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T50: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
likely that N. japonicas will spread to the CRCW pathway entrance at this time step, 
lowering the uncertainty of arrival to low. 

 
3. P(passage) T0-T50: 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  

The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then moving on to North America in a span of 10 years 
(Hudson & Bowen 2002).  N. japonicas attaches to freshwater fish and can then transfer 
from one individual fish to another.  Larvae, males, and immature females do not live as 
parasites and are free-living (Kipp et al. 2012).  Only ovigerous females require a host, 
while those that are non-ovigerous can detach and reattach to hosts (Kipp et al. 2012; 
Hayden & Rogers 1998).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction to North America for N. japonicas are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  Ballast water is 
rarely discharged in inland ports of Illinois (NBIC 2012).  The CRCW is heavily used by 
recreational, commercial, and cargo vessels.  Based on averaging 2000 through 2010 
data, the CRCW saw an average of 711,902 commercial passenger one-way trips and 
41,071 non-cargo vessel one-way trips (USACE 2011b). 
 

c. Existing Physical Human/Natural Barriers 
T0: Lockport Lock and Dam and Brandon Road Lock and Dam could act as a barrier to the 
fish that may be host to N. japonicas.  The electric barriers above Lockport Lock and 
Dam would shock larger host fish, but they would continue to be transported 
downstream via currents.  N. japonicas would also be able to pass through these 
barriers while free-living. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10.   
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  The species has been documented in the Salt River drainage in 
Colorado (Kipp et al. 2012).  Host fishes found in the CAWS include largemouth bass, 
smallmouth bass, bluegill, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Simon & Moy 1999; LimnoTech 
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2010).  Once N. japonicas is established, it can survive on many different host fish 
species.  Population levels slow during the cold winter months, but increase in the 
spring (Kipp et al. 2012.   
T10: See T0. 
T25: See T0.   
T50: See T0. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Suitable habitat is present throughout the CAWS (section 3d).  Human-mediated 
transport from CRCW to Brandon Road Lock and Dam is unlikely (section 3b); therefore, 
movement through the CAWS may require some natural dispersion.  The species appears to 
disperse over long distances rather quickly (section 3a) by either swimming or attaching to 
swimming fish.  Numerous fish species documented as hosts for N. japonicas are found in 
the CAWS (section 3d).  The Lockport Lock and Dam and the Brandon Road Lock and Dam 
could act as a barrier to the fish that host the species; however, the free-living species could 
pass through the barrier (section 3c).  Therefore, the probability of passage at this time step 
is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Uncertainty of Passage  

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  The species 
has been in Saginaw Bay for 3 decades and has not spread to other areas of Lake Huron.  
For these reasons, there is a medium degree of uncertainty associated with the probability 
of its passage. 
T10: The future rate of spread for this species is not well understood.  However, it is more 
certain that N. japonicas will move through the CAWS to the Brandon Road Lock and Dam in 
10 years.  Therefore, there is a low degree of uncertainty of its passage during this time 
step. 
T25: See T10. 
T50: See T10. 
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4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  There are records of the species being in the Salt River drainage in 
Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  There are records of 
parasitic copepods collected from fish in the Mississippi River in Illinois and Iowa 
(Lockard & Parsons 1975).  Once N. japonicas is established, it can survive on many 
different host fish species such as centrarchids and catfish. 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 

 
Evidence for Probability Rating  
 
Suitable habitat and host fish are present for N. japonicas near the Brandon Road Lock and 
Dam (sections 4a, 4b).  N. japonicas may reach suitable habitat by natural downstream 
dispersal.  The probability of the species colonizing near the Brandon Road Lock and Dam is 
high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers (section 4a), and suitable host fish are present 
downstream of the Brandon Road Lock and Dam.  Therefore, uncertainty is low. 

 
5. P(spreads): HIGH  

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

N. japonicas has been found in Alabama and in Colorado (Kipp et al. 2012), suggesting 
climate will be suitable in the MRB. 
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b. Type of Mobility/Invasion Speed 
The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then occurring in North America 10 years later (Hudson & 
Bowen 2002).  N. japonicas attaches to freshwater fish and can then transfer from one 
individual fish to another (Kipp et al. 2012).  Larvae, males, and immature females do 
not live as parasites and are free-living (Kipp et al. 2012).  Only ovigerous females 
require a host, while those that are non-ovigerous can detach and reattach to hosts 
(Hayden & Rogers 2002).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

c. Fecundity 
Females are capable of producing 1500–2000 eggs over their lifetime (Kipp et al. 2012).  
Development to sexual maturity occurs in less than 21 days (Hudson & Bowen 2002). 
 

d. History of Invasion Success  
N. japonicas was first recorded in North America in 1993 from aquaculture ponds at 
Auburn University in Alabama (Hayden & Rogers 1998).  The following year, they were 
discovered in Saginaw Bay (Lake Huron) and again in the bay in 2001 (Hudson & 
Bowen 2002).  Specimens were found in the Salt River drainage west of Grand Junction, 
Colorado, attached to the fins of black bullheads (Kipp et al. 2012).  In 2011, several 
specimens were found on green sunfish and bluegill in an Ottawa National Wildlife 
Refuge wetland of Crane Creek, adjacent to Lake Erie and east of Toledo, Ohio 
(Kipp et al. 2012). 
 

e. Human-Mediated Transport through Aquatic Pathways  
The means of introduction for N. japonicas are unknown.  However, it could have 
occurred through ballast water (Hudson & Bowen 2002).  There is heavy vessel use from 
the Brandon Road Lock and Dam to the lower MRB. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
N. japonicas is a generalist, freshwater species of eutrophic and polluted aquatic 
environments.  There are records of the species being present in the Salt River drainage 
in Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  Once N. japonicas 
is established, it can survive on many different host fish species that are present in the 
MRB including centrarchids and catfish (Kipp et al. 2012). 

 
Evidence for Probability Rating  

 
Suitable habitat conditions appear to be present and connected (section 5f).  There is the 
potential for this species to spread naturally.  Therefore, the probability of this species 
spreading is high. 

 
Uncertainty: LOW 
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Evidence for Uncertainty Rating 
 

N. japonicas is known to establish in rivers, and suitable host fish are present downstream 
of the Brandon Road Lock and Dam (sections 5a, 5f).  Therefore, uncertainty is low. 

 
PATHWAY: 3 (CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low High Low High Medium Medium High Low 
P(passage) High Medium 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) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Calumet 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating  
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-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 appears to disperse over long distances (probably via both natural and 
human-mediated mechanisms) rather quickly, spreading across Europe in 20 years and 
then moving to North America in a span of 10 years (Hudson & Bowen 2002).  
N. japonicas attaches to freshwater fish and can then transfer from one individual fish to 
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another (Kipp et al. 2012).  Larvae, males, and immature females do not live as parasites 
and are free-living in the water column (Hayden & Rogers 1998).  Only ovigerous 
females require a host, while those that are non-ovigerous can detach and reattach to 
hosts (Hayden & Rogers 1998).  The species also has great swimming capabilities and 
can transfer from one host to another (Hudson & Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction to North America for N. japonicas are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  The vast majority 
of ballast water discharged at CAWS ports along Lake Michigan is from other ports in all 
of the Great Lakes (NBIC 2012).  There is heavy commercial vessel traffic to Calumet 
Harbor from Lake Michigan (USACE 2011a). 
 

c. Current Abundance and Reproductive Capacity 
T0: This species has a rapid reproductive cycle with females capable of producing 1500–
2000 eggs over their lifetime (Kipp et al. 2012).  Spermatozoids can likely be retained for 
a period of diapause (Kipp et al. 2012).  Development to sexual maturity occurs in less 
than 21 days (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern 
shore of central and northern Lake Michigan did not reveal infected fish.  
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: Of all recorded species in the genus Neoergasilus, N. japonicas has the widest 
geographic distribution (Hayden & Rogers 1998).  In 1994 in Saginaw Bay(Lake Huron), 
four species of fish (fathead minnow, Pimephales promelas; largemouth bass, 
Micropterus salmoides; pumpkinseed sunfish, Lepomis gibbosus; and yellow perch, 
Perca flavescens) were collected with N. japonicas (Hudson & Bowen 2002).  This 
ectoparasite is relatively small (0.6–1.0 mm; 0.02–0.04 in.) and probably not obvious to 
researchers.  Field attempts to identify the species using 3 times magnification were 
suspect (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern shore of 
central and northern Lake Michigan did not reveal infected fish.  No recent surveys of 
fish in Lake Michigan were found, so the distance from the pathway is not well 
documented. 
T10: See T0.  The species may disperse closer to the pathway over time. 
T25: See T10. 
T50: See T10. 
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  Free-living individuals (i.e., larvae, males, and immature females) 
feed on algae and zooplankton (Hudson & Bowen 2002; Baud et al. 2004).  Gravid 
females are parasitic, attaching to the fins of freshwater fish species and feeding on 
their tissue (Abdelhalim et al. 1993).  In Lake Huron, it usually attaches to adult fish 
hosts (Hudson & Bowen 2002; Jordan et al. 2009), most frequently to the dorsal fin 
(Hudson & Bowen 2002).  Host fishes include largemouth bass, smallmouth bass, 
bluegill, redear sunfish, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Hayden & Rogers 1998; Hudson 
& Bowen 2002; Kipp et al. 2012).  Once N. japonicas is established, it can survive on 
many different host fish species.  When attached to hosts, it is likely that feeding on fish 
tissue contributes to the diet of the N. japonicas (Kipp et al. 2012).  In contrast, gut 
analysis indicates that free-living individuals most likely derive their nutrition from blue-
green algae and small invertebrates (Baud et al. 2004; Hudson & Bowen 2002). 
 
Sexual maturity is attained more quickly at temperatures of 30°C (86°F) than at 20°C 
(68°F) (Kipp et al. 2012), although it is documented that the species exhibits a fast life 
cycle of 21 days to sexual maturity at 20°C (68°F) (Beyer et al. 2005).  Population levels 
slow during the cold winter months, but increase in the spring (Kipp et al. 2012).  After 
hatching, the larvae pass through six nauplius stages and possibly five copepodid stages 
before reaching the adult stage (Kipp et al. 2012). 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: N. japonicas can swim well; it is able to move from one host to another and has a high 
fecundity (sections 2a, 2c).  Suitable habitat is present in southern Lake Michigan near the 
Calumet Harbor pathway entrance (section 2f).  In conjunction with host movement, the 
potential for rapid dispersal to new environments outside Saginaw Bay is high.  However, 
the species is located far from the Calumet Harbor pathway entrance in Lake Huron, and no 
infected fish were found in the limited surveys of Lake Michigan (section 2e).  N. japonicas 
has been in the Great Lakes since 1994 and has not been recorded in southern Lake 
Michigan.  For this reason, the probability of arrival is low for this time step. 
T10: See T0. 
T25: See T0.  N. japonicas is documented to have spread across Europe within 20 years.  
Given this information, the probability of arrival increases to medium. 
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T50: See T0.  Over 50 years, the probability of arrival increases that N. japonicas will have 
time to spread to the Calumet Harbor by natural dispersion or by attaching to fish.  
Therefore, the probability of arrival for this time step is high. 

 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating High High Medium Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential for human-mediated transport is unknown for N. japonicas.  It is uncertain 
why it has not been transported to southern Lake Michigan by vessels.  It is documented 
that the species may be overlooked during sampling due to its small size, so the current 
specific distribution may not be accurate.  No recent surveys of Lake Michigan were found.  
Therefore, the uncertainty associated with the probability of arrival is high. 
T10: See T0. 
T25: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
more certain that N. japonicas will spread to the Calumet Harbor pathway entrance at this 
time step, lowering the uncertainty of arrival to medium. 
T50: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
likely that N. japonicas will spread to the Calumet Harbor pathway entrance at this time 
step, lowering the uncertainty of arrival to low. 

 
3. P(passage) T0-T50 : 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  

The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then moving on to North America in a span of 10 years (Hudson 
& Bowen 2002).  N. japonicas attaches to freshwater fish and can then transfer from 
one individual fish to another.  Larvae, males, and immature females do not live as 
parasites and are free-living (Kipp et al. 2012).  Only ovigerous females require a host, 
while those that are non-ovigerous can detach and reattach to hosts (Kipp et al. 2012; 
Hayden & Rogers 1998).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction for N. japonicas to North America are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  Ballast water is 
rarely discharged in inland ports of Illinois (NBIC 2012).  Although there is little 
commercial river traffic from Calumet Harbor (NBIC 2012), there is heavy commercial 
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vessel traffic between T.J. O’Brien Lock and Dam (which is approximately 8 km [5 mi] 
south of Calumet Harbor) and Brandon Road Lock and Dam (USACE 2011a; NBIC 2012). 
 

c. Existing Physical Human/Natural Barriers 
T0: T.J. O’Brien Lock and Dam, Lockport Lock and Dam, and Brandon Road Lock and Dam 
could act as a barrier to the fish that may be host to N. japonicas.  The electric barriers 
above Lockport Lock and Dam would shock larger host fish, but they would continue to 
be transported downstream via currents.  However, N. japonicas would be able to pass 
through these barriers while free-living. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10.   
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  The species has been documented in the Salt River drainage in 
Colorado (Kipp et al. 2012).  Host fishes found in the CAWS include largemouth bass, 
smallmouth bass, bluegill, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Simon & Moy 1999; LimnoTech 
2010).  Once N. japonicas is established, it can survive on many different host fish 
species.  Population levels slow during the cold winter months, but increase in the 
spring (Kipp et al. 2012).   
T10: See T0. 
T25: See T0.   
T50: See T0. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Suitable habitat is present throughout the CAWS (section 3d).  Human-mediated 
transport from Calumet Harbor to Brandon Road Lock and Dam is unlikely (section 3b); 
therefore, movement through the CAWS may require some natural dispersion.  The species 
appears to disperse over long distances rather quickly (section 3a) by either swimming or 
attaching to swimming fish.  Numerous fish species documented as hosts for N. japonicas 
are found in the CAWS (section 3d).  The lock and dams could act as a barrier to the fish that 
host the species; however, the free-living species could pass through the barrier (section 
3c).  Therefore, the probability of passage at this time step is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
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Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  The species 
has been in Saginaw Bay for three decades and has not spread to other areas of Lake Huron.  
For these reasons, there is a medium degree of uncertainty associated with the probability 
of its passage. 
T10: The future rate of spread for this species is not well understood.  However, it is more 
certain that N. japonicas will move through the CAWS to Brandon Road Lock and Dam in 
10 years.  Therefore, there is a low degree of uncertainty of its passage during this time 
step. 
T25: See T10. 
T50: See T10. 

 
4. P(colonizes): HIGH 

 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  There are records of the species being present in the Salt River 
drainage in Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  There are 
records of parasitic copepods collected from fish in the Mississippi River in Illinois and 
Iowa (Lockard & Parsons 1975).  Once N. japonicas is established, it can survive on many 
different host fish species such as centrarchids and catfish. 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of Brandon Road Lock and Dam. 

 
Evidence for Probability Rating  
 
Suitable habitat and host fish are present for N. japonicas near Brandon Road Lock and Dam 
(sections 4a, 4b).  N. japonicas may reach suitable habitat by natural downstream dispersal.  
The probability of the species colonizing near Brandon Road Lock and Dam is high. 
 
Uncertainty: LOW 
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Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers (section 4a), and suitable host fish are present 
downstream of Brandon Road Lock and Dam.  Therefore, uncertainty is low. 

 
5. P(spreads):  HIGH 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

N. japonicas has been found in Alabama and in Colorado (Kipp et al. 2012), suggesting 
climate will be suitable in the MRB. 

 
b. Type of Mobility/Invasion Speed 

The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then occurring in North America 10 years later (Hudson & Bowen 
2002).  N. japonicas attaches to freshwater fish and can then transfer from one 
individual fish to another (Kipp et al. 2012).  Larvae, males, and immature females do 
not live as parasites and are free-living (Kipp et al. 2012; Hayden & Rogers 2002).  Only 
ovigerous females require a host, while those that are non-ovigerous can detach and 
reattach to hosts (Hayden & Rogers 2002).  The species also has great swimming 
capabilities (Hudson & Bowen 2002). 
 

c. Fecundity 
Females are capable of producing 1500–2000 eggs over their lifetime (Kipp et al. 2012).  
Development to sexual maturity occurs in less than 21 days (Hudson & Bowen 2002). 
 

d. History of Invasion Success  
N. japonicas was first recorded in North America in 1993 from aquaculture ponds at 
Auburn University in Alabama (Hayden & Rodgers 1998).  The following year, they were 
discovered in Saginaw Bay (Lake Huron) and again in the bay in 2001 (Hudson & Bowen 
2002).  Specimens were found in the Salt River drainage west of Grand Junction, 
Colorado, attached to the fins of black bullheads (Kipp et al. 2012).  In 2011, several 
specimens were found on green sunfish and bluegill in an Ottawa National Wildlife 
Refuge wetland of Crane Creek, adjacent to Lake Erie and east of Toledo, Ohio 
(Kipp et al. 2012). 
 

e. Human-Mediated Transport through Aquatic Pathways 
The means of introduction for N. japonicas are unknown.  However, it could have 
occurred through ballast water (Hudson & Bowen 2002).  There is heavy vessel use from 
Brandon Road Lock and Dam to the lower MRB. 
 



 E-1253 January 2014 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
N. japonicas is a generalist species.  N. japonicas is a freshwater species of eutrophic and 
polluted aquatic environments.  There are records of the species being present in the 
Salt River drainage in Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  
Once N. japonicas is established, it can survive on many different host fish species that 
are present in the MRB including centrarchids and catfish (Kipp et al. 2012). 

 
Evidence for Probability Rating  
 
Suitable habitat conditions appear to be present and connected (section 5f).  There is the 
potential for this species to spread naturally.  Therefore, the probability of this species 
spreading is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers, and suitable host fish are present downstream 
of Brandon Road Lock and Dam (sections 5a, 5f).  Therefore, uncertainty is low. 
 

PATHWAY: 4 (INDIANA HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low High Low High Medium Medium High Low 
P(passage) High Medium 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) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Indiana 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
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Uncertainty: NONE 
 
Evidence for Uncertainty Rating  
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-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 appears to disperse over long distances (probably via both natural and 
human-mediated mechanisms) rather quickly, spreading across Europe in 20 years and 
then moving to North America in a span of 10 years (Hudson & Bowen 2002).  
N. japonicas attaches to freshwater fish and can then transfer from one individual fish to 
another (Kipp et al. 2012).  Larvae, males, and immature females do not live as parasites 
and are free-living in the water column (Hayden & Rogers 1998).  Only ovigerous 
females require a host, while those that are non-ovigerous can detach and reattach to 
hosts (Hayden & Rogers 1998).  The species also has great swimming capabilities and 
can transfer from one host to another (Hudson & Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction for N. japonicas to North America are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  The vast majority 
of ballast water discharged at the CAWS ports along Lake Michigan is from other ports in 
all of the Great Lakes (NBIC 2012).  There is heavy commercial vessel traffic to the 
Indiana Harbor from Lake Michigan (USACE 2011a). 
 

c. Current Abundance and Reproductive Capacity 
T0: This species has a rapid reproductive cycle with females capable of producing 1500–
2000 eggs over their lifetime (Kipp et al. 2012).  Spermatozoids can likely be retained for 
a period of diapause (Kipp et al. 2012).  Development to sexual maturity occurs in less 
than 21 days (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern 
shore of central and northern Lake Michigan did not reveal infected fish. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 



 E-1255 January 2014 

e. Distance from Pathway  
T0: Of all recorded species in the genus Neoergasilus, N. japonicas has the widest 
geographic distribution (Hayden & Rogers 1998).  In 1994 in Saginaw Bay, Lake Huron, 
Michigan four species of fish (fathead minnow, Pimephales promelas; largemouth bass, 
Micropterus salmoides; pumpkinseed sunfish, Lepomis gibbosus; and yellow perch, 
Perca flavescens) were collected with N. japonicas (Hudson & Bowen 2002).  This 
ectoparasite is relatively small (0.6–1.0 mm; 0.02–0.04in.) and probably not obvious to 
researchers.  Field attempts to identify the species using three times magnification were 
suspect (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern shore of 
central and northern Lake Michigan did not reveal infected fish.  No recent surveys of 
fish in Lake Michigan were found so the distance from the pathway is not well 
documented. 
T10: See T0.  The species may disperse closer to the pathway over time. 
T25: See T10. 
T50: See T10. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  Free living individuals (i.e.  larvae, males, and immature females) feed 
on algae and zooplankton (Hudson & Bowen 2002; Baud et al. 2004).  Gravid females 
are parasitic, attaching to the fins of freshwater fish species and feeding on their tissue 
(Abdelhalim et al. 1993).  In Lake Huron, it usually attaches to adult fish hosts (Hudson & 
Bowen 2002; Jordan et al. 2009), most frequently to the dorsal fin (Hudson & Bowen 
2002).  Host fishes include largemouth bass, smallmouth bass, bluegill, redear sunfish, 
pumpkinseed, yellow perch, green sunfish, rock bass, channel catfish, common carp, 
goldfish, and fathead minnows (Hayden & Rogers 1998; Hudson & Bowen 2002; Kipp 
et al. 2012).  Once N. japonicas is established it can survive on many different host fish 
species.  When attached to hosts, it is likely that feeding on fish tissue contributes to the 
diet of the N. japonicas (Kipp et al. 2012).  In contrast, gut analysis indicate that free 
living individuals most likely derive their nutrition from blue-green algae and small 
invertebrates (Baud et al. 2004; Hudson & Bowen 2002). 
 
Sexual maturity is attained more quickly at temperatures of 30°C (86°F) than at 20°C 
(68°F) (Kipp et al. 2012), although it is documented that the species exhibits a fast life 
cycle of 21 days to sexual maturity at 20°C (68°F) (Beyer et al. 2005).  Population levels 
slow during the cold winter months, but increase in the spring (Kipp et al. 2012).  After 
hatching the larvae pass through 6 nauplius stages and around 5 copepodid stages 
before reaching the adult stage (Kipp et al. 2012). 
T10: See T0. 
T25: See T0. 
T50:  See T0. 
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Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: N. japonicas can swim well, it is able to move from one host to another and has a high 
fecundity (sections 2a, 2c).  Suitable habitat is present in southern Lake Michigan near the 
Indiana Harbor pathway entrance (section 2f).  In conjunction with host movement, the 
potential for rapid dispersal to new environments outside Saginaw Bay is high.  However, 
the species is located far from the Indiana Harbor pathway entrance in Lake Huron and no 
infected fish were found in the limited surveys of Lake Michigan (section 2e).  N. japonicas 
has been in the Great Lakes since 1994 and has not been recorded in southern Lake 
Michigan.  For this reason the probability of arrival is low for this time step. 
T10: See T0. 
T25: See T0.  N. japonicas is documented to have spread across Europe within 20 years.  
Given this information the probability of arrival raises to medium. 
T50: See T0.  Over 50 years the probability of arrival increases that N. japonicas will have 
time to spread to the Indiana Harbor by natural dispersion or by attaching to fish.  
Therefore the probability of arrival for this time step is high. 
 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating High High Medium Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential for human-mediated transport is unknown for N. japonicas.  It is uncertain 
why it has not been transported to southern Lake Michigan by vessels.  It is documented 
that the species may be overlooked during sampling due to its small size so its current 
specific distribution may not be accurate.  No recent surveys of Lake Michigan were found.  
Therefore, the uncertainty associated with the probability of arrival is high. 
T10: See T0. 
T25: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
more certain that N. japonicas will spread to the Indiana Harbor pathway entrance at this 
time step lowering the uncertainty of arrival to medium. 
T50: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
likely that N. japonicas will spread to the Indiana Harbor pathway entrance at this time step 
lowering the uncertainty of arrival to low. 

 
3. P(passage) T0-T50: HIGH   

 
In determining the probability of passage, the species is assumed to have arrived at the 
pathway. 
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Factors That Influence Passage of Species (Considering All Life Stages) 
 

a. Type of Mobility/Invasion Speed  
The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then moving on the North America in a span of 10 years (Hudson 
& Bowen 2002).  N. japonicas attaches to freshwater fish and can then transfer from 
one individual fish to another.  Larvae, males, and immature females do not live as 
parasites and are free living (Kipp et al. 2012).  Only ovigerous females require a host, 
while those that are non-ovigerous can detach and reattach to hosts (Kipp et al. 2012; 
Hayden & Rogers 1998).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways  
The means of introduction for N. japonicas to North America are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  Ballast water is 
rarely discharged in inland ports of Illinois (NBIC 2012).  Most commercial vessel traffic 
to Indiana Harbor is lake-wise, and there is no commercial vessel traffic to inland ports 
in the CAWS from Indiana Harbor (NBIC 2012).  There is little if any vessel traffic in the 
Grand Calumet River due to the shallow depth. 
 

c. Existing Physical Human/Natural Barriers 
T0: Lockport Lock and Dam and Brandon Road Lock and Dam could act as a barrier to the 
fish that may be host to N. japonicas.  The electric barriers above Lockport Lock and 
Dam would shock larger host fish, but they would continue to be transported 
downstream via currents.  N. japonicas would also be able to pass through these 
barriers while free-living. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10.   
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  The species has been documented in the Salt River drainage in 
Colorado (Kipp et al. 2012).  Host fishes found in the CAWS include largemouth bass, 
smallmouth bass, bluegill, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Simon & Moy 1999; LimnoTech 
2010).  Once N. japonicas is established, it can survive on many different host fish 
species.  Population levels slow during the cold winter months, but increase in the 
spring (Kipp et al. 2012).  Water flows out of the 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, free-living N. japonicas would have to 
traverse upstream to enter the CAWS and move to the Calumet Sag Channel.  However, 
the females transported by fish would not have a problem traversing the upstream flow 
while attached to their host. 
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T10: See T0. 
T25: See T0.   
T50: See T0. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Suitable habitat is present throughout the CAWS (section 3d).  The species appears to 
disperse over long distances rather quickly (section 3a) by either swimming or attaching to 
swimming fish.  The free-floating individuals would not be likely to traverse upstream 
through Indiana Harbor and the Grand Calumet River.  However, females attached to hosts 
will be able to traverse the upstream flow.  The lock and dams could act as a barrier to the 
fish that host the species; however, the free-living species could pass through the barrier.  
Numerous fish species documented as hosts for N. japonicas are found in the CAWS 
(section 3d).  Therefore the probability of passage at this time step is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Uncertainty of Passage  

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  The species 
has been in Saginaw Bay for 3 decades and has not spread to other areas of Lake Huron.  
For these reasons, there is a medium degree of uncertainty associated with the probability 
of its passage. 
T10: The future rate of spread for this species is not well understood.  However, it is more 
certain that N. japonicas will move through the CAWS to Brandon Road Lock and Dam in 
10 years.  Therefore, there is a low degree of uncertainty of its passage during this time 
step. 
T25: See T10. 
T50: See T10. 

 
4. P(colonizes): HIGH 

 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  There are records of the species being present in the Salt River 
drainage in Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  There are 
records of parasitic copepods collected from fish in the Mississippi River in Illinois and 
Iowa (Lockard & Parsons 1975).  Once N. japonicas is established, it can survive on many 
different host fish species such as centrarchids and catfish. 
 
Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of Brandon Road Lock and Dam. 

 
Evidence for Probability Rating  
 
Suitable habitat and host fish are present for N. japonicas near Brandon Road Lock and Dam 
(sections 4a, 4b).  N. japonicas may reach suitable habitat by natural downstream dispersal.  
The probability of the species colonizing near Brandon Road Lock and Dam is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers (section 4a), and suitable host fish are present 
downstream of Brandon Road Lock and Dam.  Therefore, uncertainty is low. 

 
5. P(spreads):  HIGH  

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

N. japonicas has been found in Alabama and in Colorado (Kipp et al. 2012), suggesting 
climate will be suitable in the MRB. 
 

b. Type of Mobility/Invasion Speed 
The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then occurring in North America 10 years later (Hudson & Bowen 
2002).  N. japonicas attaches to freshwater fish and can then transfer from one 
individual fish to another (Kipp et al. 2012).  Larvae, males, and immature females do 
not live as parasites and are free-living (Kipp et al. 2012).  Only ovigerous females 
require a host, while those that are non-ovigerous can detach and reattach to hosts 
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(Hayden & Rogers 2002).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

c. Fecundity 
Females are capable of producing 1500–2000 eggs over their lifetime (Kipp et al. 2012).  
Development to sexual maturity occurs in less than 21 days (Hudson & Bowen 2002). 
 

d. History of Invasion Success  
N. japonicas was first recorded in North America in 1993 from aquaculture ponds at 
Auburn University in Alabama (Hayden & Rogers 1998).  The following year, they were 
discovered in Saginaw Bay (Lake Huron) and again in the bay in 2001 (Hudson & Bowen 
2002).  Specimens were found in the Salt River drainage west of Grand Junction, 
Colorado, attached to the fins of black bullheads (Kipp et al. 2012).  In 2011, several 
specimens were found on green sunfish and bluegill in an Ottawa National Wildlife 
Refuge wetland of Crane Creek, adjacent to Lake Erie and east of Toledo, Ohio (Kipp 
et al. 2012). 
 

e. Human-Mediated Transport through Aquatic Pathways  
The means of introduction for N. japonicas are unknown.  However, it could have 
occurred through ballast water (Hudson & Bowen 2002).  There is heavy vessel use from 
Brandon Road Lock and Dam to the lower MRB. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
N. japonicas is a generalist species.  N. japonicas is a freshwater species of eutrophic and 
polluted aquatic environments (Kipp et al. 2012).  There are records of the species being 
present in the Salt River drainage in Colorado and Crane Creek adjacent to Lake Erie 
(Kipp et al. 2012).  Once N. japonicas is established, it can survive on many different host 
fish species that are present in the MRB including centrarchids and catfish (Kipp 
et al. 2012). 

 
Evidence for Probability Rating  
 
Suitable habitat conditions appear to be present and connected (section 5f).  There is the 
potential for this species to spread naturally.  Therefore, the probability of this species 
spreading is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers, and suitable host fish are present downstream 
of Brandon Road Lock and Dam (sections 5a, 5f).  Therefore, uncertainty is low. 
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PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low High Low High Medium Medium High Low 
P(passage) High Medium 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) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 BSBH and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating  
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-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 appears to disperse over long distances (probably via both natural and 
human-mediated mechanisms) rather quickly, spreading across Europe in 20 years and 
then moving to North America in a span of 10 years (Hudson & Bowen 2002).  
N. japonicas attaches to freshwater fish and can then transfer from one individual fish to 
another (Kipp et al. 2012).  Larvae, males, and immature females do not live as parasites 
and are free-living in the water column (Hayden & Rogers 1998).  Only ovigerous 
females require a host, while those that are non-ovigerous can detach and reattach to 
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hosts (Hayden & Rogers 1998).  The species also has great swimming capabilities and 
can transfer from one host to another (Hudson & Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction for N. japonicas to North America are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  The vast majority 
of ballast water discharged at the CAWS ports along Lake Michigan is from other ports in 
all of the Great Lakes (NBIC 2012).  There is no commercial vessel traffic to the BSBH 
from Lake Michigan; however, there is heavy commercial traffic to the adjacent Burns 
Harbor (USACE 2011a). 
 

c. Current Abundance and Reproductive Capacity 
T0: This species has a rapid reproductive cycle with females capable of producing 1500–
2000 eggs over their lifetime (Kipp et al. 2012).  Spermatozoids can likely be retained for 
a period of diapause (Kipp et al. 2012).  Development to sexual maturity is less than 
21 days (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern shore of 
central and northern Lake Michigan did not reveal infected fish. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: Of all recorded species in the genus Neoergasilus, N. japonicas has the widest 
geographic distribution (Hayden & Rogers 1998).  In 1994 in Saginaw Bay (Lake Huron), 
four species of fish (fathead minnow, Pimephales promelas; largemouth bass, 
Micropterus salmoides; pumpkinseed sunfish, Lepomis gibbosus; and yellow perch, 
Perca flavescens) were collected with N. japonicas (Hudson & Bowen 2002).  This 
ectoparasite is relatively small (0.6–1.0 mm; 0.02–0.04 in.) and probably not obvious to 
researchers.  Field attempts to identify the species using 3 times magnification were 
suspect (Hudson & Bowen 2002).  Surveys from 1993 to 1995 along the eastern shore of 
central and northern Lake Michigan did not reveal infected fish.  No recent surveys of 
fish in Lake Michigan were found, so the distance from the pathway is not well 
documented. 
T10: See T0.  The species may disperse closer to the pathway over time. 
T25: See T10. 
T50: See T10. 
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  Free-living individuals (i.e., larvae, males, and immature females) 
feed on algae and zooplankton (Hudson & Bowen 2002; Baud et al. 2004).  Gravid 
females are parasitic, attaching to the fins of freshwater fish species and feeding on 
their tissue (Abdelhalim et al. 1993).  In Lake Huron, it usually attaches to adult fish 
hosts (Hudson & Bowen 2002; Jordan et al. 2009), most frequently to the dorsal fin 
(Hudson & Bowen 2002).  Host fishes include largemouth bass, smallmouth bass, 
bluegill, redear sunfish, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Hayden & Rogers 1998; Hudson 
& Bowen 2002; Kipp et al. 2012).  Once N. japonicas is established, it can survive on 
many different host fish species.  When attached to hosts, it is likely that feeding on fish 
tissue contributes to the diet of the N. japonicas (Kipp eta l.  2012).  In contrast, gut 
analysis indicates that free-living individuals most likely derive their nutrition from blue-
green algae and small invertebrates (Baud et al. 2004; Hudson & Bowen 2002). 
 
Sexual maturity is attained more quickly at temperatures of 30°C (86°F) than at 20°C 
(68°F) (Kipp et al. 2012), although it is documented that the species exhibits a fast life 
cycle of 21 days to sexual maturity at 20°C (68°F) (Beyer et al. 2005).  Population levels 
slow during the cold winter months, but increase in the spring (Kipp et al. 2012).  After 
hatching, the larvae pass through six nauplius stages and possibly five copepodid stages 
before reaching the adult stage (Kipp et al. 2012). 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: N. japonicas can swim well; it is able to move from one host to another and has a high 
fecundity (sections 2a, 2c).  Suitable habitat is present in southern Lake Michigan near the 
BSBH pathway entrance (section 2f).  In conjunction with host movement, the potential for 
rapid dispersal to new environments outside Saginaw Bay is high.  However, the species is 
located far from the BSBH pathway entrance in Lake Huron, and no infected fish were found 
in the limited surveys of Lake Michigan (section 2e).  N. japonicas has been in the Great 
Lakes since 1994 and has not been recorded in southern Lake Michigan.  For this reason, the 
probability of arrival is low for this time step. 
T10: See T0. 
T25: See T0.  N. japonicas is documented to have spread across Europe within 20 years.  
Given this information, the probability of arrival increases to medium. 
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T50: See T0.  Over 50 years, the probability of arrival increases that N. japonicas will have 
time to spread to the BSBH by natural dispersion or by attaching to fish.  Therefore, the 
probability of arrival for this time step is high. 
 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating High High Medium Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential for human-mediated transport is unknown for N. japonicas.  It is uncertain 
why it has not been transported to southern Lake Michigan by vessels.  It is documented 
that the species may be overlooked during sampling due to its small size, so its current 
specific distribution may not be accurate.  No recent surveys of Lake Michigan were found.  
Therefore, the uncertainty associated with the probability of arrival is high. 
T10: See T0. 
T25: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
more certain that N. japonicas will spread to the BSBH pathways entrance at this time step.  
lowering the uncertainty of arrival to medium. 
T50: See T0.  Assuming the rapid invasion speed documented for the species is accurate, it is 
likely that N. japonicas will spread to the BSBH pathways entrance at this time step, 
lowering the uncertainty of arrival to low. 

 
3. P(passage) T0-T50: 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  

The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then moving on to North America in a span of 10 years (Hudson 
& Bowen 2002).  N. japonicas attaches to freshwater fish and can then transfer from 
one individual fish to another (Kipp et al. 2012).  Larvae, males, and immature females 
do not live as parasites and are free-living (Kipp et al. 2012).  Only ovigerous females 
require a host, while those that are non-ovigerous can detach and reattach to hosts 
(Kipp et al. 2012; Hayden & Rogers 1998).  The species also has great swimming 
capabilities (Hudson & Bowen 2002). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The means of introduction to North America for N. japonicas are unknown.  However, it 
could have occurred through ballast water (Hudson & Bowen 2002).  Ballast water is 
rarely discharged in inland ports of Illinois (NBIC 2012).  Most commercial vessel traffic 
to BSBH is lake-wise, and there is no commercial vessel traffic to inland ports in the 
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CAWS from BSBH (NBIC 2012).  The south branch of the Little Calumet River is shallow 
and likely has only local non-motorized vessel traffic, if any (Little Calumet and Grand 
Calumet River Corridor Technical Advisory Group and Northeastern Illinois Planning 
Commission 2011). 
 

c. Existing Physical Human/Natural Barriers  
T0: Lockport Lock and Dam and Brandon Road Lock and Dam could act as barriers to the 
fish that may be host to N. japonicas.  The electric barriers above Lockport Lock and 
Dam would shock larger host fish, but they would continue to be transported 
downstream via currents.  However, N. japonicas would be able to pass through these 
barriers while free-living. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10.   
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  The species has been documented in the Salt River drainage in 
Colorado (Kipp et al. 2012).  Host fishes found in the CAWS include largemouth bass, 
smallmouth bass, bluegill, pumpkinseed, yellow perch, green sunfish, rock bass, channel 
catfish, common carp, goldfish, and fathead minnows (Simon & Moy 1999/2000; 
LimnoTech 2010).  Once N. japonicas is established, it can survive on many different 
host fish species.  Population levels slow during the cold winter months, but increase in 
the spring (Kipp et al. 2012).  The water flows out of BSBH into Lake Michigan.  The 
eastern segment of the south branch of the Little Calumet River also generally flows 
toward Lake Michigan depending on location and water level in Lake Michigan (GSWMD 
2008).  Thus, free-living N. japonicas would have to traverse upstream to enter the 
CAWS and move to the Calumet Sag Channel.  However, the females transported by fish 
would not have a problem traversing the upstream flow while attached to their host. 
T10: See T0. 
T25: See T0.   
T50: See T0. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Suitable habitat is present throughout the CAWS (section 3d).  The species appears to 
disperse over long distances rather quickly (section 3a) by either swimming or attaching to 
swimming fish.  The free-floating individuals would not be likely to traverse upstream 
through BSBH and the Little Calumet River.  However, females attached to hosts will be able 
to traverse the upstream flow.  The lock and dams could act as a barrier to the fish that host 
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the species; however, the free-living species could pass through the barrier.  Numerous fish 
species documented as hosts for N. japonicas are found in the CAWS (section 3d).  
Therefore, the probability of passage at this time step is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Uncertainty of Passage  

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  The species 
has been in Saginaw Bay for three decades and has not spread to other areas of Lake Huron.  
For these reasons, there is a medium degree of uncertainty associated with the probability 
of its passage. 
T10: The future rate of spread for this species is not well understood.  However, it is more 
certain that N. japonicas will move through the CAWS to Brandon Road Lock and Dam in 
10 years.  Therefore, there is a low degree of uncertainty of its passage during this time 
step. 
T25: See T10. 
T50: See T10. 

 
4. P(colonizes): HIGH 

 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
N. japonicas is a freshwater species of eutrophic and polluted aquatic environments 
(Kipp et al. 2012).  There are records of the species being present in the Salt River 
drainage in Colorado and Crane Creek adjacent to Lake Erie (Kipp et al. 2012).  There are 
records of parasitic copepods collected from fish in the Mississippi River in Illinois and 
Iowa (Lockard & Parsons 1975).  Once N. japonicas is established, it can survive on many 
different host fish species such as centrarchids and catfish (Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of Brandon Road Lock and Dam. 
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Evidence for Probability Rating  
 
Suitable habitat and host fish are present for N. japonicas near Brandon Road Lock and Dam 
(sections 4a, 4b).  N. japonicas may reach suitable habitat by natural downstream dispersal.  
The probability of the species colonizing near Brandon Road Lock and Dam is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers (section 4a), and suitable host fish are present 
downstream of Brandon Road Lock and Dam.  Therefore, uncertainty is low. 

 
5. P(spreads): HIGH 
 

In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin  

N. japonicas has been found in Alabama and in Colorado (Kipp et al. 2012), suggesting 
climate will be suitable in the MRB. 
 

b. Type of Mobility/Invasion Speed 
The species appears to disperse over long distances rather quickly, spreading across 
Europe in 20 years and then occurring in North America 10 years later (Hudson & Bowen 
2002).  N. japonicas attaches to freshwater fish and can then transfer from one 
individual fish to another (Kipp et al. 2012).  Larvae, males, and immature females do 
not live as parasites and are free-living (Kipp et al. 2012).  Only ovigerous females 
require a host, while those that are non-ovigerous can detach and reattach to hosts 
(Hayden & Rogers 2002).  The species also has great swimming capabilities (Hudson & 
Bowen 2002). 
 

c. Fecundity 
Females are capable of producing 1500–2000 eggs over their lifetime (Kipp et al. 2012).  
Development to sexual maturity occurs in less than 21 days (Hudson & Bowen 2002). 
 

d. History of Invasion Success  
N. japonicas was first recorded in North America in 1993 from aquaculture ponds at 
Auburn University in Alabama (Hayden & Rogers 1998).  The following year, they were 
discovered in Saginaw Bay (Lake Huron) and again in the bay in 2001 (Hudson & Bowen 
2002).  Specimens were found in the Salt River drainage west of Grand Junction, 
Colorado, attached to the fins of black bullheads (Kipp et al. 2012).  In 2011, several 
specimens were found on green sunfish and bluegill in an Ottawa National Wildlife 
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Refuge wetland of Crane Creek, adjacent to Lake Erie and east of Toledo, Ohio (Kipp 
et al. 2012). 
 

e. Human-Mediated Transport through Aquatic Pathways 
The means of introduction for N. japonicas are unknown.  However, it could have 
occurred through ballast water (Hudson & Bowen 2002).  There is heavy vessel use from 
Brandon Road Lock and Dam to the lower MRB. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
N. japonicas is a generalist species.  N. japonicas is a freshwater species of eutrophic and 
polluted aquatic environments (Kipp et al. 2012).  There are records of the species being 
present in the Salt River drainage in Colorado and Crane Creek adjacent to Lake Erie 
(Kipp et al. 2012).  Once N. japonicas is established, it can survive on many different host 
fish species that are present in the MRB including centrarchids and catfish (Kipp 
et al. 2012). 

 
Evidence for Probability Rating 
 
Suitable habitat conditions appear to be present and connected (section 5f).  There is the 
potential for this species to spread naturally.  Therefore, the probability of this species 
spreading is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
N. japonicas is known to establish in rivers, and suitable host fish are present downstream 
of Brandon Road Lock and Dam (sections 5a, 5f).  Therefore, uncertainty is low. 
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E.2.6.5  Harpacticoid Copepod - Schizopera borutzkyi 
 
PATHWAY: 1 (WILMETTE PUMPING STATION [WPS] TO THE BRANDON ROAD LOCK AND 
DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 High Low High Medium High High High 
P(colonizes) High Low High Low High Low High Low 
P(spreads) High Low High Low High Low High Low 
P(establishment) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the WPS 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  The eggs are 
attached to the adult, and it has no planktonic life stage (Kipp et al. 2012).  Therefore, 
current-mediated transport is not expected to be a significant transport mechanism.  It 
spread from Lake Michigan to Lake Erie in less than 5 years (Kipp et al. 2012).  Its ability 
to diapause may contribute to its survival in ship ballast tanks (Kipp et al. 2012). 
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b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi was introduced to the Great Lakes by ballast water release 
(Horvath et al. 2001).  Spread by vessel traffic has been the fastest means of spread 
among the Great Lakes.  There is no commercial vessel traffic to the WPS, but there is 
recreational vessel traffic (USACE 2011a,b). 
 

c. Current Abundance and Reproductive Capacity 
T0: In surveys in southern Lake Michigan between 1999 and 2000, Schizopera borutzkyi 
was found to dominate the harpacticoid copepod community in deep sites (at 15 m 
[49.2 ft]) (Horvath et al. 2001) and has been found to reach densities of 3,700/m2 in 
sediment (Garza & Whitman 2004).  Reproductive females carry two eggs sacs ventrally 
(Lesko et al. 2003). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  Schizopera borutzkyi is along the shoreline of southern Lake Michigan. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway  
T0: In southern Lake Michigan, it was found in near-shore waters in Michigan City, 
Indiana (Garza & Whitman 2004) and in Indiana Dunes National Lakeshore and has been 
reported in Chicago between Diversey Harbor and Belmont Harbor within 16 km (10 mi) 
of the WPS (Horvath et al. 2001). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Climate is suitable.  Schizopera borutzkyi has been found in southern Lake Michigan 
between 2 and 15 m (6.6 and 49.2 ft), and it can be the dominant species at depths of 
15 m (49.2 ft) (Horvath et al. 2001).  In Lake Michigan, this species prefers shallow muds 
and sands (Horvath et al. 2001).  Sandy sediments are present in Lake Michigan in the 
vicinity of the WPS. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Schizopera borutzkyi is found in southern Lake Michigan and can be the dominant 
species (sections 2e, 2f).  It has been documented less than 16 km (10 mi) from the WPS, 
and habitat conditions are suitable near the WPS (section 2f).  Therefore, the probability of 
arrival for the species at this time step is high.   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: This species has been documented numerous times in southern Lake Michigan.  While its 
current distance from the WPS is uncertain and no surveys are available after 2000, 
Schizopera borutzkyi has been documented less than 16 km (10 mi) from the WPS.  
Therefore, the uncertainty of the species’ arrival at the WPS is low.   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50 :   
 
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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  Schizopera borutzkyi 
has spread from Lake Michigan to Lake Ontario in less than 5 years by ship traffic.  
Schizopera borutzkyi has been in southern Lake Michigan since 1998 but has not been 
reported in the CAWS or the Illinois River (Kipp et al. 2012), although this may be due to 
lack of surveys for meiofauna.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water (Kipp et al. 2012).  There is no 
commercial vessel traffic in the North Shore Channel, and the discharge of ballast water 
does not typically occur at inland ports within the CAWS (NBIC 2012).  Evidence for 
transport via attachment to boat hulls was not found in the literature. 
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c. Existing Physical Human/Natural Barriers 
T0: None.  The 1.2- to 9.1-m (4- to 30-ft) water depth found in the CAWS (LimnoTech 
2010) is adequate for Schizopera borutzkyi based on its depth distribution in Lake 
Michigan (Kipp et al. 2012).  There is a sluice gate separating the WPS from Lake 
Michigan, which is periodically opened and closed.  Water from Lake Michigan is 
periodically pumped into the North Shore Channel (LimnoTech 2010) and could 
transport this species into the North Shore Channel if it was suspended in the water 
column by boat traffic or storms. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  Schizopera borutzkyi is native to large river systems in Europe and is 
found in silty and sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp 
et al. 2012).  In the North Shore Channel and the upper north branch of the Chicago 
River, in-stream aquatic habitat in the form of aquatic plants, tree roots, and brush 
debris jams, with sediments of silt and sand, is present along the partly shaded banks 
(LimnoTech 2010).  Toward downtown Chicago and in the Chicago River, there is a 
reduction in in-stream habitat and a change to concrete and steel vertical banks, with 
sediments of concrete, silt, or sludge.  Toxic organic and inorganic pollutants are also 
present in the Chicago River (Gallagher et al. 2009) and likely reduce habitat quality in 
some areas.  In the CSSC, in-stream habitat varies by location but is generally limited.  
Sediments in the CSSC vary but are primarily silt, sludge, bedrock, and sand, with 
scattered cobble (LimnoTech 2010).   
T10: See T0.  The CAWS is expected to remain suitable habitat for Schizopera borutzkyi. 
T25: See T10. 
T50: See T10. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: There are areas of suitable habitat for Schizopera borutzkyi throughout the CAWS 
(section 3d).  This species could spread naturally downstream through the CAWS, while 
Schizopera borutzkyi can also be transported in ballast water (section 3b).  However, there 
is no commercial traffic to the WPS, and the discharge of ballast water originating from the 
Great Lakes does not typically occur within the CAWS (section 3b).  Therefore, some natural 
downstream spread from the WPS would be required to reach the Brandon Road Lock and 
Dam.  Schizopera borutzkyi has been in southern Lake Michigan since 1998 but has not been 
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reported in the CAWS or the Illinois River (section 3a).  Therefore, the probability of passage 
for this species at this time step is low. 
T10: See T0. 
T25: See T0.  Twenty-five years may be sufficient time for Schizopera borutzkyi to spread 
downstream to the Brandon Road Lock and Dam.  Therefore, for this time step the 
probability of arrival is medium. 
T50: See T25.  Over 50 years Schizopera borutzkyi has a higher probability of reaching the 
Brandon Road Lock and Dam. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Uncertainty Rating 
 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  The natural rate of spread for Schizopera borutzkyi is uncertain.  The 
potential for transport on boat hulls is uncertain.  The ability of this species to tolerate the 
sediment contaminants, stormwater runoff, and dissolved oxygen levels in the CAWS is 
uncertain.  The ability of this low-mobility species to transit stretches of the CAWS 
(especially the CSSC) that have little or no suitable habitat is unknown.  Schizopera borutzkyi 
is documented in large river systems in Europe.  Why this species has not been detected in 
the CAWS despite being present in southern Lake Michigan is uncertain.  It is uncertain 
whether benthic surveys conducted in the CAWS or the Illinois River would have detected 
meiofauna given their small size.  Therefore, the species may be present but undetected.  
Overall, the uncertainty of passage for the species is high. 
T10: See T0. 
T25: See T0. 
T50: See T0.   
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages): 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Schizopera borutzkyi is native to large river systems in Europe and is found in silty and 
sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 
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Evidence for Probability Rating  
 
Because Schizopera borutzkyi is native to large river systems in Europe (section 4a), the 
probability of colonization is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below the Brandon Road Lock and Dam.  The species 
has been documented in rivers.  Therefore, the uncertainty of colonization for this species is 
medium. 
 

5. P(spreads):  HIGH 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

Schizopera borutzkyi is native to the delta of the Danube River and the Black Sea basin 

(Kipp et al. 2012).  Therefore, climate should be suitable in the MRB. 
 

b. Type of Mobility/Invasion Speed 
Schizopera borutzkyi may spread rapidly if transported by ballast water. 
 

c. Fecundity 
Females carry two egg sacs (Lesko et al. 2003). 
 

d. History of Invasion Success  
This species became dominant and spread rapidly in the Great Lakes likely by vessel 
transport (Kipp et al. 2012).  No data on the spread rate of Schizopera borutzkyi in rivers 
were found.   
 

e. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water.  There is heavy vessel traffic 
between the Brandon Road Lock and Dam and the lower MRB (USACE 2011a,b). 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Schizopera borutzkyi appears to be a benthic generalist.  Schizopera borutzkyi is native 
to large river systems in Europe.  Little data on specific habitat preferences in rivers are 
available.  In the Great Lakes, this species is associated with shallow sandy and muddy 
sediments (Kipp et al. 2011).  Sandy and muddy sediments are distributed throughout 
the MRB. 
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Evidence for Probability Rating  
 
Schizopera borutzkyi is native to large river systems in Europe.  Suitable sediment conditions 
appear to be present and connected (section 5f).  There is the potential for this species to 
be spread in ballast water.  Therefore, the probability of this species spreading is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The species is documented in rivers.  Thus, the uncertainty of spread by this species is low. 
 

PATHWAY: 2 (CHICAGO RIVER CONTROLLING WORKS [CRCW] TO THE BRANDON ROAD LOCK 
AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 High Low High Medium High High High 
P(colonizes) High Low High Low High Low High Low 
P(spreads) High Low High Low High Low High Low 
P(establishment) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the CRCW 
and the Brandon Road Lock and Dam 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) T0-T50: 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  The eggs are 
attached to the adult, and it has no planktonic life stage (Kipp et al. 2012).  Therefore, 
current-mediated transport is not expected to be a significant transport mechanism.  It 
spread from Lake Michigan to Lake Erie in less than 5 years [Kipp et al. 2012]).  Its ability 
to diapause may contribute to its survival in ship ballast tanks (Kipp et al. 2012). 
 

b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi was introduced to the Great Lakes by ballast water release 
(Horvath et al. 2001).  Spread by vessel traffic has been the fastest means of spread 
among the Great Lakes.  There is commercial and recreational vessel traffic to the CRCW 
from Lake Michigan (USACE 2011a,b). 
 

c. Current Abundance and Reproductive Capacity 
T0: In surveys of southern Lake Michigan between 1999 and 2000, Schizopera borutzkyi 
was found to dominate the harpacticoid copepod community in deep sites (at 15 m 
[49.2 ft]) (Horvath et al. 2001) and to reach densities of 3,700/m2 in the sediment (Garza 
& Whitman 2004).  Reproductive females carry two eggs sacs ventrally (Lesko 
et al. 2003). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  Schizopera borutzkyi is along the shoreline of southern Lake Michigan. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway  
T0: In southern Lake Michigan, Schizopera borutzkyi was found in nearshore waters in 
Michigan City, Indiana (Garza & Whitman 2004), in Indiana Dunes National Lakeshore, 
and in Chicago between Diversey Harbor and Belmont Harbor (less than 16 km [10 mi] 
from the CRCW) between 2 and 15 m (6.6 and 49.2 ft) (Horvath et al. 2001). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Climate is suitable.  Schizopera borutzkyi has been found in southern Lake Michigan 
between 2 and 15 m (6.6 and 49.2 ft), and it can be the dominant species at depths of 
15 m (49.2 ft) (Horvath et al. 2001).  In Lake Michigan, this species prefers shallow muds 
and sands (Horvath et al. 2001).  Sandy sediments are present in Lake Michigan in the 
vicinity of the CRCW. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Schizopera borutzkyi is found in southern Lake Michigan and can be the dominant 
species (sections 2e, 2f).  It has been documented less than 16 km (10 mi) from the CRCW, 
and habitat conditions are suitable near the CRCW (section 2f).  Therefore, its probability of 
arrival at the Brandon Road Lock and Dam is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: This species has been documented numerous times in southern Lake Michigan.  While its 
current distance from the CRCW is uncertain and no surveys are available after 2000, 
Schizopera borutzkyi has been documented less than 16 km (10 mi) from the CRCW.  
Therefore, the uncertainty of this species arrival for this time step is low.   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50 : LOW-HIGH   
 
In determining the probability of passage, the species is assumed to have arrived at the 
pathway. 
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Factors That Influence Passage of Species (Considering All Life Stages) 
 
a. Type of Mobility/Invasion Speed  

Schizopera borutzkyi is a small copepod that lives in the sediment.  Schizopera borutzkyi 
has spread from Lake Michigan to Lake Ontario in less than 5 years by ship traffic.  
Schizopera borutzkyi has been in southern Lake Michigan since 1998 but has not been 
reported in the CAWS or the Illinois River (Kipp et al. 2012), although this may be due to 
lack of surveys for meiofauna.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water (Kipp et al. 2012).  There is 
some commercial vessel traffic between the CRCW and the Brandon Road Lock and Dam 
(USACE 2011a; NBIC 2012), although the discharge of ballast water does not typically 
occur at inland ports within the CAWS (NBIC 2012).  Evidence for transport via 
attachment to boat hulls was not found in the literature. 
 

c. Existing Physical Human/Natural Barriers 
T0: None.  The 1.2- to 9.1-m (4- to 30-ft) water depth found in the CAWS 
(LimnoTech 2010) is adequate for Schizopera borutzkyi based on its depth distribution in 
Lake Michigan (Kipp et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  Schizopera borutzkyi is native to large river systems in Europe and is 
found in silty and sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp 
et al. 2012).  In the Chicago River, there is little in-stream habitat, and the banks are 
typically concrete and steel vertical walls, with sediments of concrete, silt, or sludge.  
Toxic organic and inorganic pollutants are also present in the Chicago River (Gallagher 
et al. 2009) and likely reduce habitat quality in some areas.  In the CSSC, in-stream 
habitat varies by location but is generally limited.  Sediments in the CSSC vary but are 
primarily silt, sludge, bedrock, and sand, with scattered cobble (LimnoTech 2010).   
T10: See T0.  The CAWS is expected to remain suitable habitat for Schizopera borutzkyi. 
T25: See T10. 
T50: See T10. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating Low Low Medium High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: There are areas of suitable habitat for Schizopera borutzkyi throughout the CAWS 
(section 3d).  This species could spread naturally downstream through the CAWS.  
Schizopera borutzkyi can also be transported in ballast water, and there is some potential 
for vessel-mediated transport (section 3b).  However, the discharge of ballast water 
originating from the Great Lakes does not typically occur within the CAWS.  Schizopera 
borutzkyi has been in southern Lake Michigan since 1998 but has not been reported in the 
CAWS or the Illinois River (section 3a).  Therefore, the probability of this species passing 
through the Brandon Road Lock and Dam is low. 
T10: See T0. 
T25: See T0.  Twenty-five years may be sufficient time for Schizopera borutzkyi to spread 
downstream to the Brandon Road Lock and Dam; therefore, the probability of passage for 
this species raises to medium. 
T50: See T25.  Over 50 years Schizopera borutzkyi has a higher probability of reaching the 
Brandon Road Lock and Dam. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Uncertainty Rating 
 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  The natural rate of spread for Schizopera borutzkyi is uncertain.  The 
potential for transport on boat hulls or in ballast water is uncertain.  The ability of this 
species to tolerate the sediment contaminants, stormwater runoff, and dissolved oxygen 
levels in the CAWS is uncertain.  Schizopera borutzkyi is documented in large river systems 
in Europe.  Why this species has not been detected in the CAWS despite being present in 
southern Lake Michigan is uncertain.  It is uncertain whether benthic surveys conducted in 
the CAWS or the Illinois River would have detected meiofauna given their small size.  
Therefore, the species may be present but undetected.  Overall, the uncertainty of passage 
for the species is high. 
T10: See T0.   
T25: See T0. 
T50: See T0.    
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Schizopera borutzkyi is native to large river systems in Europe and is found in silty and 
sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 

 
Evidence for Probability Rating  
 
Because Schizopera borutzkyi is native to large river systems in Europe (section 4a), its 
probability of colonization is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat below the Brandon Lock and Dam has been documented.  The species has 
been documented in rivers.  Therefore, the uncertainty related to the colonization of this 
species is medium. 
 

5. P(spreads):  HIGH 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 

 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB 

Schizopera borutzkyi is native to the delta of the Danube River and the Black Sea basin 

(Kipp et al. 2012); therefore, climate in the MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Schizopera borutzkyi may spread rapidly if transported by ballast water. 
 

c. Fecundity 
Females carry two egg sacs (Lesko et al. 2003). 
 

d. History of Invasion Success  
This species became dominant and spread rapidly in the Great Lakes likely by vessel 
transport (Kipp et al. 2012).  No data on the spread rate of Schizopera borutzkyi in rivers 
were found.   



 E-1282 January 2014 

e. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water.  There is heavy vessel traffic 
between the Brandon Road Lock and Dam and the lower MRB (USACE 2011a,b). 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Schizopera borutzkyi is native to large river systems in Europe.  Little data on specific 
habitat preferences in rivers are available.  In the Great Lakes, this species is associated 
with shallow sandy and muddy sediments (Kipp et al. 2011).  Sandy and muddy 
sediments are distributed throughout the MRB. 

 
Evidence for Probability Rating  
 
Schizopera borutzkyi is native to large river systems in Europe.  Suitable sediment conditions 
appear to be present and connected (section 5f).  There is the potential for this species to 
be spread in ballast water.  Therefore, the probability of spread by this species is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The species is documented in rivers.  Thus, the uncertainty of spread by the species is low. 
 

PATHWAY: 3 (CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 High Low High Medium High High High 
P(colonizes) High Low High Low High Low High Low 
P(spreads) High Low High Low High Low High Low 
P(establishment) Low -a Low - Medium - High - 
 
a “-“ Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective 

way to characterize overall uncertainty for an aggregate rating. 
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EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the Calumet 
Harbor and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 

 
Evidence for Uncertainty Rating  

 
The existence of the pathway has been confirmed with certainty. 

 
2. P(arrival) T0-T50: 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  The eggs are 
attached to the adult, and it has no planktonic life stage (Kipp et al. 2012) Therefore, 
current-mediated transport is not expected to be a significant transport mechanism.  It 
spread from Lake Michigan to Lake Erie in less than 5 years (Kipp et al. 2012).  Its ability 
to diapause may contribute to its survival in ship ballast tanks (Kipp et al. 2012). 
 

b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi was introduced to the Great Lakes by ballast water release 
(Horvath et al. 2001).  Spread by vessel traffic has been the fastest means of spread 
among the Great Lakes.  There is heavy commercial vessel traffic to the Calumet Harbor 
from Lake Michigan (USACE 2011a). 
 

c. Current Abundance and Reproductive Capacity 
T0: In surveys of southern Lake Michigan between 1999 and 2000, Schizopera borutzkyi 
was found to dominate the harpacticoid copepod community in deep sites (at 15 m 
[49.2 ft]) (Horvath et al. 2001) and has been found to reach densities of 3,700/m2 in the 
sediment (Garza & Whitman 2004).  Reproductive females carry two eggs sacs ventrally 
(Lesko et al. 2003). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
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d. Existing Physical Human/Natural Barriers  
T0: None.  Schizopera borutzkyi is along the shoreline of southern Lake Michigan. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway  
T0: In southern Lake Michigan, Schizopera borutzkyi was found in near-shore waters in 
Michigan City, Indiana (less than 80.5 km [50 mi] southeast of Calumet Harbor) (Garza & 
Whitman 2004) and in Chicago between Diversey Harbor and Belmont Harbor (less than 
32 km [20 mi] north of Calumet Harbor) (Horvath et al. 2001). 
T10: See T0. 
T25: See T0. 
T50: See T0. 

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

Climatological)  
T0: Climate is suitable.  Schizopera borutzkyi has been found in southern Lake Michigan 
between 2 and 15 m (6.6 and 49.2 ft), and it can be the dominant species at depths of 
15 m (49.2 ft) (Horvath et al. 2001).  In Lake Michigan, this species prefers shallow muds 
and sands (Horvath et al. 2001).  Sandy sediments are present in Lake Michigan in the 
vicinity of Calumet Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Schizopera borutzkyi is found in southern Lake Michigan and can be the dominant 
species (sections 2e, 2f).  It has been documented on both sides of Calumet Harbor, and 
habitat conditions are suitable near the Calumet Harbor (section 2f).  Therefore, the 
probability of the species’ arrival is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival  
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Low 
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Evidence for Uncertainty Rating 
 
T0: This species has been documented numerous times in southern Lake Michigan.  While its 
current distance from the Calumet Harbor is uncertain and no surveys are available after 
2000, Schizopera borutzkyi has been documented less than 32 km (20 mi) from Calumet 
Harbor.  Therefore, the uncertainty of this species’ arrival is low.   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50 : 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  Schizopera borutzkyi 
has spread from Lake Michigan to Lake Ontario in less than 5 years by ship traffic.  
Schizopera borutzkyi has been in southern Lake Michigan since 1998 but has not been 
reported in the CAWS or the Illinois River (Kipp et al. 2012), although this may be due to 
lack of surveys for meiofauna.   
   

b. Human-Mediated Transport through Aquatic Pathways 
Although there is little commercial river traffic to Calumet Harbor (NBIC 2012), there is 
heavy commercial vessel traffic between the Brandon Road Lock and Dam and the 
T.J. O’Brien Lock and Dam, a distance of approximately 8 km (5 mi) south of Calumet 
Harbor (USACE 2011a; NBIC 2012).  Although Schizopera borutzkyi can be transported in 
ballast water (Kipp et al. 2012), the discharge of ballast water does not typically occur at 
inland ports within the CAWS (NBIC 2012).  Evidence for transport via attachment to 
boat hulls was not found in the literature. 
 

c. Existing Physical Human/Natural Barriers 
T0: None.  The 1.2- to 9.1-m (4- to 30-ft) water depth found in the CAWS 
(LimnoTech 2010) is adequate for Schizopera borutzkyi based on its depth distribution in 
Lake Michigan (Kipp et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  Schizopera borutzkyi is native to large river systems in Europe and is 
found in silty and sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp 
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et al. 2012).  In the Calumet River, there is in-stream habitat for aquatic life in the form 
of boulders, logs, brush debris jams, overhanging terrestrial vegetation, and aquatic 
vegetation in some reaches.  Urban industrial and commercial riparian land use is also 
present.  Sediments in the Little Calumet River are primarily inorganic silt, but areas of 
sand and gravel are also present (LimnoTech 2010).  Inorganic silt sediments 
predominate in the Calumet Sag Channel as well.  Bedrock sediments are also present 
(LimnoTech 2010).  The Calumet River, the Little Calumet River, and the Calumet Sag 
Channel also contain areas with potentially toxic sediment contaminant levels 
(Gallagher et al. 2011), which likely reduce habitat quality in some areas.  In the CSSC, 
in-stream habitat varies by location but is generally limited, and vertical bank walls are 
common along the shoreline.  Sediments in the CSSC vary but are primarily silt, sludge, 
bedrock, and sand, with scattered cobble (LimnoTech 2010).   
T10: See T0.  The CAWS is expected to remain suitable habitat for Schizopera borutzkyi. 
T25: See T10. 
T50: See T10. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: There are areas of suitable habitat for Schizopera borutzkyi throughout the CAWS 
(section 3d).  This species could spread naturally downstream through the CAWS or by 
vessel transport (section 3).  However, the discharge of ballast water originating from the 
Great Lakes does not typically occur within the CAWS.  Schizopera borutzkyi has been in 
southern Lake Michigan since 1998 but has not been reported in the CAWS or the Illinois 
River (section 3a).  Therefore, the probability of passage for the species is low at this time 
step.   
T10: See T0. 
T25: See T10.  Twenty-five years may be sufficient time for Schizopera borutzkyi to spread 
downstream to the Brandon Road Lock and Dam; therefore, the probability of passage for 
this species raises to medium.   
T50: See T25.  Over 50 years Schizopera borutzkyi has a higher probability of reaching the 
Brandon Road Lock and Dam. 
 
Uncertainty of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Uncertainty Rating 
 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  The natural rate of spread for Schizopera borutzkyi is uncertain.  The 
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potential for transport on boat hulls or in ballast water is uncertain.  The ability of this 
species to tolerate the sediment contaminants, stormwater runoff, and dissolved oxygen 
levels in the CAWS is uncertain.  Schizopera borutzkyi is documented in large river systems 
in Europe.  Why this species has not been detected in the CAWS despite being present in 
southern Lake Michigan is uncertain.  It is uncertain whether benthic surveys conducted in 
the CAWS or the Illinois River would have detected meiofauna given their small size.  
Therefore, the species may be present but undetected.  Therefore, the uncertainty of 
passage for the species is high. 
T10: See T0. 
T25: See T0. 
T50: See T0.   
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Schizopera borutzkyi is native to large river systems in Europe and is found in silty and 
sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 

 
Evidence for Probability Rating  
 
Because Schizopera borutzkyi is native to large river systems in Europe (section 4a), the 
probability of colonization by this species is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat below the Brandon Lock and Dam has been documented.  The species has 
been documented in rivers.  Therefore, the uncertainty of colonization by this species is 
low. 
 

5. P(spreads):  HIGH 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
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Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

Schizopera borutzkyi is native to the delta of the Danube River and the Black Sea basin 

(Kipp et al. 2012); therefore, climate in the MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Schizopera borutzkyi may spread rapidly if transported by ballast water. 
 

c. Fecundity 
Females carry two egg sacs (Lesko et al. 2003). 
 

d. History of Invasion Success  
This species became dominant and spread rapidly in the Great Lakes likely by vessel 
transport (Kipp et al. 2012).  No data on the spread rate of Schizopera borutzkyi in rivers 
were found.   
 

e. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water.  There is heavy vessel traffic 
between the Brandon Road Lock and Dam and the lower MRB (USACE 2011a,b). 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Schizopera borutzkyi is native to large river systems in Europe.  Little data on specific 
habitat preferences in rivers are available.  In the Great Lakes, this species is associated 
with shallow sandy and muddy sediments (Kipp et al. 2011).  Sandy and muddy 
sediments are distributed throughout the MRB. 

 
Evidence for Probability Rating  
 
Schizopera borutzkyi is native to large river systems in Europe.  Suitable sediment conditions 
appear to be present and connected (section 5f).  There is the potential for this species to 
be spread in ballast water.  Therefore, the probability of spread by this species is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The species is documented in rivers.  Thus, the uncertainty of spread by the species is low. 
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PATHWAY: 4 (INDIANA HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 High Low High Medium High High High 
P(colonizes) High Low High Low High Low High Low 
P(spreads) High Low High Low High Low High Low 
P(establishment) Low -a Low - Medium - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the Indiana 
Harbor and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  The eggs are 
attached to the adult, and it has no planktonic life stage (Kipp et al. 2012).  Therefore, 
current-mediated transport is not expected to be a significant transport mechanism.  It 
spread from Lake Michigan to Lake Erie in less than 5 years (Kipp et al. 2012).  Its ability 
to diapause may contribute to its survival in ship ballast tanks (Kipp et al. 2012). 
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b. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi was introduced to the Great Lakes by ballast water release 
(Horvath et al. 2001).  Spread by vessel traffic has been the fastest means of spread 
among the Great Lakes.  There is heavy commercial vessel traffic to the Indiana Harbor 
from Lake Michigan (USACE 2011a). 
 

c. Current Abundance and Reproductive Capacity 
T0: In surveys of southern Lake Michigan between 1999 and 2000, Schizopera borutzkyi 
was found to dominate the harpacticoid copepod community in deep sites (at 15 m 
[49.2 ft]) (Horvath et al. 2001) and has been found to reach densities of 3,700/m2 in the 
sediment (Garza & Whitman 2004).  Reproductive females carry two eggs sacs ventrally 
(Lesko et al. 2003). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  Schizopera borutzkyi is along the shoreline of southern Lake Michigan. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway  
T0: In southern Lake Michigan Schizopera borutzkyi was found in near-shore waters in 
Michigan City, Indiana (Garza & Whitman 2004), in Indiana Dunes National Lakeshore 
(approximately 48 km [30 mi] southeast of Indiana Harbor), and in Chicago between 
Diversey Harbor and Belmont Harbor (less than 48 km [30 mi] north of Indiana Harbor) 
(Horvath et al. 2001). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Climate is suitable.  Schizopera borutzkyi is found in southern Lake Michigan at 
depths of 2 to 15 m (6.6 to 49.2 ft) and is often the dominant species at depths of 15 m 
(49.2 ft) (Horvath et al. 2001).  In Lake Michigan this species prefers shallow muds and 
sands (Horvath et al. 2001).  Sandy sediments are present in Lake Michigan in the 
vicinity of the Indiana Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
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Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Schizopera borutzkyi is found in southern Lake Michigan and can be the dominant 
species (sections 2e, 2f).  It has been documented on both sides of Indiana Harbor, and 
habitat conditions near the Indiana Harbor are suitable (section 2f).  Therefore, the 
probability of the species arriving at the pathway is high for this time step.   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival  
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: This species has been documented numerous times in southern Lake Michigan.  While its 
current distance from Indiana Harbor is uncertain and no surveys are available after 2000, 
the species has been documented less than 48 km (30 mi) from Indiana Harbor.  Therefore, 
the uncertainty of Schizopera borutzkyi arriving at the pathway is low for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50 : 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  Schizopera borutzkyi 
has spread from Lake Michigan to Lake Ontario in less than 5 years by ship traffic (Kipp 
et al. 2012).  This species has been in southern Lake Michigan since 1998 but has not 
been reported in the CAWS or the Illinois River (Kipp et al. 2012), although this may be 
due to lack of surveys for meiofauna.   
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b. Human-Mediated Transport through Aquatic Pathways 
Although Schizopera borutzkyi can be transported in ballast water (Kipp et al. 2012), the 
discharge of ballast water does not typically occur at inland ports within the CAWS (NBIC 
2012).  Most commercial vessel traffic to Indiana Harbor is lake-wide (NBIC 2012).  
Evidence for transport via attachment to boat hulls was not found in the literature.  
There is little if any vessel traffic in the Grand Calumet River because of the shallow 
depth. 
 

c. Existing Physical Human/Natural Barriers 
T0: None.  The 1.2- to 9.1-m (4- to 30-ft) water depth found in the CAWS (LimnoTech 
2010) is adequate for Schizopera borutzkyi, based on its depth distribution in Lake 
Michigan (Kipp et al. 2012).  Just to the west of its junction with the Indiana Harbor 
Canal, the Grand Calumet channel is blocked by sheet pile.  However, there are leaks in 
the sheet pile where the species may pass. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  Schizopera borutzkyi is native to large river systems in Europe and is 
found in silty and sandy sediments in the Great Lakes (Horvath et al. 2001; 
Kipp et al. 2012).  Conditions at the Indiana Harbor are highly industrialized.  Sediments 
consist of primarily cobble, bedrock, or concrete, but silt, sludge, and plant debris are 
also present (Gallagher et al. 2011).  In the east branch of the Grand Calumet River, 
biological integrity is poor and sediment toxicity is high (Gallagher et al. 2011).  
Sediments in the Grand Calumet consist of primarily cobble, bedrock, or concrete, but 
silt, sludge, and plant debris are also present (Gallagher et al. 2011) and likely reduce 
habitat quality in some areas.  The Calumet Sag Channel and the Little Calumet River 
also contain areas with potentially toxic sediment contaminant levels (Gallagher 
et al. 2011).  Sediments in the Little Calumet River are primarily inorganic silt, but areas 
of sand and gravel are also present (LimnoTech 2010).  Inorganic silt sediments 
predominate in the Calumet Sag Channel as well.  Bedrock sediments are also present 
(LimnoTech 2010).  In the CSSC, in-stream habitat varies by location, but it is generally 
limited, and vertical bank walls are common along the shoreline.  Sediments in the CSSC 
vary but are primarily silt, sludge, bedrock, and sand, with scattered cobble 
(LimnoTech 2010).   
T10: See T0.  The CAWS is expected to remain suitable habitat for Schizopera borutzkyi. 
T25: See T10. 
T50: See T10. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating Low Low Medium High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: There is a low potential for vessels to transport this species from Indiana Harbor to 
inland portions of the CAWS (section 3b).  Because of the lack of vessel traffic (section 3b), 
natural spread through the Grand Calumet will likely be required for Schizopera borutzkyi to 
reach the Little Calumet River and the Calumet Sag Channel.  Initial establishment in the 
Grand Calumet River may be inhibited by high sediment toxicity (section 3d).  The sheetpile 
in the Grand Calumet River may slow the initial spread of Schizopera borutzkyi toward the 
Brandon Road Lock and Dam (sections 3c, 3d).  There are areas of suitable habitat for 
Schizopera borutzkyi throughout the CAWS (section 3d).  However, Schizopera borutzkyi has 
been in southern Lake Michigan since 1998 but has not been reported in the CAWS or the 
Illinois River (section 3a).  Therefore, the probability of passage by the species is low.   
T10: See T0.   
T25: See T0.  Twenty-five years may be enough time for Schizopera borutzkyi to move 
through the CAWS to the Brandon Road Lock and Dam; therefore, the likelihood of passage 
rises to medium. 
T50: See T25.  Over 50 years, Schizopera borutzkyi has a higher probability of reaching the 
Brandon Road Lock and Dam.  Therefore, the probability of passage by the species is high. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Uncertainty Rating 
 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  The natural rate of spread for Schizopera borutzkyi is uncertain.  The ability of 
this species to tolerate the sediment contaminants, stormwater runoff, and dissolved 
oxygen levels in the CAWS is uncertain.  Schizopera borutzkyi is documented in large river 
systems in Europe.  Why this species has not been detected in the CAWS despite being 
present in southern Lake Michigan is uncertain.  It is uncertain whether benthic surveys 
conducted in the CAWS or the Illinois River would have detected meiofauna given their 
small size.  Therefore, the species may be present but undetected.  Therefore, the 
uncertainty of passage for the species is high. 
T10: See T0. 
T25: See T0. 
T50: See T0.   

 
4. P(colonizes): HIGH 

 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages): 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Schizopera borutzkyi is native to large river systems in Europe and is found in silty and 
sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 

 
Evidence for Probability Rating  
 
Because Schizopera borutzkyi is native to large river systems in Europe (section 4a), the 
probability of colonization by the species is high.   
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat below the Brandon Lock and Dam has been documented.  The species has 
been documented in rivers.  Therefore, the uncertainty related to colonization by the 
species is low.   
 

5. P(spreads):  HIGH 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in MRB 

Schizopera borutzkyi is native to the delta of the Danube River and the Black Sea basin 

(Kipp et al. 2012); therefore, climate in the MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Schizopera borutzkyi may spread rapidly if transported by ballast water. 
 

c. Fecundity 
Females carry two egg sacs (Lesko et al. 2003). 
 

d. History of Invasion Success  
This species became dominant and spread rapidly in the Great Lakes likely by vessel 
transport (Kipp et al. 2012).  No data on the spread rate of Schizopera borutzkyi in rivers 
were found.   
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e. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water.  There is heavy vessel traffic 
between the Brandon Road Lock and Dam and the lower MRB (USACE 2011a,b). 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
Schizopera borutzkyi is native to large river systems in Europe.  Little data are available 
on specific habitat preferences in rivers.  In the Great Lakes this species is associated 
with shallow sandy and muddy sediments (Kipp et al. 2011).  Sandy and muddy 
sediments are distributed throughout the MRB. 

 
Evidence for Probability Rating  
 
Schizopera borutzkyi is native to large river systems in Europe.  Suitable sediment conditions 
appear to be present and connected (section 5f).  There is the potential for this species to 
be spread in ballast water.  Therefore, the probability of this species spreading is high.   

 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The species has been documented in rivers.  Thus, the uncertainty of spread by the species 
is low. 
 

PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 High Low High Medium High High High 
P(colonizes) High Low High Low High Low High Low 
P(spreads) High Low High Low High Low High Low 
P(establishment) Low -a Low - Medium - High - 
 
a “-“ Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective 

way to characterize overall uncertainty for an aggregate rating. 
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EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the BSBH 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating  
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  The eggs are 
attached to the adult, and it has no planktonic life stage (Kipp et al. 2012).  It spread 
from Lake Michigan to Lake Erie in less than 5 years (Kipp et al. 2012).  Its ability to enter 
diapause may contribute to its survival in ship ballast tanks (Kipp et al. 2012). 

 
b. Human-Mediated Transport through Aquatic Pathways 

Schizopera borutzkyi was introduced to the Great Lakes by ballast water release 
(Horvath et al. 2001).  Spread by vessel traffic has been the fastest means of spread 
among the Great Lakes.  There is no commercial vessel traffic to the BSBH from Lake 
Michigan (USACE 2011a).  However, there is heavy commercial traffic to the adjacent 
Burns Harbor.   
 

c. Current Abundance and Reproductive Capacity 
T0: In surveys of southern Lake Michigan between 1999 and 2000, Schizopera borutzkyi 
was found to dominate the harpacticoid copepod community in deep sites (at 15 m 
[49.2 ft]) (Horvath et al. 2001) and has been found to reach densities of 3,700/m2 in the 
sediment (Garza & Whitman 2004).  Reproductive females carry two eggs sacs ventrally 
(Lesko et al. 2003). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
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d. Existing Physical Human/Natural Barriers  
T0: None.  Schizopera borutzkyi is along the shoreline of southern Lake Michigan. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway  
T0: In southern Lake Michigan Schizopera borutzkyi was found in nearshore waters in 
Michigan City, Indiana, and Indiana Dunes National Lakeshore located less than  24 km 
(15 mi) northeast of BSBH (Horvath et al. 2001; Garza & Whitman 2004). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Climate is suitable.  Schizopera borutzkyi has been found in southern Lake Michigan 
at depths of 2 to 15 m (6.6 to 49.2 ft) and is often the dominant species at depths of 
15 m (49.2 ft) (Horvath et al. 2001).  In Lake Michigan this species prefers shallow muds 
and sands (Horvath et al. 2001).  Sandy sediments are present in Lake Michigan in the 
vicinity of the BSBH. 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Schizopera borutzkyi is found in southern Lake Michigan and can be the dominant 
species (sections 2e, 2f).  It has been documented near the BSBH, and habitat conditions are 
suitable at the BSBH (section 2f).  Therefore, the probability of arrival for the species at this 
time step is high. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival  
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Low 
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Evidence for Uncertainty Rating 
 
T0: This species has been documented numerous times in southern Lake Michigan.  While its 
current distance from the BSBH is uncertain and no surveys are available after 2000, 
Schizopera borutzkyi has been documented less than 24 km (15 mi) from the BSBH.  
Therefore, the uncertainty of arrival by the species is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50 : 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  

Schizopera borutzkyi is a small copepod that lives in the sediment.  Schizopera borutzkyi 
has spread from Lake Michigan to Lake Ontario in less than 5 years by ship traffic (Kipp 
et al. 2012).  Schizopera borutzkyi has been in southern Lake Michigan since 1998 but 
has not been reported in the CAWS or the Illinois River (Kipp et al. 2012), although this 
may be due to lack of surveys for meiofauna.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Although Schizopera borutzkyi can be transported in ballast water (Kipp et al. 2012), the 
discharge of ballast water does not typically occur at inland ports within the CAWS (NBIC 
2012).  Vessel traffic to BSBH is lake-wide only.  The south branch of the Little Calumet 
River is shallow and likely has only local nonmotorized vessel traffic, if any (Little 
Calumet and Grand Calumet River Corridor Technical Advisory Group and Northeastern 
Illinois Planning Commission 2011).   
 

c. Existing Physical Human/Natural Barriers 
T0: None.  The 1.2- to 9.1-m (4- to 30-ft) water depth found in the CAWS (LimnoTech 
2010) is adequate for Schizopera borutzkyi based on its depth distribution in Lake 
Michigan (Kipp et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  Schizopera borutzkyi is native to large river systems in Europe and is 
found in silty and sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp 
et al. 2012).  The banks of the BSBH are primarily riprap and vertical walls.  The banks of 
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the south leg of the Little Calumet River are vegetated, and sediments are plant debris, 
silt, sand, cobble, gravel, and boulder (Gallagher et al. 2011).  Inorganic silt and sludge 
sediments predominate in the Calumet Sag Channel (LimnoTech 2010).  The Calumet 
Sag Channel contains areas with potentially toxic sediment contaminant levels 
(Gallagher et al. 2011).  In the CSSC, in-stream habitat varies by location but is generally 
limited, and vertical bank walls are common along the shoreline.  Sediments in the CSSC 
vary but are primarily silt, sludge, bedrock, and sand, with scattered cobble (LimnoTech 
2010).   
T10: See T0.  The CAWS is expected to remain suitable habitat for Schizopera borutzkyi. 
T25: See T10. 
T50: See T10. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating Low Low Medium High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: There are areas of suitable habitat for Schizopera borutzkyi throughout the CAWS 
(section 3d).  Because there is no commercial vessel traffic, there is a low potential for 
vessels to transport this species from the BSBH to inland portions of the CAWS (section 3b).  
Because of the lack of vessel traffic (section 3b), natural spread will likely be required for 
Schizopera borutzkyi to reach the Brandon Road Lock and Dam.  Schizopera borutzkyi has 
been in southern Lake Michigan since 1998 but has not been reported in the CAWS or the 
Illinois River (section 3a).  Overall, the probability of passage for the species is low at this 
time step. 
T10: See T0. 
T25: See T0.  Twenty-five years may be enough time for Schizopera borutzkyi to move 
through the CAWS to the Brandon Road Lock and Dam; therefore, the probability of passage 
is medium. 
T50: See T25.  Over 50 years Schizopera borutzkyi has a higher probability of reaching the 
Brandon Road Lock and Dam.  Therefore, the probability of passage is high for this time 
step. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Uncertainty Rating 
 
T0: The physical and chemical habitat preferences of Schizopera borutzkyi are not well 
documented.  The natural rate of spread for Schizopera borutzkyi is uncertain.  The 
potential for transport on boat hulls is uncertain.  The ability of this species to tolerate the 
sediment contaminants, stormwater runoff, and dissolved oxygen levels in the CAWS is 
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uncertain.  Why this species has not been detected in the CAWS despite being present in 
southern Lake Michigan is uncertain.  It is uncertain whether benthic surveys conducted in 
the CAWS or the Illinois River would have detected meiofauna given their small size.  
Therefore, species may be present but undetected.  Therefore, the uncertainty of passage 
for the species is high. 
T10: See T0.   
T25: See T0.   
T50: See T0.     
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Schizopera borutzkyi is native to large river systems in Europe and is found in silty and 
sandy sediments in the Great Lakes (Horvath et al. 2001; Kipp et al. 2012). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is present and accessible downstream of the Brandon Road Lock and 
Dam. 

 
Evidence for Probability Rating  
 
Because Schizopera borutzkyi is native to large river systems in Europe (section 4a), the 
probability of the species colonizing is high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat below the Brandon Lock and Dam has been documented.  The species has 
been documented in rivers.  Therefore, the uncertainty of the species colonizing is low. 
 

5. P(spreads):  HIGH 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
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Factors That Influence Spread of Species 
 
a. Suitable Climate in MRB  

Schizopera borutzkyi is native to the delta of the Danube River and the Black Sea basin 

(Kipp et al. 2012); therefore, climate in the MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Schizopera borutzkyi may spread rapidly if transported by ballast water. 
 

c. Fecundity 
Females carry two egg sacs (Lesko et al. 2003). 
 

d. History of Invasion Success  
This species became dominant and spread rapidly in the Great Lakes, likely by vessel 
transport (Kipp et al. 2012).  No data on the spread rate of Schizopera borutzkyi in rivers 
were found.   
 

e. Human-Mediated Transport through Aquatic Pathways 
Schizopera borutzkyi can be transported in ballast water.  There is heavy vessel traffic 
between the Brandon Road Lock and Dam and the lower MRB (USACE 2011a,b). 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Schizopera borutzkyi is native to large river systems in Europe (Kipp et al. 2011).  Little 
data on specific habitat preferences in rivers are available.  In the Great Lakes this 
species is associated with shallow sandy and muddy sediments (Kipp et al. 2011).  Sandy 
and muddy sediments are distributed throughout the MRB. 

 
Evidence for Probability Rating  
 
Schizopera borutzkyi is native to large river systems in Europe.  Suitable sediment conditions 
appear to be present and connected (section 5f).  There is the potential for this species to 
be spread in ballast water.  Therefore, the species has a high probability of spread. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The species is documented in rivers.  Thus, the uncertainty associated with the probability 
of this species spreading is low. 
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E.2.7  Fish 
 
E.2.7.1  Threespine Stickleback - Gasterosteus aculeatus  
 
PATHWAY: 1 (WILMETTE PUMPING STATION [WPS] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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) High Medium 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 -a High - High - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 WPS and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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 threespine stickleback is an actively swimming fish that forms schools.  It lays eggs 
in a nest on the bottom (NatureServe 2010); therefore, eggs and larvae are not 
expected to be transported by currents unless resuspended into the water column by a 
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disturbance.  The threespine stickleback reached Illinois accidentally as the result of the 
Welland Canal, built in the 1820s (Laird & Page 1996).   
 

b. Human-Mediated Transport through Aquatic Pathways 
There is recreational vessel traffic to the WPS (USACE 2011b).  Although transport in 
ballast water is possible for this species, it was not described in the literature as a 
transport mechanism for the threespine stickleback. 
 

c. Current Abundance and Reproductive Capacity 
T0: All eggs within a clutch are laid as a single batch in the nest of a single male 
(Wootton 2009).  There may be 15 eggs in a very small female to more than 1000 eggs 
in exceptionally large females (Baker et al. 2008).  Mean breeding season fecundity 
equals 2060 eggs per female (Copp & Kovac 2003).  Minimum population doubling time 
is less than 15 months (Fishbase undated).  The threespine stickleback is considered 
established in southern Lake Michigan and it has been found in the North Shore 
Channel, which connects to the WPS. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  The threespine stickleback has arrived at the WPS. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
  

e. Distance from Pathway 
T0: In addition to being established in southern Lake Michigan, the threespine 
stickleback was found in the North Shore Channel in 1988 (Johnston 1991).  The Illinois 
Natural History survey has found the threespine stickleback near Lockport Lock and Dam 
(INHS undated). 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The threespine stickleback is found from Arctic to temperate climates.  The native 
range of the threespine stickleback is Arctic and Atlantic drainages from Baffin Island 
and the western side of Hudson Bay to Cape Fear Estuary, North Carolina (Page & Burr 
1991), and Pacific drainages from Alaska to Baja California (Fuller 2011).  Eastern 
freshwater populations are found far inland, including Lake Ontario (Fuller 2011).  In the 
Great Lakes, the species is native only below Niagara Falls (Smith 1985).  The threespine 
stickleback inhabits coastal marine, brackish, and an array of freshwater habitats 
ranging from tiny ephemeral streams in arid desert regions to large Arctic lakes 
(Willacker et al. 2010); populations can be wholly marine, anadromous, or strict 
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residents of freshwater (Willacker et al. 2010).  The species is found in sluggish waters of 
lakes, ponds, large lowland rivers, estuaries, and marine coastlines.  Freshwater 
populations usually inhabit shallow vegetated water (NatureServe 2010).  All 
populations spawn in freshwater in shallow, soft bottoms (Laird & Page 1996).  These 
fish are small (to 10 cm [3.9 in.]), visual predators (Gill & Hart 1994) that feed on 
invertebrates such as crustaceans and insect larvae, as well as fish eggs, fish larvae and 
plant matter (Wootton 1976).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).   
T10: See T0.  Habitat is expected to remain suitable for the threespine stickleback.   
T25: See T10. 
T50: See T10. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback is documented as established in southern Lake Michigan and 
has been found in the CAWS (Section 2e).  Suitable habitat is present in the vicinity of the 
WPS and this species has been found in the North Shore Channel (Section 2f).  Therefore, 
the threespine stickleback is considered to have arrived at the pathway. 
T10: See T0.  No changes in the habitat of Lake Michigan are expected to alter the probability 
of arrival at the WPS. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating None None None None 

 
Evidence for Uncertainty Rating 
 
T0: The species has been documented in the North Shore Channel, just beyond the entrance 
to the WPS pathway.  Therefore, there is no uncertainty associated with its arrival at the 
pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
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3. P(passage) T0-T50: 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  

The species is an actively swimming fish that forms schools.  It lays eggs in a nest 
(NatureServe 2010); therefore, eggs and larvae are not expected to be transported by 
currents unless resuspended into the water column by a disturbance.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Although not documented in the literature, the threespine stickleback potentially may 
be transported in ballast water.  However, there is no commercial vessel traffic from the 
WPS (USACE 2011a,b).  Threespine sticklebacks 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. 
 

c. Existing Physical Human/Natural Barriers 
T0: There is a sluice gate separating Lake Michigan from the North Shore Channel.  
However, the gate is opened periodically and water is pumped periodically from Lake 
Michigan into the North Shore Channel, which could transport this species.  The 
threespine stickleback has been found within the North Shore Channel (Johnston 1991).  
The Electric Dispersal Barrier System located north of Lockport Lock and Dam may act as 
a barrier to some degree by repelling adult fish.  However,  adult threespine sticklebacks 
that are shocked would flow downstream through the barrier.  So, there is a high 
potential that adults may pass the barrier at the current setting.  Also, eggs/larvae that 
are resuspended in the water column by boat propellers may pass through the Electric 
Dispersal Barrier System.  Brandon Road Lock and Dam and Lockport Lock and Dam are 
not expected to control the passage of this species through the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The threespine stickleback typically inhabits weedy pools or backwaters, or occurs 
among emergent plants at stream edges (NatureServe 2010).  Although living 
submerged aquatic vegetation is not common in the CAWS, it is found in the CSSC and 
the North Shore Channel in low density (LimnoTech 2010).  Plant debris is present in the 
CAWS although it is not a dominant substrate component (LimnoTech 2010).  The CAWS 
is a turbid water system with a low flow of 0.05–0.27 m/s (0.16–0.89 ft/s) (LimnoTech 
2010).  The species is found in a wide range of flowing and stillwater habitats 
(Rushbrook et al. 2010), but seems to prefer low velocities (Copp & Kovac 2003).  
Threespine sticklebacks have been recorded in the CAWS, including the North Shore 
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Channel, CSSC, Burns Harbor, and Calumet Harbor (Johnston 1991; Barnes 1999) down 
to Lockport Lock and Dam (INHS undated).  Therefore, habitat is assumed to be suitable 
in the CAWS. 
T10: See T0.  Habitat in the CAWS is expected to remain suitable for the threespine 
stickleback. 
T25: See T0. 
T50: See T0. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback has been found in multiple locations in the CAWS, therefore 
suitable habitat is present (Section 3d).  It is found in the CSSC as far south as the Lockport 
Lock and Dam which is less than 11.3 km (7 mi) from Brandon Road Lock and Dam.  The 
species may be small enough to pass through the Electric Dispersal Barrier System, and no 
other barriers are expected to control the downstream movement of this species 
(Section 3c).  Overall, the probability of passage is high for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 
 

Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The threespine stickleback has been present in the CAWS since 1988 and there do not 
appear to be any significant barriers to passage.  However, this species has yet to be 
identified in the MRB below Brandon Road Lock and Dam.  Why this species has not 
established in the MRB is uncertain, although it may be present in the MRB and not yet 
detected.  Surveys of the lower Illinois River are required to determine if the species is 
present at this time step.  Overall, the uncertainty of passage during this time step is 
medium. 
T10: See T0.  Given the documented proximity of this species to Brandon Road Lock and Dam 
and the lack of barriers to passage, it is more certain that over time, this species will pass 
downstream of Brandon Road Lock and Dam.  Therefore, the uncertainty of passage during 
this time step is low. 
T25: See T10. 
T50: See T10. 
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4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is found near Brandon Road Lock and Dam.  The threespine stickleback 
could swim to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable habitat is present at Brandon Road Lock and Dam (section 4a) and is accessible 
(section 4b).  The probability of the species colonizing near Brandon Road Lock and Dam is 
high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented near the Brandon Road Lock and Dam.  Therefore, 
there is low uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): HIGH 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
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Factors That Influence Spread of Species 
 

a. Suitable Climate in New Basin 
The threespine stickleback has a circumpolar distribution in the Northern Hemisphere 
(Laird & Page 1996).  It is found from Arctic to temperate climates, suggesting climate in 
the MRB will be suitable. 
 

b. Type of Mobility/Invasion Speed 
This species is considered highly invasive, but no information was found on rate of 
spread through river basins. 
 

c. Fecundity 
There may be 15 eggs in a very small female to more than 1000 eggs in exceptionally 
large females (Baker et al. 2008).  Mean breeding season fecundity equals 2060 eggs per 
female (Copp & Kovac 2003).  Minimum population doubling time is less than 15 months 
(Fishbase undated). 
 

d. History of Invasion Success  
The threespine stickleback is naturally widely distributed in the United States.  It has 
successfully invaded inland water bodies like the Great Lakes and has been successfully 
introduced to several river drainages in the United States (Fuller 2011). 
 

e. Human-Mediated Transport through Aquatic Pathways 
There is heavy vessel traffic in the MRB (USACE 2011a,b).  Although transport in ballast 
water is possible for this species, vessel-mediated transport is not described in the 
literature as a significant transport mechanism for the threespine stickleback. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
This species is a generalist; therefore, it can occupy a wide range of habitats. 
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010) but seems to prefer low velocities (Copp & 
Kovac 2003).  It has established in several river basins in the United States (Fuller 2012).  
Reservoirs in the MRB would also be suitable habitat. 

 
Evidence for Probability Rating 
 
The threespine stickleback has been successfully introduced to several river drainages in the 
United States.  There is suitable habitat contiguously distributed throughout the MRB 
(section 5f).  The threespine stickleback can spread quickly and reach high abundance 
(section 5d), considering its high fecundity (section 5c).  Overall, there is a high probability 
of spread by the threespine stickleback in the MRB. 
 
Uncertainty: LOW 
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Evidence for Uncertainty Rating 
 
There is suitable habitat in the MRB and the threespine stickleback has been documented 
to establish in river basins.  Therefore, once the threespine stickleback colonizes below 
Brandon Road Lock and Dam, there is a low uncertainty associated with the probability of it 
spreading in the MRB. 

 
PATHWAY: 2 (CHICAGO RIVER CONTROLLING WORKS [CRCW] TO BRANDON ROAD LOCK AND 
DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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) High Medium 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 -a High - High - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 CRCW and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: HIGH 
 
In determining the probability of arrival, the pathway is assumed to exist. 
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Factors That Influence Arrival of Species 
 

a. Type of Mobility/Invasion Speed 
The threespine stickleback is an actively swimming fish that forms schools.  It lays eggs 
in a nest on the bottom (NatureServe 2010); therefore, eggs and larvae are not 
expected to be transported by currents unless resuspended into the water column by a 
disturbance.  The threespine stickleback reached Illinois accidentally as the result of the 
Welland Canal, built in the 1820s (Laird & Page 1996).   
 

b. Human-Mediated Transport through Aquatic Pathways 
There is commercial and recreational vessel traffic to the CRCW (USACE 2011a,b).  
Although transport in ballast water is possible for this species, it was not described in 
the literature as a transport mechanism for the threespine stickleback. 
 

c. Current Abundance and Reproductive Capacity 
T0: All eggs within a clutch are laid as a single batch in the nest of a single male 
(Wootton 2009).  There may be 15 eggs in a very small female to more than 1000 eggs 
in exceptionally large females (Baker et al. 2008).  Mean breeding season fecundity 
equals 2060 eggs per female (Copp & Kovac 2003).  Minimum population doubling time 
is less than 15 months (Fishbase undated).  Threespine stickleback is considered 
established in southern Lake Michigan, which connects to the CRCW. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  The threespine stickleback has arrived at the CRCW. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
  

e. Distance from Pathway 
T0: The threespine stickleback is considered established in southern Lake Michigan 
(Johnston 1991).  It was found near the CRCW in 1988 (Fuller 2011) and has been found 
in the CAWS (Johnston 1991; INHS undated).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The threespine stickleback is found from Arctic to temperate climates.  The native 
range of the threespine stickleback is Arctic and Atlantic drainages from Baffin Island 
and the western side of Hudson Bay to the Cape Fear Estuary, North Carolina (Page & 
Burr 1991), and Pacific drainages from Alaska to Baja California (Fuller 2011).  Eastern 
freshwater populations are found far inland, including Lake Ontario (Fuller 2011).  In the 
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Great Lakes, the species is native only below Niagara Falls (Smith 1985).  The threespine 
stickleback inhabits coastal marine, brackish, and an array of freshwater habitats 
ranging from tiny ephemeral streams in arid desert regions to large Arctic lakes 
(Willacker et al. 2010); populations can be wholly marine, anadromous, or strict 
residents of fresh water (Willacker et al. 2010).  The species is found in sluggish waters 
of lakes, ponds, large lowland rivers, estuaries, and marine coastlines.  Freshwater 
populations usually inhabit shallow vegetated water (NatureServe 2010).  All 
populations spawn in freshwater in shallow, soft bottoms (Laird & Page 1996).  These 
fish are small (to 10 cm [3.9 in]), visual predators (Gill & Hart 1994) that feed on 
invertebrates such as crustaceans and insect larvae, as well as fish eggs, fish larvae, and 
plant matter (Wootton 1976).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).   
T10: See T0.  Habitat near the CRCW is expected to remain suitable for the threespine 
stickleback.   
T25: See T10. 
T50: See T10. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback is documented as established in southern Lake Michigan and 
has been found in the CAWS (section 2e).  Suitable habitat is present in the vicinity of the 
CRCW (section 2f).  Therefore, the threespine stickleback is considered to have arrived at 
the pathway. 
T10: See T0.  No changes in the habitat of Lake Michigan are expected to alter the probability 
of arrival at the CRCW. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating None None None None 

 
Evidence for Uncertainty Rating 
 
T0: The species is documented near the CRCW pathway.  Therefore, there is no uncertainty 
associated with its arrival at the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
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3. P(passage) T0-T50: 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  

The species is an actively swimming fish that forms schools.  It lays eggs in a nest 
(NatureServe 2010); therefore, eggs and larvae are not expected to be transported by 
currents unless resuspended into the water column by a disturbance.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Although not documented in the literature, the threespine stickleback potentially may 
be transported in ballast water, and there is commercial and recreational vessel traffic 
from the CRCW to Brandon Road Lock and Dam (USACE 2011a,b).  Threespine 
sticklebacks 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. 
 

c. Existing Physical Human/Natural Barriers 
T0: The threespine stickleback is found within the CAWS (Johnston 1991; Barnes 1999).  
Within the CAWS, the Electric Dispersal Barrier System located north of Lockport Lock 
and Dam may act as a barrier to some degree by repelling adult fish.  However, adult 
threespine sticklebacks that are shocked would flow downstream through the barrier.  
So, there is a high potential that adults may pass the barrier at the current setting.  In 
addition, eggs/larvae that are resuspended in the water column by boat propellers may 
pass through the Electric Dispersal Barrier System.  Brandon Road Lock and Dam and 
Lockport Lock and Dam are not expected to control the passage of this species through 
the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The threespine stickleback typically inhabits weedy pools or backwaters, or occurs 
among emergent plants at stream edges (NatureServe 2010).  Although living 
submerged aquatic vegetation is not common in the CAWS, it is found in the CSSC in low 
density (LimnoTech 2010).  Plant debris is present in the CAWS although it is not a 
dominant substrate component (LimnoTech 2010).  The CAWS is a turbid water system 
with a low flow of 0.05–0.27 m/s (0.16–0.89 ft/s) (LimnoTech 2010).  The species is 
found in a wide range of flowing and stillwater habitats (Rushbrook et al. 2010), but 
seems to prefer low velocities (Copp & Kovac 2003).  Threespine sticklebacks have been 
recorded in the CAWS, including the North Shore Channel, Calumet River, CSSC, Burns 
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Harbor, and Calumet Harbor (Johnston 1991; Barnes 1999) down to Lockport Lock and 
Dam (INHS undated).  Therefore, habitat is assumed to be suitable in the CAWS. 
T10: See T0.  Habitat in the CAWS is expected to remain suitable for the threespine 
stickleback. 
T25: See T0.  
T50: See T0.  

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback has been found in multiple locations in the CAWS, therefore, 
suitable habitat is present (section 3d).  It is found in the CSSC as far south as the Lockport 
Lock and Dam which is less than 11.3 km (7 mi) from Brandon Road Lock and Dam.  The 
species may be small enough to pass through the Electric Dispersal Barrier System, and no 
other barriers are expected to control the downstream movement of this species 
(section 3c).  Overall, the probability of passage is high for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The threespine stickleback has been present in the CAWS since 1988 and there do not 
appear to be any significant barriers to passage.  However, this species has yet to be 
identified in the MRB below Brandon Road Lock and Dam.  Why this species has not 
established in the MRB is uncertain, although it may be present in the MRB, but not yet 
detected.  Surveys of the lower Illinois River are required to determine if the species is 
present at this time step.  Overall, the uncertainty of passage during this time step is 
medium. 
T10: See T0.  Given the documented proximity of this species to Brandon Road Lock and Dam 
and the lack of barriers to passage, it is more certain that over time this species will pass 
downstream of Brandon Road Lock and Dam.  Therefore, the uncertainty of passage during 
this time step is low. 
T25: See T10. 
T50: See T10. 
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4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is found near Brandon Road Lock and Dam.  The threespine stickleback 
could swim to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable habitat is present at Brandon Road Lock and Dam (section 4a) and is accessible 
(section 4b).  The probability of the species colonizing near Brandon Road Lock and Dam is 
high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented near the Brandon Road Lock and Dam.  Therefore, 
there is low uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): HIGH 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

The threespine stickleback has a circumpolar distribution in the Northern Hemisphere 
(Laird & Page 1996).  It is found from Arctic to temperate climates, suggesting climate in 
the GLB will be suitable. 
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b. Type of Mobility/Invasion Speed 
This species is considered highly invasive, but no information was found on rate of 
spread through river basins. 

 
c. Fecundity 

There may be 15 eggs in a very small female to more than 1000 eggs in exceptionally 
large females (Baker et al. 2008).  Mean breeding season fecundity equals 2060 eggs per 
female (Copp & Kovac 2003).  Minimum population doubling time is less than 15 months 
(Fishbase undated). 
 

d. History of Invasion Success  
The threespine stickleback is naturally widely distributed in the United States.  It has 
successfully invaded inland water bodies like the Great Lakes and has been successfully 
introduced to several river drainages in the United States (Fuller 2012). 
 

e. Human-Mediated Transport through Aquatic Pathways 
There is heavy vessel traffic in the MRB (USACE 2011a,b).  Although transport in ballast 
water is possible for this species, vessel-mediated transport is not described in the 
literature as a significant transport mechanism for the threespine stickleback. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
This species is a generalist; therefore, it can occupy a wide range of habitats.  The 
species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).  It has established in several river basins in the United States (Fuller 2011).  
Reservoirs in the MRB would also be suitable habitat. 

 
Evidence for Probability Rating 
 
The threespine stickleback has been introduced successfully to several river drainages in the 
United States.  There is suitable habitat contiguously distributed throughout the MRB 
(section 5f).  The threespine stickleback can spread quickly and reach high abundance 
(section 5d), considering its high fecundity (section 5c).  Overall, there is a high probability 
of spread by the threespine stickleback in the MRB. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
There is suitable habitat in the MRB and the threespine stickleback has been documented 
to establish in river basins.  Therefore, once the threespine stickleback colonizes below 
Brandon Road Lock and Dam, there is a low uncertainty associated with the probability of it 
spreading in the MRB. 
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PATHWAY: 3 (CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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) High Medium 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 -a High - High - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Calumet 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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 threespine stickleback is an actively swimming fish that forms schools.  It lays eggs 
in a nest on the bottom (NatureServe 2010); therefore, eggs and larvae are not 
expected to be transported by currents unless resuspended into the water column by a 
disturbance.  The threespine stickleback reached Illinois accidentally as the result of the 
Welland Canal, built in the 1820s (Laird & Page 1996). 
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b. Human-Mediated Transport through Aquatic Pathways 
There is heavy commercial vessel traffic to the Calumet Harbor (USACE 2011a).  
Although transport in ballast water is possible for this species, it was not described in 
the literature as a significant transport mechanism for the threespine stickleback. 
 

c. Current Abundance and Reproductive Capacity 
T0: All eggs within a clutch are laid as a single batch in the nest of a single male 
(Wootton 2009).  There may be 15 eggs in a very small female to more than 1000 eggs 
in exceptionally large females (Baker et al. 2008).  Mean breeding season fecundity 
equals 2060 eggs per female (Copp & Kovac 2003).  Minimum population doubling time 
is less than 15 months (Fishbase undated).  The threespine stickleback is considered 
established in southern Lake Michigan, which connects to Calumet Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  The threespine stickleback has arrived at Calumet Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
  

e. Distance from Pathway 
T0: The threespine stickleback is considered established in southern Lake Michigan.  It 
was found near the Calumet Harbor and within the Calumet River in 1988–1989 (Fuller 
2011).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The threespine stickleback is found from Arctic to temperate climates.  The native 
range of the threespine stickleback is Arctic and Atlantic drainages from Baffin Island 
and the western side of Hudson Bay to Cape Fear Estuary, North Carolina (Page & Burr 
1991), and Pacific drainages from Alaska to Baja California (Fuller 2011).  Eastern 
freshwater populations are found far inland, including Lake Ontario (Fuller 2011).  In the 
Great Lakes, the species is native only below Niagara Falls (Smith 1985).  The threespine 
stickleback inhabits coastal marine, brackish, and an array of freshwater habitats 
ranging from tiny ephemeral streams in arid desert regions to large Arctic lakes 
(Willacker et al. 2010); populations can be wholly marine, anadromous, or strict 
residents of fresh water (Willacker et al. 2010).  The species is found in sluggish waters 
of lakes, ponds, large lowland rivers, estuaries, and marine coastlines.  Freshwater 
populations usually inhabit shallow vegetated water (NatureServe 2010).  All 
populations spawn in freshwater in shallow, soft bottoms (Laird & Page 1996).  These 
fish are small (to 10 cm; 3.9 in.), visual predators (Gill & Hart 1994) that feed on 
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invertebrates such as crustaceans and insect larvae, as well as fish eggs, fish larvae, and 
plant matter (Wootton 1976).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).   
T10: See T0.  Habitat near Calumet Harbor is expected to remain suitable for the 
threespine stickleback.   
T25: See T10. 
T50: See T10. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback is documented as established in southern Lake Michigan and 
has been found in the CAWS (section 2e).  Suitable habitat is present in the vicinity of 
Calumet Harbor and it has been documented at the Calumet Harbor and the Calumet River 
(section 2f).  Therefore, the threespine stickleback is considered to have arrived at the 
pathway. 
T10: See T0.  No changes in the habitat of Lake Michigan are expected to alter the probability 
of arrival at Calumet Harbor. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating None None None None 

 
Evidence for Uncertainty Rating 

 
T0: The species is documented near the Calumet Harbor pathway.  Therefore, there is no 
uncertainty associated with its arrival at the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 

 
3. P(passage) T0-T50: HIGH   

 
In determining the probability of passage, the species is assumed to have arrived at the 
pathway. 
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Factors That Influence Passage of Species (Considering All Life Stages) 
 

a. Type of Mobility/Invasion Speed  
The species is an actively swimming fish that forms schools.  It lays eggs in a nest 
(NatureServe 2010); therefore, eggs and larvae are not expected to be transported by 
currents unless resuspended into the water column by a disturbance.   

 
b. Human-Mediated Transport through Aquatic Pathways 

Although not documented in the literature, the threespine stickleback may potentially 
be transported in ballast water, and there is commercial and recreational vessel traffic 
from Calumet Harbor to Brandon Road Lock and Dam (USACE 2011a,b).  Threespine 
sticklebacks 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. 
 

c. Existing Physical Human/Natural Barriers 
T0: The threespine stickleback is found within the CAWS, including Calumet Harbor and 
the Calumet River (Johnston 1991; Barnes 1999).  Within the CAWS, the Electric 
Dispersal Barrier System located north of Lockport Lock and Dam may act as a barrier to 
some degree by repelling adult fish.  However,  adult threespine sticklebacks that are 
shocked would flow downstream through the barrier.  So, there is a high potential that 
adults may pass the barrier at the current setting.  Also, eggs/larvae that are 
resuspended in the water column by boat propellers may pass through the Electric 
Dispersal Barrier System.  Brandon Road Lock and Dam and Lockport Lock and Dam are 
not expected to control the passage of this species through the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The threespine stickleback typically inhabits weedy pools or backwaters, or occurs 
among emergent plants at stream edges (NatureServe 2010).  Although living 
submerged aquatic vegetation is not common in the CAWS, it is found in the CSSC in low 
density (LimnoTech 2010).  Plant debris is present in the CAWS, although it is not a 
dominant substrate component (LimnoTech 2010).  The CAWS is a turbid water system 
with a low flow of 0.05–0.27 m/s (0.16–0.89 ft/s) (LimnoTech 2010).  The species is 
found in a wide range of flowing and stillwater habitats (Rushbrook et al. 2010), but 
seems to prefer low velocities (Copp & Kovac 2003).  Threespine sticklebacks have been 
recorded in the CAWS, including the North Shore Channel, Calumet River, CSSC, Burns 
Harbor, and Calumet Harbor (Johnston 1991; Barnes 1999) down to Lockport Lock and 
Dam (INHS undated).  Therefore, habitat is assumed to be suitable in the CAWS. 
T10: See T0.  Habitat in the CAWS is expected to remain suitable for the threespine 
stickleback. 
T25: See T0. 
T50: See T0. 
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Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 

 
T0: The threespine stickleback has been found in multiple locations in the CAWS; therefore 
suitable habitat is present (section 3d).  It is found in the CSSC as far south as the Lockport 
Lock and Dam which is less than 11.3 km (7 mi) from Brandon Road Lock and Dam.  The 
species may be small enough to pass through the Electric Dispersal Barrier System, and no 
other barriers are expected to control the downstream movement of this species 
(section 3c).  Overall, the probability of passage is high for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 
 

Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 

 
T0: The threespine stickleback has been present in the CAWS since 1988 and there do not 
appear to be any significant barriers to passage.  However, this species has yet to be 
identified in the MRB below Brandon Road Lock and Dam.  Why this species has not 
established in the MRB is uncertain, although it may be present in the MRB, but not yet 
detected.  Surveys of the lower Illinois River are required to determine if the species is 
present at this time step.  Overall, the uncertainty of passage during this time step is 
medium. 
T10: See T0.  Given the documented proximity of this species to Brandon Road Lock and Dam 
and the lack of barriers to passage, it is more certain that over time, this species will pass 
downstream of Brandon Road Lock and Dam.  Therefore, the uncertainty of passage during 
this time step is low. 
T25: See T10. 
T50: See T10. 
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 

a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is found near Brandon Road Lock and Dam.  The threespine stickleback 
could swim to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable habitat is present at Brandon Road Lock and Dam (section 4a) and is accessible 
(section 4b).  The probability of the species colonizing near Brandon Road Lock and Dam is 
high. 

 
Uncertainty: LOW 

 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented near the Brandon Road Lock and Dam.  Therefore, 
there is low uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): HIGH 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

The threespine stickleback has a circumpolar distribution in the Northern Hemisphere 
(Laird & Page 1996).  It is found from Arctic to temperate climates, suggesting climate in 
the GLB will be suitable. 
 

b. Type of Mobility/Invasion Speed 
This species is considered highly invasive, but no information was found on rate of 
spread through river basins. 
 

c. Fecundity 
There may be 15 eggs in a very small female to more than 1000 eggs in exceptionally 
large females (Baker et al. 2008).  Mean breeding season fecundity equals 2060 eggs per 
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female (Copp & Kovac 2003).  Minimum population doubling time is less than 15 months 
(Fishbase undated). 
 

d. History of Invasion Success  
The threespine stickleback is naturally widely distributed in the United States.  It has 
successfully invaded inland water bodies like the Great Lakes and has been successfully 
introduced to several river drainages in the United States (Fuller 2011). 
 

e. Human-Mediated Transport through Aquatic Pathways 
There is heavy vessel traffic in the MRB.  Although transport in ballast water is possible 
for this species, vessel-mediated transport is not described in the literature as a 
significant transport mechanism for the threespine stickleback. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
This species is a generalist; therefore, it can occupy a wide range of habitat.  The species 
is found in sluggish waters of rivers.  Freshwater populations usually inhabit shallow 
vegetated water (NatureServe 2010).  All populations spawn in shallow, soft bottoms 
(Laird & Page 1996).  The species is found in a wide range of flowing and stillwater 
habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & Kovac 
2003).  It has established in several river basins in the United States (Fuller 2011).  
Reservoirs in the MRB would also be suitable habitat. 

 
Evidence for Probability Rating 
 
The threespine stickleback has been successfully introduced to several river drainages in the 
United States.  There is suitable habitat contiguously distributed throughout the MRB 
(section 5f).  The threespine stickleback can spread quickly and reach high abundance 
(section 5d), considering its high fecundity (section 5c).  Overall, there is a high probability 
of spread by the threespine stickleback in the MRB. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
There is suitable habitat in the MRB and the threespine stickleback has been documented 
to establish in river basins.  Therefore, once the threespine stickleback colonizes below 
Brandon Road Lock and Dam, there is a low uncertainty associated with the probability of 
spreading in the MRB. 
 



 E-1324 January 2014 

PATHWAY: 4 (INDIANA HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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) High Medium 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 -a High - High - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Indiana 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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 threespine stickleback is an actively swimming fish that forms schools.  It lays eggs 
in a nest on the bottom (NatureServe 2010); therefore, eggs and larvae are not 
expected to be transported by currents unless resuspended into the water column by a 
disturbance.  The threespine stickleback reached Illinois accidentally as the result of the 
Welland Canal, built in the 1820s (Laird & Page 1996).   
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b. Human-Mediated Transport through Aquatic Pathways 
There is heavy lakewise commercial vessel traffic to the Indiana Harbor (USACE 2011b).  
Although transport in ballast water is possible for this species, it was not described in 
the literature as transport mechanism for the threespine stickleback. 
 

c. Current Abundance and Reproductive Capacity 
T0: All eggs within a clutch are laid as a single batch in the nest of a single male 
(Wootton 2009).  There may be 15 eggs in a very small female to more than 1000 eggs 
in exceptionally large females (Baker et al. 2008).  Mean breeding season fecundity 
equals 2060 eggs per female (Copp & Kovac 2003).  Minimum population doubling time 
is less than 15 months (Fishbase undated).  The threespine stickleback is considered 
established in southern Lake Michigan, which connects to the Indiana Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  The threespine stickleback has arrived at Indiana Harbor. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
  

e. Distance from Pathway 
T0: The threespine stickleback is considered established in southern Lake Michigan.  It 
was found near the Indiana Harbor at the Indiana Dunes National Lakeshore and within 
the Calumet River (Fuller 2011).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The threespine stickleback is found from Arctic to temperate climates.  The native 
range of the threespine stickleback is Arctic and Atlantic drainages from Baffin Island 
and the western side of Hudson Bay to Cape Fear Estuary, North Carolina (Page & Burr 
1991), and Pacific drainages from Alaska to Baja California (Fuller 2011).  Eastern 
freshwater populations are found far inland, including Lake Ontario (Fuller 2011).  In the 
Great Lakes, the species is native only below Niagara Falls (Smith 1985).  The threespine 
stickleback inhabits coastal marine, brackish, and an array of freshwater habitats 
ranging from tiny ephemeral streams in arid desert regions to large Arctic lakes 
(Willacker et al. 2010); populations can be wholly marine, anadromous, or strict 
residents of fresh water (Willacker et al. 2010).  The species is found in sluggish waters 
of lakes, ponds, large lowland rivers, estuaries, and marine coastlines.  Freshwater 
populations usually inhabit shallow vegetated water (NatureServe 2010).  All 
populations spawn in freshwater in shallow, soft bottoms (Laird & Page 1996).  These 
fish are small (to 10 cm [3.9 in.]), visual predators (Gill & Hart & 1994) that feed on 
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invertebrates such as crustaceans and insect larvae, as well as fish eggs, fish larvae and 
plant matter (Wootton 1976).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).   
T10: See T0.  Habitat near Indiana Harbor is expected to remain suitable for the 
threespine stickleback.   
T25: See T10. 
T50: See T10. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback is documented as established in southern Lake Michigan and 
it has been found in the CAWS (section 2e).  Suitable habitat is present in the vicinity of the 
Indiana Harbor and it has been documented near Indiana Harbor (section 2f).  Therefore, 
the threespine stickleback is considered to have arrived at the pathway. 
T10: See T0.  No changes in the habitat of Lake Michigan are expected to alter the probability 
of arrival at Indiana Harbor. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating None None None None 

 
Evidence for Uncertainty Rating 

 
T0: The species is documented near the Indiana Harbor pathway (section 2e).  Therefore, 
there is no uncertainty associated with its arrival at the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: HIGH  
 
In determining the probability of passage, the species is assumed to have arrived at the 
pathway. 
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Factors That Influence Passage of Species (Considering All Life Stages) 
 

a. Type of Mobility/Invasion Speed  
The species is an actively swimming fish that forms schools.  It lays eggs in a nest 
(NatureServe 2010); therefore, eggs and larvae are not expected to be transported by 
currents unless resuspended into the water column by a disturbance.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Although not documented in the literature, the threespine stickleback may potentially 
be transported in ballast water, and there is only lakewise commercial vessel traffic to 
and from the Indiana Harbor (USACE 2011a,b).  Threespine sticklebacks 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. 
 

c. Existing Physical Human/Natural Barriers 
T0: The threespine stickleback is found within the CAWS and has been found as far south 
as Lockport (Johnston 1991; Barnes 1999; INHS undated).  The Electric Dispersal Barrier 
System located north of Lockport Lock and Dam may act as a barrier within the CAWS by 
repelling adult fish.  However,  adult threespine sticklebacks that are shocked would 
flow downstream through the barrier.  So, there is a high potential that adults may pass 
the barrier at the current setting.  Also, eggs/larvae that are resuspended in the water 
column by boat propellers may pass through the Electric Dispersal Barrier System.  
Brandon Road Lock and Dam and Lockport Lock and Dam are not expected to control 
the passage of this species through the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The threespine stickleback typically inhabits weedy pools or backwaters, or occurs 
among emergent plants at stream edges (NatureServe 2010).  Although living 
submerged aquatic vegetation is not common in the CAWS, it is found in the CSSC in low 
density (LimnoTech 2010).  Plant debris is present in the CAWS although it is not a 
dominant substrate component (LimnoTech 2010).  The CAWS is a turbid water system 
with a low flow of 0.05–0.27 m/s (0.16–0.89 ft/s) (LimnoTech 2010).  The species is 
found in a wide range of flowing and still water habitats (Rushbrook et al. 2010), but 
seem to prefer low velocities (Copp & Kovac 2003).  Threespine sticklebacks have been 
recorded in the CAWS, including the North Shore Channel, Calumet River, CSSC, Burns 
Harbor and Calumet Harbor (Johnston 1991, Barnes 1999) down to Lockport Lock and 
Dam (INHS undated).  Therefore, habitat is assumed to be suitable in the CAWS. 
T10: See T0.  Habitat in the CAWS is expected to remain suitable for the threespine 
stickleback. 
T25: See T0. 
T50: See T0. 
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Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback has been found in multiple locations in the CAWS; therefore, 
suitable habitat is present (section 3d).  It is found in the CSSC as far south as the Lockport 
Lock and Dam which is less than 11.3km (7 mi) from Brandon Road Lock and Dam.  The 
species may be small enough to pass through the Electric Dispersal Barrier System, and no 
other barriers are expected to control the downstream movement of this species 
(section 3c).  Overall, the probability of passage is high for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 

 
T0: The threespine stickleback has been present in the CAWS since 1988 and there do not 
appear to be any significant barriers to passage.  However, this species has yet to be 
identified in the MRB below Brandon Road Lock and Dam.  Why this species has not 
established in the MRB is uncertain, although it may be present in the MRB but not yet 
detected.  Surveys of the lower Illinois River are required to determine if the species is 
present at this time step.  Overall, the uncertainty of passage during this time step is 
medium. 
T10: See T0.  Given the documented proximity of this species to Brandon Road Lock and Dam 
and the lack of barriers to passage, it is more certain that over time this species will pass 
downstream of Brandon Road Lock and Dam.  Therefore, the uncertainty of passage during 
this time step is low. 
T25: See T10. 
T50: See T10. 
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 

a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and still 
water habitats (Rushbrook et al. 2010), but seem to prefer low velocities (Copp & 
Kovac 2003). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is found near Brandon Road Lock and Dam.  The threespine stickleback 
could swim to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable habitat is present at Brandon Road Lock and Dam (section 4a) and is accessible 
(section 4b).  The probability of the species colonizing near Brandon Road Lock and Dam is 
high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented near the Brandon Road Lock and Dam.  Therefore, 
there is low uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): HIGH  

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

The threespine stickleback has a circumpolar distribution in the Northern Hemisphere 
(Laird & Page 1996).  It is found from Arctic to temperate climates, suggesting climate in 
the GLB will be suitable. 
 

b. Type of Mobility/Invasion Speed 
This species is considered highly invasive, but no information was found on rate of 
spread through river basins. 
 

c. Fecundity 
There may be 15 eggs in a very small female to more than 1000 eggs in exceptionally 
large females (Baker et al. 2008).  Mean breeding season fecundity equals 2060 eggs per 
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female (Copp & Kovac 2003).  Minimum population doubling time is less than 15 months 
(Fishbase undated). 
 

d. History of Invasion Success  
The threespine stickleback is naturally widely distributed in the United States.  It has 
successfully invaded inland water bodies like the Great Lakes and has been successfully 
introduced to several river drainages in the United States (Fuller 2012). 

e. Human-Mediated Transport through Aquatic Pathways 
There is heavy vessel traffic in the MRB (USACE 2011a,b).  Although transport in ballast 
water is possible for this species, vessel-mediated transport is not described in the 
literature as a significant transport mechanism for the threespine stickleback. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
This species is a generalist; therefore, it can occupy a wide range of habitat.  The species 
is found in sluggish waters of rivers.  Freshwater populations usually inhabit shallow 
vegetated water (NatureServe 2010).  All populations spawn in shallow, soft bottoms 
(Laird & Page 1996).  The species is found in a wide range of flowing and still water 
habitats (Rushbrook et al. 2010) seem to prefer low velocities (Copp & Kovac 2003).  It 
has established in several river basins in the United States (Fuller 2011).  Reservoirs in 
the MRB would also be suitable habitat. 

 
Evidence for Probability Rating 
 
The threespine stickleback has been successfully introduced to several river drainages in the 
United States.  There is suitable habitat contiguously distributed throughout the MRB 
(section 5f).  The threespine stickleback can spread quickly and reach high abundance 
(section 5d), considering its high fecundity (section 5c).  Overall, there is a high probability 
of spread by the threespine stickleback in the MRB. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
There is suitable habitat in the MRB and the threespine stickleback has been documented 
to establish in river basins.  Therefore, once the threespine stickleback colonizes below 
Brandon Road Lock and Dam, there is a low uncertainty associated with the probability of it 
spreading in the MRB. 
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PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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) High Medium 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 -a High - High - High - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 BSBH and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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 threespine stickleback is an actively swimming fish that forms schools.  It lays eggs 
in a nest on the bottom (NatureServe 2010); therefore, eggs and larvae are not 
expected to be transported by currents unless resuspended into the water column by a 
disturbance.  The threespine stickleback reached Illinois accidentally as the result of the 
Welland Canal, built in the 1820s (Laird & Page 1996).   
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b. Human-Mediated Transport through Aquatic Pathways 
There is lakewise recreational vessel traffic to the BSBH (USACE 2011b).  Although 
transport in ballast water is possible for this species, it was not described in the 
literature as a transport mechanism for the threespine stickleback. 
 

c. Current Abundance and Reproductive Capacity 
T0: All eggs within a clutch are laid as a single batch in the nest of a single male 
(Wootton 2009).  There may be 15 eggs in a very small female to more than 1000 eggs 
in exceptionally large females (Baker et al. 2008).  Mean breeding season fecundity 
equals 2060 eggs per female (Copp & Kovac 2003).  Minimum population doubling time 
is less than 15 months (Fishbase undated).  They are considered established in southern 
Lake Michigan which connects to the BSBH. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

d. Existing Physical Human/Natural Barriers  
T0: None.  The threespine stickleback has arrived at the BSBH. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

e. Distance from Pathway 
T0: The threespine stickleback is considered established in southern Lake Michigan and 
the CAWS.  It was found near the BSBH at the Indiana Dunes National Lakeshore (Fuller 
2011).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The threespine stickleback is found from Arctic to temperate climates.  The native 
range of the threespine stickleback is Arctic and Atlantic drainages from Baffin Island 
and the western side of Hudson Bay to Cape Fear Estuary, North Carolina (Page & Burr 
1991), and Pacific drainages from Alaska to Baja California (Fuller 2011).  Eastern 
freshwater populations are found far inland, including Lake Ontario (Fuller 2011).  In the 
Great Lakes, the species is native only below Niagara Falls (Smith 1985).  The threespine 
stickleback inhabits coastal marine, brackish, and an array of freshwater habitats 
ranging from tiny ephemeral streams in arid desert regions to large Arctic lakes 
(Willacker et al. 2010); populations can be wholly marine, anadromous, or strict 
residents of fresh water (Willacker et al. 2010).  The species is found in sluggish waters 
of lakes, ponds, large lowland rivers, estuaries, and marine coastlines.  Freshwater 
populations usually inhabit shallow vegetated water (NatureServe 2010).  All 
populations spawn in freshwater in shallow, soft bottoms (Laird & Page 1996).  These 
fish are small (to 10 cm [3.9 in]), visual predators (Gill & Hart & 1994) that feed on 
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invertebrates such as crustaceans and insect larvae, as well as fish eggs, fish larvae, and 
plant matter (Wootton 1976).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).   
T10: See T0.  Habitat near the BSBH is expected to remain suitable for the threespine 
stickleback.   
T25: See T10. 
T50: See T10. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback is documented as established in southern Lake Michigan and 
it has been found in the CAWS (section 2e).  Suitable habitat is present in the vicinity of the 
BSBH (section 2f).  Therefore, the threespine stickleback is considered to have arrived at the 
pathway. 
T10: See T0.  No changes in the habitat of Lake Michigan are expected to alter the probability 
of arrival at the BSBH. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating None None None None 

 
Evidence for Uncertainty Rating 

 
T0: The species is documented near the BSBH pathway and is established in the CAWS.  
Therefore, there is no uncertainty associated with its arrival at the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: HIGH  
 
In determining the probability of passage, the species is assumed to have arrived at the 
pathway. 
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Factors That Influence Passage of Species (Considering All Life Stages) 
 

a. Type of Mobility/Invasion Speed  
The species is an actively swimming fish that forms schools.  It lays eggs in a nest 
(NatureServe 2010); therefore, eggs and larvae are not expected to be transported by 
currents unless resuspended into the water column by a disturbance.   
 

b. Human-Mediated Transport through Aquatic Pathways 
Although not documented in the literature, the threespine stickleback may potentially 
be transported in ballast water.  There is only lakewise commercial vessel traffic to and 
from the BSBH (USACE 2011a,b).  Threespine sticklebacks 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 
 

c. Existing Physical Human/Natural Barriers 
T0: The threespine stickleback is found within the CAWS (Johnston 1991; Barnes 1999).  
The Electric Dispersal Barrier System located north of Lockport Lock and Dam may act as 
a barrier within the CAWS by repelling adult fish.  However adult threespine sticklebacks 
that are shocked would flow downstream through the barrier.  So, there is a high 
potential that adults may pass the barrier at the current setting.  In addition, eggs/larvae 
that are resuspended in the water column by boat propellers may pass through the 
Electric Dispersal Barrier System.  Brandon Road Lock and Dam and Lockport Lock and 
Dam are not expected to control the passage of this species through the pathway. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
T0: The threespine stickleback typically inhabits weedy pools or backwaters, or occurs 
among emergent plants at stream edges (NatureServe 2010).  Although living 
submerged aquatic vegetation is not common in the CAWS, it is found in the CSSC in low 
density (LimnoTech 2010).  Plant debris is present in the CAWS although it is not a 
dominant substrate component (LimnoTech 2010).  The CAWS is a turbid water system 
with a low flow of 0.05–0.27 m/s (0.16–0.89 ft/s) (LimnoTech 2010).  The species is 
found in a wide range of flowing and still water habitats (Rushbrook et al. 2010), but 
seem to prefer low velocities (Copp & Kovac 2003).  Threespine sticklebacks have been 
recorded in the CAWS, including the North Shore Channel, Calumet River, CSSC, Burns 
Harbor, and Calumet Harbor (Johnston 1991; Barnes 1999) down to Lockport Lock and 
Dam (INHS undated).  Therefore, habitat is assumed to be suitable in the CAWS. 
T10: See T0.  Habitat in the CAWS is expected to remain suitable for the threespine 
stickleback. 
T25: See T0. 
T50: See T0. 
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Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The threespine stickleback has been found in multiple locations in the CAWS, therefore 
suitable habitat is present (section 3d).  It is found in the CSSC as far south as the Lockport 
Lock and Dam which is less than 11.3 km (7 mi) from Brandon Road Lock and Dam.  The 
species may be small enough to pass through the Electric Dispersal Barrier System, and no 
other barriers are expected to control the downstream movement of this species 
(section 3c).  Overall, the probability of passage is high for this time step. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The threespine stickleback has been present in the CAWS since 1988 and there do not 
appear to be any significant barriers to passage.  However, this species has yet to be 
identified in the MRB below Brandon Road Lock and Dam.  Why this species has not 
established in the MRB is uncertain, although it may be present in the MRB, but not yet 
detected.  Surveys of the lower Illinois River are required to determine if the species is 
present at this time step.  Overall, the uncertainty of passage during this time step is 
medium. 
T10: See T0.  Given the documented proximity of this species to Brandon Road Lock and Dam 
and the lack of barriers to passage, it is more certain that over time, this species will pass 
downstream of Brandon Road Lock and Dam.  Therefore, the uncertainty of passage during 
this time step is low. 
T25: See T10. 
T50: See T10. 
 

4. P(colonizes): HIGH 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 

a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and still 
water habitats (Rushbrook et al. 2010), but seem to prefer low velocities (Copp & 
Kovac 2003). 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Suitable habitat is found near Brandon Road Lock and Dam.  The threespine stickleback 
could swim to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable habitat is present at Brandon Road Lock and Dam (section 4a) and is accessible 
(section 4b).  The probability of the species colonizing near Brandon Road Lock and Dam is 
high. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented near the Brandon Road Lock and Dam.  Therefore, 
there is low uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): HIGH 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in New Basin 

The threespine stickleback has a circumpolar distribution in the Northern Hemisphere 
(Laird & Page 1996).  It is found from Arctic to temperate climates, suggesting climate in 
the GLB will be suitable. 
 

b. Type of Mobility/Invasion Speed 
The threespine stickleback is considered highly invasive, but no information was found 
on its rate of spread through river basins. 
 

c. Fecundity 
There may be 15 eggs in a very small female to more than 1000 eggs in exceptionally 
large females (Baker et al. 2008).  Mean breeding season fecundity equals 2060 eggs per 
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female (Copp & Kovac 2003).  Minimum population doubling time is less than 15 months 
(Fishbase undated). 
 

d. History of Invasion Success  
The threespine stickleback is naturally widely distributed in the United States.  It has 
successfully invaded inland water bodies like the Great Lakes and has been successfully 
introduced to several river drainages in the United States (Fuller 2011). 
 

e. Human-Mediated Transport through Aquatic Pathways 
There is heavy vessel traffic in the MRB (USACE 2011a,b).  Although transport in ballast 
water is possible for this species, vessel-mediated transport is not described in the 
literature as a significant transport mechanism for the threespine stickleback. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
This species is a generalist; therefore, it can occupy a wide range of habitats.  The 
species is found in sluggish waters of rivers.  Freshwater populations usually inhabit 
shallow vegetated water (NatureServe 2010).  All populations spawn in shallow, soft 
bottoms (Laird & Page 1996).  The species is found in a wide range of flowing and 
stillwater habitats (Rushbrook et al. 2010), but seems to prefer low velocities (Copp & 
Kovac 2003).  It has established in several river basins in the United States (Fuller 2011).  
Reservoirs in the MRB would also be suitable habitat. 

 
Evidence for Probability Rating 
 
The threespine stickleback has been successfully introduced to several river drainages in the 
United States.  There is suitable habitat contiguously distributed throughout the MRB 
(section 5f).  The threespine stickleback can spread quickly and reach high abundance 
(Section 5d), considering its high fecundity (section 5c).  Overall, there is a high probability 
of spread by the threespine stickleback in the MRB. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
There is suitable habitat in the MRB and the threespine stickleback has been documented 
to establish in river basins.  Therefore, once the threespine stickleback colonizes below 
Brandon Road Lock and Dam, there is a low uncertainty associated with the probability of 
spreading in the MRB. 
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E.2.7.2  Ruffe - Gymnocephalus cernuus 
 
PATHWAY: 1 (WILMETTE PUMPING STATION [WPS] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Low Medium Low Medium Medium High 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Low - Low - Medium - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 

1. P(pathway) T0-T50: 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 WPS and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-MEDIUM 
 
In determining the probability of arrival, the pathway is assumed to exist. 
 
Factors That Influence Arrival of Species (Considering All Life Stages) 
 
a. Type of Mobility/Invasion Speed  

The rates of natural dispersion of the ruffe are not well known because ballast water 
transport has been the key spread vector in the Great Lakes (USFWS 1996).  Ruffe can 
spread quickly by vessel transport and can quickly become abundant (USFWS 1996; 
Bauer et al. 2007), having spread across the northern Great Lakes in a decade (Fuller 
et al. 2012).  However, within Lake Michigan, the ruffe has not spread beyond Green Bay 
in the 9 years since its detection in that area (Bowen & Goehle 2011).  The eggs and 
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larvae of the species are benthic, not free-floating (Ogle 1998), so the transport of eggs 
by currents is unlikely. 
 

b. Human-Mediated Transport through Aquatic Pathways 
Ruffe can spread quickly by vessel transport and can quickly become abundant (USFWS 
1996; Bauer et al. 2007); human-mediated transport is likely to be more important for 
arrival at the southern Great Lakes than natural dispersion.  The species can be 
transported in ballast water (Pratt et al. 1992), but there is no cargo vessel traffic 
between northern Lake Michigan and WPS (USACE 2011a).  However, recreational boat 
traffic is present and there is lakewise commercial vessel traffic and ballast water 
discharge at other CAWS ports in southern Lake Michigan. 
 

c. Existing Physical Human/Natural Barriers  
T0: There are no existing barriers. 
T10: No activities or events are anticipated that would increase or decrease barriers 
between the current locations of the ruffe and WPS. 
T25: See T10. 
T50: See T10. 
 

d. Current Abundance and Reproductive Capacity 
T0: The species is not widespread, and there are no high-density populations in Lake 
Michigan (Bowen & Goehle 2011).  Females produce up to 200,000 eggs in the first 
batch, and up to 6,000 eggs per subsequent batch (Global Invasive Species Database 
2006).  Ruffe reach sexual maturity in two or three years, and in one year in warmer 
waters (White 2002).  Over the last decade, the abundance of ruffe has declined and/or 
leveled off in many locations where the fish is currently established (Bowen & Goehle 
2011).  Ruffe populations are currently monitored.  Past control efforts such as stocking 
predators and removal by trawling were not considered effective (Jensen 2006).   
T10: The abundance of the ruffe at its current locations could increase or decrease owing 
to natural population fluctuations or interactions with other species such as round goby 
(Bowen & Goehle 2011).   
T25: See T10. 
T50: See T10.  In the future, ruffe abundance could increase or decrease (Bowen & Goehle 
2011).  Examples of future changes potentially affecting the abundance of ruffe include 
natural population fluctuations, climate change, new diseases, and control measures.   
 

e. Distance from Pathway  
T0: Ruffe exist in northern Lake Michigan in Green Bay/Bay de Noc and have not been 
detected outside of Green Bay (Bowen & Goehle 2011).   
T10: See T0.  Ruffe could move closer to WPS by spreading through the suitable habitat 
along Lake Michigan or by vessel transport to southern Lake Michigan.   
T25: See T10. 
T50: See T10.  In the future, the distance of the ruffe from the CAWS could increase or 
decrease.  Examples of future changes potentially affecting the distribution of ruffe in 
the Great Lakes include natural population growth, climate change, new diseases, and 
control measures. 
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: On the basis of its native distribution in northern Europe and Asia (Fuller & Jacobs 
2011), ruffe appears to be more of a cold-water species.  Ruffe prefer still or slow-
moving water (Fishbase 2010), and the exposed high-energy shoreline along most of 
Lake Michigan may not be suitable habitat.  The numerous river mouths along the 
shoreline of Lake Michigan and deeper offshore waters would be suitable (White 2002; 
Peterson et al. 2011; Schleuter & Eckmann 2008).  The harbor at the WPS may be a 
suitable habitat, as are other harbors in the Great Lakes.  Rasmussen (2002) states that 
the ruffe is a true cool-water species (it prefers water temperatures between 10 and 
20°C [50 and 68°F]), and that temperature preference may discourage movement south 
into the Illinois River.   
T10: See T0. 
T25: See T0. 
T50: See T0.  Future climate change may alter the physical, hydraulic, chemical and 
climatological suitability of the Great Lakes and their tributaries for the ruffe.  Water 
temperatures, and stream flows in particular, may be altered, potentially affecting the 
distribution of this species.  On the basis of its native distribution in northern Europe 
and Asia (Fuller & Jacobs 2011), ruffe appears to be more of a cold-water species, and 
temperature increases related to future climate change (Wuebbles et al. 2010) may 
affect its spread south from the upper Great Lakes and affect its probability of arriving 
at the CAWS. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Medium 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: This species is not currently located near WPS and has not spread from Green Bay 
(sections 2d, 2e), suggesting that there is currently low propagule pressure for the species.  
However, suitable habitat is present near WPS (sections 2c, 2f).  Ruffe can potentially be 
transported via ballast water to southern Lake Michigan (sections 2a, 2b), but there is no 
cargo vessel traffic to the WPS (section 2b).  However, the ruffe could be transported to 
southern Lake Michigan by vessel traffic to other CAWS ports.  Existing control measures 
are unlikely to reduce the abundance of ruffe in its current locations.  This species is unlikely 
to spread from Green Bay to WPS during the current time step, given that it has not been 
detected in southern Lake Michigan during a decade of monitoring (section 2a).  Therefore, 
the probability of arrival is low for this time step. 
T10: See T0.   
T25: See T0.   
T50: See T0.  Over 50 years, the probability increases that ruffe will have time to spread to 
the WPS by natural dispersion alone or a combination of human-mediated transport to the 
southern Great Lakes and natural dispersion to the WPS.  Therefore, its probability of 
passage for this time step is medium. 
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Uncertainty of Arrival  
 

Time Step T0 T10 T25 T50 
Rating Low Medium Medium High 

 
Evidence for Uncertainty Rating 
 
T0: The natural dispersal speed of the ruffe is not well characterized.  It is uncertain why this 
species has not spread more widely into southern Lake Michigan.  However, this species is 
not documented to have spread into southern Lake Michigan over the last decade.  
Therefore, the uncertainty associated with the arrival of the species is low for this time step. 
T10: See T0.  The future population trends and future rate of spread of the ruffe are 
uncertain.  The arrival of the ruffe at WPS could increase or decrease over time, depending 
on the trends in the distribution and abundance of ruffe populations in the Great Lakes.  
Ruffe have fluctuated in abundance over time and they are subject to control measures.  
Therefore, over time, trends in future populations and spread rates become less certain.  
Ruffe have not spread to southern Lake Michigan in the last decade, although they may 
move closer to the WPS with time.  Overall, the uncertainty of the species’ arrival is medium 
for this time step. 
T25: See T10.   
T50: See T10.  On the basis of its native distribution, ruffe appears to be more of a cold-water 
species and temperature increases related to climate change may affect its distribution 
(section 2f).  Thus, climate change could limit the movement of ruffe into southern Lake 
Michigan (section 2f).  Therefore, the uncertainty of the species’ arrival at the pathway is 
high. 
 

3. P(passage) T0-T50: 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  

The ruffe is a small fish.  Rates of natural dispersion are not well known because ballast 
water transport has been a key spread vector (UDFWS 1996).  The species can quickly 
become abundant (USFWS; Bauer et al. 2007).  The eggs and larvae of the species are 
benthic, not free-floating (Ogle 1998), so the transport of eggs by currents is unlikely. 
 

b. Human-Mediated Transport through Aquatic Pathways 
The distance from the WPS to Brandon Road Lock and Dam is greater than 64 km 
(40 mi).  While the species can be transported in ballast water (Dawson et al. 2006), 
there is no commercial or recreational vessel traffic between WPS and Brandon Road 
Lock and Dam (USACE 2011a,b).  Therefore, natural dispersal will likely be the primary 
mechanism of movement through the CAWS from WPS. 
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c. Existing Physical Human/Natural Barriers 
T0: Ruffe could be transported from Lake Michigan into the North Shore Channel via 
water pumped from the lake into the channel.  Depending on their life stage (Kovac 
1998), the season and the time of day (Brown et al. 1998; White 2002; Peterson 
et al. 2011), ruffe move from shallow (<10 m; 32.8 ft) to deep water (<80 m; 262 ft).  The 
water depth in the Chicago River and CSSC is less than 9.1 m (30 ft) and less than 4.6 m 
(15 ft), respectively, in many areas.  The Electric Barrier Dispersal System located north 
of Lockport Lock and Dam may act as a barrier to some degree by repelling adult fish.  
However, electric barriers do not appear to be highly effective against ruffe (Dawson 
et al. 2006), and adults that are shocked could flow downstream through the barrier.  So 
there is a high potential that adults may pass the barrier at its current setting.  Also, 
eggs/larvae that are resuspended in the water column by boat propellers may pass 
through the electric barrier.   
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10.   
T50: See T10.   
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: The North Shore Canal has riprap banks, macrophyte cover, and bank pocket areas 
(LimnoTech 2010) that could provide physical habitat suitable for ruffe (Fullerton & 
Lamberti 2006; Bauer et al. 2007).  The CAWS has abundant soft bottom and sand, 
which is the preferred substrate for this species (Fishbase 2010).  Ruffe prefer still or 
slow-flowing water (Fishbase 2010), which is typical of the CAWS except during high 
flows.  Generalist fish like the ruffe are found throughout the CAWS (LimnoTech 2010).  
Rasmussen (2002) states that the ruffe is a true cool-water species (it prefers water 
temperatures between 10 and 20°C [50 and 68°F]), and that temperature preference 
may discourage movement south into the Illinois River.  DO in the CAWS may be too low 
in certain areas or during certain times of the year, but overall DO is adequate (Crosier & 
Malloy 2005; MWRD 2010) and does not explain fish distribution well (LimnoTech 2010).  
The ruffe can spawn in multiple habitat types found in the CAWS, including submerged 
plants, logs, branches, gravel, and rocks (Ogle 1998; LimnoTech 2010).  The ruffe likely 
expanded its range in Europe through canals, and it is found throughout canals in 
Europe (Indiana Department of Natural Resources 2005; Zoetemeyer 2007). 
T10: See T0. 
T25: See T0.   
T50: See T0.   

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sluice gate at the WPS would act as a temporary barrier, but water pumped from 
Lake Michigan into the North Shore Channel could transport ruffe into the CAWS.  Human-
mediated transport from WPS to Brandon Road Lock and Dam is unlikely (section 3b); 
therefore, movement through the CAWS would require some natural dispersion.  Ruffe 
spread through canals (section 3d).  Suitable adult and reproductive habitat is present 
throughout the CAWS (section 3e).  The Electric Dispersal Barrier System is not likely to 
control downstream passage (section 3c).  Therefore, its probability of passage for this time 
step is high. 
T10: See T0.   
T25: See T0.   
T50: See T0. 
 
Uncertainty of Passage  

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  Although 
habitat may not be optimal, it may not prohibit passage.  As a result, the uncertainty 
associated with passage is considered to be medium for this time step. 
T10:  See T0.   
T25: See T0.  The future rate of spread for this species is not well understood.  However, it is 
more likely that ruffe will move through the CAWS to Brandon Road Lock and Dam in 
25 years compared to 10 years.  Therefore, the uncertainty associated with its arrival 
decreases to low. 
T50: See T25. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Suitable habitat includes low-order streams, vegetated and unvegetated shoreline, and 
manmade structures (see Habitat Matrix).  All of these habitats are present near 
Brandon Road Lock and Dam.  However, Rasmussen (2002) states that the ruffe is a true 
cool-water species (it prefers water temperatures between 10 and 20°C [50 and 68°F]), 
and that temperature preference may discourage movement south into the Illinois 
River.   
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b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal  
Suitable habitat is found near Brandon Road Lock and Dam and the ruffe is capable of 
swimming to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable physical habitat is present at Brandon Road Lock and Dam (section 4a) and is 
accessible (section 4b).  Although the ruffe is a cool-water species, it may be able to exist 
below Brandon Road Lock and Dam during the colder months of the year.  However, given 
its temperature preferences, a permanent population may not establish itself.  Therefore, 
the probability of the ruffe colonizing downstream of Brandon Road Lock and Dam is 
medium. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below the Brandon Road Lock and Dam and suitable 
habitat is accessible (sections 4a, 4b).  The ruffe has been documented to spread through 
large river systems (section 4a).  However, it is uncertain whether the temperature 
preferences of the ruffe will prevent the permanent, year-round establishment of this 
species below Brandon Road Lock and Dam (section 4a).  Therefore, there is high 
uncertainty regarding the probability of the colonization of this pathway. 
 

5. P(spreads): MEDIUM 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

The ruffe prefers water temperatures lower than 30°C (86°F) (Crosier & Malloy 2005; 
Holker & Thiel 1998).  Its native range includes the Caspian, Black, Baltic and North Sea 
basins; Great Britain; and north to about 69°N in Scandinavia (Fishbase 2011); therefore, 
movement into the southern MRB may be limited by warm temperatures.  Rasmussen 
(2002) states that the ruffe is a true cool-water species (it prefers water temperatures 
between 10 and 20°C [50 and 68°F]), and that temperature preference may discourage 
movement south into the Illinois River, which could in turn slow its expansion into other 
parts of the MRB. 
 

b. Type of Mobility/Invasion Speed  
This species can become abundant quickly (USFWS 1996; Bauer et al. 2007). 
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c. Fecundity 
The ruffe has high fecundity (White 2002), with females producing up to 200,000 eggs in 
the first batch and up to 6,000 eggs per subsequent batch (Global Invasive Species 
Database 2006).  Ruffe reach sexual maturity in two or three years, and in one year in 
warmer waters (White 2002). 
 

d. History of Invasion Success  
The species has spread rapidly in the Great Lakes and achieved locally high abundance in 
Lake Superior. 
 

e. Human-Mediated Transport through Aquatic Pathways 
This species can be transferred by boat ballast. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, and Chemical)  
Suitable habitat is present through much of the basin in the form of low-gradient 
streams and rivers, reservoirs and pools, and back-channel aquatic habitats (Fishbase 
2010; Fuller & Jacobs 2011; Peterson et al. 2011).   

 
Evidence for Probability Rating 
 
There is suitable habitat contiguously distributed throughout the MRB (sections 5e, 5f).  The 
ruffe is a habitat generalist (section 5f) and can spread quickly and reach high abundance 
(section 5d), given its high fecundity (section 5c).  Ruffe can occupy high-elevation habitats.  
However, movement into the southern MRB may be limited by warm temperatures 
(section 5a).  Overall, there is a medium probability of spread by the ruffe. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Although this species is documented to have spread through large river basins in Europe, it 
is uncertain whether temperature will be a significant barrier in limiting its movement into 
the lower MRB.  Therefore, there is a high level of uncertainty regarding the spread of the 
ruffe. 
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PATHWAY: 2 (CHICAGO RIVER CONTROLLING WORKS [CRCW] TO BRANDON ROAD LOCK AND 
DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Low Medium Low Medium Medium High 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Low - Low - Medium - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 CRCW and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-MEDIUM 
 
In determining the probability of arrival, the pathway is assumed to exist. 
 
Factors That Influence Arrival of Species (Considering All Life Stages) 
 
a. Type of Mobility/Invasion Speed 

Rates of natural dispersion of the ruffe are not well known because ballast water 
transport has been the key spread vector in the Great Lakes (USFWS 1996).  Ruffe can 
spread quickly by vessel transport and can quickly become abundant (USFWS 1996; 
Bauer et al. 2007), having spread across the northern Great Lakes in a decade (Fuller 
et al. 2012).  However, within Lake Michigan the ruffe has not spread beyond Green Bay 
in the 9 years since its detection in that area (Bowen & Goehle 2011).  Its eggs and 
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larvae are benthic, not free-floating (Ogle 1998), so the transport of eggs by currents is 
unlikely. 
 

b. Human-Mediated Transport through Aquatic Pathways  
Ruffe can spread quickly by vessel transport and can become abundant quickly (USFWS 
1996; Bauer et al. 2007); human-mediated transport is likely to be more important for 
its arrival at the southern Great Lakes than natural dispersion.  This species can be 
transported in ballast water (Pratt et al. 1992), and there is vessel traffic between CRCW 
and areas of the Great Lakes where the ruffe is located (USACE 2011; NBIC 2012) and 
these vessels may discharge ballast water at CRCW (NBIC 2012).   
 

c. Existing Physical Human/Natural Barriers  
T0: There are no existing barriers. 
T10: No activities or events are anticipated that would increase or decrease barriers 
between the current locations of the ruffe in the Great Lakes and the CRCW. 
T25: See T10. 
T50: See T10. 
 

d. Current Abundance and Reproductive Capacity 
T0: The species is not widespread, and there are no high-density populations in Lake 
Michigan (Bowen & Goehle 2011).  Females produce up to 200,000 eggs in the first 
batch, and up to 6000 eggs per subsequent batch (Global Invasive Species Database 
2006).  Ruffe reach sexual maturity in two or three years, and in one year in warmer 
waters (White 2002).  Over the last decade, the abundance of ruffe has declined and/or 
leveled off in many locations where the fish is currently established (Bowen & Goehle 
2011).  Ruffe populations are currently monitored.  Past control efforts such as stocking 
predators and removal by trawling were not considered effective (Jensen 2006).   
T10: See T0.  The abundance of the ruffe at its current locations could increase or 
decrease owing to natural population fluctuations or interactions with other species 
such as round goby (Bowen & Goehle 2011).   
T25: See T10. 
T50: See T10.  In the future, ruffe abundance could increase or decrease (Bowen & Goehle 
2011).  Examples of future changes potentially affecting the abundance of ruffe include 
natural population fluctuations, climate change, new diseases, and control measures.   
 

e. Distance from Pathway  
T0: Ruffe exists in northern Lake Michigan in Green Bay/Bay de Noc and has not been 
detected outside of Green Bay (Bowen & Goehle 2011).   
T10: See T0.  Ruffe could move closer to the CRCW by spreading through the suitable 
habitat along Lake Michigan or by vessel transport to southern Lake Michigan.   
T25: See T10. 
T50: See T10.  In the future, the distance of the ruffe from the CAWS could increase or 
decrease.  Examples of future changes potentially affecting the distribution of ruffe in 
the Great Lakes include natural population growth, climate change, new diseases, and 
new aquatic nuisance species. 
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f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: On the basis of its native distribution in northern Europe and Asia (Fuller & Jacobs 
2011), ruffe appears to be more of a cold-water species.  Ruffe prefer still or slow-
moving water (Fishbase 2010), and the exposed high-energy shoreline along most of 
Lake Michigan may not be suitable habitat.  The numerous river mouths along the 
shoreline of Lake Michigan and deeper offshore waters would be suitable (White 2002; 
Peterson et al. 2011; Schleuter & Eckmann 2008).  The harbors around the CRCW may 
be suitable habitat, as are other harbors in the Great Lakes. 
T10: See T0. 
T25: See T0. 
T50: See T0.  Future climate change may alter the physical, hydraulic, chemical and 
climatological suitability of the Great Lakes and their tributaries for ruffe.  Water 
temperatures, and stream flows in particular, may be altered, potentially affecting the 
distribution of this species.  On the basis of its native distribution in northern Europe 
and Asia (Fuller & Jacobs 2011), the ruffe appears to be more of a cold-water species, 
and temperature increases related to future climate change (Wuebbles et al. 2010) may 
affect its spread south from the upper Great Lakes and affect its probability of arriving 
at the CAWS. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Medium 

 
Evidence for Probability Rating (Considering All Life Stages)  
 
T0: This species is not currently located near the CRCW and has not spread from Green Bay 
(sections 2d, 2e), suggesting that there is currently low propagule pressure for the species.  
However, suitable habitat is present near CRCW (sections 2c, 2f).  Ruffe can potentially be 
transported via ballast water to southern Lake Michigan (sections 2a, 2b), and there is cargo 
vessel traffic to the CRCW (section 2b).  Existing control measures are unlikely to reduce the 
abundance of ruffe in its current locations.  Natural dispersion is not well characterized, but 
this species is unlikely to spread from Green Bay to the CRCW during the current time step, 
given that it has not been detected in southern Lake Michigan during a decade of 
monitoring (section 2a).  Therefore, the probability of arrival is low for this time step. 
T10: See T0.   
T25: See T0.   
T50: See T0.  Over 50 years, the probability increases that ruffe will have time to spread to 
the CRCW by natural dispersion alone or a combination of human-mediated transport to 
the southern Great Lakes and natural dispersion to the CRCW.  Therefore, the probability of 
the ruffe’s arriving at the pathway is medium for this time step. 
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Uncertainty of Arrival  
 

Time Step T0 T10 T25 T50 
Rating Low Medium Medium High 

 
Evidence for Uncertainty Rating 
 
T0: This species can be transported by ballast water, and it is known that there is vessel 
traffic between the CAWS and areas where the ruffe is located.  The potential for ruffe to be 
transported to the CRCW in ballast water is not well understood.  Natural dispersal speed is 
not well characterized.  It is uncertain why this species has not spread more widely into 
southern Lake Michigan.  However, this species is not documented to have spread into 
southern Lake Michigan over the last decade.  Therefore, the uncertainty associated with 
the arrival of the species is low for this time step. 
T10: See T0.  Ruffe have spread across the northern Great Lakes in a decade by vessel traffic 
(section 2a), and there is known vessel traffic between the northern Great Lakes and the 
CRCW (section 2b).  The future population trends and future rate of spread of the ruffe are 
uncertain.  Therefore, the arrival of the ruffe at CRCW could increase or decrease over time, 
depending on the trends in the distribution and abundance of ruffe populations in the Great 
Lakes.  However, ruffe have not spread to southern Lake Michigan in the last decade.  
Overall, the uncertainty of the species’ arrival is medium for this time step. 
T25: See T10.   
T50: See T10.  On the basis of its native distribution, ruffe appears to be more of a cold-water 
species and temperature increases related to climate change may affect its distribution 
(section 2f).  Thus, climate change could limit the movement of ruffe into southern Lake 
Michigan (section 2f).  Therefore, the uncertainty of the species’ arrival at the pathway is 
high. 
 

3. P(passage) T0-T50: 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  

The ruffe is a small fish.  The distance from the CRCW to Brandon Road Lock and Dam is 
greater than 64 km (40 mi).  The rates of natural dispersion of the species are not well 
known because ballast water transport has been a key spread vector (USFWS 1996).  
This species is capable of becoming abundant quickly (USFWS 1996; Bauer et al. 2007).  
Its eggs and larvae are benthic, not free-floating (Ogle 1998), so the transport of eggs by 
currents is unlikely. 
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b. Human-Mediated Transport  
Ruffe can be transported in ballast water (Dawson et al. 2006), but there is little vessel 
traffic between the CRCW and Brandon Road Lock and Dam (USACE 2011), and ballast 
water originating from the Great Lakes is not likely to be discharged in inland ports of 
the MRB (NBIC 2012). 

 
c. Existing Physical Human/Natural Barriers 

T0: There are no existing barriers.  Depending on the life stage (Kovac 1998), the season 
and the time of day (Brown et al. 1998; White 2002; Peterson et al. 2011),  ruffe move 
from shallow (<10 m; 32.8 ft) to deep water (<80 m; 262.5 ft).  The water depth in the 
Chicago River and Chicago Sanitary and Ship Canal is less than 9.1 m (30 ft) and less than 
4.6 m (15 ft), respectively, in many areas.  The Electric Barrier Dispersal System located 
north of Lockport Lock and Dam may act as a barrier to some degree by repelling adult 
fish.  However, electric barriers do not appear to be highly effective against ruffe 
(Dawson et al. 2006), and adults that are shocked could flow downstream through the 
barrier.  So there is a high potential that adults may pass the barrier at its current 
setting.  In addition, eggs/larvae that are resuspended in the water column by boat 
propellers may pass through the electric barrier.   
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10.   
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: CRCW is an urbanized area with primarily concrete or vertical steel walls lining the 
channel, but there are scattered areas of natural bank with rock and woody debris 
located in the South Branch of the Chicago River.  The CAWS has a soft silt and/or sand 
bottom, which are the preferred substrates for this species (LimnoTech 2010; Fishbase 
2010).  Ruffe prefer eutrophic, still or slow-flowing water (Fishbase 2010), which is 
typical of the CAWS except during high flows (LimnoTech 2010).  Generalist fish like the 
ruffe are found throughout the CAWS (LimnoTech 2010).  Rasmussen (2002) states that 
the ruffe is a true cool-water species (it prefers water temperatures between 10 and 
20°C [50 and 68°F]), and that temperature preference may discourage movement south 
into the Illinois River.  DO in the CAWS may be too low in certain areas or during certain 
times of the year, but overall DO is adequate (Crosier & Malloy 2005; MWRD 2010) and 
does not explain fish distribution well (LimnoTech 2010).  The ruffe can spawn in 
multiple habitat types found in the CAWS, including submerged plants, logs, branches, 
gravel, and rocks (Ogle 1998; LimnoTech 2010).  The ruffe likely expanded its range in 
Europe through canals, and it is found throughout canals in Europe (Indiana Department 
of Natural Resources 2005; Zoetemeyer 2007). 
T10: See T0. 
T25: See T0.   
T50: See T0.   
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Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: It is over 64 km (40 mi) from the CRCW to Brandon Road Lock and Dam.  It is unlikely 
that the ruffe would be transported through the CAWS by ballast water (section 3b); 
therefore, natural dispersion would be the most likely means of spreading to the Brandon 
Road Lock and Dam.  The Electric Dispersal Barrier System is not likely to control 
downstream passage (section 3c).  Suitable habitat is present throughout the CAWS.  
Therefore, its probability of passage during this time step is high. 
T10: See T0.   
T25: See T0.  . 
T50: See T0. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating Medium Medium Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  As a result, 
the uncertainty associated with passage is considered to be medium for this time step. 
T10:  See T0.   
T25: See T0.  The future rate of spread for this species is not well understood.  However, 
habitat in the CAWS is suitable, and it is more likely that ruffe will move through the CAWS 
to Brandon Road Lock and Dam in 25 years compared to 10 years.  Therefore, the 
uncertainty associated with its arrival decreases to low. 
T50: See T25.   
 

4. P(colonizes): MEDIUM  
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
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Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Suitable habitat includes low-order streams, vegetated and unvegetated shoreline, and 
manmade structures (see Habitat Matrix).  All of these habitats are present near 
Brandon Road Lock and Dam.  However, Rasmussen (2002) states that the ruffe is a true 
cool-water species (it prefers water temperatures between 10 and 20°C (50 and 68°F]), 
and that temperature preference may discourage movement south into the Illinois 
River. 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal  
Suitable habitat is found near Brandon Road Lock and Dam and the ruffe is capable of 
swimming to suitable habitat.   

 
Evidence for Probability Rating  
 
Suitable physical habitat is present at Brandon Road Lock and Dam (section 4a) and is 
accessible (section 4b).  Although the ruffe is a cool-water species, it may be able to exist 
below Brandon Road Lock and Dam during the colder months of the year.  However, given 
its temperature preferences, a permanent population may not establish.  Therefore, the 
probability of the ruffe’s colonizing downstream of Brandon Road Lock and Dam is medium. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below Brandon Road Lock and Dam and suitable 
habitat is accessible (sections 4a, 4b).  The ruffe has been documented to spread through 
large river systems (section 4a).  However, it is uncertain whether the temperature 
preferences of the ruffe will prevent the permanent, year-round establishment of this 
species below Brandon Road Lock and Dam (section 4a).  Therefore, there is high 
uncertainty regarding the probability of the colonization of this pathway. 
 

5. P(spreads): MEDIUM 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

The ruffe prefers water temperatures less than 30°C (86°F) (Crosier & Malloy 2005; 
Holker & Thiel 1998).  Its native range includes the Caspian, Black, Baltic and North Sea 
basins; Great Britain; and north to about 69°N in Scandinavia (Fishbase 2011); therefore, 
movement into the southern MRB may be limited by warm temperatures.  Rasmussen 
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(2002) states that the ruffe is a true cool-water species (it prefers water temperatures 
between 10 and 20°C [50 and 68°F]), and that temperature preference may discourage 
movement south into the Illinois River, which could in turn slow its expansion into other 
parts of the MRB. 
 

b. Type of Mobility/Invasion Speed 
This species can become abundant quickly (USFWS 1996; Bauer et al. 2007), and there is 
plentiful suitable physical habitat in the MRB. 
 

c. Fecundity 
The ruffe has high fecundity (White 2002), with females producing up to 200,000 eggs in 
the first batch and up to 6000 eggs per subsequent batch (Global Invasive Species 
Database 2006).  Ruffe reach sexual maturity in two or three years, and in one year in 
warmer waters (White 2002). 
 

d. History of Invasion Success  
The species has spread rapidly in the Great Lakes and achieved locally high abundance in 
Lake Superior. 
 

e. Human-Mediated Transport through Aquatic Pathways 
This species can be transferred by boat ballast. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The ruffe is a habitat generalist (Global Invasive Species Database 2006; Fishbase 2011).  
Suitable habitat is present through much of the basin in the form of low-gradient 
streams and rivers, reservoirs and pools, and back-channel aquatic habitats (Fishbase 
2010; Fuller & Jacobs 2011; Peterson et al. 2011).   

 
Evidence for Probability Rating 
 
There is suitable habitat contiguously distributed throughout the MRB (section 5f).  The 
ruffe is a habitat generalist (section 5f) and can spread quickly and reach high abundance 
(section 5d), given its high fecundity (section 5c).  Ruffe can occupy high-elevation habitats.  
However, movement into the southern MRB may be limited by warm temperatures (section 
5a).  Overall, there is a medium probability of spread by the ruffe. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Although this species is documented to have spread through large river basins in Europe, it 
is uncertain whether temperature will be a significant barrier in limiting its movement into 
the lower MRB.  Therefore, there is a high level of uncertainty regarding the spread of the 
ruffe. 
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PATHWAY: 3 (CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Low Medium Low Medium Medium High 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Low - Low - Medium - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Calumet 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-MEDIUM 
 
In determining the probability of arrival, the pathway is assumed to exist. 
 
Factors That Influence Arrival of Species (Considering All Life Stages) 
 
a. Type of Mobility/Invasion Speed  

The ruffe is a small fish.  Its rate of natural dispersion is not well known because ballast 
water transport has been a key spread vector (USFWS 1996).  Ruffe can spread quickly 
by vessel transport and quickly become abundant (USFWS 1996; Bauer et al. 2007).  
However, within Lake Michigan, the ruffe has not spread beyond Green Bay in the 
9 years since its detection in that area and populations have been trending down 
(Bowen & Goehle 2011). 
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b. Human-Mediated Transport through Aquatic Pathways 
The ruffe can be transported in ballast water (Pratt et al. 1992), and there is vessel 
traffic between Calumet Harbor and areas of the Great Lakes where the ruffe is located 
(USACE 2011a; NBIC 2012); these vessels discharge ballast water at Calumet Harbor 
(NBIC 2012).   
 

c. Existing Physical Human/Natural Barriers  
T0: There are no existing barriers. 
T10: See T0.  No activities or events are anticipated that would increase or decrease 
barriers between the Great Lakes and Calumet Harbor. 
T25: See T10. 
T50: See T10. 
 

d. Current Abundance and Reproductive Capacity 
T0: The species is not widespread, and there are no high-density populations in Lake 
Michigan (Bowen & Goehle 2011).  Females produce up to 200,000 eggs in the first 
batch, and up to 6000 eggs per subsequent batch (Global Invasive Species Database 
2006).  Ruffe reach sexual maturity in 2 or 3 years, and in 1 year in warmer waters 
(White 2002).  Over the last decade, the abundance of ruffe has declined and/or leveled 
off in many locations where it is currently established (Bowen & Goehle 2011).  Ruffe 
populations are currently monitored.  Past control efforts such as stocking predators 
and removal by trawling were not considered effective (Jensen 2006).   
T10: The abundance of the ruffe at its current locations could increase or decrease owing 
to natural population fluctuations or interactions with other species such as round goby 
(Bowen & Goehle 2011).   
T25: See T10. 
T50: See T10.  In the future, ruffe abundance could increase or decrease (Bowen & Goehle 
2011).  Examples of future changes potentially affecting the abundance of ruffe include 
natural population fluctuations, climate change, new diseases, and control measures.   
 

e. Distance from Pathway  
T0: Ruffe exists in northern Lake Michigan in Green Bay/Bay de Noc and has not been 
detected outside of Green Bay (Bowen & Goehle 2011).   
T10: Ruffe could move closer to Calumet Harbor by spreading through the suitable 
habitat along Lake Michigan or by vessel transport.  Alternatively, its range could 
contract, decreasing the probability of arriving. 
T25: See T10. 
T50: See T10.  In the future, the distance of the ruffe from the CAWS could increase or 
decrease.  Examples of future changes potentially affecting the distribution of ruffe in 
the Great Lakes include natural population growth, climate change, new diseases, and 
new aquatic nuisance species. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: On the basis of its native distribution in northern Europe and Asia (Fuller & Jacobs 
2011), the ruffe appears to be more of a cold-water species.  Ruffe prefer still or slow-
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moving water (Fishbase 2010), and the exposed high-energy shoreline along most of 
Lake Michigan may not be suitable habitat.  The numerous river mouths along the 
shoreline of Lake Michigan and deeper offshore waters would be suitable (White 2002; 
Peterson et al. 2011; Schleuter & Eckmann 2008).  The Calumet Harbor may be suitable 
habitat, as are other harbors in the Great Lakes. 
T10: See T0. 
T25: See T0.   
T50: See T0.  Future climate change may alter the physical, hydraulic, chemical, and 
climatological suitability of the Great Lakes and its tributaries for the ruffe.  Water 
temperatures, and stream flows in particular, may be altered, potentially affecting the 
distribution of this species.  On the basis of its native distribution in northern Europe 
and Asia (Fuller & Jacobs 2011), ruffe appears to be more of a cold-water species and 
temperature increases related to future climate change (Wuebbles et al. 2010) may 
affect its spread south from the upper Great Lakes and affect its probability of arriving 
at the CAWS.   

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Medium 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The species is not currently located near Calumet Harbor and has not spread from Green 
Bay (sections 2d, 2e), suggesting that there is currently low propagule pressure for the 
species.  Existing control measures are unlikely to reduce the abundance of ruffe in its 
current locations.  Suitable habitat is present along the pathway (section 2f).  Vessel 
transport via ballast water is a possibility (sections 2a, 2b).  There is the potential for vessel-
mediated transport to the Calumet Harbor (section 2b), However, ruffe are unlikely to 
spread from Green Bay to Calumet Harbor during the current time period, as this species 
has not been detected in southern Lake Michigan during a decade of monitoring 
(section 2a).  Therefore, its probability of arrival is low for this time step. 
T10: See T0.   
T25: See T0.   
T50: See T0.  Over 50 years, the probability increases that ruffe will have time to spread to 
Calumet Harbor by natural dispersion alone or a combination of human-mediated transport 
to the southern Great Lakes and natural dispersion to Calumet Harbor.  Therefore, its 
probability of passage for this time step is medium. 
 
Uncertainty of Arrival 

 

Time Step T0 T10 T25 T50 
Rating Low Medium Medium High 
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Evidence for Uncertainty Rating 
 
T0: This species can be transported by ballast water and it is known that there is vessel 
traffic between the CAWS and areas where the ruffe is located.  The potential for ruffe to be 
transported to the Calumet Harbor in ballast water is not well understood.  The species’ 
natural dispersal speed is not well characterized.  It is uncertain why this species has not 
spread more widely into southern Lake Michigan.  However, this species is not documented 
to have spread into southern Lake Michigan over the last decade.  Therefore, the 
uncertainty associated with the arrival of the species is low for this time step. 
T10: See T0.  The future population trends and future rate of spread of the ruffe are 
uncertain.  The arrival of the ruffe at Calumet Harbor could increase or decrease over time, 
depending on the trends in the distribution and abundance of ruffe populations in the Great 
Lakes.  Ruffe have fluctuated in abundance over time and they are subject to control 
measures.  Therefore, over time, trends in future populations and spread rates become less 
certain.  Ruffe have not spread to southern Lake Michigan in the last decade, although they 
may move closer to Calumet Harbor with time.  Overall, the uncertainty of the species’ 
arrival is medium for this time step. 
T25: See T10.   
T50: See T10.  On the basis of their native distribution, ruffe appear to be more of a cold-
water species and temperature increases related to climate change may affect their 
distribution (section 2f).  Thus, climate change could limit the movement of ruffe into 
southern Lake Michigan (section 2f).  Therefore, the uncertainty of the species’ arrival at the 
pathway is high.   
 

3. P(passage) T0-T50: 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  

The ruffe is a small fish.  The distance from the Calumet Harbor to Brandon Road Lock 
and Dam is greater than 56.3 km (35 mi).  The rate of natural dispersion of the ruffe is 
not well known because ballast water transport has been a key spread vector 
(USFWS 1996).  The species can become abundant quickly (USFWS 1996; Bauer 
et al. 2007).   
 

b. Human-Mediated Transport  
There is a relatively small amount of southbound vessel traffic between Calumet Harbor 
and Brandon Road Lock and Dam (USACE 2011a,b; NBIC 2012).  There is heavy 
commercial vessel traffic between Brandon Road Lock and Dam and T.J. O’Brien Lock 
and Dam, which is approximately 8 km (5 mi) south of Calumet Harbor (USACE 2011a; 
NBIC 2012).  Ruffe can be transported in ballast water (Dawson et al. 2006), but ballast 
water originating from the Great Lakes is not likely to be discharged in inland ports of 
the MRB (NBIC 2012).   
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c. Existing Physical Human/Natural Barriers 
T0: The Electric Barrier Dispersal System located north of Lockport Lock and Dam may act 
as a barrier to some degree by repelling adult fish.  However, electric barriers do not 
appear to be highly effective against ruffe (Dawson et al. 2006), and adults that are 
shocked could flow downstream through the barrier.  So there is a high potential that 
adults may pass the barrier at the current setting.  Also, eggs/larvae that are 
resuspended in the water column by boat propellers may pass through the electric 
barrier.   
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10.   
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Calumet Harbor is an industrial canal with primarily concrete or vertical steel banks, 
but there is unvegetated rocky shoreline and lake habitat within close proximity to the 
harbor.  The CAWS has a soft silt and/or sand bottom, which is the preferred substrate 
for this species (LimnoTech 2010; Fishbase 2010).  Ruffe prefer still or slow-flowing 
water (Fishbase 2010), which is typical of the CAWS except during high flows 
(LimnoTech 2010).  Generalist fish like the ruffe are found throughout the CAWS 
(LimnoTech 2010).  Rasmussen (2002) states that the ruffe is a true cool-water species 
(it prefers water temperatures between 10 and 20°C [50 and 68°F]), and that 
temperature preference may discourage movement south into the Illinois River.  DO in 
the CAWS may be too low in certain areas or during certain times of the year, but 
overall DO is adequate (Crosier & Malloy 2005; MWRD 2010) and does not explain fish 
distribution well (LimnoTech 2010).  The ruffe can spawn in multiple habitat types found 
in the CAWS, including submerged plants, logs, branches, gravel, and rocks (Ogle 1998; 
LimnoTech 2010).  The ruffe likely expanded its range in Europe through canals and it is 
found throughout canals in Europe (Indiana Department of Natural Resources; 
Zoetemeyer 2007). 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: It is over 48.3 km (30 mi) from the Calumet Harbor to Brandon Road Lock and Dam.  It is 
unlikely that the ruffe would be transported through the CAWS by ballast water (section 
3b), therefore, natural dispersion would be the most likely means of spreading from 
Calumet Harbor to the Brandon Road Lock and Dam.  Suitable habitat is present throughout 
the CAWS.  Therefore, its probability of passage during this time step is high. 



 E-1361 January 2014 

T10: See T0.   
T25: See T0.  
T50: See T0. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating Medium Medium Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion in the CAWS is unknown.  As a result, there is a 
medium level of uncertainty associated with the passage of this species at this time step. 
T10:  See T0. 
T25: See T0.  The future rate of spread for this species is not known.  However, habitat in the 
CAWS is suitable, and it is more certain that ruffe will move through the CAWS to Brandon 
Road Lock and Dam in 25 years compared to 10 years.  Therefore, the uncertainty of its 
passage decreases to low during this time step. 
T50: See T25. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Suitable habitat includes low-order streams, vegetated and unvegetated shoreline, and 
manmade structures (see Habitat Matrix).  All of these habitats are present near 
Brandon Road Lock and Dam.  However, Rasmussen (2002) states that the ruffe is a true 
cool-water species (it prefers water temperatures between 10 and 20°C [50 and 68°F]), 
and that temperature preference may discourage movement south into the Illinois 
River. 

 
b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal  

Suitable habitat is found near Brandon Road Lock and Dam, and the ruffe is capable of 
swimming to suitable habitat. 
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Evidence for Probability Rating 
 
Suitable physical habitat is documented below Brandon Road Lock and Dam (section 4a) 
and is accessible (section 4b).  Although the ruffe is a cool-water species, it may be able to 
exist below Brandon Road Lock and Dam during the colder months of the year.  However, 
given its temperature preferences, a permanent population may not establish.  Therefore, 
the probability of the ruffe’s colonizing downstream of Brandon Road Lock and Dam is 
medium. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below the Brandon Road Lock and Dam and suitable 
habitat is accessible (sections 4a, 4b).  The ruffe has been documented to spread through 
large river systems (section 4a).  However, it is uncertain whether the temperature 
preferences of the ruffe will prevent the permanent, year-round establishment of this 
species below Brandon Road Lock and Dam (section 4a).  Therefore, there is high 
uncertainty regarding the probability of the colonization of this pathway. 
 

5. P(spreads):  MEDIUM 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

The ruffe prefers water temperatures less than 30°C (86°F) (Crosier & Malloy 2005; 
Holker & Thiel 1998).  Its native range includes the Caspian, Black, Baltic and North Sea 
basins; Great Britain; and north to about 69°N in Scandinavia (Fishbase 2010).  
Therefore, movement into the southern MRB may be limited by warm temperatures.  
Rasmussen (2002) states that the ruffe is a true cool-water species (it prefers water 
temperatures between 10 and 20°C [50 and 68°F]), and that temperature preference 
may discourage movement south into the Illinois River, which could in turn slow its 
expansion into other parts of the MRB. 
 

b. Type of Mobility/Invasion Speed 
This species can become abundant quickly (USFWS 1996; Bauer et al. 2007), and there is 
plentiful suitable physical habitat in the MRB.   

 
c. Fecundity 

The ruffe has high fecundity (White 2002), with females producing up to 200,000 eggs in 
the first batch and up to 6000 eggs per subsequent batch (Global Invasive Species 
Database 2006).  Ruffe reach sexual maturity in two or three years, and in one year in 
warmer waters (White 2002). 
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d. History of Invasion Success  
The species has spread rapidly in the Great Lakes and achieved locally high abundance in 
Lake Superior. 
 

e. Human-Mediated Transport through Aquatic Pathways 
This species can be transferred by boat ballast. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The ruffe is a habitat generalist (Global Invasive Species Database 2006; Fishbase 2010).  
Suitable habitat is present through much of the basin in the form of low-gradient 
streams and rivers, reservoirs and pools, and back-channel aquatic habitats (Fishbase 
2010; Fuller & Jacobs 2011; Peterson et al. 2011).   

 
Evidence for Probability Rating 

 
There is suitable habitat contiguously distributed throughout the MRB (section 5f).  The 
ruffe is a habitat generalist (section 5f) and can spread quickly and reach high abundance 
(section 5d), given its high fecundity (section 5c).  Ruffe can occupy high-elevation habitats.  
However, movement into the southern MRB may be limited by warm temperatures 
(section 5a).  Overall, there is a medium probability of spread by the ruffe. 

 
Uncertainty: HIGH 

 
Evidence for Uncertainty Rating 

 
Although this species is documented to have spread through large river basins in Europe, it 
is uncertain whether temperature will be a significant barrier in limiting movement into the 
lower MRB.  Therefore, there is a high level of uncertainty regarding the spread of the ruffe. 

 
PATHWAY: 4 (INDIANA HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Low Medium Low Medium Medium High 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Low - Low - Medium - 
 
a “-“ Indicates an uncertainty rating was not assigned to P(establishment) because there is no objective 

way to characterize overall uncertainty for an aggregate rating. 
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EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Indiana 
Harbor and Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-MEDIUM 
 
In determining the probability of arrival, the pathway is assumed to exist. 
 
Factors That Influence Arrival of Species (Considering All Life Stages) 
 
a. Type of Mobility/Invasion Speed  

The ruffe is a small benthic fish.  The eggs and larvae of the species are benthic, not 
free-floating (Ogle 1998), so the transport of eggs by currents is unlikely.  Its rates of 
natural dispersion are not well known because ballast water transport has been a key 
spread vector for the species (USFWS 1996).  The species can become abundant quickly 
(USFWS 1996; Bauer et al. 2007).  However, within Lake Michigan, the ruffe has not 
spread beyond Green Bay in the 9 years since its detection in that area and populations 
have been trending down (Bowen & Goehle 2011). 
 

b. Human-Mediated Transport through Aquatic Pathways 
The ruffe can be transported in ballast water (Pratt et al. 1992), and there is vessel 
traffic between Indiana Harbor and areas of the Great Lakes where the ruffe is located 
(USACE 2011a; NBIC 2012); these vessels discharge ballast water at Indiana Harbor 
(NBIC 2012).  Less than 120 vessels have discharged ballast water at Indiana Harbor, and 
most of these were not from areas where ruffe are known to exist.  However, vessels 
from ports along western Lake Michigan and Green Bay did discharge ballast water at 
Indiana Harbor (NBIC 2012). 
 

c. Existing Physical Human/Natural Barriers  
T0: There are no existing physical barriers. 
T10: See T0.  No activities or events are anticipated that would increase or decrease 
barriers between the Great Lakes and Indiana Harbor. 
T25: See T10. 
T50: See T10. 
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d. Current Abundance and Reproductive Capacity 
T0: The species is not widespread, and there are no high-density populations in Lake 
Michigan (Bowen & Goehle 2011).  Females produce up to 200,000 eggs in the first 
batch and up to 6000 eggs per subsequent batch (Global Invasive Species Database 
2006).  Ruffe reach sexual maturity in two or three years, and in one year in warmer 
waters (White 2002).  Over the last decade, the abundance of ruffe has declined and/or 
leveled off in many locations where it is currently established (Bowen & Goehle 2011).  
Ruffe populations are currently monitored.  Past control efforts such as stocking 
predators and removal by trawling were not considered effective (Jensen 2006).   
T10: See T0.  The abundance of the ruffe at its current locations could increase or 
decrease owing to natural population fluctuations or interactions with other species 
such as round goby (Bowen & Goehle 2011).   
T25: See T10. 
T50: See T10.  In the future, ruffe abundance could increase or decrease (Bowen & Goehle 
2011).  Examples of future changes potentially affecting the abundance of ruffe include 
natural population fluctuations, climate change, new diseases, and control measures. 
 

e. Distance from Pathway  
T0: The ruffe exists in northern Lake Michigan in Green Bay/Bay de Noc and has not 
been detected outside of Green Bay (Bowen & Goehle 2011).   
T10: See T0.  Ruffe could move closer to Indiana Harbor by spreading through the suitable 
habitat along Lake Michigan or by vessel transport.  Alternatively, its range could 
contract, decreasing its probability of arriving. 
T25: See T10. 
T50: See T10.  In the future, the distance of the ruffe from the CAWS could increase or 
decrease.  Examples of future changes potentially affecting the distribution of ruffe in 
the Great Lakes include natural population growth, climate change, new diseases, and 
new aquatic nuisance species. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: On the basis of its native distribution in northern Europe and Asia (Fuller & Jacobs 
2011), the ruffe appears to be more of a coldwater species.  The ruffe prefers still or 
slow-moving water (Fishbase 2010), and the exposed high-energy shoreline along most 
of Lake Michigan may not be suitable habitat.  The numerous river mouths along the 
shoreline of Lake Michigan and deeper offshore waters would be suitable (White 2002; 
Peterson et al. 2011; Schleuter & Eckmann 2008).  The Indiana Harbor may be suitable 
habitat, as are other harbors in the Great Lakes. 
T10: See T0. 
T25: See T0.  Future climate change may alter the physical, hydraulic, chemical and 
climatological suitability of the Great Lakes and its tributaries for ruffe.  Water 
temperatures, stream flows, and water depth in particular may be altered, potentially 
affecting the distribution of this species.  On the basis of its native distribution in 
northern Europe and Asia (Fuller & Jacobs 2011), ruffe appears to be more of a cold-
water species, and temperature increases related to future climate change 
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(Wuebbles et al. 2010) may affect its spread south from the upper Great Lakes and 
affect its probability of arriving at the CAWS.   
T50: See T25. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Medium 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The species is not currently located near Indiana Harbor and has not spread from Green 
Bay (section 2e).  On the basis of its restricted distribution, propagule pressure relative to 
the CAWS appears to be low (section 2d).  Existing control measures are unlikely to reduce 
the abundance of ruffe in its current locations.  Suitable habitat is present along the 
pathway (section 2f).  Vessel transport via ballast water is a possibility (sections 2a, 2b).  
Despite the potential for vessel-mediated transport to the CAWS (section 2b), this species 
has not been detected in southern Lake Michigan since its discovery in Lake Michigan 
(section 2a).  As such, the probability of the species’ arrival at the pathway is considered low 
for this time step. 
T10: See T0.   
T25: See T0.   
T50: See T0.  Given time to naturally disperse, the species may be able to reach the pathway 
over a 50-year period.  Therefore, the probability of the species’ arrival is medium at the 50-
year time step. 

 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating Low Medium Medium High 

 
T0: This species can be transported by ballast water, and it is known that there is vessel 
traffic between the CAWS and areas where the ruffe is located, although the potential for 
ruffe to be transported to the Indiana Harbor in ballast water is not well understood.  It is 
uncertain why this species has not spread more widely into southern Lake Michigan.  
However, this species is not documented to have spread into southern Lake Michigan over 
the last decade.  Overall, the level of uncertainty of arrival is low for this time step. 
T10: See T0.  The future population trends and future rate of spread of the ruffe are 
uncertain.  The arrival of the ruffe at Indiana Harbor could increase or decrease over time, 
depending on the trends in the distribution and abundance of ruffe populations in the Great 
Lakes.  Ruffe have fluctuated in abundance over time and they are subject to control 
measures.  Therefore, over time, trends in future populations and spread rates become less 
certain.  Ruffe have not spread to southern Lake Michigan in the last decade, although they 
may move closer to the Indiana Harbor with time.  Overall, the uncertainty of the species’ 
arrival is medium for this time step. 
T25: See T10.   
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T50: See T25.On the basis of its native distribution, ruffe appears to be more of a cold-water 
species, and temperature increases related to climate change may affect its distribution 
(section 2f).  Thus, climate change could limit the movement of ruffe into southern Lake 
Michigan (section 2f).  Therefore, the uncertainty of the species’ arrival at the pathway is 
high. 

 
3. P(passage) T0-T50: 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  

The ruffe is a small fish.  The distance from the Indiana Harbor to Brandon Road Lock 
and Dam is greater than 56.3 km (35 mi).  Rates of natural dispersion for the species are 
not well known because ballast water transport has been a key spread vector (USFWS 
1996).  The ruffe can become abundant quickly (USFWS 1996; Bauer et al. 2007).   
 

b. Human-Mediated Transport  
Most commercial vessel traffic to Indiana Harbor is lakewise (NBIC 2012).  There is no 
vessel traffic in the Grand Calumet River east of the Indiana Harbor.  Ruffe can be 
transported in ballast water (Dawson et al. 2006), but ballast water originating from the 
Great Lakes is not likely to be discharged in inland ports of the MRB (NBIC 2012).   
 

c. Existing Physical Human/Natural Barriers 
T0: Just to the west of its junction with the Indiana Harbor Canal, the Grand Calumet 
channel is blocked by sheet pile.  The Electric Barrier Dispersal System located north of 
Lockport Lock and Dam may act as a barrier to some degree by repelling adult fish.  
However, electric barriers do not appear to be highly effective against ruffe (Dawson 
et al. 2006), and adults that are shocked could flow downstream through the barrier.  So 
there is a high potential that adults may pass the barrier at its current setting.  In 
addition, eggs/larvae that are resuspended in the water column by boat propellers may 
pass through the electric barrier.   
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10.   
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Indiana Harbor is an industrial canal with primarily concrete or vertical steel banks, 
but there is vegetated and rocky shoreline within close proximity to the Harbor.  Overall, 
the CAWS has a soft bottom and sand, which are the preferred substrates for this 
species (LimnoTech 2010; Fishbase 2010).  Ruffe prefer still or slow-flowing water 
(Fishbase 2010), which is typical of the CAWS except during high flows (LimnoTech 
2010).  Generalist fish like the ruffe are found throughout the CAWS (LimnoTech 2010).  



 E-1368 January 2014 

Rasmussen (2002) states that the ruffe is a true cool-water species (it prefers water 
temperatures between 10 and 20°C [50 and 68°F]), and that temperature preference 
may discourage movement south into the Illinois River.  DO in the CAWS may be too low 
in certain areas or during certain times of the year, but overall DO is adequate (Crosier & 
Malloy 2005; MWRD 2010) and does not explain fish distribution well (LimnoTech 2010).  
The ruffe can spawn in multiple habitat types found in the CAWS, including submerged 
plants, logs, branches, gravel, and rocks (Ogle 1998; LimnoTech 2010).  The ruffe likely 
expanded its range in Europe through canals and it is found throughout canals in Europe 
(Indiana Department of Natural Resources 2005; Zoetemeyer 2007). 
T10: See T0. 
T25: See T0 
T50: See T0. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: It is over 48.3 km (30 mi) from the Indiana Harbor to Brandon Road Lock and Dam.  It is 
unlikely that the ruffe would be transported through the CAWS by ballast water 
(section 3b); therefore, natural dispersion would be the most likely means of spreading to 
the Brandon Road Lock and Dam.  Suitable habitat is present throughout the CAWS, but the 
sheet pile in the Grand Calumet River and the variable flow direction may slow the initial 
spread of the ruffe toward Brandon Road Lock and Dam (sections 3c, 3d).  Overall, however, 
its probability of passage during this time step is high. 
T10: See T0.   
T25: See T0.   
T50: See T0. 
 
Uncertainty of Passage  
 

Time Step T0 T10 T25 T50 
Rating Medium Medium Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  As a result, 
the uncertainty associated with passage is considered to be medium for this time step. 
T10:  See T0.   
T25: See T0.  The future rate of spread for this species is not well understood.  However, 
habitat in the CAWS is suitable, and it is more certain that ruffe will move through the 
CAWS to Brandon Road Lock and Dam in 25 years compared to 10 years.  Therefore, the 
uncertainty associated with its arrival decreases to low. 
T50: See T25. 
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4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages): 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Suitable habitat includes low-order streams, vegetated and unvegetated shoreline, and 
manmade structures (see Habitat Matrix).  All of these habitats are present near 
Brandon Road Lock and Dam.  However, Rasmussen (2002) states that the ruffe is a true 
cool-water species (it prefers water temperatures between 10 and 20°C [50 and 68°F]), 
and that temperature preference may discourage movement south into the Illinois 
River. 
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal  
Suitable habitat is found near Brandon Road Lock and Dam, and the ruffe is capable of 
swimming to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable physical habitat is present at Brandon Road Lock and Dam (section 4a) and is 
accessible (section 4b).  Although the ruffe is a cool-water species, it may be able to exist 
below Brandon Road Lock and Dam during the colder months of the year.  However, given 
its temperature preferences, a permanent population may not establish.  Therefore, the 
probability of the ruffe’s colonizing downstream of Brandon Road Lock and Dam is medium. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below Brandon Road Lock and Dam and suitable 
habitat is accessible (sections 4a, 4b).  The ruffe has been documented to spread through 
large river systems (section 4a).  However, it is uncertain whether the temperature 
preferences of the ruffe will prevent the permanent, year-round establishment of this 
species below Brandon Road Lock and Dam (section 4a).  Therefore, there is high 
uncertainty regarding the probability of the colonization of this pathway. 
 

5. P(spreads): MEDIUM 
 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
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Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

The ruffe prefers water temperatures less than 30°C (86°F) (Crosier & Malloy 2005; 
Holker & Thiel 1998).  Its native range includes the Caspian, Black, Baltic and North Sea 
basins; Great Britain; and north to about 69°N in Scandinavia (Fishbase 2010).  
Therefore, movement into the southern MRB may be limited by warm temperatures.  
Rasmussen (2002) states that the ruffe is a true cool-water species (it prefers water 
temperatures between 10 and 20°C [50 and 68°F]), and that temperature preference 
may discourage movement south into the Illinois River, which could in turn slow its 
expansion into other parts of the MRB. 
 

b. Type of Mobility/Invasion Speed 
This species can become abundant quickly (USFWS 1996; Bauer et al. 2007), and there is 
plentiful suitable physical habitat in the MRB.   
 

c. Fecundity  
The ruffe has high fecundity (White 2002), with females producing up to 200,000 eggs in 
the first batch and up to 6000 eggs per subsequent batch (Global Invasive Species 
Database 2006).  Ruffe reach sexual maturity in two or three years, and in one year in 
warmer waters (White 2002). 
 

d. History of Invasion Success  
The species has spread rapidly in the Great Lakes and achieved locally high abundance in 
Lake Superior. 
 

e. Human-Mediated Transport through Aquatic Pathways 
This species can be transferred by boat ballast. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The ruffe is a habitat generalist (Global Invasive Species Database 2006; Fishbase 2010).  
Suitable habitat is present through much of the basin in the form of low-gradient 
streams and rivers, reservoirs and pools, and back-channel aquatic habitats (Fishbase 
2010; Fuller & Jacobs 2011; Peterson et al. 2011).   

 
Evidence for Probability Rating 
 
There is suitable habitat contiguously distributed throughout the MRB (section 5f).  The 
ruffe is a habitat generalist (section 5f) and can spread quickly and reach high abundance 
(section 5d), given its high fecundity (section 5c).  Ruffe can occupy high-elevation habitats.  
However, movement into the southern MRB may be limited by warm temperatures 
(section 5a).  Overall, there is a medium probability of spread by the ruffe. 
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Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Although this species is documented to have spread through large river basins in Europe, it 
is uncertain whether temperature will be a significant barrier in limiting movement into the 
lower MRB.  Therefore, there is a high level of uncertainty regarding the spread of the ruffe.   

 
PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO BRANDON ROAD LOCK AND DAM)  
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Low Medium Low Medium Medium High 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Low - Low - Medium - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 BSBH and 
Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: LOW-MEDIUM 
 
In determining the probability of arrival, the pathway is assumed to exist. 
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Factors That Influence Arrival of Species (Considering All Life Stages) 
 

a. Type of Mobility/Invasion Speed  
The ruffe is a small fish.  Its rates of natural dispersion are not well known because 
ballast water transport has been a key spread vector (USFWS 1996).  Ruffe can spread 
quickly by vessel transport and can become abundant quickly (USFWS 1996; 
Bauer et al. 2007).  However, within Lake Michigan, the ruffe has not spread beyond 
Green Bay in the 9 years since its detection in that area, and populations have been 
trending down (Bowen & Goehle 2011). 
 

b. Human-Mediated Transport  
The ruffe can be transported in ballast water (Pratt et al. 1992).  There is recreational 
but not commercial vessel traffic from the Great Lakes to the BSBH.  There is 
commercial vessel traffic to Burns Harbor, which is adjacent to BSBH (USACE 2011a,b).  
Since 2004, fewer than 110 vessels have discharged ballast water at Burns Harbor, and 
most of these were not from areas where ruffe are known to exist (NBIC 2012). 
 

c. Existing Physical Human/Natural Barriers  
T0: There are no existing barriers. 
T10: See T0.  No activities or events are anticipated that would increase or decrease 
barriers between the Great Lakes and BSBH. 
T25: See T10. 
T50: See T10. 
 

d. Current Abundance and Reproductive Capacity  
T0: The species is not widespread, and there are no high-density populations in Lake 
Michigan (Bowen & Goehle 2011).  Females produce up to 200,000 eggs in the first 
batch and up to 6000 eggs per subsequent batch (Global Invasive Species Database 
2006).  Ruffe reach sexual maturity in two or three years, and in one year in warmer 
waters (White 2002).  Over the last decade, the abundance of ruffe has declined and/or 
leveled off in many locations where it is currently established (Bowen & Goehle 2011).  
Ruffe populations are currently monitored.  Past control efforts such as stocking 
predators and removal by trawling were not considered effective (Jensen 2006).   
T10: See T0.  The abundance of the ruffe at its current locations could increase or 
decrease owing to natural population fluctuations or interactions with other species 
such as round goby (Bowen & Goehle 2011).   
T25: See T10. 
T50: See T10.  In the future, ruffe abundance could increase or decrease (Bowen & Goehle 
2011).  Examples of future changes potentially affecting the abundance of ruffe include 
natural population fluctuations, climate change, new diseases, and control measures.   
 

e. Distance from Pathway  
T0: The ruffe exists in northern Lake Michigan in Green Bay/Bay de Noc and has not 
been detected outside of Green Bay (Bowen & Goehle 2011).   
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T10: See T0.  Ruffe could become closer to BSBH by spreading through the suitable 
habitat along Lake Michigan or by vessel transport.  Alternatively, its range could 
contract, decreasing its probability of arriving. 
T25: See T10. 
T50: See T10. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Ruffe prefer still or slow-moving water (Fishbase 2010), and the exposed high-energy 
shoreline along most of Lake Michigan may not be suitable habitat.  The numerous river 
mouths along the shoreline of Lake Michigan and deeper offshore waters would be 
suitable (White 2002; Peterson et al. 2011; Schleuter & Eckmann 2008).  The BSBH may 
be suitable habitat, as would other harbors in the Great Lakes. 
T10: See T0. 
T25: See T0.  Climate change may alter the physical, hydraulic, chemical and 
climatological suitability of the Great Lakes and its tributaries for ruffe.  Water 
temperatures, stream flows, and water depth in particular may be altered, potentially 
affecting the distribution of this species.    
T50: See T25. 

 
Probability of Arrival 
 

Time Step T0 T10 T25 T50 
Rating Low Low Low Medium 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The species is not currently located near BSBH and has not spread from Green Bay 
(section 2e), suggesting that there is currently low propagule pressure for the species.  
Existing control measures are unlikely to reduce the abundance of ruffe in its current 
locations.  Suitable habitat is present along the pathway (section 2f).  Despite the potential 
for vessel-mediated transport to the CAWS (section 2b), this species has not been detected 
in southern Lake Michigan since its discovery in Lake Michigan (section 2a).  Therefore, 
there is a low probability that the species will arrive at the pathway during this time step. 
T10: See T0.   
T25: See T0.   
T50: See T0.  Over 50 years, the probability increases that ruffe will have time to spread to 
the BSBH by natural dispersion alone or a combination of human-mediated transport to the 
southern Great Lakes and natural dispersion to the BSBH.  Therefore, its probability of 
passage for this time step is medium. 
 
Uncertainty of Arrival  

 
Time Step T0 T10 T25 T50 
Rating Low Medium Medium High 
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Evidence for Uncertainty Rating 
 
T0: This species can be transported by ballast water and it is known that there is vessel 
traffic between the CAWS and areas where the ruffe is located.  The potential for ruffe to be 
transported to the BSBH in ballast water is not well understood.  Natural dispersal speed of 
the species is not well characterized.  It is uncertain why this species has not spread more 
widely into southern Lake Michigan.  However, this species is not documented to have 
spread into southern Lake Michigan over the last decade.  Therefore, the uncertainty 
associated with the arrival of the species is low for this time step. 
T10: See T0.  The future population trends and future rate of spread of the ruffe are 
uncertain.  The arrival of the ruffe at the BSBH could increase or decrease over time, 
depending on the trends in the distribution and abundance of ruffe populations in the Great 
Lakes.  Ruffe have fluctuated in abundance over time and they are subject to control 
measures.  Therefore, over time, trends in future populations and spread rates become less 
certain.  Ruffe have not spread to southern Lake Michigan in the last decade, although they 
may move closer to the BSBH with time.  Overall, the uncertainty of the species’ arrival is 
medium for this time step. 
T25: See T10.   
T50: See T10.  Based on their native distribution, ruffe appear to be more of a cold-water 
species, and temperature increases related to climate change may affect their distribution 
(section 2f).  Thus, climate change could limit the movement of ruffe into southern Lake 
Michigan (section 2f).  Therefore, the uncertainty of the species’ arrival at the pathway is 
high. 
 

3. P(passage) T0-T50: 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  

The ruffe is a small fish.  The distance from the BSBH to Brandon Road Lock and Dam is 
greater than 64 km (40 mi).  Rates of natural dispersion of the species are not well 
known because ballast water transport has been a key spread vector (USFWS 1996).  
The ruffe can become abundant quickly (USFWS 1996; Bauer et al. 2007).   
  

b. Human-Mediated Transport  
Vessel traffic to BSBH and the adjacent Burns Harbor is lakewise.  Ruffe can be 
transported in ballast water (Dawson et al. 2006), but ballast water originating from the 
Great Lakes is not likely to be discharged in inland ports of the MRB (NBIC 2012).  
Consequently, some natural downstream dispersal would likely be necessary to reach 
Brandon Road Lock and Dam. 
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c. Existing Physical Human/Natural Barriers 
T0: The Electric Barrier Dispersal System located north of Lockport Lock and Dam may act 
as a barrier to some degree by repelling adult fish.  However, electric barriers do not 
appear to be highly effective against ruffe (Dawson et al. 2006), and adults that are 
shocked could flow downstream through the barrier.  So there is a high potential that 
adults may pass the barrier at its current setting.  Also, eggs/larvae that are 
resuspended in the water column by boat propellers may pass through the electric 
barrier.   
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10.   
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: BSBH is an industrial canal with primarily concrete or vertical steel banks, but there is 
vegetated and rocky shoreline within close proximity to the harbor.  Overall, the CAWS 
has a soft bottom and sand, which are the preferred substrates for this species 
(LimnoTech 2010; Fishbase 2010).  Ruffe prefer still or slow-flowing water (Fishbase 
2010), which is typical of the CAWS except during high flows (LimnoTech 2010).  
Generalist fish like the ruffe are found throughout the CAWS (LimnoTech 2010).  
Rasmussen (2002) states that the ruffe is a true cool-water species (it prefers water 
temperatures between 10 and 20°C [50 and 68°F]), and that temperature preference 
may discourage movement south into the Illinois River.  Dissolved oxygen (DO) in the 
CAWS may be too low in certain areas or during certain times of the year, but overall DO 
is adequate (Crosier & Malloy 2005; MWRD 2010) and does not explain fish distribution 
well (LimnoTech 2010).  The ruffe can spawn in multiple habitat types found in the 
CAWS, including submerged plants, logs, branches, gravel, and rocks (Ogle 1998; 
LimnoTech 2010).  The ruffe likely expanded its range in Europe through canals and it is 
found throughout canals in Europe (Indiana Department of Natural Resources 2005; 
Zoetemeyer 2007). 
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Passage 
 

Time Step T0 T10 T25 T50 
Rating High High High High 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The distance from the BSBH to Brandon Road Lock and Dam is over 64 km (40 mi).  It is 
unlikely that the ruffe would be transported through the CAWS by ballast water 
(section 3b); therefore, natural dispersion would be the most likely means of spreading to 
the Brandon Road Lock and Dam.  Suitable habitat is present throughout the CAWS.  
Therefore, its probability of passage during this time step is high. 
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T10: See T0.   
T25: See T0.   
T50: See T0. 
 
Uncertainty of Passage  

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The potential speed of natural dispersion through the CAWS is uncertain.  As a result, 
the uncertainty associated with passage is considered to be medium for this time step. 
T10: See T0.   
T25: See T0.  The future rate of spread for this species is not well understood.  However, 
habitat in the CAWS is suitable, and it is more certain that ruffe will move through the 
CAWS to Brandon Road Lock and Dam in 25 years compared to 10 years.  Therefore, the 
uncertainty associated with its arrival decreases to low for this time step. 
T50: See T25. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 
 
a. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 

Climatological)  
Suitable habitat includes low-order streams, vegetated and unvegetated shoreline, and 
manmade structures (see Habitat Matrix).  All of these habitats are present near 
Brandon Road Lock and Dam.  However, Rasmussen (2002) states that the ruffe is a true 
cool-water species (it prefers water temperatures between 10 and 20°C [50 and 68°F]), 
and that temperature preference may discourage movement south into the Illinois 
River. 

 
b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal  

Suitable habitat is found near Brandon Road Lock and Dam, and the ruffe is capable of 
swimming to suitable habitat. 

 
Evidence for Probability Rating 
 
Suitable physical habitat is present at Brandon Road Lock and Dam (section 4a) and is 
accessible (section 4b).  Although the ruffe is a cool-water species, it may be able to exist 
below Brandon Road Lock and Dam during the colder months of the year.  However, given 
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its temperature preferences, a permanent population may not establish.  Therefore, the 
probability of the ruffe’s colonizing downstream of Brandon Road Lock and Dam is medium. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Suitable habitat has been documented below the Brandon Road Lock and Dam and suitable 
habitat is accessible (sections 4a, 4b).  The ruffe has been documented to spread through 
large river systems (section 4a).  However, it is uncertain whether the temperature 
preferences of the ruffe will prevent the permanent, year-round establishment of this 
species below Brandon Road Lock and Dam (section 4a).  Therefore, there is high 
uncertainty regarding the probability of the colonization of this pathway. 

 
5. P(spreads): MEDIUM 

 
In determining the probability of spread, the species is assumed to have colonized in the 
new basin.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 
 
a. Suitable Climate in the MRB 

The ruffe prefers water temperatures less than 30°C (86°F) (Crosier & Malloy 2005; 
Holker & Thiel 1998).  Its native range includes the Caspian, Black, Baltic and North Sea 
basins; Great Britain; and north to about 69°N in Scandinavia (Fishbase 2010); therefore, 
movement into the southern MRB may be limited by warm temperatures.  Rasmussen 
(2002) states that the ruffe is a true cool-water species (it prefers water temperatures 
between 10 and 20°C [50 and 68°F]), and that temperature preference may limit 
movement south into the Illinois River, which could in turn slow its expansion into other 
parts of the MRB. 
 

b. Type of Mobility/Invasion Speed 
This species can become abundant quickly (USFWS 1996; Bauer et al. 2007), and there is 
plentiful suitable physical habitat in the MRB.   
 

c. Fecundity  
The ruffe has high fecundity (White 2002), with females producing up to 200,000 eggs in 
the first batch and up to 6000 eggs per subsequent batch (Global Invasive Species 
Database 2006).  Ruffe reach sexual maturity in two or three years, and in one year in 
warmer waters (White 2002). 
 

d. History of Invasion Success  
The species has spread rapidly in the Great Lakes and achieved locally high abundance in 
Lake Superior. 
 



 E-1378 January 2014 

e. Human-Mediated Transport through Aquatic Pathways 
This species can be transferred by boat ballast. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
The ruffe is a habitat generalist (Global Invasive Species Database 2006; Fishbase 2010).  
Suitable habitat is present through much of the basin in the form of low-gradient 
streams and rivers, reservoirs and pools, and back-channel aquatic habitats (Fishbase 
2010; Fuller & Jacobs 2011; Peterson et al. 2011).   

 
Evidence for Probability Rating 
 
There is suitable habitat contiguously distributed throughout the MRB (section 5f).  The 
ruffe is a habitat generalist (section 5f) and can spread quickly and reach high abundance 
(section 5d), given its high fecundity (section 5c).  Ruffe can occupy high-elevation habitats.  
However, movement into the southern MRB may be limited by warm temperatures (section 
5a).  Overall, there is a medium probability of spread by the ruffe. 
 
Uncertainty: HIGH 
 
Evidence for Uncertainty Rating 
 
Although this species is documented to have spread through large river basins in Europe, it 
is uncertain whether temperature will be a significant barrier in limiting movement into the 
lower MRB.  Therefore, there is a high level of uncertainty regarding the spread of the ruffe. 
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E.2.7.3  Sea Lamprey - Petromyzon marinus 
 
PATHWAY: 1 (WILMETTE PUMPING STATION [WPS] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 Low Medium Low Medium Low Medium 
P(colonizes) Medium Medium Medium Medium Medium Medium Medium Medium 
P(spreads) Low Low Low Low Low Low Low Low 
P(establishment) Low -a Low - Low - Low - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the WPS 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Sea lampreys move by swimming or by attaching to other fish.  Sea lampreys are 
believed to have migrated through the Erie, Welland, and St. Lawrence canal systems 
(NBII & ISSG 2008).  Adults are parasitic, using their sharp teeth to attach themselves to 
cetaceans and large fish and feed off their host’s blood, body fluids and flesh for several 
days (Kottelat & Freyhof 2007).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008)).  Since 1957, larval sea lampreys have 
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been detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB 
(Morman et al. 1980). 
 

b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & 
ISSG 2008). 
 

c. Current Abundance and Reproductive Capacity 
T0: Sea lampreys produce between 35,000–100,000 (NBII & ISSG 2008) and 120,000–
260,000 eggs (Fishbase 2010); the minimum population doubling time is 4.5–14 years 
(Fishbase 2010).  There are ongoing efforts to suppress sea lamprey populations, and 
lampricides have been generally successful in reducing the sea lamprey population 
(Fuller et al. 2011).   
T10: See T0.  Lamprey populations may fluctuate due to natural ecological changes and 
ongoing management measures to suppress their number. 
T25: See T10. 
T50: See T10. 
  

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: The sea lamprey has been established in lower Lake Michigan since 1936 (Fuller et al. 
2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Lake Michigan is known to be suitable habitat for the species, because it has been 
established there since 1936.   
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sea lamprey has been in lower Lake Michigan since 1936 (sections 2e, 2f) and is 
therefore considered to have arrived at the pathway. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The sea lamprey has been documented in lower Lake Michigan since 1936 (sections 2e, 
2f); therefore uncertainty is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: LOW   
 
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  

Sea lampreys move by swimming or by attaching to other fish.  Eggs and larvae are 
benthic, not free-floating (Fuller et al. 2012), so transport of eggs by currents is unlikely.  
Sea lampreys are believed to have migrated through the Erie, Welland, and St. Lawrence 
canal systems (NBII & ISSG 2008).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Interconnecting waterways are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Mature adults enter rivers and streams to spawn in spring (Hardisty 1986; Muus 
et al. 1999; Kelly & King 2001).  Movements from the sea to spawning sites may cover 
distances from 19 to 805 km (12 to 500 mi) inland (Hardisty 1986).  It is less than 80 km 
(50 mi) from the WPS to the Brandon Road Lock and Dam.  After spawning, adults 
normally die (Rochard & Elie 1994).  Upon metamorphosis, which may take 5 or more 
years in the Great Lakes (Potter 1981), individuals migrate into open water.  However, 
since 1957, larval sea lampreys have been detected in only 433 (7.5%) of the 5747 
streams and tributaries of the GLB (Morman et al. 1980).  Surveys of Illinois rivers in the 
1960s produced only one potential specimen. 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  Interconnecting waterways and attachment to fishes and boats are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
There is no commercial vessel traffic in the North Shore Channel, but there is vessel 
traffic between the Chicago River and the Brandon Road Lock and Dam (USACE 
2011a,b).  Therefore, natural dispersal will be required for movement through the CAWS 
from the WPS.   
 

c. Existing Physical Human/Natural Barriers 
T0: The WPS sluice gate may act as a barrier to movement.  Sea lampreys could be 
transported from Lake Michigan into the North Shore Channel via water pumped from 
the Lake into the channel or during periods when the sluice gate is open.  Physical 
barriers, such as dams, have been recognized as limiting to the upstream movements of 
sea lampreys (Morman et al. 1980).  Therefore, the Lockport Lock and Dam may act as a 
temporary barrier.  Water depth does not seem to be a critical factor in the distribution 
of lamprey spawning.  Water depth at 32 northern Michigan streams ranged from 5 to 
152 cm (2 to 60 in.) (Applegate 1950).  The CAWS has perennial flow and a water depth 
that supports navigation; therefore, water depth is not expected to inhibit movement.  
The electric barriers upstream of the Lockport Lock and Dam could shock sea lamprey 
moving downstream, but they would continue to float downstream.  Therefore, the 
barriers are not likely to control passage. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Many environmental conditions influence the distribution of sea lampreys.  Stream 
flow and water temperature are of major importance.  There is no hydraulic attractive 
flow that would draw sea lamprey into the WPS.  The dispersal of spawning adults 
within streams is influenced mainly by blockages, water temperature, flow, sediment, 
and presence of lakes.  In a survey of streams in northern Indiana and the Lower 
Peninsula of Michigan, the absence or scarcity of larvae in streams was attributed to 
intermittent and unstable stream flows (U.S. Fish and Wildlife Service, Ludington, 
Michigan, unpublished records; Morman et al. 1980).  Pollution, sedimentation, and 
hard or unstable bottoms also contributed to the absence or scarcity of lamprey 
(Morman et al. 1980).  Temperature tolerances of adults are not well characterized, but 
they are documented to tolerate a range of 1–20°C (3.8–68°F) (Beamish 1980).  
Temperatures of 31.4°C (88.5°F) are lethal to ammocoetes (Beamish 1980).  Water 
temperature is probably the most important factor affecting the development of 
embryos.  Water temperatures of 11–25°C (51.8–77°F) appear essential for successful 
spawning (Morman et al. 1980).  These temperatures are within the range of the CAWS 
(MWRD 2010).  The median low flow of 74 streams that contained populations of sea 
lamprey ammocoetes in the Lower Peninsula of Michigan was 0.4 m/s (1.31 ft/s) 
(Morman et al. 1980).  However, others have stated that velocities of 0.5–1.5 m/s  
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(1.64–4.92 ft/s) were suitable for spawning (Manion & Hanson 1980).  Most flows in the 
CAWS were less than 0.15 m/s (0.49 ft/s); the highest was 0.27 m/s (0.89 ft/s) 
(LimnoTech 2010).   
 
The distribution of larval lampreys is also limited by hard stream bottom and pollution, 
but larvae have been found in a wide range of habitats exhibiting these conditions 
(Morman et al. 1980).  Spawning typically occurs over sand or gravel (Morman et al. 
1980), both of which are common substrates in portions of the CAWS (LimnoTech 2010).  
After hatching, ammocoetes, lamprey larvae, drift downstream and bury in detritus-rich 
mud, silt, or sand-silt bottoms (Kottelat & Freyhof 2007; Hardisty & Potter 1971) for  
5.5–8 years, often at the edges of rivers and streams where currents are slow (Gallant 
et al. 2006; Kottelat & Freyhof 2007).  In the North Shore Channel and the upper north 
branch of the Chicago River, sediments are silt and sand (LimnoTech 2010).  Toward 
downtown Chicago and in the Chicago River, there is a reduction in in-stream habitat 
and a change to concrete and steel vertical banks, with sediments of concrete, silt, or 
sludge.  The CSSC has banks of bedrock and steel sheet piling leading to the Des Plaines 
River.  Most sediments in the CSSC are silt or bedrock or a combination of silt and sand, 
gravel, or cobble (LimnoTech 2010), which would not be suitable spawning habitat.   
 
Pollution, turbidity, and/or sedimentation were mentioned as major limiting factors for 
the absence or scarcity of larvae in streams in Illinois and Michigan (Starret et al. 1960; 
Morman et al. 1980).  Contaminants, although diluted in stream water, may reach toxic 
levels as they accumulate in sediment and thereby cause mortality of larval lampreys.  
The influence of stream pollution on spawning runs is poorly understood.  Adult 
lampreys may be more tolerant of some pollutants than embryonic or larval lampreys, 
because they run polluted streams in which larvae have never been detected (Morman 
et al. 1980).  Toxic organic and inorganic pollutants are present in the Chicago River 
(Gallagher et al. 2009).   
T10: See T0. 
T25: See T0.  Future water quality may improve with current plans to close two power 
plants and update wastewater treatment (Illinois Pollution Control Board 2012).   
T50: See T25. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Adults will move into the CAWS only to spawn in the CAWS itself or to move to spawning 
areas farther downstream (section 3a).  Sea lampreys are capable of traveling great 
distances to spawning grounds, so they could move through the CAWS during this time step 
(section 3a).  Water depth in the CAWS is adequate for sea lamprey spawning, and there are 
no physical barriers that they could not pass eventually, although they may slow passage 
(section 2d).  Suitable spawning and juvenile habitat may be present in the CAWS 
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(section 2d).  The stream hydraulics of the CAWS do not provide “attractive flow” to draw 
sea lamprey into the CAWS.  Pollution, sedimentation, and dissolved oxygen in portions of 
the CAWS may be unsuitable for larval development (section 2d).  Sea lampreys are 
historically very rare in Illinois rivers (section 2a) potentially because of silt and turbidity 
(section 2d).  Sea lampreys have not been found in the CAWS, suggesting the CAWS would 
not be a pathway for this species (section 2a).  Consequently, probability of passage is low. 
T10: See T0.  Hydraulics are expected to remain unsuitable. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Medium Medium 

 
Evidence for Uncertainty Rating 
 
T0: Why sea lampreys are not found in Illinois rivers despite being in Lake Michigan for 
70+ years is not fully understood.  However, suitable conditions for passage appear to be 
present.  Therefore uncertainty is medium. 
T10: See T0.   
T25: See T0.   
T50: See T0.  The uncertainty of habitat suitability associated with the improvement of 
habitat conditions increases over time.  However, the hydraulics will remain unsuitable.  
Therefore, uncertainty remains medium. 
 

4. P(colonizes): MEDIUM  
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
Sea lamprey would be present in rivers of the MRB only for spawning or early life stage 
development.  Adults do not occupy riverine habitat except to spawn.  Sea lampreys 
require mostly gravel (15–115 mm [0.59–4.53 in.] diameter) for constructing nests, 
although they use other materials such as rubble, clam shells, and lumps of clay when 
gravel is scarce or absent (Morman et al. 1980).  Gravel at highway or railroad crossings 
provides lampreys with spawning sites.  In such streams spawning may be limited to 
only one small area (Morman et al. 1980).  The larvae of sea lamprey occur most 
frequently in soft bottoms containing mixtures of silt and sand (NBII & ISSG 2008; 
Morman et al. 1980).  However, Morman et al. (1980) referred to the scarcity of 
ammocoetes in the lower sections of some streams in spite of soft bottoms, suggesting 
that heavy siltation and slow currents were unfavorable.  Below the Brandon Road Lock 
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and Dam, there are streams that could provide suitable spawning habitat.  However, 
extensive surveys in Illinois rivers found no sea lampreys, and there is only one dubious 
record from the Du Page River (Starret et al. 1960).   
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated 
Dispersal. 
Juveniles on the migration to Lake Michigan could be blocked by the electric barriers 
above the Lockport Lock and Dam. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn and are capable of traveling great distances 
to spawning ground (section 4a).  Larval and juvenile stages develop in rivers, and suitable 
habitat may be present downstream of the Brandon Road Lock and Dam (section 4a).  
However, sea lamprey are historically very rare in Illinois rivers (section 4a) potentially 
because of silt and turbidity (section 4a), suggesting they would not be present downstream 
of the Brandon Road Lock and Dam (section 4a).  Overall, the probability of colonization is 
medium. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
The suitability of sediment conditions for spawning is uncertain.  Sea lamprey are capable of 
traveling great distances to spawning grounds (section 4a), and why sea lamprey are not 
found in Illinois rivers despite being in Lake Michigan for 70 or more years is not fully 
understood.  Overall, the uncertainty associated with colonization is medium. 

 
5. P(spreads): LOW 

 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB 

Temperatures between 10 and 27°C (50 and 80.6°F) are considered appropriate for 
larval and juvenile development (Morman et al. 1980).  Consequently, the climate of the 
MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Sea lampreys move by swimming or by attaching to other fish. 
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c. Fecundity 
Sea lampreys lay anywhere between 35,000–100,000 (NBII & ISSG 2008) and 120,000–
260,000 eggs (Fishbase 2010); the minimum population doubling time is 4.5–14 years 
(Fishbase 2010). 
 

d. History of Invasion Success  
Sea lampreys are native to the east coast of the United States and the majority of the 
European coast but have been introduced to the Great Lakes through the canal system 
(NBII & ISSG 2008).  Sea lampreys entered the Great Lakes in the 1800s through 
manmade locks and shipping canals.  Prior to the opening of the Welland Canal in 1829 
and prior to the modification of Niagara Falls in 1919, Niagara Falls served as a natural 
barrier to keep sea lampreys out of the Great Lakes (GLFC 2000).  Although sea lampreys 
have been established in Lake Michigan since the 1930s, there are no confirmed records 
of them in Illinois rivers (Starrett et al. 1960). 
 

e. Human-Mediated Transport through Aquatic Pathways 
Human-mediated transport is not required. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
Sea lampreys occupy lakes and oceans as adults and would exist only in river habitat as 
spawning adults or during early life stages.  Sea lampreys could potentially colonize 
reservoirs within the MRB. 

 
Evidence for Probability Rating 
 
Adults will move only into the rivers to spawn (section 5a), but they could potentially 
occupy reservoirs/navigation pools in the MRB.  Sea lampreys are capable of swimming to 
spawning grounds (section 5b), and suitable spawning habitat is present in the MRB 
(section 5f).  However, sea lampreys are historically very rare in Illinois rivers (section 5a) 
potentially because of silt and turbidity (section 5d).  Sea lampreys are an anadromous fish 
that prefer large lentic systems.  Consequently, probability of spread is low.   
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Why sea lampreys are not found in the MRB despite being in Lake Michigan for 70 or more 
years is not fully understood.  The suitability of reservoirs/navigation pools and the ability of 
sea lamprey to reach these reservoirs are unknown.  However, based on their historical 
absence in the MRB, the uncertainty associated with spread is low. 
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PATHWAY: 2 (CHICAGO RIVER CONTROLLING WORKS [CRCW] TO BRANDON ROAD LOCK AND 
DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 Low Medium Low Medium Low Medium 
P(colonizes) Medium Medium Medium Medium Medium Medium Medium Medium 
P(spreads) Low Low Low Low Low Low Low Low 
P(establishment) Low -a Low - Low - Low - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the CRCW 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Sea lampreys move by swimming or by attaching to other fish.  Sea lampreys are 
believed to have migrated through the Erie, Welland, and St. Lawrence canal systems 
(NBII & ISSG 2008).  Adults are parasitic, using their sharp teeth to attach themselves to 
cetaceans and large fish and feed off their host’s blood, body fluids, and flesh for several 
days (Kottelat & Freyhof 2007).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Since 1957, larval sea lampreys have been 
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detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB (Morman 
et al. 1980). 
 

b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008). 
 

c. Current Abundance and Reproductive Capacity 
T0: Sea lampreys have been reported to produce between 35,000–100,000 (NBII & ISSG 
2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling 
time is 4.5–14 years (Fishbase 2010).  There are ongoing efforts to suppress sea lamprey 
populations, and lampricides have been generally successful in reducing the sea lamprey 
population (Fuller et al. 2011).   
T10: See T0.  Lamprey populations may fluctuate due to natural ecological changes and 
ongoing management measures to suppress their number. 
T25: See T10. 
T50: See T10. 
 

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: The sea lamprey has been established in lower Lake Michigan since 1936 (Fuller 
et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Lake Michigan is known to be suitable habitat for the species, because it has been 
established there since 1936.   
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sea lamprey has been in lower Lake Michigan since 1936 (sections 2e, 2f) and is 
therefore considered to have arrived at the pathway. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The sea lamprey has been documented in lower Lake Michigan since 1936 (sections 2e, 
2f) therefore uncertainty is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: LOW 
 
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  

Sea lampreys move by swimming or by attaching to other fish.  Eggs and larvae are 
benthic, not free-floating (Fuller et al. 2011), so transport of eggs by currents is unlikely.  
Sea lampreys are believed to have migrated through the Erie, Welland, and St. Lawrence 
canal systems (NBII & ISSG 2008).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Interconnecting waterways are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Mature adults enter rivers and streams to spawn in spring (Hardisty 1986; Muus 
et al. 1999; Kelly & King 2001).  Movements from the sea to spawning sites may cover 
distances from 19.3 to 805 km (12 to 500 mi) inland (Hardisty 1986).  It is less than 
64.4 km (40 mi) from the CRCW to the Brandon Road Lock and Dam.  After spawning, 
adults normally die (Rochard & Elie 1994).  Upon metamorphosis, which may take 5 or 
more years in the Great Lakes (Potter 1981), individuals migrate into open water.  
However, since 1957, larval sea lampreys have been detected in only 433 (7.5%) of the 
5747 streams and tributaries of the GLB (Morman et al. 1980).  Surveys of Illinois rivers 
in the 1960s produced only one potential specimen. 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  Interconnecting waterways and attachment to fishes and boats are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
There is commercial and recreational vessel traffic between the CRCW and the Brandon 
Road Lock and Dam (USACE 2011a,b).  It is distributed in selected tributaries in Illinois, 
Indiana, Michigan, Minnesota, Ohio, Pennsylvania, and Wisconsin. 
 

c. Existing Physical Human/Natural Barriers 
T0: Physical barriers, such as dams, have been recognized as limiting to the upstream 
movements of sea lampreys (Morman et al. 1980).  Therefore, the Lockport Lock and 
Dam may act as a temporary barrier.  Water depth does not seem to be a critical factor 
in the distribution of lamprey spawning.  Water depth at 32 northern Michigan streams 
ranged from 5 to 152 cm (2 to 60 in.) (Applegate 1950).  The CAWS has perennial flow 
and a water depth that supports navigation; therefore, water depth is not expected to 
inhibit movement.  The electric barriers upstream of the Lockport Lock and Dam could 
shock sea lamprey moving downstream, but they would continue to float downstream.  
Therefore, the barriers are not likely to control passage. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T10. 
T50: See T10. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Many environmental conditions influence the distribution of sea lampreys.  Stream 
flow and water temperature are of major importance.  There is no hydraulic attractive 
flow that would draw sea lamprey into the CRCW.  The dispersal of spawning adults 
within streams is influenced mainly by blockages, water temperature, flow, sediment, 
and presence of lakes.  In a survey of streams in northern Indiana and the Lower 
Peninsula of Michigan, the absence or scarcity of larvae in streams was attributed to 
intermittent and unstable stream flows (USFWS, Ludington, Michigan, unpublished 
records; Morman et al. 1980).  Pollution, sedimentation, and hard or unstable bottoms 
also contributed to the absence or scarcity of lamprey (Morman et al. 1980).  
Temperature tolerances of adults are not well characterized, but they are documented 
to tolerate a range of 1–20°C (3.8–68°F) (Beamish 1980).  Temperatures of 31.4°C 
(88.5°F) are lethal to ammocoetes (Beamish 1980).  Water temperature is probably the 
most important factor affecting the development of embryos.  Water temperatures of 
11–25°C (51.8–77°F) appear essential for successful spawning (Morman et al. 1980).  
These temperatures are within the range of the CAWS (MWRD 2011).  The median low 
flow of 74 streams that contained populations of sea lamprey ammocoetes in the Lower 
Peninsula of Michigan was 0.4 m/s (1.31ft/s) (Morman et al. 1980).  However, others 
have stated that velocities of 0.5–1.5 m/s (1.64–4.92 ft/s) were suitable for spawning 
(Manion & Hanson 1980).  Most flows in the CAWS were less than 0.15 m/s (0.49 ft/s); 
the highest was 0.27 m/s (0.89 ft/s) (LimnoTech 2010).   
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The distributions of larval lampreys are also limited by hard stream bottom and 
pollution, but larvae have been found in a wide range of habitats exhibiting these 
conditions (Morman et al. 1980).  Spawning typically occurs over sand or gravel 
(Morman et al. 1980), both of which are common substrates in portions of the CAWS 
(LimnoTech 2010).  After hatching, ammocoetes, lamprey larvae, drift downstream and 
bury in detritus-rich mud, silt, or sand-silt bottoms (Kottelat & Freyhof 2007; Hardisty & 
Potter 1971) for 5.5–8 years, often at the edges of rivers and streams where currents 
are slow (Gallant et al. 2006; Kottelat & Freyhof 2007).  Toward downtown Chicago and 
in the Chicago River, there is a reduction in in-stream habitat and a change to concrete 
and steel vertical banks, with sediments of concrete, silt, or sludge.  The CSSC has banks 
of bedrock and steel sheet piling leading to the Des Plaines River.  Most sediments in the 
CSSC are silt or bedrock or a combination of silt and sand, gravel, or cobble (LimnoTech 
2010). 
 
Pollution, turbidity, and/or sedimentation were mentioned as major limiting factors for 
the absence or scarcity of larvae in streams in Illinois and Michigan (Starret et al. 1960; 
Morman et al. 1980).  Contaminants, although diluted in stream water, may reach toxic 
levels as they accumulate in sediment and thereby cause mortality of larval lampreys.  
The influence of stream pollution on spawning runs is poorly understood.  Adult 
lampreys may be more tolerant of some pollutants than embryonic or larval lampreys, 
because they run polluted streams in which larvae have never been detected (Morman 
et al. 1980).  Toxic organic and inorganic pollutants are present in the Chicago River 
(Gallagher et al. 2009).   
T10: See T0. 
T25: See T0.  Future water quality may improve with current plans to close two power 
plants and update wastewater treatment (Illinois Pollution Control Board 2012).   
T50: See T25. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Adults will move into the CAWS only to spawn in the CAWS itself or to move to spawning 
areas farther downstream (section 3a).  Sea lamprey are capable of traveling great distances 
to spawning grounds, so they could move through the CAWS during this time step 
(section 2a).  Water depth in the CAWS is adequate for spawning of sea lampreys, and there 
are no physical barriers that they could not pass eventually, although barriers may slow 
passage (section 2d).  Suitable spawning and juvenile habitat may be present in the CAWS 
(section 2d).  The stream hydraulics of the CAWS do not provide “attractive flow” to draw 
sea lamprey into the CAWS.  Pollution, sedimentation, and dissolved oxygen in portions of 
the CAWS may be unsuitable for larval development (section 2d).  Sea lampreys are 
historically very rare in Illinois rivers (section 2a) potentially because of silt and turbidity 
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(section 2d).  Sea lampreys have not been found in the CAWS, suggesting the CAWS would 
not be a pathway for this species (section 2a).  Consequently, probability of passage is low. 
T10: See T0.  Hydraulics are expected to remain unsuitable. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Medium Medium 

 
Evidence for Uncertainty Rating 
 
T0: Why sea lampreys are not found in Illinois rivers despite being in Lake Michigan for 
70+ years is not fully understood.  However, suitable conditions for passage appear to be 
present.  Therefore, uncertainty is medium. 
T10: See T0.   
T25: See T0.   
T50: See T0.  The uncertainty of habitat suitability associated with the improvement of 
habitat conditions increases over time.  However, the hydraulics will remain unsuitable.  
Therefore, uncertainty remains medium. 
 

4. P(colonizes): MEDIUM  
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
Sea lamprey would be present in rivers of the MRB only for spawning or early life stage 
development.  Adults do not occupy riverine habitat except to spawn.  Sea lampreys 
require mostly gravel (15–115 mm [0.59–4.53 in.] diameter) for constructing nests, 
although they use other materials, such as rubble, clam shells, and lumps of clay, when 
gravel is scarce or absent (Morman et al. 1980).  Gravel at highway or railroad crossings 
provides lampreys with spawning sites.  In such streams spawning may be limited to 
only one small area (Morman et al. 1980).  The larvae of sea lamprey occur most 
frequently in soft bottoms containing mixtures of silt and sand (NBII & ISSG 2008; 
Morman et al. 1980).  However, Morman et al. (1980) referred to the scarcity of 
ammocoetes in the lower sections of some streams in spite of soft bottoms, suggesting 
that heavy siltation and slow currents were unfavorable.  Below the Brandon Road Lock 
and Dam, there are streams that could provide suitable spawning habitat.  Extensive 
surveys in Illinois rivers found no sea lampreys, and there is only one dubious record 
from the Du Page River (Starret et al. 1960).   
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b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Juveniles on the migration to Lake Michigan could be blocked by the electric barriers 
above the Lockport Lock and Dam. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn (section 4a).  Larval and juvenile stages 
develop in rivers.  Sea lampreys are capable of traveling great distances to spawning 
grounds (section 4a).  However, sea lamprey are historically very rare in Illinois rivers 
(section 4a) potentially because of silt and turbidity (section 4a), suggesting they would not 
be present downstream of the Brandon Road Lock and Dam (section 4a).  Overall, the 
probability of colonization is medium. 
 
Uncertainty: MEDIUM 
 
Evidence for Uncertainty Rating 
 
The suitability of sediment conditions for spawning is uncertain.  Sea lamprey are capable of 
traveling great distances to spawning grounds (section 4a), and why sea lamprey are not 
found in Illinois rivers despite being in Lake Michigan for 70 or more years is not fully 
understood.  Overall, the uncertainty associated with colonization is medium. 

 
5. P(spreads):  LOW 

 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB 

Temperatures between 10 and 27°C (50 and 80.6°F) are considered appropriate for 
larval and juvenile development (Morman et al. 1980).  Consequently the climate of the 
MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Sea lampreys move by swimming or by attaching to other fish.  Movements from the 
sea to spawning sites may cover distances from 19.3 to 805 km (12 to 500 mi) inland 
(Hardisty 1986). 
 

c. Fecundity 
Sea lampreys have been reported to lay anywhere between 35,000–100,000 (NBII & 
ISSG 2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population 
doubling time is 4.5–14 years (Fishbase 2010). 
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d. History of Invasion Success  
Sea lampreys are native to the east coast of the United States and the majority of the 
European coast but have been introduced to the Great Lakes through the canal system 
(NBII & ISSG 2008).  Sea lampreys entered the Great Lakes in the 1800s through 
manmade locks and shipping canals.  Prior to the opening of the Welland Canal in 1829 
and prior to the modification of Niagara Falls in 1919, Niagara Falls served as a natural 
barrier to keep sea lampreys out of the Great Lakes (GLFC 2000).  Although the sea 
lamprey has been established in Lake Michigan since the 1930s, there are no confirmed 
records of it in Illinois rivers (Starrett et al. 1960). 
 

e. Human-Mediated Transport through Aquatic Pathways 
Human-mediated transport is not required. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
Sea lamprey is a specialist species.  Sea lampreys occupy lakes and oceans as adults and 
would exist in river habitat only as spawning adults or during early life stages.  Sea 
lamprey could potentially colonize reservoirs within the MRB. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn (section 5a), but they could potentially 
occupy reservoirs/navigation pools in the MRB.  Sea lampreys are capable of swimming to 
spawning grounds (section 5b), and suitable spawning habitat is present in the MRB 
(section 5f).  However, sea lampreys are historically very rare in Illinois rivers (section 5a) 
potentially because of silt and turbidity (section 5d).  Sea lampreys are an anadromous fish 
that prefer large lentic systems.  Consequently, probability of spread is low.   
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Why sea lampreys are not found in in the MRB despite being in Lake Michigan for 70 or 
more years is not fully understood.  The suitability of navigation pools and the ability of sea 
lamprey to reach these reservoirs are unknown.  However, based on their historical absence 
in the MRB, the uncertainty associated with spread is low. 
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PATHWAY: 3 (CALUMET HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 Low Medium Low Medium Low Medium 
P(colonizes) Medium Medium Medium Medium Medium Medium Medium Medium 
P(spreads) Low Low Low Low Low Low Low Low 
P(establishment) Low -a Low - Low - Low - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Calumet 
Harbor and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Sea lampreys move by swimming or by attaching to other fish.  Sea lampreys are 
believed to have migrated through the Erie, Welland and St. Lawrence canal systems 
(NBII & ISSG 2008).  Adults are parasitic, using their sharp teeth to attach themselves to 
cetaceans and large fish and feed off their host’s blood, body fluids and flesh for several 
days (Kottelat & Freyhof 2007).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Since 1957, larval sea lampreys have been 
detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB 
(Morman et al. 1980). 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  There is heavy lake-wide commercial vessel traffic to Calumet Harbor (USACE 
2011a).  However, this species primarily relies on swimming or attaching to hosts for 
movement. 
 

c. Current Abundance and Reproductive Capacity 
T0: Sea lampreys have been reported to produce between 35,000–100,000 (NBII & ISSG 
2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling 
time is 4.5–14 years (Fishbase 2010).  There are ongoing efforts to suppress sea lamprey 
populations, and lampricides have been generally successful in reducing the sea lamprey 
population (Fuller et al. 2011).   
T10: See T0.  Lamprey populations may fluctuate due to natural ecological changes and 
ongoing management measures to suppress their number. 
T25: See T10. 
T50: See T10. 
  

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: The sea lamprey has been established in lower Lake Michigan since 1936 (Fuller 
et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Lake Michigan is known to be suitable habitat for the species, because it has been 
established there since 1936.   
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sea lamprey has been in lower Lake Michigan since 1936 (sections 2e, 2f) and is 
therefore considered to have arrived at the pathway. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The sea lamprey has been documented in lower Lake Michigan since 1936 (sections 2e, 
2f); therefore, uncertainty is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: LOW   
 
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  

Sea lampreys move by swimming or by attaching to other fish.  Eggs and larvae are 
benthic, not free-floating (Fuller et al. 2011), so transport of eggs by currents is unlikely.  
Sea lampreys are believed to have migrated through the Erie, Welland, and St. Lawrence 
canal systems (NBII & ISSG 2008).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Interconnecting waterways are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Mature adults enter rivers and streams to spawn in spring (Hardisty 1986; Muus 
et al. 1999; Kelly  & King 2001).  Movements from the sea to spawning sites may cover 
distances from 19.3 to  805 km (12 to 500 mi) inland (Hardisty 1986).  It is less than 
64 km (40 mi) from Calumet Harbor to the Brandon Road Lock and Dam.  After 
spawning, adults normally die (Rochard & Elie 1994).  Upon metamorphosis, which may 
take 5 or more years in the Great Lakes (Potter 1981), individuals migrate into open 
water.  However, since 1957, larval sea lampreys have been detected in only 433 (7.5%) 
of the 5747 streams and tributaries of the GLB (Morman et al. 1980).  Surveys of Illinois 
rivers in the 1960s produced only one potential specimen. 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  Interconnecting waterways and attachment to fishes and boats are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Vessel traffic to Calumet Harbor is lake-wide rather than from the CAWS.  However, 
there is heavy commercial and recreational vessel traffic between the Brandon Road 
Lock and Dam and the T.J. O’Brien Lock and Dam, which is located 8 km (5 mi) south of 
Calumet Harbor (USACE 2011a,b).   
 

c. Existing Physical Human/Natural Barriers 
T0: Physical barriers, such as dams, have been recognized as limiting to the upstream 
movement of sea lampreys (Morman et al. 1980).  Therefore, the Lockport Lock and 
Dam and the Brandon Road Lock and Dam may act as temporary barriers to passage.  
Water depth does not seem to be a critical factor in the distribution of lamprey 
spawning.  Water depth at 32 northern Michigan streams ranged from 5 to 152 cm (2 to 
59.8 in.) (Applegate 1950).  The CAWS has perennial flow and a water depth that 
supports navigation; therefore, water depth is not expected to inhibit movement.  The 
electric barriers upstream of the Lockport Lock and Dam could shock sea lamprey 
moving downstream, but they would continue to float downstream.  Therefore, the 
barriers are not likely to control passage. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Many environmental conditions influence the distribution of sea lampreys.  Stream 
flow and water temperature are of major importance.  There is no hydraulic attractive 
flow that would draw sea lamprey into Calumet Harbor.  The dispersal of spawning 
adults within streams is influenced mainly by blockages, water temperature, flow, 
sediment, and presence of lakes.  In a survey of streams in northern Indiana and the 
Lower Peninsula of Michigan, the absence or scarcity of larvae in streams was attributed 
to intermittent and unstable stream flows (USFWS, Ludington, Michigan, unpublished 
records; Morman et al. 1980).  Pollution, sedimentation, and hard or unstable bottoms 
also contributed to the absence or scarcity of lamprey (Morman et al. 1980).  
Temperature tolerances of adults are not well characterized, but they are documented 
to tolerate a range of 1–20°C (3.8–68°F) (Beamish 1980).  Temperatures of 31.4°C 
(88.5°F) are lethal to ammocoetes (Beamish 1980).  Water temperature is probably the 
most important factor affecting the development of embryos.  Water temperatures of 
11–25°C (51.8–77°F) appear essential for successful spawning (Morman et al. 1980).  
These temperatures are within the range of the CAWS (MWRD 2011).  The median low 
flow of 74 streams that contained populations of sea lamprey ammocoetes in the Lower 
Peninsula of Michigan was 0.4 m/s (1.31ft/s) (Morman et al. 1980).  However, others 
have stated that velocities of 0.5–1.5 m/s (1.64–4.92 ft/s) were suitable for spawning 
(Manion & Hanson 1980).  Most flows in the CAWS were less than 0.15 m/s (0.49 ft/s); 
the highest was 0.27 m/s (0.89 ft/s) (LimnoTech 2010).   
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The distribution of larval lampreys is also limited by hard stream bottom and pollution, 
but larvae have been found in a wide range of habitats exhibiting these conditions 
(Morman et al. 1980).  Spawning typically occurs over sand or gravel (Morman et al. 
1980), both of which are common substrates in portions of the CAWS (LimnoTech 2010).  
After hatching, ammocoetes, lamprey larvae, drift downstream and bury in detritus-rich 
mud, silt, or sand-silt bottoms (Kottelat & Freyhof 2007; Hardisty & Potter1971) for 5.5–
8 years, often at the edges of rivers and streams where currents are slow (Gallant 
et al. 2006; Kottelat & Freyhof 2007).  Sediments in the Little Calumet River are primarily 
inorganic silt, but areas of sand and gravel are also present (LimnoTech 2010).  Inorganic 
silt sediments predominate in the Calumet Sag Channel as well.  Bedrock sediments are 
also present (LimnoTech 2010).  The CSSC has banks of bedrock and steel sheet piling 
leading to the Des Plaines River.  Most sediments in the CSSC are silt or bedrock or a 
combination of silt and sand, gravel, or cobble (LimnoTech 2010).   
 
Pollution, turbidity, and/or sedimentation were mentioned as major limiting factors for 
the absence or scarcity of larvae in streams in Illinois and Michigan (Starret et al. 1960; 
Morman et al. 1980).  Contaminants, although diluted in stream water, may reach toxic 
levels as they accumulate in sediment and thereby cause mortality of larval lampreys.  
The influence of stream pollution on spawning runs is poorly understood.  Adult 
lampreys may be more tolerant of some pollutants than embryonic or larval lampreys, 
because they run polluted streams in which larvae have never been detected (Morman 
et al. 1980).  The Calumet River, the Little Calumet River, and the Calumet Sag Channel 
also contain areas with potentially toxic sediment contaminant levels (Gallagher 
et al. 2011).   
T10: See T0. 
T25: See T0.  Future water quality may improve with current plans to close two power 
plants and update wastewater treatment (Illinois Pollution Control Board 2012).   
T50: See T25. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Adults will move into the CAWS only to spawn in the CAWS itself or to move to spawning 
areas farther downstream (section 3a).  Sea lampreys are capable of traveling great 
distances to spawning grounds, so they could move through the CAWS during this time step 
(section 3a).  Water depth in the CAWS is adequate for spawning of sea lampreys, and there 
are no physical barriers that they could not pass eventually, although barriers may slow 
passage (section 2d).  Suitable spawning and juvenile habitat may be present in the CAWS 
(section 2d).  The stream hydraulics of the CAWS do not provide “attractive flow” to draw 
sea lamprey into the CAWS.  Pollution, sedimentation, and dissolved oxygen in portions of 
the CAWS may be unsuitable for larval development (section 2d).  Sea lampreys are 
historically very rare in Illinois rivers (section 2a) potentially because of silt and turbidity 
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(section 2d).  Sea lampreys have not been found in the CAWS, suggesting the CAWS would 
not be a pathway for this species (section 2a).  Consequently, probability of passage is low. 
T10: See T0.  Hydraulics are expected to remain unsuitable. 
T25: See T10. 
T50: See T10. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Medium Medium 

 
Evidence for Uncertainty Rating 
 
T0: Why sea lampreys are not found in Illinois rivers despite being in Lake Michigan for 70+ 
years is not fully understood.  However, suitable conditions for passage appear to be 
present.  Therefore, uncertainty is medium. 
T10: See T0.   
T25: See T0.   
T50: See T0.  The uncertainty of habitat suitability associated with the improvement of 
habitat conditions increases over time.  However, the hydraulics will remain unsuitable. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
Sea lampreys would be present in rivers of the MRB only for spawning or early life stage 
development.  Adults do not occupy riverine habitat except to spawn.  Sea lampreys 
require mostly gravel (15–115 mm [0.59–4.53 in.] diameter) for constructing nests, 
although they use other materials such as rubble, clam shells, and lumps of clay when 
gravel is scarce or absent (Morman et al. 1980).  Gravel at highway or railroad crossings 
provides lampreys with spawning sites.  In such streams spawning may be limited to 
only one small area (Morman et al. 1980).  The larvae of sea lamprey occur most 
frequently in soft bottoms containing mixtures of silt and sand (NBII & ISSG 2008; 
Morman et al. 1980).  However, Morman et al. (1980) referred to the scarcity of 
ammocoetes in the lower sections of some streams in spite of soft bottoms, suggesting 
that heavy siltation and slow currents were unfavorable.  Below the Brandon Road Lock 
and Dam, there are streams that could provide suitable spawning habitat.  However, 
extensive surveys in Illinois rivers found no sea lampreys, and there is only one dubious 
record from the Du Page River (Starret et al. 1960).   
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b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Movements from the sea to spawning sites may cover distances from 19.3 to 805 km 
(12 to 500 mi) inland (Hardisty 1986), suggesting sea lampreys could swim to suitable 
spawning habitat if they were present.  Juveniles on the migration to Lake Michigan 
could be blocked by the electric barriers above the Lockport Lock and Dam. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn and are capable of traveling great distances 
to spawning ground (section 4a).  Larval and juvenile stages develop in rivers, and suitable 
habitat may be present downstream of the Brandon Road Lock and Dam (section 4a).  
However, sea lamprey are historically very rare in Illinois rivers (section 4a) potentially 
because of silt and turbidity (section 4a), suggesting they would not be present downstream 
of the Brandon Road Lock and Dam (section 4a).  Overall, the probability of colonization is 
medium. 

 
Uncertainty: MEDIUM 

 
Evidence for Uncertainty Rating 
 
The suitability of sediment conditions for spawning is uncertain.  Sea lampreys are capable 
of traveling great distances to spawning grounds (section 4a), and why sea lamprey are not 
found in Illinois rivers despite being in Lake Michigan for 70 or more years is not fully 
understood.  Overall, the uncertainty associated with colonization is medium. 

 
5. P(spreads): LOW  

 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB 

Temperatures between 10 and 27 °C (50 and 80.6 °F) are considered appropriate for 
larval and juvenile development (Morman et al. 1980).  Consequently, the climate of the 
MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Sea lampreys move by swimming or by attaching to other fish. 
 

c. Fecundity 
Sea lampreys have been reported to lay between 35,000–100,000 (NBII & ISSG 2008) 
and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling time is 
4.5–14 years (Fishbase 2010). 
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d. History of Invasion Success  
Sea lampreys are native to the east coast of the United States, and the majority of the 
European coast but have been introduced to the Great Lakes through the canal system 
(NBII & ISSG 2008).  Sea lampreys entered the Great Lakes in the 1800s through 
manmade locks and shipping canals.  Prior to the opening of the Welland Canal in 1829 
and prior to modification of Niagara Falls in 1919, Niagara Falls served as a natural 
barrier to keep sea lampreys out of the Great Lakes (GLFC 2000).  Although sea lampreys 
have been established in Lake Michigan since the 1930s, there are no confirmed records 
of them in Illinois rivers (Starrett et al. 1960). 
 

e. Human-Mediated Transport through Aquatic Pathways 
Human-mediated transport is not required. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Sea lampreys occupy lakes and oceans as adults and would exist in river habitat only as 
spawning adults or during early life stages.  Sea lampreys could potentially colonize 
reservoirs within the MRB. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn (section 5a), but they could potentially 
occupy reservoirs/navigation pools in the MRB.  Sea lampreys are capable of swimming to 
spawning grounds (section 5b), and suitable spawning habitat is present in the MRB 
(section 5f).  However, sea lampreys are historically very rare in Illinois rivers (section 5a) 
potentially because of silt and turbidity (section 5d).  Sea lampreys are an anadromous fish 
that prefers large lentic systems.  Consequently, probability of spread is low.   
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Why sea lampreys are not found in the MRB despite being in Lake Michigan for 70 or more 
years is not fully understood.  The suitability of reservoirs/navigation pools and the ability of 
sea lamprey to reach these reservoirs are unknown.  However, based on the historical 
absence of sea lampreys in the MRB, the uncertainty associated with spread is low. 
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PATHWAY: 4 (INDIANA HARBOR TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 Low Medium Low Medium Low Medium 
P(colonizes) Medium Medium Medium Medium Medium Medium Medium Medium 
P(spreads) Low Low Low Low Low Low Low Low 
P(establishment) Low -a Low - Low - Low - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 Indiana 
Harbor and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Sea lampreys move by swimming or by attaching to other fish.  Sea lampreys are 
believed to have migrated through the Erie, Welland, and St. Lawrence canal systems 
(NBII & ISSG 2008).  Adults are parasitic, using their sharp teeth to attach themselves to 
cetaceans and large fish and feed off their host’s blood, body fluids and flesh for several 
days (Kottelat & Freyhof 2007).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Since 1957, larval sea lampreys have been 
detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB (Morman 
et al. 1980). 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  There is heavy lake-wide commercial vessel traffic to the Indiana Harbor 
(USACE 2011a).  However, this species primarily relies on swimming or attaching to 
hosts for movement. 
 

c. Current Abundance and Reproductive Capacity 
T0: Sea lampreys have been reported to produce between 35,000–100,000 (NBII & ISSG 
2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling 
time is 4.5–14 years (Fishbase 2010).  There are ongoing efforts to suppress sea lamprey 
populations, and lampricides have been generally successful in reducing the sea lamprey 
population (Fuller et al. 2011).   
T10: See T0.  Lamprey populations may fluctuate due to natural ecological changes and 
ongoing management measures to suppress their number. 
T25: See T10. 
T50: See T10. 
  

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: The sea lamprey has been established in lower Lake Michigan since 1936 (Fuller 
et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Lake Michigan is known to be suitable habitat for the species, because it has been 
established there since 1936.   
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sea lamprey has been in lower Lake Michigan since 1936 (sections 2e, 2f) and is 
therefore considered to have arrived at the pathway. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The sea lamprey has been documented in lower Lake Michigan since 1936 (sections 2e, 
2f); therefore, uncertainty is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: LOW   
 
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  

Sea lampreys move by swimming or by attaching to other fish.  Eggs and larvae are 
benthic, not free-floating (Fuller et al. 2011), so transport of eggs by currents is unlikely.  
Sea lampreys are believed to have migrated through the Erie, Welland, and St. Lawrence 
canal systems (NBII & ISSG 2008).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Interconnecting waterways are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Mature adults enter rivers and streams to spawn in spring (Hardisty 1986; Muus 
et al. 1999; Kelly & King 2001).  After spawning adults normally die (Rochard & Elie 
1994).  Upon metamorphosis, which may take 5 or more years in the Great Lakes (Potter 
1981), individuals migrate into open water.  However, since 1957, larval sea lampreys 
have been detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB 
(Morman et al. 1980).  Surveys of Illinois rivers in the 1960s produced only one potential 
specimen. 
 

b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  Interconnecting waterways and attachment to fishes and boats are considered 
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major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Vessel traffic to the Indiana Harbor is lake-wide rather than from the CAWS, and there is 
no commercial vessel traffic to inland ports in the CAWS from Indiana Harbor (NBIC 
2012).  There is little if any vessel traffic in the Grand Calumet River due to the shallow 
depth. 
 

c. Existing Physical Human/Natural Barriers 
T0: There is sheet pile across the Grand Calumet River between the Indiana Harbor Canal 
and the Calumet River that could act as a barrier, especially under low flows.  Physical 
barriers, such as dams, have been recognized as limiting to the upstream movement of 
sea lampreys (Morman et al. 1980).  Therefore, the Lockport Lock and Dam and the 
Brandon Road Lock and Dam may act as temporary barriers to passage.  Water depth 
does not seem to be a critical factor in the distribution of lamprey spawning.  Water 
depth at 32 northern Michigan streams ranged from 5 to 152 cm (2 to 60 in.) (Applegate 
1950).  The CAWS has perennial flow and a water depth that supports navigation; 
therefore, water depth is not expected to inhibit movement.  The electric barriers 
upstream of the Lockport Lock and Dam could shock sea lamprey moving downstream, 
but they would continue to float downstream.  Therefore, the barriers are not likely to 
control passage. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Many environmental conditions influence the distribution of sea lampreys.  Stream 
flow and water temperature are of major importance.  Water flows toward Lake 
Michigan in Indiana Harbor, which may provide attractive flow to this species.  The 
dispersal of spawning adults within streams is influenced mainly by blockages, water 
temperature, flow, sediment and presence of lakes.  In a survey of streams in northern 
Indiana and the Lower Peninsula of Michigan, the absence or scarcity of larvae in 
streams was attributed to intermittent and unstable stream flows (USFWS, Ludington, 
Michigan, unpublished records; Morman et al. 1980).  Pollution, sedimentation, and 
hard or unstable bottoms also contributed to the absence or scarcity of lamprey 
(Morman et al. 1980).  Temperature tolerances of adults are not well characterized, but 
they are documented to tolerate a range of 1–20°C (3.8–68°F) (Beamish 1980).  
Temperatures of 31.4°C (88.5°F) are lethal to ammocoetes (Beamish 1980).  Water 
temperature is probably the most important factor affecting the development of 
embryos.  Water temperatures of 11–25°C (51.8–77°F) appear essential for successful 
spawning (Morman et al. 1980).  These temperatures are within the range of the CAWS 
(MWRD 2011).  The median low flow of 74 streams that contained populations of sea 
lamprey ammocoetes in the Lower Peninsula of Michigan was 0.4 m/s (1.31ft/s) 
(Morman et al. 1980).  However, others have stated that velocities of 0.5–1.5 m/s  
(1.64–4.92 ft/s) were suitable for spawning (Manion & Hanson 1980).  Most flows in 
the CAWS were less than 0.15 m/s (0.49 ft/s); the highest was 0.27 m/s (0.89 ft/s) 
(LimnoTech 2010).   
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The distributions of larval lampreys are also limited by hard stream bottom and 
pollution, but larvae have been found in a wide range of habitats exhibiting these 
conditions (Morman et al. 1980).  Spawning typically occurs over sand or gravel 
(Morman et al. 1980), both of which are common substrates in portions of the CAWS 
(LimnoTech 2010).  After hatching, ammocoetes, lamprey larvae, drift downstream and 
bury in detritus-rich mud, silt, or sand-silt bottoms (Kottelat & Freyhof 2007; Hardisty & 
Potter 1971) for 5.5–8 years, often at the edges of rivers and streams where currents 
are slow (Gallant et al. 2006; Kottelat & Freyhof 2007).  Conditions at Indiana Harbor are 
highly industrialized.  Sediments in the Grand Calumet consist of primarily cobble, 
bedrock, or concrete, but silt, sludge, and plant debris are also present (Gallagher 
et al. 2011).  Water can flow east or west depending on the water level in Lake 
Michigan.  The Calumet Sag Channel and the Little Calumet River also contain areas with 
potentially toxic sediment contaminant levels (Gallagher et al. 2011).  Sediments in the 
Little Calumet River are primarily inorganic silt, but areas of sand and gravel are also 
present (LimnoTech 2010).  Inorganic silt sediments predominate in the Calumet Sag 
Channel as well.  Bedrock sediments are also present (LimnoTech 2010).  In the CSSC, in-
stream habitat varies by location, but it is generally limited, and vertical bank walls are 
common along the shoreline.  Sediments in the CSSC vary but are primarily silt, sludge, 
bedrock, and sand, with scattered cobble (LimnoTech 2010).   
 
Pollution, turbidity, and/or sedimentation were mentioned as major limiting factors for 
the absence or scarcity of larvae in streams in Illinois and Michigan (Starret  et al. 1960; 
Morman et al. 1980).  Contaminants, although diluted in stream water, may reach toxic 
levels as they accumulate in sediment and thereby cause mortality of larval lampreys.  
The influence of stream pollution on spawning runs is poorly understood.  Adult 
lampreys may be more tolerant of some pollutants than embryonic or larval lampreys, 
because they run polluted streams in which larvae have never been detected (Morman 
et al. 1980).  In the east branch of the Grand Calumet River, biological integrity is poor 
and sediment toxicity is high (Gallagher et al. 2011).  The Calumet River, the Little 
Calumet River, and the Calumet Sag Channel also contain areas with potentially toxic 
sediment contaminant levels (Gallagher et al. 2011).   
T10: See T0. 
T25: See T0.  Future water quality may improve with current plans to close two power 
plants and update wastewater treatment (Illinois Pollution Control Board 2012).   
T50: See T25. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Adults will move into the CAWS only to spawn in the CAWS itself or to move to spawning 
areas farther downstream (section 3a).  Sea lampreys are capable of traveling great 
distances to spawning grounds, so they could move through the CAWS during this time step 
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(section 3a).  Water depth in the CAWS is adequate for spawning of sea lampreys, and there 
are no physical barriers that they could not pass eventually, although the barriers may slow 
passage (section 2d).  Suitable spawning and juvenile habitat may be present in the CAWS 
(section 2d).  Hydrologic conditions in the CAWS appear to be suitable, although pollution, 
sedimentation, and dissolved oxygen in portions of the CAWS may be unsuitable for larval 
development (section 2d).  Sea lampreys are historically very rare in Illinois rivers 
(section 2a) potentially because of silt and turbidity (section 2d).  Sea lampreys have not 
been found in the CAWS, suggesting the CAWS would not be a pathway for this species 
(section 2a).  Consequently, probability of passage is low. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Medium Medium 

 
Evidence for Uncertainty Rating 
 
T0: Why sea lampreys are not found in Illinois rivers despite being in Lake Michigan for 70 or 
more years is not fully understood.  However, suitable conditions for passage appear to be 
present.  Therefore, uncertainty is medium. 
T10: See T0.   
T25: See T0.   
T50: See T0. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
Sea lampreys would be present in rivers of the MRB only for spawning or early life stage 
development.  Adults do not occupy riverine habitat except to spawn.  Sea lampreys 
require mostly gravel (15–115 mm [0.59–4.53 in,] diameter) for constructing nests, 
although they use other materials such as rubble, clam shells, and lumps of clay when 
gravel is scarce or absent (Morman et al. 1980).  Gravel at highway or railroad crossings 
provides lampreys with spawning sites.  In such streams spawning may be limited to 
only one small area (Morman et al. 1980).  The larvae of sea lamprey occur most 
frequently in soft bottoms containing mixtures of silt and sand (NBII & ISSG 2008; 
Morman et al. 1980).  However, Morman et al. (1980) referred to the scarcity of 
ammocoetes in the lower sections of some streams in spite of soft bottoms, suggesting 
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that heavy siltation and slow currents were unfavorable.  Below Brandon Road Lock and 
Dam, there are streams that could provide suitable spawning habitat.  However, 
extensive surveys in Illinois Rivers found no sea lampreys, and there is only one dubious 
record from the DuPage River (Starret et al. 1960).   
 

b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Juveniles on the migration to Lake Michigan could be blocked by the electric barriers 
above the Lockport Lock and Dam. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn and are capable of traveling great distances 
to spawning ground (section 4a).  Larval and juvenile stages develop in rivers, and suitable 
habitat may be present downstream of the Brandon Road Lock and Dam (section 4a).  
However, sea lamprey are historically very rare in Illinois rivers (section 4a) potentially 
because of silt and turbidity (section 4a), suggesting they would not be present downstream 
of the Brandon Road Lock and Dam (section 2a).  Overall, the probability of colonization is 
medium. 
 
Uncertainty: MEDIUM 
 
Evidence for Uncertainty Rating 
 
The suitability of sediment conditions for spawning is uncertain.  Sea lampreys are capable 
of traveling great distances to spawning grounds (section 4a), and why sea lamprey are not 
found in Illinois rivers despite being in Lake Michigan for 70 or more years is not fully 
understood.  Overall, the uncertainty associated with colonization is medium. 

 
5. P(spreads): LOW 

 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB  

Temperatures between 10 and 27 °C (50 and 80.6°F) are considered appropriate for 
larval and juvenile development (Morman et al. 1980).  Consequently, the climate of the 
MRB should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Sea lampreys move by swimming or by attaching to other fish. 
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c. Fecundity 
Sea lampreys have been reported to lay anywhere between 35,000–100,000 (NBII & 
ISSG 208) and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling 
time is 4.5–14 years (Fishbase 2010). 
 

d. History of Invasion Success  
Sea lampreys are native to the east coast of the United States and the majority of the 
European coast but have been introduced to the Great Lakes through the canal system 
(NBII & ISSG 2008).  Sea lampreys entered the Great Lakes in the 1800s through 
manmade locks and shipping canals.  Prior to the opening of the Welland Canal in 1829 
and prior to the modification of Niagara Fall in 1919, Niagara Falls served as a natural 
barrier to keep sea lampreys out of the Great Lakes (GLFC 2000).  Although sea lamprey 
s have been established in Lake Michigan since the 1930s, there are no confirmed 
records of them in Illinois rivers (Starrett et al. 1960). 
 

e. Human-Mediated Transport through Aquatic Pathways 
Human-mediated transport is not required. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological) 
Sea lampreys occupy lakes and oceans as adults and would exist in river habitat only as 
spawning adults or during early life stages.  Sea lampreys could potentially colonize 
reservoirs within the MRB. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn (section 5a), but they could potentially 
occupy reservoirs/navigation pools in the MRB.  Sea lampreys are capable of swimming to 
spawning grounds (section 5b), and suitable spawning habitat is present in the MRB 
(section 5f).  However, sea lampreys are historically very rare in Illinois rivers (section 5a) 
potentially because of silt and turbidity (section 5d).  Sea lampreys are an anadromous fish 
that prefers large lentic systems.  Consequently, probability of spread is low. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Why sea lamprey are not found in the MRB despite being in Lake Michigan for 70 or more 
years is not fully understood.  The suitability of reservoirs/navigation pools and the ability of 
sea lampreys to reach these reservoirs are unknown.  However, based on the historical 
absence of sea lampreys in the MRB, the uncertainty associated with their spread is low. 
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PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO BRANDON ROAD LOCK AND DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY  
 

Probability 
Element 

T0 T10 T25 T50 
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 Low Medium Low Medium Low Medium 
P(colonizes) Medium Medium Medium Medium Medium Medium Medium Medium 
P(spreads) Low Low Low Low Low Low Low Low 
P(establishment) Low -a Low - Low - Low - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the BSBH 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating 
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Sea lampreys move by swimming or by attaching to other fish.  Sea lampreys are 
believed to have migrated through the Erie, Welland, and St. Lawrence canal systems 
(NBII & ISSG 2008).  Adults are parasitic, using their sharp teeth to attach themselves to 
cetaceans and large fish and feed off their host’s blood, body fluids and flesh for several 
days (Kottelat & Freyhof 2007).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Since 1957, larval sea lampreys have been 
detected in only 433 (7.5%) of the 5747 streams and tributaries of the GLB (Morman 
et al. 1980). 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  There is recreational but not commercial vessel traffic to the BSBH 
(USACE 2011a,b).  However, this species primarily relies on swimming or attaching to 
hosts for movement. 
 

c. Current Abundance and Reproductive Capacity 
T0: Sea lampreys have been reported to produce between 35,000–100,000 (NBII & ISSG 
2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population doubling 
time is 4.5–14 years (Fishbase 2010).  There are ongoing efforts to suppress sea lamprey 
populations, and lampricides have been generally successful in reducing the sea lamprey 
population (Fuller et al. 2011).   
T10: See T0.  Lamprey populations may fluctuate due to natural ecological changes and 
ongoing management measures to suppress their number. 
T25: See T10. 
T50: See T10. 
  

d. Existing Physical Human/Natural Barriers  
T0: None. 
T10: None. 
T25: None. 
T50: None. 
 

e. Distance from Pathway  
T0: The sea lamprey has been established in lower Lake Michigan since 1936 (Fuller 
et al. 2012).   
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Lake Michigan is known to be suitable habitat for the species, because it has been 
established there since 1936.   
T10: See T0. 
T25: See T0. 
T50: See T0. 

 
Probability of Arrival 

 
Time Step T0 T10 T25 T50 
Rating High High High High 
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Evidence for Probability Rating (Considering All Life Stages) 
 
T0: The sea lamprey has been in lower Lake Michigan since 1936 (sections 2e, 2f) and is 
therefore considered to have arrived at the pathway. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 
Uncertainty of Arrival 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Uncertainty Rating 
 
T0: The sea lamprey has been documented in lower Lake Michigan since 1936 (sections 2e, 
2f); therefore, uncertainty is low. 
T10: See T0. 
T25: See T0. 
T50: See T0. 
 

3. P(passage) T0-T50: LOW   
 
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  

Sea lampreys move by swimming or by attaching to other fish.  Eggs and larvae are 
benthic, not free-floating (Fuller et al. 2011), so transport of eggs by currents is unlikely.  
Sea lampreys are believed to have migrated through the Erie, Welland, and St. Lawrence 
canal systems (NBII & ISSG 2008).  The species is known to travel long distances while 
attached to other fish (NBII & ISSG 2008).  Interconnecting waterways are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Mature adults enter rivers and streams to spawn in spring (Hardisty 1986; Muus et 
al.1999; Kelly & King 2001).  Movements from the sea to spawning sites may cover 
distances from 19.3 to 805 km (12 to 500 mi) inland (Hardisty 1986).  It is less than 
64.4 km (40 mi) from the BSBH to the Brandon Road Lock and Dam.  After spawning, 
adults normally die (Rochard & Elie1994).  Upon metamorphosis, which may take 5 or 
more years in the Great Lakes (Potter 1981), individuals migrate into open water.  
However, since 1957, larval sea lampreys have been detected in only 433 (7.5%) of the 
5747 streams and tributaries of the GLB (Morman et al. 1980).  Surveys of Illinois rivers 
in the 1960s produced only one potential specimen. 
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b. Human-Mediated Transport through Aquatic Pathways 
Sea lampreys may have attached to boats going through canal systems (NBII & ISSG 
2008).  Interconnecting waterways and attachment to fishes and boats are considered 
major factors in the lake movements of parasitic-phase lampreys (Morman et al. 1980).  
Vessel traffic to the BSBH is lake-wide rather than from the CAWS, and there is no 
commercial vessel traffic to inland ports in the CAWS from the BSBH (NBIC 2012).   
 

c. Existing Physical Human/Natural Barriers 
T0: Physical barriers, such as dams, have been recognized as limiting to the upstream 
movement of sea lampreys (Morman et al. 1980).  Therefore, the Lockport Lock and 
Dam and the Brandon Road Lock and Dam may act as temporary barriers to passage.  
Water depth does not seem to be a critical factor in the distribution of lamprey 
spawning.  Water depth at 32 northern Michigan streams ranged from 5 to 152 cm (2 to 
60 in.) (Applegate 1950).  The CAWS has perennial flow and a water depth that supports 
navigation; therefore, water depth is not expected to inhibit movement.  The electric 
barriers upstream of the Lockport Lock and Dam could shock sea lamprey moving 
downstream, but they would continue to float downstream.  Therefore, the barriers are 
not likely to control passage. 
T10: See T0.  No changes in human or natural barriers are expected. 
T25: See T0. 
T50: See T0. 
 

d. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
T0: Many environmental conditions influence the distribution of sea lampreys.  Stream 
flow and water temperature are of major importance.  Water flows toward Lake 
Michigan in Indiana Harbor, which may provide attractive flow to this species.  The 
dispersal of spawning adults within streams is influenced mainly by blockages, water 
temperature, flow, sediment and presence of lakes.  In a survey of streams in northern 
Indiana and the Lower Peninsula of Michigan, the absence or scarcity of larvae in 
streams was attributed to intermittent and unstable stream flows (USFWS, Ludington, 
Michigan, unpublished records; Morman et al. 1980).  Pollution, sedimentation, and 
hard or unstable bottoms also contributed to the absence or scarcity of lamprey 
(Morman et al. 1980).  Temperature tolerances of adults are not well characterized, but 
they are documented to tolerate a range of 1–20°C (3.8–68°F) (Beamish 1980).  
Temperatures of 31.4°C (88.5°F) are lethal to ammocoetes (Beamish 1980).  Water 
temperature is probably the most important factor affecting the development of 
embryos.  Water temperatures of 11–25°C (51.8–77°F) appear essential for successful 
spawning (Morman et al. 1980).  These temperatures are within the range of the CAWS 
(MWRD 2011).  The median low flow of 74 streams that contained populations of sea 
lamprey ammocoetes in the Lower Peninsula of Michigan was 0.4 m/s (1.31ft/s) 
(Morman et al. 1980).  However, others have stated that velocities of 0.5–1.5 m/s  
(1.64–4.92 ft/s) were suitable for spawning (Manion & Hanson 1980).  Most flows in 
the CAWS were less than 0.15 m/s (0.49 ft/s); the highest was 0.27 m/s (0.89 ft/s) 
(LimnoTech 2010). 
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The distribution of larval lampreys is also limited by hard stream bottom and pollution, 
but larvae have been found in a wide range of habitats exhibiting these conditions 
(Morman et al. 1980).Spawning typically occurs over sand or gravel (Morman 
et al. 1980), both of which are common substrates in portions of the CAWS 
(LimnoTech 2010).  After hatching, ammocoetes, lamprey larvae, drift downstream and 
bury in detritus-rich mud, silt or sand-silt bottoms (Kottelat & Freyhof 2007; Hardisty & 
Potter 1971) for 5.5–8 years, often at the edges of rivers and streams where currents 
are slow (Gallant et al. 2006; Kottelat & Freyhof 2007).  The banks of the south leg of the 
Little Calumet River are vegetated, and sediments are plant debris, silt, sand, cobble, 
gravel, and boulder (Gallagher et al. 2011).  Sediments in the Little Calumet River are 
primarily inorganic silt, but areas of sand and gravel are also present (LimnoTech 2010).  
Inorganic silt sediments predominate in the Calumet Sag Channel as well.  Bedrock 
sediments are also present (LimnoTech 2010).  In the CSSC, in-stream habitat varies by 
location, but it is generally limited, and vertical bank walls are common along the 
shoreline.  Sediments in the CSSC vary but are primarily silt, sludge, bedrock, and sand, 
with scattered cobble (LimnoTech 2010).   
 
Pollution, turbidity, and/or sedimentation were mentioned as major limiting factors for 
the absence or scarcity of larvae in streams in Illinois and Michigan (Starret et al. 1960; 
Morman et al. 1980).  Contaminants, although diluted in stream water, may reach toxic 
levels as they accumulate in sediment and thereby cause mortality of larval lampreys.  
The influence of stream pollution on spawning runs is poorly understood.  Adult 
lampreys may be more tolerant of some pollutants than embryonic or larval lampreys, 
because they run polluted streams in which larvae have never been detected (Morman 
et al. 1980).  The Calumet River, the Little Calumet River, and the Calumet Sag Channel 
also contain areas with potentially toxic sediment contaminant levels (Gallagher 
et al. 2011).   
T10: See T0. 
T25: See T0.  Future water quality may improve with current plans to close two power 
plants and update wastewater treatment (Illinois Pollution Control Board 2012).   
T50: See T25. 

 
Probability of Passage 

 
Time Step T0 T10 T25 T50 
Rating Low Low Low Low 

 
Evidence for Probability Rating (Considering All Life Stages) 
 
T0: Adults will move into the CAWS only to spawn in the CAWS itself or to move to spawning 
areas farther downstream (section 3a).  Sea lamprey are capable of traveling great distances 
to spawning grounds, so they could move through the CAWS during this time step 
(section 3a).  Water depth in the CAWS is adequate for spawning of sea lampreys, and there 
are no physical barriers that they could not pass eventually, although barriers may slow 
passage (section 3d).  Suitable spawning and juvenile habitat may be present in the CAWS 
(section 3d).  Hydrologic conditions in the CAWS appear to be suitable, although pollution, 
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sedimentation, and dissolved oxygen in portions of the CAWS may be unsuitable for larval 
development (section 3d).  Sea lampreys are historically very rare in Illinois rivers (section 
3a) potentially because of silt and turbidity (section 3d).  Sea lampreys have not been found 
in the CAWS, suggesting the CAWS would not be a pathway for this species (section 3a).  
Consequently, probability of passage is low. 
T10: See T0.   
T25: See T0. 
T50: See T0. 
 
Uncertainty of Passage 

 
Time Step T0 T10 T25 T50 
Rating Medium Medium Medium Medium 

 
Evidence for Uncertainty Rating 
 
T0: Why sea lampreys are not found in Illinois rivers despite being in Lake Michigan for 70 or 
more years is not fully understood.  However, suitable conditions for passage appear to be 
present.  Therefore, uncertainty is medium. 
T10: See T0.   
T25: See T0.   
T50: See T0. 
 

4. P(colonizes): MEDIUM 
 
In determining the probability of colonization, the species is assumed to have passed 
through the pathway.  The probability of colonization is the same for all time steps. 
 
Factors That Influence Colonization of Species (Considering All Life Stages) 

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

Climatological)  
Sea lampreys would be present in rivers of the MRB only for spawning or early life stage 
development.  Adults do not occupy riverine habitat except to spawn.  Sea lampreys 
require mostly gravel (15–115 mm [0.59–4.53 in.] diameter) for constructing nests, 
although they use other materials such as rubble, clam shells, and lumps of clay when 
gravel is scarce or absent (Morman et al. 1980).  Gravel at highway or railroad crossings 
provides lampreys with spawning sites.  In such streams spawning may be limited to 
only one small area (Morman et al. 1980).  The larvae of sea lamprey occur most 
frequently in soft bottoms containing mixtures of silt and sand (NBII & ISSG 2008; 
Morman et al. 1980).  However, Morman et al. (1980) referred to the scarcity of 
ammocoetes in the lower sections of some streams in spite of soft bottoms, suggesting 
that heavy siltation and slow currents were unfavorable.  Below the Brandon Road Lock 
and Dam, there are streams that could provide suitable spawning habitat.  However, 
extensive surveys in Illinois rivers found no sea lampreys, and there is only one dubious 
record from the Du Page River (Starret et al. 1960).   
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b. Ability of the Species to Reach Suitable Habitat by Natural or Human-Mediated Dispersal 
Juveniles on the migration to Lake Michigan could be blocked by the electric barriers 
above Lockport Lock and Dam. 
 

Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn and are capable of traveling great distances 
to spawning ground (section 4a).  Larval and juvenile stages develop in rivers, and suitable 
habitat may be present downstream of the Brandon Road Lock and Dam (section 4a).  
However, sea lampreys are historically very rare in Illinois rivers (section 4a) potentially 
because of silt and turbidity (section 4a), suggesting they would not be present downstream 
of the Brandon Road Lock and Dam (section 4a).  Overall, the probability of colonization is 
medium. 
 
Uncertainty: MEDIUM 
 
Evidence for Uncertainty Rating: 
 
The suitability of sediment conditions for spawning is uncertain.  Sea lampreys are capable 
of traveling great distances to spawning grounds (section 4a), and why sea lamprey are not 
found in Illinois rivers despite being in Lake Michigan for 70 or more years is not fully 
understood.  Overall, the uncertainty associated with colonization is medium. 

 
5. P(spreads): LOW 

 
In determining the probability of spread, the species is assumed to have colonized in the 
MRB.  The probability of spread is the same for all time steps. 
 
Factors That Influence Spread of Species 

 
a. Suitable Climate in the MRB 

Temperatures between 10 and 27°C (50 and 0.6°F) are considered appropriate for larval 
and juvenile development (Morman et al. 1980).  Consequently, the climate of the MRB 
should be suitable. 
 

b. Type of Mobility/Invasion Speed 
Sea lampreys move by swimming or by attaching to other fish. 
 

c. Fecundity 
Sea lampreys have been reported to lay anywhere between 35,000–100,000 (NBII & 
ISSG 2008) and 120,000–260,000 eggs (Fishbase 2010); the minimum population 
doubling time is 4.5–14 years (Fishbase 2010). 
 

d. History of Invasion Success  
Sea lampreys are native to the east coast of the United States and the majority of the 
European coast but have been introduced to the Great Lakes through the canal system 
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(NBII & ISSG 2008).  Sea lampreys entered the Great Lakes in the 1800s through 
manmade locks and shipping canals.  Prior to the opening of the Welland Canal in 1829 
and prior to the modification of Niagara Falls in 1919, Niagara Falls served as a natural 
barrier to keep sea lampreys out of the Great Lakes (GLFC 2000).  Although sea lampreys 
have been established in Lake Michigan since the 1930s, there are no confirmed records 
of them in Illinois rivers (Starrett et al. 1960). 
 

e. Human-Mediated Transport through Aquatic Pathways 
Human-mediated transport is not required by the species. 
 

f. Suitable Habitat (Physical, Structural, Hydrologic, Hydraulic, Chemical, and 
Climatological)  
Sea lampreys occupy lakes and oceans as adults and would exist only in river habitat as 
spawning adults or during early life stages.  Sea lampreys could potentially colonize 
reservoirs within the MRB. 

 
Evidence for Probability Rating 
 
Adults will move into the rivers only to spawn (section 5a), but they could potentially 
occupy reservoirs/navigation pools in the MRB.  Sea Lamprey are capable of swimming to 
spawning grounds (section 5b), and suitable spawning habitat is present in the MRB 
(section 5f).  However, sea lampreys are historically very rare in Illinois rivers (section 5a) 
potentially because of silt and turbidity (section 5d).  Sea lampreys are an anadromous fish 
that prefers large lentic systems.  Consequently, probability of spread is low. 
 
Uncertainty: LOW 
 
Evidence for Uncertainty Rating 
 
Why sea lamprey are not found in the MRB despite being in Lake Michigan for 70+ years is 
not fully understood.  The suitability of reservoirs/navigation pools and the ability of sea 
lampreys to reach these reservoirs are unknown.  However, based on the historical absence 
of sea lampreys in the MRB, the uncertainty associated with spread is low. 
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E.2.7.4  Tubenose Goby - Proterorhinus semilunaris 
 
PATHWAY: 1 (WILMETTE PUMPING STATION [WPS] TO THE BRANDON ROAD LOCK AND 
DAM) 
 
PROBABILITY OF ESTABLISHMENT SUMMARY   
 

Probability 
Element 

T0 T10 T25 T50 
P U P U P U P U 

P(pathway) High None High None High None High None 
P(arrival) Low Low Medium Medium Medium Medium Medium Medium 
P(passage) High Medium High Medium High Low High Low 
P(colonizes) Medium High Medium High Medium High Medium High 
P(spreads) Medium High Medium High Medium High Medium High 
P(establishment) Low -a Medium - Medium - Medium - 
 
a “-“ 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 PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the WPS 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating  
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50:  LOW-MEDIUM 
 
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 tubenose goby is a small, benthic fish.  The tubenose goby exhibits a slow invasion 
speed and has not spread rapidly in the GLB (Vanderploeg et al. 2002; Rasmussen 2002; 
Fuller et al. 2012).  The species invaded the Laurentian Great Lakes in the 1990s, 
presumably via ballast water from transoceanic cargo ships (Jude et al. 1992).  Jump 
dispersal by the tubenose goby from the lower Great Lakes to Lake Superior can be 
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PATHWAY: 5 (BURNS SMALL BOAT HARBOR [BSBH] TO THE BRANDON ROAD LOCK AND DAM) 
 
RISK ASSESSMENT SUMMARY 
 

Probability 
Element 

T0 T10 T25 T50 
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) Medium Medium Medium Medium Medium Medium Medium Medium 
P(establishment) Medium  Medium  Medium  Medium  

 
EVIDENCE FOR ESTIMATING THE PROBABILITY OF ESTABLISHMENT/UNCERTAINTY 
 
1. P(pathway) T0-T50: 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 the BSBH 
and the Brandon Road Lock and Dam over the next 50 years. 
 
Uncertainty: NONE 
 
Evidence for Uncertainty Rating   
 
The existence of the pathway has been confirmed with certainty. 
 

2. P(arrival) T0-T50: 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  

Viral hemorrhagic septicemia (VHSv) is a viral disease of freshwater and marine fish.  
Until the 1980s, VHSv was believed to be isolated to freshwaters of Europe (Wolf 1988).  
Since that time, four genotypes of the virus have been found in various marine and 
freshwater habitats, including water bodies in Europe, North America, Korea, and Japan 
(Nishizawa et al. 2002; Skall et al. 2005).  It was first reported in the Great Lakes in 2003 
from Lake St. Clair (Elsayed et al. 2006), and by 2010 it had spread to all five Great Lakes 
(MNDR 2010).  Viral hemorrhagic septicemia genotype IVb has now been confirmed in 
five coldwater species and 19 coolwater species in the Great Lakes (Whelan 2009); 
28 species of fish from the Great Lakes basin are considered at risk from the virus, 
including smallmouth bass, walleye, and bluegill (Dudis 2011).  Susceptible fish contract 
the virus by close proximity to other infected individuals, or by ingesting infected 
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