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Great Lakes and Mississippi River Inter Basin Study 

Other Pathways Preliminary Risk Characterization 

Executive Summary 

This preliminary risk characterization is an important component of a Congressionally 

authorized feasibility study, the Great Lakes and Mississippi River Interbasin Study (GLMRIS).  

GLMRIS is being led by the U.S. Army Corps of Engineers (USACE) and supported by state and 

other Federal resource agencies.   This risk characterization describes the threats posed by the 

potential for aquatic nuisance species (ANS) to use surface water pathways to cross the 

drainage divide that separates surface water flow into the Great Lakes from surface water flow 

into the Mississippi River basin.  The divide extends from New York to Minnesota.   This report 

evaluates pathways other than the Chicago Area Waterway System (CAWS) which will be 

addressed in a separate study.  The objectives of this preliminary risk characterization were to:  

¶ Compile an inventory of all locations, outside of the CAWS, where a surface water 

connection exists or may form between the Great Lakes and Mississippi River Basins; 

¶ Characterize the relative risks of ANS transfer across the basin divide and identify 

locations where a significant risk for interbasin transfer of ANS exists; and 

¶ Provide detailed recommendations for prioritizing future actions at the locations 

deemed to pose significant risks. 

Because of the size of the geographic area of consideration, the number and variety of 

ANS types to be considered, and the need to expeditiously identify and disseminate the 

information to stakeholders, the following assumptions formed the basis of the study plan. 

¶ The compilation, review and analysis of readily available information would be sufficient 

to accomplish the project objective of preliminary risk characterization.  

¶ Existing experts in hydrology and biology with local, state and Federal resource agencies 

would be the best available sources for relevant information and expertise.  

¶ Stakeholder organizations with vested interests in preventing ANS migration into or out 

of the Great Lakes would contribute expertise and be collaborative partners.  



 

 
 

In order to carry out the risk characterization, teams of experts in hydrology and 

invasive species were rapidly formed.  The teams included members of the United States 

Geological Survey (USGS); U.S. Fish and Wildlife Service (USFWS); Natural Resources 

Conservation Service (NRCS); National Oceanic and Atmospheric Administration (NOAA); the 

Departments for Natural Resources from Minnesota, Wisconsin, Indiana, Ohio and the New 

York Department of Environmental Conservation; and the Great Lakes Fishery Commission.  

Experts with state-specific and local knowledge were critical to the effort. 

Upon collection and evaluation of data, the hydrology team compiled an inventory of 36 

possible aquatic pathways.  Five of the locations were later deemed to pose a very remote 

possibility for the formation of a continuous surface water pathway across the Great Lakes 

Basin divide; therefore, they were dropped from further consideration and were not assigned 

Hydrological Risk Ratings.  The results of the hydrologic characterization were presented to the 

team of ANS experts from the state natural resource agencies, USGS, USFWS, NOAA and USACE.  

The ANS experts used the hydrology characterization, ANS Fact Sheets, and distribution maps 

for the species of most concern to formulate opinions on the relative risk of ANS migration 

through each pathway location in both directions (into the Great Lakes and out of the Great 

Lakes).  The individual ratings from the ANS experts were compiled and an ANS Transfer Risk 

rating was assigned to each of 31 locations for both directions, into the Great Lakes and into 

the Mississippi River or one of its tributaries.     

Due to uncertainties associated with the available hydrologic and species information, 

the team carefully scrutinized available information to prevent dismissal of any location from 

further consideration if there was a reasonable possibility of ANS migration.  Several key 

conclusions were reached. 

¶ A total of 18 locations in the study area were assigned a Medium, High or Acute ANS 

Transfer Risk rating for species migration into or out of the Great Lakes Basin or both.  

The other 13 locations were all assigned Low ANS Transfer Risk ratings in both 

directions.  The Low rating was defined in the criteria as insignificant risk and a basis for 



 

 
 

no further consideration of the location unless the conditions change or new 

information is discovered to indicate otherwise. 

¶ One location was singled out as the greatest concern, the Eagle Marsh site in Fort 

Wayne, IN.  Interim and long-term risk reduction measures were deemed necessary to 

mitigate potentially imminent risk of Asian carp reaching Lake Erie through the aquatic 

pathway that develops at this location during a significant storm event. 

¶ The Long Lake connection to the Ohio and Erie Canal in Summit County, OH south of 

Akron, OH, and the Libby Branch of the Swan River large wetlands complex in Itasca and 

Aitkin County, MN are also identified as High Risk locations for ANS interbasin transfer. 

¶ With the exception of the Eagle Marsh site in Fort Wayne, the other 17 locations 

deemed to pose significant risk of ANS transfer require a more detailed risk 

characterization prior to drawing conclusions or recommendations for risk reduction 

measures.   

This preliminary risk characterization offers seven general recommendations and a set 

of location specific recommendations for each location deemed to pose a Medium, High or 

Acute risk of ANS transfer across the Great Lakes Basin divide.   Eagle Marsh in Fort Wayne, IN 

was identified as the highest priority location.  The stakeholder team identified an interim risk 

reduction measure in July 2010 (construction of a mesh barrier to prevent migration of adult 

Asian carp into the Lake Erie drainage basin), and the Indiana DNR completed construction of 

the barrier prior to October 2010.  Also, the USACE has initiated preparation of an expedited 

USACE planning study for the Eagle Marsh to identify viable long-term risk reduction measures 

and recommend an optimal risk reduction measure plan.  That study is scheduled to be 

completed in less than one year.  Actual implementation of the recommended measure will 

require identification of an appropriate Congressional authority and funding.    Furthermore, 

most USACE authorities available for this type of project require identification of a local cost-

sharing sponsor that is responsible for real estate acquisition.   USACE would assist the local 

sponsor through design and construction, and then turn the completed facility over to the 

sponsor to operate and maintain.    



 

 
 

This report recommends continued collaboration with the states and other stakeholders 

to complete the risk characterization at the other 17 locations and to identify measures that 

can be implemented at the local or state level to mitigate any significant risk at these locations.  

In addition, the report recommends the USACE and state DNRs develop policies and procedures 

to weigh the benefits of removing dams and installing fish ladders at existing dams against the 

increased risk of ANS migration impacts.  It also recommends a more detailed evaluation of the 

level of ANS impedance at each dam on the streams connecting to the Great Lakes and to the 

Mississippi River or Ohio River from the 17 locations deemed to pose significant risk.  Lastly, the 

report prioritizes the 17 locations based on ANS transfer risks to facilitate effective and efficient 

risk characterization in a resource constrained environment. 

  The completion of this preliminary risk characterization illustrates how the 

complimentary efforts of local, state and federal organizations created a synergy to rapidly 

accomplish a large and technically challenging task.  Completion of the GLMRIS and the 

ultimate management of invasive species will require similarly coordinated actions at the local, 

state and federal levels to identify likely invasion pathways and measures to monitor, manage 

and control those pathways, whether by efforts to hydrologically separate the basins, 

application of institutional controls, increased public education and/or active eradication 

programs.   USACE intends to use this document as the foundation for a collaborative effort 

among stakeholder organizations to most effectively and efficiently prevent the interbasin 

transfer of ANS between the Great Lakes and the Mississippi River and its tributaries. 

 

 

__________________     ________________________________  

Date       John W. Peabody 

Major General, U.S. Army 

       Division Engineer 
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1 Introduction   

This report is an important component of a Congressionally authorized feasibility study 

known as the Great Lakes and Mississippi River Interbasin Study (GLMRIS), which is being led by 

the U.S. Army Corps of Engineers (USACE) and supported by an array of state and Federal 

agencies.   The report summarizes the results of a preliminary risk characterization regarding 

the threats posed by the potential for Aquatic Nuisance Species (ANS) to use a surface water 

pathway to cross the drainage divide that separates surface water flow into the Great Lakes 

from surface water flow into the Mississippi River basin.  The drainage divide is an irregular line 

extending from New York to Minnesota, and it is hereafter referred to as the Divide.    

The USACE Great Lakes and Ohio River Division designated the Chicago District as the 

Project Management District for the GLMRIS.  In August 2010 the Chicago District introduced a 

draft Project Management Plan (PMP) for the GLMRIS to an interagency group of Stakeholders.  

That PMP splits the study into two distinct focus areas.   

Focus Area 1 - the Chicago Area Waterways, which includes the Illinois and Des Plaines 

Rivers, Chicago Sanitary and Ship Canal, I&M Canal, Cal Sag Canal, Chicago River and the 

Grand Calumet and Little Calumet Rivers.   This report does not address Focus Area 1. 

Focus Area 2 is the subject of this report.  It considers all the other potential aquatic 

pathways that exist or may form across the drainage divide between the Great Lakes 

and the Mississippi River (including the Ohio River and tributaries) Basins within the 

United States.   

 

1.1 Purpose 

As a preliminary effort, the findings, conclusions and recommendations in this report 

are subject to refinement and change as more information becomes available and knowledge is 

gained.  The objective of this preliminary risk characterization was to accomplish the four 
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primary tasks below, and complete a draft report documenting the results within a 60 day 

period:  

¶ Compile an inventory of all potential locations within Focus Area 2 where a surface 

water connection exists or has a reasonable probability of forming between the Great 

Lakes and Mississippi River Basins; 

¶ Characterize the relative risks of ANS transfer across the basin divide at each of the 

locations identified;  

¶ Expeditiously identify locations where a significant risk for interbasin transfer of ANS 

exists; and 

¶ Provide detailed recommendations for prioritizing future actions within the GLMRIS 

PMP at the locations within Focus Area 2 deemed to pose significant risks. 

 

1.2 Organization  

To accomplish the goals of the project, the study was broken into three distinct 

components,  

¶ Develop an inventory of potential surface water connection locations and an initial 

characterization of the hydrological conditions that may lead to the development of a 

surface water pathway across the Divide at each location,  

¶ Develop an inventory and initial characterization of ANS interbasin transfer risks, and  

¶ Perform an integrated analysis and expert elicitation of the risks of interbasin transfer 

through each potentially significant surface water pathway in both directions across the 

Divide. 

 

The Main Report is comprised of six Sections.  Section 2 defines the geographic limits of 

the study and the ANS to be considered in the risk characterization.  Section 3 is a discussion of 

the methods and sources of information used, and Section 4 presents the results of the 

preliminary risk characterization.  Sections 5 and 6 provide general and location specific 

conclusions and recommendations.  A multi-disciplinary team of individual water resource 

scientists and engineers from a broad array of Federal, state, local and non-governmental 
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organizations was formed to complete the risk characterization, and the team was divided into 

three sub teams, Hydrology and Hydraulics (H&H), Aquatic Nuisance Species (ANS), and 

Planning. 

There are eight Appendices to this report.   Appendix A is the study plan that was used 

to guide execution of this preliminary risk characterization.  A copy of the implementation 

guidance provided by Headquarters USACE for this project is included as Appendix B.  

Appendices C through G present illustrative figures, summaries of relevant and available 

information and notes for the hydrologic evaluation conducted for each of the sites evaluated 

on a state by state basis.  Appendix C contains the information on the sites evaluated in 

Minnesota, and Appendix D contains the same for Wisconsin, as does Appendix E for Indiana, 

Appendix F for Ohio and Appendix G for New York.  The Divide through the Commonwealth of 

Pennsylvania was evaluated, but no potentially viable surface water connections were 

identified within the state.  Appendix H contains individual Fact Sheets from the USGS database 

for Non-indigenous Aquatic Species that were identified as species of concern to the GLMRIS 

for this preliminary risk characterization and distribution maps of the ANS of most concern by 

taxonomic group. 

 

1.3 Authorization  

The GLMRIS was authorized in Section 3061(d) of the Water Resources Development Act 

of 2007 (WRDA 2007), which prescribes the following authority to the Secretary of the Army 

and the U.S. Army Corps of Engineers (USACE). 

άόŘύ C9!{L.L[L¢¸ {¢¦5¸Φ - The Secretary, in consultation with appropriate Federal, 

State, local, and nongovernmental entities, shall conduct, at Federal expense, a 

feasibility study of the range of options and technologies available to prevent the 

spread of aquatic nuisance species between the Great Lakes and Mississippi River 

.ŀǎƛƴǎ ǘƘǊƻǳƎƘ ǘƘŜ /ƘƛŎŀƎƻ {ŀƴƛǘŀǊȅ ŀƴŘ {ƘƛǇ /ŀƴŀƭ ŀƴŘ ƻǘƘŜǊ ŀǉǳŀǘƛŎ ǇŀǘƘǿŀȅǎΦέ 

The USACE headquarters issued specific guidance to the Great Lakes and Ohio River 

Division Commander for execution of the project, including the following general direction to, 

άΧǇǊƻǾƛŘŜ ŀ ǘƘƻǊƻǳƎƘ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƻǇǘƛƻƴǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŎƻǳƭŘ 
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be applied to prevent the inter-basin transfer of aquatic nuisance species between the Great 

[ŀƪŜǎ ŀƴŘ aƛǎǎƛǎǎƛǇǇƛ wƛǾŜǊ ǘƘǊƻǳƎƘ ŀǉǳŀǘƛŎ ǇŀǘƘǿŀȅǎΦέ   

USACE Engineer Regulation ER 1105-2-100, Planning Guidance, provides the overall 

process and procedures the Corps of Engineers is required to follow in preparing feasibility 

studies like the GLMRIS, which are designed to support decision documents for Federal actions.  

An integral component of the USACE planning process is compliance with the National 

Environmental Policy Act (NEPA) and the preparation of an Environmental Assessment or 

Environmental Impact Statement and public involvement and input into the final decision 

document necessary to support a significant action by the Federal government.    

The six step USACE planning process is an iterative process designed to assure proper 

consideration of all appropriate information and the necessary documentation is provided to 

Federal decision-makers prior to committing the Federal government to any significant action.  

This preliminary risk characterization is focused on the first two steps as they relate to Focus 

Area 2 of GLMRIS.  The following internet address may be used to access USACE Engineer 

Regulation ER 1105-2-100, Planning Guidance to learn more about the requirements and 

procedures to implement the six step USACE planning process, 

140.194.76.129/publications/eng-regs/er1105-2-100/toc.htm. 

¶ Step 1 - Identifying problems and opportunities 

¶ Step 2 - Inventorying and forecasting conditions 

¶ Step 3 - Formulating alternative plans 

¶ Step 4 - Evaluating alternative plans 

¶ Step 5 - Comparing alternative plans 

¶ Step 6 - Selecting a plan 
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1.4 Problem Identification  

This report addresses the problem of Aquatic Nuisance Species (ANS) invading, via 

surface-water pathways, the Great Lakes basin from the Mississippi River basin and vice versa.   

ANS is defined by the Aquatic Nuisance Species Task Force as άΧ nonindigenous species 

that threaten the diversity or abundance of native species or the ecological stability of 

infested waters, or commercial, agricultural, aquacultural or recreational activities 

dependent on such waters.έ   

Nonindigenous aquatic species is defined by The U. S. Geological Survey (USGS)  

Nonindigenous Aquatic Species (NAS) information resource 

(http://nas.er.usgs.gov/about/default.aspx) as άΧa species that enters a body of water 

or aquatic ecosystem outside of its historic or native range.έ 

Adjectives such as nonindigenous, nuisance, invasive, alien and exotic are commonly 

used interchangeably in the biological invasion literature to describe undesirable species.   

Based on discussions between the USACE, USGS and the U.S. Fish and Wildlife Service (USFWS) 

the following definitions were established for the purposes of the GLMRIS.  All non-indigenous 

aquatic species, (per the USGS definition above), that are present in the Great Lakes but not 

known to be present in the Mississippi River and its tributaries are defined as ANS of concern.  

Likewise, all non-indigenous aquatic species present in the Mississippi River or its tributaries but 

not known to be present in the Great Lakes are defined as ANS of concern for the GLMRIS.  

Therefore, the term ANS is synonymous with the term non-indigenous aquatic species in this 

report. 

Although, there are many vectors by which ANS could and do move between basins, the 

GLMRIS authority is limited to a study of the range of options and technologies available to 

prevent the spread of ANS between the Great Lakes and Mississippi River Basins through an 

aquatic pathway. 

ANS invasions can produce severe economic impacts (Leigh 1998), ecological impacts 

(including extinctions, Ricciardi and Rasmussen 1999) or both (OTA 1993, Dettmers et al. 2008).  

More than 180 aquatic species have invaded and become established in the Laurentian Great 

http://nas.er.usgs.gov/about/default.aspx
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Lakes since 1840 (Ricciardi 2006) making this one of the most invaded ecosystems on the planet 

(Vander Zanden et al. 2010).  Many of these species invaded the Great Lakes through ballast 

water releases of transoceanic ships originating from wide ranging ports of call (Holeck et al. 

2004).  Because a large number of transcontinental ANS invaders have become established in 

the Great Lakes this ecosystem has become, in many cases, a staging area for further invasion 

of continental waters (Vander Zanden et al. 2010).   

In fact, there are numerous organisms including bacteria and viruses, algae, plants, 

invertebrates, fish, and mammals that are threatening to invade susceptible ecosystems.  Once 

established in a new ecosystem many of these species can produce negative impacts either on 

the ecology of the system, the economy or both.  There are several well recognized 

mechanisms that aid or facilitate the rapid distribution of ANS.  These include human facilitated 

and natural vectors of transport.   

ANS such as the Asian carp in the Mississippi River basin threaten to invade the Great 

Lakes basin via aquatic pathways (Hill and Pegg 2008).  The best known of these pathways is the 

Chicago Sanitary and Ship Canal (CSSC), part of the Chicago Area Waterway System (CAWS), 

which comprise Focus Area 1.  The bighead carp have extended their open-water range in the 

last 25 years from the first collection in the Arkansas River in 1986, to being distributed 

throughout most of the Mississippi River system.  The Silver carp range is almost as extensive as 

the Bighead carp, and a report published in 2008 indicated that the La Grange Pool of the 

Lƭƭƛƴƻƛǎ wƛǾŜǊΣ ǿƘƛŎƘ ƛǎ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ /!²{Σ άΧmay contain the greatest ambient densities 

of wild silver carp in the worldΦέ ό{ŀǎǎ нллуύΦ     

While the CSSC is a primary concern to the GLMRIS, many other potential hydraulic 

connections exist along the Divide between New York and Minnesota.   Successfully meeting 

the intent of the Congressional Authorization for the GLMRIS requires a thorough evaluation of 

all potential surface water pathways that exist or may form across the Divide.  Likewise, while 

Asian carp are the species of most significant concern today, the ecological and economic 

impacts already caused by them and other aquatic invaders such as the  zebra mussel illustrate 

the need for an aquatic resource management approach that attempts to predict the identity 
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and impact of future biological invaders (Ricciardi and Rasmussen 1998).  This preliminary risk 

characterization is intended to inform the development of just such an approach. 

 

1.5 Study Team 

Consistent with the goals of the GLMRIS stakeholder conference held on 3-4 August, 

2010, an interdisciplinary team of senior experts in hydrology, ANS and Civil Works planning 

was formed from an array of Great Lakes stakeholder organizations to conduct the preliminary 

risk characterization for the GLMRIS Focus Area 2.  The team was tasked with gathering and 

evaluating a very large amount of available information, developing an ANS Risk Rating for each 

potential surface water pathway based on expert opinion, and documenting the results in a 

draft report in 60 days.    

Because of the size of the geographic area of consideration, the number and variety of 

ANS types to be considered, and the need to expeditiously identify and disseminate the 

information to stakeholders, the following assumptions formed the basis of the study plan. 

¶ The compilation, review and analysis of readily available information would be sufficient 

to accomplish the project objective of preliminary risk characterization.  

¶ Existing experts in hydrology and biology with the local, state and Federal resource 

agencies would be the best available sources for procuring and contributing relevant 

information and expertise.  

¶ The local, state and federal agencies responsible for water resource management have a 

vested interest in preventing ANS migration across the drainage divide into or out of the 

Great Lakes and would contribute expertise and be collaborative partners.  

 

The United States Geological Survey (USGS); U.S. Fish and Wildlife Service (USFWS); 

Natural Resources Conservation Service (NRCS); National Oceanic and Atmospheric 

Administration (NOAA); the Departments for Natural Resources from Minnesota, Wisconsin, 

Indiana, Ohio and the New York Department of Environmental Conservation; the Great Lakes 
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Fishery Commission and others contributed information and expertise to identify potential 

aquatic pathways and complete the risk characterization.  Over 60 talented professionals from 

these organizations directly participated in the information gathering and assessment in an 

open and collaborative manner. 

A Hydraulics and Hydrology (H&H) Team was formed and divided into sub teams, 

generally by state.  Two USACE representatives (hydrologist and/or civil engineer specializing in 

H&H) were placed on each team, one from a Great Lakes District (Chicago, Detroit or Buffalo) 

and one from the respective Mississippi or Ohio River District (Saint Paul, Rock Island, Louisville, 

Huntington or Pittsburgh) at each potential surface-water connection along the Divide.  One of 

the USACE representatives at each location was appointed as the Team Leader for that location, 

and was responsible for soliciting and coordinating the input from the rest of the H&H team for 

that location. 

The USGS provided at least one individual from their respective Water Science Centers 

in each state to participate on the H&H Teams within each state.  Likewise, the Department of 

Natural Resources (DNR) in each state was contacted and in nearly all cases, the state DNR was 

able (Department of Environmental Conservation in New York and Fish and Boat Commission in 

Pennsylvania) to provide a representative to participate on each H&H Team to support the fast-

track schedule for this preliminary ANS risk characterization.  In several locations, local water 

management agency representatives also provided input into the hydrologic characterization.   

The USFWS helped define the scope of the ANS to be considered for this study by 

developing a list of non-indigenous aquatic species in the Great Lakes not yet observed in the 

Mississippi River or its tributaries, and a list of non-indigenous aquatic species in the Mississippi 

River or its tributaries not yet observed in the Great Lakes.  The USGS prepared illustrative 

maps indicating the spatial distribution of ANS of most significant concern to aid the team in 

characterizing ANS transfer risks at each potentially significant surface water connection 

identified, and the USGS database was the source for individual ANS fact sheets used in the risk 

characterization. 
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2 Study Area  

This study of GLMRIS Focus Area 2 includes an examination of the potential surface-

water connections along the Divide, through parts of New York, Pennsylvania, Ohio, Indiana, 

Wisconsin and Minnesota.  Focus Area 2 encompasses all natural and man-made aquatic 

pathways and hydraulic connections that exist or may form between the Great Lakes and 

Mississippi River basins except for the Chicago Area Waterways.  The focus of this investigation 

is the Divide which delineates the Great Lakes Basin drainage from the drainage of the 

Mississippi River basin.  The Divide lies within the states of New York, Pennsylvania, Ohio, 

Indiana, Illinois, Wisconsin, and Minnesota (Figure 1). 

A shaded relief map of the subject drainage basins, shown with the 2-digit Hydrologic 

Unit Codes (HUCs), is provided in Figure 2.  The bold red line delineates the boundary between 

the Great Lakes Basin (HUC = 04) and the Mississippi River Basin (HUC = 07) and between the 

Great Lakes Basin (HUC = 04) and the Ohio River Basin (HUC = 05).  This figure depicts the 

topography along the divide and identifies the drainage basins adjacent to the divide.  The ends 

of the bold red line demarcating the Divide are referred to as triple points, because there are 3 

first order drainage basins adjacent to the point.  For instance, the point at the end of the bold 

red line in New York has the Chesapeake Bay Basin (HUC = 02) to the east, the Great Lakes 

Basin to the north (HUC = 04) and the Ohio River Basin (HUC = 05) to the east.  Likewise, the 

point at the end of the bold red line in Figure 2 in Minnesota demarcates the boundary 

between the Hudson Bay Basin (HUC = 09), Mississippi River Basin (HUC = 07) and the Great 

Lakes Basin (HUC = 04). 

The USGS established the HUC as a nested hierarchal system for subdividing large river 

basins into progressively smaller drainage areas, and it was a primary tool used to define the 

location of the Divide and the hydrologic conditions in the vicinity of potential surface water 

pathways across the Divide.
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Figure 1.  Great Lakes and Mississippi River Interbasin Study ς Focus Area 2 Study Limits.   
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Figure 2.  Shaded Relief Map Depicting the Great Lakes and the Mississippi and Ohio River Basins from the USGS National Map. 



 

13 
 

Not included in the study area are portions along the Great Lakes Basin where water on 

the other side of the divide flows to a basin other than the Mississippi or Ohio River Basins.  

Also, both basins have open aquatic pathways to the Atlantic Ocean used for international 

commercial navigation, the Great Lakes via the Saint Lawrence Seaway and the Mississippi River 

Basin via the port of New Orleans and the Lock and Dam facilities on the Mississippi and Ohio 

Rivers upstream of their confluence.  Evaluation of those pathways is beyond the scope of the 

GLMRIS. 

The other aspect of the study area involves target species.  While Bighead and Silver 

carp are two of the most significant ANS of concern, the GLMRIS has a broad scope that 

requires evaluation of the risks posed by all non-indigenous aquatic species within the Great 

Lakes and Mississippi River Basin, in both directions.  This requires careful consideration of the 

broad array of ANS, including plants, algae, mollusk, bacteria and viruses, invertebrates and 

fish.   

The USFWS helped define the scope of the study from a species perspective by 

developing and providing a list of non-indigenous aquatic species in the Great Lakes not yet 

observed in the Mississippi River or its tributaries, and a list of non-indigenous aquatic species 

in the Mississippi River or its tributaries not yet observed in the Great Lakes.   These two lists 

are presented in Tables 1 and 2. 

The risks posed by non-indigenous aquatic species known to be present in the Great 

Lakes were weighed relative to the likelihood and potential magnitude of impacts to 

threatened and endangered species and native species populations and habitat in the 

Mississippi and Ohio River Basin waterways.  Likewise, the risks posed by non-indigenous 

aquatic species known to be present in the Mississippi and Ohio River Basin waterways were 

evaluated relative to the potential impacts to threatened and endangered species and native 

species populations and habitat in the Great Lakes.   
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Table 1.  ANS in Mississippi River system, but not in Great Lakes. 

 Scientific name Common name 

1 Alternanthera philoxeroides alligator weed  

2 Ameiurus catus white catfish 

3 Botumus umbellatus flowering rush  

4 Channa argus northern snakehead 

5 Ctenopharyngodon idella grass carp 

6 Cyprinella lutrensis red shiner  

7 Eichhornia crassipes water hyacinth  

8 Hydrilla verticillata Hydrilla   

9 Hypophthalmichthys molitrix silver carp  

10 Hypophthalmichthys nobilis bighead carp  

11 Ludwigia peploides floating primrose willow  

12 Ludwigia uruguayensis Uruguayan primrosewillow  

13 Marsilea mutica Australian water clover 

14 Murdannia keisak Asian spiderwort  

15 Mylopharyngodon piceus black carp  

16 Myocastor coypus nutria 

17 Polygonum cuspidatum Japanese knotweed  

18 Quadrula apiculata southern mapleleaf mussel  

19 Salvinia spp. Salvinia   

20 Tamarix.spp.  western salt cedar 

21 Triadica sebifera Chinese tallow tree 
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Table 2.  ANS in Great Lakes but not in Mississippi River System. 

  Scientific name Common name   Scientific name Common name   Scientific name Common name 
1 Acanthostomum sp. digenean fluke   41 Epilobium parviflorum small flowered hairy willow 81 Potamothrix vejdovskyi oligochaete    

2 Acentropus niveus aquatic moth   42 Eubosmina coregoni waterflea    82 Proterorhinus marmoratus tubenose goby   

3 Acineta nitocrae suctorian    43 Gammarus tigrinus amphipod    83 Psammonobiotus communis  testate amoeba   

4 Actinocyclus normanii form subsalsa diatom    44 Gianius (Phallodrilus) aquaedulcis oligochaete    84 Psammonobiotus linearis testate amoeba   

5 Aeromonas salmonicida furunculosis    45 Gillia altilis snail    85 Psammonobiotus dziwnowi testate amoeba   

6 Alopecurus geniculatus water foxtail   46 Glugea hertwigi protozoan    86 Puccinellia distans weeping alkali grass  

7 Apeltes quadracus fourspine stickleback   47 Glyceria maxima reed sweet-grass   87 Ranavirus sp. largemouth bass virus  

8 Argulus japonicas parasitic copepod 48 Gymnocephalus cernuus Eurasian ruffe   88 Renibacterium salmoninarum bacterial kidney disease  

9 Bangia atropurpurea red alga   49 Hemimysis anomala bloody-red mysid   89 Rhamnus frangula glossy buckthorn   

10 Biddulphia laevis diatom    50 Heteropsyllus nr. nunni harpacticoid copepod   90 Ripistes parasita oligochaete    

11 Bosmina maritime waterflea    51 Hydrocharis morsus-ranae European frogbit   91 Rumex obtusifolius bitter dock   

12 Branchiura sowerbyi oligochaete    52 Hymenomonas roseola cocco-lithophorid alga   92 Rumex longifolius yard dock   

13 Cabomba caroliniana fanwort    53 Ichthyocotylurus pileatus digenean fluke   93 Sagittaria montevidensis giant arrowhead 

14 Carex flacca sedge plant   54 Impatiens glandulifera Indian balsam   94 Salmincola lotae copepod    

15 Carex acutiformis swamp sedge   55 Juncas inflexus rush    95 Scardinius erythrophthalmus rudd    

16 Cercopagis pengoi fish-hook waterflea   56 Juncus gerardii black-grass rush   96 Schizopera borutzkyi harpacticoid copepod   

17 Chaetoceros hohnii diatom    57 Juncus compressus flattened rush   97 Scolex pleuronectis cestode    

18 Chenopodium glaucum oak leaved goose foot 58 Lasmigona subviridis mussel    98 Skeletonema potamos diatom    

19 Chroodactylon ramosum red alga   59 Lupinus polyphyllus lupine    99 Skeletonema subsalsum diatom    

20 Cipangopaludina chinensis malleata Oriental mystery snail  60 Lycopus asper western water horehound  100 Skistodiaptomus pallidus calanoid copepod   

21 Cipangopaludina japonica Oriental mystery snail  61 Lycopus europaeus European water horehound  101 Skizopera borutzkyi harpacticoid copepod   

22 Cirsium palustre marsh thistle   62 Lysimachia vulgaris yellow loosestrife 102 Solidago sempervirens seaside goldenrod   

23 Corophium mucronatum amphipod    63 Megacyclops viridis cyclopoid copepod   103 Sonchus arvensis variety glabrescens smooth field sow thistle 

24 Cyclops strenuous copepod    64 Mentha gentilis creeping whorled mint  104 Sparganium glomeratum bur reed   

25 Cyclotella pseudostelligera diatom    65 Najas marina spiny naiad   105 Sphacelaria fluviatilis brown alga   

26 Cyclotella atomus diatom    66 Neascus brevicaudatus digenean fluke   106 Sphacelaria lacustris brown alga   

27 Cyclotella cryptic diatom    67 Neoergasilus japonicus copepod    107 Sphaerium corneum fingernail clam   

28 Cyclotella woltereki diatom    68 Nitellopsis obtusa green alga   108 Sphaeromyxa sevastopoli mixosporidian    

29 Cylindrospermopsis raciborskii cyanobacterium    69 Nitokra hibernica harpacticoid copepod   109 Stellaria aquatica giant chickweed   

30 Dactylogyrus amphibothrium monogenetic fluke   70 Nitokra incerta harpacticoid copepod   110 Stephanodiscus binderanus diatom    

31 Dactylogyrus hemiamphibothrium monogenetic fluke   71 Oncorhynchus gorbuscha pink salmon   111 Stephanodiscus subtilis diatom    

32 Daphnia galeata galeata waterflea    72 Petromyzon marinus sea lamprey 112 Tanysphyrus lemnae aquatic weevil   

33 Diatoma ehrenbergii diatom    73 Piscirickettsia salmonis muskie pox   113 Thalassiosira weissflogii diatom    

34 Dugesia polychroa flatworm    74 Pisidium amnicum pea clam   114 Thalassiosira guillardii diatom    

35 Echinogammarus ischnus amphipod    75 Pisidium henslowanum henslow's pea clam  115 Thalassiosira pseudonana diatom    

36 Elimia virginica snail    76 Pisidium supinum humpback pea clam  116 Thalassiosira lacustris diatom    

37 Enteromorpha intestinalis green alga   77 Pistia stratiotes water-lettuce 117 Thalassiosira baltica diatom    

38 Enteromorpha prolifera green alga   78 Polygonum persicaria lady's thumb   118 Trapa natans water chestnut   

39 Enteromorpha flexuosa green alga   79 Potamothrix bedoti oligochaete    119 Trypanosoma acerinae flagellate    

40 Epilobium hirsutum great hairy willow  80 Potamothrix moldaviensis oligochaete    120 Valvata piscinalis European valve snail  

Red Font indicates species that may be present in both basins.  See page 31. 
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3 Methods  

This project was designed to provide a rapid preliminary assessment of the hydrological 

conditions along the entire length of the Divide in order to identify all significant aquatic 

pathways that currently exist or may form across the Divide, and to determine the risks of ANS 

transfer through each potential aquatic pathway identified.  The premise of the study plan 

(included as Appendix A) design for this risk characterization was that experts within the state 

and Federal resource agencies responsible for water resources and aquatic species 

management are in the best position to quickly provide information and expertise on both the 

multiple possible pathways across the broad geographic expanse and the diverse array of ANS 

that are the subject of the study.  The study plan addressed there would likely be a wide 

disparity in the quality and completeness of the available elevation data and hydrologic 

modeling from one location to another.    

The scientists and engineers in the USFWS, USGS, USACE and the state DNRs responsible 

for water resource management that contributed to the study were asked to help identify 

potential surface water connection locations, and to assign hydrologic risk ratings for each 

location identified based on their best professional judgment of the available data and their 

experience in the area.  The study plan accounted for uncertainties regarding the actual 

universe of species present in the two systems, and the wide range in quality and completeness 

of information regarding the behavioral characteristics of those species, by relying on ŜȄǇŜǊǘǎΩ 

localized knowledge and professional judgment of the relevant available information.   

The first step in problem identification was to develop a working map of the Divide.  The 

12-digit hydrologic unit code (HUC) is the best available technology for delineating watershed 

boundaries and was used in this study to characterize the southern boundary of the Great Lakes 

Basin Divide.   The NRCS and USGS recently led member agencies of the Federal Geographic 

Data Committee (FGDC) and Subcommittee on Spatial Water Data in complete the 12-digit 

HUC.   The watershed boundary defines the area of a hydrologic unit as delineated in 

accordance with the "FGDC Proposal, Version 1.0 - Federal Standards for Delineation of 

Hydrologic Unit Boundaries 3/01/02." (http://www.ftw.nrcs.usda.gov/huc_data.html).    At a 
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minimum, watershed boundaries were delineated and georeferenced to the USGS 1:24,000 

scale topographic base map and met National Map Accuracy Standards (NMAS). The 12-digit 

HUCs were also used when evaluating all local areas using Geographical Information Systems 

(GIS).  Information on the 12-digit hydrological unit delineation can be found at: 

http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/datainfo.html..   

 

3.1 Hydro logical  Characterization  

The hydrological characterization required compilation of an inventory of locations 

where a hydrological or surface-water connection exists or could occur spanning the Divide, 

and the assignment of a Hydrological Risk Rating to each location based on the estimated 

frequency of a connection occurring and the depth and duration of the connection event.  A 

variety of techniques were used to identify locations where a surface water pathway exists or 

may form.  These included enlisting the best professional judgment of a team of state and 

federal hydraulics and hydrology experts in each of the states to identify connections.  In 

addition, geographic information system (gis) and aerial photographic resources were 

invaluable.   

After sites were identified and their location specified to a latitude and longitude 

coordinate system, multiple online database viewing systems and gis software were used to 

evaluate the potential for inter-basin connections to occur.  These resources provided 

hydrological, elevation, and satellite and aerial imagery useful for assessing local hydrological 

conditions.  The websites included USGS sites, providing data for The National Map, including 

the New National Map Viewer (TNM: http://nationalmap.gov/viewers.html); the National 

Hydrography Dataset (NHD: http://nhdgeo.usgs.gov/viewer.htm); the National Elevation 

Dataset (NED: http://seamless.usgs.gov/); and the USDA Geospatial Data Gateway, 

(http://datagateway.nrcs.usda.gov/).  Each of these sites also offers georeferenced 

orthophotography including the aerial imagery of the National Agriculture Imagery Program 

(NAIP).  Two commercial servers, Google Earth and bing Maps, also provided especially useful 

information.  Using Google Earth with the National Flood Hazard Layer application developed 

http://nhdgeo.usgs.gov/viewer.htm
http://seamless.usgs.gov/
http://datagateway.nrcs.usda.gov/
http://www.fsa.usda.gov/Internet/FSA_File/naip_2009_info_final.pdf


 

18 
 

by the Federal Emergency Management Agency (FEMA) was very helpful in identifying and 

characterizing locations where a surface water pathway could form, and low altitude aerial 

imagery provided by BƛƴƎ ƳŀǇǎ ŀǎ ά.ƛǊŘǎŜȅŜ ±ƛŜǿέ ǿŀǎ ǇŀǊǘƛŎǳƭŀǊly useful at some locations in 

identifying or confirming drainage patterns.     

Elevation models were used to approximate the topography of the regional and local 

areas for each location.  The elevation models were based on the NED data available at 

resolutions of 1 arc-second (about 30 meters) or 1/3 arc-second (about 10 meters).  As 

discussed in later sections, this resolution, while the best available, was often inadequate in 

areas of especially flat topography to draw definitive conclusions about the likelihood of a 

surface water pathway to form across the Divide during a significant storm event with an 

adequate degree of certainty.  

The best available technology for streams, as line features, is the NHD high resolution 

data which was used in this study when evaluating all local areas using GIS.  Relations between 

stream headwaters, estimates of the location of the drainage divide, FEMA flood plain mapping, 

and the local topography were used to assist field visitation and local knowledge in determining 

if a surface-water connection could exist across the Divide.  The actual sources of data used in 

the hydrological characterization are presented in Appendices C through G by state and 

location. 

Field trips were accomplished, as feasible within budget and schedule constraints, to 

inspect site conditions at the potential connection locations, adjacent habitat and connecting 

streams and obstructions located on those streams.  Where site visits were not feasible, 

attempts were made to contact county surveyors and local water management professionals 

for site specific information that might be available at the local level.  For each location, a site 

reconnaissance form was completed, which cites the sources of information, characterizes the 

hydrologic conditions in proximity to each site, lists obstructions on the streams that connect 

the location to the Mississippi or Ohio River and associated Great Lake.  The last step in 

completing the form was the assignment of a subjective Hydrologic Risk Rating for both 

directions based on the professional judgment of the H&H Team members.  In some locations, 

this was limited to two USACE personnel, but in most cases, the ratings include the input of 
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USGS and state DNR personnel.  The H&H Team at each potential surface water connection 

used the standard form to address and help formulate a Hydrologic Risk Rating at each location.  

The information collected at each location (as available) included the following: 

¶ Site Name, 

¶ Team Members and Respective organizations, 

¶ Type of connection ς Perennial or Intermittent, 

¶ Dimensions of the waterway at the divide location during low flow and during high flow, 

¶ Connecting streams to the Mississippi or Ohio River, 

¶ Connecting streams to the Great Lake, 

¶ Description of in-stream obstructions to water flow in the connecting stream, 

¶ Description of the basis for the estimates,  

¶ Hydrologic Risk Rating, and  

¶ Remarks 

 

At a number of locations, there was insufficient data and time to acquire all the data to 

fill in the form to a high degree of accuracy.  In each case, the H&H Team Leader made a 

concerted effort to acquire the information within the limited time available and to annotate 

the forms as completely and accurately as possible.  Ultimately, two Hydrologic Risk Ratings 

were assigned for each location, the risk of water moving into the Great Lakes basin and the 

risk of water moving into the Mississippi River basin.  The risk was broken down into six 

categories based on the magnitude and extent of the surface water connection that exists or 

may form across the Divide.   

The six categories for the Hydrologic Risk Ratings are based on different recurrence 

intervals, a term hydrologists use to relate any given storm to a statistical analysis of historical 

records of rainfall for the area.  The recurrence interval is based on the statistical probability 

that a given storm event will be equaled or exceeded in any given year.  For instance, a 1% 

annual frequency storm is a rainfall event that has a 1% probability (1 chance in 100) of being 

equaled or exceeded in any given year.  This level of storm event was commonly referred to as 

a 100-year storm event, but this term has led people to incorrectly conclude that a 100-year 

storm event is one that only occurs once in any given 100 year period.   








































































































































