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E.2 NONSTRUCTURAL ALTERNATIVE

E.2.1 ANS Potentially Invading the Great Lakes Basin

E.2.1.1 Crustaceans

E.2.1.1.1 Scud (Apocorophium lacustre)

NONSTRUCTURAL ALTERNATIVE

This alternative would potentially include a combination of the
following measures that may be implemented at time step 0 (Tg, in units of years) by local,

state, and federal agencies and the public. The Nonstructural Alternative would include the
development of a monitoring and response program.

Nonstructural Alternative Measures for Apocorophium lacustre

Option or
Technology

Description

Education and
Outreach

e Signage, pamphlets, and brochures on how
to identify ANS and control the spread of
ANS; promote national campaigns (i.e.,
“Stop Aquatic Hitchhikers”)

e Education of recreational waterway users

Anti-fouling Hull
Paints

e Education of vessel owners and operators to
promote use of anti-fouling hull paints

Ballast/Bilge-water
Exchange

e Ballast/bilge-water exchange

e Agency monitoring

Monitoring i
e Voluntary occurrence reporting
Laws and e FWS Lacey Act listing ' '
. e Mandatory watercraft inspection and
Regulations T
decontamination
ANS Controls ANS Factsheet®
Piscicides Piscicides
Methods & g

Desiccation (Water
Drawdown)

Lethal Temperature

® For more information refer to GLMRIS Team (2012).
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

PATHWAY 1
WILMETTE PUMPING STATION (WPS) TO BRANDON ROAD LOCK AND DAM

NONSTRUCTURAL: Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water
Exchange, Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY
No New Federal Action Rating

Probability To Tio Tas Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) High Low High Low High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | High = High | - | High | - | High -

a “_n

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to
characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Probability To Ty Tys Tso

Element P U P U P U P U
P(pathway) High None High | None | High None | High None
P(arrival) High Low High Low High Low High Low
P(passage) High Low High Low High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | High | - | High | — | High | — | High | -

a “_n

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to
characterize overall uncertainty for an aggregate rating.

EVIDENCE FOR ESTIMATING THE RISK OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are expected
to reduce or eliminate the hydrologic connection between the Wilmette Pumping Station
(WPS) and Brandon Road Lock and Dam over the next 50 years. The Nonstructural

Alternative does not impact the pathway.

Uncertainty: NONE

Nonstructural



PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
The species is a sideswimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles; therefore, there is
no planktonic stage. A. lacustre was first reported from freshwater in North America in
1987-1988 from the lower Mississippi River between 820 and 829 km (510 and 515 river
miles [rm]) (Grigorovich et al. 2008). In 1989, it was detected downriver at 719 km
(447 rm). In 1996, it was first found in the Ohio River and subsequently moved
1,149 km (714 mi) up the Ohio River within a year (Grigorovich et al. 2008). On the basis
of these movement data, this species exhibits a very rapid invasion speed. By 2003,
A. lacustre invaded the lllinois River and expanded into the upper Mississippi River in
2005 (USGS 2011). “A. lacustre rapidly expanded its range into the upper reaches of the
Ohio and lllinois Rivers. These discontinuous rapid expansions within the upper
Mississippi River waterway are attributed to shipping transport, most likely via hull-
fouling” (Grigorovich et al. 2008). A. lacustre typically moves downstream, not
upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
natural dispersion through aquatic pathways to Brandon Road Lock and Dam.

b. Human-Mediated Transport through Aquatic Pathways
The species may be transported by attaching to boat hulls or ballast water, and vessel
traffic is the fastest means of upstream spread (Grigorovich et al. 2008;
Johnson et al. 2007). There is also heavy commercial and recreational traffic through
Brandon Road Lock and Dam from the lower Mississippi River Basin (USACE 2011b),
suggesting a high probability of human-mediated transport to the pathway. The
Nonstructural Alternative includes ballast and bilge water transfer, to address the
transfer of A. lacustre via this type of human-mediated transport.

Anti-fouling hull paints are a possible measure for controlling hull fouling of

A. lacustre on vessels. However, these paints are only considered temporarily effective
at controlling the attachment of fouling aquatic nuisance species (ANS) due to wear
from normal vessel operation (i.e., chipping, scraping, punctures, and abrasion) which
exposes unprotected surfaces. Other factors that influence effectiveness include the
type of anti-fouling hull paint (toxic [with biocide] or nontoxic); frequency and method
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

of application; frequency of hull cleaning compared with the manufacturer-
recommended cleaning schedule (e.g., possible dry-docking schedule for cleaning); and
development and compliance with future regulatory schemes that would require anti-
fouling hull paints on commercial and recreational vessels. Currently, environmental
communities and regulators are discouraging the use of biocide-based hull paints
because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
human-mediated transport through aquatic pathways to Brandon Road Lock and Dam.

Current Abundance and Reproductive Capacity

To: The species does not densely populate the Mississippi River Basin but can be locally

abundant. “A kick sample from the upper Mississippi River in 2006 yielded 196 A.

lacustre (density = 457 individuals/m™), but most samples had far fewer specimens.

Population density of A. lacustre in the Ohio River increased from 6.7 (+6.3; standard

deviation)/m™ in 2004 to 15.7 (+31.1)/m™ in 2006, and density in the upper Mississippi

River increased from 65.6 (+87.3)/m™in 2005 to 87.3 (+182.1) individuals/m™ in 2006;

these differences, however, were not statistically significant” (Grigorovich et al. 2008).
The Nonstructural Alternative is not expected to affect the current abundance or

reproductive capacity of A. lacustre.

Ti0: See Typ. Abundance is expected to increase beyond Ty levels.

Tys5: See Tqp.

Tso: See Tqp.

Existing Physical Human/Natural Barriers

To: There are no existing barriers. This species is at or close to the pathway and moved

through several locks as it moved northward from the lower Mississippi River Basin.
The Nonstructural Alternative does not include physical human/natural barriers.

T10: See To.

T25: See To.

Tso: See To.

Distance from Pathway
To: In 2005, A. lacustre was found in the lllinois River just above the Dresden Lock and
Dam, less than 32.2 km (20 mi) from Brandon Road Lock and Dam in the Illinois River
(USGS 2011).

The Nonstructural Alternative is not expected to limit the movement of A. lacustre
outside of its current distribution.
Ti0: See Typ. The species may be closer to the pathway or at the pathway entrance.
Ty5: See Tqp.
Tso: See Tqp.
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)
To: Suitable habitat for this species includes the benthos of estuaries, rivers, and lakes,
and intertidal zones in native estuarine habitat; A. lacustre has been collected on snags
and in the benthos in the Ohio and upper Mississippi Rivers (Angradi et al. 2009). In the
upper Mississippi River, this species is associated with rocks and snags (Angradi et al.
2009); in the Ohio River, where cobble and boulder habitats are less common, it is
primarily associated with sand and snags (Grigorovich et al. 2008). The species tolerates
a wide range of temperatures based on existing distribution. A. lacustre is a pollution-
tolerant species (Ysebaert et al. 2000) and is not found in fast-flowing or turbid water
(Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to reduce the habitat suitability for
A. lacustre in the Mississippi River Basin.
T]_o: See To.
Ty5: See Tg.
Tso: See Tg.

Probability of Arrival

Time Step To Two Tas Tso
No New Federal Action Rating High High High | High
Nonstructural Alternative Rating High High High | High

Evidence for Probability Rating (Considering All Life Stages)

To: The species does not densely populate the Mississippi River Basin but can be locally
abundant (section 2d). In 2011, A. lacustre was located less than 32.2 km (20 mi) from
Brandon Road Lock and Dam (section 2e) and is capable of increasing its range by hundreds
of miles in a single year via vessel-mediated transport (sections 2a, 2b).

Though the Nonstructural Alternative includes measures to address vessel transport,
there is heavy upbound boat traffic through the Chicago Area Water System (CAWS)
(section 2b), suggesting a high potential for human transport to Brandon Road Lock and
Dam. A. lacustre is a pollution-tolerant species (Ysebaert et al. 2000), and there is suitable
habitat present in the vicinity of Brandon Road Lock and Dam (section 2f), where
populations could establish.

In light of its close proximity since at least 2011, the Nonstructural Alternative is not
expected to affect the arrival of A. lacustre through aquatic pathways to Brandon Road Lock
and Dam. Therefore, the Nonstructural Alternative’s high probability of arrival rating does
not differ from that in the No New Federal Action Risk Assessment.

T]_o: See To.
T25: See To.
Tso: See To.
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Uncertainty of Arrival

Time Step To Tao Tas Tso
No New Federal Action Rating Low | Low Low | Low
Nonstructural Alternative Rating Low | Low Low | Low

Evidence for Uncertainty Rating

To: This species has been empirically verified to spread rapidly and over large distances via
boat traffic (sections 2a, 2b). Hull-fouling and natural species dispersal may still occur. The
last survey for this species was Grigorovich et al. (2008). Thus, its current distribution is
unknown, but it may currently be even closer than 32 km (20 mi) from Brandon Road Lock
and Dam.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre through
aquatic pathways to Brandon Road Lock and Dam. Therefore, the uncertainty remains low.
T]_o: See To.

Ty5: See Tg.
Tso: See Tg.

P(passage) To-Tso: HIGH

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipods (Grigorovich et al. 2008).
A. lacustre is a sideswimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles (Bousfield 1973).
This species exhibits a very rapid invasion speed and is capable of increasing its range by
hundreds of miles in a single year via vessel-mediated transport (Grigorovich
et al. 2008). A. lacustre typically moves downstream, not upstream (Grigorovich
et al. 2008).

The Nonstructural Alternative is not expected to address the natural dispersion
(i.e., swimming, crawling, and passive drift) of A. lacustre through the aquatic pathway;
therefore, this alternative is not expected to affect the mobility/invasion speed of
A. lacustre as it passes through the CAWS.

b. Human-Mediated Transport through Aquatic Pathways
In 2008, about 15.9 million tons of commodity traffic moved on the CAWS, accounting
for about 43% of traffic on the entire Illinois Waterway (USACE 2011a). About 71% of
this traffic moved through the Lockport Lock and Dam facility (USACE 2011a).
A. lacustre may be transported via ballast water and hull-fouling

7
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

(Grigorovich et al. 2008; Johnson et al. 2007). Commercial traffic through the Brandon
Road Lock and Dam moves to the T.J. O’Brien Lock and Dam or the Chicago River
Controlling Works (CRCW); it does not go to the WPS. Recreational boat fishing occurs
on the North Shore Channel leading to the WPS, but boats cannot move from the North
Shore Channel into Lake Michigan. The WPS regulates the amount of Lake Michigan
flow allowed down the North Shore Channel; the sluice gate is a means by which excess
stormwater is reversed back into the lake (USACE 2011b). The species typically moves
downstream, not upstream (Grigorovich et al. 2008). Thus, it may require human-
mediated transport to move through the Brandon Road Lock and Dam area and up the
North Shore Channel to the WPS.

The Nonstructural Alternative includes ballast and bilge water exchange and
promotion of the use of anti-fouling paints. Ballast and bilge water exchange would
address A. lacustre transport through this vector. In addition, anti-fouling hull paints are
a possible measure for controlling A. lacustre fouling of vessels. However, these paints
are only considered temporarily effective at controlling the attachment of fouling ANS
due to wear from normal vessel operation (i.e., chipping, scraping, punctures, and
abrasion) which exposes unprotected surfaces. Other factors that influence
effectiveness include the type of anti-fouling hull paint (toxic [with biocide] or nontoxic),
frequency and method of application, frequency of hull cleaning compared to the
manufacturer-recommended cleaning schedule (e.g., possible dry-docking schedule for
cleaning), and development and compliance with future regulatory schemes that would
require anti-fouling hull paints on commercial and recreational vessels. Currently,
environmental communities and regulators are discouraging the use of biocide-based
hull paints because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the human-mediated
transport of A. lacustre through the aquatic pathway.

Existing Physical Human/Natural Barriers
To: The sluice gate at the WPS is a barrier that could retard dispersion by boat transport.
A. lacustre moved through several locks as it moved northward from the lower
Mississippi River Basin, suggesting that the locks are not a barrier.
The Nonstructural Alternative does not include physical human/natural barriers.
T10: See To.
Ty5: See Tg.
Tso: See To.

. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)

To: A. lacustre is not found in fast-flowing or turbid water (Grigorovich et al. 2008). The
pathway from Brandon Road Lock and Dam to the mouth of Lake Michigan is a slow-
moving eutrophic river with a flow of 0.05-0.27 m/s (0.16—0.89 ft/s) (LimnoTech 2010).
The low flow of the North Shore Channel may allow the species to naturally move
upstream without assistance. A. lacustre has been collected from shallow 2.5- to 4-m

Nonstructural



PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

(8.2- to 13.1-ft) depths (Grigorovich et al. 2008). The maximum depth in the CAWS is
about 10 m (32.8 ft), and depth is typically about 5 m (16.4 ft) (LimnoTech 2010).
Suitable habitat includes rocky and/or sandy shoals (Angradi et al. 2009; Grigorovich
et al. 2008). Near-shore nonvegetated areas, potentially including man-made structures
like a harbor, are suitable habitat for the species. The banks of the Chicago Sanitary and
Ship Canal (CSSC) are vertical walls, rock, and some vegetative debris. Sediments in the
CSSC can be rock, to soft sediment and sand. The Chicago River is more than 90%
vertical wall and has a sludge or silt bottom. The upper north branch of the Chicago
River and the North Shore channel are more natural habitats with cobble banks and
woody debris (LimnoTech 2010). This species tolerates pollution (Ysebaert et al. 2000)
and a wide range of temperatures based on existing distribution. A. lacustre typically
moves downstream, not upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect habitat suitability for
A. lacustre in the CAWS.
T10: See To.
Ty5: See Tg.
Tso: See To.

Probability of Passage

Time Step To LET) Ty Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High High High High

Evidence for Probability Rating (Considering All Life Stages)

To: This species has moved hundreds of miles in a single year via vessel-mediated transport
(section 3a). According to the literature, A. lacustre require human-mediated transport to
travel far distances upstream (sections 3b, 3d), and there is vessel traffic from Brandon
Road Lock and Dam to the Chicago River but not to the WPS. The upper north branch of the
Chicago River and the North Shore Channel are suitable for this species.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport. Ballast
and bilge water may address the passage of A. lacustre through the aquatic pathway. In
addition, anti-fouling hull paints are a possible measure for controlling A. lacustre fouling of
vessels; however, before anti-fouling hull paints could be considered an effective measure
to control hull fouling in the CAWS, changes in vessel maintenance and operation would be
required. Additional study is needed to assess the effectiveness of these paints to control
fouling by A. lacustre. Until additional study is completed and these issues are addressed,
anti-fouling hull paints are considered ineffective at controlling the passage of A. lacustre
through the aquatic pathway due to fouled vessels. The alternative does not include
measures to address the passage of A. lacustre through the aquatic pathway by natural
dispersion or human-mediated transport via hull fouling. Therefore, the Nonstructural
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Alternative’s high probability of passage rating does not differ from that in the No New
Federal Action Risk Assessment.

Ti0: See To. Given time to spread upstream naturally and assisted by hull fouling through
the North Shore Channel, the species may be able to pass through the passage during this
time step.

Tas: See Tyo. A. lacustre is capable of spreading rapidly, and the probability of this species
reaching the WPS increases over time.

Tso: See Tys.

Uncertainty of Passage

Time Step To LETS Ty Tso
No New Federal Action Rating Low Low Low Low
Nonstructural Alternative Rating Low Low Low Low

Evidence for Uncertainty Rating

To: A. lacustre is a rapid invader and is documented to have moved hundreds of miles in a
single year by vessel-mediated transport (section 3a). The only documented upstream
movement has been associated with human-mediated transport via ballast water or hull-
fouling. There is documented vessel traffic in the CAWS that could potentially transport this
species upstream to the Chicago River, but upstream movement to the WPS may require
natural dispersal.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport; therefore, the
uncertainty remains low.

T10: See To. The Nonstructural Alternative is not expected to affect the passage of
A. lacustre through the aquatic pathway by natural dispersion or human-mediated
transport. Overall, the uncertainty remains low.

Tas: See To. Over time, it is more certain that this species will spread to the WPS.
Tso: See T25.

P(colonizes) To-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW

10
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PATHWAY 1
NONSTRUCTURAL:

Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

5. P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW

11
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PATHWAY 2
NONSTRUCTURAL:
Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

PATHWAY 2
CHICAGO RIVER CONTROLLING WORKS (CRCW) TO BRANDON ROAD LOCK AND DAM

NONSTRUCTURAL: Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water
Exchange, Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY

No New Federal Action Rating Summary

Probability To Tio Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) High Low High Low High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | High -2 High | - | High | - | High -

a “_n

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way
to characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Probability To T1o Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) High Low High Low High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | High = High | - | High | - High -

a “_n

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to
characterize overall uncertainty for an aggregate rating

EVIDENCE FOR ESTIMATING THE RISK OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are expected
to reduce or eliminate the hydrologic connection between the Chicago River Controlling
Works (CRCW) and Brandon Road Lock and Dam over the next 50 years. The Nonstructural

Alternative does not impact the pathway.

Uncertainty: NONE

12
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PATHWAY 2
NONSTRUCTURAL:
Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
The species is a side swimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles; therefore, there is
no planktonic stage (Bousfield 1973). A. lacustre was first reported from freshwater in
North America in 1987-1988 from the lower Mississippi River between 820 and 829 km
(510 and 515 river miles [rm]) (Grigorovich et al. 2008). In 1989, it was detected
downriver at 719 km (447 rm). The species was first found in the Ohio River in 1996 and
subsequently moved 1,149 km (714 mi) up the Ohio River within a year (Grigorovich
et al. 2008). On the basis of these movement data, this species exhibits a very rapid
invasion speed. By 2003, A. lacustre had invaded the lllinois River; it expanded to the
upper Mississippi River in 2005 (USGS 2011). “A. lacustre rapidly expanded its range
into the upper reaches of the Ohio and Illinois Rivers. These discontinuous rapid
expansions within the upper Mississippi River waterway are attributed to shipping
transport, most likely via hull-fouling” (Grigorovich et al. 2008). A. lacustre typically
moves downstream, not upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
natural dispersion through aquatic pathways to Brandon Road Lock and Dam.

b. Human-Mediated Transport through Aquatic Pathways
The species may be transported by attaching to boat hulls or through ballast water, and
vessel traffic is the fastest means of upstream spread (Grigorovich et al. 2008;
Johnson et al. 2007). However, there is little ballast water discharge at ports near
Brandon Road Lock and Dam (NBIC 2012). Hull-fouling could be an important vector for
the secondary spread of established freshwater aquatic nonindigenous species within
the Great Lakes (Reid and Ruiz 2007). In 2008, about 15.9 million tons of commodity
traffic moved on the Chicago Area Water System (CAWS), accounting for about 43% of
traffic on the entire Illinois Waterway. About 71% of this traffic moved through the
Lockport Lock and Dam facility (USACE 2011a). There is also heavy commercial and
recreational traffic through Brandon Road Lock and Dam from the lower Mississippi
River Basin (USACE 2011b), suggesting a high probability of human-mediated transport
to the pathway. The Nonstructural Alternative includes ballast and bilge water transfer,
to address the transfer of A. lacustre via this type of human-mediated transport.

13
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PATHWAY 2
NONSTRUCTURAL:
Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Anti-fouling hull paints are a possible measure for controlling hull fouling of
A. lacustre on vessels. However, these paints are only considered temporarily effective
at controlling the attachment of fouling aquatic nuisance species (ANS) due to wear
from normal vessel operation (i.e., chipping, scraping, punctures, and abrasion) which
exposes unprotected surfaces. Other factors that influence effectiveness include the
type of anti-fouling hull paint (toxic [with biocide] or nontoxic); frequency and method
of application; frequency of hull cleaning compared with the manufacturer-
recommended cleaning schedule (e.g., possible dry-docking schedule for cleaning); and
development and compliance with future regulatory schemes that would require anti-
fouling hull paints on commercial and recreational vessels. Currently, environmental
communities and regulators are discouraging the use of biocide-based hull paints
because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
human-mediated transport through aquatic pathways to Brandon Road Lock and Dam.

Current Abundance and Reproductive Capacity

To: The species does not densely populate the Mississippi River Basin but can be locally

abundant. “A kick sample from the upper Mississippi River in 2006 yielded 196

A. lacustre (density = 457 individuals/m™), but most samples had far fewer specimens.

Population density of A. lacustre in the Ohio River increased from 6.7 (+6.3; standard

deviation)/m™2in 2004 to 15.7 (+31.1)/m™ in 2006, and density in the upper Mississippi

River increased from 65.6 (+87.3)/m ™2 in 2005 to 87.3 (+182.1) individuals/m™ in 2006;

these differences, however, were not statistically significant” (Grigorovich et al. 2008).
The Nonstructural Alternative is not expected to affect the current abundance or

reproductive capacity of A. lacustre.

Ti0: See To. Abundance is expected to increase beyond Ty levels.

T25: See T]_o.

Tso: See Tqp.

Existing Physical Human/Natural Barriers

To: There are no existing barriers. This species is at or close to the pathway and moved

through several locks as it moved northward from the lower Mississippi River Basin.
The Nonstructural Alternative does not include physical human/natural barriers.

T10: See To.

Ty5: See Tg.

Tso: See To.

Distance from Pathway
To: In 2005, A. lacustre was found in the lllinois River just above Dresden Lock and Dam,
less than 32 km (20 mi) from Brandon Road Lock and Dam in the lllinois River (USGS
2011).

The Nonstructural Alternative is not expected to limit the movement of A. lacustre
outside of its current distribution.
T10: See Ty. The species may be closer to the pathway or at the pathway entrance.
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Ty5: See Tqp.
Tso: See Tqp.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)
To: Suitable habitat includes the benthos of estuaries, rivers, and lakes, and intertidal
zones in native estuarine habitat (Angradi et al. 2009); in addition, the species has been
collected on snags and in the benthos in the Ohio and upper Mississippi Rivers (Angradi
et al. 2009). In the upper Mississippi River, it is associated with rocks and snags (Angradi
et al. 2009); in the Ohio River, where cobble and boulder habitats are less common,
habitat is primarily sand and snags (Grigorovich et al. 2008). On the basis of existing
distribution, the species tolerates a wide range of temperatures. A. lacustre is a
pollution-tolerant species (Ysebaert et al. 2000) and is not found in fast-flowing or
turbid water (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to reduce the habitat suitability for
A. lacustre in the Mississippi River Basin.
T10: See To.
T25: See To.
Tso: See Tg.

Probability of Arrival

Time Step To Tio Ty Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High | High High High

Evidence for Probability Rating (Considering All Life Stages)

To: The species does not densely populate the Mississippi River Basin but can be locally
abundant (section 2d). A. lacustre is located less than 32 km (20 mi) from Brandon Road
Lock and Dam (section 2e) and is capable of increasing its range by hundreds of milesin a
single year via vessel-mediated transport (sections 2a, 2b). There is heavy upbound boat
traffic through the CAWS (section 2b), suggesting there is high potential for human
transport to Brandon Road Lock and Dam. A. lacustre is a pollution-tolerant species
(Ysebaert et al. 2000), and there is suitable habitat present in the vicinity of Brandon Road
Lock and Dam (section 2f) where populations could establish.

The Nonstructural Alternative includes education and outreach, promotion of anti-hull
fouling paints, ballast/bilge water exchange, monitoring, and laws and regulations. In light
of A. lacustre’s close proximity since 2011, this alternative is not expected to affect the
arrival of A. lacustre through aquatic pathways to Brandon Road Lock and Dam. Therefore,
the Nonstructural Alternative’s high probability of arrival rating does not differ from that in
the No New Federal Action Risk Assessment.

T10: See Tg.
T25: See To.
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Tso: See To.

Uncertainty of Arrival

Time Step To Tio Ty Tso
No New Federal Action Rating Low Low Low Low
Nonstructural Alternative Rating Low Low Low Low

Evidence for Uncertainty Rating

To: This species has been empirically verified to spread rapidly and over large distances via
boat traffic. There is documented vessel traffic between the lower Mississippi River Basin
and Brandon Road Lock and Dam. The last survey for this species was Grigorovich et al.
(2008); thus, its current distribution is not documented, but it may currently be even closer
than 32 km (20 mi) from Brandon Road Lock and Dam.

The Nonstructural Alternative includes education and outreach, promotion of anti-hull
fouling paints, ballast/bilge water exchange, monitoring, and laws and regulations. This
alternative is not expected to affect the arrival of A. lacustre through aquatic pathways to
Brandon Road Lock and Dam. Therefore, the uncertainty remains low.

T10: See To.
T25: See To.
Tso: See Tg.

P(passage) To-Tso : HIGH

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
A. lacustre is a sideswimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles (Bousfield 1973).
This species exhibits a very rapid invasion speed and is capable of increasing its range by
hundreds of miles in a single year via vessel-mediated transport (Grigorovich
et al. 2008). A. lacustre typically moves downstream, not upstream (Grigorovich
et al. 2008).

The Nonstructural Alternative is not expected to address the natural dispersion
(i.e., swimming, crawling, and passive drift) of A. lacustre through the aquatic pathway;
therefore, this alternative is not expected to affect the mobility/invasion speed of
A. lacustre as it passes through the CAWS.
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b. Human-Mediated Transport through Aquatic Pathways
In 2008, about 15.9 million tons of commodity traffic moved on the CAWS, accounting
for about 43% of traffic on the entire lllinois Waterway (USACE 2011a). About 71% of
this traffic moved through the Lockport Lock and Dam facility (USACE 2011a).
A. lacustre may be transported via ballast water and hull-fouling (Grigorovich
et al. 2008; Johnson et al. 2007). There is vessel traffic between Brandon Road Lock and
Dam and the CRCW (USACE 2011a). At the CRCW, there is an average of 711,902
commercial one-way trips and 41,071 noncargo-vessel one-way trips a year
(USACE 2011b).

The Nonstructural Alternative includes ballast and bilge water exchange and
promotion for the use of anti-fouling paints. Ballast and bilge water exchange would
address A. lacustre transport through this vector. In addition, anti-fouling hull paints are
a possible measure for controlling A. lacustre fouling of vessels. However, these paints
are only considered temporarily effective at controlling the attachment of fouling ANS
due to wear from normal vessel operation (i.e., chipping, scraping, punctures, and
abrasion) which exposes unprotected surfaces. Other factors that influence
effectiveness include the type of anti-fouling hull paint (toxic [with biocide] or nontoxic);
frequency and method of application; frequency of hull cleaning compared with the
manufacturer-recommended cleaning schedule (e.g., possible dry-docking schedule for
cleaning); and development and compliance with future regulatory schemes that would
require anti-fouling hull paints on commercial and recreational vessels. Currently,
environmental communities and regulators are discouraging the use of biocide-based
hull paints because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to address the human-mediated
transport of A. lacustre through the aquatic pathway.

c. Existing Physical Human/Natural Barriers
To: A. lacustre moved through several locks as it moved northward from the lower
Mississippi River Basin, suggesting that the locks are not a barrier.
The Nonstructural Alternative does not include physical human/natural barriers.
T10: See To.
Ty5: See Tg.
Tso: See To.

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: A. lacustre is not found in fast-flowing or turbid water (Grigorovich et al. 2008). The
pathway from Brandon Road Lock and Dam to the mouth of Lake Michigan is a slow-
moving eutrophic river. The south branch of the Chicago River has a flow of 0.05—
0.25 m/s (0.16-0.89 ft/s) (LimnoTech 2010). The low flow of the CAWS may allow the
species to naturally move upstream without assistance. The species has been collected
from shallow 2.5- to 4-m (8.2- to 13.1-ft) depths (Grigorovich et al. 2008). The
maximum depth in the CAWS is about 10 m (32.8 ft), and depth is typically about 5 m
(16.4 ft) (LimnoTech 2010). Suitable habitat includes rocky and/or sandy shoals (Angradi
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et al. 2009; Grigorovich et al. 2008). Vegetative and woody debris are very limited in the
CAWS (LimnoTech 2010). Near-shore nonvegetated areas, potentially including man-
made structures like a harbor, are suitable habitat for the species (Power et al. 2006).
The banks of the Chicago Sanitary and Ship Canal (CSSC) are vertical walls, rock, and
some vegetative debris. Substrates in the CSSC are typically rock, cobble, or silt. The
Chicago River is less than 90% vertical wall and has a sludge or silt bottom. A. lacustre
tolerates pollution (Ysebaert et al. 2000) and a wide range of temperatures based on
existing distribution.

The Nonstructural Alternative is not expected to affect habitat suitability for
A. lacustre in the CAWS.
T10: See To.
T25: See To.
Tso: See To.

Probability of Passage

Time Step To T1o Ty Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High High High High

Evidence for Probability Rating (Considering All Life Stages)

To: Suitable habitat is present in portions of the CAWS for the species (section 3e). This
species has moved hundreds of miles in a single year via vessel-mediated transport (section
3a). According to the literature, A. lacustre requires human-mediated transport to travel far
distances upstream, and the vessel traffic between Brandon Road Lock and Dam and the
CRCW provides opportunity (sections 3b, 3d). The low flow of the CAWS may also allow

A. lacustre to naturally disperse upstream through the south branch of the Chicago River
and through the CRCW.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport. Ballast and bilge
water may address the passage of A. lacustre through the aquatic pathway. In addition,
anti-fouling hull paints are a possible measure for controlling A. lacustre fouling of vessels;
however, before anti-fouling hull paints could be considered an effective measure to
control hull fouling in the CAWS, changes in vessel maintenance and operation would be
required. Additional study is needed to assess the effectiveness of these paints to control
fouling by A. lacustre. Until additional study is completed and these issues are addressed,
anti-fouling hull paints are considered ineffective at reducing the passage of A. lacustre due
to fouled vessels.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport. The
alternative does not include measures to address the passage of A. lacustre by natural
dispersion or hull-fouling through the CAWS. Therefore, the Nonstructural Alternative’s
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high probability of passage rating does not differ from that in the No New Federal Action
Risk Assessment.

T10: See To.

Ty5: See Tg.

Tso: See To.

Uncertainty of Passage

Time Step To Ty Tys Tso
No New Federal Action Rating Low Low Low Low
Nonstructural Alternative Rating Low Low Low Low

Evidence for Uncertainty Rating

To: A. lacustre is a rapid invader and is documented to have moved hundreds of miles in a
single year by vessel-mediated transport (section 3a). Passage will likely occur via human-
mediated transport, which has been rapid in the Mississippi River Basin. There is
documented vessel traffic in the CAWS that could potentially transport this species
upstream to the CRCW. However, the rate of vessel transport in the CAWS is uncertain.
The potential rate of upstream movement by natural dispersion is not known, although the
slow flow of the river may allow A. lacustre to spread upstream.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport; therefore, the
uncertainty remains low.

T]_o: See To.
Ty5: See Tg.
Tso: See To.

P(colonizes) To-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
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PATHWAY 3
CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM

NONSTRUCTURAL: Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water
Exchange, Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY

No New Federal Action Rating Summary

Probability To T Tas Tso

Element P U P U P U P U
P(pathway) High None | High None | High | None | High None
P(arrival) High Low High Low High | Low High Low
P(passage) High Low High Low High | Low High Low
P(colonizes) High Low High Low High | Low High Low
P(spreads) High Low High Low High | Low High Low
P(establishment) ‘ High | = | High ‘ - | High ‘ - | High -

® “~”|ndicates an uncertainty rating was not assigned to P(establishment) because there is no objective

way to characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Probability To Tio Tys Tso
Element P U P U P U P U
P(pathway) High None High | None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) High Low High Low High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) ‘ High | = ‘ High ‘ - | High | - | High ‘ -

a “_n

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective
way to characterize overall uncertainty for an aggregate rating.

EVIDENCE FOR ESTIMATING THE RISK OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are expected
to reduce or eliminate the hydrologic connection between Calumet Harbor and Brandon
Road Lock and Dam over the next 50 years. The Nonstructural Alternative would not impact
the pathway.

Uncertainty: NONE
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Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
The species is a side swimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles; therefore, there is
no planktonic stage (Bousfield 1973). A. lacustre was first reported from freshwater in
North America in 1987-1988 from the lower Mississippi River between 820 and 829 km
(510 and 515 river miles [rm]) (Grigorovich et al. 2008). In 1989, it was detected
downriver at 719 km (447 rm) (Grigorovich et al. 2008). It was first found in the Ohio
River in 1996 and subsequently moved 1,149 km (714 mi) up the Ohio River within a
year (Grigorovich et al. 2008). On the basis of these movement data, this species
exhibits a very rapid invasion speed. By 2003, A. lacustre had invaded the lllinois River;
in 2005, it expanded into the upper Mississippi River (USGS 2011). “A. lacustre rapidly
expanded its range into the upper reaches of the Ohio and Illinois Rivers. These
discontinuous rapid expansions within the upper Mississippi River waterway are
attributed to shipping transport, most likely via hull-fouling” (Grigorovich et al. 2008).
A. lacustre typically moves downstream, not upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
natural dispersion through aquatic pathways to Brandon Road Lock and Dam.

b. Human-Mediated Transport through Aquatic Pathways
The species may be transported by attaching to boat hulls or through ballast water, and
vessel traffic is the fastest means of upstream spread (Grigorovich et al. 2008;
Johnson et al. 2007). However, there is little ballast water discharge at ports near
Brandon Road Lock and Dam (NBIC 2012). Hull-fouling could be an important vector for
the secondary spread of established freshwater aquatic nonindigenous species within
the Great Lakes (Reid and Ruiz 2007). There is also heavy commercial and recreational
traffic through Brandon Road Lock and Dam (USACE 2011b), suggesting a high
probability of human-mediated transport. At the T.J. O’Brien Lock and Dam, there is an
average of 179 commercial passenger one-way trips and 19,274 noncargo-vessel one-
way trips a year (USACE 2011b) that connect the Chicago Area Water System (CAWS) to
Lake Michigan via Calumet Harbor. The Nonstructural Alternative includes ballast and
bilge water transfer, to address the transfer of A. lacustre via this type of human-
mediated transport.
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Anti-fouling hull paints are a possible measure for controlling hull fouling of
A. lacustre on vessels. However, these paints are only considered temporarily effective
at controlling the attachment of fouling aquatic nuisance species (ANS) due to wear
from normal vessel operation (i.e., chipping, scraping, punctures, and abrasion) which
exposes unprotected surfaces. Other factors that influence effectiveness include the
type of anti-fouling hull paint (toxic [with biocide] or nontoxic); frequency and method
of application; frequency of hull cleaning compared with the manufacturer-
recommended cleaning schedule (e.g., possible dry-docking schedule for cleaning); and
development and compliance with future regulatory schemes that would require anti-
fouling hull paints on commercial and recreational vessels. Currently, environmental
communities and regulators are discouraging the use of biocide-based hull paints
because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
human-mediated transport through aquatic pathways to Brandon Road Lock and Dam.

Current Abundance and Reproductive Capacity

To: The species does not densely populate the Mississippi River Basin but can be locally

abundant. “A kick sample from the upper Mississippi River in 2006 yielded 196

A. lacustre (density = 457 individuals/m™), but most samples had far fewer specimens.

Population density of A. lacustre in the Ohio River increased from 6.7 (+ 6.3; standard

deviation)/m™2in 2004 to 15.7 (+31.1)/m™ in 2006, and density in the upper Mississippi

River increased from 65.6 (+87.3)/m ™2 in 2005 to 87.3 (+182.1) individuals/m™ in 2006;

these differences, however, were not statistically significant” (Grigorovich et al. 2008).
The Nonstructural Alternative is not expected to affect the current abundance or

reproductive capacity of A. lacustre.

Ti0: See To. Abundance is expected to increase beyond Ty levels.

T25: See T10.

Tso: See Tqp.

Existing Physical Human/Natural Barriers
To: The T.J. O’Brien Lock and Dam are between the current location of A. lacustre and
Calumet Harbor. However, this species is at or close to the pathway and moved through
several locks as it moved northward from the lower Mississippi River Basin.
The Nonstructural Alternative does not include physical human/natural barriers.
T10: See Tg.
T25: See To.
Tso: See To.

Distance from Pathway
To: In 2005, A. lacustre was found in the lllinois River just above the Dresden Lock and
Dam, less than 32 km (20 mi) from Brandon Road Lock and Dam in the lllinois River
(USGS 2011).

The Nonstructural Alternative is not expected to limit the movement of A. lacustre
outside of its current distribution.
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T10: See Ty. The species may be closer to the pathway or at the pathway entrance.
Ty5: See Tqp.
Tso: See T10.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)
To: Suitable habitat for A. lacustre includes the benthos of estuaries, rivers, and lakes,
and intertidal zones in native estuarine habitat (Angradi et al. 2009); the species has
been collected on snags and in the benthos in the Ohio and upper Mississippi Rivers
(Angradi et al. 2009). In the upper Mississippi River, it is associated with rocks and snags
(Angradi et al. 2009); in the Ohio River, where cobble and boulder habitats are less
common, the species is primarily associated with sand and snags (Grigorovich et al.
2008). On the basis of existing distribution, the species tolerates a wide range of
temperatures. A. lacustre is a pollution-tolerant species (Ysebaert 2000) and is not
found in fast-flowing or turbid water (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to reduce the habitat suitability for
A. lacustre in the Mississippi River Basin.
T]_o: See To.
Ty5: See Tg.
Tso: See Tg.

Probability of Arrival

Time Step To Two Tas Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High High High High

Evidence for Probability Rating (Considering All Life Stages)

To: The species does not densely populate the Mississippi River Basin but can be locally
abundant (section 2d). A. lacustre is located less than 32 km (20 mi) from Brandon Road
Lock and Dam (section 2e) and is capable of increasing its range by hundreds of miles in a
single year via vessel-mediated transport (sections 2a,2b). There is heavy upbound boat
traffic through the CAWS (section 2b), suggesting there is high potential for human
transport to Brandon Road Lock and Dam. A. lacustre is a pollution-tolerant species
(Ysebaert 2000), and there is suitable habitat present in the vicinity of Brandon Road Lock
and Dam (section 2f) where populations could establish.

The Nonstructural Alternative includes education and outreach, promotion of hull-
fouling paints, ballast/bilge water exchange, monitoring, and laws and regulations. In light
of its close proximity in 2011, this alternative is not expected to affect the arrival of
A. lacustre through aquatic pathways to Brandon Road Lock and Dam. Therefore, the
Nonstructural Alternative’s high probability of arrival rating does not differ from that in the
No New Federal Action Risk Assessment.

T]_o: See To.
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Ty5: See Tg.
Tso: See To.

Uncertainty of Arrival

Time Step To Ty Tas Tso
No New Federal Action Rating Low Low Low Low
Nonstructural Alternative Rating Low Low Low Low

Evidence for Uncertainty Rating

To: This species has been empirically verified to spread rapidly and over large distances via
boat traffic. Although ballast water intake in inland lllinois is unlikely, hull-fouling and
natural species dispersal may occur. The last survey for this species was Grigorovich et al.
(2008); thus, its current distribution is uncertain, but it may currently be even closer than
32 km (20 mi) from Brandon Road Lock and Dam.

The Nonstructural Alternative includes education and outreach, promotion of hull fouling
paints, ballast/bilge water exchange, monitoring, and laws and regulations. This alternative
is not expected to affect the arrival of A. lacustre through aquatic pathways to Brandon
Road Lock and Dam. Therefore, the uncertainty remains low.

T10: See To.
Ty5: See Tg.
Tso: See To.

3. P(passage) To-Tso: HIGH

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
A. lacustre is a sideswimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles (Bousfield 1973).
This species exhibits a very rapid invasion speed and is capable of increasing its range by
hundreds of miles in a single year via vessel-mediated transport (Grigorovich
et al. 2008). A. lacustre typically moves downstream, not upstream (Grigorovich
et al. 2008).

The Nonstructural Alternative is not expected to address the natural dispersion
(i.e., swimming, crawling, and passive drift) of A. lacustre through the aquatic pathway;
therefore, this alternative is not expected to affect the mobility/invasion speed of
A. lacustre as it passes through the CAWS.
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b. Human-Mediated Transport through Aquatic Pathways
Transport may occur through ballast water and hull-fouling (Grigorovich et al. 2008;
Johnson et al. 2007). Hull-fouling could be an important vector for the secondary
spread of established freshwater aquatic nonindigenous species within the Great Lakes
(Reid and Ruiz 2007). Most commercial traffic through Brandon Road Lock and Dam
moves to the T.J. O’Brien Lock and Dam located 8 km (5 mi) south of Calumet Harbor
(USACE 2011a; NBIC 2012).

The Nonstructural Alternative includes ballast and bilge water exchange and
promotion for the use of anti-fouling paints. Ballast and bilge water exchange would
address A. lacustre transport by ballast and bilge. In addition, anti-fouling hull paints are
a possible measure for controlling A. lacustre fouling of vessels. However, these paints
are only considered temporarily effective at controlling the attachment of fouling ANS
due to wear from normal vessel operation (i.e., chipping, scraping, punctures, and
abrasion) which exposes unprotected surfaces. Other factors that influence
effectiveness include the type of anti-fouling hull paint (toxic [with biocide] or nontoxic);
frequency and method of application; frequency of hull cleaning compared with the
manufacturer-recommended cleaning schedule (e.g., possible dry-docking schedule for
cleaning); and development and compliance with future regulatory schemes that would
require anti-fouling hull paints on commercial and recreational vessels. Currently,
environmental communities and regulators are discouraging the use of biocide-based
hull paints because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to address the human-mediated
transport of A. lacustre through the aquatic pathway.

c. Existing Physical Human/Natural Barriers

To: Existing potential barriers include the three lock and dam structures along the
pathway. A. lacustre moved through several locks as it moved northward from the
lower Mississippi River Basin, suggesting that the locks are not a barrier.

The Nonstructural Alternative does not include physical human/natural barriers.
T]_o: See To.
Ty5: See Tg.
Tso: See Tg.

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: A. lacustre is not found in fast-flowing or turbid water and typically moves
downstream, not upstream (Grigorovich et al. 2008). The pathway from Brandon Road
Lock and Dam to the mouth of Lake Michigan at Calumet Harbor is a slow-moving
eutrophic river averaging 0.13 m/s (0.43 ft/s) (LimnoTech 2010). The low flow of the
Calumet Sag Channel may allow the species to naturally move upstream without
assistance. A. lacustre has been collected from shallow 2.5- to 4-m (8.2- to 13.1-ft)
depths (Grigorovich et al. 2008). The maximum depth in the CAWS is about 10 m
(32.8 ft), and depth is typically about 5 m (16.4 ft) (LimnoTech 2010). Suitable habitat
includes rocky and/or sandy shoals (Angradi et al. 2009; Grigorovich et al. 2008).
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Vegetation and woody debris are very limited in the CAWS (LimnoTech 2010). The
banks of the CSSC are vertical walls, rock, and some vegetative debris. Sediments in the
CSSC can be rock, to soft sediment and sand. Near-shore nonvegetated areas, including
potentially man-made structures like a harbor, are suitable habitat for the species. The
banks of the Calumet Sag Channel are vertical walls, rock, and some vegetative debris.
Sediments can be gravel to soft sediment. This species tolerates pollution
(Ysebaert 2000) and a wide range of temperatures based on existing distribution.

The Nonstructural Alternative is not expected to affect habitat suitability for
A. lacustre in the CAWS.
T10: See Tg.
Ty5: See Tg.
Tso: See To.

Probability of Passage

Time Step To Tio Ty Tso
No New Federal Action Rating High | High High High
Nonstructural Alternative Rating High | High High High

Evidence for Probability Rating (Considering All Life Stages)

To: Suitable habitat is present in portions of the CAWS for the species (section 3e). This
species has moved hundreds of miles in a single year via vessel-mediated transport
(section 2a). According to the literature, A. lacustre requires human-mediated transport to
travel far distances upstream, and the vessel traffic between Brandon Road Lock and Dam
and the T.J. O’Brien Lock and Dam, as well as the heavy vessel use of Calumet Harbor,
provide opportunity for the species to be transported (sections 3b, 3d). The low flow of the
CAWS may allow A. lacustre to naturally disperse upstream through the Calumet River and
through Calumet Harbor.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport. Ballast and bilge
water may address the passage of A. lacustre through the aquatic pathway. In addition,
anti-fouling hull paints are a possible measure for controlling A. lacustre fouling of vessels;
however, before anti-fouling hull paints could be considered to be an effective measure to
control hull fouling in the CAWS, changes in vessel maintenance and operation would be
required. Additional study is needed to assess the effectiveness of these paints to control
fouling by A. lacustre. Until additional study is completed and these issues are addressed,
anti-fouling hull paints are considered ineffective at controlling the passage of A. lacustre
through the aquatic pathway due to fouled vessels.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport. The
alternative does not include measures to address the passage of A. lacustre by natural
dispersion or hull-fouling through the CAWS. Therefore, the Nonstructural Alternative’s
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high probability of passage rating does not differ from that in the No New Federal Action
Risk Assessment.

T10: See To.

Ty5: See Tg.

Tso: See To.

Uncertainty of Passage

Time Step To Ty Tys Tso
No New Federal Action Rating Low Low | Low Low
Nonstructural Alternative Rating Low Low | Low Low

Evidence for Uncertainty Rating

To: A. lacustre is a rapid invader and is documented to have moved hundreds of miles in a
single year by vessel-mediated transport (section 3a). There is documented vessel traffic in
the CAWS that could potentially transport this species upstream to Calumet Harbor. In
addition, the slow flow of the river may allow the species to spread upstream without
human-mediated transport. However, the potential rate of upstream movement by natural
dispersion is not known.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport; therefore, the
uncertainty remains low.

T10: See Tg.
T25: See To.
Tso: See Tg.

P(colonizes) Ty-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
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NONSTRUCTURAL: Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-
water Exchange, Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY

No New Federal Action Rating Summary

Probability To T1o Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) Low Medium Medium Medium High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | Low -? Medium | - | High | - | High -

a “_n

characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

Probability To T1o Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) Low Medium | Medium | Medium High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | Low = Medium | - | High | - | High -

a

characterize overall uncertainty for an aggregate rating.

EVIDENCE FOR ESTIMATING THE RISK OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH

Evidence for Probability Rating

“—" Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

Pathway is visible, confirmed, and present year-round. No activities or events are

expected to reduce or eliminate the hydrologic connection between Indiana Harbor
and Brandon Road Lock and Dam over the next 50 years. The Nonstructural
Alternative would not impact the pathway.

Uncertainty: NONE
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Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.

P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

The species is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich
et al. 2008). The species is a sideswimmer (NEANS 2003). During reproduction,
females brood embryos on their underside, which hatch out as crawling juveniles;
therefore, there is no planktonic stage (Bousfield 1973). A. lacustre was first
reported from freshwater in North America in 1987-1988 from the lower
Mississippi River between 820 and 829 km (510 and 515 rm) (Grigorovich
et al. 2008). In 1989, it was detected downriver at 719 km (447 rm). It was first
found in the Ohio River in 1996 and subsequently moved 1,149 km (714 mi) up the
Ohio River within a year (Grigorovich et al. 2008). On the basis of these movement
data, this species exhibits a very rapid invasion speed. By 2003, A. lacustre
invaded the lllinois River and expanded into the upper Mississippi River in 2005
(USGS 2011). “A. lacustre rapidly expanded its range into the upper reaches of the
Ohio and lllinois Rivers. These discontinuous rapid expansions within the upper
Mississippi River waterway are attributed to shipping transport, most likely via hull
fouling” (Grigorovich et al. 2008). A. lacustre typically moves downstream, not
upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre
from natural dispersion through aquatic pathways to Brandon Road Lock and Dam.

b. Human-Mediated Transport through Aquatic Pathways

The species may be transported by attaching to boat hulls or ballast water, and
vessel traffic is the fastest means of upstream spread (Grigorovich et al. 2008;
Johnson et al. 2007). However, there is little ballast water discharge at ports near
Brandon Road Lock and Dam (NBIC 2012). Hull-fouling could be an important
vector for the secondary spread of established freshwater aquatic nonindigenous
species within the Great Lakes (Reid and Ruiz 2007). There is heavy commercial
and recreational traffic through Brandon Road Lock and Dam from the lower
Mississippi River Basin (USACE 2011b), suggesting a high probability of human-
mediated transport to the pathway. The Nonstructural Alternative includes ballast
and bilge water transfer to address the transfer of A. lacustre via this type of
human-mediated transport.

Anti-fouling hull paints are a possible measure for controlling hull fouling of
A. lacustre on vessels. However, these paints are only considered temporarily
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effective at controlling the attachment of fouling aquatic nuisance species (ANS)
due to wear from normal vessel operation (i.e., chipping, scraping, punctures, and
abrasion) which exposes unprotected surfaces. Other factors that influence
effectiveness include the type of anti-fouling hull paint (toxic [with biocide] or
nontoxic); frequency and method of application; frequency of hull cleaning
compared with the manufacturer-recommended cleaning schedule (e.g., possible
dry-docking schedule for cleaning); and development and compliance with future
regulatory schemes that would require anti-fouling hull paints on commercial and
recreational vessels. Currently, environmental communities and regulators are
discouraging the use of biocide-based hull paints because of their impact on
biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre
from human-mediated transport through aquatic pathways to the Brandon Road
Lock and Dam.

Current Abundance and Reproductive Capacity
To: The species does not densely populate the Mississippi River Basin but can be
locally abundant. “A kick sample from the upper Mississippi River in 2006 yielded
196 A. lacustre (density = 457 individuals/m™), but most samples had far fewer
specimens. Population density of A. lacustre in the Ohio River increased from 6.7
(+6.3; standard deviation)/m™ in 2004 to 15.7 (+31.1)/m™ in 2006, and density in
the upper Mississippi River increased from 65.6 (+87.3)/m™%in 2005 to 87.3
(+182.1) individuals/m™ in 2006; these differences, however, were not statistically
significant” (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to affect the current abundance
or reproductive capacity of A. lacustre.
T]_o: See To.
Ty5: See Tg.
Tso: See To.

Existing Physical Human/Natural Barriers
To: There are no existing barriers. This species is at or close to the pathway and
moved through several locks as it moved northward from the lower Mississippi
River Basin.

The Nonstructural Alternative does not include physical human/natural
barriers.
T10: See Tg.
Ty5: See Tg.
Tso: See To.

Distance from Pathway

To: In 2005, A. lacustre was found in the lllinois River just above the Dresden Lock
and Dam, less than 32.2 km (20 mi) from Brandon Road Lock and Dam in the
Illinois River (USGS 2011).
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The Nonstructural Alternative is not expected to limit the movement of
A. lacustre outside of its current distribution.
Ti0: See Ty. The species may be closer to the pathway or at the pathway entrance.
Ty5: See Tqp.
Tso: See Tqp.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: Suitable habitat includes the benthos of estuaries, rivers, and lakes, and
intertidal zones in native estuarine habitat; in addition, the species has been
collected on snags and in the benthos in the Ohio and upper Mississippi Rivers
(Angradi et al. 2009). In the upper Mississippi River, it is associated with rocks and
snags (Angradi et al. 2009); in the Ohio River where cobble and boulder habitats
are less common, habitat is primarily sand and snags (Grigorovich et al. 2008). On
the basis of existing distribution, the species tolerates a wide range of
temperatures. A. lacustre is a pollution-tolerant species (Ysebaert et al. 2000) and
is not found in fast-flowing or turbid water (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to reduce the habitat suitability

for A. lacustre in the Mississippi River Basin.
T10: See To.
T25: See To.
Tso: See Tg.

Probability of Arrival

Time Step To T Tys Tso
No New Federal Action Rating High High | High High
Nonstructural Alternative Rating High High | High High

Evidence for Probability Rating (Considering All Life Stages)

To: The species does not densely populate the Mississippi River Basin but can be
locally abundant (section 2d). A. lacustre is located less than 32.2 km (20 mi) from
Brandon Road Lock and Dam (section 2e) and is capable of increasing its range by
hundreds of miles in a single year via vessel-mediated transport (sections 2a, 2b).
There is heavy upbound boat traffic through the Chicago Area Water System (CAWS)
(section 2b), suggesting there is high potential for human-mediated transport to
Brandon Road Lock and Dam. A. lacustre is a pollution-tolerant species (Ysebaert et al.
2000), and there is suitable habitat present in the vicinity of Brandon Road Lock and
Dam (section 2f) where populations could establish.

In light of its close proximity in 2011, the Nonstructural Alternative is not expected
to affect the arrival of A. lacustre through aquatic pathways to Brandon Road Lock and
Dam. Therefore, the Nonstructural Alternative’s high probability of arrival rating does
not differ from that in the No New Federal Action Risk Assessment.
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T10: See Tg.

Ty5: See Tg.

Tso: See To.

Uncertainty of Arrival
Time Step To Tio Tys Tso
No New Federal Action Rating Low | Low | Low | Low
Nonstructural Alternative Rating Low Low | Low Low

Evidence for Uncertainty Rating

To: This species has been empirically verified to spread rapidly and over large
distances via boat traffic. The last survey for this species was Grigorovich et al. 2008;
thus, its current distribution is unclear, but it may currently be even closer than

32.2 km (20 mi) from Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre
through aquatic pathways to Brandon Road Lock and Dam. Therefore, the uncertainty
remains low.

T]_o: See To.
Ty5: See Tg.
Tso: See To.

P(passage) To-Tso: LOW-HIGH

In determining the probability of passage, the species is assumed to have arrived at
the pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed
A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich
et al. 2008). A. lacustre is a sideswimmer (NEANS 2003). During reproduction,
females brood embryos on their underside, which hatch out as crawling juveniles
(Bousfield 1973). This species exhibits a very rapid invasion speed and is capable
of increasing its range by hundreds of miles in a single year via vessel-mediated
transport (Grigorovich et al. 2008). A. lacustre typically moves downstream, not
upstream (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to address the natural dispersion
(i.e., swimming, crawling, and passive drift) of A. lacustre through the aquatic
pathway; therefore, this alternative is not expected to affect the mobility/invasion
speed of A. lacustre as it passes through the CAWS.

32
Nonstructural



PATHWAY 4
NONSTRUCTURAL:
Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water Exchange, Monitoring,
Laws and Regulations, and ANS Control Methods

Human-Mediated Transport through Aquatic Pathways

A. lacustre may be transported via ballast water and hull-fouling (Grigorovich

et al. 2008; Johnson et al. 2007). There is cargo traffic between Brandon Road
Lock and Dam and the T.J. O’Brien Lock and Dam (USACE 2011a; NBIC 2012), but
vessel traffic to Indiana Harbor is lake wide. Therefore, natural dispersal upstream
through the Grand Calumet River may be required for A. lacustre to move through
the Grand Calumet River to Indiana Harbor.

The Nonstructural Alternative includes ballast and bilge water exchange and
promotion for the use of anti-fouling paints. Ballast and bilge water exchange may
address A. lacustre transport through this vector. In addition, anti-fouling hull
paints are a possible measure for controlling A. lacustre fouling of vessels.
However, these paints are only considered temporarily effective at controlling the
attachment of fouling ANS due to wear from normal vessel operation
(i.e., chipping, scraping, punctures, and abrasion) which exposes unprotected
surfaces. Other factors that influence effectiveness include the type of anti-fouling
hull paint (toxic [with biocide] or nontoxic); frequency and method of application;
frequency of hull cleaning compared with the manufacturer-recommended
cleaning schedule (e.g., possible dry-docking schedule for cleaning); and
development and compliance with future regulatory schemes that would require
anti-fouling hull paints on commercial and recreational vessels. Currently,
environmental communities and regulators are discouraging the use of biocide-
based hull paints because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to address the human-mediated
transport of A. lacustre through the aquatic pathway.

Existing Physical Human/Natural Barriers
To: A. lacustre moved through several locks as it moved northward from the lower
Mississippi River Basin, suggesting that the locks are not a barrier. The Grand
Calumet River is shallow and turbid. The channel depth is 0.3 m (1 ft) or less in
portions of the West Branch near the state line (LimnoTech 2010). There is no
documentation of the species being collected at less than 2.5 m (8.2 ft) in depth
(Grigorovich et al. 2008). There is sheet pile across the Grand Calumet River
between the Indiana Harbor Canal and the Calumet River that could act as a
temporary barrier, especially under low flows.

The Nonstructural Alternative does not include physical human/natural
barriers.
T10: See Tg.
Ty5: See Tg.
Tso: See To.

. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)

To: A. lacustre is not found in fast-flowing or turbid water (Grigorovich et al. 2008).
The pathway from Brandon Road Lock and Dam and the mouth of Lake Michigan
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at Indiana Harbor is a slow-moving, turbid, eutrophic river averaging 0.13 m/s
(0.43 ft/s) (LimnoTech 2010). The low flow of the Calumet Sag Channel may allow
the species to naturally move upstream without assistance. The species has been
collected from shallow 2.5- to 4-m (8.2- to 13.1-ft) depths (Grigorovich et al. 2008).
The maximum depth in the CAWS is about 10 m (32.8 ft), and depth is typically
about 5 m (16.4 ft) (LimnoTech 2010). Suitable habitat includes rocky and/or
sandy shoals (Angradi et al. 2009; Grigorovich et al. 2008). Vegetative and woody
debris are very limited in the CAWS (LimnoTech 2010). Near-shore nonvegetated
areas, potentially including man-made structures like a harbor, are suitable habitat
for the species. The banks of the Chicago Sanitary and Ship Canal (CSSC) are
vertical walls, rock, and some vegetative debris. Substrates in the CSSC are
typically rock, cobble, or silt. The banks of the Calumet Sag Channel and the Grand
Calumet River are vertical walls, rock, and some vegetative debris. Sediments can
be gravel to soft sediment. The species tolerates pollution (Ysebaert et al. 2000)
and a wide range of temperatures based on existing distribution. Water flows out
of Indiana Harbor into Lake Michigan. West of the Indiana Harbor Canal, the
eastern-most sections of the Grand Calumet River also generally flow toward Lake
Michigan, while other sections can flow east or west depending on location (Weiss
et al. 1997). Thus, A. lacustre would be able to flow with the current out into Lake
Michigan once it reached the eastern section of the Grand Calumet.

The Nonstructural Alternative is not expected to affect habitat suitability for
A. lacustre in the CAWS.
T10: See To.
T25: See To.
Tso: See Tg.

Probability of Passage

Time Step To Ty Tys Tso
No New Federal Action Rating Low Medium High High
Nonstructural Alternative Rating Low Medium High High

Evidence for Probability Rating (Considering All Life Stages)

To: This species has moved hundreds of miles in a single year via vessel-mediated
transport (section 3a). According to the literature, A. lacustre requires human-
mediated transport to travel far distances upstream (sections 3b, 3d), and there is
vessel traffic from Brandon Road Lock and Dam to the T.J. O’Brien Lock and Dam, but
not to Indiana Harbor. The low flow of water in the CAWS may allow the species to
swim upstream (section 3d). Suitable habitat is present in portions of the CAWS
(section 3e). The Grand Calumet River is turbid and shallow and may not be suitable
for this species (section 3e). However, portions flow toward Lake Michigan and will
allow the species to flow with current.
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The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Ballast and bilge water may address the passage of A. lacustre through the aquatic
pathway. In addition, anti-fouling hull paints are a possible measure for controlling
A. lacustre fouling of vessels; however, before anti-fouling hull paints could be
considered an effective measure to control hull fouling in the CAWS, changes in vessel
maintenance and operation would be required. Additional study is needed to assess
the effectiveness of these paints to control fouling by A. lacustre. Until additional
study is completed and these issues are addressed, anti-fouling hull paints are
considered ineffective at controlling the passage of A. lacustre through the aquatic
pathway due to fouled vessels.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport. The
alternative does not include measures to address the passage of A. lacustre by natural
dispersion or hull-fouling through the CAWS. Therefore, the Nonstructural
Alternative’s low probability of passage rating does not differ from that in the No New
Federal Action Risk Assessment.

Ti0: See To. Given time to naturally spread upstream, the species may be able to
move through the passage during this time step.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Therefore, the Nonstructural Alternative’s medium probability of passage rating does
not differ from that in the No New Federal Action Risk Assessment.

Tas: See Tyo. A. lacustre is capable of spreading rapidly, and the probability of this
species reaching Indiana Harbor increases over time.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Therefore, the Nonstructural Alternative’s high probability of passage rating does not
differ from that in the No New Federal Action Risk Assessment.

Tso: See T25.

Uncertainty of Passage

Time Step To Ty Tas Tso
No New Federal Action Rating Medium | Medium | Low Low
Nonstructural Alternative Rating Medium | Medium | Low Low

Evidence for Uncertainty Rating

To: A. lacustre is a rapid invader and is documented to have moved hundreds of miles
in a single year by vessel-mediated transport (section 3a). There is documented vessel
traffic in the CAWS that could potentially transport this species upstream to the
Chicago River, but upstream movement to Indiana Harbor may require natural
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dispersal. It is uncertain whether the species will move through the shallow, turbid
water of the Grand Calumet River.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport;
therefore, the uncertainty remains medium.

T]_o: See To.
Tys: See Tp. Over time, it is more certain that this species will spread to Indiana
Harbor.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Overall, the uncertainty remains low.

Tso: See T25.

P(colonizes) To-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain
unchanged from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain
unchanged from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
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PATHWAY 5
BURNS SMALL BOAT HARBOR (BSBH) TO BRANDON ROAD LOCK AND DAM

NONSTRUCTURAL: Education and Outreach, Anti-fouling Hull Paints, Ballast/Bilge-water
Exchange, Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY

No New Federal Action Rating Summary

Probability To T, Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) Low Medium Medium Medium High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) ‘ Low | _a Medium - | High ‘ - ‘ High ‘ -

a

characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

“~" Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

Probability L Tio Tys Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High Low High Low High Low High Low
P(passage) Low Medium Medium Medium High Low High Low
P(colonizes) High Low High Low High Low High Low
P(spreads) High Low High Low High Low High Low
P(establishment) | Low = Medium | - | High | - High -

a

characterize overall uncertainty for an aggregate rating.

“—" Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

EVIDENCE FOR ESTIMATING THE RISK OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are expected
to reduce or eliminate the hydrologic connection between Burns Small Boat Harbor (BSBH)
and Brandon Road Lock and Dam over the next 50 years. The Nonstructural Alternative

would not impact the pathway.

Uncertainty: NONE
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Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).
The species is a sideswimmer (NEANS 2003). During reproduction, females brood
embryos on their underside, which hatch out as crawling juveniles; therefore, there is
no planktonic stage (Bousfield 1973). A. lacustre was first reported from freshwater in
North America in 1987-1988 from the Lower Mississippi River between 820 and 829 km
(510 and 515 river miles [rm]) from the mouth (Grigorovich et al. 2008). In 1989, it was
detected downriver at 719 km (447 rm) (Grigorovich et al. 2008). It was first found in
the Ohio River in 1996 and subsequently moved 1,149 km (714 mi) up the Ohio River
within a year (Grigorovich et al. 2008). On the basis of these movement data, this
species exhibits a very rapid invasion speed. By 2003, A. lacustre had invaded the lllinois
River; in 2005, its range had expanded to the upper Mississippi (USGS 2011).
“A. lacustre rapidly expanded its range into the upper reaches of the Ohio and Illinois
Rivers. These discontinuous, rapid expansions within the Upper Mississippi River
waterway are attributed to shipping transport, most likely via hull-fouling” (Grigorovich
et al. 2008). A. lacustre typically moves downstream, not upstream (Grigorovich et al.
2008).

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
natural dispersion through aquatic pathways to the Brandon Road Lock and Dam.

b. Human-Mediated Transport through Aquatic Pathways
This species is documented to be transported by attaching to boat hulls or ballast water,
and vessel traffic is the fastest means of upstream spread (Grigorovich et al. 2008;
Johnson et al. 2007). However, there is little ballast water discharge at ports near
Brandon Road Lock and Dam (NBIC 2012). Hull-fouling could be an important vector for
the secondary spread of established freshwater aquatic nonindigenous aquatic species
(NAS) (Reid and Ruiz 2007). There is also heavy commercial and recreational traffic
through Brandon Road Lock and Dam from the lower Mississippi River Basin (USACE
2011b), suggesting a high probability of human-mediated transport to the pathway.

Anti-fouling hull paints are a possible measure for controlling hull fouling of

A. lacustre on vessels. However, these paints are only considered temporarily effective
at controlling the attachment of fouling aquatic nuisance species (ANS) due to wear
from normal vessel operation (i.e., chipping, scraping, punctures, and abrasion) which
exposes unprotected surfaces. Other factors that influence effectiveness include the
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type of anti-fouling hull paint (toxic [with biocide] or nontoxic); frequency and method
of application; frequency of hull cleaning compared with the manufacturer-
recommended cleaning schedule (e.g., possible dry-docking schedule for cleaning); and
development and compliance with future regulatory schemes that would require anti-
fouling hull paints on commercial and recreational vessels. Currently, environmental
communities and regulators are discouraging the use of biocide-based hull paints
because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre from
human-mediated transport through aquatic pathways to Brandon Road Lock and Dam.

Current Abundance and Reproductive Capacity

To: The species does not densely populate the Mississippi River Basin but can be locally

abundant. “A kick sample from the Upper Mississippi River in 2006 yielded 196

A. lacustre (density = 457 individuals/m™), but most samples had far fewer specimens.

Population density of A. lacustre in the Ohio River increased from 6.7 (+6.3; standard

deviation)/m™in 2004 to 15.7 (+31.1)/m 2 in 2006, and density in the upper Mississippi

River increased from 65.6 (+87.3)/m ™2 in 2005 to 87.3 (+182.1) individuals/m™ in 2006;

these differences, however, were not statistically significant” (Grigorovich et al. 2008).
The Nonstructural Alternative is not expected to affect the current abundance or

reproductive capacity of A. lacustre.

Ti0: See Typ. Abundance is expected to increase beyond Ty levels.

Ty5: See Tqp.

Tso: See Tqp.

Existing Physical Human/Natural Barriers

To: There are no existing barriers. This species is at or close to the pathway and moved

through several locks as it moved northward from the lower Mississippi River Basin.
The Nonstructural Alternative does not include physical human/natural barriers.

T10: See Tg.

T25: See To.

Tso: See Tg.

Distance from Pathway
To: In 2005, A. lacustre was found in the lllinois River just above the Dresden Lock and
Dam, less than 32 km (20 mi) from Brandon Road Lock and Dam in the lllinois River
(USGS 2011).

The Nonstructural Alternative is not expected to limit the movement of A. lacustre
outside of its current distribution.
Ti0: See Typ. The species may be closer to the pathway or at the pathway entrance.
Ty5: See Tqp.
Tso: See Tqp.
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: Suitable habitat for A. lacustre includes the benthos of estuaries, rivers, and lakes,
and intertidal zones in native estuarine habitat (Angradi et al. 2009); the species has
been collected on snags and in the benthos in the Ohio and upper Mississippi Rivers
(Angradi et al. 2009). In the upper Mississippi River, it is associated with rocks and snags
(Angradi et al. 2009); in the Ohio River, where cobble and boulder habitats were less
common, A. lacustre is primarily associated with sand and snags (Grigorovich et al.
2008). The species tolerates a wide range of temperatures based on existing
distribution. A. lacustre is a pollution-tolerant species (Ysebaert et al. 2000) and is not
found in fast-flowing or turbid water (Grigorovich et al. 2008).

The Nonstructural Alternative is not expected to reduce the habitat suitability for

A. lacustre in the Mississippi River Basin.
T10: See To.
T25: See To.
Tso: See Tg.

Probability of Arrival

Time Step To Tio Ty Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High High High High

Evidence for Probability Rating (Considering All Life Stages)

To: The species does not densely populate the Mississippi River Basin but can be locally
abundant (section 2d). A. lacustre is a pollution-tolerant species (Ysebaert et al. 2000), and
there is suitable habitat present in the vicinity of Brandon Road Lock and Dam (section 2f),
where populations could establish. A. lacustre is located less than 32 km (20 mi) from
Brandon Road Lock and Dam (section 2e) and is capable of increasing its range by hundreds
of miles in a single year via vessel-mediated transport (sections 2a, 2b). There is heavy
upbound boat traffic through the Chicago Area Water System (CAWS) from the lower
Mississippi River Basin (section 2b), suggesting there is high potential for human transport
to Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre through
aquatic pathways to the Brandon Road Lock and Dam. Therefore, the Nonstructural
Alternative’s high probability of arrival rating does not differ from that in the No New
Federal Action Risk Assessment.

T10: See To.
T25: See To.
Tso: See To.
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Uncertainty of Arrival

Time Step To T Ty Tso
No New Federal Action Rating Low Low Low Low
Nonstructural Alternative Rating Low Low Low Low

Evidence for Uncertainty Rating

To: This species has been empirically verified to spread rapidly and over large distances via
boat traffic. Hull-fouling and natural species dispersal may occur. The last survey for this
species was Grigorovich et al. (2008); thus, its current distribution is unknown, but
currently, it may be even closer than 32 km (20 mi) from Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the arrival of A. lacustre through
aquatic pathways to Brandon Road Lock and Dam. Therefore, the uncertainty remains low.
T]_o: See To.

T25: See To.
Tso: See Tg.

P(passage) To-Tso: LOW-HIGH

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed

A. lacustre is a tube-dwelling, benthic filter-feeding amphipod (Grigorovich et al. 2008).

A. lacustre is a sideswimmer (NEANS 2003). During reproduction, females brood

embryos on their underside, which hatch out as crawling juveniles (Bousfield 1973).

This species exhibits a very rapid invasion speed and is capable of increasing its range by

hundreds of miles in a single year via vessel-mediated transport (Grigorovich et al.

2008). A. lacustre typically moves downstream, not upstream (Grigorovich et al. 2008).
The Nonstructural Alternative is not expected to address the natural dispersion

(i.e., swimming, crawling, and passive drift) of A. lacustre through the aquatic pathway;

therefore, this alternative is not expected to affect the mobility/invasion speed of

A. lacustre as it passes through the CAWS.

b. Human-Mediated Transport through Aquatic Pathways
Transport may occur through ballast water and hull-fouling (Grigorovich et al. 2008).
Most commercial traffic through the lllinois River moves to the T.J. O’Brien Lock and
Dam (USACE 2011a; NBIC 2012). There is no cargo vessel traffic to the BSBH (USACE
2011a). Vessels could transport A. lacustre as far as the Little Calumet River. Therefore,
natural dispersal upstream through the south branch of the Little Calumet River and
Burns Ditch, approximately 64 km (40 mi), would be required to move to the BSBH.
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There is small, nonmotorized, recreational boat use in the Little Calumet River that may
assist in transporting the species.

The Nonstructural Alternative includes ballast and bilge water exchange and
promotion for the use of anti-fouling paints. Ballast and bilge water exchange may
address A. lacustre transport through this vector. In addition, anti-fouling hull paints are
a possible measure for controlling A. lacustre fouling of vessels. However, these paints
are only considered temporarily effective at controlling the attachment of fouling ANS
due to wear from normal vessel operation (i.e., chipping, scraping, punctures, and
abrasion) which exposes unprotected surfaces. Other factors that influence
effectiveness include the type of anti-fouling hull paint (toxic [with biocide] or nontoxic);
frequency and method of application; frequency of hull cleaning compared with the
manufacturer-recommended cleaning schedule (e.g., possible dry-docking schedule for
cleaning); and development and compliance with future regulatory schemes that would
require anti-fouling hull paints on commercial and recreational vessels. Currently,
environmental communities and regulators are discouraging the use of biocide-based
hull paints because of their impact on biodiversity due to leaching.

The Nonstructural Alternative is not expected to address the human-mediated
transport of A. lacustre through the aquatic pathway.

Existing Physical Human/Natural Barriers

To: A. lacustre moved through several locks as it moved northward from the lower

Mississippi River Basin, suggesting that the locks are not a barrier. A natural barrier is

depth; both the Little Calumet and Burns Ditch are shallow. There is no documentation

of the species being collected in depths less than 2.5 m (8.2 ft) (Grigorovich et al. 2008).
The Nonstructural Alternative does not include physical human/natural barriers.

Tio: See T,

T25: See To.

Tso: See T,

. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)

To: A. lacustre is not found in fast-flowing or turbid water (Grigorovich et al. 2008). The
pathway from Brandon Road Lock and Dam to the mouth of Lake Michigan at the BSBH
is a slow-moving, turbid, eutrophic river with a flow of 0.13 m/s (0.43 ft/s) (LimnoTech
2010). The low flow of the CAWS may allow the species to naturally move upstream
without assistance. The species has been collected from shallow 2.5- to 4-m (8.2- to
13.1-ft) depths (Grigorovich et al. 2008). The maximum depth in the CAWS is about

10 m (32.8 ft), and depth is typically about 5 m (16.4 ft) (LimnoTech 2010). Suitable
habitat includes rocky and/or sandy shoals (Angradi et al. 2009; Grigorovich et al. 2008).
Near-shore nonvegetated areas, potentially including man-made structures like a
harbor, are suitable habitat for the species. Vegetative and woody debris are very
limited in the CAWS (LimnoTech 2010). The banks of the Chicago Sanitary and Ship
Canal (CSSC) are vertical walls, rock, and some vegetative debris. Substrate in the CSSC
is typically rock, silt, or cobble (LimnoTech 2012). The Little Calumet River and Burns
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Ditch are both shallow water. The banks of the Calumet Sag Channel and the Little
Calumet River are vertical walls, rock, and some vegetative debris. Sediments can be
gravel to soft sediment (LimnoTech 2010). The species tolerates pollution (Ysebaert
et al. 2000) and a wide range of temperatures based on existing distribution. Water
flows out of the BSBH into Lake Michigan. The eastern segment of the south branch of
the Little Calumet River also generally flows toward Lake Michigan (GSWMD 2008).
Thus, A. lacustre would be able to flow with the current out into Lake Michigan once it
reached the eastern branch of the Little Calumet River.

The Nonstructural Alternative is not expected to affect habitat suitability for
A. lacustre in the CAWS.
T10: See To.
T25: See To.
Tso: See To.

Probability of Passage

Time Step To Ty Tys Tso
No New Federal Action Rating Low Medium High High
Nonstructural Alternative Rating Low Medium High High

Evidence for Probability Rating (Considering All Life Stages)

To: This species has moved hundreds of miles in a single year via vessel-mediated transport
(section 3a). According to the literature, A. lacustre requires human-mediated transport to
travel far distances upstream (sections 3b, 3d), and there is vessel traffic from Brandon
Road Lock and Dam to the T.J. O’Brien Lock and Dam, but not to Indiana Harbor. The low
flow of water in the CAWS may allow the species to swim upstream (section 3d). Suitable
habitat is present in portions of the CAWS for the species (section 3e). The Calumet Sag
Channel and the Little Calumet River are shallow and have a low flow. There is no
documentation that the species survives at depths less than 2.5 m (8.2 ft) (section 3e). The
portions of the Little Calumet River that flow toward Lake Michigan will allow the species to
drift with current through the BSBH.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport. Ballast and bilge
water may address the passage of A. lacustre through the aquatic pathway. In addition,
anti-fouling hull paints are a possible measure for controlling A. lacustre fouling of vessels;
however, before anti-fouling hull paints could be considered an effective measure to
control hull fouling in the CAWS, changes in vessel maintenance and operation would be
required. Additional study is needed to assess the effectiveness of these paints to control
fouling by A. lacustre. Until additional study is completed and these issues are addressed,
anti-fouling hull paints are considered ineffective at controlling the passage of A. lacustre
through the aquatic pathway due to fouled vessels.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport. The
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alternative does not include measures to address the passage of A. lacustre by natural
dispersion or hull-fouling through the CAWS. Therefore, the Nonstructural Alternative’s low
probability of passage rating does not differ from that in the No New Federal Action Risk
Assessment.

T10: See Ty. Given time to naturally spread upstream, the species may be able to pass
through the passage during this time step.

The Nonstructural Alternative is not expected to affect the passage for A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Therefore, the Nonstructural Alternative’s medium probability of passage rating does not
differ from that in the No New Federal Action Risk Assessment.

Tas: See Tyo. A. lacustre is capable of spreading rapidly. Given time to establish in the
CAWS, the species is likely to spread closer to the BSBH over time.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre
through the aquatic pathway by natural dispersion or human-mediated transport.
Therefore, the Nonstructural Alternative’s high probability of passage rating does not differ
from that in the No New Federal Action Risk Assessment.

Tso: See T25.

Uncertainty of Passage

Time Step To Ty Tas Tso
No New Federal Action Rating Medium Medium Low Low
Nonstructural Alternative Rating Medium Medium Low Low

Evidence for Uncertainty Rating

To: A. lacustre is a rapid invader and is documented to have moved hundreds of miles in a
single year by vessel-mediated transport (section 3a). There is documented vessel traffic in
the CAWS that could potentially transport this species upstream to the Little Calumet River.
Movement to the BSBH may require natural dispersal through the south branch of the Little
Calumet River, and it is uncertain whether habitat is suitable in this waterway.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport; therefore, the
uncertainty remains medium.

T]_o: See To.
Tas: See Ty. Over time, it is more certain that this species will spread to Indiana Harbor.

The Nonstructural Alternative is not expected to affect the passage of A. lacustre through
the aquatic pathway by natural dispersion or human-mediated transport. Overall, the
uncertainty remains low.

Tso: See Tys.
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4. P(colonizes) To-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
5. P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from those in the No New Federal Action Risk Assessment.

Uncertainty: LOW
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E.2.1.2 Fish

E.2.1.2.1 Bighead Carp - Hypophthalmichthys nobilisa
NONSTRUCTURAL ALTERNATIVE

This alternative would potentially include the
implementation of a combination of the
following measures that may be implemented
at time step 0 (Ty, in units of years) by local,
state, and federal agencies and the public.
Nonstructural measures that are in research
and development at this time were not
considered available for this alternative. When
these measures are available for field
application, they could be reconsidered.

Nonstructural Alternative Measures for the Bighead Carp

Tce)sl::)c::;y Description
Education a:1d Education of recreational waterway
Outreach users and bait shop owners
Signage, pamphlets, and brochures
on how to identify ANS and control
the spread of ANS; promote national
campaigns (i.e., “Don’t Move Live
Fish” campaign)
Ballast/Bilge- Ballast/bilge-water exchange
water Exchange
Monitoring Agency monitoring
Voluntary occurrence reporting
Laws and Quarantine — restricted site access
Regulations Prohibition of sale, husbandry,
transport, release
USFWS Lacey Act listing
Mandatory watercraft and trailer
inspection and decontamination
Option or ANS Control ANS Factsheet®
Technology Methods
ANS Control Piscicides Piscicides
Methods Controlled Controlled
Harvest and Harvest and
Overfishing Overfishing
Desiccation Lethal
(Water Temperature
Drawdown)

® For more information, refer to GLMRIS Team (2012).
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RISK ASSESSMENT REFERENCE MAP

Chicago Lock

Lockport Pool

Electric Dispersal Barrier 0 A TJ O'Brien L&D,

Lockport Lock

Brandon Pool

Marseilles L&D A Dresden Island L&D

Dresden Pool
Starved Rock L&D

\ Marseilles Pool
Peoria Pool Starved Rock Pool

f Peoria L&D

LaGrange Pool

To maintain a desirable water depth and mild flow velocity in
the waterway to facilitate navigation, locks and dams are placed
A LaGrange L&D on the waterway. The waterway between two adjacent locks and
dams is called a "pool”, and it is commonly named after the
name of the lock and dam at the downstream end of the pool.

<> The Electric Dispersal Barrier System located approximately 5 mi upstream of the
Lockport Lock and Dam is assumed to continue operation through Ts.
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Pools of the Upper lllinois River and CAWS

Lock and Dams of the U

pper lllinois and CAWS

Pool River Miles | Approximate Lock and Dams Approximate Distance from
Length (mi) Electric Barrier System (mi)
Lockport Pool® Chicago Lock 31
Electric Barrier System 296 - T.J O'Brien Lock and Dam® 30.5
To Chicago Lock 291-327 36 Lockport Lock and Dam 5
To T.J. O'Brien 291-326.5 35.5 Brandon Road Lock and Dam 10
Brandon Road Pool 286291 5 Dresden Island Lock and Dam 24.5
Dresden Island Pool 271.5-286 14.5 Marseilles Lock and Dam 49
Marseilles Pool 247-271.5 24.5 Starved Rock Lock and Dam 65
Starved Rock Pool 231-247 16 Peoria Lock and Dam 138.4
Peoria Pool 157.6-231 73.4 LaGrange Lock and Dam 215.8
LaGrange Pool 80.2-157.6 77.4

® Lockport Pool encompasses river miles both below and above the Electric Dispersal Barrier System. Upstream of the Electric

Dispersal Barrier System, the Chicago Sanitary and Ship Canal (CSSC) continues north to the Chicago Lock at Lake Michigan. The Cal-
Sag Channel connects with the CSSC at approximately river mile 303, and proceeds eastward toward the T.J. O’Brien Lock and Dam.
Lake Michigan is approximately 6 mi north of the T.J. O’Brien Lock and Dam.

Note: River Miles were determined from the U.S. Army Corps of Engineers, lllinois Waterway Navigation Charts from Mississippi
River at Grafton, lllinois to Lake Michigan at Chicago and Calumet Harbors, 1998.

50

Nonstructural




PATHWAY 1
NONSTRUCTURAL:
Education and Outreach, Ballast/Bilge Water Exchange, Monitoring, Laws and Regulations, and ANS Control
Methods

PATHWAY 1
BRANDON ROAD LOCK AND DAM TO WILMETTE PUMPING STATION (WPS)

NONSTRUCTURAL: Education and Outreach, Ballast/Bilge Water Exchange, Monitoring, Laws
and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY

No New Federal Action Rating Summary

Probability To LE Ty Tso
Element P U P U P U P U

P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | - | Low | - | Medium | - | Medium | -

® “_"Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Probability To Tio Ty Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | = | Low | - | Medium | - Medium | -

® “”|ndicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

characterize overall uncertainty for an aggregate rating.

EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are
anticipated that would reduce or eliminate the hydrologic connection between Brandon

Road Lock and Dam and WPS over the next 50 years.

Uncertainty: NONE
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Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
P(arrival) To-Tso: HIGH

In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

Bighead carp are active swimmers. Total maximum distance traveled upstream by an
individual was 163 km (101 mi) over 35 days (Peters et al. 2006), with an average of
4.5 km (2.8 mi) traveled per day. Average expansion rates for bighead carp are recorded
at 9 river miles per year (Jerde et al. 2010) and they were able to move from Arkansas
into Mississippi, Missouri, Ohio, and lllinois rivers. Bighead carp expansion rates were
also tracked via the Long Term Resource Monitoring Program in the Mississippi and
Illinois Rivers. First detections at Pool 26 (Mississippi River; 1991) to the La Grange reach
(Illinois River; 1995) indicated the detectable population moved over 98 river miles in
just 4 years (Irons et al. 2009) and continued upstream progression in the lllinois River
to the Dresden Island Pool by 2007 (USGS 2013).

The Nonstructural Alternative is not expected to affect the arrival of the bighead
carp at the Chicago Area Waterway System (CAWS) by natural dispersion.

b. Human-Mediated Transport through Aquatic Pathways
There is commercial vessel and recreational boat traffic between the current location of
bighead carp and the Brandon Road Lock and Dam. Bighead carp eggs, larvae, and fry
have the potential to be spread by ballast water if water quality is suitable, although the
viability of this ballast water transport is considered to be low (Heilprin et al. 2013).
The Nonstructural Alternative is not expected to affect the arrival of the bighead carp
at the CAWS from human-mediated transport through this aquatic pathways.

¢. Current and Potential Abundance and Reproductive Capacity
To: Adult bighead carp are abundant in the Illinois Waterway from Starved Rock Lock &
Dam (RM231) to the confluence with Mississippi River (Chick and Pegg 2001; Irons et al.
2009; ACRCC 2012; Garvey, et al. 2013; Wyffels et al. 2013). Bighead carp were
reported to have high abundances within the La Grange pool of the lllinois River from
sampling conducted from 2000 to 2006 (Irons et al. 2011). Bighead carp reached peak
abundance levels in 2000 and have declined between 2004 and 2006, however these
declines may be due to capture gear inefficiencies (Irons et al. 2011). Sampling efforts
for Asian carp conducted in the upper pools of the Illinois River (Marseilles-Lockport)
from 2010 through 2012 indicated a decreasing population from downstream to
upstream (Ruebush et al. 2013).
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A Monitoring and Response Work Group (MRWG) composed of academic, local, state
and federal agencies was established in 2010 by the Asian Carp Coordinating Committee
(ACRCC). The ACRCC’s mission statement is to create a sustainable Asian carp control
program for protecting the integrity and safety of the Great Lakes ecosystem by
preventing introduction of a sustainable Asian carp population into the Great Lakes via
all viable pathways (ACRCC 2013d). The MRWG has projects focusing on waterway
monitoring, removal efforts, Electric Dispersal Barrier System efficacy, gear catch
efficacy and alternative pathway monitoring. Regular electrofishing and netting efforts
have consisted of 16,497 person-hours of sampling from the Starved Rock Pool to Lake
Michigan resulting in the capture of 283,290 specimens from 2010 to 2012. Removal
efforts below the barrier system include contracted commercial fishermen setting over
643.3 mi of nets through 2012 to remove 698.72 tons of bighead, silver and grass carp.
Additional workgroup projects include juvenile, larval and egg sampling,
ichthyoplankton surveys, telemetry studies, hydro-acoustic surveys, and alternative gear
development all of which provide up-to-date information on the status of Asian carp
populations and range expansion (ACRCC 2013a).

In 2013, a significant number of bighead carp were captured in the Rock Run Rookery
Preserve Lake, a backwater in the Dresden Island pool, 4 mi downstream of the Brandon
Road Lock and Dam (ACCRC 2013c). There are no physical barriers between Rock Run
Rookery Preserve Lake and the Brandon Road Lock and Dam. It is unknown whether
this represents a population increase in this pool since the rookery was not previously
sampled.

Above Dresden Island Pool, one bighead was collected in 2009 within Lockport Pool
downstream of the Electric Dispersal Barrier System during a rotenone application
(ACRCC 2009). In 2010, a bighead was captured in Lake Calumet during routine
monitoring upstream of the Electric Dispersal Barrier System (ACRCC 2012).

Bighead carp are broadcast spawners that spawn in large aggregates (Kolar
et al. 2005). Female egg production is correlated with increased body mass and age.
Females with as many as 1.1 million eggs have been found in the Yangtze River, China
(Kolar et al. 2005). In the Missouri River the mean fecundity was measured as the
average adult female producing 226,213 eggs (Shrank and Guy 2002). In 2004, in the
[llinois River, mean egg production was measured as 180,000 per female
(DeGrandchamp et al. 2007). Kolar et al. (2007) reported that their analysis suggested
that populations appear to be growing exponentially at the time of the report. Garvey
et al. (2006) points out that bighead carp have a slower population level somatic growth
rate, higher survival, lower fecundity, later maturity and longer lives relative to silver
carp. In 2012, age-1 Asian carp were relatively abundant in the LaGrange and Peoria
pools, but only one was caught in the Starved Rock pool and none in the Marseilles pool.
Only one age-0 Asian carp was captured at Peoria Lock and Dam, LaGrange pool (ACRCC
2013a).

The Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of bighead carp. Controlled harvest and overfishing measures
have removed over 1.3 million Ibs of Asian carp from the lllinois River between 2010 and
2012 (ACRCC 2013e). However, the removal efforts are not expected to amount to a
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total extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

The bighead carp has been listed as an injurious fish species under the Lacey Act
(Federal Register 2011), and federal and state agencies have implemented components
of the National Management and Control Plan for Bighead, Black, Grass, and Silver
Carps in the United States (Conover et al. 2007). However, ongoing barrier defense
monitoring indicates that bighead carp remains abundant in the lllinois River (Wyffels et
al. 2013) at the current level of harvest, regulation, and management.

Overall, the Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of this species. Although monitoring and overfishing techniques
are expected to improve, the removal efforts are not expected to amount to a total
extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

T10: Based on the above information, bighead carp seem to have a high reproductive
capacity in terms of producing new young per year. Therefore, current populations are
expected to increase in abundance. Additionally, future environmental conditions or
population genetics have the potential to shift in such a way that would allow a rapid
growth and expansion of downstream populations that could lead to increased
immigration into the pathway (Kolar et al. 2007); therefore, abundance is anticipated to
increase below the Brandon Road Lock and Dam. This assessment is based on past
invasion histories for multiple species (Crooks and Soulé 1996; Williamson 1996; Nico
and Fuller 1999; Lockwood, Hoopes, and Marchetti 2007); also, see the above section
Type of Mobility/Invasion Speed for more information.

The Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of this species. Although monitoring and overfishing techniques
are expected to improve, the removal efforts are unlikely to amount to a total
extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

Tys: It is expected that, in areas with established populations, natural constraints on
population growth would begin to reach a plateau. Thus, reproductive capacity would
remain the same, but would no longer result in an exponentially increasing population.
The Nonstructural Alternative is not expected to affect the abundance or reproductive
capacity of this species. Though monitoring and overfishing techniques are expected to
improve, the removal efforts are unlikely to amount to a total extirpation from a single
pool because removed fish could be replenished by reproducing populations (Tsehaye et
al. 2013) and immigration from the lower pools (ACRCC 2013a).

Tso: See T25.

d. Existing Physical Human/Natural Barriers
To: None. There are no barriers to movement of bighead carp from their current
position to Brandon Road Lock and Dam.
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The Nonstructural Alternative would not affect existing physical human/natural
barriers to the pathway.
T10: See To.
T25: See To.
Tso: See To.

e. Distance from Pathway

To: There have been two recorded captures of bighead carp above the Brandon Road
Pool. The first was collected in 2009 within the Lockport Pool, downstream of the
Electric Dispersal Barrier System, during a rotenone application (ACRCC 2009). The
second capture occurred during routine monitoring in Lake Calumet. Lake Calumet is
directly connected to the Little Calumet River, only 6 mi from Lake Michigan (ACRCC
2012). Multiple bighead carp have been captured in landlocked Chicago-area urban
fishing ponds above the barrier. It is likely that these fish were accidentally introduced
during stocking for the lllinois Department of Natural Resources urban fishing program
of catchable sized channel catfish in the 2002-2003 timeframe (ILDNR 2011; ACRCC
2013e). In addition, there have been multiple positive eDNA detections upstream of
electric barriers for bighead carp (Jerde et al. 2011). However, there is no evidence to
correlate the eDNA detections to an established Asian carp population above the
Electric Dispersal Barrier System within the CAWS (ACRCC 2012; Environmental DNA
Calibration Study 2013). Calibration studies are underway to better understand the
relationship between positive eDNA and Asian carp populations (ACRCC 2013b).

Below the Brandon Road Pool, bighead carp have been detected in the Dresden
Island pool. A significant number of adult bighead carp were captured approximately
4 mi downstream of the Brandon Road Lock and Dam in the Rock Run Rookery Preserve
Lake in 2013 (ACCRC 2013c). The USACE telemetry program has also recorded one
individual bighead carp that approached the Brandon Road Lock and Dam in 2012
before returning downstream to the mouth of the Kankakee River (Shanks and
Barkowski 2013). Based on the persistent populations in Marseilles Pool, and the 2013
captures in Rock Run Rookery Preserve Lake approximately 4 mi from Brandon Road
Lock and Dam, the bighead carp has arrived at the pathway (Brandon Road Lock and
Dam).

The Nonstructural Alternative is not expected to affect the bighead carp’s distance
from the aquatic pathway.
T]_o: See To.
T,s5: See To.
Tso: See To.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)

To: Bighead carp prefer eutrophic conditions but can survive with low growth rates
under low plankton concentrations (Kolar et al. 2007). There was no difference in catch
rate regarding location within the water column as measured within the backwaters of
the Illinois River (Schultz et al. 2007). DeGrandchamp et al. (2008) suggest that bighead
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carp rarely occupy depths greater than 4 m (13 ft) regardless of abiotic factors. Other
studies indicate that 3 m (9.8 ft) deep or more provides suitable conditions for bighead
carp (Kolar et al. 2005). Bighead carp can be found in low velocity and off-channel
habitats in the Mississippi, Missouri, Wabash and lower Ohio Rivers and all sizes
collected in the Upper Mississippi River Basin were strongly associated with slow-
moving water (<0.3 m/s [1.0 ft/s]) (Kolar et al. 2005). During low flow, bighead carp
avoid channels & backwaters (DeGrandchamp et al. 2008), but will use spur dikes (Kolar
et al. 2007; Cooke et al. 2009). These varied habitats are found throughout the Dresden
Island Pool, including the Rock Run Rookery Preserve Lake and in the Kankakee River.
This species is found in Swan Lake, which is connected to the lllinois River
(DeGrandchamp et al. 2007). Heilprin (2013) found that larvae of bighead carp can
survive under low DO conditions (0.86 mg/L) inside a barge ballast tank. This supports
the findings of other studies that indicate adults (0.5 mg/L; Oregon Sea Grant 2011),
juveniles (0.33 mg/L) and young (0.4 mg/L; Jennings 1988) can survive low DO
conditions. Critical spawning temperature for bighead carp is reported as 18°C (64.4°F)
(Irons et al. 2009). However, typically successful fertilization occurs between 21° and
26°C (69.8 and 78.8°F) (Kolar et al. 2005). The mean summer temperature of Lake
Michigan near Chicago ranges between 20 and 23°C (64.4°F). Adult bighead carp can
withstand water temperatures up to 38.8°C (101.8°F) (Bettoli et al. 1985).

The Nonstructural Alternative is not expected to affect the suitability of habitat for
bighead carp.
T]_o: See To.
T25: See To.
Tso: See T.

Probability of Arrival

Time Step To Tio Tys Tso
No New Federal Action Rating High High | High High
Nonstructural Alternative Rating High High | High High

Evidence for Probability Rating (Considering All Life Stages)

To: Bighead carp have been documented at the Brandon Road Lock and Dam and Lockport
Pool upstream of Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway. The bighead carp has arrived at the pathway. Therefore, the
probability of arrival remains high.

T]_o: See To.
T25: See To.
Tso: See To.

56
Nonstructural



PATHWAY 1

NONSTRUCTURAL:
Education and Outreach, Ballast/Bilge Water Exchange, Monitoring, Laws and Regulations, and ANS Control
Methods
Uncertainty of Arrival
Time Step To Tio Ty Tso
No New Federal Action Rating None None None None
Nonstructural Alternative Rating None None None None

Evidence for Uncertainty Rating

To: A bighead carp was captured in the Lockport pool, upstream of the Brandon Road Lock
and Dam; telemetric tracking of tagged individual bighead carp has provided evidence of at
least one individual approaching the Brandon Road Lock and Dam in 2012; and in the spring
of 2013, the capture of significant numbers of bighead carp at Rock Run Rookery Forest
Preserve Lake, which is approximately 4 mi from the Brandon Road Lock and Dam.
Therefore, there is no uncertainty whether this species has arrived at the pathway.

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

T10: See Ty. Existing data indicate that harvesting in the upper pools (above Starved Rock
Lock and Dam) can reduce Asian carp populations. Existing data indicate that harvesting in
the upper pools (above Starved Rock Lock and Dam) can reduce Asian carp populations.
However, the removal efforts are unlikely to amount to a total extirpation from a single
pool because removed fish could be replenished by reproducing populations (Tsehaye et al.
2013) and immigration from the lower pools (ACRCC 2013a).

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

Tos: See Tp. Itis uncertain whether Asian carp monitoring and harvesting activities in
Dresden Island Pool will continue during this time step. Bighead carp populations in the
Dresden Island Pool are expected to increase to existing levels or higher.

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

Tso: See T25.

P(passage) To-Tso: LOW-MEDIUM

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed
Bighead carp is an active swimmer that can swim against the slow current of the CAWS.
An individual can travel as far as 4.5 km (2.8 mi) per day (Peters et al. 2006). Bighead
carp expansion rates were also tracked via the Long Term Resource Monitoring Program
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in the Mississippi and lllinois Rivers. First detections at Pool 26 (Mississippi River 1991)
to the La Grange Pool (lllinois River 1995) indicated the detectable population moved
over 98 river miles in just 4 years (Irons et al. 2009) and continued upstream progression
in the Illinois River to the Dresden Island Pool by 2007 (USGS 2013). Average expansion
rates for bighead carp are recorded at 9 river miles per year (Jerde et al. 2010).

Asian carp were first sampled from the lllinois River during the 1990’s and
populations have since progressed upstream (Conover et al. 2007; Irons et al. 2009).
Monitoring for bighead and silver carp was originally incidental to standard routine
sampling by the Illinois Department of Natural Resources (IDNR) and the Illinois Natural
History Survey (INHS). Sampling directed toward Asian carp in the upper lllinois
Waterway began with the US Fish and Wildlife Service’s (USFWS) annual Carp Corral &
Round Goby Roundup. Subsequently, the US Army Corps of Engineers (USACE) adopted
a plan specifically to monitor Asian carp downstream of the electric barrier system
located near Romeoville, Illinois (ACRCC 2013a). By 2010, the ACRCC was formed to
coordinate this intensive monitoring effort which was expanded to include techniques
including but not limited to eDNA, electrofishing, netting, sonar, and telemetry above
and below the barrier generally between Lake Michigan and the Peoria Lock and Dam
(ACRCC 2010).

As noted above, in 2007, bighead carp were first captured in Dresden Island Pool. In
2009, one bighead carp was found in the Lockport Pool during a rotenone event (ACRCC
2009), and in 2010, a bighead was captured in Lake Calumet during routine monitoring
upstream of the Electric Dispersal Barrier System (ACRCC 2012). Since 2007, bighead
carp were captured in Dresden Island Pool; however, based on this monitoring data, it
appears that few bighead carp have moved from Dresden Island Pool to reaches above
the Brandon Road Lock and Dam. The factors driving this apparent stalled range
expansion are not understood but may include food and habitat availability, channel
morphology and hydrology, and lock specific differences.

Within the Marseilles and Dresden Island Pools, reproductively mature bighead carp
have been captured but no fertilized eggs or larvae have been found. Hydraulic
(e.g., seasonal high flows) and geomorphic conditions (e.g., floodplain habitat) within
the Dresden Island and Lockport Pools do not offer suitable environmental cues to
initiate spawning behavior (Chapman 2010). In 2012, age-1 Asian carp were relatively
abundant in the LaGrange and Peoria pools, but only one was caught in the Starved
Rock pool and none in the Marseilles pool. Only one age-0 Asian carp was captured at
Peoria Lock and Dam, LaGrange pool. The nearest collection of Asian carp eggs was
found near Henry, lllinois, within the Peoria Pool, five locks downstream of the Electric
Dispersal Barrier System. Larval Asian carp were only collected in LaGrange Pool (ACRCC
2013a).

The Nonstructural Alternative is not expected to affect the natural dispersion (i.e.,
swimming and passive drift) of the bighead carp through the aquatic pathway.

b. Human-Mediated Transport through Aquatic Pathways
Bighead carp actively swim and do not require humans for dispersal. Therefore, natural
dispersal by swimming will likely be the primary mechanism of movement through the
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CAWS from the Brandon Road Lock and Dam. There is heavy commercial vessel traffic
between Brandon Road Lock and Dam and the Chicago River (USACE 2011a,b) and there
is the potential for bighead carp eggs and larvae to be transported upstream of the
Electric Dispersal Barrier System by passive entrainment in a ballast tank (no pumping).
Heilprin et al. (2011) found water sampled from barge ballast through a single summer
to be within published water quality parameters to sustain juvenile and adult Asian
carp. Additionally, survivability of larvae and eggs within ballast water was found to be
high for periods up to 144 hours but a very low percentage of larvae survived pump
passage when expelling the ballast water (Heilprin 2013).

USCG has established a regulated navigation area around the Electric Dispersal
Barrier System which prohibits vessels from transiting the safety zone with any non-
potable water on board if they intend to release that water in any form within, or on the
other side of the safety zone (USCG, 2011).

Other vessel-related transport mechanisms that may reduce the effectiveness of the
Electric Dispersal Barrier System are discussed in Section 4c, Existing Physical
Human/Natural Barriers.

Commercial traffic through the Brandon Road Lock and Dam moves to the
T.J. O’Brien Lock and Dam or the Chicago River Controlling Works (CRCW); it does not go
to the WPS. Recreational boat fishing occurs on the North Shore Channel leading to the
WPS, but boats cannot move from the North Shore Channel into Lake Michigan.

The Nonstructural Alternative includes ballast and bilge water discharge prior to
entering the aquatic pathway and is expected to address the human-mediated transport
of bighead carp through the aquatic pathway.

c. Existing Physical Human/Natural Barriers
To: There are two lock complexes (Brandon Road Lock and Dam and Lockport Lock and
Dam) within the pathway. The Brandon Road and Lockport locks and dams are
expected to control the upstream movement of fish except during lockages. The
complexity of navigating through the lock may slow the upstream passage of Asian carp.
There is some leakage around and through the gates (Ackerson 2012) that small larvae
could move through, but the larvae would not be able to swim against the current
created by the leakage. It is unlikely larvae or other bigger individuals could move
through closed lock gates. However, during normal operations, bighead carp are
expected to be able to swim through open gates.

In addition, there is an electrical barrier complex referred to as the Electric Dispersal
Barrier System. The Electric Dispersal Barrier System, located approximately 5 mi
upstream of Lockport Lock and Dam and 31 mi downstream of Lake Michigan via
Chicago Lock, consists of three electrical barriers: Demonstration Barrier, Barrier llA, and
Barrier 1IB (USACE 2011c). The barriers consist of steel electrodes mounted across the
bed of the Chicago Sanitary and Ship Canal (CSSC) that pulse direct current into the
water at a strength, pulse duration, and frequency that repels and stuns fish.

The Demonstration Barrier has been operational since 2002 and was rehabilitated in
2008, but it was designed and built with materials that were not intended for long-term
use because of its demonstration status. Barrier [IA was activated in April 2009 at the
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same settings as the Demonstration Barrier — 1 volt per in., 5 Hertz, and 4 milliseconds.
These settings were increased in August 2009 to 2 volts per in., 15 Hertz, and

6.5 milliseconds in response to eDNA monitoring results that suggested Asian carp were
closer to the barriers than earlier believed. Barrier |IB was activated in April 2011 at
Barrier IIA’s settings, and Barrier IIA was placed into warm standby mode. In October
2011, Barrier ll's operational settings were changed to 2.3 volts per in., 30 Hertz and

2.5 milliseconds, based on laboratory research suggesting these settings would be more
effective in deterring very small fish. The U.S. Army Corps of Engineers continues to
study the optimal operating parameters to deter very small fish.

USFWS is evaluating feral fish populations and their behavior within the electric
dispersal barrier using a dual-frequency identification SONAR (DIDSON; Sound Metrics
Corp., Bellevue, WA) unit to evaluate fish populations throughout the entire barrier
system (Parker 2013). Results of sampling across the entire barrier system during the
summer of 2013, using DIDSON equipment, revealed a large accumulation of fish below
the active barrier. Some of the fish that were immediately below the active barrier
(either Barrier IIA or 1I1B) were observed persistently probing and challenging the barrier.
DIDSON results showed schools of small fish breaching the barrier. Typically, as the
schools of fish penetrated deeper into the zone of ultimate field strength, the size of the
school contracted into a tight sphere shape and after they breached, the group
expanded again. The sizes of the fish that breached the barrier are estimated to range
from approximately 2 to 4 in. in length. To help determine the species of fish most likely
observed breaching the barrier, the USFWS performed a limited amount of fish sampling
within the narrow array on September 27, 2013 and caught gizzard shad (Dorosoma
cepedianum), threadfin shad (Dorosoma petenense), and skipjack herring (Alosa
chrysochloris) (USACE 2013). Additional study is underway to further evaluate
operational protocols of the barriers and to identify any potential actions that may be
employed to address the findings discussed in this paper.

There are several other mechanisms identified for potential barrier bypass. First, fish
could swim through the Dispersal Barrier during times of power outage. According to
records through March 2013, the Electric Dispersal Barrier System experienced a loss of
power to the water for a total of 4 minutes prior to 2011, and a total of 13 minutes in
2012 (USACE unpublished data, Electric Dispersal Barrier System Power Outage Records,
April 1, 2013). Work is underway on a redundant power supply for Barrier lIA and
similar work is planned for Barrier IIB. In addition, automatic transfer mechanisms were
installed on both Barriers IIA and |IB to maintain power in the water in the event of a
power loss. Permanent Barrier |, the upgrade for the Demonstration Barrier, will
provide yet another redundant electric field of the Dispersal Barrier System during
power outages at Barrier IIA or 1IB. Secondly, the Electric Dispersal Barrier System
would be intentionally shut down completely in emergency situations under a man-
overboard scenario; however, there have been no man-overboard scenarios near the
Dispersal Barriers as far back as the initialization of the Demo Barrier in 2002.

Additional potential barrier aquatic bypass vectors are currently under investigation
and include reverse flow events in the canal (wind, vessel, or current driven), electric
field shielding by steel hulled vessels or side wall crevices, small fish passage and fish
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entrainment within barge induced water currents across the Electric Dispersal Barrier
System. Preliminary research at the USACE Engineer Research and Development Center
in Vicksburg, MS has shown model fish (soft plastic fish lures) to become entrained at
numerous surface junctions, to varying degrees, between inter-barge and tow-barge
connections on model tow-barge vessels. Additionally, electrical readings taken within
the void created between a raked (sloped) bow and a boxed (flat) stern junction show
that steel hulled barges reduce the in water electrical parameters in this area (USACE
2013).

The USFWS placed live surrogate species of fish in cages alongside and between
junctions of barges in the CSSC to evaluate fish-barge interactions and assess the
possibility of the fish becoming incapacitated as they traversed the electrical barrier.
Fish were incapacitated as they encountered the electrical field at all barge locations,
except the void space in the rake to box junction. Several feral fish were observed being
entrained in two locations around the barges during trial runs indicating that wild fish
do interact with barge traffic near the barriers. In order to determine if wild fish would
stay in this void without a cage, a follow-up study was conducted with externally tagged
fish (tethered to a float). Tethered fish placed in barge junctions breached the barrier to
some degree in all but one barge configuration tested. When tethered fish were placed
below the barriers as barges approached, some degree of fish breaching the barrier
occurred with every different configuration tested (USACE 2013). Results from these
ongoing studies are preliminary. This combination of increased possibility of
entrainment and reduced electrical parameters due to barge traffic is expected to lead
to an increased possibility of fish being transported over the barrier system. Vessel
speed and tow/barge configuration are considered to be primary factors that affect the
possible entrainment and transport of fish through the electric barriers (USACE 2013).
Further research is being conducted to mitigate this bypass. While preliminary results
from these investigations have shown these bypasses to be viable, the possibility of
these bypasses occurring in the field is low at this time due to the low or non-existent
population of bighead carp in the Lockport Pool.

In 2010, lateral barricades were constructed between the CSSC, the Des Plaines River,
and the lllinois and Michigan Canal to control upstream bypass of the Electrical Dispersal
Barrier System during flooding between these adjacent waterways. The Des Plaines
River Barricade extends approximately 13 mi and consists of concrete barriers and
specially fabricated 0.25-in. wire mesh that allows water to flow through the fence but
controls the passage juvenile and adult fish, and the lllinois and Michigan Canal is
walled-off using a stone berm. Small sections of the Des Plaines barricade fence failed
during flooding in 2013; however, monitoring crews immediately responded and
monitored for the presence of fish along breaches. Though these efforts indicated that
fish (common carp) had moved through the breaches, no Asian carp were caught
(Barkowski 2013), and prior monitoring efforts in the Des Plaines River had not captured
or observed Asian carp, larval fish, or eggs (ACRCC 2013b).

Under current operational protocols, monitoring for Asian carp occurs downstream
and upstream of the Electric Dispersal Barrier System. In the event an individual is
found upstream of the Lockport Lock and Dam, protocol dictates the use of intensive
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electrofishing and netting to find and remove individuals or the use of rotenone to
immobilize and kill all fish within the reach of concern (ACRCC 2011). It is anticipated
that the ACRCC Monitoring and Response Group would evaluate and respond to any
evidence of Asian carp are above the Brandon Road Lock and Dam.

In addition, there are water control structures separating WPS from Lake Michigan,
which are periodically opened and closed (LimnoTech 2010). When these structures are
opened, bighead carp would be able to swim into Lake Michigan.

The Nonstructural Alternative is not expected to affect the existing physical human
and natural barriers for the bighead carp.

T10: Future operations of the Brandon Road Lock and Dam and Lockport Lock and Dam
locks are not expected to change as of the time of this assessment. The Electric
Dispersal Barrier System is expected to have additional redundancies in power supply,
thereby reducing potential power outage events. A new barrier is currently under
construction that will upgrade the Demo Barrier to permanent status (Barrier I). Barrier
| will be capable of producing higher electrical outputs than those of Barrier Il and will
add an additional narrow array on the downstream boundary. Barrier | is expected to
become operational by 2016. Further study of the current Electric Dispersal Barrier
System to address electric field shielding by steel-hulled vessels, fish entrainment within
barge-induced water currents and very small fish would continue and would inform
future operations.

Future operations of WPS sluice gate are not predicted to change. The Nonstructural
Alternative is not expected to affect the existing physical human and natural barriers for
the bighead carp.

Tys: See T1o. Funding for research, monitoring and removal programs for bighead carp at
this time step is highly uncertain. Currently, no funding source has been identified for
any one agency to maintain the present level of effort.

The Nonstructural Alternative is not expected to affect the existing physical human
and natural barriers for the bighead carp.
Tso: See Tigand Tys.

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: Bighead carp prefer eutrophic conditions but survive with low growth rates with low
plankton concentrations (Kolar et al. 2005, Cooke et al. 2009). The CAWS is the
recipient of treated wastewater from numerous facilities that produces eutrophic
conditions suitable for bighead carp. Additionally, recent plankton surveys within the
CAWS suggest there are relatively high concentrations of zooplankton available as a
food resource (ACRCC 2013a; Butler et al. 2013). Bighead carp utilize all parts of the
water column in rivers (Schultz et al. 2007; DeGrandchamp et al. 2008; Kolar et al.
2005). They can be found in low velocity and off-channel habitats associated with slow-
moving water (<0.3 m/s [1.0 ft/s]) (Kolar et al. 2005), but are capable of swimming in
very-high-velocity habitats, with a maximum measured swimming speed of
approximately 7.5 m/s (24.6 ft/s) (Konagaya and Cai 1987). During normal conditions,
the CAWS has a slow-moving current (LimnoTech 2010). Sections of the CAWS also
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experience seasonally low dissolved oxygen (LimnoTech 2010). Heilprin et al. (2013a)
found that larvae of bighead carp can survive under low dissolved oxygen conditions
(0.86 mg/L) inside a barge ballast tank. This supports the findings of other studies that
indicate the species can survive low dissolved oxygen conditions: adults (0.5 mg/L)
(Oregon Sea Grant 2011), juveniles (0.33 mg/L), and young (0.4 mg/L) (Jennings 1988).
Adult bighead carp can withstand water temperatures up to 38.8°C (101.8°F) (Bettoli et
al. 1985). Overall, the conditions of the CAWS are not expected to impede movement of
bighead carp.

The Nonstructural Alternative is not expected to affect the suitability of the habitat
within the CAWS for bighead carp.
T10: See Ty. Conditions of the CAWS are predicted to change, but not in a way that
would affect the likelihood of this species passing through this pathway. For example,
the Metropolitan Water Reclamation District of Greater Chicago (MWRD) is in the
process of evaluating ways to improve the water quality of the CAWS by decreasing the
amount of organic materials released into the CAWS. This could potentially decrease
the amount of plankton and other food species bighead carp would need to survive
within the CAWS. In addition, in coordination with the USACE, MWRD will increase
capacity of stormwater catchment and retention in adjacent tunnels and reservoirs.
This will lead to a lower hydrologic peak during storm events. The environmental
conditions within the CAWS may change slightly with the closing of two coal-fired power
plants (Midwest Generation’s Fisk and Crawford Plants) in August 2012. These plants
used canal water in their cooling process and returned heated water back to the canal.
As a result, temperature profiles may be reduced significantly in the near vicinity and to
a lesser extent downstream. This is not expected to significantly affect the ability of
bighead carp to pass through this pathway.

The Nonstructural Alternative is not expected to affect the suitability of the habitat
within the CAWS for bighead carp.
T25: See T10
Tso: See T10

Probability of Passage

Time Step To Tao Tas Tso
No New Federal Action Rating Low Low Medium Medium
Nonstructural Alternative Rating Llow | Low | Medium Medium

Evidence for Probability Rating (Considering All Life Stages)

To: Bighead carp would need to pass through the Brandon Road and Lockport locks and
dams, the Electric Dispersal Barrier System and an intermittent sluice gate opening to pass
through this pathway. Adults and all life sizes of bighead carp would be able to swim
through the locks when the lock is in operation; however, the locks may slow passage of
bighead carp through the pathway.
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Based on the sampling and monitoring data, the abundance of individuals within the
Lockport Pool below the dispersal barriers is expected to be low to non-existent at this
timestep. Since 2007, bighead carp were captured in Dresden Island Pool; however, based
on this monitoring data, it appears that few bighead carp have expanded past the Brandon
Road Lock and Dam. As discussed in P(arrival), Current and Potential Abundance and
Reproductive Capacity, in 2012, small Asian carp were relatively abundant in the LaGrange
Lock and Dam and Peoria Lock and Dam. Only one was caught in the Starved Rock pool. No
small age-1 Asian carp were found in the Marseilles pool. Only one age-0 Asian carp was
captured at Peoria Lock and Dam, LaGrange pool. Adult populations of bighead carp are in
the Dresden Island Pool (ACRCC 2013a). In an effort to control the Asian carp population
downstream of the barrier, fisherman have been contracted to remove these fish from the
waterway.

Monitoring and research have found several potential bypass mechanisms for the
Electric Barrier System: man overboard scenario when power to the barrier is intentionally
turned off, power outages, bypass during flood events, stunned fish floating through the
barrier during reverse flow events in the canal (wind, vessel, or current driven), electric field
shielding by steel hulled vessels or side wall crevices, small fish passage and fish
entrainment within barge induced water currents across the Electric Dispersal Barrier
System. Bypass due to these various mechanisms is not likely, because the nearest
detectable population of swimming bighead carp is in Dresden Island Pool and the nearest
detected eggs, larvae, and fry are farther downstream (ACRCC 2013a). Additionally,
research on these bypasses continues and will inform future operations.

In summary, current propagule pressure of this species immediately downstream of the
Dispersal Barriers is considered low or non-existent as measured by monitoring efforts of
local, state and federal agencies. The probability of passage for the bighead carp is low for
To because (1) small Asian carp are not expected to be present at the Electric Dispersal
Barrier System, (2) the abundance of adults is expected to be absent or low near the Electric
Dispersal Barrier System, and (3) if a low population of adults approaches the barrier, then
it is expected, based on current research, that the barrier would be effective at controlling
passage of these fish.

The low passage rating is in conflict with the Canadian Science Advisory Report (2012)
that rates passage through the CAWS as highly likely. However, the Canadian report
explicitly did not evaluate the effectiveness of the Electric Dispersal Barrier System.

The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Although ballast and bilge water
discharge prior to entering the pathway is expected to address the human-mediated
transport of bighead carp through the aquatic pathway, these measures alone are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Additionally, although monitoring and overfishing techniques are expected to improve,
removal efforts are unlikely to amount to a total extirpation from a single pool because
removed fish could be replenished by reproducing populations (Tsehaye et al. 2013) and
immigration from the lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s low probability of passage rating does not differ
from that reported in the No New Federal Action Risk Assessment.
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Ti0: See Ty, Bighead carp are expected to remain in low populations immediately below the
Electric Dispersal Barrier System. Contracted fishermen are expected to continue to
improve their fishing techniques to increase their catch rates. The Brandon Road and
Lockport locks and dams may also slow bighead carp passage.

Federal and state natural resource agencies have monitored the upstream progress of
Asian carp populations since their arrival in the IWW in the 1990’s (Conover et al. 2007;
Irons et al. 2009; ACRCC 2013a). Since 2007, bighead carp were captured in Dresden Island
Pool; however, based on this monitoring, it appears that few bighead carp have moved
from Dresden Island Pool to reaches above the Brandon Road Lock and Dam. The factors
driving this apparent stalled range expansion are not understood but may include food and
habitat availability, channel morphology and hydrology, and lock specific differences. Also,
it is anticipated that the ACRCC Monitoring and Response Group would evaluate and
respond to any evidence of Asian carp above the Brandon Road Lock and Dam.

Further refinement of the Electric Dispersal Barrier System operations and redundant
power sources are expected to decrease the number and length of potential power
outages. Additionally, potential transport vectors across the barriers (e.g., vessel
entrainment, insufficient operating parameters for small fish, reverse flow events, crevice
shielding of electric field) will continue to be analyzed and future operations would
informed by this analysis.

The probability of passage for the bighead carp is low for T1g because (1) small Asian carp
are not expected to be present at the Electric Dispersal Barrier System, (2) the abundance of
adults is expected to be absent or low near the Electric Dispersal Barrier System, and (3) if a
low population of adults approaches the barrier then it is expected, based on current
research, that the barrier would be effective at controlling passage of these fish.

The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Although ballast and bilge water
discharge prior to entering the pathway is expected to address the human-mediated
transport of bighead carp through the aquatic pathway, these measures alone are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Additionally, though monitoring and overfishing techniques are expected to improve,
removal efforts are unlikely to amount to a total extirpation from a single pool because
removed fish could be replenished by reproducing populations (Tsehaye et al. 2013) and
immigration from the lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s low probability of passage rating does not differ
from that reported in the No New Federal Action Risk Assessment.

Tys: See Tqo. Funding for monitoring and removal programs for bighead carp at this time
step is uncertain because there is not a funding source identified to maintain the present
level of management. With the continued expected immigration from the lower pools
(Tsehaye et al. 2013), the propagule pressure at the Dispersal Barrier System is expected to
increase, and thus increase the potential for an individual to move past the Barriers.

The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Though ballast and bilge water discharge
prior to entering the pathway is expected to address the human-mediated transport of
bighead carp through the aquatic pathway, these measures alone are not expected to affect
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the natural dispersion of bighead carp through the aquatic pathway. Additionally, though
monitoring and overfishing techniques are expected to improve, removal efforts are
unlikely to amount to a total extirpation from a single pool because removed fish could be
replenished by reproducing populations (Tsehaye et al. 2013) and immigration from the
lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s medium probability of passage rating does not
differ from that reported in the No New Federal Action Risk Assessment.
Tso: See T10 and T25.

Uncertainty of Passage

Time Step To Tio Ty Tso
No New Federal Action Rating Medium High High | High
Nonstructural Alternative Rating Medium High High | High

Evidence for Uncertainty Rating

To: Although there has been an extraordinary effort from multiple agencies to research
potential barrier bypass mechanisms, much of that research is currently underway and only
preliminary results have been reported. Each risk assessment was conducted qualitatively
under the assumption that bypass is possible but did not address the frequency that it
might occur under a set of quantitative conditions. It is also uncertain whether additional
bypass mechanisms could still be discovered. Though comprehensive monitoring upstream
and downstream of the barrier for Asian carp is ongoing, uncertainty still exists concerning
whether monitoring has identified the true abundance of bighead carp within upper lllinois
River and the CAWS.

The Nonstructural Alternative is expected to affect the passage of bighead carp through
the aquatic pathway by human-mediated transport; however, these measures are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Overall, the uncertainty remains medium.

Tio: See Ty, Although empirical tests are underway to see if the potential transport
mechanisms across the barriers are viable, at this time uncertainty increases with time
because of unknown events. Additionally, funding for management actions that keep the
populations of Asian carp in check immediately downstream of the Dispersal Barriers are
not specified. The factors contributing to the historic absence of range expansion beyond
the Brandon Road Lock and Dam are uncertain and may change.

The Nonstructural Alternative is expected to affect the passage of bighead carp through
the aquatic pathway by human-mediated transport; however, these measures are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Overall, the uncertainty remains high.

Ts5: See Tqp.
Tso: See T10_
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4. P(colonizes) To-Tso: HIGH
The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from the No New Federal Action Risk Assessment.
Uncertainty: MEDIUM

5. P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from the No New Federal Action Risk Assessment.

Uncertainty: LOW
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PATHWAY 2
BRANDON ROAD LOCK AND DAM TO CHICAGO RIVER CONTROLLING WORKS (CRCW)

NONSTRUCTURAL: Education and Outreach, Ballast/Bilge Water Exchange, Monitoring, Laws
and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY
No New Federal Action Rating Summary

Probability To LE Ty Tso
Element P U P U P U P U

P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | - | Low | - | Medium | - | Medium | -

® “_"Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Probability To Tio Ty Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | = | Low | - | Medium | - Medium | -

® “_|ndicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

characterize overall uncertainty for an aggregate rating.
EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY
1. P(pathway) To-Tso: HIGH
Evidence for Probability Rating
Pathway is visible, confirmed, and present year-round. No activities or events are
anticipated that would reduce or eliminate the hydrologic connection between Brandon
Road Lock and Dam and CRCW over the next 50 years.
Uncertainty: NONE

Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.
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2. P(arrival) To-Tso: HIGH
In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

Bighead carp are active swimmers. Total maximum distance traveled upstream by an
individual was 163 km (101 mi) over 35 days (Peters et al. 2006), with an average of
4.5 km (2.8 mi) traveled per day. Average expansion rates for bighead carp are recorded
at 9 river miles per year (Jerde et al. 2010) and they were able to move from Arkansas
into Mississippi, Missouri, Ohio, and lllinois rivers. Bighead carp expansion rates were
also tracked via the Long Term Resource Monitoring Program in the Mississippi and
Illinois Rivers. First detections at Pool 26 (Mississippi River; 1991) to the La Grange reach
(Iinois River; 1995) indicated the detectable population moved over 98 river miles in
just 4 years (Irons et al. 2009) and continued upstream progression in the lllinois River
to the Dresden Island Pool by 2007 (USGS 2013).

The Nonstructural Alternative is not expected to affect the arrival of the bighead
carp at the CAWS by natural dispersion.

b. Human-Mediated Transport through Aquatic Pathways
There is commercial vessel and recreational boat traffic between the current location of
bighead carp and the Brandon Road Lock and Dam. Bighead carp eggs, larvae, and fry
have the potential to be spread by ballast water if water quality is suitable, although the
viability of this ballast water transport is considered to be low (Heilprin et al. 2013).
The Nonstructural Alternative is not expected to affect the arrival of the bighead
carp at the CAWS from human-mediated transport through this aquatic pathways.

¢. Current and Potential Abundance and Reproductive Capacity
To: Adult bighead carp are abundant in the Illinois Waterway from Starved Rock Lock &
Dam (RM231) to the confluence with Mississippi River (Chick and Pegg 2001; Irons et al.
2009; ACRCC 2012; Garvey, et al. 2013; Wyffels et al. 2013). Bighead carp were
reported to have high abundances within the La Grange pool of the lllinois River from
sampling conducted from 2000 to 2006 (Irons et al. 2011). Bighead carp reached peak
abundance levels in 2000 and have declined between 2004 and 2006; however, these
declines may be due to capture gear inefficiencies (Irons et al. 2011). Sampling efforts
for Asian carp conducted in the upper pools of the Illinois River (Marseilles-Lockport)
from 2010 through 2012 indicated a decreasing population from downstream to
upstream (Ruebush et al. 2013).

A MRWG composed of academic, local, state and federal agencies was established in
2010 by the ACRCC. The ACRCC’s mission statement is to create a sustainable Asian
carp control program for protecting the integrity and safety of the Great Lakes
ecosystem by preventing introduction of a sustainable Asian carp population into the
Great Lakes via all viable pathways (ACRCC 2013d). The MRWG has projects focusing on
waterway monitoring, removal efforts, Electric Dispersal Barrier System efficacy, gear
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catch efficacy and alternative pathway monitoring. Regular electrofishing and netting
efforts have consisted of 16,497 person-hours of sampling from the Starved Rock Pool
to Lake Michigan resulting in the capture of 283,290 specimens from 2010 to 2012.
Removal efforts below the barrier system include contracted commercial fishermen
setting over 643.3 mi of nets through 2012 to remove 698.72 tons of bighead, silver and
grass carp. Additional workgroup projects include juvenile, larval and egg sampling,
ichthyoplankton surveys, telemetry studies, hydro-acoustic surveys, and alternative gear
development all of which provide up-to-date information on the status of Asian carp
populations and range expansion (ACRCC 2013a).

In 2013, a significant number of bighead carp were captured in the Rock Run Rookery
Preserve Lake, a backwater in the Dresden Island pool, 4 mi downstream of the Brandon
Road Lock and Dam (ACCRC 2013c). There are no physical barriers between Rock Run
Rookery Preserve Lake and the Brandon Road Lock and Dam. It is unknown whether
this represents a population increase in this pool since the rookery was not previously
sampled.

Above Dresden Island Pool, one bighead was collected in 2009 within Lockport Pool
downstream of the Electric Dispersal Barrier System during a rotenone application
(ACRCC 2009). In 2010, a bighead was captured in Lake Calumet during routine
monitoring upstream of the Electric Dispersal Barrier System (ACRCC 2012).

Bighead carp are broadcast spawners that spawn in large aggregates (Kolar
et al. 2005). Female egg production is correlated with increased body mass and age.
Females with as many as 1.1 million eggs have been found in the Yangtze River, China
(Kolar et al. 2005). In the Missouri River the mean fecundity was measured as the
average adult female producing 226,213 eggs (Shrank and Guy 2002). In 2004, in the
[llinois River, mean egg production was measured as 180,000 per female
(DeGrandchamp et al. 2007). Kolar et al. (2007) reported that their analysis suggested
that populations appear to be growing exponentially at the time of the report. Garvey
et al. (2006) points out that bighead carp have a slower population level somatic growth
rate, higher survival, lower fecundity, later maturity and longer lives relative to silver
carp. In 2012, age-1 Asian carp were relatively abundant in the LaGrange and Peoria
pools, but only one was caught in the Starved Rock pool and none in the Marseilles pool.
Only one age-0 Asian carp was captured at Peoria Lock and Dam, LaGrange pool (ACRCC
2013a).

The Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of bighead carp. Controlled harvest and overfishing measures
have removed over 1.3 million Ibs of Asian carp from the lllinois River betwen 2010 and
2012 (ACRCC 2013e). However, the removal efforts are not expected to amount to a
total extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

The bighead carp has been listed as an injurious fish species under the Lacey Act
(Federal Register 2011), and federal and state agencies have implemented components
of the National Management and Control Plan for Bighead, Black, Grass, and Silver
Carps in the United States (Conover et al. 2007). However, ongoing barrier defense
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monitoring indicates that bighead carp remains abundant in the lllinois River (Wyffels et
al. 2013) at the current level of harvest, regulation, and management.

Overall, the Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of this species. Although monitoring and overfishing techniques
are expected to improve, the removal efforts are not expected to amount to a total
extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

T10: Based on the above information, bighead carp seem to have a high reproductive
capacity in terms of producing new young per year. Therefore, current populations are
expected to increase in abundance. Additionally, future environmental conditions or
population genetics have the potential to shift in such a way that would allow a rapid
growth and expansion of downstream populations that could lead to increased
immigration into the pathway (Kolar et al. 2007); therefore, abundance is anticipated to
increase below the Brandon Road Lock and Dam. This assessment is based on past
invasion histories for multiple species (Crooks and Soulé 1996; Williamson 1996; Nico
and Fuller 1999; Lockwood, Hoopes, and Marchetti 2007); also, see the above section
Type of Mobility/Invasion Speed for more information. The Nonstructural Alternative is
not expected to affect the abundance or reproductive capacity of this species. Although
monitoring and overfishing techniques are expected to improve, the removal efforts are
unlikely to amount to a total extirpation from a single pool because removed fish could
be replenished by reproducing populations (Tsehaye et al. 2013) and immigration from
the lower pools (ACRCC 2013a).

Tys: It is expected that, in areas with established populations, natural constraints on
population growth would begin to reach a plateau. Thus, reproductive capacity would
remain the same, but would no longer result in an exponentially increasing population.
The Nonstructural Alternative is not expected to affect the abundance or reproductive
capacity of this species. Although monitoring and overfishing techniques are expected
to improve, the removal efforts are unlikely to amount to a total extirpation from a
single pool because removed fish could be replenished by reproducing populations
(Tsehaye et al. 2013) and immigration from the lower pools (ACRCC 2013a).

Tso: See Tys.

d. Existing Physical Human/Natural Barriers
To: None. There are no barriers to movement of bighead carp from their current
position to Brandon Road Lock and Dam.
The Nonstructural Alternative would not affect existing physical human/natural
barriers to the pathway.
T10: See To.
T25: See To.
Tso: See T.

e. Distance from Pathway
To: There have been two recorded captures of bighead carp above the Brandon Road
Pool. The first was collected in 2009 within the Lockport Pool, downstream of the
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Electric Dispersal Barrier System, during a rotenone application (ACRCC 2009). The
second capture occurred during routine monitoring in Lake Calumet. Lake Calumet is
directly connected to the Little Calumet River, only 6 mi from Lake Michigan (ACRCC
2012). Multiple bighead carp have been captured in landlocked Chicago-area urban
fishing ponds above the barrier. It is likely that these fish were accidentally introduced
during stocking for the lllinois Department of Natural Resources urban fishing program
of catchable sized channel catfish in the 2002-2003 timeframe (ILDNR 2011; ACRCC
2013e). In addition, there have been multiple positive eDNA detections upstream of
electric barriers for bighead carp (Jerde et al. 2011). However, there is no evidence to
correlate the eDNA detections to an established Asian carp population above the
Electric Dispersal Barrier System within the CAWS (ACRCC 2012; Environmental DNA
Calibration Study 2013). Calibration studies are underway to better understand the
relationship between positive eDNA and Asian carp populations (ACRCC 2013b).

Below the Brandon Road Pool, bighead carp have been detected in the Dresden
Island pool. A significant number of adult bighead carp were captured approximately
4 mi downstream of the Brandon Road Lock and Dam in the Rock Run Rookery Preserve
Lake in 2013 (ACCRC 2013c). The USACE telemetry program has also recorded one
individual bighead carp that approached the Brandon Road Lock and Dam in 2012
before returning downstream to the mouth of the Kankakee River (Shanks and
Barkowski 2013). Based on the persistent populations in Marseilles Poo, and the 2013
captures in Rock Run Rookery Preserve Lake approximately 4 mi from Brandon Road
Lock and Dam, the bighead carp has arrived at the pathway (Brandon Road Lock and
Dam).

The Nonstructural Alternative is not expected to affect the bighead carp’s distance
from the aquatic pathway.
T10: See To.
T,s5: See To.
Tso: See To.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)

To: Bighead carp prefer eutrophic conditions but can survive with low growth rates
under low plankton concentrations (Kolar et al. 2007). There was no difference in catch
rate regarding location within the water column as measured within the backwaters of
the lllinois River (Schultz et al. 2007). DeGrandchamp et al. (2008) suggest that bighead
carp rarely occupy depths greater than 4 m (13 ft) regardless of abiotic factors. Other
studies indicate that 3 m (9.8 ft) deep or more provides suitable conditions for bighead
carp (Kolar et al. 2005). Bighead carp can be found in low velocity and off-channel
habitats in the Mississippi, Missouri, Wabash and lower Ohio Rivers and all sizes
collected in the Upper Mississippi River Basin were strongly associated with slow-
moving water (<0.3 m/s [1.0 ft/s]) (Kolar et al. 2005). During low flow, bighead carp
avoid channels & backwaters (DeGrandchamp et al. 2008), but will use spur dikes (Kolar
et al. 2007; Cooke et al. 2009). These varied habitats are found throughout the Dresden
Island Pool, including the Rock Run Rookery Preserve Lake and in the Kankakee River.
This species is found in Swan Lake, which is connected to the Illinois River
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(DeGrandchamp et al. 2007). Heilprin (2013) found that larvae of bighead carp can
survive under low DO conditions (0.86 mg/L) inside a barge ballast tank. This supports
the findings of other studies that indicate adults (0.5 mg/L; Oregon Sea Grant 2011),
juveniles (0.33 mg/L) and young (0.4 mg/L; Jennings 1988) can survive low DO
conditions. Critical spawning temperature for bighead carp is reported as 18°C (64.4°F)
(Irons et al. 2009). However, typically successful fertilization occurs between 21° and
26°C (69.8 and 78.8°F) (Kolar et al. 2005). The mean summer temperature of Lake
Michigan near Chicago ranges between 20 and 23°C (64.4°F). Adult bighead carp can
withstand water temperatures up to 38.8°C (101.8°F) (Bettoli et al. 1985).

The Nonstructural Alternative is not expected to affect the suitability of habitat for
bighead carp.
T10: See To.
T25: See To.
Tso: See T.

Probability of Arrival

Time Step To Tio Tys Tso
No New Federal Action Rating High High High High
Nonstructural Alternative Rating High High High High

Evidence for Probability Rating (Considering All Life Stages)

To: Bighead carp have been documented at the Brandon Road Lock and Dam and Lockport
Pool upstream of Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp to
the aquatic pathway. The bighead carp has arrived at the pathway. Therefore, the
probability of arrival remains high.

T10: See To.
T25: See To.
Tso: See To.

Uncertainty of Arrival

Time Step To Tio Tys Tso
No New Federal Action Rating None None None None
Nonstructural Alternative Rating None None None None

Evidence for Uncertainty Rating

To: A bighead carp was captured in the Lockport pool, upstream of the Brandon Road Lock
and Dam; telemetric tracking of tagged individual bighead carp has provided evidence of at
least one individual approaching the Brandon Road Lock and Dam in 2012; and in the spring
of 2013, the capture of significant numbers of bighead carp at Rock Run Rookery Forest
Preserve Lake, which is approximately 4 mi from the Brandon Road Lock and Dam.
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The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

Ti0: See Ty. Existing data indicate that harvesting in the upper pools (above Starved Rock
Lock and Dam) can reduce Asian carp populations. Existing data indicate that harvesting in
the upper pools (above Starved Rock Lock and Dam) can reduce Asian carp populations.
However, the removal efforts are unlikely to amount to a total extirpation from a single
pool because removed fish could be replenished by reproducing populations (Tsehaye et al.
2013) and immigration from the lower pools (ACRCC 2013a).

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

Tos: See Tp. Itis uncertain whether Asian carp monitoring and harvesting activities in
Dresden Island Pool will continue during this time step. Bighead carp populations in the
Dresden Island Pool are expected to increase to existing levels or higher.

The Nonstructural Alternative is not expected to affect the arrival of the bighead carp at
the aquatic pathway because the species has already arrived at the aquatic pathway.
Therefore, uncertainty remains none.

Tso: See T25.

3. P(passage) To-T50: LOW-MEDIUM

In determining the probability of passage, the species is assumed to have arrived at the
pathway.

Factors That Influence Passage of Species (Considering All Life Stages)

a. Type of Mobility/Invasion Speed
Bighead carp is an active swimmer that can swim against the slow current of the CAWS.
An individual can travel as far as 4.5 km (2.8 mi) per day (Peters et al. 2006). Bighead
carp expansion rates were also tracked via the Long Term Resource Monitoring Program
in the Mississippi and lllinois Rivers. First detections at Pool 26 (Mississippi River 1991)
to the La Grange Pool (lllinois River 1995) indicated the detectable population moved
over 98 river miles in just 4 years (Irons et al. 2009) and continued progression in the
Illinois River approximately 200 mi upstream to the Dresden Island Pool by 2007 (USGS
2013). Average expansion rates for bighead carp are recorded at 9 river miles per year
(Jerde et al. 2010).

Asian carp were first sampled from the lllinois River during the 1990’s and
populations have since progressed upstream (Conover et al. 2007; Irons et al. 2009).
Monitoring for bighead and silver carp was originally incidental to standard routine
sampling by the Illinois Department of Natural Resources (IDNR) and the Illinois Natural
History Survey (INHS). Sampling directed toward Asian carp in the upper lllinois
Waterway began with the US Fish and Wildlife Service’s (USFWS) annual Carp Corral &
Round Goby Roundup. Subsequently, the US Army Corps of Engineers (USACE) adopted
a plan specifically to monitor Asian carp downstream of the electric barrier system
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located near Romeoville, Illinois (ACRCC 2013a). By 2010, the ACRCC was formed to
coordinate this intensive monitoring effort which was expanded to include techniques
including but not limited to eDNA, electrofishing, netting, sonar, and telemetry above
and below the barrier generally between Lake Michigan and the Peoria Lock and Dam
(ACRCC 2010).

As noted above, in 2007, bighead carp were first captured in Dresden Island Pool. In
2009, one bighead carp was found in the Lockport Pool during a rotenone event (ACRCC
2009), and in 2010, a bighead was captured in Lake Calumet during routine monitoring
upstream of the Electric Dispersal Barrier System (ACRCC 2012). Since 2007, bighead
carp were captured in Dresden Island Pool; however, based on this monitoring data, it
appears that few bighead carp have moved from Dresden Island Pool to reaches above
the Brandon Road Lock and Dam. The factors driving this apparent stalled range
expansion are not understood but may include food and habitat availability, channel
morphology and hydrology, and lock specific differences.

Within the Marseilles and Dresden Island Pools, reproductively mature bighead carp
have been captured but no fertilized eggs or larvae have been found. In 2012, age-1
Asian carp were relatively abundant in the LaGrange and Peoria pools, but only one was
caught in the Starved Rock pool and none in the Marseilles pool. Only one age-0 Asian
carp was captured at Peoria Lock and Dam, LaGrange pool. The nearest population of
juvenile sized individuals is in the Peoria Pool below Starved Rock Lock and Dam, five
locks downstream of the Electric Dispersal Barrier System (Baerwaldt et al. 2013). The
nearest collection of Asian carp eggs was found near Henry, lllinois, within the Peoria
Pool, five locks downstream of the Electric Dispersal Barrier System. Larval Asian carp
were only collected in LaGrange Pool (ACRCC 2013a).

The Nonstructural Alternative is not expected to affect the natural dispersion (i.e.,
swimming and passive drift) of the bighead carp through the aquatic pathway.

b. Human-Mediated Transport through Aquatic Pathways
Bighead carp actively swim and do not require humans for dispersal. Therefore, natural
dispersal by swimming will likely be the primary mechanism of movement through the
CAWS from the Brandon Road Lock and Dam. There is heavy commercial vessel traffic
between Brandon Road Lock and Dam and the Chicago River (USACE 2011a,b) and there
is the potential for bighead carp eggs and larvae to be transported upstream of the
Electric Dispersal Barrier System by passive entrainment in a ballast tank (no pumping).
Heilprin et al. (2011) found water sampled from barge ballast through a single summer
to be within published water quality parameters to sustain juvenile and adult Asian
carp. Additionally, survivability of larvae and eggs within ballast water was found to be
high for periods up to 144 hours but a very low percentage of larvae survived pump
passage when expelling the ballast water (Heilprin 2013).

USCG has established a regulated navigation area around the Electric Dispersal
Barrier System which prohibits vessels from transiting the safety zone with any non-
potable water on board if they intend to release that water in any form within, or on the
other side of the safety zone (USCG, 2011).

75
Nonstructural



PATHWAY 2
NONSTRUCTURAL: Education and Outreach, Ballast/Bilge Water Exchange, Monitoring, Laws and Regulations, and
ANS Control Methods

Other vessel-related transport mechanisms that may reduce the effectiveness of the
Electric Dispersal Barrier System are discussed in Section 4c, Existing Physical
Human/Natural Barriers.

The Nonstructural Alternative includes ballast and bilge water discharge prior to
entering the aquatic pathway and is expected to address the human-mediated transport
of bighead carp through the aquatic pathway.

c. Existing Physical Human/Natural Barriers
To: There are two lock complexes (Brandon Road Lock and Dam and Lockport Lock and
Dam) within the pathway. The Brandon Road and Lockport locks and dams are
expected to control the upstream movement of fish except during lockages. The
complexity of navigating through the lock may slow the upstream passage of Asian carp.
There is some leakage around and through the gates (Ackerson 2012) that small larvae
could move through, but the larvae would not be able to swim against the current
created by the leakage. It is unlikely larvae or other bigger individuals could move
through closed lock gates. However, during normal operations, bighead carp are
expected to be able to swim through open gates.

In addition, there is an electrical barrier complex referred to as the Electric Dispersal
Barrier System. The Electric Dispersal Barrier System, located approximately 5 mi
upstream of Lockport Lock and Dam and 31 mi downstream of Lake Michigan via the
Chicago Lock, consists of three electrical barriers: Demonstration Barrier, Barrier lI1A, and
Barrier IIB (USACE 2011c). The barriers consist of steel electrodes mounted across the
bed of the Chicago Sanitary and Ship Canal (CSSC) that pulse direct current into the
water at a strength, pulse duration, and frequency that repels and stuns fish.

The Demonstration Barrier has been operational since 2002 and was rehabilitated in
2008, but it was designed and built with materials that were not intended for long-term
use because of its demonstration status. Barrier IIA was activated in April 2009 at the
same settings as the Demonstration Barrier — 1 volt per in., 5 Hertz, and 4 milliseconds.
These settings were increased in August 2009 to 2 volts per in., 15 Hertz, and
6.5 milliseconds in response to eDNA monitoring results that suggested Asian carp were
closer to the barriers than earlier believed. Barrier |IB was activated in April 2011 at
Barrier llA’s settings, and Barrier [IA was placed into warm standby mode. In October
2011, Barrier ll's operational settings were changed to 2.3 volts per in., 30 Hertz and
2.5 milliseconds, based on laboratory research suggesting these settings would be more
effective in deterring very small fish. The U.S. Army Corps of Engineers continues to
study the optimal operating parameters to deter very small fish.

USFWS is evaluating feral fish populations and their behavior within the electric
dispersal barrier using a dual-frequency identification SONAR (DIDSON; Sound Metrics
Corp., Bellevue, WA) unit to evaluate fish populations throughout the entire barrier
system (Parker 2013). Results of sampling across the entire barrier system during the
summer of 2013, using DIDSON equipment, revealed a large accumulation of fish below
the active barrier. Some of the fish that were immediately below the active barrier
(either Barrier IIA or 1I1B) were observed persistently probing and challenging the barrier.
DIDSON results showed schools of small fish breaching the barrier. Typically, as the
schools of fish penetrated deeper into the zone of ultimate field strength, the size of the
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school contracted into a tight sphere shape and after they breached, the group
expanded again. The sizes of the fish that breached the barrier are estimated to range
from approximately 2 to 4 in. in length. To help determine the species of fish most likely
observed breaching the barrier, the USFWS performed a limited amount of fish sampling
within the narrow array on September 27, 2013, and caught gizzard shad (Dorosoma
cepedianum), threadfin shad (Dorosoma petenense), and skipjack herring (Alosa
chrysochloris) (USACE 2013). Additional study is underway to further evaluate
operational protocols of the barriers and to identify any potential actions that may be
employed to address the findings discussed in this paper.

There are several other mechanisms identified for potential barrier bypass. First, fish
could swim through the Dispersal Barrier during times of power outage. According to
records through March 2013, the Electric Dispersal Barrier System experienced a loss of
power to the water for a total of 4 minutes prior to 2011, and a total of 13 minutes in
2012 (USACE unpublished data, Electric Dispersal Barrier System Power Outage Records,
April 1, 2013). Work is underway on a redundant power supply for Barrier IIA and
similar work is planned for Barrier IIB. In addition, automatic transfer mechanisms were
installed on both Barriers IIA and IIB to maintain power in the water in the event of a
power loss. Permanent Barrier |, the upgrade for the Demonstration Barrier, will
provide yet another redundant electric field of the Dispersal Barrier System during
power outages at Barrier IIA or IIB. Secondly, the Electric Dispersal Barrier System
would be intentionally shut down completely in emergency situations under a man-
overboard scenario; however, there have been no man-overboard scenarios near the
Dispersal Barriers as far back as the initialization of the Demo Barrier in 2002.

Additional potential barrier aquatic bypass vectors are currently under investigation
and include reverse flow events in the canal (wind, vessel, or current driven), electric
field shielding by steel hulled vessels or side wall crevices, small fish passage and fish
entrainment within barge induced water currents across the Electric Dispersal Barrier
System. Preliminary research at the USACE Engineer Research and Development Center
in Vicksburg, MS has shown model fish (soft plastic fish lures) to become entrained at
numerous surface junctions, to varying degrees, between inter-barge and tow-barge
connections on model tow-barge vessels. Additionally, electrical readings taken within
the void created between a raked (sloped) bow and a boxed (flat) stern junction show
that steel hulled barges reduce the in water electrical parameters in this area (USACE
2013).

The USFWS placed live surrogate species of fish in cages alongside and between
junctions of barges in the CSSC to evaluate fish-barge interactions and assess the
possibility of the fish becoming incapacitated as they traversed the electrical barrier.
Fish were incapacitated as they encountered the electrical field at all barge locations,
except the void space in the rake to box junction. Several feral fish were observed being
entrained in two locations around the barges during trial runs indicating that wild fish
do interact with barge traffic near the barriers. In order to determine if wild fish would
stay in this void without a cage, a follow-up study was conducted with externally tagged
fish (tethered to a float). Tethered fish placed in barge junctions breached the barrier to
some degree in all but one barge configuration tested. When tethered fish were placed
below the barriers as barges approached, some degree of fish breaching the barrier
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occurred with every different configuration tested (USACE 2013). Results from these
ongoing studies are preliminary. This combination of increased possibility of
entrainment and reduced electrical parameters due to barge traffic is expected to lead
to an increased possibility of fish being transported over the barrier system. Vessel
speed and tow/barge configuration are considered to be primary factors that affect the
possible entrainment and transport of fish through the electric barriers (USACE 2013).
Further research is being conducted to mitigate this bypass. While preliminary results
from these investigations have shown these bypasses to be viable, the possibility of
these bypasses occurring in the field is low at this time due to the low or non-existent
population of bighead carp in the Lockport Pool.

In 2010, lateral barricades were constructed between the CSSC, the Des Plaines River,
and the Illinois and Michigan Canal to control upstream bypass of the Electrical Dispersal
Barrier System during flooding between these adjacent waterways. The Des Plaines
River Barricade extends approximately 13 mi and consists of concrete barriers and
specially fabricated 0.25-in. wire mesh that allows water to flow through the fence but
controls the passage juvenile and adult fish, and the lllinois and Michigan Canal is
walled-off using a stone berm. Small sections of the Des Plaines barricade fence failed
during flooding in 2013; however, monitoring crews immediately responded and
monitored for the presence of fish along breaches. Though these efforts indicated that
fish (common carp) had moved through the breaches, no Asian carp were caught
(Barkowski 2013), and prior monitoring efforts in the Des Plaines River had not captured
or observed Asian carp, larval fish, or eggs (ACRCC 2013b).

Under current operational protocols, monitoring for Asian carp occurs downstream
and upstream of the Electric Dispersal Barrier System. In the event an individual is
found upstream of the Lockport Lock and Dam, protocol dictates the use of intensive
electrofishing and netting to find and remove individuals or the use of rotenone to
immobilize and kill all fish within the reach of concern (ACRCC 2011). It is anticipated
that the ACRCC Monitoring and Response Group would evaluate and respond to any
evidence of Asian carp are above the Brandon Road Lock and Dam.

The Nonstructural Alternative is not expected to affect the existing physical human
and natural barriers for the bighead carp.

T10: Future operations of the Brandon Road Lock and Dam and Lockport Lock and Dam
locks are not expected to change as of the time of this assessment. The Electric
Dispersal Barrier System is expected to have additional redundancies in power supply,
thereby reducing potential power outage events. A new barrier is currently under
construction that will upgrade the Demo Barrier to permanent status (Barrier 1). Barrier
| will be capable of producing higher electrical outputs than those of Barrier Il and will
add an additional narrow array on the downstream boundary. Barrier | is expected to
become operational by 2016. Further study of the current Electric Dispersal Barrier
System to address electric field shielding by steel-hulled vessels, fish entrainment within
barge-induced water currents and very small fish would continue and would inform
future operations.

The Nonstructural Alternative is not expected to affect the existing physical human
and natural barriers for the bighead carp.
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T,s: See T1p. Funding for research, monitoring and removal programs for bighead carp at
this time step is highly uncertain. Currently, no funding source has been identified for
any one agency to maintain the present level of effort.

The Nonstructural Alternative is not expected to affect the existing physical human
and natural barriers for the bighead carp.
Ts50: See T1p and Tys.

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and

Climatological)
To: Bighead carp prefer eutrophic conditions but survive with low growth rates with low
plankton concentrations (Kolar et al. 2005; Cooke et al. 2009). The CAWS is the
recipient of treated wastewater from numerous facilities that produces eutrophic
conditions suitable for bighead carp. Additionally, recent plankton surveys within the
CAWS suggest there are relatively high concentrations of zooplankton available as a
food resource (ACRCC 2013a; Butler et al. 2013). Bighead carp utilize all parts of the
water column in rivers (Schultz et al. 2007; DeGrandchamp et al. 2008; Kolar et al.
2005). They can be found in low velocity and off-channel habitats associated with slow-
moving water (<0.3 m/s [1.0 ft/s]) (Kolar et al. 2005), but are capable of swimming in
very-high-velocity habitats, with a maximum measured swimming speed of
approximately 7.5 m/s (24.6 ft/s) (Konagaya and Cai 1987). During normal conditions,
the CAWS has a slow-moving current (LimnoTech 2010). Sections of the CAWS also
experience seasonally low dissolved oxygen (LimnoTech 2010). Heilprin et al. (2013a)
found that larvae of bighead carp can survive under low dissolved oxygen conditions
(0.86 mg/L) inside a barge ballast tank. This supports the findings of other studies that
indicate the species can survive low dissolved oxygen conditions: adults (0.5 mg/L)
(Oregon Sea Grant 2011), juveniles (0.33 mg/L), and young (0.4 mg/L) (Jennings 1988).
Adult bighead carp can withstand water temperatures up to 38.8°C (101.8°F) (Bettoli et
al. 1985). Overall, the conditions of the CAWS are not expected to impede movement of
bighead carp.

The Nonstructural Alternative is not expected to affect the suitability of the habitat
within the CAWS for bighead carp.
T10: See To. Conditions of the CAWS are predicted to change, but not in a way that
would affect the likelihood of this species passing through this pathway. For example,
the Metropolitan Water Reclamation District of Greater Chicago (MWRD) is in the
process of evaluating ways to improve the water quality of the CAWS by decreasing the
amount of organic materials released into the CAWS. This could potentially decrease
the amount of plankton and other food species bighead carp would need to survive
within the CAWS. In addition, in coordination with the USACE, MWRD will increase
capacity of stormwater catchment and retention in adjacent tunnels and reservoirs.
This will lead to a lower hydrologic peak during storm events. The environmental
conditions within the CAWS may change slightly with the closing of two coal-fired power
plants (Midwest Generation’s Fisk and Crawford Plants) in August 2012. These plants
used canal water in their cooling process and returned heated water back to the canal.
As a result, temperature profiles may be reduced significantly in the near vicinity and to
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a lesser extent downstream. This is not expected to significantly affect the ability of
bighead carp to pass through this pathway.

The Nonstructural Alternative is not expected to affect the suitability of the habitat
within the CAWS for bighead carp.
Tas: See Tqg
Tso: See Tqg

Probability of Passage

Time Step To Tio Tys Tso
No New Federal Action Rating Low Low | Medium | Medium
Nonstructural Alternative Rating Low Low Medium | Medium

Evidence for Probability Rating (Considering All Life Stages)

To: Bighead carp would need to pass through the Brandon Road and Lockport locks and
dams, the Electric Dispersal Barrier System and an intermittent sluice gate opening to pass
through this pathway. Adults and all life sizes of bighead carp would be able to swim
through the locks when the lock is in operation; however, the locks may slow passage of
bighead carp through the pathway.

Based on the sampling and monitoring data, the abundance of individuals within the
Lockport Pool below the dispersal barriers is expected to be low to non-existent at this
timestep. Since 2007, bighead carp were captured in Dresden Island Pool; however, based
on this monitoring data, it appears that few bighead carp have not expanded past the
Brandon Road Lock and Dam. As discussed in P(arrival), Current and Potential Abundance
and Reproductive Capacity, in 2012, small Asian carp were relatively abundant in the
LaGrange Lock and Dam and Peoria Lock and Dam. Only one was caught in the Starved Rock
pool. No small age-1 Asian carp were found in the Marseilles pool. The Marseilles Lock and
Dam is over 68 mi from the barrier system. Only one age-0 Asian carp was captured at
Peoria Lock and Dam, LaGrange pool. Adult populations of bighead carp are in the Dresden
Island Pool (ACRCC 2013a). In an effort to control the Asian carp population downstream of
the barrier, fisherman have been contracted to remove these fish from the waterway.

Monitoring and research have found several potential bypass mechanisms for the
Electric Barrier System: man overboard scenario when power to the barrier is intentionally
turned off, power outages, bypass during flood events, stunned fish floating through the
barrier during reverse flow events in the canal (wind, vessel, or current driven), electric field
shielding by steel hulled vessels or side wall crevices, small fish passage and fish
entrainment within barge induced water currents across the Electric Dispersal Barrier
System. Bypass due to these various mechanisms is not likely, because the nearest
detectable population of swimming bighead carp is in Dresden Island Pool and the nearest
detected eggs, larvae, and fry are farther downstream (ACRCC 2013a). Additionally,
research on these bypasses continues and will inform future operations.

In summary, current propagule pressure of this species immediately downstream of the
Dispersal Barriers is considered low or non-existent as measured by monitoring efforts of
local, state and federal agencies. The probability of passage for the bighead carp is low for
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To because (1) small Asian carp are not expected to be present at the Electric Dispersal
Barrier System, (2) the abundance of adults is expected to be absent or low near the Electric
Dispersal Barrier System, and (3) if a low population of adults approaches the barrier, then
it is expected, based on current research, that the barrier would be effective at controlling
passage of these fish.

The low passage rating is in conflict with the Canadian Science Advisory Report (2012)
that rates passage through the CAWS as highly likely. However, the Canadian report
explicitly did not evaluate the effectiveness of the Electric Dispersal Barrier System.

The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Although ballast and bilge water
discharge prior to entering the pathway is expected to address the human-mediated
transport of bighead carp through the aquatic pathway, these measures alone are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Additionally, although monitoring and overfishing techniques are expected to improve,
removal efforts are unlikely to amount to a total extirpation from a single pool because
removed fish could be replenished by reproducing populations (Tsehaye et al. 2013) and
immigration from the lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s low probability of passage rating does not differ
from that reported in the No New Federal Action Risk Assessment.

T10: See Tg. Bighead carp are expected to remain in low populations immediately below the
Electric Dispersal Barrier System. Contracted fishermen are expected to continue to
improve their fishing techniques to increase their catch rates. The Brandon Road and
Lockport locks and dams may also slow bighead carp passage.

Federal and state natural resource agencies have monitored the upstream progress of
Asian carp populations since their arrival in the IWW in the 1990’s (Conover et al. 2007;
Irons et al. 2009; ACRCC 2013a). Since 2007, bighead carp were captured in Dresden Island
Pool; however, based on this monitoring, it appears that few bighead carp have moved
from Dresden Island Pool to reaches above the Brandon Road Lock and Dam. The factors
driving this apparent stalled range expansion are not understood but may include food and
habitat availability, channel morphology and hydrology, and lock specific differences. Also,
it is anticipated that the ACRCC Monitoring and Response Group would evaluate and
respond to any evidence of Asian carp above the Brandon Road Lock and Dam.

Further refinement of the Electric Dispersal Barrier System operations and redundant
power sources are expected to decrease the number and length of potential power
outages. Additionally, potential transport vectors across the barriers (e.g., vessel
entrainment, insufficient operating parameters for small fish, reverse flow events, crevice
shielding of electric field) will continue to be analyzed and future operations would
informed by this analysis.

The probability of passage for the bighead carp is low for T;g because (1) small Asian carp
are not expected to be present at the Electric Dispersal Barrier System, (2) the abundance of
adults is expected to be absent or low near the Electric Dispersal Barrier System, and (3) if a
low population of adults approaches the barrier then it is expected, based on current
research, that the barrier would be effective at controlling passage of these fish.
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The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Although ballast and bilge water
discharge prior to entering the pathway is expected to address the human-mediated
transport of bighead carp through the aquatic pathway, these measures alone are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Additionally, although monitoring and overfishing techniques are expected to improve,
removal efforts are unlikely to amount to a total extirpation from a single pool because
removed fish could be replenished by reproducing populations (Tsehaye et al. 2013) and
immigration from the lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s low probability of passage rating does not differ
from that reported in the No New Federal Action Risk Assessment.

T1s: See Tqo. Funding for monitoring and removal programs for bighead carp at this time
step is uncertain because there is not a funding source identified to maintain the present
level of management. With the continued expected immigration from the lower pools
(Tsehaye et al. 2013), the propagule pressure at the Dispersal Barrier System is expected to
increase, and thus increase the potential for an individual to move past the Barriers.

The Nonstructural Alternative includes nonstructural measures such as ballast and bilge
water discharge that could be implemented at To. Although ballast and bilge water
discharge prior to entering the pathway is expected to address the human-mediated
transport of bighead carp through the aquatic pathway, these measures alone are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Additionally, although monitoring and overfishing techniques are expected to improve,
removal efforts are unlikely to amount to a total extirpation from a single pool because
removed fish could be replenished by reproducing populations (Tsehaye et al. 2013) and
immigration from the lower pools (ACRCC 2013a).

Overall, the Nonstructural Alternative’s medium probability of passage rating does not
differ from that reported in the No New Federal Action Risk Assessment.

Tso: See T10 and T25.

Uncertainty of Passage

Time Step To Tio Tys Tso
No New Federal Action Rating Medium High High High
Nonstructural Alternative Rating Medium High High High

Evidence for Uncertainty Rating

To: Although there has been an extraordinary effort from multiple agencies to research
potential barrier bypass mechanisms, much of that research is currently underway and only
preliminary results have been reported. Each risk assessment was conducted qualitatively
under the assumption that bypass is possible but did not address the frequency that it
might occur under a set of quantitative conditions. It is also uncertain whether additional
bypass mechanisms could still be discovered. Though comprehensive monitoring upstream
and downstream of the barrier for Asian carp is ongoing, uncertainty still exists concerning
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whether monitoring has identified the true abundance of bighead carp within upper lllinois
River and the CAWS.

The Nonstructural Alternative is expected to affect the passage of bighead carp through
the aquatic pathway by human-mediated transport; however, these measures are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Overall, the uncertainty remains medium.

Tio: See Ty, Although empirical tests are underway to see if the potential transport
mechanisms across the barriers are viable, at this time uncertainty increases with time
because of unknown events. Additionally, funding for management actions that keep the
populations of Asian carp in check immediately downstream of the Dispersal Barriers are
not specified. The factors contributing to the historic absence of range expansion beyond
the Brandon Road Lock and Dam are uncertain and may change.

The Nonstructural Alternative is expected to affect the passage of bighead carp through
the aquatic pathway by human-mediated transport; however, these measures are not
expected to affect the natural dispersion of bighead carp through the aquatic pathway.
Overall, the uncertainty remains high.

Ts5: See Tqp.
Tso: See Tqp.

4. P(colonizes) To-Tso: HIGH

The probability and uncertainty ratings for P(colonizes) are assumed to remain unchanged
from the No New Federal Action Risk Assessment.

Uncertainty: MEDIUM
5. P(spreads) To-Tso: HIGH

The probability and uncertainty ratings for P(spreads) are assumed to remain unchanged
from the No New Federal Action Risk Assessment.

Uncertainty: LOW

83
Nonstructural



PATHWAY 3

NONSTRUCTURAL: Education and Outreach, Ballast/Bilge-water Exchange, Monitoring, Laws and Regulations, and
ANS Control Methods

PATHWAY 3
BRANDON ROAD LOCK AND DAM TO CALUMET HARBOR

NONSTRUCTURAL ALTERNATIVE: Education and Outreach, Ballast/Bilge Water Exchange,
Monitoring, Laws and Regulations, and ANS Control Methods

PROBABILITY OF ESTABLISHMENT SUMMARY
No New Federal Action Rating Summary

Probability To LE Ty Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | - | Low | - | Medium | - | Medium | -

a

“_n

characterize overall uncertainty for an aggregate rating.

Nonstructural Alternative Rating Summary

Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

Probability To Tio Ty Tso

Element P U P U P U P U
P(pathway) High None High None High None High None
P(arrival) High None High None High None High None
P(passage) Low Medium | Low High Medium | High Medium | High
P(colonizes) High Medium | High Medium | High Medium | High Medium
P(spreads) High Low High Low High Low High Low
P(establishment) | Low | = | Low | - | Medium | - Medium | -

a

characterize overall uncertainty for an aggregate rating.

“—" Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective way to

EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY

1. P(pathway) To-Tso: HIGH

Evidence for Probability Rating

Pathway is visible, confirmed, and present year-round. No activities or events are
anticipated that would reduce or eliminate the hydrologic connection between Brandon
Road Lock and Dam and Calumet Harbor over the next 50 years.

Uncertainty: NONE

Evidence for Uncertainty Rating

The existence of the pathway has been confirmed with certainty.

84

Nonstructural



PATHWAY 3
NONSTRUCTURAL: Education and Outreach, Ballast/Bilge-water Exchange, Monitoring, Laws and Regulations, and
ANS Control Methods

2. P(arrival) To-Tso: HIGH
In determining the probability of arrival, the pathway is assumed to exist.
Factors That Influence Arrival of Species

a. Type of Mobility/Invasion Speed

Bighead carp are active swimmers. Total maximum distance traveled upstream by an
individual was 163 km (101 mi) over 35 days (Peters et al. 2006), with an average of
4.5 km (2.8 mi) traveled per day. Average expansion rates for bighead carp are recorded
at 9 river miles per year (Jerde et al. 2010) and they were able to move from Arkansas
into Mississippi, Missouri, Ohio, and lllinois rivers. Bighead carp expansion rates were
also tracked via the Long Term Resource Monitoring Program in the Mississippi and
Illinois Rivers. First detections at Pool 26 (Mississippi River; 1991) to the La Grange reach
(Iinois River; 1995) indicated the detectable population moved over 98 river miles in
just 4 years (Irons et al. 2009) and continued upstream progression in the lllinois River
to the Dresden Island Pool by 2007 (USGS 2013).

The Nonstructural Alternative is not expected to affect the arrival of the bighead
carp to the Chicago Area Waterway System (CAWS) by natural dispersion.

b. Human-Mediated Transport through Aquatic Pathways
There is commercial vessel and recreational boat traffic between the current location of
bighead carp and the Brandon Road Lock and Dam. Bighead carp eggs, larvae, and fry
have the potential to be spread by ballast water if water quality is suitable, although the
viability of this ballast water transport is considered to be low (Heilprin et al. 2013).
The Nonstructural Alternative is not expected to affect the arrival of the bighead carp
at the CAWS from human-mediated transport through this aquatic pathway.

¢. Current and Potential Abundance and Reproductive Capacity
To: Adult bighead carp are abundant in the Illinois Waterway from Starved Rock Lock &
Dam (RM231) to the confluence with Mississippi River (Chick and Pegg 2001; Irons et al.
2009; ACRCC 2012; Garvey, et al. 2013; Wyffels et al. 2013). Bighead carp were
reported to have high abundances within the La Grange pool of the lllinois River from
sampling conducted from 2000 to 2006 (Irons et al. 2011). Bighead carp reached peak
abundance levels in 2000 and have declined between 2004 and 2006, however these
declines may be due to capture gear inefficiencies (Irons et al. 2011). Sampling efforts
for Asian carp conducted in the upper pools of the Illinois River (Marseilles-Lockport)
from 2010 through 2012 indicated a decreasing population from downstream to
upstream (Ruebush et al. 2013).

A MRWG composed of academic, local, state and federal agencies was established in
2010 by the ACRCC. The ACRCC’s mission statement is to create a sustainable Asian
carp control program for protecting the integrity and safety of the Great Lakes
ecosystem by preventing introduction of a sustainable Asian carp population into the
Great Lakes via all viable pathways (ACRCC 2013d). The MRWG has projects focusing on
waterway monitoring, removal efforts, Electric Dispersal Barrier System efficacy, gear
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catch efficacy and alternative pathway monitoring. Regular electrofishing and netting
efforts have consisted of 16,497 person-hours of sampling from the Starved Rock Pool
to Lake Michigan resulting in 283,290 the capture of specimens from 2010 to 2012.
Removal efforts below the barrier system include contracted commercial fishermen
setting over 643.3 mi of nets through 2012 to remove 698.72 tons of bighead, silver and
grass carp. Additional workgroup projects include juvenile, larval and egg sampling,
ichthyoplankton surveys, telemetry studies, hydro-acoustic surveys, and alternative gear
development all of which provide up-to-date information on the status of Asian carp
populations and range expansion (ACRCC 2013a).

In 2013, a significant number of bighead carp were captured in the Rock Run Rookery
Preserve Lake, a backwater in the Dresden Island pool, 4 mi downstream of the Brandon
Road Lock and Dam (ACCRC 2013c). There are no physical barriers between Rock Run
Rookery Preserve Lake and the Brandon Road Lock and Dam. It is unknown whether
this represents a population increase in this pool since the rookery was not previously
sampled.

Above Dresden Island Pool, one bighead was collected in 2009 within Lockport Pool
downstream of the Electric Dispersal Barrier System during a rotenone application
(ACRCC 2009). In 2010, a bighead was captured in Lake Calumet during routine
monitoring upstream of the Electric Dispersal Barrier System (ACRCC 2012).

Bighead carp are broadcast spawners that spawn in large aggregates (Kolar et al. 2005).
Female egg production is correlated with increased body mass and age. Females with as
many as 1.1 million eggs have been found in the Yangtze River, China (Kolar et al. 2005).
In the Missouri River the mean fecundity was measured as the average adult female
producing 226,213 eggs (Shrank and Guy 2002). In 2004, in the Illinois River, mean egg
production was measured as 180,000 per female (DeGrandchamp et al. 2007). Kolar

et al. (2007) reported that their analysis suggested that populations appear to be
growing exponentially at the time of the report. Garvey et al. (2006) points out that
bighead carp have a slower population level somatic growth rate, higher survival, lower
fecundity, later maturity and longer lives relative to silver carp. In 2012, age-1 Asian
carp were relatively abundant in the LaGrange and Peoria pools, but only one was
caught in the Starved Rock pool and none in the Marseilles pool. Only one age-0 Asian
carp was captured at Peoria Lock and Dam, LaGrange pool (ACRCC 2013a).

The Nonstructural Alternative is not expected to affect the abundance or reproductive
capacity of bighead carp. Controlled harvest and overfishing measures have removed
over 1.3 million Ib of Asian carp from the lllinois River from 2010 to 2012 (ACRCC
2013e). However, the removal efforts are not expected to amount to a total extirpation
from a single pool because removed fish could be replenished by reproducing
populations (Tsehaye et al. 2013) and immigration from the lower pools (ACRCC 2013a).

The bighead carp has been listed as an injurious fish species under the Lacey Act
(Federal Register 2011), and federal and state agencies have implemented components
of the National Management and Control Plan for Bighead, Black, Grass, and Silver
Carps in the United States (Conover et al. 2007). However, ongoing barrier defense
monitoring indicates that bighead carp remains abundant in the lllinois River (Wyffels et
al. 2013) at the current level of harvest, regulation, and management.
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Overall, the Nonstructural Alternative is not expected to affect the abundance or
reproductive capacity of this species. Though monitoring and overfishing techniques are
expected to improve, the removal efforts are not expected to amount to a total
extirpation from a single pool because removed fish could be replenished by
reproducing populations (Tsehaye et al. 2013) and immigration from the lower pools
(ACRCC 2013a).

T10: Based on the above information, bighead carp seem to have a high reproductive
capacity in terms of producing new young per year. Therefore, current populations are
expected to increase in abundance. Additionally, future environmental conditions or
population genetics have the potential to shift in such a way that would allow a rapid
growth and expansion of downstream populations that could lead to increased
immigration into the pathway (Kolar et al. 2007); therefore, abundance is anticipated to
increase below the Brandon Road Lock and Dam. This assessment is based on past
invasion histories for multiple species (Crooks and Soulé 1996; Williamson 1996; Nico
and Fuller 1999; Lockwood, Hoopes, and Marchetti 2007); also, see the above section
Type of Mobility/Invasion Speed for more information.

The Nonstructural Alternative is not expected to affect the abundance or reproductive
capacity of this species. Though monitoring and overfishing techniques are expected to
improve, the removal efforts are unlikely to amount to a total extirpation from a single
pool because removed fish could be replenished by reproducing populations (Tsehaye et
al. 2013) and immigration from the lower pools (ACRCC 2013a).

Tys: It is expected that, in areas with established populations, natural constraints on
population growth would begin to reach a plateau. Thus, reproductive capacity would
remain the same, but would no longer result in an exponentially increasing population.
The Nonstructural Alternative is not expected to affect the abundance or reproductive
capacity of this species. Though monitoring and overfishing techniques are expected to
improve, the removal efforts are unlikely to amount to a total extirpation from a single
pool because removed fish could be replenished by reproducing populations (Tsehaye et
al. 2013) and immigration from the lower pools (ACRCC 2013a).

Tso: See Tys.

d. Existing Physical Human/Natural Barriers
To: None. There are no barriers to movement of bighead carp from their current
position to Brandon Road Lock and Dam.
The Nonstructural Alternative would not affect existing physical human/natural
barriers to the pathway.
T]_o: See To.
T,s5: See To.
Tso: See T.

e. Distance from Pathway
To: There have been two recorded captures of bighead carp above the Brandon Road
Pool. The first was collected in 2009 within the Lockport Pool, downstream of the
Electric Dispersal Barrier System, during a rotenone application (ACRCC 2009). The
second capture occurred during routine monitoring in Lake Calumet. Lake Calumet is
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directly connected to the Little Calumet River, only 6 mi from Lake Michigan (ACRCC
2012). Multiple bighead carp have been captured in landlocked Chicago-area urban
fishing ponds above the barrier. It is likely that these fish were accidentally introduced
during stocking for the lllinois Department of Natural Resources urban fishing program
of catchable sized channel catfish in the 2002-2003 timeframe (ILDNR 2011; ACRCC
2013e). In addition, there have been multiple positive eDNA detections upstream of
electric barriers for bighead carp (Jerde et al. 2011). However, there is no evidence to
correlate the eDNA detections to an established Asian carp population above the
Electric Dispersal Barrier System within the CAWS (ACRCC 2012; Environmental DNA
Calibration Study 2013). Calibration studies are underway to better understand the
relationship between positive eDNA and Asian carp populations (ACRCC 2013b).

Below the Brandon Road Pool, bighead carp have been detected in the Dresden
Island pool. A significant number of adult bighead carp were captured approximately
4 mi downstream of the Brandon Road Lock and Dam in the Rock Run Rookery Preserve
Lake in 2013 (ACCRC 2013c). The USACE telemetry program has also recorded one
individual bighead carp that approached the Brandon Road Lock and Dam in 2012
before returning downstream to the mouth of the Kankakee River (Shanks and
Barkowski 2013). Based on the persistent populations in Marseilles Pool, and the 2013
captures in Rock Run Rookery Preserve Lake approximately 4 mi from Brandon Road
Lock and Dam, the bighead carp has arrived at the pathway (Brandon Road Lock and
Dam).

The Nonstructural Alternative is not expected to affect the bighead carp’s distance
from the aquatic pathway.

T10: See To.
T25: See To.
Tso: See T.

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and
Climatological)
To: Bighead carp prefer eutrophic conditions but can survive with low growth rates
under low plankton concentrations (Kolar et al. 2007). There was no difference in catch
rate regarding location within the water column as measured within the backwaters of
the lllinois River (Schultz et al. 2007). DeGrandchamp et al. (2008) suggest that bighead
carp rarely occupy depths greater than 4 m (13 ft) regardless of abiotic factors. Other
studies indicate that 3 m (9.8 ft) deep or more provides suitable conditions for bighead
carp (Kolar et al. 2005). Bighead carp can be found in low velocity and off-channel
habitats in the Mississippi, Missouri, Wabash and lower Ohio Rivers and all sizes
collected in the Upper Mississippi River Basin were strongly associated with slow-
moving water (<0.3 m/s [1.0 ft/s]) (Kolar et al. 2005). During low flow, bighead carp
avoid channels & backwaters (DeGrandchamp et al. 2008), but will use spur dikes (Kolar
et al. 2007; Cooke et al. 2009). These varied habitats are found throughout the Dresden
Island Pool, including the Rock Run Rookery Preserve Lake and in the Kankakee River.
This species is found in Swan Lake, which is connected to the lllinois River
(DeGrandchamp et al. 2007). Heilprin (2013) found that larvae of bighead carp can
survive under low DO conditions (0.86 mg/L) inside a barge ballast tank. This supports
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the findings of other studies that indicate adults (0.5 mg/L; Oregon Sea Grant 2011),
juveniles (0.33 mg/L) and young (0.4 mg/L; Jennings 1988) can survive low DO
conditions. Critical spawning temperature for bighead carp is reported as 18°C (64.4°F)
(Irons et al. 2009). However, typically successful fertilization occurs between 21° and
26°C (69.8 and 78.