G 'j “F\//

GHEAT LAKES AND MiSSISSIF‘F’l RWER INTEHEASIN STUDY

Focus AREA 2
AQUATIC PATHWAY
ASSESSMENT REPORT

GRAND LAKE
ST. MARYS,
OHIO







Executive Summary

This assessment characterizes the likelihood that a viable
aquatic pathway exists at Grand Lake St. Marys on the
border of Mercer and Auglaize Counties in west-central
Ohio, and that it would allow transfer of aquatic nuisance
species (ANS) between the Great Lakes and Mississippi
Rivers Basins. This was accomplished by evaluating the
hydrologic and hydraulic characteristics of the site based
on readily available information, and a species-specific
assessment of the abilities of potential ANS to arrive at
the pathway and cross into the adjacent basin.

Grand Lake St. Marys is a 13,500-acre (5,463 hectares)
reservoir that is very shallow with a mean depth of only
3-5 feet (1-1.5 meters). The only connection this lake has
with either the Great Lakes or Mississippi River Basins
is through outflow structures located on either end of the
lake. Other than direct precipitation, the only inflows to the
lake are from a series of small tributary streams located on
the south side of the lake which are not directly connected
with the Great Lakes or Mississippi River Basins.

The outflow at the west end of the lake presents an
impassible barrier for any ANS that might attempt to
enter Grand Lake St. Marys from the Mississippi River
Basin through Beaver Creek. There is an approximately
17 foot (5.1 m) vertical drop from the lake into Beaver
Creek, which is a tributary of the Wabash River. Any ANS
moving upstream in the Mississippi River Basin would
also encounter the Roush Dam on the Wabash River
near Huntington, Indiana, which is also an impassible
fish barrier. A pair of sluice gates control the outflow on
the east end of the lake and also present an impassible
barrier for any ANS that might attempt to enter the lake
from the Great Lakes Basin through the Miami and Erie
Canal Feeder Channel.There is an approximately seven
foot (2.1 m) drop in elevation from the lake to the bottom
of the Miami and Erie Canal Feeder Channel which is
ultimately connected with the Maumee River and Lake
Erie. Since there is a perennial outflow from the lake into
either basin, a rating of “high” was assigned to denote the
probability that an aquatic pathway exists at Grand Lake
St. Marys for flow in both directions.

As a result of this high rating for the probability of an
aquatic pathway existing at Grand Lake St. Marys, the

Aquatic Nuisance Species of Concern

Hypophthalmichthys

v ey silver carp
Hypophthalmichthys nobilis | bighead carp
Mylopharyngodon piceus black carp

northern snakehead
threespine stickleback
ruffe

tubenose goby
parasitic copepod

viral hemorrhagic
septicemia virus (VHSV)

Channa argus
Gasterosteus aculeatus
Gymnocephalus cernua
Proterorhinus semilunaris
Neoergasilus japonicus

Novirhabdovirus sp

viability of this pathway for specific ANS of concern was
then evaluated by looking at the biological requirements
and capabilities of the nine ANS listed in the table above.

Based on the hydrology of the aquatic pathway and
consideration of the above species, the biological
evaluation found that ANS transfer between the basins by
natural aquatic means could not occur in either direction
at Grand Lake St. Marys. An ANS that might attempt to
access the pathway from the Great Lakes Basin would
not be able to get up and through the sluice gates at the
east end of the lake, and an ANS that might attempt to
access the pathway from the Mississippi River Basin
would be blocked by Roush Dam on the Wabash River
and the U-shaped weir at the west outlet of Grand Lake
St. Marys. As a result, the overall pathway viability rating
for this site is “low”.

Grand Lake St. Marys is a large waterbody uniquely
situated on the basin divide and that is heavily used for
recreational boating and fishing. Since the likelihood
of ANS transfer by natural aquatic means between the
basins at Grand Lake St. Marys was found to be “low”, it is
therefore likely that the potential pathways and vectors of
greater concern are anthropogenic at this location. These
could include the collection of bait in one basin and its
subsequent release in the adjacent basin, ANS adhering
to recreational boats in one basin and then being released
when the vessel is placed in a water body in the adjacent
basin, release of imported aquaria fish and other exotic
species, hitchhiking on waterfowl flying between basins,
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and so on. However, it is outside the scope of this study
to examine the probabilities associated with ANS transfer
from such vectors.
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1 Introduction

The Great Lakes and Mississippi River Interbasin Study
(GLMRIS) was authorized in Section 3061(d) of the
Water Resources Development Act of 2007, and therein,
it prescribes the following authority to the Secretary
of the Army and the U.S. Army Corps of Engineers
(USACE) (WRDA, 2007):

“(d) FEASIBILITY STUDY. - 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 Basins through
the Chicago Sanitary and Ship Canal and other
aquatic pathways.”

This GLMRIS Focus Area 2 Aquatic Pathway
Assessment report addresses the Grand Lake St.
Marys location. This is one of 18 locations identified in
the Great Lakes and Mississippi River Interbasin Study
Other Pathways Preliminary Risk Characterization as
a potential aquatic pathway spanning the watershed
divide between the Great Lakes and Mississippi River
Basins outside of the Chicago Area Waterway System
(CAWS) (USACE, 2010). This report is downloadable
from the GLMRIS web site (gImris.anl.gov/).

The dashed line in Figure 1 depicts the nearly 1,500-mile
(2,414-kilometer) long basin divide from the New York
- Pennsylvania state line to north eastern Minnesota,
and it depicts each of the 18 potential aquatic pathway
locations that were previously identified. The Grand
Lake St. Marys location is shown as site number 5 in
western Ohio (Figure 1).

The GLMRIS is a very large and complicated task
involving multiple USACE Districts and Divisions.
Program Management of the study is conducted by
the Great Lakes and Ohio River Division. The study
considers several ANS of concern, however, the
proximity of Asian carp in the Mississippi River Basin
to the basin divide near two locations lend a sense of
urgency and national significance to completion of the
GLMRIS. These two locations are the CAWS southwest

of Chicago, lllinois and Eagle Marsh in Fort Wayne,
Indiana. To help accelerate completion of the feasibility
study, the Great Lakes and Ohio River Division split
management of the GLMRIS into two separate focus
areas. Focus Area 1 is managed by the USACE, Chicago
District and addresses the CAWS that open to Lake
Michigan. Focus Area 2 is managed by the USACE,
Buffalo District and evaluates all other potential aquatic
pathways that exist or are likely to form across the basin
divide separating runoff that flows into the Mississippi
River and its tributaries from runoff that flows into the
Great Lakes and its tributaries.

1.1 Study Purpose

The preliminary report from 2010 and the subsequent
analysis contained in this report have been produced for
a broad audience ranging from the scientific community
to the general public, and are specifically intended to
identify any locations where an aquatic pathway exists or
may form between the basins from up to a one percent
annual recurrence interval flood event, and to evaluate
the probability that specific ANS would be able to arrive
at that pathway and cross into the new basin. The
information in this and the other Focus Area 2 reports are
intended to provide a sound scientific basis for helping to
prioritize future funding of GLMRIS and/or other actions
at these potential aquatic pathway locations.

A recurrence interval relates any given storm, through
statistical analysis, to the historical records of rainfall and
runoff for a given area. The recurrence interval is based
on the statistical probability that a given intensity storm
event will be equaled or exceeded in any given year. For
instance, a one percent annual recurrence interval storm
is a rainfall event that has a one percent probability, one
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.
A ten percent annual recurrence interval storm (formerly
referred to as a ten year event) is a smaller event that has
a one in ten chance of being exceed during any given
year, and a 0.2 percent annual recurrence interval storm
(formerly referred to as a 500-year event) is a larger
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[== == =m=] Border of Great Lakes and Upper Mississippi River Basins

NAME COUNTY STATE NAME COUNTY STATE
East Mud Lake Chautauqua NY Portage (Downstream and Canal) Columbia wi
Mosquito Lake - Grand River Trumbull OH Jerome Creek Kenosha Wi
Ohio-Erie Canal at Long Lake Summit OH Menomonee Falls Waukesha wi
Little Killbuck Creek Medina OH Rosendale - Brandon Fond du Lac wi
Grand Lake-St Marys Mercer OH Hatley-Plover River Marathon wi
Eagle Marsh, Fort Wayne Allen IN S. Aniwa Wetlands Marathon-Shawano wi
Loomis Lake Porter IN Brule Headwaters Douglas wi
Parker-Cobb Ditch Porter IN Swan River Itasca MN
Portage (Upstream) Columbia wi Libby Branch of Swan River Aitkin MN

Figure 1. Potential aquatic pathway locations identified in the GLMRIS Preliminary Risk Characterization Study (USACE, 2010).
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event that has a one in 500 chance of being exceeded
in any given year.

This report is part of a tiered approach to assess the
likelihood of ANS spreading between the Great Lakes
and Mississippi River basins via aquatic pathways, and it
was prepared in accordance with the detailed procedures
and criteria specified in the GLMRIS Focus Area 2 Study
Plan (USACE, 2011a). The primary purpose of this report
is to present the evidence and explain the procedures
used to qualitatively estimate the likelihood that a viable
aquatic pathway exists at the Grand Lake St. Marys
location that will enable the interbasin spread of ANS.
It is also intended to contribute to the accomplishment
of each of the four objectives identified in the plan by
including the following:

A definitive determination of whether the Grand Lake
St. Marys location should be included in the inventory
of locations where a viable surface water connection
between headwater streams on both sides of the
drainage divide exists or is likely to form between the
Great Lakes and the Mississippi River basins;

» Adefinitive determination of whether the Grand
Lake St. Marys location should be included
in the inventory of locations where a viable
surface water connection between headwater
streams on both sides of the drainage divide
exists or is likely to form between the Great
Lakes and the Mississippi River basins;

* A standalone report that characterizes the
probability of aquatic pathway formation and
the probability that a viable aquatic pathway
exists at the Grand Lake St. Marys location
and will enable the interbasin spread of ANS;

* Develop clearer understanding of the means,
constraints, and likelihood of the interbasin
spread of ANS via the potential aquatic pathway
at the Grand Lake St. Marys location; and

» Development of clear opportunity statements
that illustrate how the collective authorities,
resources, and capabilites of USACE and
other applicable federal, state, local, and non-
governmental stakeholder organizations may

best be coordinated and applied to prevent the
interbasin spread of ANS through the Grand
Lake St. Marys location.

1.2 u(reninr%

rv Risk
arac e Eon
ran % e
arys,

The Great Lakes and Mississippi River Interbasin Study
Other Pathways Preliminary Risk Characterization was
designed as the first step of a tiered approach to rapidly
conduct a study intended to accomplish two objectives
(USACE, 2010). The first and primary objective was to
determine if there were any locations within the GLMRIS,
aside from the CAWS, where a near term risk for the
interbasin spread of ANS exists. Near term, in this case,
indicates that implementation of some measure(s) might
be warranted to reduce the potential for ANS transfer at
that particular location in the short term versus setting
that site aside for further analysis. Only one location,
Eagle Marsh in Fort Wayne, Indiana, was determined
to pose such near term risk for the potential spread of
Asian carp into the Great Lakes Basin, and this led to the
installation of a temporary barrier by Indiana Department
of Natural Resources (INDNR) until a more complete
assessment and remedy could be implemented. The
second objective was to refine the scope of the other
aquatic pathways portion of the GLMRIS by developing
a list of potential aquatic pathways that could form
anywhere along the divide separating the Great Lakes
and Mississippi River Basins, and help provide a basis
for prioritizing future feasibility study efforts based upon
relative risk.

The USACE solicited the input and collaborated with
the U.S. Geological Survey (USGS), Natural Resources
Conservation Service (NRCS), U.S. Fish and Wildlife
Service (USFWS), National Oceanic and Atmospheric
Administration (NOAA), Great Lakes Fish Commission
(GLFC) and the natural resource agencies in the states
of Minnesota, Wisconsin, Indiana, Ohio, Pennsylvania,
and New York. A total of 36 potential locations were
initially identified along the divide where it appeared
that interbasin flow could occur. These were locations
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situated in a mixture of rural, forested, suburban, and
urban areas, and included locations where surface
water flow patterns have been modified through the
building of navigation canals, excavation of ditches,
and construction of sewers to facilitate storm water
management for agricultural, flood damage reduction,
or other water management purposes. Also, many of
the potential aquatic pathways identified in 2010 were
locations where extensive natural wetlands exist in close
proximity to, and in some instances appear to span, the
basin divide. The lack of prior hydrologic studies and
the level of uncertainty in the hydrology information led
to a conservative approach in assigning the individual
qualitative aquatic pathway risk ratings.

At 18 of these locations the interagency group determined
that it would likely require an epic storm and flooding
event for an aquatic pathway to ever form across the
basin divide. These were not recommended for further
investigation because this was considered a low level of
risk. However, at the remaining 18 locations the group
did recommend that a more detailed assessment be
conducted (Figure 1).

Although the preliminary risk characterization did not
identify the Grand Lake St. Marys location as a location
where there is a near term risk for the interbasin spread
of ANS, there was some uncertainty with this rating
largely due to the unknown frequency and duration of
the potential hydrologic connections at the two outflows
from the lake. It was therefore recommended that a
more detailed assessment be conducted. Water exits
this lake through vertical drop spillways into both Beaver
Creek, a tributary of the Wabash River in the Mississippi
River Basin, and into a remnant section of the Miami
and Erie Canal, a tributary to the St. Marys and Auglaize
rivers in the Great Lakes Basin. This more detailed
assessment has been conducted in collaboration with
the Ohio Department of Natural Resources (ODNR),
USFWS, USGS, and other government agencies. The
following actions were taken:

* Federal., State, and local (e.g. USGS Water
Science, ODNR, County Surveyor, and local
NRCS representatives) were briefed on the
preliminary risk characterization results.
Detailed site visits to observe potential
connection locations were made and the

available topographic mapping and flood
hazard information were compiled and
reviewed.

* An evaluation of the dams on the connecting
streams to the Great Lakes and the Ohio
River relative to the potential for ANS passage
through, around, or over each in-stream
structure in both directions.

» Consultation with the ODNR and county
surveyors in some counties along the basin
divide in Ohio to assure there are no other
viable surface water pathways across the
basin divide (including those evaluated in
this report that were determined not to pose
a significant ANS ftransfer risk), and identify
simple and inexpensive measures that could
be implemented at the local or state level to
mitigate significant risks at rural locations
where there is potential for interbasin flow of
surface water.

* An evaluation of habitat and abiotic conditions
in proximity to the location relative to the needs
and preferences of ANS in proximity to each
location.

* Meeting with stakeholders at Grand Lake St
Marys to observe conditions and compile and
review available information on the design
and operations of Grand Lake, and identify
modifications to operations or structures that
could be implemented to effectively mitigate
the risks to insignificant levels.

* Revision of ANS transfer ratings for each
location based upon a more detailed evaluation
of ANS transfer potential via the aquatic
pathway in both directions.

1.3 %ggr%tlc Pathway

Due to the large amount of unknowns and natural
variability associated with the hydrology and the
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biology of such a large geographic area, the Study Plan
specified formation of a “team of teams,” combining the
best available local, state and national hydrologists and
biologists to assess conditions at each potential aquatic
pathway. The results of this assessment reflect the
collective experience, expertise and focused effort of
these biologists and hydrologists from USACE, NRCS,
and ODNR. The results also reflect the guidance,
input, review comments, and concurrence of the multi-
organization agency technical review team of experts
from the USFWS and USGS. In addition, the Michigan
Departments of Natural Resources and Environmental
Quality participated on the ATR team and jointly
concluded their reviews by stating that “we have
reviewed the Grand Lake St. Marys pathway report and
we don’t have any objections to it moving forward.”

2 Study
Methodology

The GLMRIS risk analysis process is an adaptation of
the generic model and process described in the Generic
Nonindigenous Agquatic Organisms Risk Analysis
Review Process (For Estimating Risk Associated with
the Introduction of Nonindigenous Aquatic Organisms
and How to Manage for that Risk) (ANSTF, 1996). The
Aquatic Nuisance Species Task Force (ANSTF) defines
the first step in this process as identification of interested
parties and solicitation of input.

2.1 Coordination

The USACE identified interested parties and solicited
input early in the process for Focus Area 2 and has
included individual visits and discussions with the
state agencies responsible for water resources,
and fish and wildlife management in the eight states
bordering the Great Lakes. The process used for the
Focus Area 2 assessments has also been discussed
in meetings with representatives of the Council on
Environmental Quality (CEQ), USGS, USFWS, NOAA,
NRCS, and Great Lakes Fishery Commission (GLFC).
Development of this plan also included input from the

public and interested non-governmental organizations
received during formal National Environmental Policy
Act (NEPA) public scoping meetings which were
held at 12 locations across the region in both basins
between December 2010 and March 2011. The USACE
requested the support and participation of the best
available experts from the State and Federal agencies
responsible for water resources, and fish and wildlife
management in the states along the Great Lakes and
Mississippi River Basin divide to address the critically
important issue of preventing interbasin transfer of
ANS. The USGS, NRCS, and each state DNR assigned
personnel to assist each USACE pathway assessment
team. In addition, a technical review team comprised
of 16 senior level experts from the USACE and these
external partner agencies, including NOAA and GLFC,
was assembled to review and guide the work of these
teams. Overall, extensive collaboration among partner
agencies, the review team, and other subject matter
experts has led to detailed Focus Area 2 pathway
assessments.

2.2 entifici\tl:'gon of

otential Pathways

At 18 of the potential aquatic pathways identified during
the 2010 Preliminary Risk Characterization, it was
determined it would likely require an epic storm and
flooding event (i.e., greater than a one percent annual
recurrence interval storm event) for an aquatic pathway
to ever form across the basin divide. These locations
were not recommended for further investigation
because areas that might require a flooding event
in excess (greater magnitude, less frequency) of the
one percent annual recurrence interval flood are less
likely, and therefore present a low level of risk. This one
percent threshold criterion was established through
collaboration with the USGS, USFWS, NRCS, GLFC,
and the departments of natural resources in the states
of MI, MN, WI, IL, IN, OH, PA, and NY. This threshold
is also widely used in flood risk management and is
typically aligned with most readily available hydrologic
information. The one percent annual recurrence interval
threshold only indicates at what level event an aquatic
connection can begin to form and would indicate a
location that should then be subjected to a more labor
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intensive evaluation of the probability of ANS being able
to utilize that pathway. At the remaining 18 locations, it
was recommended that a more detailed assessment be
conducted (Figure 1). This was subsequently done in
2011-2012 in collaboration with USGS, NRCS, USFWS,
state natural resource agencies, and county surveyors
(where applicable), and the results for the Grand Lake
St. Marys location are presented in this report.

Although the focus of this assessment is on aquatic
pathways, it should also be mentioned that there are
other non-aquatic pathways that may enable ANS to
transit across the aquatic pathway or across the basin
divide. Although these other pathways do not influence
the overall pathway rating outlined in this report, they
are included to point out potential other pathways (e.g.,
anthropogenic) and their potential influence on the same
list of ANS as evaluated in Section 4 of this report. Any
further analysis of these non-aquatic pathways outside
of this study should develop a separate list of ANS that
will likely differ from the list of ANS evaluated as part of
this aquatic pathway report.

2.3 Aguatic Nip ance
Species of Concern
This report addresses the problem of ANS invading,
via surface-water pathways, the Great Lakes Basin
from the Mississippi River Basin and vice versa.
ANS is defined by the ANSTF as “... 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.”
The USGS Nonindigenous Aquatic Species (NAS)
information resource http://nas.er.usgs.gov/about/faq.
aspx defines NAS as “...a species that enters a body
of water or aquatic ecosystem outside of its historic or
native range.” (USGS, 2012). Based on discussions
between the USACE, USGS, and USFWS the following
definitions were established for the purposes of the
GLMRIS. All nonindigenous 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
for GLMRIS. Likewise, all nonindigenous aquatic

species present in the Mississippi River or its tributaries
but not known to be present in the Great Lakes are
also considered as ANS of concern for the GLMRIS.
Therefore, the term ANS is synonymous with the term
nonindigenous aquatic species in this report

2.3.1 Lists of

Nonindigenous
ecles gGreat
kes and.

Mississippi River
Bas?ns PP

The list of ANS of concern for a particular location was
developed by first consulting the USACE white paper
titted, Non-Native Species of Concern and Dispersal
Risk for the Great Lakes and Mississippi River Interbasin
Study released in September 2011 (USACE, 2011b).
This technical paper, prepared by a multi-disciplinary
USACE Natural Resources team, took a broad look at
the potential range of species that could be of concern
to the GLMRIS. The paper is Appendix C of the GLMRIS
Focus Area 2 Study Plan and it is an integral component
of the plan. This USACE white paper included a review
of 254 aquatic species that are either nonindigenous to
either basin or native species that occur in one basin or
the other. The list of 254 aquatic species were iteratively
screened to identify all potential ANS that could be of
concern in either basin and to systematically focus the
study toward those species judged to pose the highest
potential risk of ecological impacts if they became
established in the other basin.

In the first screening iteration, 119 of the 254 aquatic
species reviewed were determined to pose a potential
threat of infiltrating the other basin and were carried
into the second iteration of the analysis. The other 135
species were rejected for further analysis for several
reasons. Initially, 104 species were dropped from further
consideration because they were determined to already
be established in both basins. Another 31 species were
removed from further analysis because they were not
yet located in either basin, could bypass any aquatic
control mechanism by terrestrial movement, or had
no potential to cause adverse affects to the invaded
ecosystem.
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2.3.2 List of Alys of
Concern for GLMRIS

To determine species of concern that are pertinent for the
GLMRIS from the list of 119 species, the USACE Natural
Resources team compiled, reviewed, and analyzed
the best available information. Literature reviews,
species proximity to aquatic interbasin connections
(in particular the CAWS), ecological tolerances and
needs, and vagility of the species were all included in
the analysis. The team ranked each species as high,
medium, or low risk according to these parameters.
The result was the establishment of a list of 39 species,
each identified as having both a high level of potential
risk for both transferring from one basin to another, and
potentially a high risk in that if they do disperse, and
the invaded ecosystem could be moderately to severely
affected by their colonization (Table 1). A fact sheet was
developed for each of these species of concern detailing
morphological characteristics useful for identification,
including color photographs of the species, information
on their ecology, habitat, distribution, and current status
in the Mississippi River or Great Lakes Basins.

2.3.3 Llst of ANS of
g IC Concern
e Grand Lake
Marys Location

The Grand Lake St. Marys aquatic pathway team then
subdivided the set of species listed in Table 1 into two
groups: ANS threatening the Great Lakes, and ANS
threatening the Mississippi River and its tributaries.
Each of these two lists was then sorted into subgroups
in accordance with taxonomy and common dispersal
mechanism. Table 2 and Table 3 reflect these groupings
of species that were found to pose a significant risk
to the Mississippi River and its tributaries, and to the
Great Lakes and its tributaries, respectively (USACE,
2011b).

Additionally, the Grand Lake St. Marys aquatic
pathway team reviewed the information on the 119
species initially determined to pose a potential threat
of infiltrating the other basin to see if any were in close
enough proximity to the Grand Lake St. Marys location

to be of concern. The team reviewed information on
the NOAA Watchlist of species threatening the Great
Lakes from international waters, and information on
other species cited by the review team as high risk
potential invaders not yet in either basin (NOAA,
2011). No additional species from the NOAA Watchlist
were added to the species of concern for the Grand
Lake St. Marys location. However, the NOAA Watchlist
was utilized as a resource, at the recommendation
of agency team members, to identify any additional
potential future species that could be introduced into
either basin and possibly spread from there to the
other basin.

Each Focus Area 2 aquatic pathway team was granted
flexibility in determining whether to add additional
species to their assessment based on their review
of available information and the actual location of
the specific potential pathway relative to the known
location of those ANS being considered. Based on
concerns from local agencies about the potential for
spread of Viral Hemorrhagic Septicemia virus (VHSy,
Novirhabdovirus sp), each Focus Area 2 aquatic
pathway team evaluated whether VHSv should be
included on the ANS of concern list for each of the
Focus Area 2 aquatic pathways. Although VHSv has
been identified in both basins (i.e., VHSv was confirmed
in the Ohio River Basin in the Clear Fork Reservoir in
Richland and Morrow Counties, Ohio in 2008), it has
not yet been determined that VHSv has established
within the Mississippi or Ohio River Basins. Minimizing
the spread of VHSv remains a priority for the state
of Ohio (Great Lakes Commission, 2011; USGS,
2011). It was therefore included as an ANS of concern
threatening the Mississippi River Basin for the Grand
Lake St. Marys aquatic pathways.

Each of the three subgroups in Tables 2 and Table 3
were evaluated based on the dispersal mechanisms
and general mobility of the species within each group.
Since the Grand Lake St. Marys potential pathway is
positioned on the basin divide, well upstream of any
known ANS listed in this assessment, any organism
that moves solely through the aquatic pathway must
possess either self-propelled mobility or the ability
to hitchhike on other organisms to travel upstream.
Thus, this eliminates organisms that rely on current for
dispersal, such as plants and algae.
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Table 1: ANS of Concern for GLMRIS.

fish Alosa aestivalis blueback herring GL swimmer

fish Alosa chrysochloris skipjack herring MS swimmer

fish Alosa psuedoharengus Alewife GL swimmer

crustacean Apocorophium lacustre a scud MS ballast water

algae Bangia atropupurea red macro-algae GL ballast / rec. boating

annelid Branchuris sowerbyi tubificid worm GL sediment transport
crustacean Bythotrephes longimanus spiny waterflea GL ballast water/sediment transport
plant Carex acutiformis swamp sedge GL recreational boating & trailers
crustacean Cercopagis pengoi fish-hook water flea GL ballast / rec. boating

fish Channa argus northern snakehead MS swimmer

algae Cyclotella cryptica cryptic algae GL unknown / any water

algae Cyclotella pseudostelligera cylindrical algae GL unknown / any water
crustacean Daphnia galeata galeata water flea GL ballast water

crustacean Echinogammarus ischnus a European amphipod GL ballast water

algae Enteromorpha flexuosa grass kelp GL ballast / rec. boating

fish Gasterosteus aculeatus threespine stickleback GL swimmer

plant Glyceria maxima reed sweetgrass GL recreational boating & trailers
fish Gymnocephalus cernua Ruffe GL swimmer

crustacean Hemimysis anomala bloody red shrimp GL ballast water

fish Hypophthalmichthys molitrix silver carp MS swimmer

fish Hypophthalmichthys nobilis bighead carp MS swimmer

plant Landoltia (Spirodela) punctata | dotted duckweed MS recreational boating & trailers
bryozoan Lophopodella carteri bryozoans GL with aquatic plants

fish Menidia beryllina inland silverside MS swimmer

plant Murdannia keisak marsh dewflower MS recreational boating & trailers
fish Mylopharyngodon piceus black carp MS swimmer

crustacean Neoergasilus japonicus a parasitic copepod GL parasite to fish

plant Oxycaryum cubense Cuban bulrush MS recreational boating & trailers
fish Petromyzon marinus sea lamprey GL swimmer

mollusk Pisidium amnicum greater European pea clam GL ballast water

fish Proterorhinus semilunaris tubenose goby GL swimmer

protozoan Psammonobiotus communis testate amoeba GL ballast water

protozoan Psammonobiotus dziwnowi testate amoeba GL ballast water

protozoan Psammonobiotus linearis testate amoeba GL ballast water

crustacean Schizopera borutzkyi parasitic copepod GL ballast water

mollusk Sphaerium corneum European fingernail clam GL ballast water

algae Stephanodiscus binderanus Diatom GL ballast water

plant Trapa natans water chestnut GL recreational boating & trailers
mollusk Valvata piscinalis European stream valvata GL ships
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protozoan Psammonobiotus dziwnowi testate amoeba ballast water
protozoan Psammonobiotus linearis testate amoeba ballast water
annelid Branchuris sowerbyi tubificid worm sediment transport
plant Carex acutiformis swamp sedge recreational boats & trailers
plant Glyceria maxima reed sweetgrass recreational boats & trailers
plant Trapa natans water chestnut recreational boats & trailers
bryozoan Lophopodella carteri bryozoans with aquatic plants
algae Bangia atropupurea red macro-algae ballast / rec. boating
algae Cyclotella cryptica cryptic algae unknown / any water
algae Cyclotella pseudostelligera cylindrical algae unknown / any water
algae Enteromorpha flexuosa grass kelp ballast / rec. boating
algae Stephanodiscus binderanus Diatom ballast water
adle O O e eale O e ed dKe
fish Alosa chrysochloris skipjack herring swimmer
fish Channa argus northern snakehead swimmer
fish Hypophthalmichthys molitrix silver carp swimmer
fish Hypophthalmichthys nobilis bighead carp swimmer
fish Menidia beryllina inland silverside swimmer
fish Mylopharyngodon piceus black carp swimmer
crustacean Apocorophium lacustre a scud ballast water
plant Landoltia (Spirodela) punctata | dotted duckweed recreational boats and trailers
plant Murdannia keisak marsh dewflower recreational boats and trailers
plant Oxycaryum cubense Cuban bulrush recreational boats and trailers
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Based on the evaluation by subgroups, only fish and
fish pathogens were considered to have the ability to
reach the Grand Lake St. Marys divide on their own
from either direction. However, this is not to say at
this point that the habitat conditions at the pathway
are suitable for these fish and fish pathogens. To
facilitate determination of the ANS transfer potential
at the site, the team of biologists selected a smaller
group of representative species for a more focused
assessment. The species selected may be those most
likely to arrive at the divide, may pose the greatest
threat, and/or exhibit a broader range of biological
characteristics that may enable them to reach the
pathway and perhaps establish in the vicinity. Of all the
species considered, the Grand Lake St. Marys aquatic
pathway team identified four ANS as a potentially
significant threat to the Great Lakes Basin, and five
ANS as a potential significant threat to the Mississippi
River Basin (Table 4).

2.3.4 Key Attributes of
Selected Organisms

Excluding the information for VHSy, a significant amount
of ANS information was obtained from the USACE White
Paper listing the non-native species of concern and
dispersal risk for GLMRIS (USACE, 2011b). The VHSv
was not identified as a species of concern in this white
paper. However, during interagency coordination VHSv
was identified as a species of concern for Grand Lake
St. Marys. Additional information was obtained from the
USGS Nonindigenous Aquatic Species (NAS) website
(USGS, 2011).

2.4 Pathwa
,Ig\ssess
FOocess

ent

The GLMRIS risk analysis process is an adaptation of
the generic model and process described in the Generic
Nonindigenous Agquatic Organisms Risk Analysis
Review Process (For Estimating Risk Associated with
the Introduction of Nonindigenous Aquatic Organisms
and How to Manage for that Risk) (ANSTF, 1996).
ANSTF defines the risk associated with an ANS as:

Equation 1
R Establishment = P Establishment X C Establishment

Where:

R Eestablishment = Risk of Establishment

P Establishment = Probability of Establishment

C Establishment = Consequence of Establishment

Note the risk is defined as a multiplicative function.
That means, if either of these components is zero or
low, the overall risk will also be zero or low. In order to
work most efficiently given the large number of potential
pathways, the GLMRIS Other Aquatic Pathways Team
(Focus Area 2) concentrated its effort on characterizing
the probability of establishment, while the GLMRIS
Focus Area 1 Team for the CAWS is focusing on both
components. An estimate of the consequences of any
ANS establishment from the Focus Area 2 aquatic
pathways will be deferred until possible future study by
USACE or others.

Table 4: ANS of Greatest Concern for transfer at Grand Lake St. Marys

Toc  Towoes Toommornane [own [ renmsnospersa vestanen

fish Hypophthalmichthys molitrix silver carp MS swimmer

fish Hypophthalmichthys nobilis bighead carp MS swimmer

fish Mylopharyngodon piceus black carp MS swimmer

fish Channa argus northern snakehead MS swimmer

fish Gasterosteus aculeatus threespine stickleback GL swimmer

fish Gymnocephalus cernua ruffe GL swimmer

fish Proterorhinus semilunaris tubenose goby GL swimmer

crustacean Neoergasilus japonicus parasitic copepod GL parasite to fish

virus Novirhabdovirus sp VHSv GL pathogen to fish/water column
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ANSTF divides the probability of establishment
component shown in Equation 1 into four basic
elements which describe the basic events that must
occur for an ANS to establish in the new environment:

Equation 2
P Establishment = [P1 X P2 X P3 X P4]

Where:

P1 =P aAns associated with pathway

P2 =P Ans survives transit

P3 =P ANS colonizes in new environment
|:’4 =P ANS spreads beyond colonized area

Each of the four elements of Equation 2 is qualitatively
rated a High (H), Medium (M), or Low (L) based on the
available evidence. They are also qualitatively assigned
a level of certainty [Very Certain (VC), Reasonably
Certain (RC), Moderately Certain (MC), Reasonably
Uncertain (RU), Very Uncertain (VU)]. The overall
probability rating is the rating of the element with the
lowest probability. Thus, in a quartet of HLHH the
overall probability rating is “L”. The multiplicative nature
of the function assures this is actually a somewhat
conservative estimate. With actual numbers the overall
probability would always be smaller than the smallest
of the four factors. These elements have been modified
for use in GLMRIS (Equation 3) to describe the basic
sequence of events that must occur for an ANS to
successfully cross the basin divide through an aquatic
pathway and establish in the new basin:

Equation 3 [FA1 Model]
P Establishment = [Po X P1 X P2 x P3 X Py4]

Where:

Po = P pathway exists

P1 =P ANS has access to pathway

P2 =P ANS transits pathway

P3 =P Ans colonizes in new waterway
P4 = P ANS spreads in new waterway

This model works well in areas where a viable
pathway is already known to exist, such as the CAWS.
However, for many of the 18 locations identified in
GLMRIS Focus Area 2, it was uncertain at the outset
whether or not an aquatic pathway does in fact ever
form. The team recognized that formation of a pathway
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at these locations would likely be infrequent, and with
a limited duration and magnitude (width, depth, and
rate of surface water flow across the basin divide).
Consequently, the model in Equation 3 was modified
further for Focus Area 2.

Greater efficiency in analysis can be gained by
modifying Equation 3 by eliminating evaluation of the
last two elements because if a pathway does not exist
there is no reason to collect data on colonization (P3)
and spread (P4) in the new basin. In addition, the third
element of Equation 3, ANS transits pathway (P>), is
broken down into its own sequence of necessary events
to characterize in greater detail those variables being
evaluated to determine whether or not a viable pathway
exists. In setting aside the last two elements in Equation
3 (P3and Py), no attempt is therefore made in this report
to assess the probability that an ANS will colonize in or
spread through the receiving waterway or basin. USACE
or others may assess the last two elements of Equation
3 in the future when evaluating specific measures that
could be taken to eliminate the probability of transfer at
certain aquatic pathways.

Once again, in order to work efficiently in assessing ANS
risk for Focus Area 2, the initial assessment focuses
narrowly on the question of whether or not a viable
aquatic pathway exists. Equation 4 shows how the third
element of Equation 3 has been broken down to provide
greater resolution for evaluating the pathway itself:

Equation 4 [Modification of Equation 3— P2 Element]
P2 = [P2a X P2p X Pa(]

Where:

P2 =P Ans transits pathway

PZa =P ANS surviving transit to aquatic pathway

Paob =P ans establishing in proximity to the aquatic pathway
P2oc =P ans spreading across aquatic pathway into new basin

Delaying consideration of the last two elements
of Equation 3 and substituting the more detailed
consideration of the third element as expressed in
Equation 4 yields the following model used in the
GLMRIS Focus Area 2 assessments:
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Equation 5 [FA2 Modified]
P viable pathway = [Po X P1' X P2a X P2p X Pa(]

Where:

Po =P pathway exists

Py =P ANS occurring within either basin

|:’251 =P ANS surviving transit to aquatic pathway

Pob =P ans establishing in proximity to the aquatic pathway
Poc =P ans spreading across aquatic pathway into new basin

Notice the overall probability is now the “probability a
viable pathway exists” (Pyjaple pathway) @nd is no longer the
original “probability of establishment” (Pgstablishment) from
Equation 3. The probability of establishment for certain
aquatic pathways may be assessed in future studies
by USACE or others, but likely only for those pathways
with an unacceptable rating for the “probability of a viable
pathway” existing. Note also that (P1), ANS has access
to pathway from Equation 3 has been renamed (Py:),
ANS occurring within either basin”. This did not change
the element being evaluated but made it clearer to team
members what “access to the pathway” actually meant.

This model remains consistent with the overall GLMRIS
risk assessment approach and the ANSTF methodology,
and the refinements enabled the assessors to focus
more appropriately on the relevant evidence. At those
locations along the basin divide where the first element
in Equation 5 (i.e., likelihood that an aquatic pathway
exists at up to a one percent annual recurrence interval
event) was estimated to be low, no further assessment of
that location was necessary. The low rating of this initial
element assures that the overall probability of a viable
pathway existing (Equation 5), the overall probability of
establishment (Equation 3), and the ANS risk potential
(Equation 1), will all be low because of the multiplicative
nature of the model. This approach assured a more prudent
use of public resources in data collection and assessment
by minimizing the collection of unnecessary data and
the conduct of unnecessary analyses. It should also be
understood that a low rating for probability of a pathway
existing (Po) is not necessarily the same as there being no
probability of a pathway existing. At those locations where
the probability of a pathway existing (P0) was determined
to be medium or high which includes the Grand Lake St.
Marys pathway, the remaining four elements in Equation
5 were evaluated for each ANS of concern specific to that
particular location over a 50 year period of analysis.
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As described in Section 2.2, a list of ANS of concern for
the Grand Lake St. Marys pathway was developed with
input from Federal, State, and local agencies responsible
for water resources, and fish and wildlife management
in the state of Ohio and neighboring states along the
Great Lakes and Mississippi River Basin divide. ANS
of concern were grouped according to which basin they
were currently established in to determine the viability of
the aquatic pathway to transfer species across the divide

in either direction. The determination of the likelihood of
a viable aquatic pathway for each ANS of concern is the
product of five probability elements (Equation 5). Thus,
the probability of a viable pathway for a particular ANS
of concern is equal to the lowest rating determined for
each of the five probability elements (Table 5 and Table
6). The overall pathway viability for transferring ANS of
concern from the Mississippi River Basin to the Great
Lakes Basin was equal to the highest probability of a
viable pathway for each ANS of concern in Table 5. In this
example, all were rated low and thus the overall pathway
viability for transferring species from the Mississippi
River Basin to the Great Lakes Basin is “low”. The overall
pathway viability for transferring species from the Great
Lakes Basin is calculated the same way and is shown in

Table 5. Example calculation of Pathway Viability for ANS Spreading from Mississippi River Basin to the Great

Lakes Basin.
Form 2 Form 3 Form 4 Form 5 Pyiable
Po P2a P2p Poc pathway
ANS
ANS ANS ANS Spread-
Pathway Occuring - Establishing | ing Across ANS/Path-
Group C?\lrgmgn Dh{l;)d;ggl Exists? Within %Jarxls\llt”:g in proximity Aquatic way Viability
p Either Pathway? to Aquatic Pathway Rating
Basin? Y Pathway? into New
Basin?
Asian carp,
fish S'{,Vig;,gggp' swimmer M (RC) L (RC) L (MC) M (RU) L
carp, M (RC)
black carp
fish I 2 swimmer M (VC) L (MC) L (RC) L (RC) L
silverside
Overall Pathway Viability for Spread of ANS from Mississippi River Basin to Great Lakes Basin L

VC=Very Certain (as certain as going to get), RC=Reasonably Certain (reasonably certain), MC=Moderately Certain (more certain than not),

RU=Relatively Uncertain (reasonably uncertain), VU=Very Uncertain (a guess)

Table 6. Example calculation of Pathway Viability for ANS Spreading from Great Lakes Basin to the Mississippi

River Basin.
Form 2 Form 5 Pyiable
Po P1 P2a P2p Poc pathway
ANS
ANS ANS ANS Spread-
Pathway Occuring - Establishing | ing Across ANS/Path-
Group CoNr;rrT?gn D“{'Sd;g; Exists? Within ?ruarr\{ls\llthg in proximity Aquatic way Viability
B Either Pathway? to Aquatic Pathway Rating
Basin? Y Pathway? into New
Basin?
- threespine -
fish stickleback swimmer M (VC) L (RC) L (MC) L (MC) L
fish pathogen M (RC)
pathogen VHSv / water M
column
Overall Pathway Viability for Spread of ANS from Great Lakes Basin to Mississippi River Basin M
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Table 6. In this example, the overall pathway viability for
transferring species from the Great Lakes Basin to the
Mississippi River Basin is “medium”.

The last calculation is to determine the overall pathway
viability for interbasin spread of ANS which is calculated
by taking the highest of the overall ANS ratings for
unidirectional transfer which were calculated in Tables
5 and 6. Thus, in Table 6, the overall probability that a
viable aquatic pathway exists is “medium”. The ratings
given for each element as well as the overall pathway
viability ratings shown in Tables 5 and 6 were coordinated
amongst the members of the pathway team regarding the
probability rating (H, M, or L) and the level of certainty (VC,
RC, MC, RU, or VU). Final agreement was reached on
team ratings for each element through collaboration and
sharing of applicable information with all team members.
The level of certainty in these ratings was modified during
these discussions to reflect the range of opinion.

3 Aquatic Pathway
Characterization

This section describes and illustrates the topography and
features in the vicinity of the potential pathway at Grand
Lake St. Marys and is intended to help inform the biological
evaluations contained later in this report with a compilation
of readily available and applicable information for this area
as it may influence local hydrology. Maps, photographs,
and figures are included to aid understanding of the
hydrologic and hydraulic conditions near the drainage
divide. Also, this section identifies any significant data
gaps and uncertainties related to the topographic and
hydrologic information in the area of interest.

3.1 Location

Grand Lake St. Marys is a shallow lake (mean depth 3-5
feet (1-1.5 m)) located along the Mercer and Auglaize
county line in west-central Ohio (Figure 3). The ODNR
operates and regulates flow from the 13,500-acre (5,463
hectare) lake through two outlets: one discharging to the
Mississippi River Basin and the other to the Great Lakes
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Basin (Figure 4). The primary spillway at the west end of
the lake discharges into Beaver Creek in the Mississippi
River Basin, and a secondary spillway at the east end of
the lake discharges to a feeder channel which connects to
the Miami and Erie Canal within the Great Lakes Basin.
The Beaver Creek outlet is located at the west end of
Grand Lake St. Marys near the town of Celina, Ohio. The
secondary outlet is located on the east end of Grand Lake
St. Marys and south of the town of St. Marys. The Great
Lakes and Mississippi River watershed boundaries near
Grand Lake St. Marys are based on the 12-digit hydrologic
unit code (HUC) boundaries and are illustrated by the
red-white line in Figure 5. The land currently occupied
by the lake was once part of a vast wet prairie and
together with the St. Marys River served as an important
connection between the Great Lakes and Ohio River in the
development of the Northwest Territory. Construction of
the lake was started in 1837 as a reservoir for the Miame-
Erie Canal. It was completed eight years later and was at
that time the largest man-made lake in the world (ODNR,
2011). Since this area is located directly on the basin divide,
the construction of this lake is the most likely reason why
the basin boundary now skirts the east end of the lake and
then runs due west to reconnect with its historic location
west of the lake. The latitude and longitude coordinates for
the Grand Lake St. Marys outlets are as follows:

Outlet into Beaver Creek (Mississippi River Basin):
N 40.535, W 84.574

Outlet into Miami and Erie Canal Feeder Channel (Great
Lakes Basin): N 40.522, W 84.422

Below is depicted the flow path for water exiting Grand
Lake St. Marys into the Great Lakes and Mississippi River
Basins, which is also graphically illustrated in Figure 5:
Connecting stream to the Great Lakes:

Grand Lake St. Marys » Miami and Erie Canal
feeder channel » Miami and Erie Canal »

St. Marys River » Maumee River » Lake Erie

Connecting stream(s) to the Mississippi River:

Grand Lake St. Marys » Beaver Creek » Wabash
River » Ohio River » Mississippi River

15



sy @

puaban

Aie s oxe puelo

'sde|y Buig jo Aseunoo Asabewi punoibyoeg "dew AjuIdiA pue uoneoo| sAlepy 1S ayeT puels ¢ ainbi4

Grand Lake St. Marys Report

16

May, 2013



‘sdey Buig jo Aseunoo Asebewr punolbxoeg “uiseq Jaylie

Olul 9¥e| 8y} WO} S}9|IN0 OM] JO UOIJED0| SMOYS ainbi4 -aull ajiym-pas Ag umoys Alepunog uiseg JaAry 1ddississI pue sayeT 1eals) pue sauengul sAep 1S aye puels) “ ainbi4

[ ————

W=s mEn mwr men B el

i =

e

UL M -

Uiseglsonenlicaio) “
| \

MESENHUD

Ll

Iyl

ez piy

= .
ujseqg Jaary

Ig8sn! useg

sy S
s ¢ ¥

spug ey

() e N/

puabaq

B ALY MBN

. 1
uisEg SayET !
J

B T WALETE IY B T

Jeals) pue JoAy |

FLUNTRAIO

.lnln.lu.lnlnlrllll

iddississiy pue yaain
Jaaeag o) 1@ng

1
-~

/

fiep 1S @yeT pueis

N
i

Grand Lake St. Marys Report

May, 2013



‘sdeyy Buig

J0 Asaunoo Asebewl punoibyoeg ‘suodal ajeledss Ul passalppe yoes ale ing ‘einbiy oy} Uo pajedipul e ale euelpu| Ul |[e aJe SAJepy 1S 8¥eT puels) 0} Ajwixoud }so
-s0j9 ul sAkemyjed onenbe Jayjo jeipuajod 88y} 8y “saull an|q 8y} Aq pajesisn||l aJe a1 a¥eT pue JaAIY oIy ay} 0} sAuel 1S ayeT puels) wol) shkemyied Jajem aoeung G ainbi4

0 - g

o i)
i 3]
sy e

I

sngwnios

afiasinoT]

neuuduD

-4
sjjodeueipu|

uiseghianiyliddississiy

s

ey m G AR0ID savog
5
Tl d - L .1_‘ 2
i - o
- *.l.‘ F3
-
> o
o o * w.....
UlsSegisayeieaisy ﬂ_._hﬂg#u.__ﬂn_
" -....!.-..ll -
S
L]
I.Jﬁ

JBATH DIYQ

sfliej\ 1S @)eT] puels) o0} sweans buiyoauuon

Grand Lake St. Marys Report

18

May, 2013



3.2 Climate

Climate is looked at briefly in this section just to identify
any applicable elements of climate (e.g., temperature,
rainfall) that may influence the likelihood of an aquatic
connection forming at the subject pathway which might
be utilized by ANS to spread between basins, and to
help in the general understanding of the environmental
conditions of the area. It is also important to have a
general understanding of the affect that temperature is
likely to have on the quality of surface water relative to the
habitat requirements of aquatic plant and animal species.

An average of about 35 inches (89 cm) of precipitation
falls on Auglaize and Mercer Counties annually. The
average precipitation is approximately three inches
(7 cm) per month, with February typically being the driest
month and July the wettest month. The following climate
information is extracted from the Mercer County Soll
Survey (USDA, 1979):

» Winter precipitation and frequent snow results in
a good accumulation of soil moisture by spring
and minimizes drought during summer on most
soils. Normal annual precipitation is adequate
for all crops that are suited to the temperature
and the length of the growing season.

* Inwinter the average temperature is 28°F (-2°C),
and the average daily minimum temperature is
20°F (-6°C). In summer the average temperature
is 72°F (22°C), and the average daily maximum
temperature is 83°F (28°C).

 Average seasonal snowfall is 36 inches (91 cm).

The greatest snow depth at any one time during
the period of record was 14 inches (35 cm). On
the average, 22 days have at least one inch
(2.5 cm) of snow on the ground, but the number
of such days varies greatly from year to year.

There can be significant variability in precipitation events
between locations that are in close proximity within this
study area (Beiler, 2011). Some of this variability can be
seen by comparing measurements from two rain gages
on the north side of Grand Lake St. Marys from rain
events in 2003 and 2005 (Table 7; Figure 6).

Table 7. Comparison of two recent rainfall events from two rain gages on the north side of

Grand Lake St Marys.

Celina Gage Jul-03

Rainfall Duration (days) 5 (July 5-9)

12 (Jan 2-13)

Total Precipitation (in) 11.03

7.28

Approximate Frequency > 1000 yrs

St. Marys Gage

25 yrs

Rainfall Duration (days) 5 (July 5-9) 12 (Jan 3-14)
Total Precipitation (in) 6.43 71
Approximate Frequency 60 yrs 25 yrs
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3.3 E glcoen\ﬁge(:lflc
ea ures

The information contained in this section is meant to
present and interpret the readily available information for
this location as it pertains to surface water conditions and
any aspects that may influence the behavior of surface
water. Grand Lake St. Marys was constructed to provide
water to the Miami and Erie Canal (ODNR, 2011). The
lake’s primary outfall structure is a U-shaped fixed weir
at the west end of the lake that allows lake water to flow
the majority of the time into Beaver Creek, which then
flows into the Wabash River approximately 10 miles (16
km) downstream of Grand Lake St. Marys. The exact
dimensions of the U-shaped weir were not available,
but based upon visual inspection, the overall height of
the weir is 15-20 feet (4-6 meters) above the channel of
Beaver Creek.

The topography of the west end of the lake and Beaver
Creek was examined to see what barrier the slope of
the land itself might offer to the spread of ANS between
the basins. An aerial photograph of the headwaters of
Beaver Creek at Grand Lake St Mary, along with a profile
and cross section of Beaver Creek based on the best
available Geographic Information System (GIS) data, is
presented in Figure 7. The profile of Beaver Creek shows
the lake at an approximate elevation of 870 feet above
sea level, and the bottom of the spillway into Beaver
Creek at an approximate elevation of 852 feet above
sea level. This profile shows that the creek elevation at
approximately 850 feet above sea level for the first 1,500
to 2,000 feet (457-610 m) downstream of the spillway,
reflecting a very flat gradient in this stream. The two blips
in the Beaver Creek profile line about 1,000 feet (305 m)
downstream of the spillway reflect the elevation of road
crossings and not the creek itself. An aerial photograph
depicting the west end of Grand Lake, the U-shaped weir,
and Beaver Creek is shown in Figure 8.

For this pathway, the elevations in Figure 7 and Figure
9 are based on the USGS 10m Digital Elevation Model
(DEM) with a vertical accuracy of +/- 1 foot (30 cm). It
should be pointed out that the absolute vertical accuracy
(specific elevation) is not as important as the relative, or
point-to-point, vertical accuracy (terrain) when evaluating
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terrain at this pathway to try and predict hydrology.
Point-to-point accuracy is much more important to
understanding local surface water hydrology than the
absolute elevation. Accordingly, although the absolute
elevation values may be slightly off from the true value
(e.g., 600 feet (183 m) above sea level), they tend to
be off a comparable amount at adjacent points so that
the terrain of the area is actually depicted with relative
accuracy. The grid size used to create the DEM can also
affect the accuracy of the DEM. The larger the grid cell
size (10 m cells vs. 30 m cells), the less detailed the
terrain appears and therefore the less accurately the
DEM depicts the actual terrain. The largest grid size used
at any of the pathway locations is 10 m cells with some
areas having more detailed information. Even though the
10 m cell size does not depict every hummock or hollow
in the terrain, it does provide sufficient detail regarding
general terrain and relative elevations.

The lake has a secondary outlet at the east end of the
lake which supplies water to the remaining segment
of the Miami and Erie Canal that discharges to the St.
Marys River which is part of the Great Lakes Basin.
Flow from the lake is controlled by two sluice gates, one
4 foot x 5 foot (1.2 m x 1.5 m) and the other 4 foot x 4
foot. Typically, only one gate is opened at a time with
an opening height of approximately 1-2 inches (2.5-5

m). During flood events, the sluice gates are closed
(S. Dorsten-ODNR, personal communication, June 16,
2011). The flushing of debris is occasionally required
from these gates during which a gate is then open 12-
15 inches (30-38 cm) for approximately 10-15 minutes.
There is also a fish hatchery on the east end of the lake
that occasionally pulls water from the lake by way of
two additional gates (size and type is unknown). The
discharge from the hatchery is into the St. Marys River.
It was stated that due to low water quality in the lake, the
fish hatchery will start using groundwater as its primary
water source in the very near future and will discontinue
or reduce the use of water from Grand Lake St. Marys
(S. Dorsten-ODNR, personal communication, June 16,
2011).

An aerial photograph of the headwaters of the Miami and
Erie Canal at Grand Lake St. Mary, along with a profile
and cross section of the canal, is presented in Figure 9.
The profile shows the canal elevation at approximately
863 feet above sea level, approximately seven feet (2
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meters) below lake level. According to ODNR personnel,
normal water surface fluctuations in the canal can be up
to 30 inches (76 cm) during extreme events (S. Dorsten-
ODNR, personal communication, June 16, 2011 and
July 27, 2012). An aerial photograph showing the east
end of Grand Lake St. Marys and the receiving concrete
sluice to the Miami and Erie Canal feeder channel is
shown in Figure 10. The critical elements to understand
about the hydrology of this lake as it relates to this study
are as follows: (1) there are only two surface water
outflows from the lake and no surface water inflows to
the lake other than several small inlets originating from
within the Grand Lake St. Marys watershed (south side
of lake) and that are isolated from the Great Lakes and
Mississippi River Basins, (2) there is a 15-20 foot (4-6
m) vertical elevation change over only a few hundred
feet (90 m) out the western spillway, and (3) there is an
approximately seven foot (two meter) vertical elevation
change over about 75 feet (23 m) out of the eastern
sluice gates.

3.4 Groundwater

Although of minimal relevance for the Grand Lake
St. Marys aquatic pathway, a groundwater section
is included in this report to provide a more complete
understanding of the area’s hydrology, as groundwater
can sometimes be a source of base flow for streams.
Water levels in aquifers normally fluctuate seasonally
in response to variations in groundwater recharge and
discharge. Groundwater levels commonly rise in spring,
when areal recharge is greatest due to snowmelt,
spring rain, and minimal evapotranspiration losses. This
means that heavier rainfall events, when they coincide
with frozen ground conditions, snowmelt, and higher
groundwater conditions, might result in higher volumes
of surface water.

The state of Ohio has a network of observation wells for
monitoring groundwater. In 2011, there were two active
wells and two inactive wells in Auglaize County, and one
active and one inactive well in Mercer County (ODNR,
2011e). The three wells closest to the potential aquatic
pathway site are listed in Table 8.

Before readings were discontinued in 1972, gage AU-2
recorded ground water levels ranging from 10 feet (3 m)
below the land surface to two feet (0.6 m) below ground
level. This is the nearest gage to Grand Lake St. Marys,
but no data has been recorded at this location for nearly
40 years. Gage AU-4’s period of record (approximately
five years) shows a range of groundwater levels
spanning from 45 feet (14 m) to 56 feet (17 m) below
the land surface. The largest draw-downs occur in
summer and early fall, and the groundwater levels are
replenished in the winter and spring. Over the course
of the nearly 45 years of water level readings for gage
MR-2, the groundwater levels have fluctuated from 60
feet (18 m) below ground surface to 81 feet (24.5 m)
below the land surface. Over the last decade, readings
have typically been between 70 and 75 feet (21-23 m)
below the land surface (ODNR, 2011e). As a result of its
depth, groundwater likely has a negligible influence on
the formation of the aquatic pathway at Grand Lake St.
Marys, which is primarily driven by lake levels and direct
precipitation.

Table 8. Groundwater Wells near Grand Lake St. Marys, Ohio (ODNR, 2011e).

County/Well Latitude & Longitude Period of Record Principal Drainage Basin

Auglaize (AU-2) N 40° 33’ 42” W 84° 23’ 26”

6/24/1946 — 3/7/1972

St. Marys River

Auglaize (AU-4) N 40° 24’ 28” W 84° 22’ 34”

6/26/2006 - present

Auglaize River

Mercer (MR-2) N 40° 28’ 33" W 84° 37’ 52”

2/14/1967 - present

Wabash River
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3.5 @qr%atlc Pathway
2 %e ristics

Characterizing the temporal variability of the site’s
hydrology is an important aspect of understanding the
likelihood of an ANS being able to traverse the basin
divide as certain flood events may coincide with species
movement, reproductive patterns, and abilities to
survive and establish populations in various areas. The
only temporal attribute of note for this site is that the
area is periodically subjected to freezing temperatures
on an annual basis.

According to ODNR representatives that operate
the lake, the State Road 127 bridge over Beaver
Creek downstream of the western spillway has been
overtopped by one to two inches (2.5-5 cm) of water
from extreme storm events. As can be seen by the
profile line of Beaver Creek at this bridge in Figure 6,
the lake level of Grand Lake St. Marys is still about
ten feet (3 m) higher than the elevation of the bridge,
indicating that there is little to no potential for backflow
from the creek into the lake. This is further supported by
the Mercer County Flood Insurance Study (FIS) which
indicates that for the one percent annual recurrence
interval event there is an 11-foot (3.3 m) water surface
elevation difference across the fixed weir, with a flow
depth of two feet (61 cm) across the top of the weir
(FEMA, 2001). No data was available to correlate the
frequency of flooding on the Miami and Erie Canal
Feeder Channel side to the threat of backwater flooding
into Grand Lake St. Marys, but this too appears unlikely
due to the vertical elevation difference between the
lake and canal. During flood events the sluice gates are
completely shut, making it even more unlikely any type
of aquatic pathway is formed during large storm events.
Any potential threat of back flooding from the canal
appears to rely completely on the closure of the sluice
gates during flood events. Significant recent flooding
has occurred in 2003, 2005, 2008, and 2011 (Table 7).
Evidence of the February 2008 flooding at State Road
127 was captured in a video posted on the internet and
a clip from that video is shown in Figure 11. The weir is
visible in the background as significantly higher than the
downstream water surface.
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3.6 Probablllty Aquatic

Pathway EXist

Therating discussed in this section is only for the likelihood
of an aquatic connection existing at this potential pathway
(Pg) at up to a one percent annual recurrence interval
storm. A surface water connection does exist between
the Great Lakes and Mississippi River Basins at the
Grand Lake St. Marys location, based on the following:

* There are only two surface water outflows from
the lake and minimal surface water inflows to the
lake from several small inlets originating within
the Grand Lake St. Marys Watershed and that
are isolated from the Great Lakes Mississippi
River Basins;

* Grand Lake St. Marys is a lake that is perched
between the Great Lakes Basin and the
Mississippi River Basin, with water flowing in
both directions;

» There is perennial surface water outflow from
the lake through the western spillway into the
Mississippi River Basin (via Beaver Creek) and
through the eastern sluice gates into the Great
Lakes Basin (via the Miami and Erie Canal
Feeder Channel);

¢ Flow from either Beaver Creek or the Miami
and Erie Canal Feeder Channel into the lake is
highly unlikely.

Due to the above evidence, the probability of a pathway
existing between the Great Lakes and Mississippi River
Basins at Grand Lake St. Marys is rated as high in
both directions since it meets the criteria of a perennial
or intermittent stream (in this case the lake via the two
outflows) that is capable of conveying significant volumes
of water across the basin divide continuously for days to
weeks, multiple times per year (Appendix A).

The ratings for flow into both basins are considered very
certain because of the following:

» There is perennial outflow from the lake into
either basin;
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* Due to vertical elevation differences between
the receiving streams and the water level in the
lake, there is minimal to no likelihood of backflow
into Grand Lake St. Marys, although further
study of the likelihood of backwater flooding
from the Canal into the lake (east end) would
further reduce the uncertainty with this rating;

* Only a partial record exists of how water levels
change in the lake and receiving streams during
flood events;

* Representatives from ODNR were available
to provide reliable and relevant data and
observations to reduce any uncertainties with
this rating.

3.7 ﬁ%%%%% Pathway

3.7.1 Terrestrlall and
|pa |an Plants and

The combined Grand Lake St. Marys and Beaver
Creek watershed drains 171 square miles (443 square
kilometers). An estimated 25,000 citizens reside in the
Grand Lake St. Marys and Beaver Creek Watershed
year round, with nearly 11,500 people living in the city
of Celina, which draws drinking water from the lake.
The population expands in the summer months with
vacationers at the state park and various religious and
youth camps in the area (OEPA, 2007).

The land use in the Beaver Creek and Grand Lake St.
Marys Watershed is 80.5 percent row crop and pasture
land, 12 percent wetlands or open water, four percent
forested, and three percent urban/residential. According
to agricultural statistics, there are 295,400 “animal
units” of hogs, poultry, and cows in the watershed
(OEPA, 2007). Recreational opportunities abound in the
watershed with camping, fishing, boating, and hunting
on or in the vicinity of Grand Lake St. Marys. There are
two bike paths and several religious historical sites on
the south side of the lake.
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Two endangered terrestrial species have been known to
occur near Grand Lake St. Marys: the Indiana bat (Myotis
sodalis), a Federally-listed endangered species, and the
eastern massasauga rattlesnake (Sistrurus catenatus).
The snake is currently also listed as endangered by the
state of Ohio.

3.7.2 Agquatic Resources

Comprehensive biological, chemical, and physical
data were collected from Grand Lake St. Marys and
Beaver Creek Watersheds by the Ohio Environmental
Protection Agency (OEPA) in 1999. Additional water
chemistry data were collected in 2005-2006 at select
locations and at varying steam flows during the winter
and spring to support load reduction models (OEPA,
2007). The OEPA study of 22 sites on 11 small streams
in the watershed showed that it ranks in the ten most
impaired watersheds in Ohio. None of the streams met
the goals associated with healthy warm water habitat
streams. Many small streams that drain to the lake,
as well as Beaver Creek downstream of the lake, are
impaired because of physical changes to the land.

In the Beaver Creek-Grand Lake St. Marys Watershed,
degraded stream habitat is primarily the result of
channelization and ongoing maintenance activities
carried out to improve water conveyance. Nearly all
stream channels have been modified and an extensive
subsurface tile drainage network has been installed for
agriculture. Stream banks are often engineered and
channel dredging is routinely performed (OEPA, 2007).
In agricultural areas, practices specifically designed
to increase drainage efficiency, such as subsurface
drainage and channelization, increase peak flows
during storm events. Efficient drainage also results in
low flow conditions that are more extreme and occur
more frequently, which can also adversely affect water
quality. Such hydrologic alterations diminish the capacity
of the system to assimilate pollutants and support
diverse aquatic communities. Most channelization is
found on the small to medium-sized Grand Lake St.
Marys tributaries, but also along some parts of the
main stem of Beaver Creek. Natural stream habitats
are essentially absent in the watershed (OEPA, 2007).
Loss of floodplains and streamside vegetation has also
degraded the creeks and lake. When trees along the
stream banks are removed, the lack of shade allows the
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water temperature to increase substantially, which then
decreases the amount of dissolved oxygen available
for aquatic organisms. This is worsened by inputs of
manure and untreated sewage flowing from failing
home septic systems and small communities without
any wastewater collection or treatment (OEPA, 2007).

Grand Lake St. Marys is heavily used for recreational
boating, with eight state-operated boat launches and
several private boat launches (ODNR, 2011). It has
a mean depth of three to five feet (1-1.5 m) and is
subjected to a strong prevailing wind. These factors
produce a great amount of wave action that contributes
to shoreline erosion. This erosion results in a loss of
riparian vegetation, which could otherwise act as a
filter to water draining into the lake. Wave action is also
responsible for stirring up nutrient rich sediments and
keeping them suspended in the water column, and
encouraging more algal growth (OEPA, 2007).

The following describes the aquatic resources within the
connecting waterways between Grand Lake St. Marys
and Lake Erie:

Miami and Erie Canal Feeder Channel » Miami and
Erie Canal » St. Marys River » Maumee River »
Lake Erie.

Miami and Erie Canal

The man-made Miami and Erie Canal was completed in
1845. The “Deep Cut” part of the Miami and Erie Canal
is 6,600 feet (2,011 m) in length, and ranged from five
to 52 feet (2-16 m) deep (Benington, 2009). Aquatic
habitat within the canal is poor, but it does support some
fish species and could aid in ANS spread.

Auglaize River

The primary causes of water quality impairment in the
Upper Auglaize River watershed are habitat degradation
(including flow alteration and sedimentation), organic
enrichment, excessive nutrients, and elevated bacteria
levels. The Upper Auglaize River watershed is intensely
agricultural, with approximately 89 percent of the land
used for cropland and pasture. The remaining land
use is about eight percent forest, 2.2 percent urban
(residential and commercial/industrial), and less than
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one percent wetlands and open water (OEPA, 2004).
St. Marys River

The St. Marys river also suffers from many of the same
problems seen in the Auglaize River watershed. Increased
sediment and nutrient loading due to intensely agricultural
land use has degraded overall water quality and decreased
the abundances of sensitive aquatic organisms.

Maumee River

The Maumee River is connected with the St. Josephs
River which has good water quality, and the St. Marys
River which has degraded water quality (INDNR,
1996). The Maumee River flows through several major
cities including Toledo Ohio, Defiance Ohio, and Fort
Wayne, Indiana. Typical river habitat types are present
throughout the course of the Maumee River. Habitats
present vary from deep pools to backwater eddies and
shallow riffles. Water quality within the Maumee tends
to become more degraded as it approaches Lake Erie.
The OEPA has issued fish consumption advisories
from the Indiana state line downstream to Waterville,
Ohio and from Waterville to the mouth of the Maumee
River at Lake Erie. Both advisories include warnings on
common carp (Cyprinus carpio) consumption (OEPA,
2011). The stretch of the Maumee River from the Ohio
state line to Defiance, Ohio is considered a state scenic
river (ODNR, 2011a). Despite water pollution, this
stretch of the river generally provides quality habitat
for a variety of fish species. The Maumee River also
supports a diverse fishery. It is known mostly for the
exceptional numbers of walleye that run up the river to
spawn around early spring each year (ODNR, 2011b).
White bass also demonstrate a large spawning run up
the river. In addition, smallmouth bass, multiple sunfish
species, channel catfish, and flathead catfish are among
the most abundant predatory species. The Maumee
River also has a diverse freshwater mussel population.

Lake Erie

Lake Erie is one of the largest lakes in the world by
surface area. Despite its large size, it is shallower than
the other Great Lakes and is also the warmest, most
biologically productive of the Great Lakes. Due to the
high productivity of Lake Erie, it supports a healthy
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fishery (ODNR, 2011c). The Maumee River empties
into the western basin of Lake Erie at Toledo. This
western basin has an average depth of only 24 feet (7.3
meters) (ODNR, 2011c). Lake St. Clair is located to the
north and upstream of the western basin of Lake Erie,
connected by the Detroit River. Lake St. Clair is also
highly productive biologically.

The following describes the aquatic resources of the
connecting waterways between Grand Lake St. Marys
and the Mississippi River:

Beaver Creek » Wabash River » Ohio River »
Mississippi River

Beaver Creek

Beaver Creek was ranked as one of the ten mostimpaired
streams in Ohio (OEPA, 2007). Physical changes to the
land within the Grand Lake St. Marys and Beaver Creek
Watersheds have greatly diminished aquatic habitat
quality. Increased run-off and channelization have also
limited the diversity and quality of the natural flora and
fauna of the creek.

Wabash River

The Wabash River supports a diverse fishery. Fish
species range from small darters to large paddlefish.
Sport species present include blue catfish (lctalurus
furcatus), channel catfish (Pylodictus olivaris),
flathead catfish (Ictalurus punctatus), white bass
(Morone chrysops), striped bass (Morone saxatilis),
hybrid striped bass (Morone saxatilis x M. chrysops),
smallmouth bass (Micropterus dolomeiu), spotted bass
(Micropterus punctatus), largemouth bass (Micropterus
salmoides), white crappie (Pomoxis annularis),
black crappie (Pomoxis nigromaculatus), bluegill
(Lepomis macrochirus), freshwater drum (Aplodinotus
grunniens), and sauger (Sander canadensis). Fish
species that typically make up the forage base include
spotfin shiner (Cyprinella spiloptera), emerald shiner
(Notropis atherinoides), gizzard shad (Dorosoma
cepedianum), bullhead minnow (Pimephales vigilax)
(Pyron and Lauer 2004). Common carp (Cyprinus
carpio), grass carp (Ctenopharyngodon idella),
bighead carp (Hypophthalmichthys nobilis), and silver
carp (Hypophthalmichthys molitrix) are also present.
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Historically, the Wabash River has supported 27 state
threatened or state endangered mussel species,
including eight which are Federally endangered.
Mussel populations are greatly reduced in numbers of
individuals and species in the Wabash River. Cummings,
et al. (1992) reported 62 species of mussels in the
Wabash River, but of those 25 were represented by
dead specimens only. Water quality within the Wabash
River is often impacted by increased levels of nitrates
and total dissolved solid loads (McFall et al., 2000).

Ohio and Mississippi Rivers

The Mississippi River and its major eastern tributary,
the Ohio River, contain similar large-river habitat types.
These include, but are not limited to, large open water,
deep pools, long reaches, slow-moving impounded
areas, channels, backwaters, and vast floodplains. Both
rivers offer abundant habitat for a myriad of aquatic
organisms.

3.7.3 Water Quality

There is no data regarding the volume or velocity
of water exiting the lake from either the west or east
outlet structures. The elevation between the west outlet
structure and the channel of Beaver Creek is 15-20 feet
(4-6 m), while the elevation difference between the east
outlet gates and the feeder canal is approximately seven
feet (2 m). By the time the water exits the lake it has
been exposed to agriculture chemicals and livestock
operations within the watershed that are responsible for
heavy nutrient loading (OEPA, 2007). These excessive
nutrient inputs to the lake have promoted the growth
of algae that contributes to a high level of organic
material and a resultant high biological oxygen demand.
This condition can be further exacerbated under high
temperature and low flow conditions that can occur in
the watershed during the summer months. In addition,
the city of Celina is currently under orders to reduce
total trihalomethane levels in their finished water. Total
trihalomethanes are chemical by-products created
when chlorine is added for disinfection when it reacts
with organic material (OEPA, 2007).

Ohio EPA has identified three known toxins in Grand
Lake St. Marys: microsystin, cylindrospermopsin,
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and saxitoxin. Each of these is a result of biological
processes in blue-green algae, a cyanobacteria that
forms as algal blooms occur in water conditions like
those occurring in Grand Lake St. Marys. These are
caused in part by a combination of elevated phosphorus
levels from nutrient runoff (OEPA, 2007).

3.7.4 Aquatic Organisms

Popular game fish in Grand Lake St. Marys include
channel catfish (Ictalurus punctatus), largemouth bass
(Micropterus  salmoides), white crappie (Poxomis
annularis), and several sunfish (Lepomis spp.). The
ODNR reports a fair number of catfish, crappie, and
sunfish, and poor numbers (but large size) of largemouth
bass (ODNR, 2011d).

4 Aquatic Pathwa
Viability for ANS
of Concern

The potential for species transfer was assessed by the
project team for the ANS of concern for the Grand Lake
St. Marys location in accordance with the procedures
outlined in the Methodology Section of this report.
The following subsections present the results of the
biological evaluation of the likelihood of an viable
aquatic pathway existing at Grand Lake St. Marys
that would enable ANS spreading between the Great
Lakes and Mississippi River Basins. This potential was
characterized as high, medium or low for the following
categories:

» Probability that pathway exists (Section 3)

* Probability of the target ANS occurring within
either basin

* Probability target ANS survive transit to reach
aquatic pathway

* Probability of ANS establishment in proximity
to the aquatic pathway
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» Probability of ANS spreading across aquatic
pathway into new basin

The criteria for designating probabilities of high,
medium, or low are provided under each category. In
addition, a “certainty” rating is also assigned with each
probability assessment. Certainty ratings associated
with any given probability ratings include:

» Very Certain (As certain as we will get with this
effort)

* Reasonably Certain

* Moderately Certain (More certain than not)
* Reasonably Uncertain

* Very Uncertain (An educated guess)

* A team rating is provided based on the
professional collaboration of the interagency
team of biologists.

Just as important as the subjective estimates of
probability are the remarks that summarize the key data
that supports the estimates, which were made by an
interagency team of biologists for each ANS of concern
to the Grand Lake St. Marys location. The completed
forms, which include the probability and certainty
ratings and the remarks from all agency professionals
participating in this assessment, are included in
Attachment A.

4.1 PIK%Q blllt%ofh$ﬂe

General Considerations for Assigning Probability
Ratings:

High - Target ANS exists on connected
waterways in close enough proximity to be
capable of moving to the aquatic pathway within
20 years.
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Medium - Target ANS exists on connected
waterways, but based on current proximity and
mobility, is considered incapable of moving to
the aquatic pathway within 20 years.

Low - Target ANS is not known to exist on a
connected waterway.

Certainty ratings were applied as outlined above.
Asian Carp

Silver carp and bighead carp are established throughout
the middle and lower Mississippi River Basin. Both silver
carp and bighead carp have been recorded in significant
numbers in the lllinois River (USGS, 2011). Black carp
may be established in portions of the lower Mississippi
River Basin. The known distribution of black carp is
not as extensive as that of the silver and bighead carp
(USGS, 2011).

Team Rating: Medium
Certainty rating: Very Certain

Northern Snakehead

The northern snakehead was found in 2008 in Arkansas,
and has since established a reproducing population in
the area. This population is within the Mississippi River
Basin and represents a population that could spread
throughout the basin. Although in a different basin, this
species is also established in the Potomac River in
Maryland and Virginia (USGS, 2011). While this species
is within the Mississippi River Watershed, its population
here does not seem to be spreading at a high rate at this
time and it is unlikely that it would reach the Grand Lake
St. Marys divide location within the next 20 years without
the assistance of some non-aquatic vector.

Team Rating: Medium
Certainty rating: Moderately Certain

Parasitic Copepod

The parasitic copepod has a life cycle in which the female
adopts a parasitic phase on several fish species, including
members of the minnow family, sunfish family, catfish
family, and potentially other fish species. The common
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carp is a frequent host of the parasite (Hudson and
Bowen, 2002). The females can detach and re-attach to
host species. The invasive copepod has been detected in
Lake Huron and Lake Erie, and is likely found throughout
the Great Lakes. The common carp is established in
Lake Michigan, as well as the rivers and streams leading
to Grand Lake St. Marys from the Great Lakes. While
other host fish species are known to exist in the pathway
system, the common carp was selected as the most likely
host species because of the life cycle capabilities of the
common carp, and the likelihood the common carp would
use and survive in the pathway habitats. The invasive
copepod species and a necessary host species are in
the Great Lakes Basin. The males are free living but do
not have the capability of moving upstream. The literature
indicates that the copepod is small and relatively easy to
miss in field surveys, even by trained biologists. Therefore,
the parasitic copepod may be much more prevalent than
the distribution maps depict.

Team Rating: Medium
Certainty rating: Reasonably Certain

Viral Hemorrhagic Septicemia Virus

Viral hemorrhagic septicemia virus can infect a wide
range of host fish causing a variety of external and internal
pathology, including death of the host fish. Variables such
as host fish species and water temperature can impact
the pathology of the virus. Seemingly healthy individuals
that have been previously infected with VHSv can
have chronic infections and be carriers of the disease
(Skall, et al., 2005). This virus has been reported from
throughout the Great Lakes Basin (USGS, 2011). Viral
hemorrhagic septicemia virus has been found in many
species of fish including common carp. The common
carp is established in the Great Lakes, as well as the
rivers and streams leading to Grand Lake St. Marys
from the Great Lakes. While other host fish species are
known to exist in connecting streams, the common carp
was selected as the most likely host species because
of the life cycle capabilities of the common carp and the
likelihood the common carp would use and survive in
the pathway habitats. The virus and a necessary host
species are in the pathway. It should also be noted that
VHSv has been found in 28 different host fish species in
the Great Lakes Basin and that it can survive without a
host in the water column (WDNR, 2012).
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Team Rating: Medium
Certainty rating: Reasonably Certain

Ruffe and Tubenose Gobhy

The ruffe and tubenose goby are located within the Great
Lakes and are associated with river mouths and estuaries
of large river systems entering the Great Lakes. The ruffe
exists in northern Lake Michigan in Green Bay, but is not
widespread and there are no high density populations
in Lake Michigan (Bowen and Goehle, 2011). The ruffe
prefers deep waters of lakes and pools of rivers, usually
over sand and gravels but has a tolerance for different
habitats and environmental conditions (Gray and Best,
1989). The ruffe has a high reproductive rate and spawns
in clean water. Females produce up to 200,000 eggs in
the firstbatch, and up to 6,000 eggs per subsequent batch
(Global Invasive Species Database, 2012). The ruffe is
an aggressive species that possesses the ability to feed
in darkness, cold temperatures, and turbid conditions.
The ruffe has extended its range rapidly and modeling
predicts it will find suitable habitat in all five Great Lakes
(USGS, 2012). Literature reviews and actual fish survey
data have not documented the collection of the ruffe in
smaller upstream tributaries.

The tubenose goby'’s introduced range includes Lake St.
Clair, Erie, Huron, Superior, and Ontario and is a benthic
species that consumes a wide variety of invertebrates
(USGS, 2011). They are found in the open waters and
estuaries of slow flowing rivers and are often quite
abundant in backwaters and lakes, and seem to prefer
dense vegetation. It has been collected in the lower
reaches of larger Great Lakes rivers and estuaries,
but no tubenose goby have been collected locally in
upper Great Lakes river tributaries to date. Tubenose
gobies have exhibited a much slower rate of expansion
in the Great Lakes than the round goby (Neogobius
melanostomus), also an invasive species in the Great
Lakes and now located within both the Great Lakes
Basin and the Mississippi River Basin. The tubenose
goby’s nearest locations are in Lake Superior and Lake
Huron (USGS, 2011).

Team Rating: Medium
Certainty rating: Reasonably Certain
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Threespine Stickleback

The threespine stickleback is found in each of the Great
Lakes except Lake Ontario (Lake Ontario HUC 8 records
are within native range) and has been collected in some
inland river systems (USGS, 2011). This species prefers
to live in smaller streams but may occur in a variety of
habitat including lakes and large rivers. The threespine
stickleback was first encountered in lower Green Bay
about 25 years ago, but has never been seen upstream
from this area. Great Lakes populations of this species
tend to be potamodromous (truly migratory but within
fresh water only) and only enter the lower reaches of
streams briefly during spring spawning.

Team Rating: Medium
Certainty rating: Moderately Certain

4.2 Probabilit ANS

T6 QqUatic pathnay

4.2.1 Probahilit of ANS
Survivin S|t
toA uatic at %

r% Connecting
Strea

High - TargetANS are established in relatively close
proximity to location and have ample opportunity,
capability, and motivation to successfully navigate
through the connecting streams to arrive at the
subject pathway within 10 to 20 years.

Medium - Target ANS are established at
locations in close enough proximity to location
and have limited capability to survive passage
through the connecting streams to arrive at the
subject pathway within 20 to 50 years.

Low - Target ANS are not in proximity to the
pathway, and/or it is highly unlikely that they
could survive transit from current locations
through the connectin streams to arrive at the
subject pathway within next 50 years.
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Asian Carp

Spawning and the subsequent movement of silver
and bighead carp is initiated by rising water levels
following heavy rains (Jennings, 1988; Verigin, 1978).
Both species are strong swimmers and silver carp are
capable of jumping considerable distances out of the
water [up to 12 feet (3.6 m)]. Despite such capabilities,
it is unlikely that Asian carp will be able to progress any
further upstream in the Mississippi River Basin than
the Roush Dam located on the Wabash River near
Huntington, Indiana, and downstream of where Beaver
Creek enters the Wabash River. The distance from
Roush Dam, to Grand lake St. Marys is approximately
100 stream miles (161 km). Roush Dam is a 90-foot (27
m) tall flood control dam with no fish passage structure
making it a complete barrier to fish passage (ODNR,
personal communication, July 26, 2010). While both
species are highly opportunistic, bighead carp are
primarily zooplanktivorous, whereas silver carp primarily
consume smaller phytoplankton and fine particulate
organic matter (Jirasek et al., 1981; Dong and Li, 1994;
Williamson and Garvey, 2005). Sufficient forage is
available throughout the Wabash River for both silver
and bighead carp.

Adult black carp are primarily molluscivores. However,
they will opportunistically consume a wide variety of
food items (USFWS, 2002). Juvenile black carp have a
diet more similar to silver and bighead carp, consisting
primarily of zooplankton (USACE, 2011b). The diet of
juvenile black carp may allow them to survive in areas
unsuitable for adults. The habitat of black carp is very
similar to the grass carp (Ctenopharyngodon idella)
(Nico et al. 2005). It is believed that black carp should
be able to colonize the same areas of the United States
where the grass carp have established (USFWS, 2002).

Juvenile, sexually immature Asian carp have been
observed in the upmost reaches of small tributaries to
large rivers attempting to pass over barriers (e.g., dams)
to continue their upstream movement (D. Chapman-
USGS, personal communication, September 12,
2011; N. Caswell-USFWS, personal communication,
September 12, 2011). It is important to note that young
Asian carp tend to move laterally away from the river in
which they were spawned and not back upstream (D.
Chapman-USGS, personal communication, September
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12, 2011). It has also been observed that Asian carp, as
small as advanced fingerlings, have traveled up to 37
miles (60 km) though tributaries of the lower Missouri
River. These tributaries were located laterally to the
Missouri river segment in which these fish hatched (D.
Chapman-USGS, personal communication, September
12, 2011). Adult, sexually mature Asian carp have
occasionally been found in very small streams, which
appear scarcely large enough to support the fishes
at low water (D. Chapman, personal communication,
September 12, 2011). The age of these fish when they
arrived at these locations is unknown.

The Indiana Department of Natural Resources is
monitoring Asian carp in the Wabash River, downstream
of the Beaver Creek, and the Miami and Erie Canal. An
Asian carp spawn in the Wabash River was reported
in late May 2011. Very few eggs were found in Peru,
Indiana, which is approximately 40 miles (64 km)
downstream of the J. Edward Roush Dam, located
near Huntington, Indiana. The eggs were also very
young (few embryonic cell divisions had taken place).
Substantial numbers of eggs were found in Logansport
and Lafayette, Indiana (Doug Keller, INDNR, personal
communication, August 16, 2011). The species identity
of the eggs were DNA verified. Contrary to previous
observations of conditions that may initiate spawning,
spawning events have been documented on the
Wabash River without any accompanying rise and fall in
the hydrograph (Dr. Reuben Goforth, Purdue University,
personal communication, June 18, 2012). The INDNR
has also funded Purdue University to conduct a two year
ultrasonic telemetry study on Asian carp movement.
One hundred silver carp were collected, tagged, and re-
released in the Wabash River, and attempts were made
to collect fish for tagging as far upstream as possible.
Only a few individuals were collected in or above Peru,
Indiana due to low densities. Monitoring stations are in
place along the Wabash River and Little River to monitor
the carp movements. To date, no tagged fish have been
detected in the Little River in Indiana, and only one
tagged fish has been detected in the Wabash River near
the mouth of Little River (Doug Keller, INDNR, personal
communication, August 16, 2011).

In summary, there are many uncertainties one must

take into account when attempting to predict the
temporal and spatial movements of Asian carp. While

35



on-going research by INDNR and Purdue University
may suggest that tagged Asian carp have no interest
in spreading into small ditches and streams from more
suitable areas, more long term studies are needed,
and even these may not help explain the seemingly
random movements of young Asian carp that have been
witnessed in Midwestern rivers and their tributaries (D.
Chapman-USGS, personal communication, September
12, 2011; D. Keller-INDNR, personal communication,
August 16, 2011).

In summary, there are many uncertainties one must take
into account when attempting to predict the temporal
and spatial movements of Asian carp. While on-going
research by INDNR and Purdue University may suggest
tagged Asian carp have no interest in spreading into
small ditches and streams from more suitable areas,
more long term studies are needed, and even these
may not help explain the seemingly random movements
of young Asian carp that have been witnessed in
midwestern rivers and their tributaries (Coulter
and Goforth, 2012; D. Chapman-USGS, personal
communication, September 12, 2011; D. Keller-INDNR,
personal communication, August 16, 2011).

There is a definite hydrologic connection that occurs at
Grand Lake St. Marys between the Great Lakes and
Mississippi River Basins. However, the ability of Asian
carp to arrive at Grand Lake St. Marys was given a
rating of low for two main reasons: (1) the obstruction
presented by Roush Dam on the Wabash River, and (2)
the U-shaped weir control structure at Grand Lake St.
Marys would prevent Asian carp from entering the lake
via Beaver Creek.

Team Rating: Low
Certainty rating: Very Certain

Northern Snakehead

The northern snakehead utilizes specialized structures
(suprabranchial organ and a bifurcate ventral aorta)
that permits aquatic and aerial respiration (Ishimatsu
and ltazaw 1981, Graham 1997). This species
thrives in stagnant, oxygen depleted backwaters and
marshes (Courtenay, Jr. and Williams, 2004). Beaver
Creek connects the Wabash River to Grand Lake St.
Marys and is located upstream of Roush Dam near
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Huntington, Indiana. The Roush Dam is a 90-foot (27 m)
tall flood control dam that has no fish passage structure
making it a complete barrier to fish passage (ODNR,
personal communication, July 26, 2010). In addition,
the obstruction of a U-shaped weir control structure
at Grand Lake St. Marys would also prevent northern
snakehead from entering the lake. Therefore, there is
a low probability that northern snakehead would be
able to find their way into Grand Lake St. Marys solely
through the aquatic pathway.

Team Rating: Low
Certainty rating: Very Certain

Parasitic Copepod

The parasitic copepod has been found on the common
carp, Therefore, common carp was used as a surrogate
potential host species to estimate the probability of the
parasitic copepod moving from its current location in the
Great Lakes Basin to the Grand Lake St. Marys pathway
location. During spring runoff events typically in April
and May, common carp move into the shallow waters
of bays and river systems to spawn. Within the rivers,
common carp move upstream to spawn in suitable
habitat such as marshes and sometimes drainage
ditches with as little as a one foot or less (<30 cm) of
water depth. Common carp are strong swimmers and
are capable of moving upstream during moderate flow
events. The parasitic copepod has been found to infect
common carp (USGS, 2011). The only obstructions for
a host fish to reach Grand Lake St. Marys are the sluice
gates that connect Grand Lake St. Marys to the Great
Lakes Basin. Since there is an elevation difference
between the sluice gates and the Miami and Erie Canal
Feeder Channel of approximately seven feet (2.1 m),
and the sluice gates are closed during flood events,
back flooding into Grand Lake St. Marys would be highly
unlikely. Therefore, a rating of “low” was assigned.

Team Rating: Low
Certainty rating: Very Certain

Viral Hemorrhagic Septicemia Virus
In addition to the parasitic copepod, common carp is also

a potential host for VHSv (USGS, 2011). The common
carp was therefore used as a surrogate potential host to
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estimate the probability of VHSv moving from its current
location in the Great Lakes Basin to the Grand Lake St.
Marys pathway location (USGS, 2011). During spring
run-off events in April and May, common carp move
into the shallow waters of bays and river systems to
spawn. Within the rivers, common carp move upstream
to spawn in suitable habitat such as marshes and
sometimes drainage ditches with as little as one foot or
less (<30 cm) of water depth. Common carp are strong
swimmers and are capable of upstream movement
during moderate flow events.

The only obstructions for a host fish to reach Grand Lake
St. Marys are the sluice gates that connect Grand Lake
St. Marys to the Great Lakes Basin. Since there is an
elevation difference between the sluice gates and the
Miami and Erie Canal Feeder Channel of about seven
feet (2.1 m), and the sluice gates are closed during
flood events, back flooding into Grand Lake St. Marys
would be highly unlikely. Therefore, a rating of low was
assigned.

Team Rating: Low
Certainty rating: Very Certain

Ruffe and Tubenose Goby

The ruffe prefers deep waters of lakes and pools of
rivers, usually over sand and gravel, but has a tolerance
for different habitats and environmental conditions (Gray
and Best, 1989). Ballast water transport has been the
key means for the spread of ruffe in the Great Lakes
(USFWS, 1996). The ruffe has a high reproductive
rate and spawns in clean water. The ruffe’s ability to
swim upstream during high flow events and move over
dams is questionable, especially since it prefers still or
slow moving water (Fishbase, 2011). Natural rates of
dispersion are not well known and ruffe have not spread
beyond Green Bay in the nine years since its detection
in that area, and populations have been trending down
(Bowen and Goehle, 2011). The tubenose goby is found
in the open waters and estuaries of slow flowing rivers.
The tubenose goby appears to be more capable of living
in more diverse types of riverine habitat than the ruffe
(Dopazo et al. 2008; Jude and DeBoe, 1996). Sufficient
forage ranging from zooplankton to fish may be available
throughout the Great Lakes side of the connection.
However, suitable habitat for the ruffe and tubenose
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goby in the Auglaize River, Miami and Erie Canal, and
the St. Marys River may be limited or even nonexistent.

The only obstruction (other than habitat suitability)
for these species to reach Grand Lake St. Marys are
the sluice gates that connect Grand Lake St. Marys
to the Great Lakes Basin. Since there is an elevation
difference between the sluice gates and the Miami
and Erie Canal Feeder Channel of about seven feet
(2.1 m), and the sluice gates are closed during flood
events, back flooding into Grand Lake St. Marys
would be highly unlikely. Therefore, a rating of low was
assigned.

Team Rating: Low
Certainty rating: Very Certain

Threespine Stickleback

The threespine stickleback has been found in the Great
Lakes and in smaller river systems (USGS, 2011). There
is a definite hydrologic connection that occurs between
basins at Grand Lake St. Marys. The only obstruction
for this fish to reach Grand Lake St. Marys are the sluice
gates that connect Grand Lake St. Marys to the Miami
and Erie Canal Feeder Channel. Since there is an
elevation difference between the sluice gates and the
Miami and Erie Canal Feeder Channel of about seven
feet (2.1 m), and the sluice gates are closed during
flood events, back flooding into Grand Lake St. Marys
would be highly unlikely. Therefore, a rating of low was
assigned.

Team Rating: Low
Certainty rating: Very Certain
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4.2.2 Probahilit of ANS
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This section does not influence the overall pathway rating
outlined in this report and is only included to point out
other potential pathways (e.g., anthropogenic) that may
be important to different audiences. Any further analysis
of non-aquatic pathways outside of this study should
develop a separate list of ANS that will likely differ from
those which may exploit the aquatic pathway.

General considerations for assigning probability ratings:

High - Target ANS are established in relatively
close proximity to the location and have ample
opportunity, capability, and motivation to
successfully navigate through a non-aquatic
pathway to arrive at the subject pathway within
10 to 20 years.

Medium - Target ANS are established at
locations in close enough proximity to the location
and have limited capability to survive passage
through a non-aquatic pathway to arrive at the
subject pathway within 20 to 50 years.

Low - Target ANS are not in proximity to the
pathway, and/or it is highly unlikely that they
could survive transit from current locations
through a non-aquatic pathway to arrive at the
subject pathway within next 50 years.

It is likely that most of the ANS of concern could become
established in, and spread from, Grand Lake St. Marys if
they were introduced from anthropogenic sources such
as aquaculture operations or exotic pet trade, bait bucket
transfer, eco-terrorism, bilge releases, contaminated
tackle, wading birds, and other natural and anthropogenic
sources. The lake provides a variety of habitat types that
are suitable for most of the ANS considered in this report.
One reason most invasive species are successful is
the fact that they are able to survive and reproduce in a
wide range of environmental conditions. The motivation
for anthropogenic introductions range from accidental
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to intentional and malicious. Public education regarding
the detrimental impacts of ANS and how to prevent their
spread are likely the best tools to prevent anthropogenic
transfer from occurring.

The aquatic pathway that exists at Grand Lake St. Marys
is perched and periodically drains to both the Mississippi
River Basin and the Great Lakes Basin. The natural
spread of ANS through this aquatic pathway is prohibited
by the Roush Dam on the Wabash River, and the two
outlet structures from Grand Lake St. Marys into Beaver
Creek or the Miami and Erie Canal Feeder Channel.
However, if any ANS were artificially introduced into the
lake they would then only have a downstream swim or
float to arrive within the adjacent basin. It is outside the
scope of this study to evaluate the probability associated
with anthropogenic and non-aquatic vectors and pathways
for ANS transfer between the two basins. Grand Lake St.
Marys is used for recreational boating, with eight state-
operated boat launches and several private boat launches
(ODNR, 2011). It should therefore be noted that the
recreational use of Grand Lake St. Marys does pose some
residual probability for the interbasin transfer of ANS.

4.3 E%QSPJ H:rx of ANS
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General Considerations for Assigning Probability
Ratings:

High - Sources of food and habitat suitable
to the ANS are plentiful in close proximity
to support all life stages from birth to adult,
abiotic conditions align with native range, and
there are no known predators or conditions
that would significantly impede survivability or
reproduction.

Medium - Limited and disconnected areas and
sources of food and habitat suitable to the ANS are
available in proximity, abiotic conditions are within
latitude limits of native range, but only a portion of
the healthy individuals arriving at location can be
expected to effectively compete and survive.
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Low - Habitat and abiotic conditions in proximity
are outside the range where the target ANS has
been known to survive; there is very limited
availability habitat area suitable for ANS cover,
sustainable food supply and reproduction; or
native predators or competition with native
species would likely prevent establishment of a
sustainable population.

Team Rating: Species-specific ratings for this section
were not completed because the ratings for the likelihood
that any of the ANS of concern for Grand Lake St. Marys
would be able to survive transit from their current known
locations in either basin to the pathway were all low.
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General Considerations for Assigning Probability
Ratings:

4.4 %robagl lity of ANS

High - Sources of food and habitat suitable to
the ANS are available, and the species has
demonstrated capabilities to significantly expand
range from locations where initially introduced.

Medium - There are limited sources of food
and suitable habitat, and/or the species
has demonstrated limited ability to spread
significant distances beyond areas where it has
been introduced.

Low - There are severely limited sources of
food and suitable habitat, and/or the species
has demonstrated very limited ability to spread
beyond areas where it has been introduced.

Team Rating: Species-specific ratings for this section
were not completed because the ratings for the
likelihood that any of the ANS of concern for Grand Lake
St. Marys would be able to survive transit from their
current locations in either basin to the pathway were
all low. In addition, it is not possible for any of the ANS
to enter Grand Lake St. Marys by the aquatic pathway
because of the two outlet structures from the lake.

Table 9. Summary of individual probability elements and overall pathway viability rating (Mississippi River Basin
to Great Lakes Basin). Certainty ratings for each element are in parentheses.

Form 3a Form 4
Form 5 (PZC)
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ANS ANS Spread-
Occurring | ANS Surviv- i ing Across Aquatic
Grou Common Mode of FI’Ea;(tiP;\{\{Sq?y Within ing Transit Fnsﬁkg;(simﬂg Aquatic Pathway
® Name Dispersal (Sect 2-6) Either to Pathway? to Pathwa X Pathway Viability
T Basin? (Sect. 4.2.1) (Sect. 4 333' into New Rating
(Sect. 4.1) T Basin?
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Asian Carp,
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Overall Pathway Viability for Spread of ANS from Mississippi River Basin to Great Lakes Basin: L
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Table 10. Summary of individual probability elements and overall pathway viability rating (Great Lakes Basin to
Mississippi River Basin). Certainty ratings for each element are in parentheses.

Form 3a Form 4
(P2a) Form 5 (P20
ANS
ANS ANS Spread-
Occurring | ANS Surviv- T ing Across Aquatic
Grou Common Mode of 'Tgig\?’s%y Within ing Transit Eﬁﬁtgﬁmg Aquatic Pathway
® Name Dispersal (Sect 2'6) Either to Pathway? 0 Eatinwal % Pathway Viability
e Basin? (Sect. 4.2.1) (Sect 4333' into New Rating
(Sect. 4.1) T Basin?
(Sect. 4.4)
. th i . * *
fish Stiokiabare | swimmer M (MC) L (VC) L
Benthic fish
fish ruffe and swimmer M (RC) L (VC) * * L
tubenose
goby
parasitic ; * *
crustacean copepod parasite M (RC) L (VC) L
fish
. pathogen/ * *
virus VHSv wE M (RC) L (VC) L
column
Overall Pathway Viability for Spread of ANS from Great Lakes Basin to Mississippi River Basin: L

5 Overall Aguatic
Pathway Viability

As discussed in Sections 2.4 and 2.5, the determination of
the likelihood of a viable aquatic pathway occurring at the
Grand Lake St. Marys location for each ANS of concern is
the product of five probability elements (Equation 5). Thus,
the probability of a viable pathway for a particular ANS of
concern is equal to the lowest rating determined for each
of the five probability elements (Table 9 and Table 10). The
overall pathway viability for transferring ANS of concern
from the Mississippi River Basin to the Great Lakes Basin
was equal to the highest probability of a viable pathway
for each ANS of concern in Table 9. At the Grand Lake
St. Marys location, all were rated “low” and thus the
overall pathway viability for transferring species from the
Mississippi River Basin to the Great Lakes Basin is “low”.
The overall pathway viability for transferring species from
the Great Lakes Basin is calculated the same way and is
shown in Table 10. At the Grand Lake St. Marys location,
the overall pathway viability for transferring species from
the Great Lakes Basin to the Mississippi River Basin is
“low”. The last calculation is to determine the overall
pathway viability for interbasin spread of ANS which is
calculated by taking the highest of the overall ANS ratings
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for unidirectional transfer which were calculated in Tables
9 and 10. Thus, the overall probability that a viable aquatic
pathway exists at the Grand Lake St. Marys Pathway is
“IOW”.

6 Conclusions

Grand Lake St. Marys is a shallow lake perched at the
divide between the Great Lakes and Mississippi River
Basins. There are only two outflows from the lake and
no inflows other than from direct precipitation and from
a number of small tributary streams on the south side of
the lake. The western outflow presents an impassible
barrier for any ANS that might attempt to enter Grand
Lake St. Marys from the Mississippi River Basin through
Beaver Creek. There is an approximately 17 foot (5.1 m)
vertical drop from the lake into Beaver Creek, a tributary
to the Wabash River. Any ANS moving upstream in the
Mississippi Basin would also encounter the Roush Dam
on the Wabash River near Huntington, Indiana which
also presents an impassible fish barrier. The eastern
outflow also presents an impassible barrier for any
ANS that might attempt to enter the lake from the Great
Lakes Basin through the Miami and Erie Canal Feeder
Channel. There is an approximately seven foot (2.1 m)
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vertical drop from the lake into the Miami and Erie Canal
Feeder Channel which is ultimately connected with the
Maumee River and Lake Erie. Therefore, the overall
pathway viability rating for Grand Lake St. Marys is low.

It is likely that many of the ANS of concern could
become established in, and spread from Grand Lake
St. Marys into either basin if they were introduced
into the lake from sources such as exotic pet trade,
bait bucket transfer, eco-terrorism, bilge releases,
contaminated tackle, wading birds, and other natural
and anthropogenic sources. Grand Lake St. Marys is
used for recreational boating, with eight state-operated
boat launches and several private boat launches. If any
ANS were artificially introduced into the lake from such
vectors they would then only have a downstream swim or
float to arrive within the adjacent basin. However, these
non-aquatic vectors did not influence the overall aquatic
pathway viability rating for Grand Lake St. Marys in this
report, so it should therefore be noted that the unique
geographic positioning and recreational use of Grand
Lake St. Marys does pose some residual probability for
the interbasin transfer of ANS.

6.1 {ap% I[_% ke
Ego rt a/njcgy
temen

While it is not the purpose of this assessment to produce
and evaluate an exhaustive list of potential actions to
prevent ANS transfer at this location, some opportunities
were still identified that, if implemented, could prevent
or reduce the probability of ANS spreading between the
basins at Grand Lake St. Marys. The opportunities listed
below are not necessarily specific to the Grand Lake St.
Marys location and they are also not specific to the USACE
authorities, but incorporate a wide range of possible
applicable authorities, capabilities, and jurisdictions at the

Federal, state, and local levels and include some more
regional opportunities. These are as follows:

* New or improved regulations or ordinances
prohibiting the establishment of drainage
ways that would connect the Mississippi River
tributaries with Great Lakes tributaries.

Grand Lake St. Marys Report
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» Take ANS transfer potential into account

for proposed water resource projects (e.g.,
ecosystem restoration, dam removal, stream
restoration, water management).

Explore and support measures to reduce the
potential source populations of ANS:

* Increase commercial and recreational
harvest, specifically bighead and silver carp

* Implement measures to interfere with
successful reproduction of ANS

* Introduce biological controls such as
diseases specific to particular ANS

Public education to:
* Prevent bait bucket transfers of ANS

» Prevent transfer via boating and recreational
equipment

* Prevent transfer due to religious or cultural
ceremonies

» Improve identification and reporting of ANS
to the appropriate authorities

Support research on the biology of ANS so
transfer potential can be better understood:

* Life history

» Habitat requirements and tolerances

* History of invasiveness

Improve and increase field sampling and

monitoring for the presence of ANS to support

better informed water resource management

decisions within the state and region:

* Develop integrated  ANS sampling
and analysis plans utilizing eDNA and

conventional biological sampling events at
times when ANS would be expected to be

41



42

present in any connecting streams, such as
during flood events.

» Target, encourage, and train recreational
fishermen, boaters and other direct users
of the surface waters of the state of Ohio to
identify, report, collect, and deliver ANS to
the appropriate agencies.

» Prevent introductions of additional ANS:
* Improve regulations for bilge releases
 Improve regulations on the pet industry
* Impose regulations on the live bait industry

* Improve regulations on the aquaculture
industry

None of the opportunities identified above are
exclusive of the others. In fact, any single measure
to prevent ANS transfer through the Grand Lake
St. Marys location would likely benefit from
corresponding development and implementation
of one or more of the other types of opportunities
identified. The results of this assessment may aid
in management and operations of Grand Lake
St. Marys as well as in the implementation future
updates to the Ohio Aquatic Nuisance Species
Management Plan.
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Appendix A

Evaluation Forms for Each Species of
e

Concern for the Grand Lake St. Marys
Location

Grand Lake St. Marys Report
May, 2013



"SJUBAS BWaJIX8 Bulinp uaAs aye| 8U3 JO PUd 1SaM aU3 1 JIdM- 3Y] SSOJIe paulelulew Sl 1yl [eIUSIBLIP 99.LINS JaJeM JurdIHIUBIS 8U] Se ||9M Se ‘aye|
31 JO pua 1ska ay1 1e a1eb a2In|s ayy Jo uoneiado ayl 01 anp Ajdxijun Alybiy sreadde sAiej 1S 9.7 puels) olul saldads Jo Jajsue.l 1wiad 01 uonepunul
Jareamoeq Jo Aljigeqold ayl Ajuo UONYBJIP WeaIISUMOP Ul 9]qIssod paalaq sl MOJL INg ‘SPaysialem y10q 0] pa1aauuod Aeinbal st MojH :Syleway

ssanb v NA

urenaaun Alap

ure1soun Ajgeuoseay Ny

urensoun Ajgeuoseay

Jou Uey} urepad aloN| oy

urena) A|g1elapoN

‘ureluald >_n.®COw.®mm od

urena) Ajqeuoseay

186 01 Bulob wWre | se urelad sy <N

urena) AIap

|oquiAg

"wJ01s Aouanbaly uinial fenuue 90T © uey) Jabre| wouy
BPIAIP UISeq 31 JO 3PIS JBUIS U0 SWealls Usam1ag UoIdauuod Ja1em aeLins e Builio) ysrew 1o Wealls JUsliwIsu|

MO

"wJ01s Aouanbaly uinial [enuue 90T © W) SPIAIP UISeq 8y}

1O SBPIS Y10q UO SWLaJIS Y1IM 1989UU0I pue Palasuuod Jajul awodaq o1 Ajayi| e 1eyl spuod juesiyiubls sureurew Yaiym
apIAIP uIseq Buiuueds pueam Jo UoeIo| 10 ‘Wwiols Aousnbaly uinial [enuue %OT e Wod) shkep ajdinnw oy A|snonunuod
SPIAIP UISE 3] JO SAPIS Y10q UO SWeaJls 0 U0III8UU0d J81eM 82epns e fulurejurew Jo ajqeded weails Jusiiwisiu|

wnipajy

“1eak Jad sawi ajdinjnw syaam 03 SAep 10} SpIAIP UISeq aY) SS0I0e
1912M JO S3WINJOA JURIIHIUBIS ASAUOI 01 PSIUSWINIOP/UMOUS WEaJ]S JUS11IWISIUI JO SPURJIOM pue SWeaJls [eluuaiad

ybIH

_ _ eua14) Alobaye) buney aanenend

buney aaneyend

"wi01s Aouanbaly uinial fenuue 9%T 8yl 01 dn wo1s
Aue woJy suiseq Yyloq ul Swealls Jalempeay 198UU0d pue anddo 01 A|ax1| pawasp SI apIAIP 8yl SSOJ0e MO[} J18YeM 89eLINS Palealiun alaym Uol1eso|
Aue sI Aemyied a1renbe ajgeIA B awiNssy ¢uoi1ed0] 19algns ayl 1e Aemuyied oipenbe a|geIA B JO 82UB1SIXD 8Y1 JO POOY!|aI] 8yl 81ed NOA op MOH T

A b1 A ybIH sbuney wes]

A ybiH A ybiH J9auIbuz olnepAH - S9N

A ybiH A ybiH 18au1bu3z anelpAH - YNAO

A ybiH A uybiH 19au1buz o1nelpAH - 9)1IASINOT ‘JOVSN

A ybiH A ybiH 193u1bu3 a1nelpAH - noa1sa ‘3ovsn
gYIN 01Ul g19 o1ul 9]0J Wea} 10 3]111 uonIsod

A s
Juea) Mol Buey Jurea) Mol Buey asnIo0xg wea] Aemuyied aienby
aoualsixa Aemuyred onpenbe jo Aujigeqoud 1

dae) uelsy - HO ‘sanuno) azie|bny % 19218\ ‘SAIeN "1S aye] puels




"dred peayfbig pue JaAjIs 8yl JO eyl Sk AISUSIXa Se 10U sI died yoe|q
JO UOIINQLISIP UMOUY 3y "uiseg JaAly Iddississiy 1amo] ayl Jo suoiiod ul paysijgelss aq Aew died yae|g "JaAly sioul||| 8yl ul Siaguunu ueaiiubis ul
papJ02al uaaq aney dred peaybig pue died JaAjis yrog ‘uiseg Jaaly iddississin ayl 1noybnoayl paysijgelss ate died peaybiq pue died JaA|IS Syiellay

ssanb vy NA urensoun A1ap
urepIa9un Ajqeuoseay Ny urensoun Ajgeuoseay
"JOU UBY] UIRLI3D 20N M urena) Aj@1elapo
"urelIad Ajgeuoseay 2 urens) Ajqeuoseay
186 01 Hulobh we | se uleyad sy N urepa) A1ap
loquiAs
‘AeMmIa1eM Pa19auU0d B UO 1SIXS 01 UMOUY 10U SI SNV 18bJe] MO
's1eak oz ulyum Aemyred anenbe syl 01 Buinow WNIPo
Jo ajqedeoul paJapisuod si ‘Alljigow pue Alwixoad Jualind uo paseq INq ‘SAemialem pajosuuod uo SIsixa SNY 1abie] P
‘sreak 0z ulyum Ui

Kemuyaed airenbe ayy 01 Huinow Jo sjgeded aq 01 Alwixoad ybnouas asojd ul sAemialem paldauuod uo SIsIxa SNy 19bue]

el9111) Alobare) Buipey aanelend

buirey anirenend

JuIseq Jayua uiyum Burinado SNY Jo Ajigqeqoud syl 81ed noA op MOH 'Z

A wnipaN  |Buiyey wea]
N wnipay 1s16ojo1g - ¥YNQ 0IY0
A wnIpaiN 1siBojoig - YNQ o14o
A WnIpain 1s16ojoig - 31ASIN0T ‘IQVSN
N ybIH 1sibojoig - 9]|1ASINOT 'FOVYSN
Aurera) Buney 9104 WEa} 10 3131 UOWISOd wea] Aemuyied onenby

asijadx3

uiIseq Jay1s Ulyum BuLLINII0 SNV JO ANljiqeqold ¢

dae) ueisy - HO ‘sanuno) azie|bny 7 1821\ ‘sAIe|A 1S ayeT puels




"'SNV 4O Jajsuel] uiseqlalul ayl Joy Ajiqeqoud fenpisal awos asod saop SAIe|A 1S 9T pueld JO asn [euollealdal ay) 1eyl

palou aq 8104318y} pINoYs 1| "sayoune| yeoq areAld [eJaAas pue sayoune| yeoq paresado-ale1s 1ybie yum ‘Buireoq [euonealdsl 1oy pasn si sAIRIA 1S
9y puel9 uISeq JUdJRIPR AU UIYLIM SALLIE 01 TR0} JO WIMS WBaIISUMOP e aAey AJUO Uyl pjnom Aay3 axe| ay3 03Ul PadNPoJIUL Ajjeidlyilie a1am SNY
Aue §| "110dal SIY} Ul paIBPISUOI SN BY3 JO ISOW 10§ B|genns a.e yeyl sadAl yelgey Jo A1alien e sapinodd axe| sy "$8ainos dlushodoiyjue pue [einyeu
J3Y30 pue ‘spJig Buipem ‘ajyoe1 pareulweluod ‘sasealal abjiq ‘WsLI0181-039 ‘1ajsuel) 19x0Nng Jeq ‘apeJi 1ad 9110xa 1o suoielado ainynaenbe se yans
$82JN0S WOJJ PadNPOIIUI I3M ABU3 JI SAIRIA 1S 89X puRIS) WOJ) peaids pue ‘ul paysl|geIss awodag Pinod U1aduod Jo SNY aY3 JO 1sow Jeyy Ajdx| st 3|

sues|\ Jaul0 ybnoayl Aemyied onenby 03 Jsues] BUINAING SNV JO AljIqedold ‘gg “mvtmémm_

"(200Z ‘SMSN) paustiaelse aney daed sseih ayl alaym saxels pauun ayl Jo seale awes syl 8zIuojod 0} a|ge aq pjnoys dJed 3ae|q yey) panal|aq sl
“d1ed sseib ayy 03 Jejiwis A1aa si died yae|q Jo 1euqgey ayl (0T0zZ ‘9z Aine ‘uoneaiunwwod feuostad ‘YNQO) abessed ysiy 01 JaLireq a1a)dwiod e 31 Bupyew
a1monJ3s abessed ysiy ou Sey eyl wep |013U02 Pooy) el (W /) 1004-06 B SI wed ysnoy “ss|iw wealls 00T Ajgrewixoldde si shiepy 1S axe| puels oy
‘JOAIY Useqen 3yl Ui died uelsy JO 1uaIxa wealisdn ayl ‘weq ysnoy WoJj 3urISIp Yl "IBAIY YSeqepn 8yl SI91Ud 49319 Janeag 91ayMm JO Weasisumop
pue ‘euelpu] ‘uolbununy Jeau JaAly ysegepn ayl Uo paredo| wed ysnoy ayl ueyy uiseg Jaary iddississiin ayy ul weaisdn Jayying Aue ssaiboud o1 a|qe
aQ ||Im daed ueisy eyl Ay1un st ‘sanijiqeded yons 8)dsaq “1a1em ay3 JO IN0 $aIURISIP a|qeiapIsuod Buidwnl jo ajgeded ate died JaA|IS pue SIBWWIMS
Buous ale savads ylog ‘sures Areay Buimoj|oy sjans| Jarem Buisu Ag pareniul si dred peaybiq pue JaA|is Jo uonebiw Juanbasgns ayy pue Bulumeds

'swieans Bunossuuo) ybnoay Aemuyred anenby 01 usuel] BuiAing SNY 10 Aljigeqold 've “mv:mem_

ssanb v NA urelIaoun >._m>_
urenIaoun Ajgeuoseay ny urenaoun >_cho£mm_
10U LBy UIeYIad 310\ N urena) >_8§wuo_>__
"urelsad Ajqeuoseay o] urena) Ajqeuoseay|
196 01 buloh we | se urenad sy A urepna) Aiap|
loquis
‘s1eak 0g 1xau ulyum Aemuyred 19algns Je aALLIe 01 Sueaw Jay1o 4o Aemyred direnbe Ag suoneao) o7
1U84INJ WOoJ} JIsueI] SAIAINS PIN03 A3yl 3eyl Axiiun Alybiy si 11 1o/pue ‘Aemyred aya 01 Ayiwixoad ul Jou ale SNy 18bue]
‘s1eak 0G-0z ulyum Aemyaed 10algns ay3 1e aALLIe 03 sueaw Jay1o ybnoiyl 1o Aemyred sirenbe ayy ybnouyy abessed wnipapy
BAIAINS 01 Ajigeded paliwi aney pue uoneao] 03 Aliwixosd ybnous asojd ul SUOLI0| e paysljqeiss ale SNy 18ble] ’
'sieak 0z-0T
uiyum Aemyred 10algns ay 1e aALLe 0] sueaw Jay1o ybnoyl Jospue Aemyred onenbe ayl ybinoyl axebineu Ajjnjssaoons 01 ybiH

uoneanow pue Ajiqeded ‘Aliunlioddo sjdwe aney pue uonedo] 01 Ajiwixoid aso|d AjaAle|al ul paysijgelss ale SNy 18bie]

_ _ _ ena1) A1obare) Buney aanenend|  Buney sanenend

¢sueau 1ay10 ybnoayr Aemyred onenbe 01 1isuel) BUIAIAINS SNY 10 Aujiqeqoad eyl a1es nok op MoH g€

¢swrealls bunossuuod ybnoayl Aemyred dsixenbe 03 Jsuesl BulAiAIns SNY JO Al1jigeqoad ayl a1eld NoA op MOH Vg

A MO sbuney wea]
A MO 1s16ojoig - YN 0140
A MO 1sibojoig - YNQ 01yo
A MO 1s1bojoig - 9||1ASIN0T 'I0VSN
2 wnipa JA MO 1s16ojoig - 8||1ASIN0T '30VSN
9|04 Wea] 10 3J111 UoIISod
Aurena) | Buneygs | Awurensy | Buney ve wea] Aemuyied onenby
asiuadx3
Aemuyaed oienbe 01 11suesy BuiainInNs SNY 1O Alljigeqold “g

dre) ueisy - HO ‘senuno) azre|bny % 19218|A ‘SAIRIA 1S 8Xe] puelo




"SJUBAS BWaJIX8 Bulinp uaAs aye| 8U3 JO PUd 1SaM aU3 1 JIdM- 3Y] SSOJIe paulelulew Sl 1yl [eIUSIBLIP 99.LINS JaJeM JurdIHIUBIS 8U] Se ||9M Se ‘aye|
31 JO pua 1ska ay1 1e a1eb a2In|s ayy Jo uoneiado ayl 01 anp Ajdxijun Alybiy sreadde sAiej 1S 9.7 puels) olul saldads Jo Jajsue.l 1wiad 01 uonepunul
Jareamoeq Jo Aljigeqold ayl Ajuo UONRIBJIP WeaIISUMOP Ul 9]qIssod paAalaq sl MOJJ INg ‘SPaysialem y10q 01 pa1aauuod Aueinbal st MojH :Syleway

ssanb v NA

urenaaun Alap

ure1soun Ajgeuoseay Ny

urensoun Ajgeuoseay

Jou Uey} urepad aloN| oy

urena) A|g1elapoN

‘ureliad ZQ.@COm@mm od

urena) Ajqeuoseay

186 01 Bulob wre | se urelad sy <N

urena) AIap

|oquiAg

"wJ01s Aouanbaly uinial fenuue 90T © uey) Jabre| wouy
BPIAIP UISeq 31 JO 3PIS JBUIS U0 SWealls Usam1ag UoIdauuod Ja1em aeLins e Builio) ysrew 1o Wealls JUsliwIsu|

MO

"wJ01s Aouanbaly uinial [enuue 90T © W) SPIAIP UISeq 8y}

1O SBPIS Y10q UO SWLaJIS Y1IM 1989UU0I pue Palasuuod Jajul awodaq o1 Ajayi| e 1eyl spuod juesiyiubls sureurew Yaiym
apIAIP uIseq Buiuueds pueam Jo UoeIo| 10 ‘Wwiols Aousnbaly uinial [enuue %OT e Wod) shkep ajdinnw oy A|snonunuod
SPIAIP UISE 3] JO SAPIS Y10q UO SWeaJls 0 U0III8UU0d J81eM 82epns e fulurejurew Jo ajqeded weails Jusiiwisiu|

wnipajy

“1eak Jad sawi ajdinjnw syaam 03 SAep 10} SpIAIP UISeq aY) SS0I0e
1912M JO S3WINJOA JURIIHIUBIS ASAUOI 01 PSIUSWINIOP/UMOUS WEaJ]S JUS11IWISIUI JO SPURJIOM pue SWeaJls [eluuaiad

ybIH

_ _ eua14) Alobaye) buney aanenend

buney aaneyend

‘wi03s Aouanbal) uinial [enuue %T 8yl 01 dn wi0ls
Aue woJy suiseq Yy1oq Ul Swealls Ja1empeay 199UU0d pue andao 01 Ajaxi| pawaap SI apIAIP 8yl SS040e MO[L J81eM 39eLINS Paleallun alaym Uoieao|
Aue sI Aemyied a1renbe ajgeIA B awNssy ¢ uoi1ed0] 19algns ayl 1e Aemuyied oixenbe a|geIA B JO 82U81SIXD 8Y1 JO POOY!|a)I] 8yl 81ed NOA op MOH T

A b1 A ybIH sbuney wes]

A ybiH A ybiH J9auibuz olnepAH - S9SN

A ybiH A ybiH 18au1bu3z anelpAH - YNAO

A ybiH A uybiH 19au1buz o1nelpAH - 9)1IASINOT ‘JOVSN

A ybiH A ybiH 193u1bu3 a1nelpAH - noa1sa ‘3ovsn
gYIN 01Ul g19 o1ul 9]0J Wea} 10 3]111 uonIsod

A s
Juea) Mol Buey Jurea) Mol Buey asnIo0xg wea] Aemuyied aienby
aoualsixa Aemuyred onpenbe jo Aujigeqoud 1

(snbue euuey)) peaysayeus uIsylioN - HO ‘senuno) azie|bny 7 1921\ ‘SAue| 1S aye] puels




*10199A 211enbEe-UoU 3OS JO 2UBISISSE 31 INOYUM SIeaA (Z 1XaU Syl UIYIIM UOITRIO0| 3PIAIP SAIRIA “1S 8)eT puels) ay)

{oeaJ pinom 11 1eyl Aj@x1jun si 11 pue awin siy1 1e a1ed yoiy e 1e Buipeaids aq 01 wass 10u saop uoirendod s11 ‘paysiarepn Joary IddISSISSIA| 8Y1 UIYIIM S
sal0ads siy1 ajIyp “eade ay1 ul uonendod Buidnpoidal e paysijgelIss 8ouls Sey pue sesueyly Ul §00Z Ul PUNOJ SeM peayayeus UIBylIou 8y :Syieway

ssanb NA urensoun Ao
ure118oun Ajqeuoseay Ny urenaoun Ajqeuoseay
"JOU Uey] UIe1Iad 810\ N ure1a) Aja1esapolnN
"urenad Ajgeuoseay 24 uren1a) A|qeuoseay
186 01 Bulobh we | se uresd sy N urepa) Aiap
loquiAs
‘Aemiarem pajoauu0od e uo ISIXe 01 UMOUY 10U SI SNV 18bue ] MO
'sreak oz ulyum Aemyred oirenbe sy 01 buinow WNIPS
10 a|gedeaul palapisuod si ‘Aljigow pue Ajwixoad 1us1ind Uo paseq INQ ‘sAemialem pPa1Iauu0d uo SISIXa SN 1abue | .
‘s1eak 0z ulyum
ubIH
Aemuyied airenbe ayy 01 huirow Jo sjgeded ag 01 Awixoud ybnoua asojo ul Skemialem paldauuod uo sisixe SNY 1ebue]
_ _ _ _ elig) A1o6a1e) buney aanenend|  buney aanenend

suiseq Jaylle uiyyim bulinado SNY Jo Aljigeqoud syl a1es noA op MoH 2

oW wnipaN  [Buirey wes]
N WnIpaN 1siBojoig - YNQ@ o14o
N wnipay 1s16ojoig - ¥YNQ 0IU0
N wnipay 1s16ojoig - 9]1ASIN0T 'FOVSN
N wnIpsiN 1s16ojoig - 3|1AsIN0T ‘IQVSN
furenien | Bupey PO 10 oI UOsoc wea| Aemureq onenby
uiseq Jayile ulyum furiinaoo SNy Jo Alljigeqold 'z

(snBue euuey)) pesysyeus uisyroN - HO ‘sainuno) azre|finy % 1923 ‘sAIe 1S ayeT puelo




"SNV 10 Jajsuely uiseqaiul ayy 4oy Aljiqeqoad [enpisal awos asod saop AR "1S 93T puelS JO asn [eUOIRaId8] 31 Jey) pajou

9( 210}213Y1 p|NOYS 3| "sayaune| 1eoq areAud [eIaAss pue sayodune| yeoq paresado-arels 1ybia yum ‘Buireod [euoiealaal 1oy pasn si sArRN 1S ayeT
pueI9 "uIseq Juadelpe ayl UIYlIM SALLIR 01 1BOJ) JO WIMS WEaIISUMOP B aARY AJUO UBY) PiNOM A3yl aye| 8yl 01Ul Padnpo.lul Ajjeldliie alam SNY Aue
J| "1odal Iyl Ul paJapIsuod SNV 8yl JO 1Sow oy a|gelns ate eyl sadA1 1e11gey Jo A1aeA e sapinoid aye| ayl "sa24nos dlusbodoiyiue pue [einyeu
Jay10 pue ‘spJiq Buipem ‘apjoel pareulwrIu0g ‘sasesjal afjig ‘Ws1I01191-099 ‘Iajsuell 1939nq Heq ‘apesl 19d 9110xa 1o suonelado ainynaenbe se yans
$921N0S W04} PadNPO.IUI BIaM A3 JI SAIRIA IS 8YeT puRIS WO} pealds pue ‘Ul paysigelsa awodag Pinod UIaouod Jo SN aU1 JO 1sow 1eyl Ajdx1| sI 3

sueaA Jauy10 ybnoayL Aemuied onrenby 01 usued | BUIAIAING SNY Jo Alljigeqold ge ”wv_hmEmm_

‘Remuyred onenbe ay1 ybnoay)

A1310s SAIe|N 1S 9¥eT puels ojul Aem JIay) puly 0} 3|qe aq PINOM peayayeus uiayliou Teyl Aljiqeqold Moj e St a1ayl ‘a104alay ] "axe| ayl Buliajug
W0y peayayeus Ulayniou Juanald osfe pjnom sATe|y 1S 8xe] puel9 1e 84njanJis 043U09 J1am padeys-n e Jo Uo11aNnJ1sgqo ay) ‘uonippe uj -afessed
ysiy 01 Jalireq a1a1dwod e 1 Bupfew ainjonuis abessed ysiy ou Sey Jey) wep [013U0d Pool) [[el (W /Z) 3004-06 € S| wed ysnoy ay] euelpu] ‘uoibununH
Jeau weq ysnoy Jo weailsdn payedo| si pue SAIR IS 8)eT puels) 03 JBARY USeqeAA AUl S108UU0J ¥9a1) JaAeag 'Saysiewl pue sialemyoeq palajdap
uabAxo ‘queulels ul saAyl sa1ads siy] “aJaydsowie ay3 woly Apoalip uabAxo pasinbal urelgo speayaxeus ulayliou ‘siayrealq e a1ehi|qo sy

'swieal)s Bunosuuo) ybnoayl Aemyred snenby 01 usuel] BUIAIAING SNY JO AIjigeqold Ve ”mv__mEmm_

ssanf v NA urenaoun Em>_
ure1adun Ajgeuoseay ny urenaoun >_nmco£mm_
"JOU UBU] UIeLISD 310N N urena) >_BE%O_>__
"ure1l9d Ajqeuoseay Y urena) A|qeuoseay|
196 01 Bulob we | se urelad sy N urena) AIap
[oquiAs
's1eak oG 1xau ulyum Aemyred 19algns 1e aALLIR 01 SuBaW Jay1o Jo Aemyred onenbe Ag suoneoo) Mo
1Ua1INJ WOJJ JISULI) SAIAINS PIN0d Asyl 1y Ajayijun Ajybiy st 1t do/pue ‘Aemyred syl 01 Aliwixoad ul 1ou aJe SNY 18bae]
‘s1eak 0G-0z ulynm Aemyred 103gns ay3 1e aALLe 03 sueaw Jaylo ybnoayy Jo Aemyied anenbe ayy ybnolyy abessed WnIpay

SAIAINS 01 AIjiqeded paiwil 9AeY pue uoiReso| 01 Awixold yBnous 8sojd Ul sUOIILIO| 18 paysijqelss ale SNy 196.1e ]

's1eak 0z-0T ulynum Aemyred
199[gns ay1 1e aALLIe 0] sueaw Jay1o ybnouyy Jo/pue Aemyred oirenbe ayl ybnoyl a1ebineu A||nyssadons 01 uoieAilow ybiH
pue Ajigedes ‘Aiunyioddo sjdwre aaey pue uonedo] 03 Aywixod aso|d AjpAireja. ul paysijgelss ale SNY 1abue]

_ _ _ el19111) Alobare) Buiey aanenend|  bBuney aaneuend

¢sueaul Jay10 ybnoayl Aemyied oirenbe 01 11suesy BuiaiAIng SNY 40 Alljigeqoud sy 81l NoA op MoH "gg

¢swealls buinaauuod ybnoayl Aemyred anenbe 01 Jisues) BulAIAINS SNY 40 Alljigeqoad ay) 83ed NOA Op MOH "Y€

I\ MO sbuney wea|
o))\ MO 1s160jo1g - YNQ 01YO
A MO 1s1bojolg - 4NQ 01UO
IA MO 1s160jolg - 9]11ASINOT ‘IOVSN
Y wnipaiy IA MO 1s1Bojolg - 9]|IASINOT ‘IOVSN
9]0J Wea] 40 3J111 UoNISod
Aurena) | Buneyge | Awrensd | Buneyve asiiadxg wea] Aemyred onenby
Aemyaed oirenbe 01 usuesy BUIAIAINS SNY 1O AlljIgeqoad °E

(snbBue euuey)) peayayeus UIsylIoN - HO ‘Sanuno) azie|bny % 19213\ ‘sAIelA 1S ayeT puelo




"SJUBAS BWaJIX8 Bulinp uaAs aye| 8U3 JO PUd 1SaM aU3 1 JIdM- 3Y] SSOJIe paulelulew Sl 1yl [eIUSIBLIP 99.LINS JaJeM JurdIHIUBIS 8U] Se ||9M Se ‘aye|
31 JO pua 1ska ay1 1e a1eb a2In|s ayy Jo uoneiado ayl 01 anp Ajdxijun Alybiy sreadde sAiej 1S 9.7 puels) olul saldads Jo Jajsue.l 1wiad 01 uonepunul
Jareamoeq Jo Aljigeqold ayl Ajuo UONRIBJIP WeaIISUMOP Ul 9]qIssod paAalaq sl MOJJ INg ‘SPaysialem y10q 01 pa1aauuod Aueinbal st MojH :Syleway

ssanb v NA

urenaaun Alap

ure1soun Ajgeuoseay Ny

urensoun Ajgeuoseay

Jou Uey} urepad aloN| oy

urena) A|g1elapoN

‘ureliad ZQ.@COm@mm od

urena) Ajqeuoseay

186 01 Bulob wre | se urelad sy <N

urena) AIap

|oquiAg

"wJ01s Aouanbaly uinial fenuue 90T © uey) Jabre| wouy
BPIAIP UISeq 31 JO 3PIS JBUIS U0 SWealls Usam1ag UoIdauuod Ja1em aeLins e Builio) ysrew 1o Wealls JUsliwIsu|

MO

"wJ01s Aouanbaly uinial [enuue 90T © W) SPIAIP UISeq 8y}

1O SBPIS Y10q UO SWLaJIS Y1IM 1989UU0I pue Palasuuod Jajul awodaq o1 Ajayi| e 1eyl spuod juesiyiubls sureurew Yaiym
apIAIP uIseq Buiuueds pueam Jo UoeIo| 10 ‘Wwiols Aousnbaly uinial [enuue %OT e Wod) shkep ajdinnw oy A|snonunuod
SPIAIP UISE 3] JO SAPIS Y10q UO SWeaJls 0 U0III8UU0d J81eM 82epns e fulurejurew Jo ajqeded weails Jusiiwisiu|

wnipajy

“1eak Jad sawi ajdinjnw syaam 03 SAep 10} SpIAIP UISeq aY) SS0I0e
1912M JO S3WINJOA JURIIHIUBIS ASAUOI 01 PSIUSWINIOP/UMOUS WEaJ]S JUS11IWISIUI JO SPURJIOM pue SWeaJls [eluuaiad

ybIH

_ _ eua14) Alobaye) buney aanenend

buney aaneyend

‘wi03s Aouanbal) uinial [enuue %T 8yl 01 dn wi0ls
Aue woJy suiseq Yy1oq Ul Swealls Ja1empeay 199UU0d pue andao 01 Ajaxi| pawaap SI apIAIP 8yl SS040e MO[L J81eM 39eLINS Paleallun alaym Uoieao|
Aue sI Aemyied a1renbe ajgeIA B awNssy ¢ uoi1ed0] 19algns ayl 1e Aemuyied oixenbe a|geIA B JO 82U81SIXD 8Y1 JO POOY!|a)I] 8yl 81ed NOA op MOH T

A b1 A ybIH sbuney wes]

A ybiH A ybiH J9auibuz olnepAH - S9SN

A ybiH A ybiH 18au1bu3z anelpAH - YNAO

A ybiH A uybiH 19au1buz o1nelpAH - 9)1IASINOT ‘JOVSN

A ybiH A ybiH 193u1bu3 a1nelpAH - noa1sa ‘3ovsn
gYIN 01Ul g19 o1ul 9]0J Wea} 10 3]111 uonIsod

A s
Juea) Mol Buey Jurea) Mol Buey asnIo0xg wea] Aemuyied aienby
aoualsixa Aemuyred onpenbe jo Aujigeqoud 1

(snatuodel snjisebiaoap) podado) aniseled - HO ‘senuno) azie|bny % 19219\ ‘SAie 1S aye] puels




‘uiseq saxeT 1eal auy) Ul aJe sa19ads 1soy A1essaoau e pue

sa10ads podadoa aniseAul ayl  “s1enqey Aemyred ayl ul SAIAINS pue asn pjnom died uowwod ayl pooyi|axi syl pue died uowwod ayl Jo sanljigede
91942 aJ1] Y1 10 asneaaq sardads 10y Aj9x1] 1S0W a1 Se pa1da|as sem dued uowwod ayl ‘wialsAs Aemyred syl ul 1SIxa 01 uMmouy aJe saldads ysij 1soy
1310 Iy "Saye] 1eals) ayl wod) sAIe\ 1S 9xeT puels 01 Buipes| Swealls pue SIaAll 8yl Se [jaMm Se ‘UeBIydIN axeT ul paysi|gelse s dJed uowwod
dyL "sayeq1eal9 ayl Inoybnoiyl punoy Ajay 1| SI pue ‘a1i3 axyeT pue UuoJnH axeT ul paldalap uaag sey podadod aAlseAul ay| saldads 1soy 03 yoene

-2J pue yoelap ued sajewa) ayl ‘auseted ayj Jo 1soy Juanbaiy e si died uowwod ayy ‘salvads ysiy Jay1o Ajjernuarod pue ‘Ajiwe) ysiyres ‘Ajiwe) ysiyuns
‘Aliwey mouuiw syl Jo siaquiawi Buipnjoul ‘sa1oads ysiy [edanss uo aseyd oniseded e sydope aewia) ayl Yaiym ul aj9Aa ajlj e sey podadod ayl :syreway

Aemuyied airenbe ayy 01 huirow Jo sjgeded ag 01 Alwixoad ybnoua asojd ul skemialem paldauuod uo sisixe SNY 1ebie]

ssanb NA urensoun Ao
ure118oun Ajqeuoseay Ny urenaoun Ajqeuoseay
"JOU Uey] UIe1Iad 810N N ure1a) Aja1esaponN
"urenad Ajgeuoseay 24 uren1a) A|qeuoseay
186 01 Huloh we | se uresd sy N urena) Aiap
loquiAs
‘Aemiarem pajoauu0od e uo ISIXe 01 UMOUY 10U SI SNV 18bue] MO
‘sreak oz ulyum Aemyred oirenbe sy 01 buinow WNIPS
10 9|gedeaul palapisuod si ‘Aljigow pue Ajwixoad 1us1ind Uo paseq INQ ‘sAemialem pPa1Iauu0d uo SISIXa SN 1ab1e | .
‘s1eak 0z ulyum ubIH

elia11) Alobaye) Huirey aanelend

buiyey aaneyfend

suiseq Jaylie uiyaim burinado SNY Jo Aljigeqold syl a1es noA op MoH 2

oY wnipaN  [Buirey wes]
Y WnIpaiN 1siB6ojoig - YNQ 014o
oY wnipay 1s16ojoig - ¥NQ 0IY0
N wnipay 1s16ojoig - 9]1ASIN0T 'FOVSN
oY ybiH 15160019 - 8[1ASIN0T *JOVSN
Aurens) Buney o1o Emmmaw“wwbamwco_a_moa wea] Aemuyied asienby
uiseq Jayile ulyum funiinaoo SNy Jo Alljigeqold 'z

(snatuodel snjisebiisosN) podado) anisesed - HO ‘Sa1luUN0) azie|bny % 19249|A ‘SAIRIA “1S aYe] puels




"SNV 10 Jajsuely uiseqdajul ayl 4oy Aljigeqoad [enpisal awos asod saop SAIR "1S 93T puels) Jo asn [euoilealdal ayy yeyy

palou aq 2104318y} PINOYs 1| "sayoune| yeoq areAld [eIaA8Ss pue sayoune| Yeoq paretado-a1els 1ybia yum ‘Buireoq [euoirealdsl 104 pasn st sAIep 19
9)e puelS "uIseq Juadelpe 8yl UIYIM SALLIE 0 180[) JO WIMS WRaIISUMOP © 3ARY AJUO USY) PINOM A3 aXe| 8yl 03Ul PadNPOoJIUL AJ[BIDI41IR 3I3M SN/
Aue §| -0dal SIy1 Ul PaJapISU0d SNY 8yl JO 1SoW 10} 9|qenns aJe 1eyl sadAl 1engey Jo A1aLien e sapinodd aye| 8y $82.nos dluahodoiyiue pue jeanyeuf
J13Y30 pue ‘spJiq Buipem ‘ajyoel pareuleIu0d ‘sasealal abig ‘WsLI0418)-009 ‘1ajsuel) 18%9Nng 1eq ‘apedl 19d 2110xa 10 suoiresado ainynoenbe se yons
$821N0S WOJY PAdNPOoIIUI a1am Asyl J1 SAIe|A 1S 9xeT puels woduy pealds pue ‘Ul paysl|gelss awodag pjnod Uiaouod Jo SNY a3 Jo 3sow 1eyl Ay st 3

sueal Jay10 ybnoayl Aemyred airenby 01 1isuel | BUIAIAING SNY JO Alljiqeqold "gE syieway

‘paubisse sem Mo, o Buirel e
‘A1Buip102ay “Ajayiun Ajybiy aq pjnom sAIe|A 1S axeT puels olul BuIpooj) yoeq ‘syusAa poojs Burinp paso|d ale sa1eh a2INn|s syl pue (W T°Z) 199} UaASS
Ajgrewixoidde Jo [auuey) Jopaad [eur) ali3 pue IWel aY1 pue sa1el aIn|s ay) Uaamiag a0USIaLIP UOIRAS|S Uk S| 313Ul SY "Uiseg sexe] 1eals ay)|
03 SAIe\ "1S 8 puelS) 198UU02 Tey) sared 8aINn|s ayl aJe sAIe|\ 1S 8xeT pueJS Yyoeal 01 Ysij 1soy B 10} SU0IaNJIsqo Ajuo sy “dsed uowwod 398jul 0}
punoy uaag sey podadod ay] ‘syuana Moy} axesapowl Buninp uonelbiw weasisdn Jo sjqeded ale pue siawwims Buols ase died uowwo) ‘yidap Jarem|
JO SS3] J0 100} BUO B Sk J3}]| Se Yum sayaup afeurelp sawilawIos pue sayssew se yans Jeldey ajqens ul umeds 01 weasisdn axesbiw died uowwod)
‘SI9ALI 8Y1 UIYUAN "umeds 01 SWialsAs JaALl pue sAeq Jo siaxem mojfeys ayl olul arelbiw died uowwod ‘Aey pue judy ul AjjeaidAy syusaa jound Bulids
Buring ‘uomnedo| Aemyred shrep 1S 9y puRI9 SY1 03 UIsed SayeT 1eals) ayl Ul UoIedo| Juaiind s wol) Buinow podadod onisered ay jo Aljiqeqoad]
31 a1eWIISd 01150y ysiy [ernualod a1ebo.ins e se pasn 8104a1ay3 sem died uowwod ay) pue died Uowwod syl uo punoy uasg sey podadod ay |

‘swiealns Bunosuuo) ybnoay Aemuyred ainenby 01 1isuel] BUIAIAING SNV 40 ANjIgRA0Id VE SyIeway

ssanb v NA urenaoun AJap

urellaoun Ajqeuoseay ny urenaoun Ajqeuoseay

"JOU UBY) UIE1ID 80N N urena) Ajg1e49poin

"urenad A|qeuoseay 4 urena) Ajqeuoseay

"196 03 BuIoB We | se urenad sy A urena) Aia|
[oquis

's1eak oG Ixau ulyum Aemyaed 103lgns 1e aALLIe 0] sueaw Jay3o 1o Aemyied direnbe Ag suoneoo)

MO
1U84NJ WOJJ JISURIY BAIAINS PIN0J Ayl Teyl Ayiiun Ajybiy st 11 1o/pue ‘Aemyred ayy 01 Ayiwixoad ul Jou ase SN 19be] 1
's1eak 0G-0z ulyum Aemyaed 10algns ay1 1e aALLIR 01 Sueaw Jaylo ybnoayy Jo Aemyred airenbe sy ybnouyy abessed WnIpaiy
aAIAINS 01 AJljiqeded paliwi| aAey pue uoiedo| 01 Awixosd ybnous aso|d Ul SUOIIRIO| 1k paysi|gelsa ase SNY 1abie] '
'sieak 0zZ-0T
uiyum Aemuyzed 19algns ayi 1e aALLIe 01 sueaw 1ay30 ybnouyl do/pue Aemyied osirenbe ayy ybnoayy arebireu Ajjnjssaaons o1 ybiH

uoneanow pue Ajjigedes ‘Ayunjioddo ajdwe aaey pue uoiedo| 01 Alwixoid 8sojd AjAIe|al Ul paysljgelss ate SNY 1abie]

_ _ _ _ eua1) Alobare) buiney annelend|  Buney saaenend

¢sueawl Jaylo ybnoayy Aemyred airenbe 01 11suell BulniAIns SNY 40 Aljigeqold syl 81l noA op MoH 'gg

¢swreans bunossuuod ybnoaya Aemyred anenbe o031 1sueal Buiniains SNY 40 Aljigeqoad ay) 83es noA op MOH "Y€

A MO sbuiyey wea|
A MO 1s16ojoig - YN 0140
A MO 1s16ojoig - YN 0140
A MO 1s1bojoig - 9]11ASINOT 'I0YSN
Y wnipsi\ N MO 1s1bojoig - 9]11ASINOT 'I0YSN
9|0J Wea] 10 3111 uonlisod
Aurens) | Buneyge | Aurensn Buney ve wea] Aemyied onnenby
asiuadx3
Aemyaed oirenbe 031 11sue.l BulAIAINS SNV JO A1jIgeqold 'S

(snaluodel snjisebiaoaN) podado) aniseled - HO ‘Senuno) azie|bny 7 1824\ ‘SAIe|A "1S aye] puels




"SJUBAS BWaJIX8 Bulinp uaAs aye| 8U3 JO PUd 1SaM aU3 1 JIdM- 3Y] SSOJIe paulelulew Sl 1yl [eIUSIBLIP 99.LINS JaJeM JurdIHIUBIS 8U] Se ||9M Se ‘aye|
31 JO pua 1ska ay1 1e a1eb a2In|s ayy Jo uoneiado ayl 01 anp Ajdxijun Alybiy sreadde sAiej 1S 9.7 puels) olul saldads Jo Jajsue.l 1wiad 01 uonepunul
Jareamoeq Jo Aljigeqold ayl Ajuo UONRIBJIP WeaIISUMOP Ul 9]qIssod paAalaq sl MOJJ INg ‘SPaysialem y10q 01 pa1aauuod Aueinbal st MojH :Syleway

ssanb v NA

urenaaun Alap

ure1soun Ajgeuoseay Ny

urensoun Ajgeuoseay

Jou Uey} urepad aloN| oy

urena) A|g1elapoN

‘ureliad ZQ.@COm@mm od

urena) Ajqeuoseay

186 01 Bulob wre | se urelad sy <N

urena) AIap

|oquiAg

"wJ01s Aouanbaly uinial fenuue 90T © uey) Jabre| wouy
BPIAIP UISeq 31 JO 3PIS JBUIS U0 SWealls Usam1ag UoIdauuod Ja1em aeLins e Builio) ysrew 1o Wealls JUsliwIsu|

MO

"wJ01s Aouanbaly uinial [enuue 90T © W) SPIAIP UISeq 8y}

1O SBPIS Y10q UO SWLaJIS Y1IM 1989UU0I pue Palasuuod Jajul awodaq o1 Ajayi| e 1eyl spuod juesiyiubls sureurew Yaiym
apIAIP uIseq Buiuueds pueam Jo UoeIo| 10 ‘Wwiols Aousnbaly uinial [enuue %OT e Wod) shkep ajdinnw oy A|snonunuod
SPIAIP UISE 3] JO SAPIS Y10q UO SWeaJls 0 U0III8UU0d J81eM 82epns e fulurejurew Jo ajqeded weails Jusiiwisiu|

wnipajy

“1eak Jad sawi ajdinjnw syaam 03 SAep 10} SpIAIP UISeq aY) SS0I0e
1912M JO S3WINJOA JURIIHIUBIS ASAUOI 01 PSIUSWINIOP/UMOUS WEaJ]S JUS11IWISIUI JO SPURJIOM pue SWeaJls [eluuaiad

ybIH

_ _ eua14) Alobaye) buney aanenend

buney aaneyend

‘wi03s Aouanbal) uinial [enuue %T 8yl 01 dn wi0ls
Aue woJy suiseq Yy1oq Ul Swealls Ja1empeay 199UU0d pue andao 01 Ajaxi| pawaap SI apIAIP 8yl SS040e MO[L J81eM 39eLINS Paleallun alaym Uoieao|
Aue sI Aemyied a1renbe ajgeIA B awNssy ¢ uoi1ed0] 19algns ayl 1e Aemuyied oixenbe a|geIA B JO 82U81SIXD 8Y1 JO POOY!|a)I] 8yl 81ed NOA op MOH T

A b1 A ybIH sbuney wes]

A ybiH A ybiH J9auibuz olnepAH - S9SN

A ybiH A ybiH 18au1bu3z anelpAH - YNAO

A ybiH A uybiH 19au1buz o1nelpAH - 9)1IASINOT ‘JOVSN

A ybiH A ybiH 193u1bu3 a1nelpAH - noa1sa ‘3ovsn
gYIN 01Ul g19 o1ul 9]0J Wea} 10 3]111 uonIsod

A s
Juea) Mol Buey Jurea) Mol Buey asnIo0xg wea] Aemuyied aienby
aoualsixa Aemuyred onpenbe jo Aujigeqoud 1

(ASHA) elwaondas a1beyiowsH [elIA - HO ‘Sa1luno) azle|bny % 19249\ ‘SAIRIA “1S 9yeT puelo




‘Remuyred ayy ul ale salvads 1soy

Aressadau e pue ASHA "sreligey Aemyred ay1 Ul SAIAINS pue asn Pinom died UOWWO0I ay1 pooyIaXI| 8yl pue died uowwod syl Jo sanljiqedes ajoko
all] Y1 Jo asnedaq sa1vads 1soy Ajay1] 1S0W a1 Se Pa1ds|as sem died uoWWwod ay) ‘swealls Buiosuuod Ul 1SIXe 01 UMOUS aJe sa19ads ysi) 1soy Jay1o
BIIYM "SadeT1eal9) ayl Wol) sAIely 1S 9xeT puels 01 Buipes| sWwealls pue SISAL 81 SB ||aM Se ‘saxeT 1eals) ay) Ul paysijqelss si died uowwod ay
*dJed uowiwod Buipnjaul ysiy Jo sa19ads Auew Ul punoy uaaq sey ASHA "Uiseg sayeT 1eals) ayl 1noybnouyl wouy pariodal Usaq sey SNIIA SIYL SyIeway

ssanb vy NA urensoun A1ap
urenadun Ajqeuosesy Ny urenas’un Ajgeuoseay
"JOU Uey] Ulelad aIo N uren1a) A|ayesapolN
"urelIad Ajgeuoseay 2 urens) Ajqeuoseay
186 01 Bulobh we | se uread sy N urepa) A1ap
|oquAs
‘AemIarem pajoauu0d e uo ISIXe 01 UMOUY| 10U SI SNV 18bue] MO
's1eak oz ulyum Aemyred anenbe ayp 01 Buinow WNIPo
J0 8|qedesul palapisuod si ‘Aljiqow pue Ajwixoad Jusiind uo paseq Ing ‘skemialem pazdsuuod uo sisixe SNY 1ebie] P
‘s1eak 0z ulyum
UbiH
Kemuyaed anenbe ayy 01 Huinow Jo sjgeded aq 01 Alwixoad ybnoua asojd ul sAemialem paldauuod uo SIsIxa SNy 19bue]
_ _ _ e8] Alobare) buney aninenend|  buney aanenend

JuIseq Jayua uiyum Burinado SNY Jo Aljigqeqoud syl 81ed noA op MOH 'Z

oY wnipaN  |Buiyey wea]
oY wnipay 1s16ojo1g - ¥NQ 0IY0
Y wnIpaiN 1siBojoig - YN o14o
A\ wnIpsiN 1s16ojoig - 31AsIN0T ‘IQVSN
oY UybiH 1sibojoig - 9]|1ASINOT 'FOVYSN
Aurera) Buney 9104 WEa} 10 3131 UOWISOd wea] Aemuyied onenby

asiladx3

uiseq Jays Ulyum BuLLINId0 SNV JO ANjiqeqold ¢

(ASHA) elwaondas a1beyliowaH [ediA - HO ‘Sainuno) azie|bny 7% 18218\ ‘SAIeN "1S aye] puels




"SNV JO Jasuesy uiseqaiul ayy 1oy Anjiqeqo.d fenpisas awos asod saop sATe|A 1S 83T puRiS JO 3sn [euoirealds. ay)

181 Palou 8q 81018181 PINOYS 3] "Sayoune| 1eoq a1eAud [elaAss pue sayoune| 1eoq palelado-aels 1ybie yum ‘Buireoq [euoiesldal 1oy pasn si sk
1S 9 puRI9 “UIsed Juddelpe ay1 UIYNM SALLIR 03 JEO} JO WIMS WEaIISUMOP B aARY AJUO UBY) PInoMm A3y} 83| 8y 03Ul PaINPO.IUI A|[elolilie 819M SNY
Aue y| “110dau siyy ul paispISU0d SNY 8Y1 4O 1SOW 10} 3|qelInS a.e 1eyl sadAl 1eligey Jo A1aLiea e sapinoid axe| 8yl saainos alusbodolyiue pue jenyeu
1310 pue ‘spJiq Buipem ‘ajx9e1 pareuIleIu0d ‘sasea|al abjig ‘Ws1I01181-009 ‘Iajsuel) 19X9Nng 1eq ‘apesl 1ad 2110xa Jo suoiresado ainynaenbe se yons|
$32.N0S WO.J PAONPO.IIUI BI8M ABU1 JI SAIRIA "1S 8XeT pUeIS WoJj pealds pue ‘Ul paysi|geIss awodag pinod UIsouod J0 SNY 8Yl JO 1sow Jeyl Ajay| si 3|

suealAl J1ay10 ybnoay L Aemyred senby 01 sues ] BUINIAING SN JO A)jiqeqold " Syteway

‘paubisse sem moj Jo Bunel e ‘A|buipioday “Ajxiun Ajybiy aq pjnom sAre (1S axe puels olul Buipooy) yoeq ‘sjuana pooys Bulinp pasod ase
sa1eh 921N|s 8y} pue (W T°Z) 199} USASS INOGE JO [dUURYD Jopas [eue) ali3 pue Welj\ sy} pue seyed adIn|s 8yl Usamiaq adualayip UoleAs|a ue st aiaylf
Sy "uiseg saye1eal9 ayl 01 SAIR 1S 8xeT puelo) 108UU0d 1ey] saleb a2In|s syl aJe SAIR 1S 9yeT puels) Yaeal 01 Ysl 1SoY € 104 SU0IINIISgo Ajuo ay |

'SJUBAS MOJ} 81eJapow Buunp uonelfiw weansdn Jo ajqeded are pue siawwims Buons ase dieds uowwo) ‘yidap
191BM JO SS9 10 3004 BUO Se dJ13| SB UM Saydp abeurep SaWwIaWos pue sayslew se yans Jeliqey a|geins uj umeds o3 weaiisdn ayesbiw dred uowwod
‘SIBALI BUI UIYUAA “umeds 03 SWBISAS JaALI pue sAeq JO S1a1em MO|[eys ay3 ojul a1eabiw died uowwod ‘Aejy pue judy ul sJusaa yo-uni Buuds Buung
‘uonedo| Aemuyred shrep 1S axeT puels ay) 01 uiseg sayeT 18ai9) ayl Ul UOIIRIO| JUSLINI SH WoJ) Buinow ASHA Jo Aljigqeqo.d ay3 81ewinss 03 1soy

yst} renualod a1ebouins e se pasn alojalayl sem died uowwod ay] ‘ASHA 40} 1soy [ennualod e osje si dres uowwod ‘podadod anisesed ayy 01 uoippe ujf

‘sweals Buinosuuo) ybnoay Aemyred airenby 01 Jsuel] BUIANIAING SNY JO Aljigeqold 'VE :Syleway

ssanb v NA uresdun A
urepadun Ajgeuoseay ny ureaaun Ajqeuoseay
“JOU UBY] UIELI8d 810N N urena) AlgresspoNf
‘Ure1Iad Ajgeuoseay oY urena) Ajqeuoseay
396 01 Bu10b We | se urenad sy A urea) Ao
[oquiAg
'sreak 0g 1xau uiyum Aemyred 108lgns 1e aALLIe 01 sueaw Jay10 10 Aemyred onenbe Aq suoneoo) MO
1U8.1INJ W04 JISURIY BAIAINS PIN0d Aayl yeyr Ajaxiun Ajybiy st 1 1o/pue ‘Aemyied ay 01 Anwixoad ui jou ase SNy 18bae]
'sreak 0G-0z uiyum Aemyred 19algns syl 1e aALLIe 01 sueaw Jaylo ybnoayl Jo Aemyied onenbe ayy ybnoay abessed WnIpap
anInIns 01 Aljigeded panwi aAey pue uoiredol 01 Alwixoid yBnoua aso|d Ul SUOIILIO| Je Paysi|qelsa ale SNY 18bue] ’
's1eak 0zZ-0T
uiyum Aemyied 1938lgns ay3 1e aALLe 01 Sueaw Jaylo ybnouyl Jo/pue Aemyied airenbe ayy ybnouyy a1ebineu Ajjnjssaaons o1 ybiH

uoneAnow pue Ayjiqedes ‘Ayunyioddo sjdwre aney pue uoieao| 0 Alwixoad asojd AjaAire|al ul paysi|gelsa ale SNy 18be]

_ _ _ _ elI9111) Alobare) Buney sanelend|  Buney sanenend

¢sueawl 1ay1o ybnoayy Aemyired airenbe o3 1isueul buiniains SNY Jo A11jiqeqoad ayl a3el noA op MoH "9

¢swealys bunoauuod ybnoayl Aemyred onenbe 03 Jisuesy buiaiaIns SN Jo Alljigeqouad syl a1el noA op MOH 'VE

A MO sbuiyey wea]
N MO 1s1bojoig - YN 04O
N MO 1s16ojoig - YN 0140
N MO 1siBojolg - 3JIIASINOT 'FOVSN
2 IITSET A MO 1s160joig - 311ASINOT *FOVSN
9]0 Wea} 10 8311 UoISOd
Aurews) | Buneyge | Aurensy | Buneyve asnuadxg wea] Aemured onenby
Remuyaed a1renbe 01 1isue.l BulAiAns SNY 10 Alljiqeqold '€

(ASHA) elwaondas a1beyiowsH [edIA - HO ‘Sa11uno) azie|bny 7 182Ia|N ‘sAiel 1S ayeT puelo




"S]UBAS BWAJIX8 BuLINP UBAS 88| BY3 JO PUd 1S8M 8Uj1 18 JIdM- 83 SSOIJB paulelulew si 1eyl [eUBISYIP 82ens Ja1em Juedliubis ayl se ||am se ‘axe|
aU1 10 pua 1sea ay] 1e a1eh a2In|s ayy Jo uonetado ayy 01 anp A@Iun Alybiy sreadde sArejA 1S axe7 puels o1ul sal19ads Jo Jajsued] Jiwlad 01 uonepunul
Jareamoeq Jo Ajigeqold ayl “Ajuo uoildalip Wealisumop ul 81q1ssod panal|aq sl MOJ4 INg ‘SpPaysialem ylog 01 palasauuod Ajeinbal s Mojq :Syieway

ssonb v NA

urenaaun Alap

ure11asun Ajgeuoseay Ny

urenaoun Ajgeuoseay

J0U Uey] uleliad alo N

urena) Aja1e4apoN

"ure1ad Ajgeuosesy o

ure1a) Ajqeuosesy

186 01 Buloh we | se urelsd sy N

urena) Alap

[oquiAs

‘wJ01s Aouanbaly uinial [enuue 90T & uey) Jabie| wouy
SPIAIP UISE( 31 JO SPIS J8Y1I8 U0 SWeaJ)s UsaMIag UOI1auu09 J8TeM 39.LINs B BUILLIO) YSIew JO Weals Juaniw.Isiy|

MO

‘wI01s Aouanbaly uinyal [enuue 90T © WoJj SPIAIP UISeq ayl

10 S3PIS Y10 UO SWeal1s Y1IM 199UU0d pue paldsuuod Jajul swodad 01 Ajay| ae 1eyl spuod Jueaiyiubis surejurew yaiym
dpIAIp uiseq Buluueds puejiam Jo UoNRLIO| ‘10 ‘wI01s Aduanbaiy uinlal fenuue QT e wody sAep ajdinjnw 1oy AIsnonunuod
SPIAIP UISeq 9Y] JO SIS Y10Q U0 SWeaJ1s 0] U0IauU0d Ja1em adepns e fulurejurew Jo ajgqeded Wealls JUs1liwIau|

wnipsy

“reak Jad sawn ajdinnw syaam 03 sAep 10j apIAIP UISEq 3yl $S040e
J1a1eM JO Sawin|oA Juediyubis A3AUOD 01 PAIUBWINIOP/UMOUY WBSJIS 1US1IIWISIUI 10 SPUR[IOM PUR SWBaJ]S [eluudlad

uybiH

_ _ _ ey Alobaren Buney aanelend

bunrey aanenend

"w101s Asuanbaly uimal fenuue %T 8yl 01 dn Wwio1s
Aue Wouj suiseq Y104 Ul SWealls 1a1empeay 109UU0d pue 1ndo0 01 A|oX1] PaWaap SI SpIAIP SU1 SS0I0. MO|J J191eM 89eJINS paleaiun alaym Uuoiedo|
Aue s1 Aemuyred onenbe ajgeia e awnssy ¢uoneao] 19algns ayl 1e Aemyted d1renbe ajgeIA B JO 82U81SIX8 8yl JO pooyI|ayl] 8yl 81ed noA op MoH T

A ubiH A ubiH sbuirey wes |

o))\ ybiH o))\ ubiH 19auibu3g olnelpAH - oSN

oA UbIH oA ubiH J9auibu3 olnelpAH - YNQO

o))\ ybiH o))\ ubiH lasu1bu3 o1nelpAH - 811AsIN0T ‘JOVSN

oA UbIH oA ubiH J1aauibug alnelpAH - 1o1a ‘30vsSn
gyIN 01Ul g19 ol 904 Wea} Jo 8111 UoIISOd

A A
1uIea) mol4 Buney 1uIea) mol4 Buney ssniad wea] Aemuyred anenby
2aua1sixa Aemuyred anenbe Jjo Aljigqeqoud T

('sLreunpiwas snuUIYJ4013810.4d)

Aqo9 asouaqn] 7 (snnuuad snjeydaydsouwAo) ayny - HO ‘Sailuno) azie|bny 7 18048|A ‘SAIe|A 1S aye] puels




'S91IeN]Sa pUR SIBALI SaxeT Jealo) Jablue| JO saydeal JaMo| SU3 Ul Palda||0d Uaaq Sey 1| "OLIeluQ pue ‘Joladng ‘uoiny ‘a3 ‘re|d 1S axe] sapnjoul abuel
paonpo.iui s,Aqob asouagny 8yl ‘SaLeInqlil weaisdn Jsjjews ul ajJni syl Jo UO0III9]|09 SY) Pa1USLWINIOP 10U dARY BIep ABAINS YSI) [en1oe pue SMaIAaJ
2InJeJall] "uoinH axe] pue uebiydi axe7 Jo uoniod Aeg usais ayl ‘1ouadng axeT ul paliiIuapl uaaq Sey a1ind syl pue ‘saxe] 1eals) ayl bulisiua
SW9)SAS JaALl afe| JO Salen]sa pue SYINoW JaALI Y1IM PaJeIJ0SSe pue SaxeT 1eals) ayl UIYlIM paledo| ate Aqob asouagn) pue ayni ayl :Syieluay

Aemuyied airenbe ayy 01 huirow Jo sjgeded ag 01 Awixoad ybnoua asojo ul Skemialem paldauuod uo sisixe SNY 1ebue]

ssanb NA urensoun A1ap
ure118oun Ajqeuoseay Ny urenaoun Ajqeuoseay
"JOU Uey] ULl 810\ N ure1a) Aja1esapolN
"urenad Ajgeuoseay 24 uren1a) A|qeuoseay
186 01 Bulobh we | se uresd sy N urena) Aiap
loquiAs
‘Aemiarem pajoauu0od e uo ISIXe 01 UMOUY 10U SI SNV 18bue ] MO
'sreak oz ulyum Aemyred oirenbe sy 01 buinow WNIPS
10 a|gedeaul palapisuod si ‘Aljigow pue Ajwixoad 1us1ind UO paseq INQ ‘sAemialem pPa1Iauu0d uo SISIXa SN 1ab1e | .
‘s1eak 0z ulyum ubIH

elia11) Alobaye) Buirey aanelend

buiyey aaneyend

suiseq Jaylle uiyyim burinado SNY Jo Aljigeqold syl a1es noA op MoH 2

oY wnipaN  [Buirey wes]
Y WnIpaiN 1siBojoig - YNQ@ o14o
oY wnipay 1s16ojoig - ¥YNQ 0IU0
A wnipay 1s16ojoig - 9]1ASIN0T 'FOVSN
O ybiH 15160019 - 8[[1ASIN0T *JOVSN
Aurens) Buney 9101 Liean 10 opti Uohisod wea] Aemuyied asinenby

as1Jadx3

uiseq Jayue UIyum BuLLInggo SN Jo Aljigeqold g

(sueun|

ILUS SNUIYJI048104d)

Ago9 asouagn] / (snnuJad snjeydaydouwAs) ayny - HO ‘SanuNo) azie|bny % 192491\ ‘SAIRIA “1S aYe] puels




"SNV JO Jajsuel] uisequaiul ay) 4oy Ajigeqold fenpisal awos asod saop sAIep 1S 9xe puRIS JO SN [eUONeaIda) sy}
1eU) PaloU 3 310§3I3Y3 PINOYS 3| "Saydune| 3eoq aleAlld [eJaAas pue sayaune| yeoq paresado-a1es ybie yum ‘Buireoq [euonealdal 1oy pasn si sAIe 15
a)e] puel9 "uiseq 1usdepe syl UIYIIM SALLIR 0] 1e0}) 40 WIMS WEaIISUMOP & aAeY AJUO UsY) pinom Asy) x| 8yl 03Ul paonpoJlul AjjeIdlilre a1am SNY
Aue J| "110da1 SIY3 Ul PaIBPISUOI SNY Y3 JO 1SOW J0) 3|gelNs a.e eyl sadAl 1engey Jo A1etieA e sepinoad axe| ayL "s8ainos dlusbodoiyiue pue [einyeu
1310 pue ‘spliq Buipem ‘apjoel pareulwriuod ‘sasealal abiq ‘WsLI0.1181-099 ‘Iajsuel] 18939Nng e ‘apesl 19d 2110xs Jo suoesado ainynaenbe se yons|
$921N0S WO.J PadNPOIIUL d1am ABUl JI SAIR 1S 8T puelo WwoJ) pealds pue ‘Ul paysl|gesa awodag pinod Uladuod Jo SN 8yl Jo 1sow Jeyy A 1
sues|Al 1aY30 ybnoayl Aemuyied airenby 03 usues | BuIAIAING SN JO ANjgeqold "gs Sysewsay

‘paubisse sem mo| Jo Buirel

' ‘Albuip1odaay “Aixiun Ajybiy ag pjnom sArei 1S axe puels) olul Buipooyy 3aeq ‘sjuana pooy) Burinp pasofd aJse sayeb adins ayl pue (W T'z) 199} UBASS
1N0QR JO [auURY) Japas4 [eue) al13 pue IWwel syl pue saxeh 821njs sy Usamiaq 92UaIajIp UOITBAS|S Ue S| 81aY) Sy “Ulseq sayeT 1eals) ay) 01 sAIey
1S 97 pue.9 198UU02 Jeyl sa1eh adIn|s ay) ate SAIRIA 1S 8XeT puelo yaeal 01 saloads asayl Joy (Anjigelins Tengey ueyl Jayjo) uonoanilsqo Ajuo ay |

"JUSISIXaUOU USAS J0 payill| 3q Aew JBAIY SAIRN 1S 8 pue ‘[eur)

8113 pue |Wel 1Ay azie|Bny ay1 Ul Aqof asousqny pue ajnJ ay1 10} 1LIICGRY S|qRINS ‘ISASMOH "UOI198UL02 3U1 JO SpIS SayeT 1eals) ayl Inoybnoaylf
9|qe|rene aq Aew ysiy 03 uopjue|dooz wouy Buibuel abelo) JusidyNg “8yNnt syl ueyl Jeligey aullaAll Jo sadAy asianip aiow ul Buial| jo ajqede))

210w aq 01 steadde Aqob asouagny 8y "si1aALl BUIMO}} MOJS JO SallenIsa pue si1ayem uado ay ul punoy st Aqob asouaqni ay] "a|qeuonsanb si swep Jano
arefiw pue syuana moyy ybiy Burinp weansdn wims 03 Ajige s,84ni ayL "Jayem uesjd ul sumeds pue ayel Ayipunday ybiy e sey aynl syl "SUOIIPUOD)
[eIUSILOIIAUS pUe STELIgRY JUSISMIP 104 80URIS|O0)  Sey INg ‘[9ARIB pue pues 1aA0 Ajfensn ‘siaAll Jo sjood pue saxe| 4o siarem daap siayaid ayni sy

‘swreans bundauuo) ybnodyl Aemyred onenby 03 Jisuel] BUIANIAING SNY JO ANjIqeqOld 'VE Syleway

ssanb v NA EVENTRYSEN
urepaoun Ajgeuoseay Ny ureasun Ajqeuoseay
'JOU Uy} UMD 310N N urena) AjaresapoN|
"ure1Idd Ajqeuoseay o] urea) Ajqeuoseay
"196 01 Bu10b we | se urelad sy A urena) Aa|
JoquiAs
's1eak oG 1xau uiyum Aemyied 103[gns 1e aALLe 01 sueaw Jaylo Jo Aemyred airenbe Aqg suoneao| MO
JU8LIND WY JIsURIY SAIAINS PIN0d Aayl 1eyy Ajxiun Alybiy st 11 Jo/pue ‘Aemuyred ayy 01 Awixoud uljou ale SNy 19ble ]
's1eak 05-0z ulynm Aemyaed 393[gns ay3 1e aALLIe 03 sueaw Jaylo ybnoiyy o Aemyyed airenbe ayy ybnoayy sbessed wnipo
aAIAINS 01 Ajigeded payiwil aAey pue uonedo| 0 Alwixold ybnous asojd Ul SUOIIRIO| Ye Paysl|qelsa ate SNy 18bue| '
's1eak 0Z-0T
uiyum Aemuyred 198lgns ay3 Je aALLIe 0] sueaw Jayo ybnoiyl Jospue Aemyred anenbe ayl ybnoayy axehineu Ajinyssadons 01 ybiH

uoneAnow pue Aujigedes ‘Ajiunyioddo ajdwre aney pue uoneao| 01 Awixoad asofd AjlaAire|a. ul paysigelss ale SNy 1eble
_ _ _ _ ela111) Aiobare) buney annenend|  Buney sanenend

¢sueall Jay1o ybnoayx Aemyred onenbe o1 1suean buiainins SNY Jo Aljiqeqoad ayl a1ed noA op MoH "g€

¢swealis bungsuuod ybnoayy Aemyred onenbe 01 1suesy BuiAiAIng SNY 40 Aljigeqouad syl 81el NoA op MOH V€

N MO mmc_umm wea]
A MO7 1s1Bojoig - ¥NQ 0IyO
OA MO ysibojoig - NG 0140
A MO 1s16ojoig - 8||IASINOT ‘JOVSN
o] wnipain N MO 1s160joig - 8]11ASINOT ‘IIVSN
9|04 Wea) 10 3[11) UoISOd
furens) | Buneyge | Aurens) | Buney ve asiadxg wea] Aemyied anenby
Aemyaed onenbe 01 usuesy BulAIAINS SN JO A11jiIgeqold "€

('sureuniwas snuIyJ0.1910.d)
Aqo9 asouaqn] 7 (snnuiad snjeydaysouwA9) ayny - HO ‘sainuno) azie|fny % J8dIaIN ‘sAIRIN 1S ayeT puelo




"S]UBAS SWBJ1Xa BuLINp UBAS a¥e| 31 JO PUS 1S8M 3U1 1B JISM-N S SSOJJe paurelureLl sl 1ey) [enuaIaiip a9eLINns Ja1em 1UedIIUBIS ay) e |[am Se ‘aXe|
a1 JO pua 1ska ay] 1e a1eb adinis ayl Jo uonetado ayy 01 anp AyIjun Ajybiy sreadde sAre| 1S axeT puerls olul $a19ads Jo Jajsues] waad 01 uonepunul
Jayemyoeq Jo Ayjiqeqoud ayl “Ajuo uoi19aJIp WealIsumop Ul 8]qissod panal|aq St MOJS INg ‘Spaysalem y1oqg 01 palasuuod Alreinbial st moj4 :syleway

1918M JO Sawn|oA JuedlIubis AoAU0I 01 PEIUSLINIOP/UMOUS WEaJ1S 1US1IILLISIUI 10 SPUR[ISM pUR SWBaI]S [eluualad

ssanb v NA urenaoun AIap
ureIdIuN Ajqeuoseay Ny urenadun Ajqeuoseay
"JOU Ueyl Ulenad aloN IN urena) Ajerelapon
"ure1uag Ajqeuoseay 3y urena) Ajqeuoseay
186 01 Buloh we | se uread sy N ETERYSENN
loquiAs
"wl031s Aousnbauiy uinyal [enuue 9,0°T e ueyl Jabie| woly Mo
APIAIP UISE( 8Y1 JO BpIS J8YUB U0 SWEaJlls Udamlag UO[Iauu0d JaJem a2ens e BullIo) ysiew Jo wealls JusiiwIaly|
"WwJ01s Aouanbaly uinial [enuue 90T © WO} SPIAIP UIseq syl
JO SBPIS Y10q U0 SWEaIIS YUM 198UU0I puUe Paldsuuod 1alul swodaq 01 Ayl a4e 1ey) spuod Juediiubis surejurew yaiym WNIPS
3pIAIp uiseq Buluueds puejlam Jo uoiedIo| ‘o ‘w.0ls Aouanbaly uinlal enuue 9%QT & wolj sAep ajdinw Joy A|snonunuod .
BPIAIP UISed 8y JO SBpIS Y10g UO SWeaJls 01 U0III8UU0d JaYem adens e Bulurelurew Jo ajqeded weas Jusniwisiu|
"Jeak 1ad sawn ajdinnw syaam 01 sAep 10} apIAIp UISeq ayl SsoJde 4IH

_ _ eua1) A1obare) Buney aanerend

buney aanenend

"w01s Aouanbaly uinjal fenuue 9T 8yl 01 dn W0IS
Aue wouy sulseq Yyloq Ul Swealls Ja1empeay 198uU0d pue Inddo 01 A|9y1] pawaap SI 9pIAIP 8yl SS0J0B MOJ) Ja1eM 8J.LINS Paleallun a1ayMm Uoiedo|
Aue s1 Aemyred a1renbe ajgeln e swinssy ¢uo11eao] 198lgns ayy 1e Aemuyied oirenbe a|gelA e JO 89Ud1SIX8 Yl JO POOYI|9X1] 8y} 8Xed NOA op MOH T

N ybiH A ybiH sbuney wea|

A UbIH A ubIH J93uibuz alneIpAH - $OSN

oA ybiH oA ybiH J9aulbu3 alnelpAH - YNAO

A UbIH A ybiH J18auibu3 alnespAH - 8J1AsIN0T ‘JVSN

oA ubiH oA UbiH 193uiBu3 alnespAH - Ho1ad ‘I0VSN
gdn ol g19 ojul 9]0J Wea} Jo 8[113 UoNISOd

Aureps Aureps
JUIEHSY MO|4 Buney JUIEHSY Mo[4 Buney asiadx3 Wwea ] Aemuped onenby
aoualsixa Aemuyred onenbe jo Aljigeqold T

( snyea|nde SNa1s04a1Se9) YIegayINns auldsaaly] - HO ‘senuno) azie|bny 7 19249|A ‘SArel 1S aye] puels




's1aA11 ab.e| pue saxe| Buipnjoul 1eligey Jo A1811eA @ Ul 1Nd20 Aew INg SWRaJ]S J3|[ews Ul 3Al| 0] sia)a.d sa1oads siy) sa1edlpul ainjelall]
"SWI1SAS JBALI puB|UI BWIOS UI Pa199]|09 Uda( Sty pue oLeluQ axeT 1daoxe saxeT 1eals) ayl Jo Yoes Ul punoy si %oegajyons aulds 8aiyl syl :Syiewsy

ssanb vy NA urensoun A1ap
urenadun Ajqeuosesy ny urenasun Ajgeuoseay
"JOU Uey] Ulelad aIo N uren1a) A|ayesapolN
"urelIad Ajgeuoseay 2 urens) Ajqeuoseay
186 01 Bulobh we | se urensd sy N urepa) A1ap
|oquiAs
‘Aemiarem pajoauu0d e uo ISIXe 01 UMOUY| 10U SI SNV 18bue] MO
's1eak oz ulyum Aemyred anenbe ay1 01 Buinow WNIPo
JO 8|qedesul palapisuod si ‘Aujiqow pue Aywixoad Jusiind uo paseq Ing ‘skemialem paldsuuod uo sisixe SNY 1ebie ] P
‘s1eak 0z ulyum Ui

Kemuyaed anenbe ayy 01 Huinow Jo sjgeded aq 01 Alwixoad ybnouas asojd ul SAemialem paldauuod uo SIsIxa SNy 19bue]

el9111) Alobare) Buipey aanelend

buirey anirenend

JuIseq Jayua uiyum Burinodo SNY Jo Aljigqeqoud syl 81ed noA op MOH 'Z

N wnipaN  |Buiyey wea]
N wnipay 1s16ojoig - ¥NQ 0IY0
N WnIpaN 1siBojoig - YN o14o
N wnIpa 1s16ojoig - 31AsIN0T ‘IQVSN
N ybIH 1sibojoig - 9]|1ASINOT 'FOVYSN
Aurera) Buney o104 Emmou_mh_mmvm%vmcoz_moa wea] Aemuyied onenby
uiseq Jay1le ulyum funiinaoo SNy Jo Alljigeqold 'z

('snyes|noe sna1soa1se) MoeqandIls auldsaaly ] - HO ‘Salluno) azie|bny % 18249\ ‘SAIRA “1S aXe] puel




"SNV 4O Jajsur.l uisegaiul ayl 4o} Aljigeqoad enpisal awos asod saop sAIR\ '1S 8yeT puels) JO asn [euoiealdal ayl 1eyl palou

aQ 210JaJay1 pinoys 3| 'sayoune| 1eoq areAlld [eJanas pue sayoune| Jeoq palesado-are1s 1ybia yum ‘Buireoq [euoirealsal 1oy pasn si SAIR 1S axeT]
puelS "uiseq 1uadelpe ayl UIYLM aALLIR 0] 10|} 10 WIMS Wealsumop e aney Ajuo uayl pjnom Aayi axe| ayl 01ul padnpoJlul Ajfeioiiie alam SNy Aue
JI "1odai SIyY Ul paJspIsu0d SN 81 JO 1sow Joj a|qelins aJe Jeyl sadA1 1enqey Jo A1aliea e sapinoid axe| ayL "s82.nos dlushodolyiue pue [einjeu
310 pue ‘spJig Buipem ‘ajyoe] pareulwrlu0d ‘sasealal ab|iq ‘WsLI0.1191-029 ‘Jajsuel] 19x9Nnq Heq ‘apeJl 1ad 9110x8 Jo suoiesado ainynaenbe se yans
$824N0S WOJ) PAONPOJIUL BI8M ABY] JI SAIRN 1S 8XeT puelS Wol) pealds pue ‘Ul paysi|gelss awodag pjnod UIdduod Jo SNY 8yl 40 1sow 1eyl Ay si 1

suealA Jay10 ybnouyl Aemuyred onenby 01 1suel] BuiAiAINg SNY 10 Aljigqeqold 'ge syreway|

‘paubisse sem moj 40 Buires e ‘A|Buipaoady “Kxiun Alybiy ag pinom sAieiy 1S 8xe7 pueds olul BUIPOO| oeq ‘SlusAd
pooyy Buunp paso|d ase sayel 82In|s ayl pue (W T°Z) 189} UBASS INOGE JO [duURY) J8Pas [eue) a3 pue IWelp\ 8y pue sayed adins ay) usamiag|
89UBJBYIP UOIILABIS Uk S| 818yl SY “|auuey) Japas4 [eue) 8113 pue IWelj 8yl 01 SAIB|A 1S 8)eT puels 198Uu0d Jeyl sared adinis syl ate skiep

1S 97 puel9 Yyoeal 01 Ysy SIY1 10} UOIINIISCO AJUO 8y "SWBISAS JBALI JB[[eWS Ul pue SayeT 1eal9) syl Ul punoy uaaq Sey Yaeqapons auids aalyl syl

'swealys Buiosuuo) ybnoay | Aemyyed oirenby 03 Jisuel | Bulnivng SNV Jo Aljiqeqold Ve sewayf

ssanb v NA urenaoun bw>_
urensaun Ajgqeuoseay Ny urenaoun Ajqeuoseayl
"JOU UBY} UIelad alo N urea) Ajarelapo
"ure1ad Ajgeuoseay 24 urena) Ajgeuoseay|
180 01 bul0h we | se urensd sy A urena) Aiap|
|oquIAS
'sieak 0g 1xau uiylm Aemyred 103gns Je aALLIe 0} Suesw Jaylo 1o Aemyred anenbe Aq suoneoao| MO
1U814N2 WoJy Jsue) 8AIAINS PINod A3yl 1ey3 Ajayijun Aybiy si 1 Jo/pue ‘Aemyred syl 03 Alwixoad ul Jou ale SNy 39bie ]
'sieak 0G-0z uyum Aemyred 108lgns ay e aale 01 sueaw Jay1o ybnoy 1o Aemyred oirenbe ayy ybnoayl abessed wipapy

BAIAINS 01 Ajigeded palwi| aAey pue uoiedo| 03 Alwixoid ybnous 809 Ul SUOITLIO] 18 PaysI|gelsa e SNY 18bie]

‘sreak 0z-0T ulyum Aemyred
109[gns ay3 1e aALLIe 0} sueaw Jay1o ybnoayy Jo/pue Aemyred onenbe ayl ybnoayl srehineu Ajnyssadons o0l uoieAllOW ybiH
pue Aujiqedes ‘Alunyioddo sjdwe aney pue uoledo| 03 AJwixoad asojd AjaAire|as ul paysijgelss ate SNy 1ebie]

_ _ _ _ euau) Aiobare) Buney annjenend|  bBuiey saneuend

¢sueaw Jay1o ybnoayy Aemyied onenbe 01 1isuel] BUIAIAINS SN JO Alljigeqo.d ayl a1el noA op MOH g€

¢swieans buinosuuod ybnoayl Aemyaed osizenbe 03 3isuesy Buiainins SNY 40 Alljigeqoud ayl a1ed NnoA op MOH "VE

A MO sbuiley wea|
A MOT 1siBojoig - YNQ 0IU0
A MOT 1siBojoig - YNQ 0IUo
A MO 3s1bojolg - 8]1AsIN0T '3OVYSN
o) wnipsiy A MO 3s1bojolg - 8]|1AsIN0T ‘JOVSN
9]0J Weal J0 3J11] UoNISOd
RAurens) | Buney gs | Awurensy | Buney ve wea] Aemyred anenby
asiuadx3
Aemuyired a1renbe 03 1suel] BUIAIAINS SNY JO Alljigqeqold S

(snyesjnoe sna1s01a1se9) ¥aeqaans auidsaalyl - HO ‘sainuno) azrebny % 19213\ ‘SAIRA 1S axe] puels)




