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treatvnent lagoon in Texas.

In 1974 or 1975, speckmens of silver carp were collected from Bayou Meto and the thte River, Arkansas
County, Arkansas (U.S. Geological Survey 2004). The report of these captures was filed in a memorandum fom
the Director, Fish Farning Experirental Station, Stutigast, Atkansas, to the Director, U.S. Fish and Wildlife Service
Region 4, Atlanta, Georgia. In that memorandurn, it was stated that the silver carp was a “potential freat to native
fish.” Sitver catp were propagated and distibused by private hatcheries and by the Arkansas Game and Fish Com.-
mission (Freeze and Henderson 1982). In Januvary 1980, several silver carp were collected from Crocked Creel,
northeastern Azkansas County, that flowed through two private fish hatcheries possessing silver carp (Freeze and
Henderson 1982). By 1981, silver carp had been collected from the White, Arkansas, and Mississippi nivers in
Askansas (Robison and Buchanan 1988). From there, they contisued to spread through the Mississippi River basin,
Silver carp have now been collected from the natural waters of 16 states and Puerto Rico (Table 4.4). Introduction
of this species info Puerio Rico resulted from release of fingerlings mixed with a shipment of grass carp from Lo-
noke, Arkansas (Frdman 1984). Rinne (1995) listed silver carp as infroduced to Asizona in 1972 and denoted it as
established, however, this seems urlikely given that there are no verifiable collections, and that the date coincides
with the earliest importations of sitver carp into Arkansas. W. Silvey {Axizona Game and Fish Department, Phoenix,
Arizona, personal communication, 1998) indicated that the reference is probably apocryphal.

I the carly 1980s commercial fishers in Arleansas canght 166 silver carp from seven sites; bt in an infensive
1580-1981 survey to determine the distribufion and status of bighead and sitver carps in the state, Arkansas Game
and Fish Commission persomel could net locate additional specimens (Freeze and Henderson 1982). Although
Arkansas state persormel did not find young-of-year fish, several specimens taken by the cornrnercial fishers were
sexvally mature and exhibited secondary sexual characteristics (Freeze and Henderson 1982). Burr et al. (1996)
found young-of-year in & ditch near Horseshoe Lake and reported this as the fizst evidence of successfil spawiy-
ing of silver carp in Iinois waters and the United States. Douglas et al. (1996) collected more than 1,600 Jarval
bigheaded carp from a baclwater outlet of the Blaclk River in Louisiana in 1994. Like bighead cap, silver carp
is established thronghout i the Mississippi River basin (Figure 4.11), and its range is still expanding . Silver carp

- Hydrologic Units in the %7

B icsissippi Basin
Hydrologic Units Outside
the Misslssippt Basin

Figure 4.11. Fydrologic Unit Codes (HUC 8) where sitver carp Hypophthalmichthys molitrix have been collected
in the United States. Silver carp at the tme of this writing {March 2007) are not known to be established outside
the Mississippi River basin {hydrologic units in red). Insufficient data exists to be able & determine which parts of
the Mississippi River basin have self-sustaining populations of sitver carp. Map developed from U 5. Geological
Survey's Nonindigerous Aquatic Species Database. Continuously updated maps may be found at hip/nas.enusgs,
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were first collected in the Qhio River drainage in 1986, but began to become abundant and spread
more widely during the 1990s (Table 4.4). In 2004, the Ohio River Valley Water Sanitation Com-
mission (ORSANCO) surveyed the Wabash River and collected silver carp throughout their survey
(J. Thomas, ORSANCO, Cincinnati, Ohio, personal communication, 2006}, In 2005, ORSANCO
conducted lock chamber surveys at six darns riverwide (from river mile 31.7 to river mile 918.5).
They collected 31 silver carp at the I.T.Myers Dam (river miie 846) and one at the Smithland Dam
{river mile 918.5;J. Thomas, personal communication, 2006).

The major pathway for introduction of silver carp in the United States has been Importation

~ for biological control of plankion in aquaculture ponds and water quality improvement in sewage

treatment ponds.

Largescale Silver Carp

There is no indication that the largescale silver carp has been introduced into the United States
or other countries of North America.

Table 4.4, Records of silver carp Hypophthalmichthys molitrix within the United States. Where the species
has been found multiple times in the same location, only the first collection year is provided. Adapted from
the U.S. Geological Survey Nenindigenous Aquatic Species (NAS) Database (htsp//nas.er.usgs.gov) and recent
records. Records entered into the NAS Database as of April 11, 2006 are inciuded here. Blanks indicate that

Staze or province  County Drainage Locality o Year
Alabama Tallapoose-Elmore Lower Tallapoosa  Yates Reservoir (Sougaharchee Creek) 1984
Alabama Black Warrior- Black Warrior drainage 1996
: Tombigbee
Alabarma Gulf of Mexico  Central pare of state 1998
Axkeansas Arkansas Arkansas White River 1975
Arlansas Arkansas Bayou Meto Bayou Meto 1975
Arlansas Jefferson Arlansas ‘Arkansas River, Pine Biuff, 1981
Lock and Dam 4
Arkansag Arkansas Bayou Meto Bayou Meto just below the 1981
confluence with Crooked Creels,
ncar Abeles
Arxkansas Lonoke Bayou Meto Crooked Creek above confluence 1981
with Bayou Meto in southeastern
county
Arkansas Lonoke Bayou Meto Bayou Meto, rear bridge 1981
Atkansas Lower Arkansas  Arkansas River (lower section, 1981
possibly near Lock and Darn 2)
Arkansag Lower Red- Ouachita River 1981
Ouachita
Arkansas Pratrie Lower “White- White River near Des Arcs 198}
Bayou Des Arc
Arkeansas Mississippi Mississippi River at river mile 804 1982
Askansas Unspecified warerbodies 1986
Arkansas Dade Arkansas Arkansas River ‘ 1988
Arkansas Arkansas- White River, Akansas River 1988
White-Red
Arlransas Craighead Cache Lost Creek 1988
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Table 4.4. Continued

=

Girardeau

Litflc or province  County Drainage Localivy < Year
Arkansas Raulkner Lake Conway-  Lake Conway 1988
Toint Remove .
Arlansas Pope Lake Conway- Lake Conway 1988
Point Remove X
Axlansas Mississippl Little River Little River Ditches 1988
) Ditches
Adkansas Poingert Little River Little River Ditches 1988
Disches .
Arkansas Phillips Lower White Lower White River drainage 1988
Arkansas Jefferson Lower Arkansas-  Lower Arkansas 1988
Maumelle
Arkangas Pulaski Lower Atkansas-  Askansas River 1988
Maumelle
Arkansas Lawrence Lower Black Black River 1988
Arkansas Mississippi Levwer Mississ- Mississippi River 1988
sippi-Memphis
Arkansas Phillips Lower Whire' Lower White 1988
Arkansas Prairie Lower White Lower White 1988
Axkansas Prairie Lower White- White River 1988
Bayou Des Arc
Arkansas Saline Upper Saline Saline River 1988
Arkansas Monroe Cache Cache River near confluence with 2003
White River (near Clarendon)
Arizona Maricopa Middle Gila Urban lake in Chandler (suburb 1972
of Phoenix}
Arizona Arizona waters-extirpated 1990
Colorado Larimer Cache La Poudre  Power plant reservoir on 1980
Rawhide Creek
Colorado Moze than ore  Fast slope of water weatment ponds 1996
Hawaii TTawrait Not specibic ‘ 1992
Minois Jackson Upper Mississ-  Mississippi River 1983
ippt-Cape Girardean
Hinots Hancock Flint-Hendeson  Mississippi River, below Lock 1986
and Dam 19 {river mile 364),
1 mile south of Hamilton
Mlinois Coles Embartas Below Lake Charleston spillway 1987
Hinois Marion Little Wabash Research pond 1987
IHinois Monsoe Cocolda-Joachim  Mississippi river mile 160 at Merrimac 1990
IHinois Jackson Big Muddy Big Muddy River at Rantlesnalke Ferry 1994
Hiinois Alexander Cache Horseshoe Lake 1994
Hlinois Alexander Cache Ditch at Horseshoe Lake 1995
THinois Alexander Cache Lake Creek, Horseshoe Lake spillway 1996
in floodwaters
Hlinois jackson Big Muddy Kinkaid Creek below spillway of 1998
Kinkaid Reservoir
Hlinois Alexander Cache Horeshoe Lake, below spillway 1998
Hiinois Massac Lower Ohio Chio Réver at Fore Massac State Patk 1998
Hiinols Massac Lower Chio Ohio River at Cottonwood Bar 1998
Iiinois Pope Lower Ohio-Bay  Lusk Creek at confiuence with 1998
Ohio River
Llineis Madison Peruque-Piasa Mississippi River (Pool 26) 1998
lineis Randolph Upper Mississ-  Kaskaskia River at lock and dam, 1998
ippi-Cape about 105 km north northwest of Chester

B
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Table 4.4. Continued

State or province County Drainage Locality Year
filinois Randolph Upper Mississippi- River at mouth of Kaskaslda 1998
: Cape Girardean  River, just upstream of Fort Kaskaskia
state historical site
lilinais Randolph Upper Mississippi- Mississippi River, shout 3.2 km 1998
Cape Girardean  downstream of Cora, Hinois
Hinois Alexander Cache Horseshoe Lake 1999
IHirois Alexander Cache Lake Creek, Horseshoe Lake spillway 1999
Hlinois Johnson Lower Ghio Cache River, Post Creek, 3.2 km 1999
south of West Vienna
Hlirois Crawford Middle-Wabash-  Minnow Slough 1999
Busszron
linois Jackson Blg Muddy Big Muddy River, River Ferry, 6.4 2600
ki southeast of Grand Tower
Bhinois Brown Lower Dlinois lilinois River, La Grange Reach 2000
filinois Cass Lower Hlinois Ilinois River 2000
Hiinots Lower Hlinois-  Tilinols River, river mile 157.8 2000
Lake Chautaugua :
Tilinois Cass Lower [llinois- Muscooten Bay near Beardstown 2000
Lake Chautangua
Minols Mason Lower Hlinois-  Iilinois River, La Grane Reach 2000
Lake Chautauqua
Hinois Mason Lower [llinojs- Meyers Ditch, an Illinols 2000
Lake Chaurauqua River side channel at river mile 129.3
[Hinois Tazwell Lower Hlinois- MHinois River 2000
Lake Chautauqua
Hlinois Madison Pernque-Flasa Mississippi River {Pool 26) 2000
Tlinois Gallatin Saline Saline River ar Roure 1, bridge 2000
6.4 km southeast of Equality
Winois Massac Lower Ohio Ohio River, river mile 950 2000
lllinois Lawrence Embarras Erbarras River at Lawrenceyille 2001
linois Calhoun Lower Illinois Hilinofs River, river mile 13.6 2601
nezr Grafion
Hlinols Pexry Upper Mississippi- Mississippi River at first island 2001
Cape Girardeau  downstream of Grand Towers
linois Lower Illinols Ninois River, river mile 157.8 2001
Dlinois Jackson Big Muddy Big Muddy River south of 2002
Murphysboro.
llinois Calboun The Sny Mississippi River, Pool 25, 2002
near Barchtown
Ilinois Fulron Lower {llinols- Spoon River 2003
Lake Chautauqua
illinois Pulaski Lower Ghio Post Creek cutoff about 6.4 2003
' . km of Grand Chain
Hilinols Clark Middle Wabash-  Wabash River at Darwin 2003
Busseron
Hinois Adams Bear-Wyaconda  Mississippi River vicinity of 2004
‘ Lock and Dam 20
Winots Laholda-joachim  Mississippi River, Lock and Dam 2004
27 downstream to Kaskaskia River
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Table 4.4. Continued

l'State or province  Counry Drainage Localicy Year
{Hinois Randoelph Upper Mississippi- River at mouth of Kaskaslda 1998
Cape Girardean  River, just upstream of Fort Kaskaskia
Ilinols Wil Des Plaines Chicago Sapitary and Ship ‘Canal, 2004
around river mile 294, about 3.2 kin
south of the electric barrier in
) Romeoville
{Hllinols Hancock Flint-Henderson  Mississippi River at Lock and Dam 19 2004
THinois Brown Lower Ilinois Tilirois River, La Grange Reach 2004
ltinois Mason Lower llinols-  Iiinois River, La Grange Reach 2004
Lake Chautauqua
Minois 12 Salle Lower lincls-  Hllinois River up o Starved Rock 2004
Senachwine Lake Lock and Dam, river mile 231.0
Tlinols Lower Ohio Ohio River 2004
Tlinois Lower Ohio-Bay  Ohio River 2004
llinois Lower Wabash  Wabash River 2004
Tlinois Middle Wabash- “Wabash River 2004
' Busseron
Hlinels The Sy Mississippi River, Lock and 2004
Dams 25-21 .
Hlinois Madison Perugue-Pliasa Mississippi River, near Lock and 2004
Dam 26
linois Upper Mississippi- Mississippi River from Kaskaskia 2004
Cape Girardeau  River downstream o the Ohio River
Indiana Ohio Scutheast part of state 1992
Indiana Greene Lower Wabash West fork of White River 2603
Indiana Gibson Lower White White River at Hazelton 2004
Indiana Lower Wabash Wabash River 2004
Indiana Middle Wabash- Wabash River 2004
Busseron
Indiana Knox Middle Wabash-  Wabash River, river miles 117 2004
Busseron and 134
indiana Sullivan Middle Wabash-  Wabash River, river mile 166 2004
Busseron
Indiana Posey Lower Wabash ~ Wabash River, river mile 23.5 2004
Towa Lee Fiint-Henderson  Mississippt River (tiver mile 364) 2003
just below dam at Keoluk
Towa, Marion Lower Des Moines Des Moines 2003
River below Lake Red Rock
Towa Van Buren Lower Des Moines Des Moines 2003
River {river mile 51) at Keosauqua
lowa Wapcilo Lower Des Maoines Des Moines 2003
River (river mie 90) at Qrrunwa
Towa Upper Chariton Chariton River below Lake Rathbun 2003
lowa Des Moines Flint-Henderson  Mississippi River, Pool 18 2004
Kansas Unspecified warerbodies 1984
Kansas Marin Verdigris Bastern rivers i Kansas 1998
Kansas Middle Verdigrs  Fixed research sire 2001
Kenrucky Union Highland-Pigeon  Ohio River 2t Uniontown 1986
Kentucky Union Highland-Pigeon Below Uniontown Lock and Dam 1991
Kentucky Marshall Lower Tennessee  Tennessee River, below Kentucky Dam 1999




48

BicreaDED CARPS

Table 4.4, Continued

State or province  Counry

Drainage Locality Year
Kentucky Livingston Lower Ohio-Bay  Oldo River (river mile 918.5) 1999
: ag Stnithland Lock and Dam
near Smithland
Kentacly Jefferson Silyer-Lictle Ohio River at Louisville (ar falls) 1999
Kenwcley ‘
Kentuchy McCracker: Lower Ohio Ohio River, river miles 936, 2000
944.3, and 950.4
Kentucky Baliard Lower (Yhio Ohio River, river raile 967.5 2000
Kenzucky Meade Bhue-Sinldng Ohie River abour 5 miles west 2002
of West Point
Kenvacky Livingston Leower Ohio Ohie River, siver mile 928.4 2003
Kentacky Ballard Lower Ohie Ohio River, river mile 974.1
Kentucky Livingston Kentucky Lake  Kentucky Lake 2004
Kentuely Lyon Lower Lake Barkley 2004
: Cumberland
Kentucky Ballard Lower Mississippi- Fish Lake 2004
Memphis
Kentucly Ballard Lower Mississippi- Ballard Wildlife Management 2004
Memphis Area, all lakes
Kentucky Ballard Lower Mississippi- Peal Wildlife Management Ares, 2004
Memphis ail lalees
Kentucky Ballard Lower Mississippi- Swan Lake Wildlife Management 2004
Memphis Area, all lakes
Kengucky Ballard Lewer Mississippi- Boatwright Wildlife Management 2004
Meraphis Axen, 2l lakes
Kentucky MecCracken Lower Tennessee  Clarks River near Paducah 2004
Kentucky Bulliw Salt Salt River, just south of Louisville 2004
Loulsiana Lower Mississippt  Mississippi River 1983
Louisiana Pranklin Boeul . Tarkey Creek Lake 1985
Louisiana Monsoe Atchafalaya Archafalaya River ' 1988
Louisiana Franklin Boeuf Bouef River near Turkey Creek 1988
Loulsiana Franldin Boeuf Confluence of Turkey Creek and 1988
Caldwell parishes '
Louisiana Maui Boeuf Bocuf River, Richland and 1988
Caldwell parishes
Louisiana Richland Boeuf LaFourche Canal 1988
Loulsiana Lincoin Dugdemona Farm pond; Miller Lake 1988
Louisiana East Carroll Lowwver Mississ- Mississippi River and baclwarer Jake 1988
ippi-Greenville ,
Touigiana Concerdia Lower Mississ-  Mississippi River and backwacer lake 1988
ippi-Nachez
Louisiana Quachita Lower Quachita  QOuachiv Wildlife Management 1988
‘ Area, water pumped from La
Fourche Canal
Loulsiana Quachita Lower Quachita  Cuachite River 1988
Louisiana Nachitoches Lower Red- Red River 1988
Lake Tact
Louisiana Camhoula Tensas Black River 1988
Louisiana Lirtle Lictle River 1989
Louisiana Loggy Bayou Loggy Bayou 1989
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Table 4.4. Continued

rgt—z;tac:_c:?:_proviﬂric County Drainage Locality Year
Louistana Bast Carroll Lower Mississ- Mississippi River and backwater lake 1989
ippi-Greenville
Louisiana Monroe Avchafalaya Archafalaya drainage 1998
Louisiana Point Coupee Axchafalaya Aschafulaya River, Mad Hole, 1998
: old river control structure
Louisiana Lower Mississ-  Mississippt River drainage 1998
sippi-Baton Rouge
Loulsiana Lower Mississ- Mississippi River drainage 1998
ippi-Greenvilie
Loulisiana Lower Mississ- Mississippi River drainage 1998
ippi-Machez
Louisiana Lower Red Red River drainage 1998
Mississippi Tunica Lower Mississ-  Mississippi River, St. Francis 2000
ippi-Helena Lake sandbar, river mile 672 ‘
Missigsippi Boliva: Big Sunflowey Mississippi River, gravel bar west 2001
of Rosedale
Mississippi Issaquena Lower Mississ-  Chotard Lake 2002
ippl-Greenvilte
Mississippi Yazoo Yazoo Yazoo River ar Highway 49W 2004
Misgouri New Madrid Litrle River ity Run Lake, 1.6 km northeast 1997
Ditches of New Madnid
Missouri Lower Missouri  Missouri River 1998
Missouri Lower Missour-  Missouri River 1998
- Blackwater ‘
Missouri St, Charles Peruque-Plasa Mississippi River (Paol 26) 1998
Missouri Cape Girardeau  Whitewarer Castor River, headwarer diversion 1998
channel
Missousi St, Charles Peruque-Prasa Mississippi River (Pool 26) 2000
Missourt Perry Upper Mississ-  Mississippi River at Willinson Island 2000
ippi-Cape Girardean
Missouri Scott Upper Mississ-  Mississippi River, 25.7 river km 2001
ippi-Cape south of Cape Girardesu
Girardeau
Missour Cooper Lamine Lamine River 2002
Missouri Lincoln The Soy Mississippi River Pool 25, 5.6 2002
km noctheast of Foley
Missouri Lamine Lamine River 2003
Missousi Cooper Lamine Blackwater River 2003
Missouri Lower Grand Grand River 2003
Missouri Boone Lower Missourd-  Missouri River near Harmsburg 200%
Moreau
Missouri Callgway Lower Missouri-  Cedar Creek near Jefferson Ciry 2003
Moreau
Missouri Cole Lower Missouri-  Moniteau Creek abour 1.6 kan 2003
Moreau northwest of Marion
Missouri Howard Lower Missouri-  Mozeau River "2003
Moreau
Missouri Lower Osage Osage River 2603
Missouri Cahokda-Joachim  Mississippi River, Lock and Dam 2004
‘ 27 downstream o Kaskaskia River

ST

SRS

FAA i

poluivenny
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Tabie 4.4. Continued

Drainage

Tocaliey * Year

State or province l_County
Missouri
Missouri Chariton
Missouri
Missouri Boone
Missouzi Boone
Missourl Caliaway
Missonzi Cooper
Missouri Howard
Missouri Howard
Missouri Osage
Missouri
Missour
Missourl

| Nebraska
Nebragka Dodge
Nebraska Dodge
Nebraska Washington
Puerto Rico
South Dakora
South Dakota
South Dakora Yankton
South Dakomn Lincoln
Tennessee
Tennessee Shelby
Tennessee Shelby

Hint-Henderson
Tower Missouri-
Croolked

Lower Missouri-
Mozean

- Lower Missouzi-

Moreau
Lower Missouri-
Moreau
Jower Missouri-
Moreau
Lower Missouzi-
Moreau
Lower Missouri-
Moreau
Lower Missouri-
Mozean
Lower Missouri-
Moreau

Peruque-Piasa

The Soy

Upper
Mississippi-
Cape Girardeau
Missousi

Lower Platte

Lower Bikhom
Big Papiilion-
Mosquire
Eastern Puerte
Rico

Mississippi River ar Lock and Dam 19 2004

Palmer Creek 2004
Little Charizon River 2004
Hart Creek 2004
Unnamed creek 2.4 km southeast 2604
of Hartsburg

Auscvasse River 2004
Petite Saline Creek 2004
Moniteau Creck near Rocheport 2004
Bonne Femme Creck 2004
Louse Creel 2004
Mississippl River (near Lock az‘;d 2004
Darm 26)

Mississippi River, Lock and 2004
Darns 25-21

Mississippl River from Kaskaskia 2004

River downstream ro Ohio River

Nonspecific (probably Missouri River) 2000

Blkhorr River 4.8 km northwest 2003
of Scribner
Elichorn River, near Croweil 2003

Boyer Chute National Wildlife Refuge 2003

At Dorado Beach Hotel golf 1972
course pond

Lewis and Clark  Missouri River below Gaving 2003
Point Dam

Missour Misscurl River up to Gavins 2003
Poing Dam

Lower Jamnes Mouth of the James River 2083

Lower Big Sioux  Big Sioux River azar Canton T 2004

Lowes Mississippi- Mississippi River overflow 1989

Mernphis

Lower Mississippi- Mississippi River, river mile 2000

Memphis 743 near Memphis

Lower Mississippi- McKellar Lake in Memphis 2005

Memphis
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Abstract

Filter-feeding Asian carp (bighead carp, Hypophthalmichthys nobilis, and silver carp,
Hypophthalmichrhys molitrix) threaten to invade Lake Michigan. aﬁd other Great Lakes through the
Chicago Sanitary and Ship Canal and through introductions via bait use or the release of fish from
live markets. These carp consume plankton, the base of the pelagic food web, and could disrupt a
critical food source for larval and adult fish currently inhabiting the lakes. However, it is not clear
that Asian carp, which are usually found in productive habitats, could survive on the relaﬁveif
sparse plankton typical of most of the Great Lakes. Respirometry, mesocosm growth studies, and
bioenergetic models were used in this study to evaluate the potential for growth and successful
establishment by Asian carp introduced into the Great Lakes. Respiration, a key component in
bioenergetic models, was measured for >130 bighead and silver carp over a range of body sizes and
environmental temperatures in both static and flowing-water respirometers. The respiratioh data
were incorporated into.standard bi_oenergetic models that“calculated basic energy requirements of the
carp. These requirements were then compared to planktonic foﬁd resources to predict when and
where Asian carp could grow and survive in the Great Lakes. The modeling results and mesocosm
growth experiments suggest that filter-feeding Asian carp will be unable to colonize most open water-
-regions within the Great Lakes because of limited plankton availability. Froductivé embayments and

.wetlands are more likely to support Asian carp growth, and resource managers should focus

monitoring and preventative efforts there. .
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Introduction

Invasive species have had extensive and well-documented negative effects on Great Lake
ecogystems. Two new threats are the Asian carps: the bighead carp Hypophthalmichthys nobilis and
silvef carp Hypophthalmichthys molitrix. These fish have strong potential fo invade the Great Lakes
via an artificial connection between the Great Lakes and Mississippi River drainage basins. The
connection between these drainage basins occurs via the Chicago Sanitary and Ship Canal (CSSC).
Improvements in surface water quality during t}_)e late 20™ century have recently transformed the
man-made CSSC into a gateway for the transfer of invasive fishes between the Mississippi River and
Great Lakes drainage basins. Bighead carp have moved up the lllinois River and are now within
about 50 river miles of Lake Michigan. Bighead and silver carps migrate upstream to spawn
| (Verigin et al. 1978), so it is very probable that these fishes could naturaily invade Lake Michigan
through the CSSC if nothihg were done to slow their advance upstream. An electric dispersal barrier
currently operates in the CSSC about 22 miles below the Chicago River Lock in Chicago, but there
is no guarantee that the barrier will be 100% effective at repelling fish under all conditions.
Furthermore, although the CSSC is the most prominent invasion pathway, it is not the only one.
Other pathways for introduction of the Asian carps into the Great Lakes remain. ‘These pathways
inclade the iﬁtroduction of carp through the use of live bait or through illegal trade in live fish.

Both bighead and silver carp are planktivbres, capable of consuming the phytoplankton and
zooplankton that form the base of the pelagic food web in the Great Lakes. The ability of these filter-
feeding carps to reduce plankfon densities and potentially compete with native planktivores is of
special concern in the Great Lakes. Zooplankton reductions mediated by zebra mussel colonizations

have already been linked to reduced recruitment success of an important sport fish, the yellow perch,
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in Lake Michigan (Detﬁners et al. 2003; Janssen and Luebke 2004). Furthermore, recent deciinés in
alewife condition may also be related to reduced zooplankton and Diporeia availability since the
zebra mussel invasion (Madenjian et al. 2002). If efficient planktivores like the bighead and silver
carp establish themselves in the Great Lakes, populations of impoﬁant native or naturalized fishes
that rely' on planktonic food sources, including yellow perch, rainbow smelt Osmerus mordax, and
alewife, may be even further depressed. A reduction of the forage base could jeopardize the multi-
billion dollar sport fishery for salmonines, as well as further complicate lake trout restoration efforts
across the basin.

The potential impacts of bighead and silver carp to the aquatic fauna of the Great Lakes raise
seriéus concém about these two invaders in the basin. ‘Therefore, it is important to first understand
whether these fish can survive and flourish in the Great Lakes. Not only will such information
provide a cfiticai first look at the potential for these invaders to establish large populations, but it |
also will be useful ecological infon;lation if these invaders do become established and decisions are -
made to attempt to control these carps.

A tacit assumption made in identifying Asian carp as significant threats to Great Lake
ecosystems is that they will be able to grow on the relatively dilute plankton that occurs in large '
portions of the Great Lakes. Fléurishing populations of filter-feeding Asian carp are historically
associated with eutrophic conditions that feature abundant phytoplankton and zooplankton. Most
areas of the Great Lakes are oligotrophic to slightly mesotrophic, and feature relatively low
abundances of phytoplankton and zooplankton, especially since the arrival of zebra mussels. For
example, mean chlorophyll @ values in Lake Michigan énd Lake Superior are <1 pg/L. (EPA
GLNPO Open Water Surveillance Program data), whereas mean chlorophyll a values in areas of the

Mississippi River where Asian carp now thrive are >20 pg/L (J. Chick, INHS, personal
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co1ﬁmunication). The ability of Asian carp to successfully exploit the relatively sparse food
environment of the Great Lakes may be limited, particularly since these filter-feeding fish are likely
to devote a substantial portion of their energy budget to swinming expenditures.

Our overarching objective was to provide solid scientific information on the likelihood that
~ Asian carp will be able to colonize and impact the plankton of the Great Lakes. This information
~ was intended to be used by resource maﬁagers and decision makers in prioritizing invasive threats
and developing prevention and management strategies. Our .speciﬁc objectives were to: (1) develop
a bredictive model of Asian carp consumption and growth in the Great Lakes using a bioenergetics
approach; (2) test model predictions with growth and consumption experiments in mesocosms; (3)
predict where in the Great Lakes Asian carp are likely to survive by feeding on plankton; and (4)
provide initial estimates of the potential impact of Asian carp on Great Lake plankton communities.

The research described in this ;eport was broken into several different components. First, we
describe extensive respirometry measurements needed to provide data on carp respiration critical to
the construction of bioenergetics models. This research was performed at the University of
Nebraska and the IHinois Natural History Survey’s Illinois River Biological Station, and it formed
the basis of Jen Hogue’s Masters’s thesis. Second, we describe mesocosm growth experiments
performed at the Jake Wolf fish hatchery along the Illinois River. These experiments measured the
growth response of bighead carp to different plankton densities. (including a density similar to that
found in Lake Michigan) and also examined the effect of carp on zooplankton species composition.
Third, we examined the combined effect of food quality and food quantity on the growth of bighead
carp in mesocosm experiments performed at the University of Illinois to explore the possibility that
the nitrogen or phosphorus content of Great Lakes plankton could limit carp growth in the Great

Lakes. Fourth, we modeled potential carp growth with bioenergetic models that employed
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respiration coefficients obtained as part of this project, and compared the bioenergetics demands of
growth to the energy available in plankton in various parts of the Great Lakes.. W& ¢conclude from”
these 'st'tiéic’:s‘that filter-feeding Asian carp are unlikely to colonize most open-water habitats in the
Great Lakes because of food scarcity; but the carp may be able to persist in productive nieat-shore

habitats if they are able to reach them.s

Narrative
1. Respimmé‘é:ry

The dbjective of this part of the project was to measure oxygen consumptidn (respiration)
rates for bighead carp and silver carp in relation to water temperature, swimming speed, and life-
stage. These data were subsequently incorporated into bioenergetics models that predicted potential
growth and food consumption ratés of bighead and silver carp in Lake Michigan and other Great
Lakes (see Narrative part 4 [below] for a description of the modeling results). The methods and
results of the respiration measurements are presented in full detail in Hogue (2008) and Hogue and
Pegg (submitted), and only the major points will be described here. Briefly, oxygen consumption
was measured in both static and flowing-water respirometers. Respiratory rates were measured on
>130 individuals that included juvenile and adult fish of both species. Established respirometry
methods were employed to measure respiration over a range of water temperatures (5, 10, 15, 20,
and 25°C), different life stages (juvenile fish < 50-cm, and adult fish >50-cm), and different activity
levels {0.0-m/s, 0.3-m/s, and 0.6-m/s). Trials were conducted over one hour usihg a static
respirometer to measure resting respiration rates and a swim chamber to conduct active trials.

Respiration was influenced by fish size, temperature, and activity. Figure 1 illustrates the

overall relationship between oxygen consumption rate (OCR} and fish size, which was allometric.



58

Excerpts from DISPERSAL
BARRIER EFFICACY STUDY,
INTERIM I — DISPERSAL BARRIER
BYPASS RISK REDUCTION STUDY &
INTEGRATED ENVIRONMENTAL
ASSESSMENT, DECEMBER 2009
DRAFT REPORT

By U.S. Army Corps of Engineers
Chicago District




12/4/2009
/4] 5

Dispersal Barrier Efficacy Study

INTERIM I - Dispersal Barrier Bypass Risk Reduction Study &
Integrated Environmental Assessment

December 2009 Draft Report

US Army Corps
of Engineers,
Chicago District



4/200
12/4/2009 60

Executive Summary

The fish electrical dispersai barrier system (Barriers I, IIA, & 1IB) is a unigue project that
significantly reduces the risk of an inter-basin transfer of Aguatic Nuisance Species (ANS) fish
between the Mississippi River and Great Lakes basins via the Chicago Sanitary and Ship Canal
(CSSC). The project-authority- was clarified and expanded in'WRDA 2007, Section.3061
(B)Y(1)(DY-and directed the US Army Corps of Engineers (USACE) to conduct a study:of a range.
- of-options‘and technologies for reducing impacts of hazards that‘may reduce the.efficacy of the
“harriers: USACE divided the focus of investigations into four major areas: ANS Barrier
Bypasses, Optimal Operating Parameters of the Barriers, ANS Human Transfer and ANS
Abundance Reduction.

In the summer of 2009, USACE began employing a new monitoring method, Environmental-
DNA (eDNA), which identified potential locations of Asian carps much further upstream in the
CSSC than previously thought. In response to eDNA testing results that indicate Asian carps
may potentially be one mile south of the barrier system within the CSSC and located in both the
Des Plaines River and Illinois & Michigan (I&M) Canal, Congress included a new authority within
the Section 126 of the Energy and Water Development Appropriations Act of 2010, P.L. 111-85.
This new authority directs the Secretary of the Army to implement measures recommended in
the efficacy study, or provided in interim reports, authorized under section 3061 of the Water
Resources Development Act of 2007 (121 Stat. 1121), with such modifications or emergency
measures as the Secretary of the Army determines to be appropriate, to prevent aquatic
nuisance species from bypassing the Chicago Sanitary and Ship Canal Dispersal Barrier Project
referred to in that section and to prevent aquatic nuisance species from dispersing into the
Great Lakes.

Interim I study investigates emergency measures (various structures and no action) that
reduces risk of the Asian carps bypassing the Dispersal Barrier vis-a-vis overland flow from the
Des Plaines River to the CSSC and flow through culverts in the I&M Canal to the CSSC. The
emergency measures would need to be implemented as soon as possible, but no later than 28
October 2010, based on the project authorization. In addition, preliminary discussions are
included on the possibilities of transfer via ballast water of navigational vessels that traverse
through the dispersal barrier and Asian carps abundance reduction. These additional areas of
study will be further expanded upon in subsequent Interim Reports. These discussions are
located in Appendix E.

An Interim report will document investigations into optimal parameters for operating the electric
field of the Dispersal Barriers and will recommend the best settings to deter both adult and
juvenile Asian carps. The District will implement the recommended operating parameter as part
of the Barrier Project’s operation and maintenance in the near term

Another Interim Report will include a recommendation for a permanent solution to Dispersal
Barrier bypass. The implementation of additional dispersal barriers or other physical features to
further reduce the risk associated with physical bypass will be a focus of this efficacy study,
which will require Congressional authorization and appropriations for implementation. This
report will provide a summary of all interim reports completed to date and recommend a long-
term, multi-agency comprehensive strategy for improving the efficacy of the dispersal barriers
and reducing the population effects of Asian carps within the Illinois River system. The long-
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term strategy will be coordinated with other agencies and concerned stakeholders that can
contribute to efforts related to the reduction of Asian carps in the Illinois River System and
CSSC. Additional studies may be undertaken in the future as technologies to address ANS
species evolve, to ensure that the Barriers project continues to function to keep ANS fish
species from entering the Great Lakes basin.

Interim Risk Reduction Emergency Measures Considered

A USACE Project Delivery Team (PDT) evaluated risk reduction measures that could serve as a
physical barrier to the passage of ANS fish, specifically Asian carps from the Des Plaines River
overland to the Chicago Sanitary and Ship Canal. Due to the high levels of concern of fish
bypass during wet weather the team considered measures traditionally employed for advance
flood-fighting, as well as non-traditional measures that would serve as an effective barrier to
minimize the risk of carp movement via the Des Plaines bypass. The measures considered, are
as follows:

1. No Action — Maintains the status quo and would most likely aflow for the Asian carps to
bypass the barrier system.

2. Gabion Baskets — Stacked Gabion baskets made of galvanized wire mesh and filled with stone
could be utilized. Typical dimensions of a single basket are 3%3'%6" with 3"%3” openings in the
wire mesh, They can be constructed at the project site and stacked as necessary to the desired
height. The current estimate assumes the gabion baskets would be filled with rip rap. The
topsoil will be stripped and a 6” layer of compacted gravel will be placed prior to placement.
This option likely has the longest installation time of the all the barrier options. The gabion
baskets would become impermeable over time as they filled with silt, debris and vegetation,

3. Concrete Barricades — Precast concrete barricades are an impermeable barrier. Typical
dimensions are 2'-3" tall x 12’-6" long with a 1-7 5/8” base width and 8" top width. Concrete
barricades will be precast and delivered to the site. Barricades are available with male-female
ends so that they can be fitted together to minimize flow between the barricades. The topsoil
will be stripped and a 6” layer of compacted grave! will be placed prior to placement.
Installation time is minimal, although lead time may be required. Placement of compacted
gravel and fitted ends will minimize need for sandbags and plastic sheeting.

4. Rapid Deployment Flood Walls (RDFW's) — A RDFW is a modular, collapsible plastic grid that
serves as a direct replacement for sandbag walls, which forms an impermeabile barrier, Typical
dimensions are 8" tall x 3-6" long x 3'-6" wide. They are assembled in place to the desired
height and then filled with sand. It can be assembled with minimal labor and filled with a
loader. The topsoil will be stripped and a 6" layer of compacted gravel will be placed prior to
placement. Although this feature is typically dismantled after the flood risk is gone, in this
application, the RDFW would remain in place until a permanent solution to fish bypass is
implemented.

5. Concrete Blocks — Concrete blocks are an impermeable barrier. Typical dimensions vary
depending on the height. Concrete blocks will be precast and delivered to the site. The topsoil
will be stripped and a 6” layer of compacted gravel will be placed prior to placement.
Installation time is minimal, although lead time may be required.
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6. Chain Link Fencing — Chain link fence is a permeable barrier. Typical dimensions of a section
of fence are 6’ long by either 4/, 6’ or 8’ tall. It would consist of 6 gauge galvanized wire steel
mesh with 1/4” openings. Fence posts will be four inches in diameter galvanized steel and will
be set four feet into the ground into a twelve inch diameter concrete post hole. The posts will
be spaced six feet on center. In areas where bedrock exists at the surface, the bedrock will be
drilled to accommodate the post holes. The 6" & 8’ tall fence will have three rails (top, middle,
bottom) horizontally between the fence posts and the 4’ tall fence wilt only have two (top &
bottom). Rails will be 1 5/8” diameter galvanized steel pipe. This is not a tried and true method
for excluding fish, but theoretically it can stop the dispersal of Asian carps as long as the
structural integrity of the fence is maintained. An angled non-barbed wire extension will be
placed atop of the fence to thwart leaping silver carp. Issues that may arise from using the
fence include vandalism and breakage, clogging. with riverine debris and scouring at the base.
Continual maintenance would need to be performed to remove clogs and to ensure that if fence
cutting oceurs, it is quickly mended. Installation time is long and lead time will be necessary
because the current robust design of the fence requires materials in massive quantities that will
not be found in stock. Riprap will be placed along the bottom fence rail in areas where scour
could be an issue during a major flood event,

7. Culvert Blocking — The recommended near term solution for the 1&M Canal potential bypass,
after preliminary H&H analysis, is to block off the I&M Canal at Cico Road and slip line (reduce
the roughness of the pipe by inserting a PVC pipe in the existing culvert) and add inlet
transitions to the International-Matex Tank Terminals (IMTT) culverts. The hydrologic flow
divide is located just east of Cico Road, so placing a barrier here would not affect stormwater
flows or induce flooding. Inclusion of additional freeboard will be evaluated during detailed
design and floodway permit process.

8. Chain Link Fence & Concrete Barricade Combo / Bloek 1&M Canal — Optimized combination of
concrete barricade and chain link fence with %" openings for the Des Plaines bypass, and
culvert blocking to address the I&M Canal bypass.

Preferred Risk Reduction Measure

It is the Interim I Report’s recommendation to implement the optimized interim risk reduction
measure as a temporary and emergency solution. The preferred risk reduction measure is to
place 34,600-feet of Concrete Barricades and 33,400-feet of Chain Link Fence with %" .
openings. The total project cost of this IRRM is currently estimated to be | g The
implementation of this measure would protect 68,000-feet (~13-miles) of flood prone area
along the CSSC upstream of the Dispersal Barriers. Also, the two culverts under Cico Road in
the I&M Canal will be disabled and the flow capacity increased at the IMTT culverts.




