels may harbor po-
tentially invasive freshwater organisms taken on board during bal-
lasting operations in freshwater areas outside of the Great Lakes
ecosystem. If a vessel conducts open-ocean BWE or saltwater flush-
ing, these freshwater organisms are subjected to a physiological shock
due to the salinity change and a dilution effect due to tank purging.
Recent research has demonstrated the practical effectiveness of BWE
and saltwater flushing in reducing the numbers of viable freshwater
organisms in the ballast tanks of vessels. Gray et al. (2007) assessed
the efficacy of BWE on six operational transoceanic vessels travel-
ing across the North Atlantic and found the process to be highly
effective in reducing the diversity and abundance of freshwater
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invertebrates in ballast tanks. Concentrations of freshwater zoo-
plankton were reduced by more than 99 percent, the recruitment
of zooplankton from dipausing eggs present in ballast sediments
was reduced dramatically, and benthic invertebrates showed nearly
universal mortality. Reid et al. (2007) investigated BWM practices
for NOBOBs and reported that the routine use of saltwater flush-
ing for NOBOB tanks would greatly improve the level of protection
for the Great Lakes against further AIS introductions. In addition,
an analysis commissioned by the committee indicated that a num-
ber of invasions of the Great Lakes, including those of the zebra
mussel and the Eurasian ruffe, would have been prevented by BWE
conducted in accordance with the proposed IMO BWE standard
(Kelly and Kazumi 2007).

For saltwater-tolerant species that survive the physiological saline
shock associated with BWE, it is unclear whether the reduced den-
sity of organisms in a vessel’s ballast tanks following 95 percent
volumetric exchange as specified by the proposed IMO standard
would, when discharged into the Great Lakes, be sufficient to re-
sult in the establishment of a new population (Kelly and Kazumi
2007). However, the research cited above demonstrates that both
BWE and saltwater flushing reduce the likelihood of introductions
of AIS by reducing propagule pressure—a measure that depends
on the number of introduction events, the number of propagules
introduced per event, and the condition of the propagules on re-
lease. The committee is not aware of any studies that assess the
condition of organisms after BWE or flushing. It notes, however,
that stirring of sediments associated with these processes would
adversely affect many zooplankton, since these species typically
perform poorly in water with high levels of suspended sediment
(Hart 1988; Kirk 1991).

Given the potential effectiveness of BWE and flushing in prevent-
ing further introductions of AIS into the Great Lakes by vessels tran-
siting the seaway, the committee concluded that (a) these methods
should be used by all categories of vessel known to present a risk of
AIS introduction and (b) future technological enhancements of
these methods merit investigation.
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Use of BWE and Flushing by Vessels Transiting the Seaway
As indicated in Table 4-1, all transoceanic BOB vessels transiting
the seaway and destined for Great Lakes ports are required to con-
duct BWE or take alternative BWM measures. In addition, as of the
beginning of the 2008 navigation season, all transoceanic NOBOB
vessels transiting the seaway are required to conduct saltwater
flushing. Such action by transoceanic NOBOB vessels destined for
U.S. Great Lakes ports has been strongly encouraged by the U.S.
Coast Guard since 2005 and required for vessels destined for Cana-
dian Great Lakes ports since 2006.6 Because all transoceanic NOBOB
vessels carry a risk of introducing AIS (see Chapter 4), the commit-
tee considers it essential that all such vessels be subject to the same
mandatory saltwater flushing requirement, regardless of their des-
tination within the Great Lakes.

As Table 4-1 shows, there is no consistent requirement for coastal
vessels transiting the seaway after operating within the Canadian and
U.S. exclusive economic zones (EEZs) to conduct BWE or flush-
ing (or other BWM practices), even though such vessels are known
to present a risk of introducing AIS (see Chapter 4). BOBs are re-
quired to conduct BWE only if they move from one jurisdiction to
another (U.S. to Canadian waters or vice versa), and NOBOBs are
required to conduct saltwater flushing only if their voyage takes
them from within the U.S. EEZ to a Canadian Great Lakes port.

The great majority of coastal vessels transiting the seaway are
Canadian, coming from within the Canadian EEZ and destined for
Canadian Great Lakes ports. At present, such vessels are subject to
the voluntary BWM practices issued by the Lake Carriers’ Associ-
ation and the Canadian Shipowners Association (2001) but are not
required to conduct either BWE (BOBs) or saltwater flushing
(NOBOBs). To reduce the risk of AIS introduction associated with
coastal vessels, the committee recommends that BWE and flushing
requirements similar to those for transoceanic vessels be instituted

6 A notice of proposed rulemaking issued by SLSDC (2007) aimed to harmonize U.S. and Cana-
dian requirements for saltwater flushing by transoceanic vessels operating in the binational wa-
ters of the GLSLS system. In February 2008, the Seaway Practices and Procedures were updated
to include the saltwater flushing requirement for transoceanic NOBOB vessels.
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for all vessels entering the Great Lakes from coastal areas of eastern
North America.

Recommendation: Transport Canada and the U.S. Coast
Guard should ensure that all vessels entering the Great
Lakes after operating in coastal areas of eastern North
America take protective measures similar to those required
for transoceanic vessels, notably BWE for BOBs and salt-
water flushing for NOBOBs.

The committee recognizes that some vessels may face operational
constraints (dangerous sea states, carriage of specialized project car-
goes) that prevent them from safely conducting open-ocean BWE
or saltwater flushing before transiting the seaway. In such cases, al-
ternative BWM processes are needed to ensure that every vessel
transiting the seaway after operating outside of the inland waters
of the GLSLS system uses proven BWM methods to reduce the risk
of introducing AIS through its ballasting operations. One possi-
bility for some vessels is to conduct BWE or flushing in the alter-
nate exchange zone in the Laurentian Channel. However, use of
this zone is now restricted to the beginning and end of the seaway
navigation season because of concerns about the effects of ballast
water discharges on the ecosystem in the Gulf of St. Lawrence.
Thus, the use of approved methods for treating the ballast tanks of
arriving vessels appears to be a preferred and more widely applica-
ble approach. For example, a recent report explores the possibility
of using sodium chloride brine to treat low-salinity tanks of ves-
sels entering the GLSLS system (Jenkins 2007).7

Recommendation: Transport Canada and the U.S. Coast
Guard should not allow vessels unable to conduct open-
ocean BWE or flushing for safety or other reasons to enter
the Great Lakes until they have undertaken to perform 
alternative BWM measures. Such measures may include
BWE or flushing in approved alternative discharge sites or

7 The salinity of water in the ballast tanks of a vessel that has conducted BWE or flushing is required
to be at least 30 parts per thousand for the vessel to receive permission to enter the Great Lakes.
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an approved type of shore-based treatment applied to each
noncompliant tank before any contents of such tanks can
be discharged into the waters of the Great Lakes.

Future Enhancements
Implementation of the above recommendations would result in a
requirement for all vessels known to present a risk of introducing
AIS to conduct BWE or flushing or to take alternative BWM mea-
sures before permission to enter the Great Lakes is granted. If ac-
companied by effective enforcement, this requirement would be
an important step in ensuring that policies aimed at preventing
further AIS introductions reflect the best current understanding of
aquatic invasion biology and proven BWM practices. In the future,
opportunities to increase the effectiveness of BWE or flushing
through improved monitoring systems and new vessel designs could
lead to enhanced protection of the Great Lakes against further
introductions of AIS.

Monitoring for Compliance Evidence indicates that the proce-
dures implemented by the agencies that inspect, test, and monitor
the ballast water of vessels entering the GLSLS system—Transport
Canada Marine Safety, the U.S. Coast Guard, and the seaway
corporations—are effective in ensuring that all vessels required to
conduct BWE or flushing before transiting the seaway have in fact
done so (see Chapter 4 and U.S. Coast Guard 2007). However,
the committee identified future opportunities to use technology to
enhance the inspection process and reduce the associated man-
power needs for the inspection authorities.

Knowing whether BWE or saltwater flushing has been performed
and has been effective in raising the salinity of the water in the ves-
sel’s ballast tanks before a vessel enters the GLSLS system would be
helpful in targeting additional prevention measures to high-risk
vessels. The committee learned that automated shipboard moni-
toring systems capable of recording water flows into and out of
individual ballast tanks (i.e., ballasting operations) could become
commercially available within the next few years, particularly if de-
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mand for such systems were identified. Such systems could also be
used to measure the salinity of the water in individual tanks, al-
though research would be needed to identify appropriate locations
for the sensors. Transmission of information on ballasting opera-
tions and tank salinities, together with Global Positioning System
coordinates, to Transport Canada and the U.S. Coast Guard would
permit remote monitoring of a vessel’s compliance with BWE and
flushing requirements. High-risk vessels could thus be identified
before their entry into the GLSLS system, thereby providing timely
opportunities for remedial action.

Further information is needed on retrofitting existing vessels to
accommodate such monitoring systems and on manpower require-
ments to operate and maintain them. The burden of installing, op-
erating, and maintaining such shipboard ballast water monitoring
systems on the shipping industry would need to be commensurate
with the benefits in terms of more cost-effective inspection by
enforcement agencies and more effective protection against AIS
introductions. As discussed in Chapter 5, the rate at which BWE
or flushing is superseded by shipboard ballast water treatment
systems and associated ballast water discharge standards will be
important in determining the overall cost-effectiveness of the auto-
mated reporting option.

Recommendation: Transport Canada and the U.S. Coast
Guard should explore the possibility of using a secure sys-
tem of in-tank salinity monitors, location verification, and
telemetry to allow remote monitoring of a vessel’s compli-
ance with BWE and flushing requirements prior to entry
into the GLSLS system.

Improved Vessel Designs The capacity, location, and flexibility of
use of ballast tanks are key features of ship design. Consideration of
required drafts and trim, hull loading limitations, and required ver-
tical center of gravity establishes the necessary ballast volume and
location (NRC 1996). The designs of most current vessels are not
optimized for BWM practices aimed at eliminating AIS. While there
have been improvements in the outfitting of the new generation of
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bulk carriers servicing the Great Lakes, there is still room for sub-
stantial improvements in ship design and construction, with an
emphasis on facilitating more effective and efficient BWE and flush-
ing and reducing the buildup of residuals in ballast tanks.

Depending on a ship’s design and outfitting and the method of
exchange selected, the system components or tank structure may
preclude effective mixing within the tank during the exchange
process or allow significant volumes of unmixed residuals to remain
throughout the ship. Many of the constraints associated with tank
shape and plumbing could be eliminated by changes in design and
modular construction methods for new-builds. Specifically, with
respect to flow-through exchange, hydraulic structures within a
ballast tank could be designed so that complete mixing occurs in
the tank during the exchange process. This would ensure that the
anticipated dilution actually takes place within ballast tanks during
an exchange event. In addition, tank design could be modified to
minimize untreated residuals, and virtually all material in the bal-
last tank would be removed during a pump-out process.

Recommendation: Transport Canada and the U.S. Coast
Guard should require that all new vessels operating into the
Great Lakes take full advantage of opportunities offered by
revised designs and modular construction methods to fa-
cilitate effective and efficient management of ballast water
and residuals.

Shipboard Ballast Water Treatment

BWE for ballasted vessels and saltwater flushing for NOBOBs are
inexpensive and effective means of killing most of the freshwater
organisms in ballast tanks. They do not, however, guarantee elim-
ination of all potential invaders for several reasons.

First, as noted in the preceding discussion, ship designs may re-
sult in incomplete mixing within ballast tanks during the exchange
or flushing process. Second, if there is significant sediment accu-
mulation, the efficacy of BWE or flushing may well be reduced. A
recent study of best management practices for NOBOBs (Reid et al.
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2007) found that saline water introduced into ballast tanks during
the exchange process may not penetrate residual sediments. Thus,
while BWE is highly effective in killing benthic invertebrates, indi-
vidual organisms may survive below the sediment–water interface
and could present an invasion risk if sediments were disturbed
during subsequent ballasting operations (Gray et al. 2007). Third,
species that are salinity tolerant or have salinity-tolerant life stages
may survive the physiological saline shock associated with BWE or
flushing. Finally, while prolonged exposure to ocean water is likely
to reduce organisms’ survival rates and enhance the effectiveness
of BWE and flushing, such exposure may not be practical. For ex-
ample, a transoceanic vessel would ideally conduct BWE or flushing
as early as possible during its voyage for maximum effectiveness,
but weather conditions in the North Atlantic, particularly during
the winter, may preclude this option. In addition, the shorter voy-
ages (typically 2 to 3 days) undertaken by coastal vessels provide less
opportunity for prolonged exposure to saltwater.

Because of these limitations, shipboard ballast water treatment
systems are widely regarded as potentially more desirable than BWE
or flushing for eliminating aquatic organisms from ballast water. In
addition to giving vessels greater flexibility in managing their ballast
water under a variety of operational conditions, such systems offer
the promise of effective elimination of invasive organisms.

An investigation of the peer-reviewed literature on ballast
water treatment technologies commissioned by the committee
(Kazumi 2007) indicates that filtration/physical removal systems,
biocides, and a combination of technologies (notably filtration
followed by the use of biocides or ultraviolet radiation to kill re-
maining organisms) show promise for shipboard application.
However, the freshwater environment of the Great Lakes poses
unique challenges for shipboard ballast water treatment. Because
the basin supplies drinking water for more than 30 million peo-
ple, public health issues relating to the discharge of treated bal-
last water require special attention. The proposed use of biocides,
in particular, will require careful evaluation of the fate and tox-
icity of any residuals.
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The engineering challenges involved in redesigning and modi-
fying land-based water treatment systems for shipboard use con-
stitute a major challenge for the development and implementation
of shipboard ballast water treatment systems. In some respects,
these challenges are less demanding for seaway-size vessels than for
the larger vessels in the world fleet. Large tankers may carry in ex-
cess of 200,000 m3 of ballast (NRC 1996), whereas the ballast ca-
pacities of vessels transiting the seaway do not exceed 25,000 m3

(see Chapter 4). However, retrofitting existing vessels to accom-
modate treatment systems is demanding and involves issues such
as the availability of space on the vessel, power use, controls, and
piping. In contrast, new vessels offer opportunities to incorporate
innovative ballast water treatment systems more cost-effectively.

Several large companies have become involved in the develop-
ment of ballast water treatment technologies over the past 5 years.8

Assessment of commercially available systems is difficult because
available data may have been generated under different operating
conditions and other data remain proprietary (Kazumi 2007).
However, the establishment of the proposed IMO standards for
BWM in 2004 (see below) and the resulting creation of a world-
wide market have stimulated development activities. A recent re-
port from Lloyd’s Register (2007) indicates that shipboard ballast
water treatment systems should be commercially available by 2009,
with testing to IMO requirements conducted in 2007 and 2008,
although the authors note that these estimates may be optimistic.
At the time of writing, a number of treatment systems are going
through the lengthy IMO approval process. This process aims to
ensure that a system meets the proposed IMO ballast water per-
formance standard, is sufficiently robust for shipboard use, has
minimal environmental impact, and is suitable for use in the
specific shipboard environment where it is to be installed.

The Lloyd’s Register report notes that capital cost information
for shipboard treatment systems is not widely available and that

8 As reported during a presentation to the committee from Richard Everett, U.S. Coast Guard,
Toronto, Ontario, August 30, 2006.
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any prices quoted should be regarded as tentative, given the devel-
opmental nature of the products (2007). Data provided indicate
that the capital cost of a 200-m3/h plant ranges from $135,000 to
$165,000. Estimated operating costs range from $0.01 to $0.35 per
cubic meter of treated water.

Role of Standards

In February 2004, after more than 10 years of preparatory work,
IMO adopted the International Convention for the Control and
Management of Ships’ Ballast Water and Sediments (IMO 2004). An
annex to the convention includes proposed technical standards for
BWM, namely, a BWE standard and a ballast water performance
standard (see Box 6-2).

The convention will enter into force 1 year after it has been rati-
fied by at least 30 nations representing at least 35 percent of the
world’s oceangoing commercial tonnage. As of May 31, 2008, only
14 nations representing less than 4 percent of the world’s tonnage
had ratified the convention. Hence, it will be at least 2016 before all
vessels are required to comply with the proposed D-2 ballast water
performance standard, and some years will elapse before sufficient
data are available to assess the effectiveness of this standard in pre-
venting AIS introductions.9 In addition, as noted in Chapter 3, this
assessment will be further complicated by the time lag between the
date of AIS introduction and the date of detection or reporting.

An outstanding question is whether the proposed IMO stan-
dards, and in particular the D-2 standard, are sufficiently stringent
to protect the Great Lakes against further AIS introductions by ves-
sels transiting the St. Lawrence Seaway. Some argue that more
stringent standards are needed, although scientific evidence to sup-
port this argument is lacking. The committee’s arguments in favor
of initially adopting a ballast water treatment standard (or dis-
charge standard) equivalent to the proposed IMO D-2 standard—

9 Although the convention notes that BWE could be used to meet the performance standard, it is
widely acknowledged that ballast water treatment will likely be needed to meet the proposed D-2
standard.
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as opposed to a more stringent standard—are discussed in the
following paragraphs.

First, while the efficacy of the proposed D-2 standard has not yet
been demonstrated in practice, it combines scientific input and the
results of engineering analyses (see, for example, Raaymakers 2001)

BOX 6-2

Proposed IMO Standards for Ballast Water Managementa

D-1 Ballast Water Exchange Standard

Ships performing ballast water exchange shall do so with an effi-
ciency of 95 percent volumetric exchange of ballast water. For ships
exchanging ballast water by the pumping-through method, pump-
ing through three times the volume of each ballast water tank shall
be considered to meet the standard described.

D-2 Ballast Water Performance Standard

Ships conducting ballast water management shall discharge less
than 10 viable organisms per cubic meter greater than or equal to
50 micrometers (microns) in minimum dimension and less than 
10 viable organisms per milliliter less than 50 micrometers in mini-
mum dimension and greater than or equal to 10 micrometers in
minimum dimension; and discharge of the indicator microbes shall
not exceed the specified concentrations.

The indicator microbes, as a human health standard, include but
are not to be limited to

a. Toxicogenic Vibrio cholerae (O1 and O139) with less than 
1 colony forming unit (cfu) per 100 milliliters or less than 1 cfu
per 1 gram (wet weight) zooplankton samples;

b. Escherichia coli less than 250 cfu per 100 milliliters;
c. Intestinal Enterococci less than 100 cfu per 100 milliliters.

SOURCE: IMO 2004.
aAlthough IMO has adopted BWM standards, these standards will not be in force until
the entry into force of the convention itself. Thus, the IMO standards are described as
“proposed” in the present discussion.
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with practical considerations about technological options for bal-
last water treatment. In common with most international stan-
dards, it also represents a compromise reached through negotiation
among the nations participating in its development. The IMO
convention recognizes that additional standards may be needed
for specific situations, including different geographical regions. In
addition, experts in BWM and treatment agree that flexibility must
be retained to allow the standards “to be revised and updated over
time as technology develops, knowledge increases and improved
ballast water treatment biological effectiveness becomes possible”
(Raaymakers 2001, 3). In the committee’s judgment, however,
revising and updating the proposed standards at this time for ves-
sels operating into the Great Lakes would be premature, given that
IMO-approved ballast water treatment systems have not yet en-
tered service in the world fleet.

Second, evidence available to the committee makes it clear that
routine, accurate, and cost-effective monitoring systems to verify
compliance with any ballast water treatment standard do not exist.
For example, the proposed IMO D-2 standard requires reliable
monitoring of numbers and viability of the entire ambient micro-
fauna before and after treatment, which is a daunting challenge. If
even more stringent standards were adopted—for example, 1/100
as many viable organisms remaining as specified in the proposed
D-2 standard—enormous volumes of water and sediment would
need to be analyzed, making monitoring for compliance even
more difficult.10 Thus, even if a standard more stringent than the

10 Gollasch et al. (2007) discuss some of the issues associated with ballast water sampling to demon-
strate compliance or noncompliance with the proposed IMO D-2 standard. One issue concerns
demonstration of noncompliance with the proposed D-2 standard as part of port state control
measures. At present, the discharge limits defined in the proposed standard can be interpreted as
applying either to concentrations of organisms averaged over the entire volume of ballast water
discharged by a vessel or to concentrations of organisms measured for some smaller volume of
the total discharge. This issue will need to be resolved before the proposed D-2 standard can be
enforced by the relevant regulatory bodies. The committee notes that routine monitoring of treat-
ment efficiency may be facilitated by monitoring the performance of treatment equipment or the
generation of a biocide residual. This approach has been used for many years in monitoring water
and wastewater treatment systems, where it has proved to be an effective and safe procedure for
assuring the desired water quality.
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proposed IMO D-2 standard were established, it would at present
be extremely difficult to determine whether vessels were in com-
pliance. Under such a scenario, gathering the data necessary to
assess the efficacy of the standard would not be possible, and the
opportunity to develop robust knowledge about the levels of bal-
last water “cleanliness” needed to protect the Great Lakes ecosys-
tem would be lost.

Finally, the committee notes that different Canadian and U.S.
ballast water standards for the GLSLS system would add to the
already complex array of BWM requirements (see Table 4-1),
thereby further complicating compliance and adding to the costs
of verifying compliance. While the Canada Shipping Act of 2006
mirrors the standards for BWM defined in the IMO convention,
the United States is considering a ballast water performance
standard that is 100 times more stringent than the proposed
IMO D-2 standard. The implementation of more stringent stan-
dards by either nation would reduce the overall risk of AIS 
introduction into the Great Lakes by reducing the propagule
supply, although the degree of protection would be less than if
both nations were to adopt the more stringent standard. How-
ever, disparities between Canadian and U.S. standards would
raise the possibility of a diversion of maritime trade away from
the nation with more stringent standards, with vessels choosing
to use ports with less demanding constraints on ballast water
discharge.

In the committee’s view, common ballast water standards are
needed for all vessels entering the Great Lakes. The proposed
IMO standards, which represent a broad international consensus
based on scientific input, expert judgment, and practical and
political considerations, form a robust and pragmatic starting
point. In the case of BWE, as noted earlier, a retroactive evalua-
tion indicated that a number of invasions of the Great Lakes
would have been prevented by the proposed IMO D-1 standard
(Kelly and Kazumi 2007). In addition, adoption by the United
States of a BWE standard for the Great Lakes equivalent to D-1
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would harmonize U.S. and Canadian BWE standards and facili-
tate compliance.11

A ballast water discharge standard for the Great Lakes equiva-
lent to the proposed IMO D-2 standard would form a basis for or-
ganizing data-gathering efforts to determine whether the specified
treatment levels are attainable in practice, thereby providing data
to inform future policy decisions. In addition, establishing such a
standard would remove current market and technical uncertain-
ties and could, therefore, encourage investment by equipment
manufacturers and shipowners in the development and demon-
stration of ballast water treatment systems for vessels entering the
Great Lakes (Hodgson 2007). In contrast, delays and uncertainties
in the regulatory process could well delay the innovation process.
The establishment of a standard as proposed would also provide a
focal point for regulatory bodies to develop monitoring proce-
dures and inspection protocols for demonstrating compliance (or
noncompliance). The committee envisages that a risk-based ap-
proach to monitoring and inspection could be useful in optimiz-
ing enforcement of the standard.

Recommendation: The United States should follow Canada’s
lead and take immediate action to adopt and implement
BWE and performance standards for the Great Lakes that are
identical to those specified in IMO’s International Conven-
tion for the Control and Management of Ships’ Ballast Water
and Sediments.

Recommendation: Transport Canada and the U.S. Coast
Guard should develop certification processes for shipboard
treatment systems and for monitoring systems to verify
compliance with ballast water quality standards identical to
those proposed by IMO.

11 The committee did not consider the advantages and disadvantages for Canada and the United
States of ratifying the IMO convention and has not taken a position on this issue. To avoid any
unintended implications about ratification, the discussion refers to ballast water standards iden-
tical to those proposed by IMO rather than to the proposed IMO standards per se.
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SURVEILLANCE AND CONTROL PROGRAM

Even well-designed prevention programs and the rigorous enforce-
ment of appropriate BWM procedures cannot guarantee that no
further AIS will enter the Great Lakes via ships’ ballast water. Thus,
the committee concluded that a surveillance program to detect and
identify new invaders should be a component of a comprehensive
package of actions aimed at preventing further introductions of
AIS by all vectors, routes, and pathways, including vessels transit-
ing the St. Lawrence Seaway. Such a surveillance program would
provide information both to assess the effectiveness of prevention
policies and to enhance understanding of the full suite of invasion
vectors, routes, and pathways. In addition, early detection of new
AIS could form the basis for efforts to control, or possibly even
eradicate, new invaders.

The committee strongly endorses the view that preventing fur-
ther AIS introductions—as opposed to controlling or eradicating
populations of new AIS following their establishment—is the pre-
ferred approach to managing AIS. Prevention should be the cor-
nerstone of efforts to eliminate further introductions of AIS into
the Great Lakes, and control or eradication should be backup mea-
sures to be used only when prevention proves less than 100 percent
effective. Furthermore, as discussed later, any deficiencies in pre-
vention measures should be examined carefully with a view to tak-
ing corrective action. Thus, control or eradication strategies are
supplements, rather than alternatives, to prevention.

Surveillance

A surveillance program designed to detect new AIS in the Great
Lakes would inform efforts to prevent further introductions by any
vector, route, or pathway, and not only by ships transiting the sea-
way. If a new AIS were found, expert analysis would be needed to
determine the likely introduction vector. Once such a determina-
tion had been made, a prompt review of prevention strategies could
then be undertaken to identify weaknesses and opportunities for
improvement. Pending this determination, efforts to control or
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eradicate the new invader could be initiated. To increase the effec-
tiveness of control and eradication efforts, early detection of
new AIS would be critical, and the proposed surveillance program
reflects this requirement.

Looking for new AIS in an ecosystem the size of the Great Lakes
basin, with almost 300,000 square miles (more than three-quarters
of a million square kilometers) of watershed and 10,000 miles
(17,000 km) of shoreline, requires surveillance strategies that make
the most effective use of all available resources through a targeted
approach. Attempting to apply the same level of scrutiny through-
out the entire ecosystem risks diluting the effort to such an extent that
its overall effectiveness would be greatly reduced. Vander Zanden
(2007) suggests targeting surveillance efforts on “hot species,”
“hot moments,” and “hot spots” to increase the likelihood of early
detection of new AIS. Such a strategy would use the results of risk
assessments that identify potential invaders on the basis of in-
formation about donor regions and invasion corridors. It would
also make use of information about seasonal variations in the
likelihood of invasion by different species and about locations
most likely to be invaded. For example, researchers have found
that 5 percent of the Great Lakes’ surface area supports more
than half of recent AIS introductions and that invasion hot spots
are approximately 20 times more highly invaded than other areas
(Grigorovich et al. 2003).

The committee proposes an AIS surveillance program that focuses
on physical sampling of selected habitats (including coastal wet-
lands) around the Great Lakes to monitor for the presence of new
invaders. Dedicated lake teams would play the central role in
surveillance efforts, conducting a variety of field surveys. The
lake teams would coordinate their efforts with those of academic
researchers, resource managers, and local citizens groups (Vander
Zanden 2007). Leveraging ongoing monitoring activities, includ-
ing the Sea Grant extension and outreach programs on invasive
species, could help in establishing a scientifically robust and cost-
effective AIS surveillance program for the Great Lakes. The pro-
posed program would be a continuing science-based effort, separate
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from any enforcement activities associated with measures to prevent
further AIS introductions. It would emphasize traditional sample
collection methods but could draw on newer techniques, such as
remote sensing, rapid genetic detection, and the use of molecular
markers, to address specific AIS questions.

The committee explored the possibility of assigning responsi-
bility for the binational AIS surveillance program to an existing or-
ganization (or organizations), possibly through expansion of current
mandates. The results of the committee’s investigations are not
conclusive, but they provide a basis for further examination of the
options. The Great Lakes Fishery Commission (GLFC) was iden-
tified as one candidate, in light of its binational status and its ex-
perience with field monitoring as part of the sea lamprey control
program. Alternatively, two organizations, one in Canada and one
in the United States, could jointly assume responsibility for the
surveillance program. The Department of Fisheries and Oceans
was identified as the most appropriate organization in Canada.
In the United States, there are several candidates, including the
National Oceanic and Atmospheric Administration’s Great Lakes
Research Laboratory, the U.S. Fish and Wildlife Service, and the
U.S. Environmental Protection Agency.

Recommendation: A binational science-based surveillance
program should be established to monitor for the presence
of new AIS in the Great Lakes. The program should involve
dedicated lake teams, as well as academic researchers, 
resource managers, and local citizens groups, and should
leverage existing monitoring activities wherever possible.

Control and Eradication

An extensive literature addresses the control and eradication of
invasive species in terrestrial environments, and some reported
efforts achieved their targets (Vander Zanden 2007). In contrast,
efforts to control or eradicate invasive species in aquatic habitats
have been more limited and generally directed toward small isolated
water bodies, with varying effectiveness. The most notable exception
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is GLFC’s program to control the sea lamprey in the Great Lakes.
Overall, this binational program has resulted in a 90 percent reduc-
tion of sea lamprey populations in most areas of the Great Lakes.
GLFC acknowledges, however, that eradicating the sea lamprey
from the Great Lakes is impossible. Continuing control efforts are
expected to keep populations at levels that lessen the impact on the
Great Lakes fishery, which is estimated to be worth up to $4 billion
annually to Canada and the United States. The control program
itself has cost more than $318 million since 1958, with average
annual costs of $17 million over the past 3 years.12

Conditions favoring AIS eradication can be either biological or
institutional (Vander Zanden 2007). From a biological perspec-
tive, a new AIS introduction is most likely to be susceptible to erad-
ication if the species is detectable at low densities before a large
population has formed and is detected early in the invasion se-
quence, if factors such as habitat type and life history make it pos-
sible to remove individuals faster than they reproduce, and if there
is a low likelihood of reinvasion. Thus, highly mobile organisms
occupying open habitats and exhibiting high population growth
rates and dormant resting stages would not be good candidates for
eradication. In contrast, stationary organisms occupying isolated
habitats, such as coastal wetlands, and exhibiting low population
growth rates and no dormant resting stages could be susceptible
to eradication. Institutional requirements favoring eradication 
include sufficient resources to carry the effort to its conclusion,
clearly defined lines of authority with the lead organization able to
take immediate action if necessary, broad support and public par-
ticipation, and the knowledge base necessary to inform decisions.

An eradication program would need to be closely linked to the
recommended surveillance program. As soon as a new AIS was
reported, the potential for its eradication would have to be evalu-
ated from the biological and institutional perspectives. The costs
of taking action or of inaction would also have to be estimated. A

12 As reported to the committee by John Dettmers, GLFC, during a presentation in Washington,
D.C., on May 23, 2006.
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formal process could help in reviewing and integrating the avail-
able information, identifying and evaluating alternative options,
and deciding whether to attempt eradication and, if so, how. Ad-
vanced readiness preparations could also be made—for example,
available control methods for each type of AIS could be compiled
in a technical handbook; collateral impacts, such as damage to
nontarget species, could be listed; and the organizations and indi-
viduals who would have to be mobilized to implement the eradi-
cation plan could be identified. Targeting such preparations to
species already identified as likely invaders could help focus lim-
ited resources on areas of greatest risk.

Given the limited experience on which to draw, an AIS eradica-
tion program for the Great Lakes would have to be at the forefront
of developing and evaluating eradication methods. Because of un-
certainties about its effectiveness, the program would likely be a
secondary component of a broader program to minimize AIS im-
pacts by controlling populations, as in the case of the sea lamprey.
Responsibility for such a control and eradication program would
be most effectively assigned to the organizations responsible for
the recommended science-based surveillance program, given the
knowledge and expertise needed and the strong links between the
two activities.

Recommendation: Efforts to limit the impacts of AIS in the
Great Lakes should include a program aimed at developing
capabilities for containment, control, and possible subse-
quent eradication following the discovery of any new AIS.
The program should be established as an adjunct to the rec-
ommended binational surveillance program.

AN ADAPTIVE PROCESS

Progress in invasion biology has led to a greater understanding of
which species are likely to invade and the risk factors for inva-
sions. However, ongoing changes in donor regions, in vectors and
pathways of introduction, and in the Great Lakes ecosystem itself
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mean that combating further AIS introductions will require
strategies that can adapt to such changes. For example, the vast
majority of AIS introduced into the Great Lakes since 1959 via the
ballast water of transoceanic vessels originated in Eurasia, with
most coming from Europe and the Ponto-Caspian basin (Kelly
2007). The pathways of introduction for these species are gener-
ally complex, may involve secondary invasions, and may change
as a result of changes in the colonization pathway, as illustrated
by the 1992 opening of the Main Canal connecting the Danube
and Rhine River systems, which provided a new westward colo-
nization pathway from the Black Sea basin. In the future, higher
water temperatures resulting from global warming could increase
the likelihood of invasions by increasing the probability of new
AIS achieving minimum viable population sizes before growth
and reproductive cycles are curtailed by the seasonal onset of
cooler temperatures (see Chapter 3).

Experience in attempting to prevent ship-vectored introduc-
tions of AIS into the Great Lakes has also indicated the importance
of updating prevention strategies in a timely fashion to take account
of practical experience and knowledge gained through research.
The recent change in the Seaway Practices and Procedures to reflect
improved understanding of the role of transoceanic NOBOB vessels
in introducing AIS is a case in point. Since 1993, when BWE became
mandatory for all transoceanic vessels entering the Great Lakes in
ballast, a total of 19 new AIS have been reported in the Great Lakes,
including the freshwater shrimp Echinogammarus ischnus in 1995,
the waterflea Cercopagis pengoi in 1998, and the mysid shrimp
Hemimysis anomala in 2006. Notwithstanding the possibility that
time lags between the dates of introduction and reporting may
hinder determination of the efficacy of BWE (Costello et al. 2007),
the ongoing discovery of new AIS in the Great Lakes has drawn
attention to the role of transoceanic NOBOB vessels as vectors for
AIS introductions. Such vessels entering the Great Lakes were,
until recently, exempt from BWM requirements because they
carry no pumpable ballast water and were not, therefore, thought
to present a risk of introducing AIS. However, research in recent
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years has shown that transoceanic NOBOB vessels do indeed pose
an invasion risk, as discussed in Chapter 4.

In light of the ever-changing nature of the AIS problem and the
lessons learned about transoceanic NOBOB vessels, the commit-
tee considers it essential that an adaptive process be established to
ensure that prevention strategies are as effective as possible and re-
main so.13 This process would examine both individual AIS intro-
ductions and the overall problem of AIS in the Great Lakes.

Periodic review of field surveillance data and vessel compliance
data from Transport Canada and the U.S. Coast Guard would be
undertaken to assess the effectiveness of measures to prevent fur-
ther introductions of AIS into the Great Lakes by vessels transiting
the seaway. The discovery of a new AIS would trigger an expert re-
view to determine possible and likely vectors of introduction and
the possible date of entry. If the species was in all likelihood a re-
cent introduction via ballast water, safeguards would have to be
reviewed and possibly revised.

Any changes in the relative importance of different AIS vectors
and pathways over time would also be subject to periodic review.
Such a review would form the basis for recommendations to the
governments of Canada and the United States about changes needed
in AIS prevention policies across the Great Lakes basin. For exam-
ple, if the committee’s recommendations are fully implemented,
the relative importance of the ballast water vector for vessels tran-
siting the seaway would be expected to decline significantly over
time. Greater effort could then be directed to other vectors and
pathways, which would make up a greater proportion of the much
smaller total number of introductions.

In addition, the periodic expert review would be an occasion to
assess lessons learned from recent research and to recommend new
prevention measures, if needed. For example, if new research were
to show that hull fouling is a more important mechanism for AIS

13 Ruiz and Carlton (2003) envisage a feedback loop similar to the adaptive process recommended
by the committee to determine whether prevention strategies are working as designed.
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introductions into the Great Lakes than indicated by current evi-
dence, measures to eliminate or control this vector could be iden-
tified by the review panel. Similarly, if new information on the role
of the ballasting operations of inland vessels in spreading AIS
within the Great Lakes indicated a need for greater protection, the
review panel could identify revised BWM practices for such vessels.

The committee envisages that a single organization would be re-
sponsible for the adaptive process, including conduct of the expert
reviews to examine and advise on prevention policies relating to
individual AIS introductions and the overall issue of AIS in the
Great Lakes. This organization would require a formal binational
mandate, together with the appropriate resources, and should be
widely perceived as independent and free from conflicts of inter-
est. It should be in a position to draw on the advice of scientific and
policy experts in Canada, the United States, and elsewhere in con-
ducting its reviews and developing its recommendations.

Two existing organizations—the International Joint Commis-
sion (IJC) and GLFC—appear to be candidates. Both already have
binational mandates from Canada and the United States and are
widely viewed as independent agencies. However, their mandates
would have to be revised to include the proposed adaptive process,
and the necessary resources would have to be made available. From
a scientific perspective, the adaptive process could be deemed an ex-
tension of the current work of GLFC in invasive species control.
Although IJC does not possess such hands-on experience, it has ex-
tensive experience in convening groups of experts from Canada
and the United States to serve on its study boards, which are anal-
ogous to the expert review panels envisaged by the committee.
Furthermore, the committee notes that a 2003 report from the
Standing Committee on Fisheries and Oceans of the Canadian
House of Commons recommended that Canada seek a permanent
reference (i.e., a formal mandate) to IJC “to coordinate and har-
monize binational efforts for action to counter the threat of AIS
in the Great Lakes basin” (Standing Committee on Fisheries and
Oceans 2003, 27). The proposed adaptive process appears to fall
within the scope of such a reference.



160 Great Lakes Shipping, Trade, and Aquatic Invasive Species

Recommendation: An adaptive process should be estab-
lished to ensure that policy measures designed to prevent
further AIS introductions into the Great Lakes are updated
in a timely and periodic fashion to reflect practical experi-
ence and knowledge gained through research. The organi-
zation responsible for this process should have a binational
mandate; adequate resources to conduct its work; and the
ability to draw on the advice of scientific and policy experts
in Canada, the United States, and elsewhere as needed. It
should also be widely perceived as independent and free
from conflicts of interest.

STRENGTHS AND WEAKNESSES

This section discusses the strengths and weaknesses of the com-
mittee’s recommended suite of actions. While the proposed option
is not a silver bullet, as noted earlier, it offers the potential to bring
about progress toward the ultimate goals in a timely manner, to
minimize undesirable consequences, and to keep options open for
an uncertain future. Sources of funding for some of the actions will
require further investigation if the committee’s recommended ap-
proach is to be fully implemented.

Eliminating Further AIS Introductions

Given the number, diversity, and distribution of vectors and path-
ways for AIS introductions into the Great Lakes, the committee
views elimination of all further invasions as unlikely. This view is
reinforced by the observation that a number of potential invaders
have robust survival strategies that make them particularly diffi-
cult to eliminate, such as the ability to reproduce asexually from a
single individual (parthenogenesis) or to produce large numbers
of highly resistant cysts (resting stages) that can survive hostile en-
vironments for long periods until conditions are right for devel-
opment and possible establishment of a new population.
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Despite the challenges of preventing further AIS introductions,
the invasion vector and route that are the focus of this study—vessels
transiting the St. Lawrence Seaway—are, in the committee’s view,
easier to control than some other vectors, routes, and pathways.
For example, angling and bait fishing, home aquaria, and water
gardens are widely distributed geographically, involve large num-
bers of individual citizens, and are not highly regulated. In addi-
tion, controlling these vectors and pathways requires changing
human behavior, which many would argue is more difficult to
achieve than implementing technological solutions. In contrast,
the geographic chokepoint at the entrance to the seaway provides
an opportunity for Canada and the United States to enforce mea-
sures aimed at preventing vessels from transporting AIS into the
Great Lakes. Furthermore, the number of vessels using the seaway
annually (approximately 30014) is small in absolute terms, and the
shipping industry is already highly regulated.

If vessels transiting the seaway were the only vector and route
for introducing AIS into the Great Lakes, the committee could well
have recommended a different suite of actions from among the
possibilities identified in Chapter 5. However, its examination of
the shipping vector through the seaway in the broad context of all
AIS introductions into the Great Lakes led it to conclude that a
combination of technology, enforcement, and monitoring for com-
pliance constitutes the most robust, practical, technically feasible,
and effective approach, and the one that offers the most rapid
response to the issue. The committee is optimistic that its recom-
mended suite of actions, if fully implemented, would result in sub-
stantial progress toward elimination of further introductions of
AIS by vessels transiting the seaway and would reduce this vector/
route to a minor contributor to the overall problem of AIS intro-
ductions into the Great Lakes.

14 As noted in Chapter 4, the number of transoceanic vessels using the seaway each year is approx-
imately 230, and the Canadian domestic fleet of coastal and inland vessels using the seaway com-
prises about 70 ships.
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Enhancing the Potential for Global Trade

A recent report from the Brookings Institution observes that the
Great Lakes and its waterways “offer a tremendous opportunity for
reinvigorating the economy of the region” (Austin et al. 2007, 10).
Consistent with this observation, the committee’s recommended
suite of actions, and in particular the harmonization of Canadian
and U.S. BWM standards for vessels entering the Great Lakes,
could help create an environment conducive to enhancing the re-
gion’s global trade by removing current regulatory uncertainties
about the availability of waterborne freight transportation. In ad-
dition, opposition to Great Lakes shipping from those concerned
about the negative impacts of ship-vectored AIS introductions
could be greatly reduced in the event of substantial progress toward
eliminating such introductions. As a result, states and provinces
would feel less constrained in promoting economy-enhancing ini-
tiatives dependent on waterborne transportation. Possible seaway-
dependent, economy-enhancing initiatives include container feeder
services between Great Lakes ports and container ports in Nova
Scotia, increased short-sea shipping to avoid the growing conges-
tion on certain land-based transportation corridors, and cruise ship
operations associated with ecotourism. While it is not clear which,
if any, of these ventures will succeed, all have a common thread: the
need for unhindered shipping via the St. Lawrence Seaway.

In the current climate of uncertainty about future BWM regu-
lations, shipping companies and their business partners have dif-
ficulty in developing sound business plans for future initiatives and
in generating the investment capital needed to modernize and ex-
pand their capabilities. Specifically, shipowners are reluctant to in-
vest in ballast water treatment systems for existing or new vessels
when the goals of the treatment are unclear.

Widespread frustration at the delays in updating the U.S. Na-
tional Invasive Species Act of 1996 appears to have led some groups
to take action themselves to address the AIS problem. For exam-
ple, the state of Michigan has established its own ballast water leg-
islation, and other Great Lakes states are considering following
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suit. In addition, environmental groups are taking action through
the courts to have ballast water discharges regulated under the U.S.
Clean Water Act.

The adoption by the United States of BWM standards equiva-
lent to those of IMO, as recommended by the committee, would
not necessarily halt other legislative initiatives, including those
by individual states. However, it would remove much of the cur-
rent uncertainty and result in greater consistency in BWM re-
quirements for vessels using the binational GLSLS system. Many
observers have noted that a complex patchwork of BWM require-
ments would complicate compliance, and the committee concurs
with this view.

The committee envisages that the shipping industry would bear
the costs of installing and operating ballast water treatment and re-
mote monitoring systems on its vessels. It recognizes that these ad-
ditional costs could result in some transoceanic vessels ceasing
operations into the Great Lakes—probably “tramp” vessels that
visit the lakes infrequently. However, its discussions with repre-
sentatives of the St. Lawrence and Great Lakes maritime industry,
the creation of marine industry environmental initiatives such as
the binational Green Marine program,15 and efforts by individual
shipping companies to investigate and implement ballast water
treatment systems led the committee to conclude that transoceanic
shipping through the seaway would not cease as a result of the ad-
ditional costs associated with the proposed AIS control program.

Forecasting future seaway traffic and associated trade is fraught
with difficulties, as discussed in Chapter 2. Moreover, as discussed
in Chapter 5, economic development and ensuing trade are influ-
enced by myriad forces, of which policies aimed at preventing
further AIS introductions are only one. Thus, the impact of the
committee’s proposed suite of measures on seaway traffic and on
the Great Lakes region’s global trade in general is impossible to an-
ticipate with certainty. By keeping the seaway open to vessels that

15 Information on the marine industry environmental partnership, Green Marine, is available at
www.cmc-ccm.com/cmc/english/greenmarine.asp.
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take appropriate measures to protect against further AIS intro-
ductions, the proposed approach provides opportunities to develop
a variety of seaway-dependent, economy-enhancing initiatives.
Furthermore, it helps ensure the availability of a variety of trans-
portation options (routes and modes) within the region, thereby
resulting in competitive pricing, which may in turn facilitate trade.

Robust Approach

The committee’s recommended approach has the advantage that
many of the proposed actions, notably the changes in BWM regu-
lations, could be implemented within the next 2 to 3 years. The
committee anticipates that the surveillance program, the control
and eradication program, and the adaptive process could also be
established in at least a preliminary form in a similar time frame,
with enhancements being implemented in later years.

The recommended approach has the further advantage of help-
ing to solve the AIS problem in the Great Lakes without transfer-
ring it to other locations, such as marine ports on the east coast of
Canada and the United States. It also avoids the replacement of
one environmental problem with another. While eliminating fur-
ther introductions of AIS is desirable, it is questionable whether
achievement of this goal should be at the expense of increases in
other adverse environmental impacts associated with transporta-
tion, including greenhouse gas emissions, criteria air contaminant
emissions, accidents, and noise. Although data limitations pre-
clude detailed quantitative comparisons of the environmental im-
pacts of different modes of freight transportation, the marine mode
is in many respects more environmentally friendly than the rail
alternative that could be used to move the relatively low-value bulk
commodities shipped on the seaway (Lawson 2007).

The committee’s recommended approach does not preclude fu-
ture options that may further enhance opportunities for global trade
in the Great Lakes region, as discussed earlier. In particular, it rec-
ognizes that the seaway has a future value as a component of the
region’s transportation network, even though that value cannot
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currently be quantified. In addition, it does not preclude the pos-
sibility of strengthening measures to protect against further AIS in-
troductions, if experience and improved knowledge indicate that
such action is necessary. The recommended adaptive process aims
to facilitate such revisions by establishing a formal mechanism
whereby necessary changes to prevention policies would be iden-
tified and brought to the attention of the governments of Canada
and the United States.

Resource Requirements

Experience has shown that solving environmental problems requires
resources, and the present case is no exception. The committee
anticipates that full implementation of its suite of recommended
actions will require resources over and above those already de-
voted to the prevention of further AIS introductions into the Great
Lakes. In particular, the recommended surveillance, control and
eradication, and adaptive management initiatives will require new
dedicated and continuing funding to ensure that their objectives
are met. Although limited opportunities exist to leverage ongoing
monitoring efforts as part of the surveillance program, these efforts
alone are insufficient to ensure that the overall scope of the pro-
posed program is sufficiently comprehensive to detect new AIS in
a timely fashion.

The committee anticipates that the recommended actions to be
taken by Transport Canada and the U.S. Coast Guard would be sup-
ported by federal funding, given that they are closely related to the
two agencies’ current regulatory activities. The question remains,
however, as to what extent federal funding (i.e., taxpayer revenues)
could (or should) cover some of the other recommended actions, no-
tably the surveillance, control, and adaptive management initiatives.

Application of the “user pays” principle is one approach to
generating funds for AIS prevention measures. As noted earlier,
the committee envisages that the shipping industry will bear the
costs of installing and operating shipboard systems on its vessels.
A further option could be to levy user fees on vessels transiting
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the seaway to help cover the costs of the recommended surveil-
lance, control, and adaptive management efforts. However, be-
cause these proposed efforts address the whole gamut of vectors
and pathways by which AIS enter the Great Lakes, and not just
shipping through the seaway, additional sources of funding
would be needed. Furthermore, the imposition of such user fees
would raise a number of potentially divisive issues, including the
effects of assessing environmental fees against one mode of trans-
portation (shipping) and not others (rail, truck), and against
marine carriers in the Great Lakes region but not in other geo-
graphic regions. As noted in Chapter 5, the debate about the 
extent to which users of transportation services should pay for
externalities, such as the environmental costs of transportation,
is complicated (see, for example, TRB 1996) and well beyond the
scope of this report.

In view of these complexities and those inherent in other fund-
ing approaches (see, for example, Stewart 2007), the committee
notes that further investigation of funding sources will be needed
to ensure full implementation of its recommended AIS control
program.

MANAGING THE WATERS OF THE GREAT LAKES—
A VISION FOR THE FUTURE

In the committee’s view, changes driven by nature and by human
activities on the Great Lakes themselves and on the immense
drainage basin call for collective management. The present system
of Great Lakes’ governance is fragmented among agencies and of-
fices of two federal governments; eight states; two provinces; and
myriad municipalities, local governments, and aboriginal peoples.
All manner of treaties, agreements, institutions, and organizations
have been created to address activities relating to the quantity and
quality of waters from the lakes, such as commerce, planning, and
pollution control. While many of these endeavors are cooperative
efforts between Canada and the United States, there is no compre-
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hensive, coordinated, and coherent binational governance or man-
agement structure that can identify shared societal goals and ensure
that the Great Lakes are managed in such a way that desired values
and uses are nurtured and sustained.

During its work, the committee observed that discrepancies be-
tween Canadian and U.S. approaches can complicate efforts to pre-
vent further AIS introductions into the Great Lakes. For example,
inconsistencies between Canadian and U.S. BWM regulations com-
plicate compliance for vessels but do not provide a greater degree
of protection against AIS introductions for the nation with more
stringent requirements. In contrast, efforts by the two nations to
work together in preventing further AIS introductions can opti-
mize the use of available resources to ensure maximum effective-
ness, as illustrated by the example of the binational Ballast Water
Working Group, which was formed in 2006 to address inspection
and enforcement procedures for vessels entering the GLSLS system
(see Chapter 4).

To avoid unacceptable delays, the committee proposes that its
recommended actions be undertaken by existing organizations
with the appropriate expertise. In the case of the surveillance, con-
trol, and adaptive management initiatives, this approach will
likely require an expansion of the existing mandates of relevant
organizations. The committee recognizes that the issues of Great
Lakes governance and environmental protection are far broader
in scope than the subject of the present report. Nonetheless, it en-
visions that, in the longer term, the recommended AIS control
program might be implemented most effectively within the con-
text of a revised governance structure, such as a new binational in-
stitution charged with managing the waters of the Great Lakes.
The new institution’s mission would be to ensure that the Great
Lakes support the values and uses important to society in a sustain-
able manner, consistent with a vision proposed by Conservation
Ontario (2006, 1):

The Great Lakes Basin is a global treasure and the Great Lakes and 
St. Lawrence region is one where people, the environment, and the econ-
omy are healthy and thrive for generations to come.
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KEY POINTS

• The only way to eliminate further AIS introductions into the
Great Lakes by vessels transiting the seaway would be to close
the waterway to all vessel traffic. Such action, which appears un-
likely from a political perspective, would eliminate a trade route
into and out of the Great Lakes and would not, therefore, enhance
the region’s potential for global trade.

• Closing the seaway to transoceanic shipping would reduce sub-
stantially the risk of AIS introductions by vessels using the wa-
terway. However, this action would not address the AIS problem
in the Great Lakes in a timely fashion and would increase the cost
of moving goods. It could also result in adverse environmental
impacts associated with alternative transportation modes and
routes, copycat actions or other reprisals by trading partners of
the United States and Canada, and the elimination of future
transportation options for the Great Lakes region.

• A comprehensive technology-based AIS program targeting all
vessels transiting the seaway would constitute a practical and
technically feasible approach that would go a long way toward
eliminating further ship-vectored introductions into the Great
Lakes and could help enhance the region’s potential for global
trade.

• A requirement for all transoceanic and coastal vessels transiting
the seaway to conduct BWE or saltwater flushing, if combined
with effective enforcement, would be an important step in en-
suring that policies aimed at preventing further AIS introduc-
tions into the Great Lakes reflect the best current understanding
of aquatic invasion biology and proven BWM practices.

• The adoption of a single set of ballast water standards for the
Great Lakes equivalent to the proposed IMO BWM standards
would provide a robust basis for evaluating the effectiveness of
shipboard ballast water treatment systems and for informing fu-
ture decisions about AIS prevention policies. This approach
could also encourage investment by equipment manufacturers
and shipowners in the development and demonstration of bal-
last water treatment systems for vessels entering the Great Lakes.
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• A binational science-based surveillance program to monitor for
the presence of new AIS in the Great Lakes would provide infor-
mation that could be used to (a) investigate possible deficiencies
in prevention strategies and (b) develop capabilities for con-
tainment, control, and possible subsequent eradication follow-
ing the discovery of any new AIS.

• An adaptive process that takes account of new knowledge and
lessons learned in preventing AIS introductions would ensure
that the proposed technology-based AIS control program 
responds to the ever-changing challenges posed by AIS in the
Great Lakes.
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COMMITTEE MEETINGS 
AND OTHER ACTIVITIES

FIRST COMMITTEE MEETING
May 23–24, 2006, Washington, D.C.

The following presentations were made to the committee by invited
speakers and individual committee members:

Sponsor Expectations for the Project
David Rankin, Great Lakes Protection Fund

Shipping on the Great Lakes St. Lawrence Seaway and Current
Ballast Water Regulations
Phil Jenkins, committee member

Vectors for Introduction of Nonindigenous Aquatic Species
into the Great Lakes
Hugh MacIsaac, committee member

Current Status of Ballast Water Treatment
Tom Waite, committee member

Natural Resources Panel

Panelists were asked to discuss their perspectives on the impact of
aquatic invasive species (AIS) on the natural resources of the Great
Lakes region.

John Dettmers, Great Lakes Fishery Commission
Anthony Earl, Quarles and Brady Law Firm
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David Lodge, University of Notre Dame
Chuck O’Neill, National Aquatic Nuisance Species Clearinghouse

Seaway Users Panel

Panelists were asked to outline their organization’s stake in the
Great Lakes St. Lawrence Seaway (GLSLS) system and to describe
any actions their organization is taking to prevent further AIS
introductions into the Great Lakes by vessels transiting the seaway.

Steve Fisher, American Great Lakes Ports Association
Ray Johnston, Chamber of Maritime Commerce
Ivan Lantz, Shipping Federation of Canada
Georges Robichon, Fednav

Seaway Management and Infrastructure Panel

Panelists were asked to outline their organization’s role and respon-
sibilities vis-à-vis the GLSLS system and to describe any actions their
organization is taking to prevent further AIS introductions into the
Great Lakes by vessels transiting the seaway.

Peter Burgess, St. Lawrence Seaway Management Corporation
Marc Fortin, Transport Canada
Kevin O’Malley, St. Lawrence Seaway Development Corporation
David Wright, U.S. Army Corps of Engineers

Ocean Shipping in the Great Lakes: Transportation Cost
Increases That Would Result from a Cessation of Ocean 
Vessel Shipping

Presentation of report prepared for the Joyce Foundation
John Taylor, Grand Valley State University
Jim Roach, JL Roach, Inc.

Discussants
David Kriger, iTRANS Consulting, Inc.
Jerry Fruin, University of Minnesota
Hazem Ghonima, Chartered Institute of Logistics and Transport 

in North America, and TAF Consultants
Jim McClellan, independent consultant
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SITE VISITS
Visit to Hamilton Port Authority, Hamilton, Ontario, August 28,
2006.

Visit to St. Lawrence Seaway Management Corporation, 
St. Catharines, Ontario, and tour of Welland Canal, August 28, 2006.

SECOND COMMITTEE MEETING
August 29–30, 2006, Toronto, Ontario

The following presentations were made to the committee by in-
vited speakers:

Multimodal Freight Movements in the Great Lakes Region
Rod Taylor, independent consultant

Freight Movements by Rail in the Great Lakes Region: 
Current Status and Future Opportunities
Malcolm Cairns, Canadian Pacific Railway

Highway H2O
Richard Corfe, St. Lawrence Seaway Management Corporation

New Opportunities to Optimize the Great Lakes Maritime
Transportation System
Richard Stewart, University of Wisconsin, Superior, and Great Lakes 

Maritime Research Institute

New Ballast Water Treatment Technologies
Junko Kazumi, University of Miami

Shipboard Ballast Water Treatment Systems
Richard Everett, U.S. Coast Guard

Ballast Water Treatment Technology Requirements for Vessels
Operating on the Great Lakes
Chris Wiley, Fisheries and Oceans Canada and Transport Canada



THIRD COMMITTEE MEETING
February 4–6, 2007, Irvine, California

The following presentations were made to the committee by the
authors of its commissioned papers:

Map of Vectors and Pathways for Nonindigenous 
Aquatic Species
David Kelly, University of Windsor

Ballast Water Treatment Technologies and Their Application
for Vessels Operating on the Great Lakes
Junko Kazumi, University of Miami

Surveillance and Control of Invasive Species in the Great Lakes
Jake Vander Zanden, University of Wisconsin, Madison

Institutional Mechanisms for More Stringent Ballast 
Water Standards
Richard Stewart, University of Wisconsin, Superior

Global Climate Change and Great Lakes International Shipping
Frank Millerd, Wilfrid Laurier University

Environmental Footprint of Surface Freight Transportation
John Lawson, Lawson Economics Research, Inc.

Carrots and Sticks: Opportunities to Accelerate the Development
and Adoption of Ballast Water Treatment Technologies
Richard Hodgson, Hodgson and Associates

FOURTH COMMITTEE MEETING
May 7–9, 2007, Toronto, Ontario

On May 7, 2007, the committee hosted a public meeting to gain a bet-
ter understanding of stakeholder views about possible approaches to
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meeting the two project criteria. The agenda for this public meeting
and a list of participants are provided in Appendix C.

FIFTH COMMITTEE MEETING
July 30–31, 2007, Washington, D.C.

The following presentations were made to the committee by in-
vited speakers and individual committee members:

It’s Not Just About Ballast Water: Opportunities and Successes
Doug Jensen, University of Minnesota Sea Grant Program

Report on Investigation of Shipboard Technologies for
Monitoring Ballast Water Operations
Hugh MacIsaac, committee member
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COMMISSIONED PAPERS 
AND AUTHORS

Ballast Water Treatment Technologies and Their Application for Ves-
sels Entering the Great Lakes via the St. Lawrence Seaway. Junko
Kazumi, Office of Technology Transfer and Industry Research,
University of Miami, Florida, May 2007.

Carrots and Sticks: Opportunities to Accelerate the Development and
Adoption of Ballast Water Treatment Technologies for Vessels
Operating into the Great Lakes. J. Richard Hodgson, Hodgson
and Associates, Marine Policy Consulting, Halifax, Nova Scotia,
April 17, 2007.

Do Institutional Mechanisms Exist to Set and Enforce Standards for
the Great Lakes That Exceed the Ballast Water Performance and
Exchange Standards Established by the International Maritime
Organization? Richard D. Stewart, Transportation and Logistics
Research Center, Department of Business and Economics, Uni-
versity of Wisconsin, Superior, June 11, 2007.

The Environmental Footprint of Surface Freight Transportation. John
Lawson, Lawson Economics Research, Inc., Ottawa, Ontario,
June 2007.

Global Climate Change and Great Lakes International Shipping. Frank
Millerd, Department of Economics, Wilfrid Laurier University,
Waterloo, Ontario, May 2007.
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Retroactive Evaluation of International Maritime Organization
Ballast Water Standards. David W. Kelly, Landcare Research,
Dunedin, New Zealand, and Junko Kazumi, Office of Technology
Transfer and Industry Research, University of Miami, Florida,
September 10, 2007.

Surveillance and Control of Aquatic Invasive Species in the Great
Lakes. M. Jake Vander Zanden, Center for Limnology, Univer-
sity of Wisconsin, Madison, June 15, 2007.

Vectors and Pathways for Nonindigenous Aquatic Species in the
Great Lakes. David W. Kelly, Landcare Research, Dunedin, New
Zealand, June 2007.

NOTE: The commissioned papers are available at www.trb.org/news/blurb_detail.asp?id=9281. 
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PUBLIC MEETING AGENDA 
AND PARTICIPANTS

Aquatic Invaders and Global Trade: 
Options for the Great Lakes Region

Trinity Ballroom
Marriott Toronto Downtown Eaton Center

525 Bay Street
Toronto, Ontario M5G 2L2

Monday, May 7, 2007

AGENDA

8:30–9:00 a.m. Meeting Registration

9:00–9:15 a.m. Welcome and Meeting Objectives
Jerry Schubel, Aquarium of the Pacific, 
committee chair

9:15–9:30 a.m. Establishing the Information Base
Reds Wolman, Johns Hopkins University,
committee member

This talk will outline the committee’s approach to gathering the 
information needed to identify and explore options meeting the two
project criteria, namely, enhance the potential for global trade in
the Great Lakes region and eliminate further introductions of non-
indigenous aquatic species into the Great Lakes by vessels transit-
ing the St. Lawrence Seaway.
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9:30–10:15 a.m. COMMISSIONED PAPERS, PART 1

Introduction to Expert Papers 
Commissioned by the Committee
Jerry Schubel, committee chair

9:30–9:45 a.m. Vectors and Pathways for Nonindigenous
Aquatic Species

Context and purpose of paper
Hugh MacIsaac, University of Windsor, 
committee member

Paper highlights
David Kelly, Landcare Research, Dunedin,
New Zealand, paper author (presented by
Hugh MacIsaac)

9:45–10:00 a.m. Ballast Water Treatment Technologies and
Their Application for Vessels Operating on
the Great Lakes

Context and purpose of paper
Tom Waite, Florida Institute of Technology,
committee member

Paper highlights
Junko Kazumi, University of Miami, 
paper author

10:00–10:15 a.m. Surveillance and Control of Invasive Species
in the Great Lakes

Context and purpose of paper
Joy Zedler, University of Wisconsin, Madison,
committee member

Paper highlights
Jake Vander Zanden, University of Wisconsin,
Madison, paper author

10:15–10:35 a.m. Break
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10:35–11:35 a.m. COMMISSIONED PAPERS, PART 2

10:35–10:50 a.m. Global Climate Change and Great Lakes
International Shipping

Context and purpose of paper
Frank Quinn, consultant, committee member

Paper highlights
Frank Millerd, Wilfrid Laurier University,
paper author

10:50–11:05 a.m. Environmental Footprint of Surface Freight
Transportation

Context and purpose of paper
Trevor Heaver, University of British Columbia,
committee member

Paper highlights
John Lawson, Lawson Economics Research, Inc.,
paper author

11:05–11:20 a.m. Carrots and Sticks: Opportunities to 
Accelerate the Development and Adoption
of Ballast Water Treatment Technologies

Context and purpose of paper
Steven Popper, Rand Corporation, committee
member

Paper highlights
Dick Hodgson, Dalhousie University, paper
author

11:20–11:35 a.m. Institutional Mechanisms for More Stringent
Ballast Water Standards

Context and purpose of paper
Phil Jenkins, Philip T. Jenkins and Associates,
Ltd., committee member
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Paper highlights
Richard Stewart, University of Wisconsin, 
Superior, paper author

11:35 a.m.– COMMENTS FROM MEETING 
12:15 p.m. PARTICIPANTS, PART 1

Participants should limit their comments 
to a maximum of 5 minutes.

Participants are invited to suggest approaches to meeting the two
project criteria, namely,

• Enhance the potential for global trade in the Great Lakes region,
and

• Eliminate further introductions of nonindigenous aquatic species
into the Great Lakes by vessels transiting the St. Lawrence Seaway.

Suggested approaches should focus on actions that can be taken on
the basis of current knowledge, rather than on further studies of the
issue.

12:15–1:45 p.m. Lunch

1:45–2:30 p.m. Possible Actions, Jerry Schubel, committee chair

To further stimulate comment and discussion, this talk will add to
the list of possible actions identified by meeting speakers by draw-
ing on suggestions from a variety of sources. The actions presented
will not represent the committee’s recommendations, which have
yet to be developed.

2:30–3:15 p.m. COMMENTS FROM MEETING 
PARTICIPANTS, PART 2

Participants should limit their comments 
to a maximum of 5 minutes.

Participants are invited to suggest approaches to meeting the two
project criteria, namely,

• Enhance the potential for global trade in the Great Lakes 
region, and
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• Eliminate further introductions of nonindigenous aquatic
species into the Great Lakes by vessels transiting the St. Lawrence
Seaway.

Suggested approaches should focus on actions that can be taken on
the basis of current knowledge, rather than on further studies of
the issue.

3:15–3:35 p.m. Break

3:35–4:15 p.m. COMMENTS FROM MEETING 
PARTICIPANTS, PART 2 (continuation)

4:15–5:15 p.m. Group Discussion

5:15–5:30 p.m. Meeting Wrap-Up, Jerry Schubel, committee
chair

WORKSHOP PARTICIPANTS

Marilyn Baxter*
Hamilton Port Authority

Mark Burrows
International Joint 
Commission, Great Lakes
Regional Office

Jennifer Caddick*
Save the River

Richard Corfe*
St. Lawrence Seaway 
Management Corporation

Rich Everett
U.S. Coast Guard

Dennis Fortune
Consultant
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JL Roach, Inc.
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Written comments were received from the following individuals
who were unable to attend the meeting:

Margaret Dochoda
Ann Arbor, Michigan

Richard Smith
Lucky 7 Charters, Dunkirk, New York
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ECONOMIC BENEFITS OF
TRANSOCEANIC SHIPPING

THROUGH THE 
ST. LAWRENCE SEAWAY

Estimating the economic benefits of transoceanic shipping through
the St. Lawrence Seaway is a challenging task. On the assumption
that closing the seaway to transoceanic vessels would change the
costs of shipping goods from points outside the seaway into the
Great Lakes and vice versa, the challenge is to quantify the changes
in these costs. One would need to determine, for example, whether
break-bulk import cargoes arriving on transoceanic vessels could
be transshipped from Quebec City or Montreal to interior desti-
nations in Canada and the United States via road or rail without a
significant increase in delivered cost and without straining the ca-
pacities of the alternative modes. A conclusive assessment would
require access to a computable general equilibrium (CGE) model1

linked to the transportation network in such a way that all flows
between origins and destinations would be mapped onto this
network.2 In addition, one would need assessments of the capacity

A P P E N D I X  D

1 A CGE model essentially captures the circular flow of demand–production (supply)–income in
an economy. On the basis of typical assumptions about the behavior of producers, consumers,
and government, the impacts of changes in demand or supply and the effects of government pol-
icy (tariff reduction, new taxes, or deregulation) on the economy can be traced.

2 Most CGEs assume that the transportation cost is determined by the shipper (someone interested
in moving a commodity from a to b or purchasing a commodity from b to be moved to a). In only
a few models have there been attempts to “map” the transportation flows onto multimodal net-
works, and even in those few cases attention is usually only on road and rail. Thus, CGE models in
their present form, while more flexible than other models, fail to capture the peculiarities of the
transportation network.
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limitations of all links (i.e., their ability to absorb additional 
demands without straining capacities) and a further assessment
of the diversion possibilities. For the latter, one would need to know
whether, absent an ability to use the seaway, an exporter (importer)
has an alternative market (source) in the event that the alternative
transportation mode proved too expensive. As discussed in the fol-
lowing paragraphs, a review of the literature suggests that partial
answers are available to some of the relevant questions, but the
comprehensive analysis needed to quantify with confidence the
economic impacts of closing the seaway to transoceanic vessels is
lacking.

The study by Taylor and Roach (2005) probably comes closest
to an overall assessment (see Box D-1). To the committee’s knowl-
edge, it is the only study to date that offers an estimate of handling
and transportation cost savings attributed to transoceanic vessels
transporting cargoes via the seaway. The study’s principal conclu-
sion is that a cessation of transoceanic shipping on the Great Lakes
would result in a transportation cost penalty of approximately
US$55 million annually.

The committee notes that the Taylor and Roach estimate does
not include the transportation cost savings associated with coastal
vessels that move goods between Great Lakes ports and coastal
ports within the Canadian and U.S. exclusive economic zones
(EEZs). These vessels are also a possible source of aquatic invasive
species (AIS), as discussed in Chapter 4.3 The vessel traffic data
from the seaway corporations include coastal vessels within the
“laker” category, but the coastal component of the laker traffic
cannot be readily extracted. Thus, assessing the transportation cost
savings for coastal vessels using the seaway is problematic.

The methodology of Taylor and Roach is analogous to that of
earlier researchers who have faced similar questions, and conse-
quently the study has shortcomings often attributed to these types
of efforts. In particular, these analyses fail to consider a spatial

3 Contrary to recent evidence, Taylor and Roach state that “aquatic invasives are introduced by
oceangoing vessels, and not by lakers that remain within the North American EEZ” (2005, p. 6).
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BOX D-1

Analysis of Transportation Cost Increases 
That Would Result from a Cessation 

of Transoceanic Shipping in the Great Lakes

A 2005 study sponsored by the Chicago-based Joyce Foundation,
which supports efforts to protect the natural environment of the
Great Lakes, analyzed the transportation cost benefits to Canada
and the United States resulting from the movement of freight car-
goes into and out of the Great Lakes via the St. Lawrence Seaway
on transoceanic vessels (Taylor and Roach 2005). The methodology
used, a comparative shipper cost approach, involved (a) identifying
the current level and type of transoceanic vessel traffic on the GLSLS
system and estimating its “door-to-door” transportation and handling
costs, (b) identifying alternative modes and routings for commerce
identified in (a) and estimating associated door-to-door transportation
and handling costs, and (c) estimating quantities moving by alter-
native modes and routings and calculating the cost for the most
likely alternative mode and routing. The analysis centered on an
estimated 12.3 million tonnes (Mt) of transoceanic vessel cargo that
transited the Montreal–Lake Ontario (MLO) section of the seaway in
2002. During the same year an estimated 17.7 Mt of laker cargo also
moved through the MLO section. The transoceanic vessel cargo in-
cluded 4.1 Mt of grain exports, 4.6 Mt of imported steel, and 3.6 Mt
of other commodities. On the basis of the outlined methodology
and commodity handling cost and transportation rate data collected
from various sources, the annual cost savings associated with use
of transoceanic vessels entering the Great Lakes was estimated at
US$54.9 million. Closure of the seaway to transoceanic vessels was
estimated to divert 2.97 Mt to lakers, 5.98 Mt to railroads, 1.18 Mt to
barge, and 2.16 Mt to truck. It was assumed that the diverted traffic
would not increase the transportation rates of the involved modes.



equilibrium framework and require the researcher to select alter-
native routes and modes arbitrarily, without consideration of
related trade flow patterns and associated costs. Criticism also
often centers on various assumptions made by researchers with re-
gard to the effect of diverted traffic on transportation rates and the
routings of other modes.4, 5

A more recent study estimated the transportation cost savings
for all Great Lakes St. Lawrence Seaway (GLSLS) shipping, rather
than merely the transoceanic shipping through the seaway consid-
ered by Taylor and Roach (Transport Canada et al. 2007). The
estimated savings of $2.7 billion per year were calculated in terms
of the transportation and handling costs that GLSLS shippers
would have incurred had they used other modes of transportation.
The methodology was based on a rate analysis and shipper survey,
but no further details are provided in the report. No attempt was
made to explore the impact on cost savings of alleviating possible
congestion on other modes through use of the GLSLS. The com-
mittee notes that a more detailed evaluation would need to explore
the costs of maintaining the GLSLS system to realize the estimated
savings and then to evaluate the benefits and costs of this choice
vis-à-vis other transportation investments.

In contrast to the Taylor and Roach study, Martin Associates
(2001a) provided a more traditional assessment of the economic
impact of the GLSLS system. That analysis was based on assess-
ment of public data supplemented by interviews with approxi-
mately 400 firms at the U.S. Great Lakes ports. (No Canadian data
or ports were surveyed.) The analysis identified (a) the direct
impact from the employment, income, and revenue of firms 

4 Comparing transportation rates does not take into account the costs associated with changes in
transportation and logistics systems. These changes can be significant for the people and firms
affected and for the economy.

5 The Taylor and Roach study estimates alternative costs of transporting goods by modes and routes
other than transoceanic vessels through the seaway. While the transportation rates and associated
service levels are the characteristics on which shippers base their traffic allocation decisions, these
rates are not the same as the economic costs to society. Such economic costs would measure (and
compare) the future value of resources consumed under the alternative transportation scenarios.
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associated with the maritime community at each port and (b) in-
duced impacts resulting from these direct impacts including sup-
plier chain linkages and the expenditures from wages and salaries.
The employment estimate for 2000 was that “152,508 jobs are in
some way related to the 192 million tons of cargo moving on the
Great Lakes St. Lawrence Seaway system in 2000” (p. E-2). About
44,000 are the direct jobs, which implies a crude multiplier or rip-
ple effect of 3.4: for every direct job, there are 2.4 additional jobs.
There is concern whether the number of jobs entirely centered on
shipping activities on the Great Lakes is an overestimate. Further-
more, the analysis estimates that the direct job increases were
larger (by 50 percent) than the national increase in employment
over the period 1991–2000. A companion study (Martin Associ-
ates 2001b) assessed the cost savings associated with the GLSLS
system at $1.2 billion for 2000. However, the methodology was
not detailed, so what alternatives were explored is not clear. The
report also claims that 37,000 jobs might not have located in the
region without the Great Lakes as a navigable system—an asser-
tion that does not appear to be based on any formal economic
assessments.

A report from the Midwest Regional University Transporta-
tion Center (2006) provides a more detailed assessment of the
transportation system for the region comprising the states of
Minnesota, Iowa, Wisconsin, Illinois, Indiana, Michigan, and
Ohio. Valuable data and perspectives are provided, but the focus
is on the anticipated effects of increasingly congested road and rail
networks. The authors put forward ideas about coordination
among networks and the notion that water-based transportation
systems could play an increasing role in meeting the future needs
of the region. The analysis does not, however, provide the type of
integration with a CGE model that would be necessary to evaluate
fully the impacts and savings associated with seaway closure.

Cangelosi and Mays (2006) have provided a scoping report for
the analysis of the potential impacts of commercial vessels on the
GLSLS that would be free of invasive species. As befits a scoping
study, the economic analysis in this report relies on other documents,



such as the Taylor and Roach study (2005) and Martin Associates
reports (2001a; 2001b). Good examples of supply chains are pre-
sented, thereby providing the basis for consideration of disruptions
of reroutings. However, the report does not provide the formal
analysis that would be required to assess the economic impacts of
seaway closure to transoceanic vessels.

Finally, an ongoing investigation of the Midwest is being con-
ducted by the Brookings Institution (Austin and Affolter-Caine
2006); to date, the project is at the stage of reporting trends and the
spatial distribution of economic activity and of positing some pol-
icy initiatives. No formal economic model underlies the report.

In assessing the results of its literature review, the committee
observed that the Taylor and Roach estimate of the cost benefit of
transoceanic shipping on the Great Lakes (US$55 million annu-
ally) has been widely cited. Clearly, this initial estimate has con-
tributed to the discussion of closure of the seaway to transoceanic
vessels as a possible means of preventing further ship-vectored
introductions of AIS into the Great Lakes. The committee notes,
however, that a single estimate with recognized limitations and
imperfections is not a robust basis for informing a major transporta-
tion policy decision—whether to close the seaway to transoceanic
vessels. In the case of deregulation of the U.S. airline industry, for
example, numerous analyses by experts with varying perspectives
and areas of specialization explored the likely implications of
deregulation. The results of these analyses were available to inform
the public policy decision to proceed with deregulation. As the
committee’s literature review indicates, current analyses do not
provide a comparable level of understanding about the likely eco-
nomic impacts of any decision to close the seaway to transoceanic
vessels. Analyses of the environmental and quality-of-life impacts
would also be needed to inform any such decision.
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Since its opening in 1959, the St. Lawrence Seaway has provided a route into the Great Lakes 
not only for trade but also unfortunately for aquatic invasive species (AIS), which have had 
severe economic and environmental impacts on the region. Prevention measures have 
been introduced by the governments of Canada and the United States, but reports of newly 
discovered AIS continue, and only time will tell what impacts these species may have. Pressure 
to solve the problem has even led to proposals that the seaway be closed. At the request of 
the Great Lakes Protection Fund, the National Research Council assembled a committee of 
experts to identify and explore options that would both enhance the potential for global trade 
in the Great Lakes region and eliminate further introductions of AIS from ships transiting the 
St. Lawrence Seaway. The report concludes that trade should continue on the St. Lawrence 
Seaway but with a more effective suite of prevention measures that evolves over time in 
response to lessons learned and new technologies.
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