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Executive Summary 
The Great Lakes are among North America’s most important natural resources 
and are vital to the economy of Milwaukee and hundreds of other communities. 
Aquatic invasive species (AIS) that live within these lakes have caused extensive 
damage to the lakes’ ecosystems and dependent industries. This report’s primary 
objectives are: 1) to supply the City of Milwaukee with the understanding of the 
ecological, economic, political and regulatory contexts necessary for developing 
an effective AIS policy; 2) to develop general goals and guidelines for an effec-
tive, efficient, and feasible AIS policy; and 3) to present several potential AIS 
policies for the City of Milwaukee to support.  
 
AIS gain access to the Great Lakes through several vectors, or sources of 
transmission and dispersion. International ship ballast water has been the single 
largest vector for AIS entry into the Great Lakes during the past 50 years. Once 
established, AIS devastate local ecosystems through direct predation, competition 
for resources, and modified food webs. Valuations of ecological damages are 
difficult to quantify, but estimates of control costs and economic losses related  
to AIS range from $200 million to $5.7 billion annually for the Great Lakes. 
 
A number of AIS prevention options are under development, including treating 
commercial ships’ ballast water and constructing barriers to prevent the migration 
of AIS such as Asian carp. If implemented, these measures could increase costs 
for shipping companies, the Port of Milwaukee, and related or dependent indus-
tries. Many preventative measures also depend highly on coordination across 
states and stakeholders, prohibiting unilateral action. A number of state, federal, 
and international regulatory contexts further complicate AIS prevention and 
control policies. 
 
We propose that appropriate AIS policies should balance the following goals and 
guidelines: ecological responsibility, minimization of economic damage by AIS, 
maximization of Milwaukee’s economic vitality, and political feasibility. 
 
Milwaukee cannot tackle this problem alone; the City should support legislation 
and regulations at the state and federal levels that are cost-effective and do not  
put Milwaukee’s economic vitality at risk. Milwaukee can benefit from strong  
but flexible national regulation by installing an offboard ballast water treatment 
mechanism. This could increase the attractiveness of the Port of Milwaukee to 
shipping companies that do not want to install treatment systems on their ships. 
The City of Milwaukee should not support closing the locks in the Chicago 
Sanitary and Ship Canal to prevent Asian carp until more is known about the 
effectiveness of this option. The City of Milwaukee should also take advantage  
of available AIS management funding by partnering with other organizations. 
Finally, the City of Milwaukee should capitalize upon the current public 
awareness of AIS issues to educate residents about preventing AIS introductions. 
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Section I: Introduction 
As the largest source of surface freshwater in the world, the Great Lakes are vital 
to Milwaukee’s economy and its residents’ quality of life (National Research 
Council [NRC], 2008). Lake Michigan provides the Milwaukee area with water 
and recreation, as well as facilitates local, interstate, and international commerce 
through the Port of Milwaukee. 

Human activities over the last two centuries have severely damaged the Great 
Lakes and dependent economic activities (White House Council on 
Environmental Quality [WHCEQ] et al., 2010). Of particular concern are non-
native plants, animals, and microorganisms that can disrupt the lakes’ ecosystems. 
These aquatic invasive species (AIS) have caused considerable environmental and 
economic damage by outcompeting native species (including fish that are popular 
for commercial or sport fishing), spreading new diseases, altering nutrient cycles, 
and clogging industrial and municipal water intake structures (Kelly et al., 2009). 

Non-native species have historically entered the Great Lakes through many 
different vectors, or sources of transmission and dispersion—including canals, 
recreation boats, and deliberate release. During the past 50 years the commercial 
shipping industry has provided the single largest pathway for AIS introductions 
(Ricciardi, 2006). Since the completion of the Saint Lawrence Seaway in 1959—
which was designed to open the Great Lakes to further international trade—an 
estimated 55 to 70 percent of new AIS introduced to the Great Lakes were 
inadvertently carried in the ballast water that ships use to stabilize themselves 
(NRC, 2008). Ships usually pump in ballast water when they unload cargo at a 
port and depart with less cargo or no cargo. Ballast water is then transported and 
released at the next port-of-call where the ships pick up another load 
(Massachusetts Institute of Technology Sea Grant, 2002). 

Historically, most regulations to prevent AIS have focused on ballast water, yet 
this AIS pathway remains a concern for the Great Lakes and Milwaukee. Current 
U.S. and Canadian regulations have reduced, but not eliminated, the risk of new 
AIS introductions from ballast water in oceangoing vessels (U.S. Environmental 
Protection Agency [U.S. EPA], 2008b). Further, commercial ships that only travel 
within the Great Lakes system can potentially facilitate the inter-lake spread of 
AIS through ballast water (Rup et al., 2010). The U.S. Environmental Protection 
Agency (2008b) identified the Port of Milwaukee as a port of “elevated concern” 
for future AIS introductions for two reasons. First, the amount of ballast water 
discharged in the port allows many opportunities for AIS introduction. Second, 
the region offers a suitable habitat for several non-native species that pose a “high 
or medium” risk of becoming established in the Great Lakes. Because of these 
concerns and the City of Milwaukee’s request to give primary attention to the Port 
of Milwaukee, this report focuses considerable attention on AIS introductions 
through ballast water. 
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A. Research Objective 
The purpose of this report is to supply the City of Milwaukee with knowledge  
to guide AIS policies, goals for effective AIS policies, and potential AIS policy 
options. We pay close attention to the Port of Milwaukee’s roles as a vector of 
AIS and as an important source of commerce for the Milwaukee area. To capture 
the environmental and economic significance of AIS within the scope of this 
report, we do not analyze non-aquatic invasive species that may have arrived 
through the Great Lakes.  

In recent years, four forces have increased the Milwaukee area’s interest in AIS: 
1) The discovery of Asian carp in the Chicago Sanitary and Ship Canal. This 

event has triggered extensive media coverage as well as a legal battle 
between Illinois and other Great Lakes states. The primary issue is that the 
canal provides an artificial link between the Mississippi River and the 
Great Lakes that might allow Asian Carp—and other potentially 
problematic AIS—access to the Great Lakes (Egan, 2010a). 

2) Inconsistent regulations. Some individual states, including Wisconsin, 
have implemented stricter ballast water regulations within their waters 
compared to federal standards, despite the interconnected nature of the 
Great Lakes, (Wisconsin Department of Natural Resources [WDNR], 
n.d.b). 

3) Economic concerns. The recent economic downturn has focused the 
public’s and policymakers’ attention on ways to encourage economic 
development and job growth (Barrett, 2010). The Port of Milwaukee is 
seen as an important link to national and international commerce. New 
regulations to protect against AIS would likely add to the cost of shipping 
goods by water. 

4) Increased public awareness of AIS issues. The problem of AIS has 
become more noticeable to Milwaukee residents; for example, the invasive 
filter-feeding zebra mussels (Dreissena polymorpha) and quagga mussels 
(D. bugensis) have resulted in increased algae blooms that eventually 
wash ashore, causing foul odors and health risks on Milwaukee beaches. 
(Bootsma, 2009; Wainscott, February 22, 2010). 

 
This report illustrates the ecological, economic, political and regulatory 
frameworks in which these concerns have developed. We provide a broad 
overview of AIS in the Great Lakes, Milwaukee, and the Port itself. Where 
appropriate, analysis will focus on current events in order to understand the 
changing nature of regulations pertinent to the Milwaukee area and its Port. 
 
With so many stakeholders involved in the use and management of the Great 
Lakes, our analysis investigates which policy characteristics would most 
effectively balance the need to protect the Great Lakes ecosystem from AIS  
while protecting and promoting economic development. 
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B. Rationale for AIS Policy 
AIS have caused extensive damage to the Great Lakes ecosystems, but it is 
difficult to precisely measure AIS populations and calculate their impacts with  
a high degree of certainty (Jude et al., 2004). Therefore, an important concept  
that should guide all AIS policy is the precautionary principle, defined in the  
1992 United Nations Conference on the Environment and Development. The 
precautionary principle states: “Where there are threats of serious or irreversible 
damage, lack of full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environmental degradation” 
(United Nations, 1992). Some may argue that prevention of the spread of AIS is 
impossible, and therefore any preventative regulations are a waste of resources. 
The literature does not support this stance; research has shown that prevention is 
nearly always the most cost-effective AIS management tool available (WHCEQ et 
al., 2010). Rather than concede defeat in the face of continued AIS invasions, this 
principle should motivate policymakers to pursue cost-effective measures to 
prevent damage whenever possible. 

C. Methods 
This study was conducted through a review of relevant research and news media, 
focusing on the ecology, economics, regulations, and politics surrounding AIS. 
We interviewed experts in industry, academia, government, and news media 
including: Wisconsin Department of Natural Resources, Port of Milwaukee, Sea 
Grant, Great Lakes Water Institute, Northeast-Midwest Institute, Milwaukee 
Journal Sentinel, and WISN Television News.  
 
Because of the uncertainty in predicting the economic impact of invasive species, 
figures reported are “best estimates” from available research; they are not 
calculations we did unless otherwise specified.  

D. Organization of the Report 
Section II of this report defines a policy-relevant, ecological context that enables 
decision-makers to understand AIS and to identify the most significant threats  
to the Milwaukee area. Section III explores the economic damage that AIS has 
already caused and threatens to cause in the United States, Great Lakes Basin, 
Wisconsin, and the Milwaukee area. In Section IV, we detail the economic 
benefits of shipping industries to the Great Lakes, Wisconsin, and Milwaukee. 
Section V investigates the current political and regulatory context surrounding 
AIS from an international to state level while explaining its relevance to the 
Milwaukee area. Section VI establishes policy goals, derived from our research, 
and solidifies them with policy examples and recommendations. Last, Section VII 
provides a roadmap for the City of Milwaukee to be an active participant in the 
shaping of AIS policies.  
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 Section II: Ecological Impacts of Aquatic Invasive 
Species on the Great Lakes and Milwaukee 

The following section illustrates the ecological context in which invasive species 
affect the Milwaukee area. This information will help the City of Milwaukee 
understand and prioritize current threats and strategies in order to approach 
invasive species in Lake Michigan responsibly and effectively.  

A. Determining Which Species are Invasive 
and How to Prioritize among Them  
Wisconsin law defines invasive species as “non-indigenous species whose 
introduction causes or is likely to cause economic or environmental harm or harm 
to human health” (Invasive Species Identification, Classification and Control [NR 
40], 2009). This simple definition provides little means of ranking existing AIS 
according to damage caused, risk levels and other determinants of threat magni-
tude. According to Great Lakes ecologist John Janssen (February 23, 2010), the 
severity of the threat posed by a particular invasive species hinges largely on: 

1) the species’ reproduction rate; 
2) its ability to compete with other species; 
3) its food source and its relative importance to the surrounding ecosystem; 
4) the quantities of biomass it consumes. 

These factors are critical for determining the magnitude of invasive species 
threats and for devising treatment options. We will use the Asian carp as an 
example to illustrate this threat-assessment framework. It is crucial to first 
determine whether this potential AIS can reach the ecosystem in question. 
Wisconsin ecologists have warned that the Asian carp could enter the Great Lakes 
ecosystem through either the Chicago Sanitary and Ship Canal or the Cal-Sag 
Canal (Hansen, 2010). Entry alone is insufficient for Asian carp to become a 
major ecological threat. The species must demonstrate its ability to establish a 
self-sustaining population. While the Asian carp has the capacity to reproduce 
rapidly, its ability to do so under the ecological conditions of the Great Lakes is 
unknown (Hansen, 2010; Moy, February 23, 2010). However, if the Asian carp 
establishes a healthy population, it has a strong likelihood of harming native plant 
and animal life due to its large size and ability to consume large quantities of 
native species’ food sources (Lieberman, 1996). 

B. Major Types of Species and Different Threat Characterizations 
In general, ecologists have difficulty predicting which species will present the 
largest problems. That said, it is certainly possible to identify priority species 
among those listed under current regulations. Experts in the ecological impacts of 
AIS upon the Great Lakes identified the following established and highly studied 
threats to the Milwaukee area: sea lamprey (Petromyzon marinus), zebra mussel, 
quagga mussel, purple loosestrife (Lythrum salicaria), round goby (Neogobius 
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melanostomus), alewife (Alosa pseudoharengus), ruffe (Gymnocephalus cernuus) 
and rainbow smelt (Osmerus mordax) (Janssen, February 23, 2010; Moy, Febru-
ary 23, 2010). Of these well-documented species, the sea lamprey, zebra mussel 
and quagga mussel deserve recognition as the most hazardous due to their sub-
stantial historical and recent impacts on the Great Lakes ecosystem (Jude et al., 
2004). 
 
While much of this report focuses on AIS introductions via ballast water, it is also 
important to consider species that entered through other vectors. For instance, the 
sea lamprey entered the Great Lakes through the Welland Canal (Lawrie, 1970). 
We emphasize such non-ballast water AIS due to their tremendous impacts on Mil-
waukee fisheries and dependence on the canal systems that the Port of Milwaukee 
depend on. In addition to these species, Milwaukee should consider microbiologi-
cal threats such as viral hemorrhagic septicemia (VHS), an emerging disease that 
has resulted in large numbers of fish fatalities in the Great Lakes (Riley et al., 
2008). Appendix A (Table 8) lists the nine well-documented AIS along with their 
major ecological impacts and transmission sources.  
 
These nine species are the most commonly acknowledged threats among the many 
established AIS currently in the Great Lakes. It is also important to consider poten-
tial invasions of AIS that have not yet been introduced into the Great Lakes eco-
system. The U.S. Environmental Protection Agency’s National Center for Envi-
ronmental Assessment has developed a list of potential invasions based on a num-
ber of key measurements and data drawn from a comprehensive review of the liter-
ature on AIS in the Great Lakes (U.S. EPA, 2008b). Further, they use categories 
such as ecological impact, spread potential, invasion history and original source to 
determine which among these potential invasions carry the greatest risk for the 
Great Lakes. Appendix A (Table 9) lists moderate and high-risk species. 
 
AIS affect aquatic ecosystems through a number of different interactions. For 
example, the sea lamprey damages native ecosystems through parasitism, directly 
attaching to native host species and feeding on vital bodily fluids (Lawrie, 1970). 
Other ecological interactions such as competition, interbreeding, and predation 
also lead to negative impacts such as biodiversity loss, habitat degradation, and 
extinction of native species (Minnesota Sea Grant, 2009). Appendix A (Table 10) 
identifies and provides examples of the different ecological impact mechanisms of 
AIS. Below, Table 1 characterizes the types of impacts resulting from these inter-
actions between AIS and native species, highlighting key examples of each.  
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Table 1: 
Threat Characterizations and Examples of AIS Impacts on Aquatic Ecosystems 

Type of Threat Examples 
Harm to native 
species’ health 

Sea lamprey, zebra mussel, rusty crayfish, etc., can harm native species’ health through 
competition, parasitism, predation, interbreeding, or the introduction of pathogens. 

Reduction in 
biodiversity 

Increasing numbers of ruffe have coincided with decreasing populations of yellow perch, 
emerald shiners, and other forage fish.  

Degradation of natural 
resources 

Common carp increase phosphorous levels that produce declines in water quality, 
leading to degradation of aquatic plants that form the diets of waterfowl and fish. 

Clogged waterways 
The zebra mussel clogs lakes and waterways, inhibiting the flow of water supplies for 
drinking water, power plant cooling systems, irrigation, shipping, recreational activities, 
and water treatment systems. 

Hybridization and 
genetic alteration 

Cultured fin and shellfish can interbreed with native fish population and dilute the wild 
genetic pool, leaving native species less able to adapt to natural ecosystems. 

Harm to human health 
The very definition of invasive species is closely tied to human health. Cost estimates of 
AIS impacts often rely on measures of health impacts, which may be direct, or indirect. 
Predation by filter feeders such as the zebra mussel causes some types of algae to 
produce chemicals that are toxic to humans. 

Source: Sturtevant and Reid (2009), Minnesota Department of Natural Resources (2010), Massachusetts Offices of 
Coastal Zone Management (2000), Lovell et al. (2006), Wilson et al. (2005)  

 
Some AIS are only visible at the microscopic level, but their impacts are easy  
to see. VHS has caused large fish kills in several Great Lakes and tributary rivers 
(WDNR, n.d.c). Originally from Europe, VHS is a threat to dozens of native  
fish species and has resulted in strict bans on wild baitfish harvested in waters 
containing the virus. VHS invasions have also spurred regulation that requires all 
species that are susceptible to VHS and are caught in non-VHS waters be tested 
before they are sold to the public (WDNR, n.d.d). Despite these restrictions on 
anglers, VHS has been making its way across the Great Lakes since it was first 
discovered in the northeastern United States in 2005. Recently, infected fish were 
discovered in Lake Superior (Cornell Chronicle, 2010) 

C. Tracking Amount and Location of AIS 
It is very difficult to measure accurately the size and density of AIS populations 
(Sakai et al., 2001). The most common measure of the magnitude of a species’ 
population is the relative abundance, or quantity of a species uncovered in a given 
area over time. This measure provides some information on whether populations 
are increasing or decreasing, as well which locations contain greater numbers of a 
given species (Bowen, 2006). The poor quality of information on AIS populations 
stems from the inherent unreliability of sampling methods, as well as the diversity 
of species’ habitats. Also, the nature of AIS environments often makes measure-
ment difficult. The rocks that house zebra mussels, for example, are notoriously 
treacherous and difficult to sample (Janssen et al., 2005). These persistent 
difficulties in measuring AIS populations and locations are important sources  
of uncertainty regarding the impacts of AIS and their relevance to Milwaukee. 
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D. Major Sources of Transmission of AIS in the Great Lakes 
Knowledge of the primary vectors for AIS is critical for understanding treatment 
options and potential incoming threats. 

1) Many AIS arrive in Lake Michigan through the release of ballast water 
from foreign ecosystems. Of AIS invasions due to ballast water discharge, 
experts believe that the majority have come from oceangoing vessels, or 
“salties” (Lovell et al., 2006).  

2) Canal systems allow substantial transport of AIS across habitats. For 
instance, the opening of the Welland Canal near Niagara Falls (to facilitate 
shipping between lakes Ontario and Erie) eventually led to the invasions 
of white perch and sea lamprey in Lake Michigan (Jude et al., 2004; 
Lawrie, 1970).  

3) Finally, several human activities such as dumping, fish farming, plant and 
organics trading, and the use of trailer-boats from inland ponds and lakes 
have led to serious invasions through transport of water and live 
organisms across ecosystems 

E. Assessment of Current Ecological Damage 
Ecologists identify the introduction of the sea lamprey as early as 1819 as the first 
documented source of major ecological transformation in Lake Michigan through 
eradication of the lake trout and reductions in other top predator populations. Simi-
larly, drastic changes have followed the invasions of zebra and quagga mussels in 
the 1980s (Jude et al., 2004). These episodes provide a number of important lessons: 

• While AIS may create the largest direct impacts at low levels in the food 
web, the ecological ramifications of those impacts are often far-reaching. 
For instance, the Milwaukee area felt these indirect impacts during the sea 
lamprey invasion of the 1960s and is facing them again as zebra and 
quagga mussels threaten the viability of the salmon fishery by out-
competing salmon prey species (Jude et al., 2004).  

• Eradication of an established species is often financially or practically 
impossible (Krajick, 2005). Managing established AIS may require 
significant and sustained expenditures (National Invasive Species 
Management Council, 2008). Therefore, preventing an AIS from 
establishing itself is almost always the preferred option. But if this  
is not possible, the next best alternative is to monitor for non-native 
species’ arrival and control their spread (U.S. EPA, 2008b). 

• A single AIS can affect multiple native species at various ecosystem levels. 
The zebra mussel, for example, causes an overabundance of toxic blue-
green algae while reducing populations of native mollusks and forage fish 
that depend on phytoplankton (Vanderploeg et al., 2001; Jude et al., 2004).  

• The chain of events leading to disruption of key economic industries can 
be rapid. The substantial impacts of zebra mussel explosions occur quickly 
due to their fast growth rates, early sexual maturity, and ability to process 
ten times the quantity of plankton that native mussel species consume 
(Kryger & Riisgård, 1988).  
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F. Available Treatment Options and the Prospects for Success 
Options for prevention and management of AIS tend to be species-specific 
(Janssen, February 23, 2010). In addition, variation in magnitude of threat and 
population size warrants differential attention and resources to priority species 
such as those identified in this section. Over the past 50 years, for example, 
lampricide—a species-specific toxin—has been useful in controlling the sea 
lamprey population but not in eradicating it (Jude et al., 2004). Other useful 
options under development include the use of pheromones to lure AIS into traps 
or to marshal AIS into less sensitive areas of the ecosystem (Corkum, 2004). 
Below we discuss some of the current major methods used to control AIS. 

1. Managing Zebra Mussels 
Due to lack of research and experience, there is little existing guidance for man-
aging zebra mussels. While toxins for this species do exist, there is not yet an alter-
native that is ecologically sound and economically viable on a large scale (Moy, 
February 23, 2010). Improved research and enhanced methods of managing zebra 
mussels would likely produce ancillary benefits in the form of solutions for dealing 
with Asian carp, a controversial species that threatens to enter Lake Michigan. 
Since the zebra mussel and Asian carp feed through filtration of plankton, research 
and development of treatment options can exploit similar delivery mechanisms for 
toxins and pheromones used to control both species (Hill & Pegg, 2008).  

2. Ballast Water Management 
Ballast water is the single largest vector for AIS in the Great Lakes. This situation 
has led to the increased popularity of options to treat ballast water by killing or 
diluting the number of organisms carried aboard the ships (Ricciardi, 2006). 
Currently, U.S. and Canadian regulations require oceangoing vessels to exchange 
ballast water mid-ocean before entering the Great Lakes. Meanwhile, oceangoing 
ships with no ballast on board must conduct saltwater flushing, in which a limited 
amount of saltwater is taken up to slosh around in the ballast tank, mixing with 
residual water or sediments (NRC, 2008). In both practices, a ship traveling 
through the ocean exchanges its ballast water collected at a port with ocean 
saltwater. This exchange practice is supposed to exterminate all potential 
freshwater AIS by raising the salt content to an unbearable concentration.  
 
Saltwater exchange practices have been shown to reduce the risk of potential AIS 
spread (NRC, 2008). However, this practice is not fail-safe, and many experts still 
consider the current risk of AIS introduction too great (Patrick, 2009; Cangelosi 
& Mays, 2006; International Joint Commission, 2004; Kelly et al., 2009). This 
has spurred state and proposed federal regulations to treat ballast water further. 
Another option to minimize risk, outside of ballast water treatment, is to close  
the Great Lakes Saint Lawrence Seaway System to oceangoing ships, suggested  
by Taylor & Roach (2005).  
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U.S. states and regulatory agencies are now considering different techniques 
—such as onboard or offboard treatment—to further reduce the risk of AIS 
infestation by physically separating or chemically eradicating potential AIS  
from ballast water (NRC, 2008; Cangelosi & Mays, 2006). Onboard treatment 
technologies treat ballast water on the ship before it is released into the Great 
Lakes. Offboard technologies treat ballast water on land around a port or on a 
barge that is a port’s responsibility. Appendix B gives a more detailed description 
of some ballast water treatment techniques and their potential effectiveness. 

3. Electrical Barriers and Asian Carp  
One frequently mentioned option for handling the threat of an Asian carp invasion 
is improvement of an electrical barrier in the Chicago Sanitary and Ship Canal, 
recently referred to as the “carp barrier.” Policymakers, however, should be wary 
of such an approach for two reasons: 1) the reliability of the barrier for controlling 
Asian carp is not well understood (Stokstad, 2003; Hoover, 2003); and 2) empha-
sis on a “carp barrier” may draw attention away from the fact that such barriers 
are designed to control many species besides the Asian carp. Policy designed to 
enhance or augment electrical fish barriers should include the necessary elements 
for controlling potential and established invasions of species beyond Asian carp. 
 
The closing of the locks in the Chicago Sanitary and Ship Canal is a controversial 
option for mitigating spread potential of the Asian carp. This report carries an 
understanding that the media coverage around closing the Chicago locks has been 
frequent and promoted swift action (Egan, 2010a). However, this proposal should 
be regarded with caution due to the substantial economic activity related to the 
Chicago locks, as well as the inability of complete closure to eradicate the Asian 
carp threat. Researchers studying the colonization potential of the Asian carp are 
quick to point out that other sources of transmission such as bait use and direct 
release are also primary means by which the carp may be introduced (Hill & 
Pegg, 2008).  

G. Apparent Trends and Projections 
In general, the poor understanding of the Great Lakes ecosystem lies at the core  
of researchers’ inability to measure accurately the impacts of AIS and to make 
meaningful projections (Jude et al., 2004). The current ecological setting of the 
Great Lakes presents a poor baseline from which to evaluate trends and threats of 
AIS. Nonetheless, ecologists are identifying concrete changes to the ecosystem 
that AIS cause. Perhaps the most glaring of these impacts is the change in the 
location of plankton biomass in the Lake Michigan water column. During the last 
six to eight years, the migration of plankton from shallow to deeper depths by 
filter feeders such as zebra mussels has had a tremendous negative impact on 
population of foraging species that rely on plankton for food, such as rainbow 
smelt, alewives, and yellow perch. The result is that Lake Michigan is becoming 
nutrient poor, which reduces the biodiversity of the lake and puts the salmon 
fishery at risk (Jude et al., 2004). 
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Section III: 
Economic Impacts and Threats of Invasive Species 

Having defined the ecological context in which to consider the impacts of AIS on 
the Milwaukee area, we now move to a more detailed discussion of the economic 
implications of these impacts. The following section includes assessments of the 
chief industries threatened by AIS in the United States, the Great Lakes, and the 
state of Wisconsin. To gain an understanding of scale, we present summary as 
well as species-specific estimates of the potential economic impacts of AIS in the 
United States and the Great Lakes. Then we discuss the potential economic costs 
of relevant AIS prevention measures. Many of these data focus on the most 
threatening species and most promising AIS prevention measures identified in the 
previous section. While it is difficult to assemble large amounts of data specific to 
the Milwaukee area, relevant state and national estimates can help guide invasive 
species policy in a local setting.  

A. Economic Assessment of Major Industries Threatened by AIS 
AIS threaten a number of industries, including sport fishing, commercial fishing 
and wildlife recreation, as well as a number of industrial raw water users such  
as power generation and water filtration facilities. While the costs to industrial 
raw water users is generally limited to damages, control costs and lost economic 
output due to temporary shutdowns, other industries face much higher losses  
and even potential collapse due to AIS. The following estimates illustrate the 
economic scale (and potential loss) of the industries most dependent on aquatic 
natural resources and therefore most threatened by AIS. 
 
The economic value of the U.S. sport fishing industry ranges from $42 billion  
to $69 billion (U.S. Department of the Interior [U.S. DOI] et al., 2006; Pimentel 
et al., 2004). The Great Lakes supports a fishing industry—recreational, commer-
cial and tribal—that generates $1.5 billion to $7 billion for the U.S. economy 
(U.S. DOI et al., 2006; Lodge, 2008; Wappel, 2003; Great Lakes Commission, 
2007; Asian Carp Workgroup, 2010). At the state level, Wisconsin’s fishing 
industry generated $1.65 billion in 2006 stemming from the fishing-related 
purchases of 1.4 million Americans (U.S. DOI et al., 2006). 
 
Economic information specific to Milwaukee is generally confidential. Nonethe-
less, industries within the Milwaukee area that are vulnerable to the impacts of 
AIS can be identified, including fishing and recreation-related industries and  
raw-water users. 
 
Electric power is the most well-documented Milwaukee-area industry affected by 
AIS. We Energies provides power to more than 1 million customers based primar-
ily in eastern and southeastern Wisconsin, including the Milwaukee area (Wiscon-
sin Energy Corporation [WEC], 2010). Its parent company, the Milwaukee-based 
Wisconsin Energy Corporation, had revenues of $4.13 billion in 2009 and holds 
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$12 billion in assets (WEC, 2010). Though not as vulnerable to the impacts of 
AIS as fishing industries, We Energies has spent millions of dollars for cleanup 
and new structures to prevent invasive mussels from clogging its water intake 
structures (Egan, 2008). These costs, which are ultimately passed on to rate-
payers, are further detailed below in the following subsection, “Economic  
Impact Estimates of AIS on Milwaukee.” 
 
Lake Michigan is also an important recreational resource for Milwaukee residents 
and tourists (Barrett, 2009). This includes lakefront activities like fishing, sailing, 
swimming, and sunbathing. Though we could not obtain economic impact data 
specific to Milwaukee’s lakefront tourism or its public beaches, AIS have had a 
clear negative impact on lakefront recreation (Egan, 2010b). The most visible 
impact has been the zebra and quagga mussel-induced cladophora algae blooms 
that have periodically washed along Milwaukee beaches (Bootsma, 2009). These 
foul-smelling algae, which may also harbor life-threatening bacteria, present 
economic costs in terms of beach cleanup, human health risks, and less revenue 
for the recreation industry due to reduced beach use (Kinzleman, 2009). 

B. Economic Impacts of Invasive Species in the United States  
and Great Lakes  
Appendix B (Table 11) summarizes several estimates of invasive species’ eco-
nomic impacts. These estimates vary widely, depending on researchers’ choices 
regarding scope (e.g., geography, species, industry), assumptions, methods, and 
valuations. High-end estimates typically refer to the higher range of cost estimates 
and may not represent a maximum estimated cost. The costs of invasive species 
listed below are most likely underestimated because it is difficult to put economic 
values on environmental factors like biodiversity or aesthetics, so they are 
typically ignored in economic estimates (Cole, 2006; Pimentel et al., 2004).  
In addition, variance arises with researchers’ decisions on whether to include 
Canada in Great Lakes Basin estimates, indirect or induced economic costs and 
benefits, environmental impacts, and invasive species control or mitigation costs. 

1. Economic Impact Estimates of All Invasive Species 
To give context to the costs of AIS, we present estimates regarding the costs of all 
invasive species, both aquatic and non-aquatic. Recent estimates of the economic 
impact of all invasive species in the United States range from $120 billion to  
$138 billion annually (Pimentel et al., 2004, 2000). When compared to past 
reports, these estimates include more than ten times the invasive species impacts 
calculated, account for indirect economic costs, and find higher costs associated 
with many invasive species (U.S. Office of Technology Assessment [U.S. OTA], 
1993). 
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2. Economic Cost of Aquatic Invasive Species in the United States 
Total economic cost of AIS in the United States is estimated at $14.2 billion 
annually (Pimentel, 2005). Looking specifically at exotic fish in the United States, 
Pimentel (2005) also cautions that $5.4 billion annually is a conservative estimate 
for the economic losses and damages associated with these fish. 
 
Initial invasions of AIS can often be traced to the Great Lakes, particularly inter-
national ballast water discharged therein. For example, the zebra and quagga 
mussels were first introduced into the Great Lakes via ballast water but are now 
present in much of the United States, especially the zebra mussel. Together, they 
are thought to be responsible for an estimated $1 billion in annual economic 
losses and control costs (Pimentel et al., 2004; Pimentel, 2005).  

3. Economic Impact of AIS on the Great Lakes 
Total economic costs regarding AIS within the Great Lakes vary widely, from 
$200 million to $5.7 billion annually (Lodge, 2008; Lodge & Finnoff, 2008; 
Pimentel, 2005). This wide range is again the result of differences in how impacts 
are valued, which economic sectors and invasive species are examined, whether 
indirect economic impacts are taken into account, and other assumptions. One 
report estimates a minimum economic loss of $200 million in 2006 due to ship-
borne invasive species in the Great Lakes (Lodge, 2008; Lodge & Finnoff, 2008). 
Lodge and Finnoff (2008) used the most conservative parameters—omitting 
Canadian costs, indirect economic factors, non-ship-vector invasive species data, 
and environmental costs—making the $200 million number the lowest estimate. 
Of this $200 million, $124 million in losses went to sport fishing, $48 million 
went to wildlife watching, $27 million went to raw water users, and $2 million 
went to commercial fishing. 
 
Another report, which includes economic damages, control costs, health impacts, 
more invasive species, and higher valuations of all the above, estimates annual 
damages resulting from AIS in the Great Lakes to be nearly $5.7 billion. The vast 
majority of this cost, $4.5 billion per year, represents the damages to the Great 
Lakes sport and commercial fishing industries due to invasive fish species. The 
remaining $900 million consists primarily of zebra and quagga mussel impacts, 
AIS plants, Asian clams, and mosquitoes interfering with fishing, boating, and 
tourism, as well as effects of the West Nile virus (Pimentel, 2005). Appendix B 
explains the economic costs of some of the specific AIS listed in Section II.  

4. Economic Impact Estimates of AIS on Milwaukee 
The most visible sectors of Milwaukee’s economy affected by AIS have been 
electric power plants and lakefront recreation. 

Power Plant Intakes 
Several power plants rely on Lake Michigan for cooling water, and zebra and 
quagga mussels have clogged their water intake structures in two ways: by 
clogging the pipes themselves or by spurring cladophora algae blooms that  
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also clog intake pipes. We Energies, which provides electricity to Milwaukee and 
several surrounding counties, spent more than $3 million on structures to keep 
cladophora out of intake pipes at two power plants in Port Washington and Oak 
Creek (Egan, 2008). It is spending an additional $2.6 million on special mussel-
proof screens as part of its expansion at the Oak Creek plant, which it estimates 
will save $50,000 annually in cleanup costs (Egan, 2008; Copper Development 
Association, 2009). Available estimates for We Energies’ overall operating costs 
devoted to mussel cleanup range from $1.2 million per year in 2001 to $500,000 
in 2008 (WDNR, n.d.e; Egan, 2008) 
 
As part of an unrelated $96 million settlement with environmental groups over its 
Oak Creek power plant expansion, We Energies will devote a portion of those 
funds to manage invasive species over the next 25 years (Content, 2009). 

Milwaukee Lakefront 
Data on the economic impact of AIS specific to Milwaukee beaches are unavail-
able. Separating out the effect of cladophora algae on beaches, such as by docu-
menting the number of public beach closings, is problematic because other pollu-
tants such as stormwater runoff can cause elevated bacteria levels that trigger 
beach closings as well. However, a cost-benefit analysis of Great Lakes restora-
tion estimated that the average Great Lakes beachgoer would pay $23 per year  
or $1.50 per visit to reduce the number of beach closures by 20 percent (Austin  
et al., 2007). 
 
In addition to public beaches, cladophora present cleanup problems for private 
lakefront property owners and potentially reduce their property values (Egan, 
2008). However, no economic study of this negative effect is available. 

C. Costs and Economic Impacts of Preventing AIS 
Measures to prevent the establishment of AIS in the Great Lakes include: offboard 
and onboard ballast water treatments, closure of the Great Lakes Saint Lawrence 
Seaway System to oceangoing ships, an upgrade of the electrical barriers in 
Chicago, and closure of the Chicago locks. None of these techniques has been 
fully implemented; however, the newer electrical barrier (Barrier II) has been 
approved for construction. The implementation of such measures will entail 
economic costs, which will impact the public and private sectors throughout the 
United States, the Great Lakes basin, Wisconsin, and Milwaukee. Industries and 
stakeholders that do business with the Port of Milwaukee likely will bear the cost 
of AIS prevention measures. Though the costs and effectiveness of AIS preven-
tion techniques are uncertain because they are under development, preliminary 
cost estimates are provided below and in more detail in Appendix B (Tables 12 
and 13).  
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To offer some perspective of the prevention costs outlined below, a typical ocean-
going ship costs roughly $10 million and an additional $300,000 to $1 million in 
operating and maintenance costs annually (Cangelosi & Mays, 2006). In the past 
three years, the Port of Milwaukee serviced on average 205 ships annually, 165  
of those being Great Lakes-only ships and 40 oceangoing ships (Reinelt, February 
23, 2010). 

1. Ballast Water Treatment Systems  
On average, the capital cost to buy and install an onboard system is $779,000.  
The annual cost to operate is $26,000. These estimates include various types of 
systems with varying cost and effectiveness. Brown and Caldwell Environmental 
Engineers and Scientists (2008) project the capital cost of an offboard system  
as $3.5 million with an additional $517,000 annual investment to operate and 
maintain the system. Offboard systems can use many techniques to treat ballast 
water before it is released into another water body.  
 
Table 2 provides a comparison of offboard and onboard ballast treatment costs, 
wherein operating costs are calculated using an annual ballast water volume 
typical of the Port of Milwaukee (850,000 cubic meters).  

 
Table 2: 

Costs of Onboard and Offboard 
Ballast Water Treatment Techniques 

Ballast Water Treatment Capital Cost* Annual 
Operations 

Onboard (Maximum) $2,000,000 $110,500 

Onboard (Average) $779,000 $26,000 

Onboard (Minimum) $5,000 $0 

Offboard $3,522,000 $517,000 

*Onboard treatment capital cost is cost per ship, while offboard 
treatment capital cost is the cost per port (treating one average-sized 
ship in two days). 
Source: Lloyd’s Register (2010); Brown and Caldwell Environmental 
Engineers and Scientists (2008) 

Ballast treatment costs, whether borne by the shipping industry or the Port of 
Milwaukee, would most likely be passed on to their customers, which consist of 
many industries within Milwaukee and beyond. Some shipping companies might 
go out of business if faced with mandated onboard treatment systems or increased 
costs resulting from offboard treatment systems, particularly given that the 
shipping industry has been declining and often operates at half capacity 
(Transport Canada et al., 2007; Taylor & Roach, 2005).  

2. Closure of the Great Lakes Saint Lawrence Seaway System 
Taylor and Roach (2005) suggest that closing the Great Lakes Saint Lawrence 
Seaway System to oceangoing ships will diminish the risk of AIS invasion.  
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They state that this moratorium will cost the system customers $55 million a year 
in additional transportation costs. Transportation on the system totaled $938.3 
million at the time of the study and the moratorium cost reflected a 5.9 percent 
increase in total transportation costs to consumers (Taylor & Roach, 2005).  

3. Upgrade Electrical Barriers in Chicago Sanitary and Ship Canal 
The U.S. Army Corp of Engineers (2009b) plans to construct Dispersal Barrier II to 
reinforce Dispersal Barrier I, which was erected to send an electric current through 
the Chicago Sanitary and Ship Canal to hold back potential AIS from getting into 
Lake Michigan, particularly Asian carp. Dispersal Barrier II will cost $16 million 
for planning, design, and construction.  

4. Closure of the Chicago Locks 
It is estimated that closing the locks in the Chicago Sanitary and Ship Canal could 
cost the regional transportation industry $70 million to $192 million per year 
(Asian Carp Workgroup, 2010; Flesher, 2010; Schwieterman, 2010). Schwieter-
man (2010) cautions that cost to consumers and industries could be as high as 
$1.3 billion annually. However, some of these costs are highly concentrated, 
placing a large cost burden on Chicago barge and ship industries. 

D. Economic Outlook 
Given the uncertainty surrounding estimates of the economic threat posed  
by AIS, as well as the costs and effectiveness of AIS prevention measures,  
it is difficult to provide a clear prescription for the optimal level and direction  
of regulatory policy. Established AIS management techniques, such as those 
implemented to control sea lamprey, are often highly cost-effective given the 
potentially catastrophic economic impact that would result without management. 
Yet preventative measures like ballast water treatment or electric barriers are 
generally far less costly than the economic costs of controlling established AIS.  

[15] 



Section IV: Baseline Benefits — 
Employment, Industry Revenue, and Tax Revenue 

Generated by the Great Lakes Ports 
The shipping industry has been responsible for introducing 55 to 70 percent  
of AIS to the Great Lakes since 1959 (NRC, 2008). Because industry’s role in  
AIS transmission is large, the economic costs of AIS must be weighed against the 
economic benefits of shipping. Knowing the benefits of the shipping industry can 
better inform the discussion of AIS. The following section details the benefits—
amount of jobs, industry revenues, and tax revenues—that the Port of Milwaukee 
generates. We recognize that these numbers do not capture all of the Port of Mil-
waukee’s benefits. However, similar to leading researchers, we only report market-
valued statistics like jobs, industry revenues, and tax revenues generated in order 
to present a more succinct and non-controversial assessment of available economic 
data (Martin Associates, 2001a; Moore & Allen, n.d.; Lovell et al., 2006).  

We discuss the port benefits in employment, industry revenue, and tax revenue 
categories. Further, employment is broken into direct, indirect, and induced job 
subcategories. A direct job is one that is specifically connected to a port’s 
activities—jobs created by port authorities, port-owned shippers and consignees, 
and terminal operators. An indirect job is one that supplies port services or 
materials to these direct jobs. Induced jobs are similar to indirect jobs, but they 
supply non-port services rather than port-related services to direct jobholders.  

The industry revenue and tax revenue categories are relatively straightforward. 
Industry revenues are the monetary amounts that a port industry brings in 
annually for delivering its services. The tax revenue category includes state and 
local taxes—sales taxes, property taxes, income taxes, etc.—generated by port 
industries. See Figure 1 in Appendix C for a display depicting these interactions 
among the employment, industry revenue, and tax revenue.  

A. Context for the Port of Milwaukee’s Benefits 
The following paragraphs present statistics on the economic benefits of port 
activity at the Wisconsin and Great Lakes levels. This will supply the City  
of Milwaukee, as well as the Port of Milwaukee, a sense of scale for their 
employment, industry revenue, and tax revenue numbers. 
  
The Great Lakes Saint Lawrence Seaway System is a transportation link from the 
Midwest United States to the Atlantic Coast. More than 50 U.S. and Canadian 
ports and more than 6,000 ships generate jobs, economic growth, and avenues for 
increased transportation efficiency and reliability (Transport Canada et al., 2007). 
Appendix C contains detailed information on the ships that traverse the system. 
From 1995 to 2003, the Great Lakes moved 261 million metric tons of commer-
cial products annually (Transport Canada et al., 2007; Cangelosi & Mays, 2006). 
In 2006, the Great Lakes Saint Lawrence Seaway moved 173 metric tons (U.S. 
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Army Corps of Engineers, 2009a). Appendix C further explains the system and its 
current economic condition.  
  
As detailed in Table 3, the U.S. ports on the Great Lakes generated 98,122 jobs 
within the Great Lakes Basin and $4.7 billion in industry and tax revenues 
(Martin Associates, 2001a).  
 

Table 3: 
Employment, Industry Revenue, 

and Tax Revenues from the U.S. Ports 
within the Great Lakes Saint Lawrence Seaway System 

Direct 
Jobs 

Indirect 
Jobs 

Induced 
Jobs 

Industry 
Revenue Tax Revenue 

43,968 26,757 27,397 $3.4 billion $1.3 billion 

Source: Martin Associates (2001a) 
 
The U.S. port industry may seem relatively small when we consider that the United 
States has roughly 139 million jobs and an $11.9 trillion economy—in 2001 
dollars (U.S. Bureau of Labor Statistics, 2010; U.S. Bureau of Economic Analysis, 
2010; U.S. Bureau of Labor Statistics, n.d.). However, port jobs lie within a region 
that contains 55 percent of North America’s manufacturing and service industry, 
making them influential on a very large scale (Transport Canada et al., 2007).  

The Great Lakes Saint Lawrence Seaway System runs along the north (Lake 
Superior) and the east (Lake Michigan) sides of Wisconsin. The coasts along 
these lakes house 13 Wisconsin ports, which export 78 percent of all Wisconsin 
commodities (Wisconsin Department of Transportation [WDOT], 2004). In 2002, 
Wisconsin ports helped move 44 million metric tons of commodities, 15 percent 
of all goods transported via the system. The Port of Duluth-Superior shuttles most 
of those goods today, moving 28 million metric tons in 2009 (Duluth Seaway Port 
Authority, 2010). The Port of Milwaukee is the second largest port in Wisconsin 
but is nearly ten times smaller than the Port of Duluth-Superior in terms of ton-
nage shipped. The Port of Milwaukee shuttled 3.2 million metric tons in 2009 
(Reinelt, February 23, 2010).  
 
Wisconsin ports generate 11,387 jobs (WDOT, 2004). These job numbers are 
broken up further in Table 4. Our research did not uncover any numbers for 
industry and tax revenues.  

Table 4: 
Employment Generated by Wisconsin Ports 

Direct 
Jobs 

Indirect & Induced 
Jobs 

Total 
Jobs 

6,171 5,216 11,387 

Source: WDOT (2004) 
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Comparing these job numbers with the U.S. ports as a whole, the Wisconsin ports 
make up 14 percent of the national direct jobs generated and 10 percent of the 
indirect and induced jobs generated. In total, Wisconsin generates 12 percent of 
U.S. port employment. These jobs represent about one half of a percent of the 
roughly 2.5 million nonfarm jobs in Wisconsin (U.S. Census Bureau, 2010). 
However, these 11,387 jobs are involved in transporting 78 percent of all 
Wisconsin commodities, worth $7 billion (WDOT, 2004). 

B. Employment, Industry Revenue, and Tax Revenue 
Generated by the Port of Milwaukee 
In 2009, the Port of Milwaukee moved just less than 3.2 million metric tons  
of commodities. This transportation hub supplies the Milwaukee area with jobs 
and financial stimuli. The City of Milwaukee supports 37 employees at the port, 
equaling 21 full-time equivalent positions. This government-run port has held 
expenditures below revenues for the past eight years, making it a revenue supplier 
to the City of Milwaukee (Reinelt, February 23, 2010).  
 
Martin Associates (2001b) estimated that the Port of Milwaukee, in 2000, 
generated 2,028 jobs and $115 million in industry and tax revenues for the 
Milwaukee area. See Table 5 below for further details on jobs and revenue 
numbers.  
 

Table 5: 
Employment, Industry Revenue, and Tax Revenue 

Generated by the Port of Milwaukee 
Direct 
Jobs 

Indirect 
Jobs 

Industry 
Revenue Tax Revenue 

1,119 909 $80 million $ 35 million 

Source: Martin Associates (2001b) 
 
The Port of Milwaukee generates 18 percent of the 11,387 Wisconsin port  
jobs. Since we lack Wisconsin revenue and tax data, we compare the Port of 
Milwaukee numbers to the U.S. ports within the Great Lakes for added context. 
The Port of Milwaukee generates 2.4 percent of the U.S. ports’ industry revenues 
and 2.7 percent of their tax revenues, even though the Port of Milwaukee trans-
ports 1.8 percent of Great Lakes Saint Lawrence Seaway System tonnage. 
 
The Port of Milwaukee supplies less than 1 percent of Milwaukee County’s jobs 
(U.S. Census Bureau, 2010). However, the Port supplies salt to 60 to 70 percent 
of Wisconsin’s populated area and is influential in providing grain to the Great 
Lakes Basin, cement products to southeastern Wisconsin, and coal to Wisconsin’s 
power plants (The Port of Milwaukee, 2006). 
 
All Martin Associates’ (2001a) employment, industry revenue, and tax revenue 
numbers are highly dependent on the amount and types of commodities shipped. 
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Since the Port of Milwaukee’s 2000 and 2009 tonnage levels are similar, the 
employment, industry revenue, and tax revenue the Port generated in 2000 is 
useful in the current AIS discussion. However, the types of commodities that the 
Port of Milwaukee transports have changed since 2000 (Reinelt, February 23, 
2010; Martin Associates, 2001a). Therefore some uncertainty surrounds the above 
economic impact estimates. All the port benefits discussed above are displayed 
side-by-side in Table 6 and Table 7. 
 

Table 6: 
Employment Generated by U.S. Ports, 

Wisconsin Ports, and the Port of Milwaukee 
Scale of 
Impact 

Direct 
Jobs 

Indirect 
Jobs 

Induced 
Jobs 

Total 
Jobs 

Great Lakes 
Saint 
Lawrence 
Seaway 
System 

43,968 26,757 27,397 98,122 

Wisconsin* 6,171 5,216 11,387 

Port of 
Milwaukee 1,119 909 - 2,028 

*Wisconsin numbers include the Port of Milwaukee. 
Source: Martin Associates (2001a), Wisconsin Department  
of Transportation (2004); Martin Associates (2001b) 

 
Table 7: 

Industry Revenue and Tax Revenue 
Generated by the U.S. Ports, 

Wisconsin Ports, and the Port of Milwaukee 
Scale of 
Impact Revenue Impact Tax Impact 
Great 
Lakes Saint 
Lawrence 
Seaway 
System 

$3.4 billion $1.3 billion 

Wisconsin Not available Not available 

Port of 
Milwaukee $80 million $35 million 

Source: Martin Associates (2001a; 2001b) 
 
This report has now addressed the ecological and the economic impacts of AIS as 
well as the economic benefits of the Port of Milwaukee. Next, we will examine 
the policy considerations and relative regulatory context in which Milwaukee 
interfaces with AIS management and prevention. 
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Section V: Regulatory Context 
Invasive species management involves a wide variety of regulatory bodies, with 
more than 20 agencies in ten departments controlling some aspect of AIS at the 
federal level alone (U.S. General Accounting Office [U.S. GAO], 2002). To avoid 
the confusion of a complex maze of regulations, we will focus on ballast water 
regulations. Ballast water is unique to the ports and is the largest AIS vector in  
the Great Lakes. Ballast water regulations are therefore most pertinent when 
assessing the Port’s role in AIS management. 

A. Rationale for Intervention 
As the previous sections have shown, the burden of AIS falls on some industries 
while the burden of AIS prevention measures falls on others; in general we find 
that the costs to manage established AIS are far greater than prevention costs. 
However, the prevention costs disproportionately impact a sector that is important 
to Milwaukee’s economy, namely the Port of Milwaukee. Therefore, AIS policy 
requires a balanced approach to account for all stakeholders’ interests. In addition 
to balancing these economic interests, the City of Milwaukee must also consider 
the governmental regulatory environment and inefficiencies in the market that 
define the political context in which AIS policies take shape.  
 
Human introductions of AIS represent a situation in which one economic  
activity causes harm to others that is not reflected in the cost of the goods or 
services being provided. Under market failure theory, this harm is a rationale  
for government intervention—either through taxes or through regulation—to 
incentivize firms or consumers to internalize the full costs of their actions 
(Stavins, 2007). In the case of ballast water, the transportation of goods by ships 
that inadvertently carry AIS in their ballast water results in harm to the aquatic 
ecosystem  and in turn causes harm to other people or industries. The cost of  
this harm is not generally factored into the shipping costs. However, growing 
awareness of the damage caused by AIS has spurred regulation of shipping 
industry, internationally and within the United States. 
 
The interconnected Great Lakes present a distinct problem because they are 
communal goods—no individual owns the space and therefore no individual  
has incentive to protect it. Collective action is needed to correct the problems 
associated with maltreatment of communal goods like the Great Lakes. This is  
not limited to AIS introduction but also includes dumping of sewage or chemical 
waste, overexploitation of fisheries, and pollution from agricultural or urban 
stormwater runoff. Because different industries use the same body of water, 
unregulated firms will typically act based on their own private costs and benefits 
rather than the costs and benefits to society. 
 
Similarly, Great Lakes industries based in one state would not want their state 
government to regulate them unless the same regulations applied to all Great 
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Lakes states, lest the industries in less-regulated states gain an economic 
advantage. An agreement among all states, action by the federal government,  
or even an international agreement ratified by the federal government would 
ensure that each state is treated equitably. 
 
Many changes to ballast water regulations have occurred over the past few  
years, and, at least in the short term, ballast water will remain a concern while 
new treatment technologies are developed and tested. Therefore, we look at the 
current status and the future possibilities of ballast water regulations before 
considering other policy characteristics that mitigate AIS. 

B. International Maritime Organization 
The International Maritime Organization (IMO) is a specialized agency of the 
United Nations and regulates the international shipping industry (International 
Maritime Organization [IMO], n.d.a). IMO committees have developed guidelines 
to assist regions in implementing AIS control mechanisms (IMO, n.d.b). 
 
One such committee, the Marine Environment Protection Committee, adopted a 
set of guidelines at its 2006 annual meeting that have become known as the “IMO 
standard” (Sylvester, February 28, 2010). These guidelines assist in the imple-
mentation of the International Convention for the Control and Management of 
Ships’ Ballast Water and Sediments the IMO adopted in February 2004 (National 
Invasive Species Management Council, 2008). Appendix D shares further details 
on the IMO standards. These recommendations do not have the force of law until 
they are ratified by at least 30 countries representing 35 percent of international 
trade (by tonnage). As of February 28, 2010, only 22 countries representing 22.65 
percent of world tonnage had agreed to the convention, and the United States is 
not among them (IMO, 2010).  
 
IMO standards take into account a variety of economic and social factors, but they 
were specifically designed in relation to the economic needs of developing 
countries, rather than highly developed countries like the United States. Cleaning 
up developing countries reduces the risk of AIS transfer by oceangoing vessels, 
but many consider these recommendations inadequate protection, especially in the 
Great Lakes (Sylvester, February 28, 2010). 

C. U.S. Regulation 
The two major agencies regulating commercial shipping vessels in the Great 
Lakes are the U.S. Environmental Protection Agency and the U.S. Coast Guard. 
Under the current interpretation of the Clean Water Act, discharging ballast water 
is considered discharging a pollutant and must be regulated, so any vessels 
entering the Port of Milwaukee would need to comply with these regulations. 
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1. U.S. Environmental Protection Agency 
The U.S. Environmental Protection Agency created the Vessel General Permit  
to bring ballast water under the scope of the Clean Water Act. Vessels under a 
certain size are automatically covered under the permit, and larger vessels may 
request to be covered or apply for a separate permit (U.S. EPA, 2010a). The 
permit covers both oceangoing and Great Lakes-only vessels, but the only current 
requirement is the IMO recommendation that oceangoing vessels conduct mid-
ocean ballast water exchange and properly document this. Many states feel this 
regulation is insufficient protection against AIS (Sylvester, February 28, 2010). 

2. Coast Guard 
In 1996, Congress reauthorized the National Invasive Species Act, amending the 
Non-indigenous Aquatic Nuisance Prevention and Control Act of 1990. The 1996 
act required the Coast Guard to establish a set of national voluntary ballast water 
management guidelines and to make the standards mandatory if voluntary compli-
ance was too low. The initial program began in 1998 and was voluntary for 24 to 
30 months but was made mandatory when the rate of compliance was found to be 
inadequate (U.S. Coast Guard, 2009a).  

A new proposed rule under consideration would create regulatory phases, or 
timeframes, in which installation of ballast water treatment systems would need  
to occur based on available technology. Current regulation proposals attempt to 
push for further technological innovation but still include practicability reviews to 
determine if available technology makes regulations possible. It is not certain what 
the standards will be since comments are still being reviewed. These new Coast 
Guard standards have generated a great deal of interest and will likely set a tone 
followed by other federal and state agencies (Sylvester, February 28, 2010). 
 
The Coast Guard’s current proposal involves two phases, the first requiring  
vessels to meet the IMO standard, and the second 1,000 times more stringent  
(see Figure 3 in Appendix D for a depiction of Phase 1 and Phase 2 of the Coast 
Guard’s new rule). The comment period for this rule has been closed since 
December 4, 2009 (U.S. Coast Guard, 2009a). The Wisconsin Department of 
Natural Resources and the Wisconsin Commercial Ports Association, of which  
the Port of Milwaukee is a part, support this rule in whole (Serk, 2009; Frank, 
2009). The overall comments are supportive; however, industry comments 
express concern that the current technologies cannot achieve the proposed  
standards (U.S. Coast Guard, 2009b).  
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D. State Level Regulation 
Many states view the response of the federal government to prevent AIS to be 
inadequate (National Invasive Species Management Council, 2008). There are  
at least three possible explanations for insufficient regulation at the federal level: 

1) Because the Great Lakes states represent only eight out of 50 states, issues 
dealing with the Great Lakes are not as high a priority for the majority of 
U.S. congressional members. 

2) There is rarely consensus on the best approach to preventing AIS 
introduction, as evidenced by the debate about preventing Asian carp  
from entering the Great Lakes. 

3) Unlike the Exxon-Valdez oil spill of 1989 or the Three Mile Island nuclear 
reactor accident in 1979, the effects of invasive species do not usually take 
the form of a single “focusing event” that can capture the public’s 
attention and spur action by policymakers (Birkland, 1998; Egan, 2008). 
Invasive species often take several years to establish themselves in a new 
ecosystem and affect a wide variety of people and industries in more 
diffuse and less visible ways. 

 
States have the ability to control commerce beyond the level called for in federal-
level regulations (affirmed in Port of Oswego Authority v. Environmental 
Conservation; State of New York Supreme Court, 2010). A survey found many 
state officials specify ineffective ballast water regulations as a major problem 
with AIS legislation (U.S. GAO, 2003). Several states have taken more active 
roles in regulating commercial shipping vessels, which influences regulations 
applicable to the Port of Milwaukee. First we discuss Milwaukee’s home state  
of Wisconsin, followed by the neighboring states of Michigan and Minnesota. 
Finally, we conclude with two other states creating precedent in AIS regulation, 
New York and California. Appendix D (Table 15) compares the regulatory 
standards on ballast water release by some of these states to those of national  
and international regulatory bodies. 

1. Wisconsin 
The Wisconsin Department of Natural Resources (WDNR) has implemented  
a new general permit, much like the U.S. EPA’s Vessel General Permit, that 
automatically covers ballast water discharges by commercial vessels in Wisconsin 
waters. On February 1, 2010, the WDNR began regulating oceangoing ships, 
prohibiting the discharge of ballast tank sediment and seawater, as well as 
adopting best management practices, to minimize the risk of releasing AIS into 
the Great Lakes (WDNR, n.d.c). Beginning January 1, 2012, new oceangoing 
vessels will be required to treat their ballast water to meet WDNR standards. On 
January 1, 2014, all existing oceangoing ships must meet these same standards. 
These regulations may change; by the end of 2010 the WDNR will determine if 
commercial treatment technology is available to meet Wisconsin’s upcoming 
discharge standards. If technology is available, WDNR regulations will be 100 
times stronger than the IMO standards. If technology is not considered feasible, 
Wisconsin will change to a weaker standard. Wisconsin hopes that these timelines 
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will spur innovation within industry to create viable freshwater treatment options, 
much like California’s strict ballast water regulations spurred saltwater ballast 
water treatment technologies (Sylvester, February 28, 2010). 
 
WDNR is working with the Port of Milwaukee to use federal grant money to 
purchase a specially designed offboard ballast water treatment system in which 
ballast water from a commercial ship would be transferred to another entity, such 
as a ship or land-based water treatment plant, for treatment (Brown and Caldwell 
Environmental Engineers and Scientists, 2008).  

2. Michigan 
Michigan was the first state to pass AIS legislation in 2005. It requires ocean-
going ships discharging ballast water in a Michigan port to have one of four 
treatments installed on board to remove organisms from ballast water or have an 
individual permit for an alternative treatment method (Michigan Department of 
Natural Resources and the Environment [MDNRE], n.d). Michigan requires the 
use of chlorine dioxide, sodium hypochlorite, ultraviolet light, or de-oxygenation 
at specified concentrations to ensure no viable AIS are released into Michigan 
waters (MDNRE, 2006). 

3. Minnesota 
To enter the Port of Superior, Wisconsin ships must past through the Duluth Port 
in Minnesota. As a result, WDNR maintains a close working relationship with 
Minnesota. The Port of Superior-Duluth is also the ultimate destination of most 
Great Lakes vessels, as they fill up with ore from regional mines (Sylvester, 
2010). 
 
On September 24, 2008, the Minnesota Pollution Control Agency issued a ballast 
water general permit regulating the discharge of oceangoing and Great Lakes-only 
ships that travel Minnesota waters in Lake Superior. For Minnesota, all ships 
constructed after January 1, 2012, are required to have installed and operate 
treatment facilities, and ships constructed before that date must meet the same 
performance standards by January 1, 2016 (MPCA, 2008). 

4. Other States of Interest 
New York is considered to have an “intermediate” level of ballast water 
regulation, with standards 100 times stricter than those of the IMO and the  
same as the Wisconsin Department of Natural Resources’ new standards. These 
regulations have been challenged in court, although the state’s right to impose 
stricter requirements than the federal government has been affirmed in the lower 
court, as well as on appeal (Great Lakes Directory, 2009). California’s regulations 
are the most stringent, requiring 1,000 times fewer detectable living organisms in 
a ships ballast water discharge than the IMO standards. The rationale for these 
high standards was the belief that performance standards were essential to move 
technological development forward (California State Lands Commission, 2006). 
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Though California’s stringent regulations have resulted in several technological 
innovations to remove AIS from ballast water discharge, there have been 
problems with altering the technology to suit the freshwater environment of the 
Great Lakes, and no known viable ballast water filtration systems have made it 
beyond the research and development stage (Sylvester, February 28, 2010). 

E. AIS Management in Milwaukee 
A city like Milwaukee must adhere to various state and federal regulations  
concerning AIS with little ability to impose further regulations. Many costs are 
associated with attempts to control AIS. Many regulatory entities try to incenti-
vize AIS control by offering funds to cover a portion of the costs, such as the 
Wisconsin Department of Natural Resources’ AIS control grants (WDNR, n.d.a). 
President Obama earmarked $475 million in federal funding for the 2010 Great 
Lakes Restoration Initiative, an interagency effort led by EPA to target AIS, non-
point source pollution, and contaminated sediment (U.S. EPA, 2010b).The first 
round of applications was due January 29, 2010, for $120 million awarded by the 
U.S. Environmental Protection Agency. Wisconsin governments and groups have 
submitted more than 400 applications to request money for this first round, 
including a request by the Wisconsin Department of Natural Resources for money 
to purchase an off-ship ballast treatment system for Milwaukee (WDNR, 2010).  
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Section VI: Policy Goals and Recommendations 
Now that we have established the different contexts in which AIS policy exists, 
we return to our original research question: Which policy characteristics would 
most effectively balance the need to protect the Great Lakes ecosystem from 
aquatic invasive species while protecting and promoting economic development? 
 
From our research we conclude that there is little the City of Milwaukee can  
do on its own to manage the threat of AIS. The interconnectedness of the Great 
Lakes means that if a single port community takes action to manage or prevent  
the spread of AIS within its jurisdiction, AIS could still arrive in other ports  
and eventually spread throughout the lakes. Furthermore, the amount of money 
needed to manage established AIS—for example, the United States and Canada 
spend $20 million annually to control the sea lamprey population and mitigate its 
impacts (Great Lakes Commission, 2007)—means that management is most likely 
best left to state or federal agencies that already have the resources and expertise 
to deal with AIS problems on a larger scale. 
 
However, this does not preclude Milwaukee and its port from more actively 
participating in AIS policymaking at the state, federal, and international levels. 
This participation includes taking advantage of opportunities to lobby new 
legislation or making public comments on new regulations to make sure the city 
and the port’s interests are considered. It may also include increased collaboration 
and communication between industry and government to develop innovative, 
cost-effective solutions for preventing or managing AIS. Considering the new 
amount of federal funding available through the Great Lakes Restoration 
Initiative, Milwaukee can assist the Wisconsin Department of Natural Resources 
in applying for grants as well as planning and implementing AIS management 
plans that would ultimately benefit the ecosystem surrounding the Milwaukee 
shoreline. Officials from the Wisconsin Department of Natural Resources and  
the U.S. Environmental Protection Agency agree that this collaboration, or 
“bundling” of grants, can speed up the funding process (Bergquist, 2009). 

A. Policy Goals 
Based on our research, we have assembled a set of goals reflecting various 
stakeholder interests. The City of Milwaukee would have to balance these  
often-competing interests when considering whether to support a particular  
AIS policy at upper levels of government. 

1) Ecological responsibility 
2) Minimization of economic damage by AIS 
3) Maximization of the Milwaukee area’s economic vitality 
4) Political feasibility 

 
These goals, on which we elaborate below, offer a systematic way for the City  
of Milwaukee to judge future policies. In reality, no single solution will be able  
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to achieve all the ideal conditions listed below. Therefore, tradeoffs must be made 
and judgments drawn about which goals are more important given the current 
ecological, economic, regulatory and political conditions. These conditions can 
rapidly change based on new AIS threats, fluctuations in the economy, and the 
priorities of those who control the political agenda in state and federal 
government. 

1. Ecological Responsibility 
Protection of an environmental good such as the Great Lakes provides benefits  
to society, even if many individuals do not directly use the good. For example,  
an individual may want to preserve that good for future generations to enjoy, or 
someone may derive satisfaction by simply knowing that a good exists (Stavins, 
2007). Therefore, policies to prevent AIS in the Great Lakes should consider their 
effect on the ecosystem as a whole and maximize the lakes’ intrinsic value. 
 
For example, ideal policies would: 

• Preserve native species and biodiversity. 
• Be based on the most up-to-date scientific information. 
• Encourage further research into the ecological impact of AIS. 
• Target the species likely to cause the most harm. 
• Minimize the negative ecological side effects of methods to eradicate  

a particular invasive species. 
• Engage stakeholders in minimizing ecological harm to the Great Lakes. 

This includes educating the public about how to prevent the spread of  
AIS and encouraging stakeholders to self-regulate their behavior and  
the behavior of others. 

2. Minimization of Economic Damage by AIS 
Many industries rely on the Great Lakes for their livelihood. Preventing new  
AIS from establishing in the Great Lakes reduces the risk of economic loss  
to these industries. 
 
More specifically, ideal AIS prevention policies would: 

• Minimize the negative impact from AIS on industries such as sport and 
commercial fishing, electric and water utilities, and recreation. 

• Minimize the damage to property values along the Great Lakes from AIS. 
• Minimize the cost of AIS prevention measures relative to their 

effectiveness. 
• Be informed by best practices and best available technology. This ensures 

that the most cost-effective solutions are being considered and employed, 
and that regulations remain flexible to incorporate new knowledge. 
Industry can play an active role in testing new technologies and 
communicating results to better inform regulations. 
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3. Maximization of the Milwaukee Area’s Economic Vitality 
The Port of Milwaukee provides the city and the region with a gateway to 
interstate and international commerce. Considering that new regulations are likely 
to have direct impacts on the shipping industry and indirect impacts on many 
other industries, ideal solutions to preventing AIS would: 

• Minimize the costs of regulations on the shipping industry and its 
dependent industries. 

• Maximize the competitiveness of the Port of Milwaukee in relation to 
other ports along the Great Lakes. 

• Maximize consistency among different jurisdictional levels. Regulated 
industries will face additional transaction costs if they must comply with 
more than one set of rules. 

• Work with stakeholders to minimize capital risks. Compliance with 
regulatory standards may result in new capital investments, such as an  
on-board ballast water treatment system. A sudden change in regulations 
that rendered the capital investment redundant would harm company 
finances. Conversely, increasing the certainty that regulations will revolve 
around a particular compliance method for several years may encourage 
the development and deployment of new technology (NRC, 2008). 

• Place the cost of preventing AIS on industries in proportion to their 
contribution to the problem. Though ballast water has rightly been the 
most regulated pathway of AIS introductions to date, policymakers must 
also focus on other pathways, such as canals and recreational boating. 
Taken together, these other pathways constitute a sizable minority 
(between 30 and 45 percent of AIS introductions) (NRC, 2008); in the 
long term their importance will likely grow as more effective ballast  
water treatment technologies are implemented. 

• Ensure that no single state gains an unfair economic advantage by 
employing less stringent regulatory standards. 

4. Political Feasibility 
The best ecological or economic policy cannot be implemented if lawmakers  
do not approve it or regulatory bodies do not incorporate it into their rules.  
The most politically feasible solutions would: 

• Ensure that all stakeholders’ voices are heard in a public setting. 
• Not deviate too much from existing regulatory frameworks. 
• Address the most salient political concerns of the day; for example, 

Americans in national polls have cited jobs and the economy as the 
number one problem facing the country by a large margin since January 
2008 (Dutton, 2010). Other salient concerns may include the most visible 
impacts of AIS, such as the foul-smelling cladophora algae washing onto 
public and private beaches. In a democratic system, politicians cannot 
afford to take these salient concerns for granted. 
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Since AIS policy in the Great Lakes is more of a regional than a city-level  
issue, the City and Port of Milwaukee must collaborate with other stakeholders  
to develop policies that will balance everyone’s interests. These goals should 
serve as a starting point for everyone to find common ground. 

B. Policy Examples and Recommendations 
A number of policies are being discussed to prevent new AIS or manage those 
already established in the Great Lakes. We use the following examples to show 
how some of these policies would fit into our stated goals and recommend 
positions or actions that the City of Milwaukee should take. 

1. Support a strong but flexible national regulation on ballast water 
The Coast Guard’s proposed ballast water rule goes a long way in being stringent 
yet fair and flexible, and public comments are generally supportive, giving this 
regulation high political feasibility (U.S. Coast Guard, 2009b). It would enhance 
ecological responsibility and minimize economic damage from AIS by killing 
non-native species before they have a chance to establish themselves. By 
instituting regulatory phases based on available technology, it would not place  
too much burden on the industries that do business with the Port of Milwaukee.  
If this rule is flexible on the types of ballast water treatment (onboard vs. 
offboard) permitted, Milwaukee could use this rule to its advantage if the Port  
of Milwaukee installs a federally funded offboard treatment facility. With this 
treatment facility, the port could market itself as an attractive place to dock for 
shipping companies that do not want to install treatment systems on their ships, 
thereby increasing its business. Therefore, Milwaukee should support the 
Coast Guard’s proposed rule as long as it remains flexible on the types of 
treatment permitted. 

2. Do not support closing the locks 
in the Chicago Sanitary and Ship Canal 
The effectiveness of closing the Chicago locks to prevent Asian carp is uncertain, 
because the fish could still enter Lake Michigan through other means; this 
includes other waterways such as the Cal-Sag channel that leads to the Calumet 
River system, as well as through bait use and direct release (Hansen, 2010; Hill  
& Pegg, 2008). It is also uncertain whether the carp can establish a self-sustaining 
population in the Great Lakes (Moy, February 23, 2010). Therefore, it is 
questionable whether this option would minimize the carp’s ecological and 
economic damage, but lock closure is certain to disrupt the shipping and tourist 
industries that use the Chicago Sanitary and Ship Canal. Closing the locks also 
suffers from low political feasibility; both the Supreme Court and the Obama 
administration have sided with Illinois to keep the locks open, against the wishes 
of other Great Lakes states (Egan, 2010a). Therefore, Milwaukee should not 
support closing the locks until more is known about the effectiveness of this 
option. 
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3. Collaborate with other groups 
to secure funding for AIS management 
Funding opportunities to manage established AIS are increasing, especially  
with the federal Great Lakes Restoration Initiative. The WDNR has collaborated 
with many groups to apply for some of this funding (Bergquist, 2009). The City 
of Milwaukee should initiate collaboration with WDNR and other groups to 
apply for grants and to make sure its interests are heard at upper levels of 
government. Grants could go toward implementing Wisconsin’s AIS 
management plan or toward capital investments to make Milwaukee more 
resilient to AIS impacts, such as upgrading water intake structures. If imple-
mented properly, these projects would reduce the ecological and economic 
damage from AIS without harming other Milwaukee industries. These one-time 
funding opportunities are moderately politically feasible because they would 
likely require the City of Milwaukee to contribute some matching dollars; 
however, collaborating with other groups like WDNR would reduce the city’s 
monetary contribution and employ the relative strengths of all those involved.  

4. Use the attention on Asian carp to educate the public 
on best practices to stop AIS 
A recent poll in Wisconsin found that many anglers are unaware of laws to 
prevent the spread of AIS, especially with those laws designed to stop the fish 
disease VHS from spreading between lakes (University of Wisconsin-Madison, 
2010). Milwaukee could take advantage of the heightened awareness over Asian 
carp and AIS in general by supporting ongoing AIS education and outreach cam-
paigns. These campaigns would demonstrate to commercial shippers, recreational 
boaters, fishers and others the best practices for preventing the spread of AIS. One 
of the Great Lakes Restoration Initiative’s goals is to educate 10 million recrea-
tion and resource users on these best practices by 2014. Therefore, federal funding 
may be available to support a local outreach campaign (WHCEQ et al., 2010). 
Education would be ecologically responsible and minimize economic damage 
from AIS because it would target AIS prevention measures, and it would not harm 
local industries. Campaigns like this are in progress and therefore have high 
political feasibility. Milwaukee should therefore look into options, including 
federal funding, to support these ongoing campaigns. 
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Section VII: 
Concluding Thoughts and Further Action 

Aquatic invasive species have caused extensive damage to the Great Lakes’ 
ecosystem, and many non-native species still threaten to enter the lakes via 
numerous transmission pathways. In general, the precautionary principle should 
guide AIS policy so that cost-effective prevention measures are pursued even in 
the face of uncertain threats. 

This report examines the policy implications of AIS for the City of Milwaukee, 
with close attention paid to the port and shipping industry. The Port of Milwaukee 
and the shipping industries provide economic benefits to Milwaukee, though other 
important industries that rely on the Great Lakes (e.g., fishing, utilities, and recre-
ation) have borne much of the cost of AIS that were brought in through ships’ bal-
last water and other vectors. With costs and benefits unevenly distributed, effective 
AIS policy must balance the interests of all stakeholders to minimize the overall 
costs, maximize overall benefits, and distribute these costs and benefits fairly. 

While Milwaukee can do little to directly regulate, it can influence AIS regulatory 
discussions to ensure its interests are taken into consideration. Working with regu-
latory agencies is crucial to protecting Milwaukee industries in the most cost-
effective manner. Many grant opportunities exist to reduce the economic burden 
on Milwaukee. 

Supporting policies that balance our stated policy goals—ecological 
responsibility, minimization of economic damage by AIS, maximization  
of Milwaukee’s economic vitality, and political feasibility—is important for 
Milwaukee’s economic and ecological health. Prevention is generally the most 
cost-effective means of controlling AIS. In the short term, the primary focus 
should be preventing AIS introductions by ships entering the Port of Milwaukee 
as part of a comprehensive AIS prevention and containment strategy in the city.  

Increasingly stringent regulations and one-time opportunities for financial 
assistance create a need for innovative thinking and action. Media coverage  
of the Asian carp story in Chicago has focused the public’s attention on AIS,  
and Milwaukee should use this opportunity to support initiatives that minimize 
the risk of AIS introduction and protect Milwaukee industry. Focusing on strong 
preventative measures now will greatly reduce AIS management costs and better 
protect multi-billion dollar industries. 

In the long-term, AIS management should become more comprehensive by 
focusing on managing and removing established AIS in addition to preventing 
invasions. Control and removal of AIS is a far costlier option than preventing  
AIS introduction, but the economic damage of uncontrolled AIS would be a great 
economic and social burden on the Milwaukee area. Lake Michigan is a critical 
resource for Milwaukee, and the effective and efficient management of AIS is 
essential to the preservation of this resource. 
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Appendix A: Ecological Impacts 

This appendix contains further detail on the ecological impacts posed by existing 
and potential AIS in the Great Lakes. Tables feature well-documented and 
potential threats, as well as some of the major ecological impact mechanisms  
by which they harm the Great Lakes.  
 

Table 8: 
Heavily Documented AIS Affecting Milwaukee and the Great Lakes 

Species Transmission Vector Ecological Impact 

sea lamprey (Petromyzon 
marinus) Canals 

Sea lampreys parasitize all major Great Lakes fish 
species, using a toothed, funnel-shaped mouth to bore 
into flesh and remove blood and vital fluids. 

zebra mussel (Dreissena 
polymorpha)  Ballast water 

Rapid reproduction and ability to eat massive quantities 
of plankton and deposit it at lower depths as 
pseudofeces, increasing food for bottom feeders and 
removing plankton for native upper water feeders. 

quagga mussel  
(D. bugensis) Ballast water Similar to zebra mussel. 

purple loosestrife 
(Lythrum salicaria) Ballast water Crowds out native plants. Reduces food, shelter and 

resources for native species. 

round goby (Neogobius 
melanostomus) Ballast water 

Reproduces rapidly in low-resource environments. 
Displaces native fish, eats native eggs and young, and 
takes over premium habitats. 

alewife (Alosa 
pseudoharengus) Canals 

Directly predates upon larvae of native fish. Decreases 
available zooplankton for native forage fish such as the 
yellow perch and emerald shiner. 

ruffe (Gymnocephalus 
cernuus) Ballast water Displaces native species due to high competitive 

advantage in reproductive rate and feeding capacity. 
rainbow smelt (Osmerus 
mordax) 

Angler mixing and dumping 
from inland lakes 

Directly competes with native fish fry; increases mercury 
levels in native predatory fish species. 

Viral hemorrhagic 
septicemia (VHS) 

Ballast water; live well 
discharge from inland lakes 

Directly kills many major fish species, causing external 
and internal bleeding. 

Source: Minnesota Sea Grant (2009); Jude et al. (2004); Minnesota Department of Natural Resources [MDNR] (2008) 
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Table 9: Summary of Potentially 
Invasive Species Threatening the Great Lakes 

Type of Organism 
Common Name 
(Scientific Name) 

In 
Great 

Lakes? 
Invasion 
History 

Spread 
Potential 
in Great 
Lakes 

Ecol. 
Impact 
in Great 
Lakes 

Species 
Origin 

Possible 
Source 

cnidarian - hydroid 
(Cordylophora caspia) Yes Yes High Medium Ponto-

Caspian Sea 
aquarium; 

ballast water 
crustacean - amphipod 
(Corophium 
curvispinum) 

No Yes High Medium Caspian Sea ballast water 

crustacean - amphipod 
(Dikerogammarus 
villosus) 

No Yes High High Ponto-
Caspian Sea 

ballast water; 
canals 

(Europe) 
crustacean - amphipod 
(Echinogammarus 
ischnus) 

Yes Yes High Medium Ponto- 
Caspian Sea ballast water 

crustacean - rusty 
crayfish (Orconectes 
rusticus) 

No Yes High High Southeast 
United States bait 

fish - alewife (Alosa 
pseudoharengus) Yes Yes Present High 

Atlantic coast 
of North 
America 

bait fish; 
canals 

fish- bleak (Alburnus 
alburnus) No Yes High Medium Ponto-

Caspian Sea bait 

fish - blue catfish 
(Ictalurus furcatus) No Yes Med Medium North 

America 
aquaculture; 

sport fish 

fish - blueback herring 
(Alosa aestivalis) Yes No Present High 

Atlantic coast 
of North 
America 

canals 

fish - bullhead (Cottus 
gobio) No Unknown High Unknown Europe bait 

fish - Caucasian goby 
(Knipowitschia 
caucasica) 

No Yes High Medium Ponto-
Caspian Sea ballast water 

fish - cherry salmon 
(Oncorhynchus masou) No Unknown Medium Unknown North Pacific; 

Japan sport fish 

fish - chum salmon 
(Oncorhynchus keta) No Unknown High Unknown Asia/North 

Pacific sport fish 

fish - common dace 
(Leuciscus leuciscus) No Yes High Unknown Ponto-

Caspian Sea bait 

fish - Eurasian minnow 
(Phoxinus phoxinus) No Yes High Unknown Ponto-

Caspian Sea bait 

fish - European perch 
(Perca fluviatilis) No Yes High Medium Ponto-

Caspian Sea sport fish 

fish European ruffe 
(Gymnocephalus 
cernuus) 

Yes Yes Present High Ponto-
Caspian ballast water; 

fish European whitefish 
(Vendace) - (Coregonus 
albula) 

No Yes High Unknown Europe sport fish 

fish - goldfish (Carassius 
auratus) Yes Yes High High China/Japan ornamental 
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Type of Organism 
Common Name 
(Scientific Name) 

In 
Great 

Lakes? 
Invasion 
History 

Spread 
Potential 
in Great 
Lakes 

Ecol. 
Impact 
in Great 
Lakes 

Species 
Origin 

Possible 
Source 

fish - grass carp - 
(Ctenopharyngodon 
idella) 

No Yes High High Eastern Asia aquaculture; 
fish market 

fish - koi (common) carp 
(Cyprinus carpio) Yes Yes High High Eurasia ornamental; 

aquaculture 
fish - monkey goby 
(Neogobius fluviatilis) No Yes High High Eurasia ballast water 

fish - Oriental 
weatherfish (Misgurnus 
anguillicaudatus ) 

Yes Yes High Medium Asia ornamental; 
aquaculture 

fish - rainbow smelt 
(Osmerus mordax) Yes Yes Medium High 

Atlantic coast 
of Central 
America 

sport fish 

fish - redear sunfish 
(Lepomis microlophus) Yes Unknown High Unknown 

Atlantic coast 
of North 
America 

aquaculture; 
sport fish 

fish roach - (Rutilus 
rutilus) No Yes High Unknown Ponto-

Caspian Sea sport fish 

fish - round goby 
(Neogobius 
melanostromus) 

Yes Yes Present High Ponto-
Caspian Sea ballast water 

fish - rudd (Scardinius 
erythrophthalmus) Yes Yes Present High Eurasia bait fish; 

ballast water 

fish - sand goby 
(pomatoschistus 
minutus) 

No Yes High Medium 
Eastern 
Atlantic/ 
Ponto-

Caspian Sea 

aquarium; 
aquaculture 

fish - silver carp 
(Hypophthalmichthys 
molitrix) 

No Unknown High Unknown China aquaculture 

fish - sunbleak 
(Leucaspius delineatus) No Yes High High Ponto-

Caspian Sea canals 

fish - tench (Tinca tinca) No Yes High High 
Ponto-

Caspian Sea/ 
Europe/ Asia 

ornamental; 
canals; sport 

fish 
fish - toothed carp 
(Aphanius fasciatus) No Unknown High Unknown Caspian Sea canals 

fish - tubenose goby 
(Proterorhinus 
marmoratus) 

Yes Yes Medium High Ponto-
Caspian Sea ballast water 

fish - white perch 
(Morone americana) Yes Yes Present High 

Atlantic coast 
of North 
America 

fish market; 
canals 

fish - zander (Sander 
lucioperca) No Yes High High Ponto-

Caspian Sea 
sport fish; 

canals; 
aquaculture 

microcrustacean - 
fishhook waterflea 
(Cercopagis pengoi) 

Yes Yes Present High Ponto-
Caspian Sea 

ballast water; 
boating 
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Type of Organism 
Common Name 
(Scientific Name) 

In 
Great 

Lakes? 
Invasion 
History 

Spread 
Potential 
in Great 
Lakes 

Ecol. 
Impact 
in Great 
Lakes 

Species 
Origin 

Possible 
Source 

microcrustacean - spiny 
waterflea (Bythotrephes 
longimanus) 

Yes Yes High High Great Britain; 
Europe 

ballast water; 
boating 

microcrustacean - spiny 
waterflea (Bythotrephes 
cederstroemi) 

Yes Yes Present High Eurasia ballast water 

mollusk - golden mussel 
(Limnoperna fortunei) No Yes Medium Medium China/Asia ballast water 

mollusk - Chinese 
mystery snail [(proso-
branch] (Cipangopalu-
dina chinensis malleata) 

Yes Yes High Medium Asia fish market; 
ornamental 

plant - curly-leaf 
pondweed (Potamo-
geton crispus) 

Yes Yes Present Medium Eurasia ornamental; 
horticulture 

plant - Eurasian 
watermilfoil 
(Myriophyllum spicatum) 

Yes Yes High High Eurasia ornamental; 
boaters 

plant - European frogbit 
(Hydrocharis morus-
ranae) 

Yes Yes Medium High Eurasia 
ornamental; 
horticulture; 

boaters 
plant - European water 
clover (Marsilea 
quadrifolia) 

Yes Yes Medium Medium Eurasia ornamental 

plant - fanwort 
(Cabomba caroliniana) Yes Yes Present High Southeast 

United States ornamental 

plant - flowering rush 
(Butomus umbellatus) Yes Yes Medium Unknown Eurasia ornamental; 

horticulture 
plant - giant salvinia 
(Salvinia molesta) No Yes Medium Medium South 

America 
ornamental; 
horticulture 

plant - hydrilla (Hydrilla 
verticillata) No Yes High High Central Africa ornamental; 

horticulture 
plant- parrot’s feather 
(Myriophyllum 
aquaticum) 

No Yes High High South 
America ornamental 

plant - Purple loosestrife 
(Lythrum salicaria) Yes Yes Present High Eurasia ornamental; 

horticulture 
plant - Sessile joyweed 
(Alternanthera sessilis) No Yes Medium Unknown Asia ornamental; 

horticulture 
plant - Spiny naiad 
(Najas marina) Yes Yes Medium Unknown Eurasia ornamental 

plant - Variable-leaved 
watermilfoil 
(Myriophyllum 
heterophyllum) 

No Yes High Medium Eastern North 
America 

ornamental; 
boaters 

plant - Waterchestnut 
(Trapa natans) Yes Yes High Medium Eurasia ornamental; 

horticulture 
plant - Yellow floating 
heart (Nymphoides 
peltata) 

No Yes High Medium Eurasia ornamental; 
horticulture 

Source: U.S. Environmental Protection Agency (2008b) 
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Table 10: Ecological Impact Mechanisms and Key Examples in the Great Lakes 
Type of Threat Definition Examples 

Competition 
When populations of two or more 
species depend on limited 
quantities of the same resources 

Rusty crayfish remove lake vegetation, thereby 
reducing available food and habitat for native species. 

Parasitism 
One species benefits at the 
expense of another by living 
inside or outside the host 

Sea lampreys attach to all major Great Lakes fish 
species, using a toothed, funnel-shaped mouth to bore 
into flesh and remove blood and vital fluids. 

Predation A predatory species eats a prey 
species 

Spiny waterfleas predate upon the small animals 
(zooplankton) that are the main food sources for native 
fishes. In some cases, they lead to the decline or local 
extinction of some species of native zooplankton. 

Interbreeding 
Non-native species breed with 
native relatives, causing changes 
in the native gene pool with 
unknown consequences 

Cultured fin and shellfish can interbreed with native 
fish population and dilute the wild genetic pool, leaving 
native species less able to adapt to natural 
ecosystems. 

Introduction of 
pathogens 

Transfer of harmful organisms 
such as viruses, bacteria, and 
fungi that disrupt ecosystem and 
human health 

Cultivation of finfish in open systems such as 
raceways, flow-through tanks, and net pens expose 
nearby aquatic ecosystems to pathogens associated 
with cultured fish populations. 

Source: Campbell et al. (1999); Ecological Society of America, (2004), Minnesota Department of Natural Resources 
(2010), Massachusetts Office of Coastal Zone Management (2000) 
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Appendix B: Economic Impacts of AIS 
This appendix contains further detail on the economic impacts of AIS in the  
Great Lakes, on ballast water treatment techniques, and on costs related to 
alterations of shipping infrastructure. Discussion focuses on AIS most harmful  
to the Milwaukee economy.  

Sea Lamprey 
Since the 1800s, the sea lamprey has been responsible for a great deal of 
economic damages and costs since its introduction (Hansen, 2010; Stapanian et 
al., 2006). However, control and mitigation efforts beginning in 1986 have been 
relatively successful in reducing sea lamprey impacts (Stapanian et al., 2006). 
Constant management and vigilance is required to ensure that the sea lamprey 
does not cause further dramatic damage to the ecosystem and economy of the 
Great Lakes. The United States and Canada spend a combined $20 million 
annually (of which Canada pays approximately 33 percent) on sea lamprey 
population and migration controls as well as on restocking the Great Lakes with 
desirable sport fish such as lake trout, which the sea lamprey nearly eliminated 
(Great Lakes Commission , 2007). It is estimated that if these sea lamprey control 
efforts were to cease, damages and economic losses would reach $500 million 
annually (Cole, 2006).  

Zebra and Quagga Mussels  
Pimentel (2005) estimates $500 million in annual control costs and economic 
losses in the Great Lakes associated with the zebra and quagga mussels. Other 
estimates of the damage and control costs of these two mollusks in the Great 
Lakes have ranged from $21.5 million to $3 billion annually (Lovell et. al., 2006; 
Pimentel, 2005). 
 
The quagga mussel has yet to spread far beyond the Great Lakes, but the zebra 
mussel has become established throughout much of the United States (Strayer, 
2009). One report estimates the costs incurred by North American electric genera-
tion and drinking water treatment facilities as $261 million for 1989 through 2004 
(Connelly et al., 2007). Another report estimates that U.S. industries suffer 
roughly $100 million per year in economic damages and control costs associated 
with the zebra mussel (Pimentel et al., 2000). However, later reports from many 
of the same researchers have increased the estimated combined economic costs  
of the zebra and quagga mussels to $1 billion per year nationally (Pimentel et. al, 
2004; Pimentel, 2005). 
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Ruffe 
The ruffe, an invasive fish species brought into the Great Lakes via international 
ship ballast water, is estimated to have caused the loss of roughly $724 million in 
sport fishery benefits in Lake Erie between 1985 and 1995). Lovell and others 
(2006) also point to estimates of the cost of ruffe to native fisheries in the Great 
Lakes that are as low as $520,000 annually. 

Asian Carp  
Asian carp were imported to the U.S. from China for use in aquaculture in 1972. 
By 1980, they had escaped aquaculture facilities and made their way into major 
rivers in southern states (Hansen, 2010). Studies have shown mixed results with 
regard to potential economic and ecological impacts of the Asian carp. While 
some research indicates that Asian carp would have difficulty in establishing 
populations within open water regions of the Great Lakes, other research has 
indicated that Asian carp are likely to establish themselves. If this later research  
is correct, then the result could be economic and ecological damages more severe 
than that of the sea lamprey and the zebra mussel (Asian Carp Workgroup, 2010).  

The following information estimates the economic impact of AIS (Table 11), 
describes ballast water treatment technologies and the costs of those technologies 
(Table 12), and outlines costs related to changes in shipping infrastructure (Table 
13).  

 
 



Table 11: Estimates of Economic Impacts of Invasive Species  
    Estimated Costs  

Invasive Species 
Covered Geographic Area Scope Time Frame Reported In 2010 Dollars1 Source 
79 species known to be 
harmful U.S. Minimum direct economic impacts and 

government control costs 
1906-1991 (85 

years) $97 billion $154 billion U.S. OTA (1993) 

More than 790 invasive 
non-indigenous species U.S. Direct and indirect economic impacts; control 

costs Annual $120-$147 billion $137-$172 billion Pimentel et al. 
(2000, 2004) 

Non-indigenous fish U.S. Direct and indirect economic impacts Annual $5.4 billion $6.2 billion 

Pimentel (2005) 

Invasive Aquatic Weeds U.S. 

Direct and indirect economic impacts;  
control costs 

Annual $110 million $164 million 
AIS U.S. Annual $14.2 billion $16.7 billion 
AIS Great Lakes Annual $5.7 billion $6.7 billion 
Invasive Fish Great Lakes Annual $4.5 billion $5.3 billion 
Purple Loosestrife U.S. Annual $229 million $298 million 

Zebra and quagga mussels 
U.S. Annual $1 billion $1.17 billion 

Great Lakes Annual $500 million $588 million 

Ruffe Lake Erie Lost economic benefit to sport fishing 
industry 1985-1995 $724 million $852 million 

Lovell et al. (2006) 
Ruffe Great Lakes Cost to native fisheries Annual $520,000 $612,000 

Zebra mussel Great Lakes 

Direct and indirect economic impacts; control 
costs (presumably) 1990-2000 $3.2 billion $3.7 billion 

General cost 1990-2000 $6.5 billion $7.65 billion 
339 facilities 1995 $21.5 million $25.3 million 

Zebra mussel Great Lakes Based on a survey of 142 facilities 
Annual 

between 1992-
94 

$37 million $43.5 million Lovell et al. (2006) 

Zebra mussel North America Costs incurred by electric generation and 
drinking water treatment facilities 1989-2004 

$261 million  
(95 percent confidence 
interval: $161 million  

to $467 million) 

$299 million  
($184 million-$546 

million) 
Connelly et al. 
(2007) 
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    Estimated Costs  
Invasive Species 
Covered Geographic Area Scope Time Frame Reported In 2010 Dollars1 Source 

Sea lamprey Great Lakes (United 
States and Canada) Cost of control and restocking desirable fish Annual $20 million $20.9 million Great Lakes 

Commission (2007) 
Animal AIS  Great Lakes Conservative control and management costs Annual $28-$39 million $30-$42 million Cole (2006) 

Shipborne non-indigenous 
species 

Great Lakes 
(excluding Canada) 

Minimum direct economic losses to fisheries, 
raw water uses, and wildlife watching (own-
price demand elasticity: -1.5) 

Annual $200 million $201 million 

Lodge (2008) 
Direct economic losses to fisheries, raw 
water uses, and wildlife watching (own-price 
demand elasticity: -0.5) 

Annual $516 million $519 million 

Direct economic losses to fisheries, raw 
water uses, and wildlife watching (own-price 
demand elasticity: -0.15) 

Annual $1.713 billion $1.724 billion 

1 Some difficulty arose in converting to 2010 dollars, as some time periods were ambiguous; when not specified, date of publication was used for indexing. When facing 
uncertainty, the most conservative year was used for indexing. 



Description of Selected Ballast Water Treatment Technologies 
Source: Warolin (2003) 

Filtration and cyclonic separation 
Filtration systems have received a lot of attention for their capabilities to treat  
ballast water. Within the filtration system classification lie many different types—
rapid sand filtration, screening, cloth screens, and precoat filtration and membrane. 
The filtration systems with back-flush screens have been found to be effective, 
screening out organisms as small as 50 micrometers. Moreover, these systems  
have been shown to be 95 to 99 percent effective in filtering out zooplankton  
and 60 to 80 percent effective in filtering out smaller planktonic organisms. 

Ultrasound 
This ballast water treatment produces small vibrations throughout the ballast water 
that produce small expanding and imploding bubbles. These bubbles rupture cells, 
dislodge particles from solid objects, and decapitate organisms within the ballast 
water. Ultrasound is most often used as a secondary treatment and not as a stand-
alone ballast water treatment. This system can be effective, killing almost all 
bacteria and viruses; however, it requires significant capital costs. 

Ultraviolet radiation 
UV radiation causes a lethal photochemical reaction in organisms’ cells within  
the ballast water. This system is one of the most prominent secondary treatment 
options. It is usually used with a filtration system because the filtration system 
itself will increase clarity in the ballast water, increasing the ultra-violet system’s 
effectiveness. The effectiveness of this treatment system will also increase when 
exposure and radiation energy go up.  

Heating ballast water 
Heating ballast water increases the metabolism of organisms’ cells within the 
ballast water to a lethal level. What makes this system so appealing is that it can 
utilize waste heat from ships engines. However, this system’s heated ballast water 
poses a risk to the ship’s crew. Moreover, the plumbing on the ship would need  
to be refitted to be able to utilize this system, which can be costly. 
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Table 12: 
Costs of Onboard and Offboard Ballast Water Treatment Techniques 

Ballast Water 
Treatment Technology Capitol Costs Annual 

Operations 

Onboard 

Filtration and ultra-violent 
irradiation 

$1,200,000 - 
$1,280,000 

<$17,000 - 
$34,000 

Filtration and electrolysis/ 
electrochloination 

$500,000 - 
$1,600,000 $7,000 - $17,000 

Deoxination $275,000 - 
$1,500,000 

<$13,000 - 
$111,000 

Onboard (minimum) - $5,000 $0 
Onboard (average) - $779,000 $26,000 

Onboard (maximum) - $2,000,000 $110,500 

Offboard Barge with filtration and 
ultra-violent radiation $3,522,000 $517,000 

Sources: Lloyd’s Register (2010); Brown and Caldwell Environnemental Engineers and Scientists 
(2008) 

 

Table 13: 
Capital or Transportation Costs of Shipping Infrastructure Alterations 

Alteration Costs Sources 
Maintaining electrical 
barrier $16 million (capital) U.S. Army Corp of Engineers (2009b)  

Closing Chicago River 
locks 

$70 million to $192 million 
per year 

Schwieterman (2010); Flesher (2010); 
Asian Carp Workgroup (2010) 

Oceangoing ship 
moratorium $55 million per year Taylor & Roach (2005) 
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Appendix C: Port Economic Benefits 

This appendix discusses interactions among the employment, industry revenue, 
and tax revenue (Figure 1). It describes the kind of ships that navigate the Great 
Lakes (Table 14) and gives further detail on the economic value of the Port of 
Milwaukee and the Great Lakes Saint Lawrence Seaway System. 

 
Figure 1: Interaction of Port Employment, Industry Revenue, and Tax Revenue 

 

Source: Martin Associates (2001a) 

Vessels on the Great Lakes 
Source: Cangelosi & Mays (2006) 

U.S.-flagged domestic vessels (“lakers”) 
Approximately 60 lakers are on the Great Lakes today. These vessels consist  
of mostly bulk freighters, which can be more than 300 meters in length. Being  
so large, they are unable to travel past northeast Lake Erie through the Welland 
Canal. Their primary market is transporting iron ore and coal for domestic steel 
production, coal for electricity production, and limestone for cement manufac-
turing. Transporting these commodities determines their path within the Great 
Lakes: lakers move iron ore and coal from northern Michigan and Minnesota to 
southern major industrial cities, and they usually return with ballast or backhaul 
stones for supplies. 

U.S.-flagged domestic barges 
Twenty-seven thousand vessels of this type populate the U.S. river ways and 
Great Lakes. Approximately 6,000 barges travel Great Lake routes. U.S. Coast 
Guard regulations restrict how far these vessels can travel inland; barges are not 

[54] 



allowed north of Milwaukee and east of Muskegon, Michigan, when they travel 
from the Chicago Sanitary and Shipping Canal. These vessels are on average 59 
meters in length and can carry 1,300 metric tons of commodities. The barges 
carry similar bulk commodities as laker and salty ships: grain, petroleum 
products, chemicals, and coal. They also travel along the Mississippi River, 
carrying grain south, and chemicals, iron, and steel products north. 

Canadian-flagged domestic vessels (“Canadian lakers”) 
Eighty Canadian lakers call the Great Lakes home. These vessels are much 
smaller than U.S. flagged lakers and can travel throughout all five Great Lakes. 
Canadian lakers carry similar commodities as their U.S. counterparts: coal, iron 
ore, and limestone. They carry nearly two-thirds of commodities transported on 
the Great Lakes. Transporting grain from Thunder Bay and Duluth/Superior to 
ports along the Saint Lawrence River is the Canadian lakers’ primary route. 

Transoceanic vessels (“salties”) 
The majority of the salties are bulk carriers; however, they also include general 
carriers, heavy lift ships, and tankers. About 220 vessels of these travel the Great 
Lakes. These ships belong to more than 30 countries. Not counting barges, salties 
are the smallest ships navigating the Great Lakes, and they average 180 meters 
long. Their small size allows them to travel almost everywhere within the Great 
Lakes. Salties usually transport high value steel into the United States and grain 
out to European countries. 

Table 14: Vessel Characteristics within the Great Lakes 

 U.S. flagged 
lakers 

U.S. flagged 
barges 

Canadian flagged 
lakers 

Overseas 
flagged salties 

Number of vessels  
in fleet 60 ~6,000 80 220 

Length (average) 230 meters 59 meters 190 meters 160 meters 
Beam (average) 24 meters 10 meters 21 meters 21 meters 
Gross registered 
tonnage (average) 18,000 metric tons 1,360 metric tons 15,000 MT 16,000 metric tons 

Ballast capacity 
(average) 30,000 cubic meters - 15,000 cubic meters 10,000 cubic 

meters 

Ballast pump rate 4,500 cubic meters 
per hour - 1,000 – 2,000 cubic 

meters per hour 
1,000 – 2,000 cubic 
meters  per hour 

Primary cargos iron ore coal, 
limestone 

grain, oilseed, 
petroleum products, 
chemicals 

iron ore, coal, 
limestone 

steel products, 
grain 

Trade pattern upper four Great 
Lakes 

Mississippi River, Illi-
nois waterway, intra-
coastal waterways 

Great Lakes, Saint 
Lawrence Seaway, 
Canada’s east coast 

Great Lakes,  
Saint Lawrence 
Seaway, overseas 

Representative 
vessel  

Source: Cangelosi & Mays (2006) 
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The Great Lakes Saint Lawrence Seaway System consists of the five major Great 
Lakes and Lake Saint Clair, connected by U.S. and Canadian locks and canals. 
The Soo Locks connect Lake Superior and Lake Michigan. The Welland Canal 
(consisting of eight locks) connects Lake Erie and Lake Ontario. Last, Iroquois, 
Eisenhower, Snell, Upper and Lower Beauhamois, Corte Sainte Catherine, and 
the Saint Lambert locks all connect Lake Ontario to the Saint Lawrence River. 

The eight states and two provinces adjoining the Great Lakes (Figure 2) are  
home to one-fourth of North America’s population and contain 55 percent of  
its manufacturing and service industries (Transport Canada et al., 2007). Forty 
million of these residents depend on the lakes for drinking water, industrial water, 
hydroelectricity, recreation, food, and transportation (Kelly et al., 2009).  

Figure 2: Great Lakes Basin and Coastal States 

 
Source: Mertens (2008) 

 
In recent years, the tonnage transported on the Great Lakes Saint Lawrence 
Seaway System has been declining, from 192 million metric tons in 2000 (Martin 
Associates, 2001a) to 173 million metric tons in 2006 (U.S. Army Corps of 
Engineers, 2009a). Moreover, the industries using the system are operating at 50 
percent capacity (Transport Canada et al., 2007).  
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Appendix D: Regulation  
This appendix provides further detail on existing ballast water regulations, as  
well as pending programs that carry relevance for the future of Milwaukee’s AIS 
management strategy. Invasive species management involves many regulatory 
bodies, including the International Maritime Organization, which developed stan-
dards to control and manage ships’ ballast water; the U.S. Coast Guard, which  
has proposed two phases standards to address ballast water (Figure 3); and states, 
which can standards more stringent than those of the U.S. government (Table 15). 

Summary of Technical Annex of International Convention for the 
Control and Management of Ships’ Ballast Water and Sediments 
Quoted directly from: International Maritime Organization [IMO] (2004) 
 
Adoption: 13 February 2004 
Entry into force: 12 months after ratification by 30 States, representing 35 
percent of world merchant shipping tonnage. 

Annex - Section B Management and Control Requirements for Ships 
Ships are required to have on board and implement a Ballast Water Management 
Plan approved by the Administration (Regulation B-1). The Ballast Water 
Management Plan is specific to each ship and includes a detailed description of 
the actions to be taken to implement the Ballast Water Management requirements 
and supplemental Ballast Water Management practices. 
 
Ships must have a Ballast Water Record Book (Regulation B-2) to record  
when ballast water is taken on board; circulated or treated for Ballast Water 
Management purposes; and discharged into the sea. It should also record  
when Ballast Water is discharged to a reception facility and accidental or  
other exceptional discharges of Ballast Water. 
 
The specific requirements for ballast water management are contained in 
regulation B-3 Ballast Water Management for Ships: 
 

1) Ships constructed before 2009 with a ballast water capacity of between 
1500 and 5000 cubic meters must conduct ballast water management that 
at least meets the ballast water exchange standards or the ballast water 
performance standards until 2014, after which time it shall at least meet 
the ballast water performance standard. 

2) Ships constructed before 2009 with a ballast water capacity of less than 
1500 or greater than 5000 cubic meters must conduct ballast water 
management that at least meets the ballast water exchange standards  
or the ballast water performance standards until 2016, after which time  
it shall at least meet the ballast water performance standard. 
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3) Ships constructed in or after 2009 with a ballast water capacity of less than 
5000 cubic meters must conduct ballast water management that at least 
meets the ballast water performance standard. 

4) Ships constructed in or after 2009 but before 2012, with a ballast water 
capacity of 5000 cubic meters or more shall conduct ballast water 
management that at least meets the standard described in regulation D-1  
or D-2 until 2016 and at least the ballast water performance standard after 
2016. 

5) Ships constructed in or after 2012, with a ballast water capacity of 5,000 
cubic meters or more shall conduct ballast water management that at least 
meets the ballast water performance standard. 
 

Other methods of ballast water management may also be accepted as alternatives 
to the ballast water exchange standard and ballast water performance standard, 
provided that such methods ensure at least the same level of protection to the 
environment, human health, property or resources, and are approved in principle 
by IMO’s Marine Environment Protection Committee (MEPC). 

IMO Ballast Water Exchange Distance 
Under Regulation B-4 Ballast Water Exchange, all ships using ballast water 
exchange should: 

1) whenever possible, conduct ballast water exchange at least 200 nautical 
miles from the nearest land and in water at least 200 meters in depth, 
taking into account Guidelines developed by IMO; 

2) in cases where the ship is unable to conduct ballast water exchange as 
above, this should be as far from the nearest land as possible, and in all 
cases at least 50 nautical miles from the nearest land and in water at least 
200 meters in depth. 

When these requirements cannot be met areas may be designated where ships can 
conduct ballast water exchange. All ships shall remove and dispose of sediments 
from spaces designated to carry ballast water in accordance with the provisions of 
the ships’ ballast water management plan (Regulation B-4). 

Annex - Section C Additional measures 
A Party, individually or jointly with other Parties, may impose on ships additional 
measures to prevent, reduce, or eliminate the transfer of Harmful Aquatic Organ-
isms and Pathogens through ships’ Ballast Water and Sediments. In these cases, the 
Party or Parties should consult with adjoining or nearby States that may be affected 
by such standards or requirements and should communicate their intention to estab-
lish additional measure(s) to the Organization at least 6 months, except in emergen-
cy or epidemic situations, prior to the projected date of implementation of the 
measure(s). When appropriate, Parties will have to obtain the approval of IMO. 
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Ballast Water Exchange Requirements: 
Annex - Section D Standards for Ballast Water Management  
There is a ballast water exchange standard and a ballast water performance 
standard. Ballast water exchange could be used to meet the performance standard: 
 
Regulation D-1 Ballast Water Exchange Standard - Ships performing 
Ballast Water exchange shall do so with an efficiency of 95 percent volumetric 
exchange of Ballast Water. For ships exchanging ballast water by the pumping-
through method, pumping through three times the volume of each ballast water 
tank shall be considered to meet the standard described. Pumping through less 
than three times the volume may be accepted provided the ship can demonstrate 
that at least 95 percent volumetric exchange is met. 
 
Regulation 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 in minimum dimension and less 
than 10 viable organisms per milliliter less than 50 micrometers in minimum 
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 be 
limited to: a) Toxicogenic Vibrio cholerae (O1 and O139) with less than one 
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. 
 
Ballast Water Management systems must be approved by the Administration in 
accordance with IMO Guidelines (Regulation D-3 Approval requirements for 
Ballast Water Management systems). These include systems that make use of 
chemicals or biocides; make use of organisms or biological mechanisms; or which 
alter the chemical or physical characteristics of the Ballast Water. 
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Figure 3: Phase 1 and 2 Standards Implementation Schedule 

If practicability review determines Phase 2 Standards is not achievable, but a standard more stringent than IMO is 
achievable, then standards will be phased in three years following publication in the Federal Register. Practicability 
reviews will be conducted every two years until Phase 2 is achieved. Actual installation dates are the first dry-docking 
after the implementation date, which may be up to five years. 
Source: U.S. Coast Guard (2009a) 

[60] 



[61] 

Table 15: Comparison of Regulatory Standards on Ballast Water Release 

Regulatory 
Agency 

Compared to IMO 
Standard 

Jurisdiction 
over Port of 
Milwaukee 

Jurisdiction 
over 

commercial 
vessel Date Effective 

International 
Maritime 
Organization (IMO) 

IMO standard No 

If country of origin 
ratified 
International 
Convention for the 
Control and 
Management of 
Ships’ Ballast 
Water and 
Sediments 

1 year after ratification by 
30 states representing 35 
percent of world shipping 

U.S. Environmental 
Protection Agency 

Not comparable – 
General permit only 
supports the Coast 
Guard’s mid-ocean 
ballast water exchange 
requrement  

Yes Yes December 19, 2008 

U.S. Coast Guard 

Not comparable –  
no organism require-
ments. 
Proposed rule: may be 
equal to, 10 times,  
100 times or 1,000 
times more stringent 
than IMO 

Yes Yes Current: June 14, 2004 
Proposed: unknown 

Wisconsin 
Department of 
Natural Resources 

100 times more 
stringent than IMO Yes Yes, when in 

Wisconsin waters February 2, 2010 

Minnesota Pollution 
Control Agency Equal to IMO standard No Yes, when in 

Minnesota waters September 24, 2008 

California State 
Lands Commission 

1000 times more 
stringent than IMO 
standard; in 2014 no 
detectable viable 
organisms will be 
permitted 

No Yes, when in 
California waters Current 

Sources: IMO (2004), U.S. Environment Protection Agency (2008a), U.S. Coast Guard (2009a), Wisconsin Department of 
Natural Resources (n.d.a), Minnesota Pollution Control Agency (2008), and California State Lands Commission (2006) 
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