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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 studythe 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 Federakesourceagencies. Thissk characterization descristhe threats posed by the

potential for aquatimuisancespeciefANS}o 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 divekéends 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:

T

Compile an inventoryfall 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&ignificant risk for interbasin transfer of ANS exists; and

Provide detailed recommendations for prioritizing future actions at the locations

deemed to posssignificantrisks.

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.

T

The compilation, review and analysis of readily available information wousditfieient

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 characterizatioeams of experts in hydrology and
invasivespecies were rapidly formedThe teams includeshembers of the United States
Geological Survey (USGS); U.S. Fish and Wildlife Service (USFWS); Natural Resources
Conservation Service (NRCS); National Oceanic and Atmospth@iitgiration(NOAA); the
Depatments for Natural Resources from Minnesota, Wisconsin, Indiana, Ohio and the New
York Department of Environmental Conservatiangthe Great Lakes Fishery Commission.

Experts with statespecific and local knowledge were critical to the effort.

Upon coléction 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 Grees Lak
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 agencieS3lJJBSFWS, NOAA and USACE.
The ANS experts used the hydrology characterization, ANS Fact,Sineedéstribution maps
for the species of most concern to formulate opinions on the relative risk of ANS migration
through each pathway location in both diremts (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 Rivesr one of its tributaries.

Due touncertainties associated with theevailable hydrologic and species information,
the team carefully scrutinized available information to prevent dismissal of any location from
further consideration if there was a reasable possibility of ANS migration. Several key

conclusions were reached.

1 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 otter 13 locations were all assigned Low ANS Transfer Risk ratings in both

directions. The Low rating was defined in the criterianagynificantrisk and a basis for



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

information s discovered to indicate otherwise.

1 One location was singled out as the greatest concern, the Eagle Marsh site in Fort
Wayne, IN. Interim and loAgrm risk reduction measures were deemed necessary to
mitigate potentially imminent risk of Asian carp reau Lake Erie through the aquatic

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

1 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 wetlangdeooin Itasca and

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

1 With the exception of the Eagle Marsh site in Fort Wayne, the other 17 locations
deemed to posesignificantrisk of ANS transfer requig@more déailed risk
characterization prior to drawing conclusions or recommendations for risk reduction

measures.

Thispreliminary risk characterizatiooffers seven general recommendations and a set
of location specific recommendations for each location deengeplose 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 (ctngtion 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 planmg study for the Eagle Marsh to identify viable leéagn risk reduction measures
and recommend an optimal risk reduction measure plan. That study is scheduled to be
completed in less than one yeaActualimplementation of the recommended measure will
require identification of an appropriate Congressional authority amling Furthermore,
mostUSACE authorities availalite this type of project require identification of a locast
sharingsponsorthat is responsible for real estate acquisitiolSACE would assthe local
sponsorthrough design and construction, and then turn the completed facility over to the

sponsor to operate and maintain.



This reportrecommends 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 mitigatey significantisk at these locations.

In addition, he report recommends the USACE and state DNRs develop palicgorocedures

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 streaonnecting to the Great Lakes and to the
Mississippi River or Ohio River from the 17 lawat deemed to pose significansk. Lastly, the
report prioritizes the 17 locations based on ANS transfer risks to facilitate effective and efficient

risk charaterization in a resource constrained environment.

The completion of this preliminary risk characterization illustrates how the
complimentary efforts of local, state aridderal organizations created a synergy to rapidly
accomplishalarge and technicallghallenging task. Completion of the GLMRIS and the
ultimate management of invasive species will require similarly coordinated actions at the local,
state andfederal levels to identify likely invasion pathways and measures to monitor, manage
and controlthose 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 effor
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 JohnW. Peabody
Major General, U.S. Army

Division Engineer
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1 Introduction

This report is an important component ofGangressionallyauthorized feasibility study
known as the Great Lakes and Mississippi River Interbasin Study (GLWRISE being led by
the U.S. Army Corps of Engineers (USAGdE}upported by an array of state and Federal
agencies The reportsummarizes the redts of a preliminary risk characterization regarding
the threats posed by the potential forquaticNuisanceSpecies(ANS}o use a surface water
pathway to cross the drainage divide that separates surface water flow into the Great Lakes
from surface wateflow into the Mississippi River basite drainage dividés anirregular line

extending from New York to Minnesota, andsthereafter referred to as the Divide

TheUSACKEreat Lakes and Ohio River Dividgiesignatedhe Chicagdistrict as the
Project Management District for the GLMRI® August 201@he Chicago District introduced a
draft Project Management Plan (PMP) for the GLMRIS to an interagency group of Stakeholders.
That PMPsplitsthe study into two distinct focus areas.

Focus Ared - 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 Rivei&his report does not address Focus Area 1.

Focis Area 2s the subject of this report. It considea 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. Theobjectiveof this preliminary risk characterizationas to accomplish the four



primary tasks below, and complete a draft report documenting the results within a 60 day
period:
1 Compile an inventory of all potentidcationswithin Focus Area #here a surface
water connecion exists or has a reasonable probability of fornmegween the Great
Lakes and Mississippi River Basins;
1 Characteriz the relative risks oANS transfer across the basin divatesachof the
locations identified
1 Expeditiously identify locations wheeesignificantisk for interbasin transfer of ANS
exists and

1 Providedetailedrecommendations for prioriting future actionswithin the GLMRIS
PMPat the locationswithin Focus Area 8eemed to posesignificantrisks

1.2 Organization
To accomplish the gd¢smof the project, the study was broken intoree distinct

components

1 Develop an inventorgf potential surface water connection locatioasd an initial
characterization of the hydrological conditions that may lead to the development of a
surface water pathway across the Divide at each location

1 Develop anriventory andinitial characterization of ANS interbasin transfer risks, and

1 Perfom an ntegrated analysiand expert elicitatiorof the risks of interbasin transfer
through each potentially significant surface water pathvimaypoth directions across the

Divide

The Main Report is comprised of six Sections. Se2tuefines thegeographic limits of
the study and theANSo be considered in theisk characterization. Section 3 is a discussion of
the methodsand sources of information usednd Section 4 presesithe results of the
preliminary risk characterization. Sections %l &provide general and location specific
conclusions and recommendation8.multi-disciplirary team of individual water resource

scientists and engineefsom a broad array of Federal, state, local and fg@vernmental



organizationsvas formedto complete the risk characterization, antié team was divided into
three sub teams, Hydrology and Hydraulics (H&H), Aquatic Nuisance Species (ANS), and

Planning.

There aresight Appendicego this report Appendk Ais 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 includgibasdix B
Appendices @roughG presentillustrative figires,summaries of relevant and available
informationand notes forthe hydrologic evaluation conducted feach of the ses evaluated
on a state by state basigippendixCcontains the information on the sites evaluated in
Minnesota, andAppendixD containsthe same for Wisconsin, as eé@AppendixEfor Indiana,
AppendixFfor Ohio andAppendix Gor New York.The Divide through the Commonwealth of
Pennsylvania was evaluated, but no potentially viable surface water connections were
identified within thestate. Appendix Hcontainsindividual Fact Sheets from the USGS database
for Nortindigenous Aquatic Species that were identified as species of concern to the GLMRIS
for this preliminary risk characterizati@nddistribution maps of the AN& most concen by

taxonomic group

1.3 Authorization
The GLMRIS was authorizedsiection 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 Engind&iSACE).
G6 RO C9! { L-The[Skctetary,{inkdnsultation 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 spedmetween the Great Lakes and Mississippi River
.FAaAya GKNRdAdAK GKS / KAOF3I2 {FyAldlINE FyR {
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,
GXLINEPARS I GK2NRdAK FyR O2YLINBKSyairAgdS lylfea



be applied to prevent the intebasin transfer of aquatic nuisance spediesweenthe Great

[F1S& YR aAdaAidaaAillllA wA@SN) GKNRdAzZAK Fljdzr §A0 LI

USACE Engineer Regulation ER 22080, Planning Guidance, provides the overall
process and procedures the Corps of Engineers is required to follow in preparing feasibility
studies like he 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
Envronmental Impact Statement and public involvement and input into the final decision

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

The six stepUSACIHlanning process an iterative process designed to assure proper
consderationof all appropriate information and the necessary documentation is provided to
Federal decisiomakersprior to committing the Federal government to any significant action
Thispreliminary risk characterizatios focused on the first two ste@s they relate to Focus
Area 2 of GLMRIS. The following internet address may be used to B&&EE Engineer
Regulation ER 1185100, Planning Guidande learn more about the requirements and

procedures to implement the six step USACE planning prpcess
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 Comparingalternative plans

= =2 =2 A2 A

Step 6- Selecting a plan



1.4 Problem ldentification
This report addresses the problemAduatic Nuisanceecies (ANShvading via

surfacewater pathwaysthe Great Lakes basin from the MississiRpier basirand vice versa

ANSis defined by théAquatic Nuisance Species Task Fasze Xionindigenous species
that threaten the diversity or abundance of native species or the ecological stability of
infested waters, or commercial, agricultural, aquacultural or recreational aesviti

dependent on such waters

Nonindigenous aquatic specias defined byThe U. S. Geological Sur{e\5GS)
Nonindigenous Aquatic Species (NAS) information resource

(http://nas.er.usgs.gov/aboutefault.aspy asdéXa species that entera body of water

or aquatic ecosystem outside of its historic or native raage.

Adjectivessuch asionindigenousnuisancejnvasive alienand exoticare commonly
usedinterchangeably in the biological invasion literatticedescribe undesirable species
Based on discussions between the USACE, USGS and the U.S. Fish and Wildlife Service (USFWS)
the following definitions were establishedrfthe purposes of the GLMRI&II nor-indigenous
aguatic 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 nofindigenous aquatic specigsesent in the Mississippi River or its tributaries but
not known to be present in th&reat Lakes are defined as ANS of contarthe GLMRIS
Therefoe, the termANS is synonymous with the temon-indigenous aquatic speci@s this

report.

Although, here are many vectors by which ANS caand domove between basinghe
GLMRIS authoritig limited to a study othe range of options and technologies available to
prevent the spread of ANS between the Great Lakes and Mississippi RivertBasigh an

aguatic pathway

ANSinvasionscanproducesevereeconomicampacts(Leigh 1998)ecologicaimpacts
(including extinctionsRicciardi and Rasmussen 1968both (OTA 1993Dettmerset al.2008).

More than 180 aquatic species have invddend become established the Laurentian Great
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Lakes since 1840 (Ricciardi 200®@)king this one of the most invaded ecosystems on the planet
(Vander Zandeept al. 2010). Many of these species invadedetiGreat Lakethrough ballast

water release®f transoceanic ships originating from wide ranging ports of call (Holeck et al.
2004). Because a large number of transcontinerA®l Snvaders have become established in

the Great Lakethis ecosystem has becom| many cases, a staging area for furtimvasion

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
establishedn 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 humantetilita

and natural vectors dfansport.

ANSsuch as the Aan carpin the Mississippi River badimreaten to invade the Great
Lakes basin via aquatic pathwaill and Pegg 2008). The best known of thesthways is the
Chicago Sanitary and Ship Ca8$Cpart of the Chicago Area Waterway System (CAWS)
which comprise Focus Area The bighead carp have extended their opgater range in the
last 25 years from the first collection in the Arkansas River in 1986, to being distributed
throughout most @ the Mississippi River systeritheSlver carprange is almost as extensive as
the Bighead carpandareport published in 2008 indicated that the La Grange Pool of the
LfttAY2Aa wWAOSNE ¢ KA OK mdydontRitideygieaiesifbietdenstiesi K S

of wild silver carpintheworié o6 {l aa HANnnANnyoO®

While the CSSC is a primary concern to the GLMRISy other potential hydraulic
connectionsexistalong the Dividdetween New York and MinnesotaSuccessfully 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,
Asian carp are the species of most signifta@oncern today, thecological and economic
impactsalready caused by them and othaquatic invaders such as theebra mussel illustrate

the needfor an aquatic resource management approach that attemptsreajet the identity



and impact of future bilmgical invadergRicciardi and Rasmussen 899This preliminary risk

characterization igntended to inform the development of justuch an approach.

1.5 Study Team
Consistent with the goals of the GLMRIS stakeholder conferegiden 34 August,
2010,an interdisciplinary team of senior experts in hydrology, ANS and Civil Works planning
was formed from an array of Great Lakes stakeholder organizatiotsnuct the preliminary
risk characterization for the GLMRIS Focus AreBh2 team was tasked witjathering and
evaluating a very large amount of available informatideveloping an ANS Risk Rating for each
potential surface water pathway based on expert opiniand documenting the results in a

draft report in 60 days.

Becausef the size of thegeographic 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.

1 The compilation,eview and analysis of readily available information would be sufficient
to accomplish the project objective of preliminary risk characterization.

1 Existing experts in hydrology and biology with the local, state and Federal resource
agencies would be the lséavailable source®r procuringand contributingrelevant
information and expertise

1 Thelocal, state and federalgenciesesponsible for water resource managemdrave a
vested interest in preventmANS migration across the drainage divide into wrr af the

Great Lakeand would contribute expertise and be collaborative partners

TheUnited States Geological SurveySG§ 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



Fishery Commission and othersntributedinformation and expertise to identifgotential
aquatic pathways and complete the risk characterizati@ver 60 talented professionals from
these organizations directly participated in the information gathering and assessment in an

open and collaborative manner.

A Hydraulics and Hydrologii&H) Team wagormed anddivided into sub teams,
generally by state. Two USACE representativgdr¢logist and/orcivil engineer specializing in
H&H) were placed on each team, one from a Great Lakes District (Chicago, Detroit or Buffalo)
and one from thaespective Mississippi or Ohio River District (Saint Paul, Rock Island, Louisville,
Huntington or Pittsirgh) at each potential surfaegater connection along th8ivide. One of
the USACEepresentatives at each location wappointed as the Team Leaderfthat location,
and was responsible for soliciting and coordinating the input from the rest of the tel& for

that location.

The USGS provided at least one individual from their respective Water Science Centers
in each state to participate on the H&dms within each state. Likewighe Department of
Natural Resource®NR) in each statgas contacted and in nearly all cases, the state DNR was
able (Department of Environmental Conservation in New “datkFish and Boat Commission in
Pennsylvanipto provide a representative to participate on each H&H Tearsupportthe fast
track schedule for thipreliminary ANS risk characterizatioim several locations, local water

management agencrepresentativeslsoprovided input into the hydrologic charaaization.

The USFWS helped define the scope ofANS to be considered for thésudy by
developing a list of noindigenous aquatic species in the Great Lakes not yet observed in the
Mississippi River or its tributaries, and a list of Avdigenous guatic species in the Mississippi
River or its tributaries not yet observed in the Great Lakdse USGS prepared illustrative
maps indicating the spatial distribution of ANS of most significant concern to aid the team in
characterizing ANS transfer riskiseach potentially significant surface water connection
identified, and the USGS database was the source for individual ANS fact sheets used in the risk

characterization.



2 Study Area

Thisstudy of GLMRIFocus Area 2 includes an examination of plogential surface
water connections along thBivide, through parts of New York, Pennsylvania, Ohio, Indiana,
Wisconsin and Minnesota-ocus Area 2ncompasses all naturahd manmade aquatic
pathways andhydraulic connectiogthat exist or may form beteen the Great Lakes and
Mississippi River basins except for thkicago Are&Vaterways. The focus of this investigation
is theDivide which delineatethe Great Lakes Basin drainagem the drainage of the
Mississippi Riverasin The Divide lieswithin the states of New York, Pennsylvania, Ohio,

Indiana,lllinois,Wisconsinand MinnesotgFigure ).

A shaded relief map of the subject drainage basshewn with the 2digit Hydrologic
Unit Codes (HC3, is provided irFigure 2 The bolded linedelineates 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 idené§ 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 iRigure Zin Minnesota demarcatethe 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 sifer drainage aregsand 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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Figure2. Shaded Relief Map Depicting the Great Lakes #raMississippi and Ohio River Basins from the USGS National Map.
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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 RivesBas
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 faailitifse 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 AN\bf concern, the GLMRIS has a broad scope that
requiresevaluation of the risks posed by all rordigenous aquatic species within the Great
L&kes and Mississippi River Basin, in both directidrtgs requires careful consideration of the
broad array ofANS, 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 n@mdigenous aquatic species in the Great Lakes not yet
observed in the Mississippi River or its tributaries, and a list ofindigenous aquatic species
in the Mississippi River or its tributaries not yet observed in the Great Lakes. These two lists

are presented imables 1 and.2

The risks posed by nendigenous 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
Missssippi and Ohio River Basin waterways. Likewise, the risks posed-ydigenous
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 spaciésative

species populations and habitat in the Great Lakes.
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Tablel. 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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Table2. ANS in Great Lakdsut not in Mississippi RiveBystem.

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 shail 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. Se8lpage
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3 Methods

This project was designed provide a rapidpreliminaryassessmenof the hydrological
conditions along the entire length of the Divigeorderto identify all significant aquatic
pathways that currently exist or may form across the Diyvahel to determine the risks of ANS
transfer through eaclpotential aquatic pathwaydentified. The premise of the study plan
(included astppendix Adesignfor this risk characterization wadkat experts within the state
and Federal resource agencies responsible for water ressarag aquatic species
managementre in the besposition to quickly provide information and expertise boththe
multiple possible pathways across the bragebgraphiexpanseand the diverse array of ANS
that are the subjecof the study The study plan address#aere would likely be a wide
disparity in the quality and completeness of thgailableelevation data and hydrologic

modelingfrom one location to another

The scientists and engineers in the USFWS, USGS, USACE and the state DNRs responsible
for water resource management that contributeid the studywere asked to help identify
potential surface water connection locatigrend to assign hydrologic risk ratings for each
location identified based on their best professional judgment of the availableatatdheir
experience in the areaThe study plan accounted for uncertaintiesgardingthe actual
universe of species present in the two systearsd the wide range in quality and completeness
of information regarding the behavioral characteristics of those spebieselying orS E LJS NIi & Q

localized knowledge androfessional judgmendf the relevant available information

The first step in problem identification wade develop a working map of theivide The
12-digit hydrologic unit code (HU®)the best available technology for delineating watershed
boundaries and was used in this study to characterize the southern boundary Giréae¢ Lakes
BasinDivide. The NRCS and USGS recently led member agencies of the Federal Geographic
Data Committe (FGDC) and Subcommittee on Spatial Water Data in cagripletl 2digit
HUC. The watershed boundary defines the area of a hydrologic unit as delineated in
accordance with the "FGDC Proposal, Version Edleral Standards for Delineation of

HydrologidUnit Boundaries 3/01/02 (http://www.ftw.nrcs.usda.gov/huc_data.htm! 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)-didie 12
HUG were also used when evaluating all local areas uSewgraphical Information Systems
(GIS) Information on the 12igit hydrological unit delineation can be found at:

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

3.1 Hydrological Characterization

The hydrological characterizatioaquired compilation of a inventory oflocations
where a hydrological or surfaagater connectiorexists orcould occuispanning the Divide
and the assignment of ldydrological RiskaRngto ead location based on thestimated
frequeng/ ofa connection occurring and the depth and duration of the connection evAnt.
variety of techniques were used to identify locations where a surfaatempathway exists or
may form. These include@nlistingthe best professional judgment afteam of state and
federal hydraulics and hydrayy experts in each of the states to identify connectiohs
addition, geographic information system (ged aeriaphotographicresourcesvere

invaluable.

After siteswere identified and their locatiorspecifed to alatitude and longitude
coordinate system, multiple online database viewing systemsgggbftware were used to
evaluate the potential for intebasin 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.htrtiie National
Hydrography Dataset (NHBttp://nhdgeo.usgs.gov/viewer.htr)) the National Elevation

Dataset (NEDhttp://seamless.usgs.goy/and the USDA Geospdtidata Gateway,

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

orthophotography including the aerial imagery of tNational Agriculture Imagery Program
(NAIP). Two commercial serve@oogle Earth and bing Mapaso providedespeciallyuseful

information. Using Google Earth with the National Flood Hazard Layer apphaleveloped
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by the Federal Emergency Management Agency (FEMA) was very helpful in identifying and
characterizing locations where a surface water pathway could form,@maltitude aerial
imagery provided byBYy 3 Y I LJA F & &. A NR ayuseful atsbnedotationd it LI NI

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 arsecond (about 30 meters) or 1/3 asecond (about 10 metersAs
discussed in later sections, this resolutiovhile the best availablayas 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 signifisimrm event with an

adequate degree of certainty.

The best available technology fdreams, as line featuressthe NHD high resolution
datawhich was used in this study when evaluating all local areas @Bdrelations between
stream headwatersgstimates 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 asurfacewater connection could exist across tiévide. The actual sources data used in
the hydrological characterization are presentedinpendice<Cthrough G by state and

location.

Field trips were accomplishedsfeasiblewithin budget and schedule constraints,
inspect site conditions at the potential connection locas, adjacent habitat and connecting
streams and obstructions located on those streariéheresite visits werenot feasible,
attempts were made to contact county surveyors and local water management professionals
for site specific information that mightebavailable at the local leveFor each locationa site
reconnaissancéorm was completed, which cites the sources of information, characterizes the
hydrologic conditions in proximity to each sitests obstructions on the streams that connect
the locdion to the Mississippi or Ohio River aagsociatedsreat Lake The last step in
completing the form was the assignmentasubjective HydrologiRsk Ratingfor both
directionsbased on the professional judgment of th&H Team membersin some locations,
this was limited tdwo USACE personnel, but in most cases, the ratings include the input of
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USGS and state DNR personfidie H&H Team at each potential surface water connection

usedthe standard form to address and help formulatéigdrologic Risk Rating at each location.

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

= =4 -8 48 -8 -8 _9_9_°_-2°

Site Name,

Team Members and Respective organizations,

Type of connectiog Perennial or Intermittent,

Dimensions of the waterway #te 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 irstream obstructions to water flow in the connecting stream,
Description of the basis fdhe 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 aquire the information within the limited time availabBndto annotate

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

were assigned for each locatipthe risk ofwater moving into the Great Lakes basin aneé th

risk ofwater moving into the Mississippi River basifihe risk wadroken down into six

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

may formacross the Divide.

Thesixcategoriedor the Hydrologic RisRatingsare based omlifferent recurrence

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

records of rainfall for the areaThe recurrence interval is based on ttatisticalprobability
that a givenstormevent will beequaledor exceeded in any given yedfor instance, a 1%
annual frequency storris a rainfall event that has a 1% probabilflychance in 10Q)f being
equaled or exceeded in any given year. Tdusl| of storm event wecommonlyreferred to as
a 100yearstorm event, but this term has led people to incorrectly conclude that ayE0

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