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Description of the Upper Mississippi River
Jerry L. Rasmussen and John M. Pitlo, Jr.
General
The Upper Mississippi River (UMR), as originally defined by the Upper Mississippi River Conservation
Committee (UMRCC) in 1943, extends 926 miles from Caruthersville, Missouri upstream to Hastings,
Minnesota (Figure 1). At Hastings (L/D 2), the
Mississippi extends northwestward an additional
547 miles into the interior of Minnesota to its
source at Lake Itasca. UMRCC member states
(i.e., Minnesota, Wisconsin, Iowa, Illinois, and
Missouri) cooperatively manage Mississippi
River fisheries resources within this 926 mile
reach. From Hastings to Lake Itasca, Mississippi
River fishery resources are managed under the
sole jurisdiction of the State of Minnesota.
Downstream from Caruthersville to the Gulf of
Mexico, the river falls within the project area of
the Lower Mississippi River Conservation
Committee (LMRCC). The LMRCC was
formed in the early 1990s, in the image of the
UMRCC, by the states of Missouri, Kentucky,
Tennessee, Arkansas, Louisiana, and Mississippi
who share jurisdiction over the lower
Mississippi River’s fishery resources. The
UMRCC and LMRCC coordinate between one
another to maintain resource management
continuity (as appropriate) for the entire
Mississippi River mainstem from Hastings,
Minnesota to the Gulf of Mexico.

Historical
Since about 1820 the UMR has been “improved”
for one purpose: “To keep the river open as a
highway of commerce, a highway which only
incidentally happened to be made of water”
(Carlander 1954). At first this work consisted of
periodically clearing and snagging or otherwise
removing debris from the river’s natural
channels.
But then in 1866 Congress authorized the U.S.
Army Corps of Engineers (USACE) to construct Figure 1. Map of the Upper Mississippi River System.
or otherwise develop a reliable 3-foot navigation channel. They did so by systematically constructing
thousands of rock and brush wing dikes (perpendicular to the shoreline) to force the river’s flow into one
channel (Figure 2). Initially these efforts were focused on the shallow, rocky, and difficult to navigate
rapids located at the confluences of the Des Moines and Rock Rivers (Figure 1). This work was soon
expanded river-wide when navigation improvement groups won Congressional authorization for a
guaranteed 4.5-foot navigation channel in 1878.

1

Wing dikes were used as
Main Channel
Main
Side
for the 3-foot channel,
Backwater
Border
Channel
Channel
but were of a more
permanent design,
constricting the river’s
flows as necessary to
produce the deeper 4.5foot depth. Under both
projects, side channel,
backwater and main
Pile Dikes and Willow Fascines
Main
channel border habitats
Channel
of the natural UMR
channel (Figure 2 top)
were blocked (Figure 2
bottom) by wooden pile
dikes and willow
fascines (or mats), and
drained by directing the
Figure 2. Cross sectional view of the natural (above) and the 3- and 4.5-foot
river’s flow into the
navigation channels that were created using ever increasing numbers of
main channel in order to
wooden pile dikes and willow fascines.
scour and deepen it to
create and guarantee the 3- and 4.5- foot commercial navigation channels. These dikes, generally
submerged during high water, became exposed as water levels dropped, directing all flows into one
designated channel, causing substrates in the channel to be loosened and carried away, thus deepening it
to accommodate the drafts of navigation traffic (Rasmussen 1994).
Use of wing dikes as a “channel training” technique proved to be extremely economical since the dikes
were made of alternate layers of willow mats which could be cut from the islands and crushed or broken
stone that could be taken from the adjacent river bluffs. Rock revetments or bank protection was used to
prevent shoreline erosion which could occur when the wing dikes deflected sharp currents at the opposite
stream bank (Tweet 1984). Chute closures (closing dams) and dredging at troublesome channel crossings
were also used to maintain the 4.5-foot channel (USACE 1975).
In 1881, Congress authorized a more comprehensive project on the Middle Mississippi River (MMR).
The MMR is described as that reach of the UMR extending from the Missouri River confluence
downstream to the Ohio River confluence (Figure 1). This project was designed to constrict the MMR’s
channel to a width of 2,500 ft. between the distal or riverward ends of wing dikes (USACE 1976). The
purpose of the project was to maintain a low water navigation channel 200 ft. wide. It called for a further
reduction and or elimination of flows through sloughs and secondary side channels so as to deflect or
confine all low-water flows in the main channel (Figure 2). This project marked the beginning of
extensive channelization, and with it dewatering and destruction of many of the river’s ecologically rich
side channel and backwater areas.
Before the 4.5-foot channel was even completed, navigation improvement groups called for and won in
1907 Congressional authorization for a 6-foot navigation channel (Rasmussen 1994). The guaranteed 6foot channel was to be constructed using 2,000 rock and brush wing dikes, 130 miles of bank revetment
(rock), dredging, and navigation locks at the Des Moines and Rock River confluences to breach the
respective rapids (Tweet 1984). The rock and brush closing dikes, placed across all major side channels in
troublesome to navigate reaches (Figure 3), were much more permanent and substantial than the former
dikes had been. This time rocks were piled on top of the existing willow fascines and wooden pile dikes
to create stronger and more impermeable wing and closing dikes. Rock revetment was also used in many
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reaches to armor the river’s banks against erosion and bank sloughing. Dredging to greater depths was
utilized, where necessary, as a further aid in maintaining the 6-foot depth.
By the mid-1920s, strong
Rocks Added to Cover
Main
political pressure once
Pile
Dikes
and
Willow
Fascines
Channel
again came from UMR
navigation improvement
groups, this time
advocating a 9-foot
navigation channel, similar
to the one already
authorized and nearing
completion on the Ohio
River (Fugina 1945).
Figure 3. Cross sectional view of the 6-foot navigation channel created by
Congress responded by
piling rock on top of the wooden pile dikes and willow fascines used to
authorizing the USACE to
create the 3- and 4.5-foot navigation channel.
conduct an economic
feasibility study in 1927. But to the disappointment of navigation proponents, that study did not find a 9foot project upstream from St. Louis (requiring massive construction of locks and dams) to be
economically warranted, and USACE Chief of Engineers General Edgar Jadwin concurred (Tweet 1984).
Jadwin was supported by conservation and recreation groups such as the Izaak Walton League of
America (IWLA) who were concerned about the welfare of the recently authorized UMR National
Wildlife and Fish Refuge (NWFR).
A deeper 9-foot channel for the MMR between Cairo, Illinois and St. Louis was, however, supported by
the USACE and authorized by Congress in 1927. River flow was considered adequate in that reach to
maintain a channel 9 ft. deep by 300 ft. wide by simply raising existing and building additional wing
dikes and closing dams, as had been done for the 4.5- and 6-foot channels. The new project would further
channelize the MMR, constricting low water flows to a width of 1,800 ft. between the distal ends of wing
dikes (USACE 1976). This action dewatered additional side channel and backwater areas, thus further
degrading MMR aquatic habitats.
Conservationists, opposing the proposed construction of locks and dams upstream from the Missouri
River confluence to create a 9-foot navigation channel, claimed that such a project would “completely
destroy bass fishing” (Fairchild 1982). The U.S. Bureau of Biological Survey, ambivalent to the project,
recognized that most lands of the newly authorized NWFR between the Rock River confluence and Lake
Pepin (Figure 1) would be flooded, destroying existing wildlife habitat and timber, but they also saw the
opportunity to greatly increase refuge wildlife value if the USACE was cooperative (Fairchild 1982).
Engineers from the USACE had observed and were sensitive to wildlife damages brought on by locks and
dams that were already installed at Hastings, Minnesota and Keokuk, Iowa (Des Moines River
confluence). The pools formed behind these dams slowed flowage, caused silting and accumulation of
pollutants, and decreased dissolved oxygen levels (Fairchild 1982). In addition, because these locks and
dams were not equipped to facilitate fish movement, as many as 12 species of migratory fish were being
threatened (Carlander 1954).
Project supporters, however, criticized General Jadwin and the USACE report, and in 1929 when Herbert
Hoover, a native Iowan, became President, the General was quickly replaced with a new Chief of
Engineers more favorable to the project. Congress then quickly authorized the full 9-foot project (from
Cairo, Illinois to St. Paul, Minnesota) in 1930 without a final examination of the USACE surveys, and
despite feelings of concern within the USACE itself (Tweet 1984). Work thus began on the 9-foot project
before the 6-foot project was even 82% complete (Tweet 1984).
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Designs, locations, and numbers of locks and dams were determined based on natural conditions and
population centers. Wherever possible, dams were located just upstream from towns so as to minimize
waterfront changes. Low natural stream banks in front of a heavily cultivated floodplains, and
encroachment of railroad tracks and towns precluded construction of high dams that could have also
served the needs of hydropower or flood control (Tweet 1984).
The USACE worked closely with the bureaus of Biological Survey and Fisheries, making design
modifications to aid area ecology (USACE 1951). For instance, design of the roller gates, which allow
passage of water through the dams, was selected to permit fish migration, help stabilize water levels, pass
silt and sewage, and aerate the water. National Park Service cooperation was obtained to ensure that areas
needed for navigation, but not continuously overflowed, would be put to maximum recreational use
consistent with the project (USACE 1951).
Ultimately, the USACE constructed a series of 29
large concrete navigation dams (Figure 4) with a
total of 36 locks to pass navigation traffic in a
stair-step fashion between river pools extending
from St. Louis upstream to Minneapolis/St. Paul
(Figure 1).
Specific data on 28 of the dams are provided in
Table 1. Lock and Dam 27 is not included in the
table because it does not span the entire river, but
instead is located in a man-made canal, called the
“Chain of Rocks Canal”. This canal, constructed
to bypass a hazardous riffle area in the main
channel, is located on the Illinois side of the river
just downstream of the Missouri River
confluence.

Figure 4.Aerial view of an Upper Mississippi River
Completion of the 9-foot channel in 1940 created navigation Lock and Dam.
a navigation traffic bottleneck at Lock 19
(Keokuk, Iowa) because of the time required to negotiate its higher lift. Dam 19 (the highest elevation
dam on the UMR) had been constructed in 1913 by the Union Electric Company as a hydropower dam.
Navigation studies in the early 1950s showed a trend toward bigger and larger tows, so in 1957 the
USACE proposed and constructed a new 1200 ft. long lock at Dam 19—twice as long as any of the other
UMR locks. This was justified in order to save time in navigating the higher dam at Lock 19 by avoiding
the double lockage (Tweet 1984) required to pass 1200 ft. long tows at all of the other locks.
Then in the 1960s navigation improvement groups again began lobbying Congress to increase the depth
of the UMR navigation channel from 9 to 12 ft. This depth increase was declared necessary in order to
match the dimensions of the channel being constructed at that time by the USACE on the Ohio River. But
this time, the 12-foot channel proposal met with significant opposition from the UMRCC (formed in 1943
by the state conservation agencies) and environmental groups because of the vastly increased channel
maintenance dredging required. UMRCC biologists had observed the declining value of aquatic habitats
since impoundment for the 9-foot project in the 1930s. UMRCC studies (Robinson 1970; Sternberg
1971), public opposition, economics and subsequent events eventually convinced Congress not to
authorize such a project, and to put a stop to consideration of a 12-foot channel without further specific
Congressional action (Public Law 95-502).
In the early 1970s the call came for expanding lock capacity systemwide when navigation improvement
groups began lobbying Congress to construct new, larger locks at Lock and Dam 26 (Alton, Illinois) in
order to eliminate a navigation traffic bottleneck that had developed at that location. Lock 26, the
lowermost lock on the UMR navigation system (excluding the off-channel Lock 27 noted earlier), was
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considered by environmental and railroad interests to be the keystone to further expansion of the UMR
navigation project. It was felt that if the so-called bottleneck were relieved at Lock 26, another one would
soon appear at the next upstream lock. And like dominoes (falling one by one) all of the UMR locks
would eventually be enlarged without ever addressing the environmental significance of the resultant
overall navigation expansion.
The Izaak Walton League of America (IWLA), the Sierra Club, and the Western Railroads Association
filed a joint lawsuit against the Lock and Dam 26 project in the mid-1970s, calling for further
environmental and economic evaluations. This legal challenge raged on in the courts for more than a
decade, and before the issue could be fully resolved by the courts (1980), Congress authorized
construction of the new lock and dam at Alton with only one 1200 ft. lock (twice the size of the original
lock). Congress reserved authorization of a second lock until a Comprehensive Master Plan for the
Management of the Upper Mississippi River System (UMRS) could be prepared by the federally
sponsored Upper Mississippi River Basin Commission.
The newly designated UMRS included the UMR as well as all of its navigable tributaries (Illinois,
Kaskaskia, Minnesota, Black, and St. Croix rivers). The authorized Master Plan was to include an
evaluation of the “carrying capacity” of the system. However, after work on the Master Plan began,
assessment of the river’s carrying capacity (an ecological term), argued for by environmental interests,
was politically transformed by navigation interests into an assessment of navigation carrying capacity!
Also, as soon as the ecological assessments for the Master Plan began they came under intense political
pressure from navigation interests to be finished. This was “necessary”, according to navigation interests,
in order to expedite development of the Plan so as to not interfere with construction schedules of the new
locks! As a result, all field studies were terminated, and most of the ecological assessments completed
under the Master Plan had to be based on expert opinion rather than on scientific study.
The Master Plan (UMRBC 1982) was completed in 1981. It recommended construction of a $190 million
second lock, 600 ft. long at Alton, Illinois (Lock and Dam 26) and implementation of a $190 million
Environmental Management Program (EMP). Politics, dictated by President Ronald Reagan’s Interior
Department, set the maximum price tag of the EMP at a sum not to exceed that of the 600 ft. lock, despite
evidence of a larger ecological need. Managers of the Master Plan’s ecological studies (Environmental
Work Team) had estimated the EMP price tag at $300 million. After reviewing Master Plan documents,
Congress, in 1986, passed the UMR System Management Act declaring the UMRS both a nationally
significant commercial navigation system and a nationally significant ecosystem. Congress further
authorized both the 600 ft. lock and the $190 million EMP. More details on the Lock and Dam 26
controversy are provided in Chapter 5 of this Compendium.
Construction of the two new locks (1200 and 600 ft. long) was eventually completed, and the EMP
continues to be implemented to this day with total expenditures far exceeding the originally authorized
$190 million.
Navigation improvement interests continue to lobby Congress for further expansion of the navigation
project, most recently calling for expansion of several additional locks to 1200 ft. in length. This most
recent proposal, however, ran into a snag in 2000 when a USACE economist “blew the whistle” to the
federal judicial system, accusing his USACE superiors of altering economic data in order to justify the
project. This whistle-blower action resulted in the resignations of some USACE military officers and calls
by environmental interests for complete reorganization of the USACE. However, despite these issues the
proposed lock expansions remain under study, and the controversy between navigation and environmental
interests over use of the UMR continues, as it likely will far into the future.
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Table 1. Approximate lengths and acreages of Upper Mississippi River pools.
Miles Above Ohio River Length Estimated
Pool Name
Town of Proximity
(Mi.) Acreage
& Lock Bank
USAF*
St.Paul, MN
853.7
3.9
____
LSAF**
St. Paul, MN
853.4
0.3
____
1
St. Paul, MN
847.6
5.8
500.0
2
Hastings,MN
815.2R
32.4
9716.0
3
Red Wing, MN
796.9R
18.3
6509.5
4
Alma, WI
752.8L
44.1
23305.3
5
Whitman, MN
738.1R
14.7
11705.2
5A
Winona, MN
728.5R
9.6
7598.6
6
Trempealeau, WI
714.3L
14.2
11030.3
7
Dresbach, MN
702.5R
11.8
15543.5
8
Genoa, WI
679.2L
23.3
25784.2
9
Lynxville, WI
647.9L
31.3
35169.4
10
Guttenberg, IA
615.1R
32.8
20896.0
11
Dubuque, IA
583.0R
32.1
19857.0
12
Bellevue, IA
556.7R
26.3
12349.0
13
Fulton, IL
522.5L
34.2
28117.0
14
Davenport, IA
493.3R
29.2
10291.0
Rock Island, IL
482.9L
10.4
3626.9
15
16
Muscatine, IA
457.2L
25.7
11630.0
17
New Boston, IL
437.1L
20.1
8137.0
18
Gladstone, IL
410.5L
26.6
11746.0
Keokuk, IA
364.2R
46.3
30466.0
19
20
Canton, MO
343.2R
21
6993.0
21
Quincy, IL
324.9L
18.3
7357.0
22
Hannibal, MO
301.2R
23.7
8090.0
24
Clarksville, MO
273.4R
27.8
11042.0
25
Winfield, MO
241.4R
32
16077.0
26
Alton, IL
202.9L
38.5
17457.0
B-26
314
61910.7
423922.6
Total
Total for Pools 1-26
371011.9
* Upper St. Anthony Falls
** Lower St. Anthony Falls
Note: Acreage data for Pools 1 and 2 are UMRCC estimates, acreage data for Pools 3 through B-26 were
taken from the Upper Mississippi River Habitat Inventory (Hagen, Werth and Meyer 1977; Minor,
Caron, and Meyer 1977). All acreage estimates are calculated at water level elevations considered
“normal” for commercial navigation. At flood stage, acreage estimates would be larger for most
reaches, and much larger for those reaches where levees and railroad rights-of-way do not severely
restrict lateral movement of water onto the floodplain.
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Navigation Channel Maintenance and Ecological Considerations
Maintenance practices for the 9-foot
navigation channel (first authorized in
1930) have divided the UMR into two
widely different environments [i.e.,
the pooled portion (Figure 5)
upstream from St. Louis and the
MMR or open river portion (Figure 6)
downstream from St. Louis]. Both
portions of the river offer unique
environments for fish habitation, and
both suffer from unique
environmental problems.
The 29 navigation dams constructed
upstream from St. Louis significantly
altered the UMR environment,
creating a series of river lakes or
slackwater navigation pools from the
existing free-flowing river. Most
habitats previously drained by the 3-,
4.5-, and 6-foot channels were
inundated by the elevated water levels
in the newly created pools (Figure 7).
Channel markers and buoys were used
to delineate the navigation channel,
and most wing dikes and closing dams
used to create the 3-, 4.5- and 6-foot
channels were inundated and
maintained as before to continue to
divert flowing water into the main
navigation channel in order to keep it
swept relatively free of fine
sediments. While inundation by the
slackwater pools created new lake-like
habitats, it committed these same
habitats to the aging process of longterm sedimentation and to the effects
of “sediment sorting”
caused by the inundated
channel control structures.
These structures (i.e., wing
dikes and closing dams)
deflect currents and direct
fine sediments into side
channels and backwaters
(prime fish and wildlife
habitats) where they settle
out and contribute to the
aging or eutrophication

Figure 5. View of the Upper Mississippi River overlooking
Prairie du Chien, Wisconsin from Pike’s Peak State Park
near McGregor, Iowa.

Figure 6. Aerial view of the Middle Mississippi River
showing huge wing dikes exposed at low water stage and
forcing the River’s current into the navigation channel.

Figure 7. Habitats drained by the 3-, 4.5- and 6-foot channel projects
were inundated by construction of the 9-foot navigation channel project.
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process. Because of the physical and
chemical properties of fine silts, heavy
metals, contaminants and other
pollutants attach to them and are carried
along with the currents. So as silt
particles settle out in backwater lakes,
toxic substances attached to them can
accumulate and create problems for
biological life.
Most of the heavier sands carried in the
river’s bedload remain in the main
channel and collect along the main
channel border between wing dikes or
are deflected by the submerged channel
control structures toward the main
channel. In some reaches where
Figure 8. Dredged material being removed from the
currents are slowed, these sands can
navigation channel by a US Army Corps of Engineer's dredge
create shoaling problems which in turn and placed on the adjacent shoreline.
lead to groundings of navigation craft
that ultimately create the need for
channel maintenance dredging (Figure
8). Disposal of dredged material
destroyed thousands of acres of wetland
and aquatic habitats (Figure 9) before
being challenged by environmental
interests in the early 1970s by lawsuits
filed in both Wisconsin and Minnesota.
These lawsuits resulted in the formation
of interagency “On-Site Inspection
Teams” (discussed in Chapter 5 of this
Compendium), which today are
responsible for finding beneficial uses
for the dredged material and acceptable
disposal methods and sites.
Figure 9. Dredged material disposal practices prior to the
Upstream from St. Louis, the pooled
1980’s destroyed thousands of acres of prime wildlife habitats
portion of the river is more stable and
along the Upper Mississippi River.
less turbid than it was
prior to impoundment.
But over most of its
length, the UMR is
locked within a system of
agricultural levees and
railroad rights-of-way
(Figure 10). This,
combined with the effects
of the navigation channel
Figure 10. Agricultural levees and railroad embankments prevent the Upper
control structures, has
Mississippi River from accessing its floodplain except during extreme
catastrophic high water events.
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destroyed the river’s
ability to gain access to its
natural floodplain.
In a natural setting, a river
has free access to its flood
plain and is able to roam
about creating and
destroying new habitats
(Figure 11); and over long
periods of time a relative
Figure 11. Over long periods of time, the natural process of “dynamic
balance or “dynamic
equilibrium” allows a river to maintain a balance between its natural habitat
equilibrium” (National
types.
Research Council 1992) is
maintained between the
numbers and acreages of
habitat (Figure 8).
Dredged material being
removed from the
navigation types present
(i.e., side channels,
backwaters, channel by a
US Army Corps of
Engineer’s dredge and
Figure 13. Levees and floodwalls constrict river channels and cause flood
placed on main channel
elevations to increase.
borders, and main
channel). With its dynamic equilibrium lost, the UMR no
longer has the ability to create or maintain the ecologically
rich side channels, backwaters, river lakes, and sloughs
present when the river was impounded. Instead these
important fish and wildlife habitats are continuously being
lost to sedimentation. Natural and man-induced filling, as
well as dredged spoil disposal have proceeded to the degree
that in some locations, areas once characterized as lakes or
wetlands have been converted to dry land.
Compounding these problems are the different ways in
which the USACE manages pool water level elevations.
Depending on land ownership patterns, water levels are
managed by the USACE through the use of “control points”
located either at the lock and dam site itself or at some
“hinge point” positioned near mid pool. In the latter case
“pool tilting” is used to achieve desired water depths for
navigation traffic. This can have significant impacts on
aquatic life, especially in the lower ends of the pools. Water
level elevations read at a mid-pool hinge point dictate gate
settings at the locks and dams. Accordingly, dam gates are
opened in anticipation of upstream flows. This can result in Figure 12. The effects of frequent and
significant dewatering of the “pool area” immediately above erratic changes in water surface elevation
the lock and dam — a situation common in the St. Louis
on side channels.
District (i.e., Pools 22–26).
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Unlike the vast surface area of the upstream slackwater impoundments (Figure 5), the surface area of the
MMR is continually being reduced (Figure 6) by the USACE’s channel constriction or channelization
efforts (e.g., maintenance of existing
wing dikes, construction of new wing
dikes, placement of rock closing
structures at the upper ends of chutes,
etc.). This situation is compounded by
encroachments of floodplain
agricultural activities and floodplain
developments, which are then protected
with levees and floodwalls (Figure 13).
The channelized MMR suffers from
high levels of turbidity; requires
frequent, large scale dredging; and (as
noted earlier) has been significantly
reduced in width and length by both
wing dikes and closing dams. Lack of
habitat diversity is a primary problem.
Constriction of the river’s channel by
dikes, levees, and floodwalls forces the
water to pass through a much narrower
channel than under natural conditions
(Figure 13).

Figure 14. The effects of flood control measures on flood
elevation and flow over time at St. Louis, Missouri.

This causes rapid and erratic changes in water surface elevation (Figure 12), and increased flooding and
scouring of the riverbed, which
over the long term, deepens the
river channel. These erratic
changes in water surface elevation
often leave fish stranded when
side channels are dewatered.
Death of fish in isolated pools is a
natural phenomenon for rivers,
including the historic UMR. But
man has altered the MMR so
significantly that good aquatic
habitat is scarce and even fish
losses to natural dry cycles are
noteworthy.
Interestingly, as flood protection
has increased on the UMR and
MMR, flood heights have also
increased. USACE data for the St.
Louis area clearly show this
phenomenon (Figure 14).
Construction of floodwalls and
levees in the St. Louis area caused
flood elevations to increase over
time, even though flood discharge

Levee Break
Scour Holes
Flood Stage

Figure 15. Photo and drawing showing the impacts (scour holes
and structural losses) of levee breaching when floodwaters are
elevated by levees.
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had decreased. Then when many levees were breached in 1993, flood elevation and discharge rose in
unison in a more natural fashion.
Engineered works across
most of the UMR
watershed (i.e. field
drainage tiles, channelized
streams, paved streets,
cleared lands, etc.) have
speeded runoff so much
that water flowing
downstream vastly exceeds
the man-made channel’s
Figure 16. Middle Mississippi River channel training structures deflect
ability to carry it. Also,
most or all of the river’s flow into the main channel dewatering the
most of the natural
“perched” side channel and backwater habitats during low river stages.
catchments (i.e., wetlands
and lakes) in the watershed have been drained
and the river is isolated from most of its
floodplain. In a natural river system the
floodplain acts as a “check valve” against severe
floods, spreading flood waters over a wide area
and slowing them down, and then releasing them
to the river channel over a long period of time.
Figure 15 shows the damages caused when high
levees are breached and water is spilled with
great force onto the floodplain.
One of the hardest to see, and most overlooked
effects of navigation channel maintenance
Figure 17. Middle Mississippi River dredge
practices in the MMR is degradation of the
pumping dredged spoil into the river channel.
channel bed (Figure 16) which results in
“perching” or elevating of the floodplain above the channel. In some areas, the present main channel is 11
feet deeper than it was in the 1800s, before construction of the wing dikes (Mueller 1977). The
subsequent elevation and dewatering of side channels caused by lowering of water tables has significantly
reduced the amount of available aquatic habitat. Unless steps are taken to prevent this, nearly all natural
and man-induced side channels (flooded at
normal water level elevations) in the MMR will
completely fill with sediment and become
indistinguishable from the floodplain (Simons,
et al. 1975).
Despite the USACE’s extensive efforts to
channelize the MMR and make it a self-scouring
channel, dredging is still required. In fact in the
past, as much as ten million cubic yards of
sediment was dredged from the river annually in
order to maintain the 9-foot channel. Due to the
tremendous volume of this material, equipment
limitations, and the lack of government owned
Figure 18. Sands deposited in Middle Mississippi
lands adjacent to the river, open water dredged
River side channels and channel borders, by
spoil disposal is the rule (Figure 17). With
dredges, destroy habitat diversity and prime
regard to equipment limitations, a dustpan
aquatic habitats.
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dredge, which lacks off-channel dredged material placement capability, is typically used on the MMR vs
the hydraulic cutterhead dredge with off-channel placement capability that is typically used on the UMR.
Middle Mississippi River sediments are thus simply resuspended by the dustpan dredge and carried
downstream by the river’s current, with many of them ending up deposited in slackwater areas of the
main channel border behind wing dikes, in side channels behind closing dams and at the mouths of
tributary streams. All of these locations represent potentially prime fishery habitats, which are
continuously being converted to dry land (Figure 18). Sediments removed from the channel have thus
served to significantly reduce the river’s surface area and its biological productivity.
In recent years, a new technology known as
“bendway weirs” was developed and is being
used on the MMR to reduce dredging volumes. A
bendway weir is nothing more than a wing dike
buried in the river bottom, beneath the river
channel, that deflects flows across the channel
and scours sand from the tip of sand bars which
naturally build up on the inside of river bends.
These are the sand bars which create problems for
navigation traffic and frequently require dredging.
The bendway weir technology has proven
successful in reducing the need for dredging and
reducing the amount of water needed to maintain
(scour) the 9-foot navigation channel. The latter
Figure 20. Huge rock wing dikes used to control
has also allowed USACE engineers to “spill”
the Middle Mississippi River navigation channel.
more water into side channels that had been
previously kept dry. This feature makes the
technology promising for biological enhancement
of side channel habitats, but the impact (i.e.
continuous removal of the tips of inside bend
sand bars) on riverine fish such as pallid and
Shovelnose Sturgeon remains under study.
A river has a natural tendency to meander within
its floodplain and thus to reach equilibrium
within its bed (described earlier as dynamic
equilibrium). In order to control this meandering
and to maintain navigation channel integrity, the
USACE has found it necessary to riprap or use
revetment along much of the MMR’s shoreline.
When the navigation project was originally
authorized, the USACE began constructing over
800 wooden pile wing dikes in the 183.5-mile
section of the MMR (Mueller 1977). Most of
these are now buried by or reinforced with rock
(Figure 3). Such wing dikes had reduced average
width of the MMR from about 5,300 feet in 1888
to a calculated average width of 3,200 feet in
1968 (a total reduction of nearly 40%) (Mueller
1977).

Figure 19. Rock lined channel of the Middle
Mississippi River.

When wing dikes or other flow deflecting devices
are built on one stream bank (Figure 20),
Figure 21. View of the Illinois River near Peoria.
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protective action such as placement of rock revetment or construction of another wing dike may soon be
required just downstream on the opposite bank in order to dissipate the energy or deflect it back into the
river’s main channel. This process is never-ending if the majority of the river’s flow is to be confined in a
designated channel. Thus the USACE has placed millions of tons of rock along the banks of the MMR;
gradually converting it into a rock lined “canal” (Figure 19).
Excessive dredging, bed degradation and other factors (i.e. influence of the Missouri River) contribute to
the MMR’s high turbidity and sedimentation rates.
The pooled portion of the UMR carries only 10 percent of the sediment carried by the MMR. These
factors contribute to the destruction of habitat for bottom dwelling organisms such as freshwater mussels.
MMR biotic communities are thus impacted by a variety of man induced impacts — factors that
cumulatively result in severe reduction of aquatic organisms and habitats. Extreme fluctuations of water
surface elevations, combined with the effects of sedimentation, strong currents, channel control structures
and navigation traffic itself have contributed to the elimination of nearly all aquatic vegetation, as well as
fish mortality caused by the direct impact with barge traffic and by stranding of fish in isolated pools
where dissolved oxygen levels are depleted during hot weather conditions.

Summary
The pooled portion of the UMR is presently in better environmental condition than is the MMR where
fisheries habitats have been more severely altered. However, the pools are experiencing the same maninduced aging processes, typical of that experienced by any natural or artificial lake. In certain areas, this
aging process has been significantly accelerated, and if left unchecked it will culminate in elimination of
the river’s habitat diversity (i.e. sloughs, side channels, river lakes and backwaters) in favor of a channel
similar in appearance to that of a stair-stepped artificial canal.
Passage of the National Environmental Policy Act (NEPA), the Endangered Species Act of 1973, the
Wisconsin Court Order of 1974, Section 117 of the Water Resources Development Act of 1976 (PL 94587), Locks and Dam 26 legislation (PL 95-502), and implementation of the EMP have all made positive
impacts on both the UMR and MMR reaches. But the concerted efforts of biologists, environmentalists,
and concerned citizens will continue to be needed in order to offset the demands of navigation, agriculture
and development interests who over the last century and a half have continued to alter the river
environment to meet their economic needs at the expense of fish and wildlife interests.
Only through the diligent and cooperative efforts of groups like the UMRCC, can we hope to preserve the
UMR environment from ultimate ecological disaster. One has to go no further than the Illinois and
Missouri Rivers (large UMR tributaries) to see the results of excessive commercialization. Figure 21
shows aquatic habitat loss on the Illinois River and Figure 22 on the Missouri River. Indian Cave Bend on
the Missouri River near Rulo, Nebraska displays a classic example of habitat loss on a large river. The
“Cross Section” in the pictures attempts to mark a common point to each picture. The graphics
underneath the pictures attempt to demonstrate what is going on under the water’s surface. A similar
situation existed on the UMR before impoundment by the 9-foot channel navigation project, and
continues to this day on the MMR. Truly, we need to use our large rivers as links in the nation’s
transportation network, but their significance as nationally important ecosystems deserves equal
recognition.
If the UMR fishery is to be maintained in a reasonable state of viability, difficult choices will have to be
made to place more emphasis on river ecology and thus balance environmental interests with commercial
river development interests. This includes any consideration of significantly increasing navigation
capacity (e.g., a 12-foot navigation channel, increased lock capacity or extending the navigation season)
or floodplain development of any kind (industrial, domestic, or agricultural). In fact, what is needed is a
“results driven”, well-funded, ongoing environmental management program equal in significance to that
of the navigation and flood control operation and maintenance programs. Such an environmental
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program, however, should not be directed by the USACE, but by an interagency environmental coalition
that includes the USACE and other environmental stakeholders as equal partners.

Figure 22. Classic example of large-scale channelization in action and the resultant loss of floodplain
habitats at Indian Cave Bend near Rulo, Nebraska.
Until then, the floodwall at Cairo, Illinois (Figure 23) seems to say it all about how man has used and
abused the UMR and its watershed during the 19th and 20th centuries. People who want access to the
Cairo riverfront can only do so by passing through the floodwall’s closeable gates. The city’s riverfront is
not the beautiful river vista that it once was, but instead it is a concrete wall. Cairo and river towns like it
were settled all along our rivers because of the obvious economic and aesthetic advantages of such
locations. However, many of these towns (some that were in place for more than 100 years) have been
destroyed by man- enhanced floods or were simply abandoned as man turned his back on the river. So
now, it seems that for those towns and cities that remain, the river has, in many cases, become the enemy
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and must be kept at bay behind high walls and floodgates. This is the legacy that watershed land abuse
and over-engineering of our rivers and floodplains has left us with as we enter a new millennium!
No one knows what the future holds; we can
only hope that generations to come are better
land and river stewards than were those of the
past. If in only a small way, we hope that this
fisheries compendium provides future
generations with some insights, some ideas,
and some tools that can be used in caring for
this magnificent resource. The fish and
wildlife resources of the nation’s “greatest”
river should not be sacrificed in the name of
shortsighted, single-purpose uses. There will
never be another “Father of Waters” and we
shouldn’t let shortsightedness destroy the one
Figure 23. Concrete floodwall at Cairo, Illinois.
that we have. The challenge is there. The
question is: Will we as a society be up to it?
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Upper Mississippi River Habitat Classification
Jerry L. Rasmussen and John M. Pitlo, Jr.
UMRCC biologists established an Upper Mississippi River (UMR) habitat classification scheme in order
to form a basis for communication, scientific study, fisheries management and a standard from which to
work (Sternberg 1971). This scheme is illustrated in Figure 24 and the separate habitats are described
below.

Main Channel
Main channel habitat occurs in
both the pooled and unpooled
river. It extends throughout the
entire reach of both, extending
from one end of a navigation pool
to the other, but includes only
that portion of the river through
which large commercial craft can
operate (Figure 24 and Figure
25). It is defined on its edges by
combinations of river regulating
structures (wing dikes),
riverbanks, islands, buoys and
other markers. It has a minimum
depth of nine feet and a minimum
width of 400 feet. A current
always exists, varying in velocity
with water stages. Bottom type is
mostly a function of current.
The upper reaches of the pool
usually exhibit a sand bottom,
changing to silt over sand in the
lower reaches. Occasional
patches of gravel are present in a
few areas. Most of the main
channel is subject to scouring
action during periods of rapid
water flow and during passage of
towboats in shallower stretches.
During low flow stages
deposition occurs and
occasionally sand deposits block
the navigation channel.

Figure 24. Schematic diagram of a typical Upper Mississippi
Main channel sediments have a
River navigation pool showing various habitat types and points of
tendency to form dunes behind
sediment accretion and dredged spoil disposal.
which microhabitats are created
where debris and food materials collect. Channel dwelling fishes utilize these habitats for feeding and
cover. No rooted aquatic vegetation is present in the main channel.
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Main Channel Border
This habitat, also occurring throughout both the
pooled and unpooled river, forms the zone (on
either side of the main channel) between the 9foot navigation channel and the main riverbank,
islands (Figure 25, background and foreground),
or submerged definitions of the old main river
channel. It includes all areas in which wing dikes
occur along the main channel. This area would
commonly be thought of by the layman as being
part of the main channel, but for fisheries
purposes it is considered a separate habitat.
Navigation buoys often mark the outer edge of
this zone. Where only the river bank defines the
main channel, a narrow border still occurs, and
often the banks have riprap and fair to good fish
habitat.
Dredged spoil has been placed in some sections
Figure 26. An example of main channel and main
of this zone, sometimes covering wing dikes in
both the pooled and unpooled river. The substrate channel border habitats.
is composed mostly of sand in the unpooled river
and in the upper reaches of the pools. Silt
substrates occur in main channel border habitats
in the lower ends of the pools. Little or no rooted
aquatic vegetation is present. Main channel
border habitats provide some of the better
seasonal fishing along the river. Wing dike
habitats vary depending on elevation of the dike
with respect to water surface, orientation or
placement of the dike with respect to direction of
current flow, and dike location. Some wing dike
habitats are especially attractive to Walleye
(Sander vitreus) and Sauger (Sander canadensis)
as feeding and resting areas.

Tailwaters
Tailwater habitats occur in the main channel,
main channel border, and other areas
immediately below the navigation dams where
turbulence is caused by the passage of water
Figure 26. Typical Upper Mississippi River
through the gates of the dams and out of the
tailwater.
locks (Figure 26). Since these areas change in
size according to water stage, an arbitrary lower
boundary for fishery purposes has been set at a distance of one-half mile downstream of the dams. The
substrate is composed mostly of sand, although occasional patches of gravel or rubble occur. Generally,
there is no rooted aquatic vegetation present in the tailwater habitats. In the unpooled river this habitat
occurs only below Lock and Dam 26 and 27. Tailwaters are especially attractive to fishermen because
Walleye, Sauger, Paddlefish (Polyodon spathula), and other species concentrate there, attracted by the
current and impeded from moving further upstream by the dams.
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Side Channels
These include all departures from the main
channel and main channel border that have
current during normal river stage. The
graduations in this category are widespread in
the pooled river, ranging from fast flowing
watercourses with high banks to sluggish
streams winding through marshy areas (Figure
27). Unless they are former main channels (a
situation occurring in a few places on the
UMR), the banks are usually unprotected.
Undercut or eroded banks with fallen trees are
common alongside channels near their
departure from the main channel. This occurs
mainly in the upper sections of the pools
where banks are high and current is swift.
Closing or diversion dams are often present
where the side channel leaves the main
channel or main channel border, and
infrequently at other locations. In the pooled
Figure 27. An example of slow flowing, partially
section of the river, these dams are mostly
vegetated Upper Mississippi River side channel
submerged. The bottom type usually varies
habitat.
from sand in the upper reaches to silt in the
lower. In the swifter current, there is no rooted aquatic vegetation, but vegetation is common in the
shallower areas having silty bottoms and moderate to slight current. Side channels in the pooled river are
also commonly referred to as sloughs, running sloughs, chutes, cuts, guts, cutoffs and canals.
Side channels in the unpooled river, often blocked at the upper ends by closing dams and sand deposits,
are usually isolated from the main channel, only carrying a current during higher water surface elevations.
Smaller side channels can be separated from the main channel by only a small island. These islands have
a tendency to migrate downstream (i.e.,
eroding at their upper ends and depositing
sediments at their lower ends). These erosion
and deposition zones each create unique
microhabitats for aquatic organisms, however
the U.S. Army Corps of Engineers sometimes
prevents island migration by placing riprap at
the upstream ends.

River Lakes and Ponds
Most lakes and ponds in UMR backwaters
(Figure 28) occur in the pooled river and were
adequately defined by Hutchinson (1957).
Examples of these are lakes formed by
fluviatile dams (Lake Pepin), oxbows or
isolated loops of meanders (Spring Lake near

Figure 28. Typical shoreline of a backwater lake
habitat.
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Figure 29.Typical Upper Mississippi River shallow
slough habitat.
Buffalo City, Wisconsin), lakes formed in depressions on the
floodplain (Sturgeon Lake near Hastings, Minnesota), and lakes
formed between a natural levee and a scarp (Goose Lake, Wisconsin).
They also include lakes formed due to the action of man (i.e., large
open areas located just upstream from the navigation dams which may
include the main channel or main channel borders). In traditional
UMR studies, only those lakes having some connection with the river
during normal water stages were usually considered. But in recent
years the important roles that floodplain lakes play as refugia and
spawning/nursery areas for fish during high water stages are better
Figure 30. Diagram of Pool 13.
understood, and accordingly these lakes have risen in value to man.
River lakes and ponds in the pooled reaches may or may not have a slight current, depending on their
location. Most of the substrates are mud or silt often consisting of a layer two or more feet thick. These
waters may have an abundance of rooted aquatic vegetation, both submerged and emergent, and may be
surrounded by marshland. The substrates of river lakes and ponds also may exhibit high concentrations of
contaminants due to the affinity of these man-made materials to adhere to small clay particles suspended
in the water column which are carried by river currents to the backwaters where they settle out and
accumulate.

Sloughs
This category includes the remaining aquatic habitat in the river. Sloughs often border on the lake or pond
category on the one side and on the side channel category on the other. They may be former side channels
that have been cut off, or that experience only intermittent flows. They may be relatively narrow branches
or offshoots of other bodies of water. They are characterized by having no current at normal water stage,
muck bottoms, and an abundance of submerged and emergent aquatic vegetation (Figure 29). Sloughs and
some of the ponds and smaller lakes often provide good examples of the natural and man-induced
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ecological succession, which is changing the river from aquatic to marsh habitat. Sloughs are most
abundant in the pooled river.
The tremendous diversity provided by these six habitat types in the pooled river contributes significantly
to its biological productivity. The river’s physical characteristics at the upper ends of the pools are often
very much like they were prior to construction of the navigation dams (i.e., islands and water courses off
the main channel are prominent). Toward the lower ends of the pools (just upstream from the dams), the
effects of the dams become prominent and the river becomes more lake-like or lacustrine in nature. Figure
30 showing an overhead view of Pool 13 demonstrates these characteristics. Old side channels,
backwaters, and islands are submerged immediately upstream from the dam. The navigation channel
retains its identity in open water areas through a series of markers and buoys, and sometimes by artificial
islands of dredged spoil. Wing dikes and closing dams, originally constructed for the 3, 4.5- and 6- foot
navigation channels, are submerged throughout most of the pool and in some cases create excellent fish
cover. As noted above, habitat classifications for the navigation impoundments include all six-habitat
types: main channel, main channel border, tailwaters, side channels, river lakes and ponds, and sloughs.
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Upper Mississippi River Survey Methods and Studies
Jerry L. Rasmussen and John M. Pitlo, Jr.
Updated by Levi Solomon
General Considerations
Large and productive warm water rivers are difficult to investigate and manage even under the most ideal
conditions. Added to this, many of them, including the Upper Mississippi River (UMR), form natural
geographic boundaries between states, and therefore fall into a management “no-man’s land” where no
one state or management entity has authority or jurisdiction to manage the entire resource. In the past, this
has led to management of these resources being neglected. However, as these rivers form some of the
most significant aquatic resources in many states, state and federal agencies are now working together to
better study and manage study these systems. The UMR is a great example of how far those agencies
have come in terms of cooperation and coordination of management of a shared resource.
A river the size and complexity of the
UMR (Figure 31) presents problems
whose solutions often require detailed
planning, cooperation of multiple entities,
and a significant amount of time and
effort. Fish sampling is complicated by
both environmental and man-induced
actions. These were described by
Fremling et al. (1989) as follows: “Swift
currents, large fluctuations in stage and
discharge, deep water, wind-driven waves,
floating debris, shifting substrates and
navigation traffic. Diversity of habitats
and environmental conditions generally
preclude utilization of the same sampling
Figure 31. View overlooking an Upper Mississippi River
gear in all habitats, thereby confounding
backwater and main channel complex.
catch comparisons. Similarly, the same
gear cannot be used consistently in a particular habitat because environmental conditions change radically
with river stage (e.g., changes from shallow, slack water to deep waters and strong currents). Even the
biology of fishes in large rivers may differ significantly from that of other habitats.”
Brown (1975) described all sampling as selective, by definition, and only randomized within defined
“group limits” or “strata”. For fishes, Brown said these strata can be defined either in terms of some
particular developmental stage or behavior pattern. Such a characteristic may be associated with age, sex,
reproductive state, nutritional state, spatial distribution, temperature, innate movement patterns and even
the nature and behavior of a particular food source.
Because of this complexity, available resources in large river research and management are usually
expended on solving only those problems judged to be the most important. Also, the time and funding
necessary to complete the more detailed, long term studies needed to gain a comprehensive knowledge of
the fishery are rarely available. It was, in part, for these reasons that the UMRCC was formed in 1943 and
that the following three UMR survey objectives were established:
Objective 1) Determine the importance of wildlife resources other than fish in the UMR and the
factors governing the abundance of various species.
Objective 2) Determine the nature and importance of the sport and commercial fisheries of the
UMR and the factors influencing the abundance of fish.
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Objective 3) Collect data upon which to base recommendations for uniform fishing regulations,
adjusting present discrepancies, and recommendations for physical control of the river
insofar as such control affects wildlife resources.
With these objectives in mind, survey procedures were designed and formulated to find answers to
questions of immediate concern and which could be accomplished in a relatively short time. As
investigations proceeded over the years, several phases became long-term in nature such as creel
censusing and gathering of commercial fishery harvest statistics. Unfortunately, many of these long-term
studies have been discontinued over the years. Short-term studies became numerous as problems
concerning the fishery were revealed. In recent years, short-term studies on local problems have been
largely taken over by the individual states and regional universities, and all states have become actively
involved in multi-agency planning efforts discussed throughout this Compendium. The UMRCC has been
most effective in (1) coordinating research and management efforts of the various states, (2) compiling
and analyzing fisheries harvest and recreational use data, (3) obtaining information of general
management value to a number of agencies, (4) establishing standards for harvest regulations, and (5)
serving as a focal point for unification of UMR conservation interests.

Permanent Sampling Stations
Fish sampling is an important component of UMR fisheries management. Not only does the information
collected allow for more confident fish management decisions, it also allows comparisons to other parts
of the river. At the UMRCC’s inception, fisheries biologists realized the value of data collection and the
importance of sampling station location. In the 1940s, UMR states established specific study areas that
were carefully selected as being representative of certain habitat types. Each area was accurately mapped,
and many were fitted with benchmarks that served as reference points for measuring water stages during
survey periods. The concept behind permanent or fixed sampling stations was to standardize the survey
method as much as practical so all states would be collecting comparable data, although each state would
set their own sampling intervals. Sampling fixed stations at varying periods should reveal changes in
species composition and abundance. Fixed stations sampled annually would also lend themselves to track
changes in depth, vegetation, and water quality through time. Habitat changes through time at fixed
stations have been observed. The 1965 flood brought about great morphometrical changes of Minnesota’s
sampling stations that were observed shortly after the flood waters receded (UMRCC 1966).
Unfortunately, all five states were not able to continue the periodic sampling efforts and complete records
are not available.
The use of fixed sampling stations has continued in more recent times by several UMR states. These
fixed sites vary in purpose and gears used, and details can be found in Boland (1995), Bertrand (1997),
Dieterman (2015), Schlesser (2015), DeBoer et al. (2016), and Heath and Clement (2016). In addition, a
rather unique fixed sampling location is found at the Quad Cities Nuclear station in Pool 14. The location
is a water intake structure on which fish are impinged. Impinged fish have been sampled by biologists and
provide an excellent long term dataset on select species (Haas 2016).
While permanently fixed sampling locations have been traditionally used on the UMR with success,
randomizing locations has also been a sampling strategy. Currently, the largest network of UMR random
fish sampling is associated with the Upper Mississippi River Restoration (UMRR) Program’s Long Term
Resource Monitoring (LTRM) element. The LTRM fish component takes an ecological community based
approach to monitoring and collects data that is scientifically valid and comparable over time and space
(Ickes et al. 2014). Since 1993, LTRM has established strong databases for field stations located in Lake
City, Minnesota (Pool 4); La Crosse, Wisconsin (Pool 8); Bellevue, Iowa (Pool 13); Alton, Illinois (Pool
26); Jackson, Missouri (Open River Reach); and Havana, Illinois (La Grange Reach; Illinois River).
These field stations are federally funded and state operated. Many species chapters within this
compendium highlight data collected by LTRM.
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Stock Assessment and Exploratory Fishing
Jackson et al. (1981), Ratcliff et al. (2014), and Guy et al. (2009) describe a variety of commonly used
UMR fishing gear. These include gill nets, trammel nets, seines, trawls (bottom and midwater), hoop nets,
fyke nets, larval fish nets, and electrofishing gear. While all of these gears are common to most fishery
stock assessment applications, special considerations and adaptations must be made for use in large rivers.
Currents and floating debris dictate that gill and trammel nets be set parallel with the current, however
they can be set in a variety of formations in backwater habitats lacking strong current. Trammel nets can
also be allowed to drift with the current. The latter technique is especially effective for collecting
Shovelnose Sturgeon (Scaphirhynchus platorhynchus).
A variety of seines can be used on the UMR ranging in length, mesh size, and style (e.g. beach vs. bag
seine), and are generally used to collect small fishes in shallow water habitats. Seines are normally pulled
with the current and can be used in a variety of techniques. These include having one seiner stationary as
the other works the seine in an arcing pattern or having both seiners pull the seine to cover a predetermined distance. Seines can also be used as a stationary barrier to block escape of fishes in smaller
habitats.
Trawls are often used on the UMR (Figure
32) and are generally pulled with the
current. However, bottom trawls have
been utilized effectively against the
current to catch young of the year Channel
Catfish (Ictalurus punctatus) (LGL
Ecological Research Associates, Inc.
1981), and as a tool to assess the effects of
tow traffic on fishes utilizing the
navigation channel (Dettmers et al. 2001).
An added safety feature of pulling bottom
trawls against the current is the ability to
reduce power from the towing vessel and
drift downstream away from snags which
may otherwise destroy gear. A quick
release mechanism (or a very sharp knife) Figure 32. Large trawl used on the Upper Mississippi
is also essential in the event that the gear
River to sample the main channel fishery.
gets caught and must be released to avoid
capsizing the trawling vessel in the river current. The latter also dictates the need for use of larger
trawling vessels (20 ft. plus in length) to provide a safe working platform. The LTRM element
implemented trawling from the boat’s bow while moving with the current, and this has proven safe and
effective at sampling a variety of fishes (Ratcliff et al. 2014) and reduces the risk of capsizing the
trawling vessel. The Missouri trawl, developed by covering the existing LTRM trawl in a 4.76 mm mesh
to improve the catch of small-bodied fishes (Herzog et al. 2005), has been used successfully in a variety
of river habitats within the UMR and across the continental U.S.A. (Herzog et al. 2009).
Use of hoop and fyke nets are limited by both current and fluctuating water levels. In most applications
hoop nets are set in flowing water habitats so that the current holds the net open. Fyke nets are generally
set in off channel areas lacking current or with slowly moving water (Figure 33). Fykes can be set in
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habitats with swifter current if proper
anchoring techniques are used to prevent
the net from rolling over, but in swifter
flow the net is more susceptible to damage
from drifting debris. Drifting debris can
also fill nets in swifter current, potentially
reducing effectiveness. In shallow main
channel border and backwater applications,
care must be taken to allow for overnight
water level fluctuations which may leave a
net exposed to vandalism or theft. Care
must also be taken to identify navigation
channel boundaries and nets must be
carefully set so they will not be collapsed
by propwash from large recreational craft
and commercial towboats.

Figure 33. A large fyke net in a backwater of the UMR.
Pulsed DC electrofishing is recommended
by UMR biologists for most electrofishing
applications (Figure 34). However, AC has
been used extensively in the past, and
Minnesota (Grunwald l983) found AC units
modified with deep-water electrodes useful
for sampling main channel wintering fish
populations. Efficiency of the latter gear is,
however, limited by water clarity and
buoyancy of stunned fish. On the Missouri
River, Hesse (1982) found a chase boat,
used in combination with an electrofishing
boat, effective in collecting fish stunned in
swift water habitats. Alternate frequencies
of pulsed DC, such as low pulse
frequencies for Flathead Catfish
(Pylodictus olivaris) and Blue Catfish
Figure 34. Pulsed DC Electrofishing on the UMR.
(Ictalurus furctatus), can be effective for
certain species (Justus 1994). Hesse (1982) also found a telephone generator, as described by Morris and
Novak (1968), efficient in collecting Flathead Catfish adjacent to wing dikes.
Rotenone is the primary toxic chemical used for fish stock assessment in large rivers, but it is rarely used
in flowing waters due to volume requirements and risk of kill outside the target area. In fact, toxics are
rarely used at all. Pitlo (1987) found only 25 recorded instances of rotenone use in a 600 mile reach of the
UMR. Rotenone has been used on the Ohio, Monongahela and Kanawha rivers since 1957 to sample in
the navigation locks (Keyes and Klein 1984). The advantage of toxics is that the selectivity of many other
gears, such as mesh size, can be eliminated; but even toxics have differing chemical susceptibilities
between fish species.
Explosives have been used to sample the UMR in the past (Rasmussen et al. 1985), but are not in general
use at this time, nor have they been used for quite some time. Great care should be taken and thorough
research should be done prior to the effective use of explosives.
Environmental DNA (eDNA) is a new form of surveillance tool that can be used to detect genetic
presence of an aquatic species, including fishes and mussels, and has been used extensively in the UMR
as a tool to detect the presence of Bighead Carp (Hypopthalmichthys nobilis) and Silver Carp
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(Hypopthalmichthys molitrix) since 2009. Secretions (slime), feces and urine can all be sources of eDNA,
and although they naturally degrade in the environment they can be detected in water samples. Although
eDNA can be a potential early detector of the presence of Bighead Carp and Silver Carp, it is important to
note that a positive eDNA detection does not necessarily mean the presence of a live fish. There are
many forms of potential false positives (dead fish, contaminated bilge water or sampling gears from other
river reaches, etc.), and efforts to better refine eDNA techniques and uses are currently being developed.
Hydroacoustic techniques have been adapted for use in large rivers, and these techniques have greatly
improved in recent years. According to Fremling et al. (1989), “hydroacoustic techniques are best suited
for defining spatial distribution patterns of total fish assemblages in large deep-water habitats, especially
in the main channel.” However, hydroacoustic techniques can now be used as either “down-looking” or
“side-looking”, allowing more riverine habitats to be sampled, including backwater lakes, side channels,
tributaries, harbors (Garvey et al. 2014) and any other boat accessible (>1-1.5 m deep) habitats
(MacNamara et al. 2016). In addition, hydroacoustic surveys can now be used to estimate total number
and size distribution of all fishes with a given reach of river (Garvey et al. 2014), however classifying
individual fishes to species can be difficult and the post-processing of collected data can be a timeconsuming process.
Sonar has been used successfully to study fish movements under ice (Strand and Scidmore 1969),
document fish concentrations associated with bottom structure (Mississippi River Work Unit 1976 and
1977) and to locate winter catfish concentrations (Larson and Ranthum 1977). Seagle et al. (1980) used
side-scanning sonar to assist in characterization of UMR main channel and main channel border habitats,
and side-scanning sonar/Global Positioning System (GPS) units are now a commonly used tool of
biologists during sampling.
More advanced than side-scan sonar, multibeam
sonar, like the ARIS (Adaptive Resolution Imaging
Sonar) (Figure 35) and DIDSON (Dual-Frequency
Identification Sonar), is a relatively new technology
that is showing promise for studying fish behavior
and movement. Sonars like the ARIS use up to 128
sonar beams and are able to create a real-time,
video-like image and provide detail that far exceeds
side-scan images. Multibeam sonars can be used to
observe fish schooling and swimming patterns, as
well as avoidance behaviors when presented with
stimuli such as sound or capture techniques like
nets. When images are captured at close range,
multibeam sonars can potentially be used to identify
some fish species and characterize substrate and
underwater structures. Multibeam sonars have been
used successfully in the Illinois Waterway and the
Chicago Area Waterway System (CAWS) to study
fish entrainment in barge junction gaps (Davis et al.
2016) and fish interaction with the electric dispersal
barrier (Parker et al. 2015).
Fish migration and movements have been monitored
by tagging or otherwise marking certain species
inhabiting selected areas of the river. Many species
of riverine fish have been the focus of
migration/movement studies, harvest estimates, and Figure 35. Images of fish using ARIS sonar.
Photo courtesy of the USFWS
population estimates including, but not limited to:
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Shovelnose Sturgeon (Scaphirhynchus platorynchus), Pallid Sturgeon (S. albus), Paddlefish (Polyodon
spathula), Channel Catfish, Flathead Catfish, Northern Pike (Esox lucius), White Bass (Morone
chrysops), Largemouth Bass (Micropterus salmoides), Smallmouth Bass (Micropterus dolomieu), Sauger
(Sander canadensis), and Walleye (S. vitreum). The majority of fish (excluding Paddlefish) presently
being collected for tagging and marking are taken by electrofishing. At first, tags were external (Floy
tags, jaw tags, and fin clips; but freeze brands have been used on Walleyes since 1986 (Jeremiah Haas,
Excelon, personal communication)), but getting results from external tags is dependent on the fish being
recaptured or harvested. In recent decades, radio and ultrasonic transmitters have been used, both
surgically implanted into the abdominal cavities of fishes as well as being attached externally, most often
near the dorsal fin. Many species have been the focus of telemetry studies, including, but not limited to:
Paddlefish, Lake Sturgeon (Acipenser fulvescens), Shovelnose Sturgeon, Pallid Sturgeon, American Eel
(Anguilla rostrate), Bighead Carp, Silver Carp, Buffalo (Ictiobus spp.), Flathead Catfish, White Bass,
Hybrid striped bass (M. chrysops x M. saxatilis), Largemouth Bass, Smallmouth Bass, Bluegill (Lepomis
macrochirus), Black Crappie (Pomoxis nigromaculatus), White Crappie (P. annularis), Sauger, and
Walleye (Southall 1982; Holzer and Von Ruden 1984; Talbot 1984; Van Vooren 1984; Pitlo 1985; Stang
and Nickum 1985; and Tripp et al. 2013).
Many of these past telemetry studies were done manually, having crews of biologist in boats on the water
to locate fish to document locations of fishes and habitats being used. New technology and telemetry
techniques have now been developed to make this process less labor intensive. Stationary ultrasonic
receivers have now been placed on river bottom stands, bridge piers, and buoys throughout the UMR and
its tributaries (Herzog et al. 2014). Stationary receivers have also been mounted to towboats, allowing for
full coverage of the entire Mississippi River as well as the Illinois and Ohio Rivers (Herzog et al. 2014).
Global Positioning System capable tags are also now in use in telemetry projects on the UMR, allowing
researchers to get real-time data on locations of tagged fishes without leaving the office. This technology
is relatively new and still quite expensive, but there is potential to see use of GPS capable tags expand as
technology and techniques continue to develop.
In 1994, a group of 22 states under the auspices of the Mississippi Interstate Cooperative Resource
Association (MICRA) began a cooperative effort to assess Paddlefish stocks across the entire Mississippi
River Basin (Oven 1995). All five UMRCC states are involved in this ongoing effort (Grady and Conover
1998) utilizing stainless steel coded wire tags (CWT) inserted into the Paddlefish rostrum or individually
numbered metal jaw tags (Pracheil et al. 2012). Today, over 30,000 wild Paddlefish have been captured
and tagged in the field and all Paddlefish (now more than two million) stocked in the basin have also been
tagged (Pracheil et al. 2012). Commercial and sport fishermen are cooperating, through a reward system,
by returning rostrums of harvested Paddlefish to local biologists. This is the largest such effort ever
conducted on a freshwater species and when completed will rival similar efforts for salmon conducted on
the west and east coasts.
Many of the results of this and other studies have been incorporated into the Life History Segment of this
compendium. In addition, a special chapter has been written for the compendium describing available
information on fish movement through UMR locks and dams. Specific to the UMRCC, the large scale
movements of Paddlefish outlined by Pracheil et al. (2012), and other species mentioned in the Fish
Passage chapter of this Compendium, support the need for interjurisdictional management that can be
done under organizations like MICRA or the UMRCC.
Non-physical barriers, while in use in other aquatic systems for a variety of purposes, are now in use on
the UMR. The highest profile example is the system of electric barriers active on the Chicago Sanitary
and Shipping Canal being used to block the spread of Bighead Carp and Silver Carp into Lake Michigan
(Conover et al. 2007). Other types of non-physical barriers have been (or are currently being) lab and/or
field tested in different habitats within the UMR, including, but not limited to: sound, strobe lights,
sound/strobe light combination, CO2, and seismic water guns (Noatch and Suskie 2012; Ruebush et al.
2012; Vetter et al. 2016). New research into the use of sound could potentially be useful as a tool for
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management of Bighead Carp and Silver Carp, including potentially moving fishes into fishing nets or out
of lock chambers (Vetter et al. 2016).
While large navigable rivers tend to be turbid environments,
they become surprisingly clear under the ice. UMR
biologists have used this feature to their advantage and have
successfully used SCUBA and video techniques to observe
winter habitat conditions (Figure 36), freshwater mussels
and wintering concentrations of Channel Catfish and
Flathead Catfish (Talbot 1982; Lubinski 1984; Hawkinson
and Grunwald 1979; and Mississippi River Work Unit
1979). Safety is a major concern for any underwater diving
activity; especially when diving under the ice in flowing
waters. Since the invasion of zebra mussels, underwater
visibility in the UMR has significantly improved. This is
because the zebra mussels efficiently remove a large amount
of the suspended material from the water column. While this
makes underwater SCUBA observations easier, it has
significantly impacted the UMR aquatic environment by
disrupting energy flows through the system.
All types of UMR commercial fishing gear have been used
in UMRCC survey work; including seines, trammel nets,
gill nets, and pound nets. Test fishing has been conducted
periodically to determine fishery population characteristics
in different habitat types. Some relatively unexploited areas
with large sport fish populations have been discovered and
in some instances publicized to promote better use of the
available resource. Past UMRCC survey and exploratory
fishing results are summarized in Barnickol and Starrett
(1951), Starrett and Barnickol (1955), Keenlyne (1974),
Rasmussen et al. (1985), and Pitlo (1987).

User Surveys
One of the more important contributions of the UMRCC
since 1945 has been the continuous collection of
commercial fishery data. Despite the fact that the data is
provided on a voluntary basis by the commercial fishermen
themselves, it has been described by Dr. Robin Welcomme
(personal communication), of the Food and Agricultural
Organization of Rome (retired) as the best continuous set of
commercial fishery data for any river in the world.

Figure 36. Divers and surface crew
preparing for Pool 13 winter dive under
the ice (top) and surface monitor
showing wintering Channel Catfish being
filmed during the dive (bottom).

After initial cooperation on aerial counts and creel surveys
on Pools 3 through 26, in 1956 and 1957 (UMRCC 1959) three different creel surveys were conducted
simultaneously at 5-year intervals between 1962 and 1973 on seven different pools (4, 5, 7, 11, 13, 18,
and 26) (Nord 1964; Wright 1970; and Fleener 1975). These pools collectively represent approximately
22 percent of the pooled portion of the river and were selected to be representative of the various “types”
of river pools. The surveys were conducted on a coordinated basis with all UMRCC states adhering to an
established design so that information collected would be comparable from survey to survey — an
important feature which had not been characteristic of previous UMR sport fishery studies. Details of
procedures used are provided in the 1962–1963 survey (Nord 1964), and a detailed analysis of the data
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provided by the three surveys was completed by Kline and Golden (1979). During the years of the
intensive creel surveys, all five member states also participated in coordinated aerial surveys. Flight days
included Memorial Day, Independence Day, and Labor Day; and covered the river from its confluence
with the Missouri River to Hastings, Minnesota. An additional flight or two were made downstream from
the confluence with the Missouri River.
Various states also conducted their own aerial surveys to count fishing boats; boat, barge, bank, and ice
fishermen; ice fishing houses; and pleasure boats. Such an aerial survey conducted by Illinois, January
through June, 1973 and 1974, resulted in projected fishermen usage for Pools 12–18 for the winter and
spring seasons (Bertrand 1975).
The five-year creel survey procedure was discontinued after the 1972–1973 survey and replaced by a
more comprehensive recreational use survey procedure (Fleener 1976). The UMRCC Fish Technical
Section cooperated with the UMRCC Recreation and Water Use Section in developing these surveys for
Pools 21 and 9. Data gathered was designed to serve as a cross reference to some of the other information
gathered in UMRCC creel surveys. Information collected using the new technique was conducted over an
8-hour sampling period designed on probabilities of use in relation to time of day, day of week, and time
of year. The sampling interval for the Pool 21 survey was September 2, 1973, through August 31, 1974
(Fleener 1976). The Pool 9 study began June 16, 1974, and was concluded on June 14, 1975 (Ackelson
1979). Since then similar surveys have been conducted on Pools 5 (Watson and Hawkinson 1979), 13
(Gent 1993), and 24 (Farabee 1993). Other useful products developed in conjunction with the recreational
use surveys were a recreational facility inventory (Ackelson 1978) and a recreational facilities guide
(Fleener and Gogel 1978). Unfortunately, the recreational use surveys have not been as consistently
conducted as the original 5-year creel surveys, so the decision to drop the latter methodology is somewhat
disappointing. Today the neither the UMRCC or any of the member states have extensive coverage of
recent creel or recreational use survey data, and new efforts into collecting this data could be very
valuable for management efforts on the UMR.

Special Studies
Over the years, certain UMRCC survey situations have arisen which required the initiation of special
studies. These have been designed to augment regular survey programs or to attempt to find answers to
specific questions needing prompt attention. Most of these have been of short duration, but some were or
have been conducted continuously or intermittently over a period of two or more years. Those studies of
larger magnitude and involving a considerable commitment of time and effort include:
1)
2)
3)
4)
5)
6)
7)
8)
9)

Navigation pool winter or summer drawdown (Pools 24, 25, 26, 8, 13)
Standing crop estimates utilizing fish toxicants (Pitlo 1987)
Fish marketing
Movement of fish under the ice
Catch per unit of gear and effort (Starrett and Barnickol 1955)
Aquatic habitat, nomenclature and definition;
Siltation studies
12-foot channel study
Use of Primacord to sample fish in the main channel border (Rasmussen et al. 1985).

Additional information on these subjects is provided in other publications (Starrett and Barnickol 1955;
Keenlyne 1974; Sullivan 1971)
Also, with implementation of the UMRR’s LTRM element, a UMR fish sampling protocol (Gutreuter et
al. 1995, Ratcliff et al. 2014) has been established. Although these methodologies were designed for the
LTRM, many UMRCC biologists have standardized their routine fish sampling efforts to this protocol,
taking advantage of the comparability of data between like gear.
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Conclusion
After more than 70 years of existence the UMRCC still does not have sufficient information to manage
some of the more important river fishes. Consequently, biologists have placed emphasis on life history
and ecological studies of recreationally important sport fishes and threatened and endangered species,
many of whom are mentioned earlier in this chapter and discussed further in the Life History chapters of
this Compendium.
The major conclusions to be drawn regarding large river fish stock assessment are the unique difficulties
encountered in sampling the large river environment, and the fact that all assessment gear must be
specially adapted to each situation. In addition, UMR environments and fish habitats are dynamic,
susceptible to great change in short periods of time due to extreme flooding or drought. In response, fish
populations can be equally dynamic. This dynamic nature of the UMR also has long term impacts:
scientifically sound research and conclusions reached in the early years of the UMRCC may not be
accurate today, but still provide valuable reference information when assessing long term change in the
system. In general, large river fisheries biologists must be imaginative and creative in constantly looking
for new assessment techniques or new adaptations to old techniques while also keeping in mind the
strengths and comparability of standardized techniques. Additionally, the establishment of close working
relationships with colleagues in neighboring states and other agencies along the river is imperative, as is
the standardization of stock assessment techniques. Because of the linear nature of rivers, and the fact that
large rivers form major political boundaries, comprehensive large river sampling is usually an interagency
and interstate proposition. Therefore, coordination through organizations like the UMRCC is very
important.
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Introduction
Fisheries management on the Upper Mississippi River (UMR), similar to other parts of the country, has
more to do with people management rather than the management of fish. This axiom is not new to
fisheries biologists. Communicating and coordinating actions with the public has always been critical for
management success. In addition, as information has become more readily available, it is even more
imperative the public is invited earlier in the planning process. No matter which management action is
proposed, a large multijurisdictional river like the UMR requires coordination between local, state, and
federal agencies. Although fisheries management responsibilities among resource agencies are often
common or overlapping, agency perspectives, priorities, and management philosophies can at times be at
odds. The Upper Mississippi River Conservation Committee, and specifically its Fish Technical
Committee, continues to play an active role by providing fisheries biologists and other fisheries
professionals a forum for communication, coordination, development, and completion of fisheries
monitoring, research, and other related projects. The Fish Technical Committee also aids in disseminating
project results and may help in project implementation. This chapter discusses fisheries management
actions used on the UMR along with a few issues that can influence management decisions.

Fish Management Actions
Fish populations can be affected through various management actions. Habitat rehabilitation and
enhancements, stocking, improvements in water quality, selective removal, and harvest regulation may all
be used on the UMR. Fish rescue, an action used in the early 1900s (Carlander 1954), is no longer
practiced. This chapter also highlights issues such as fish passage and non-native species management.
More details for both of these issues and others can be found elsewhere in this compendium (see Fish
Passage Chapter and individual chapters on invasive fish species).

Habitat Management
Growing public awareness, lawsuits, and environmental legislation during the 1960s and 1970s led to
greater interest in preserving and managing UMR natural resources including fisheries and their habitats.
The UMRCC provided initial leadership by summarizing potential habitat rehabilitation and enhancement
projects for the UMR and Illinois River (Rasmussen 1983). Projects included backwater dredging, dike
and levee construction, island creation, bank stabilization, side channel openings and closings, wing dam
and closing dam modifications, aeration and water control systems, waterfowl nesting cover, land
acquisition, and forest management. As time progressed, the UMRCC continued its leadership role
through the publication of A River That Works and a Working River (McGuiness 2000). This publication
is a strategy document whose mission is to restore and maintain the Upper Mississippi River System
(UMRS). Since this publication in 2000, the UMRCC’s Fish Technical Committee (FTC) produced the
document Upper Mississippi River Fisheries Plan 2010 (Janvrin et al. 2010). Goal 2 of the FTC plan
reiterates the importance of habitat by plainly stating the committee’s desire to “restore and maintain
aquatic habitat and the ecological integrity of the UMR.” The priorities FTC highlighted for this goal
included (1) to develop reasonable and measurable habitat based goals and objectives to be incorporated
into a variety of Upper Mississippi River planning efforts and restoration, enhancement, and maintenance
management actions, and (2) identify critical fish habitat, including areas for overwintering and spawning,
for enhancement and/or protection.
Upper Mississippi River habitats have been significantly influenced by man for flood control, navigation,
and water supply. In most instances, manipulations have ultimately been to the detriment of fish
populations. An example of this is the lock and dam system on the UMR. When UMR locks and dams
became operational, they initially expanded the surface area of the UMR and created habitats for some
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species by impounding thousands of acres of backwater lakes and sloughs. Habitat benefits achieved
initially, however, were only incidental to project development. The project has not been managed to
protect fisheries interests (Rasmussen 1979; Fremling and Claflin 1984; Scarpino 1985). Habitat gains by
the slackwater navigation project have been reduced or completely lost in some locales from the impacts
of sedimentation and the further development of navigation and navigation support industries.
Habitat management on the UMR can be challenging among resource agencies that have differing
perspectives, priorities, and philosophies. While waterfowl do not view levees as barriers and prefer
shallow, heavily vegetated waters, most fish species are not suited for this habitat type that often includes
stagnant water. A quality fishery includes a diversity of aquatic habitats, including deeper, fresher waters,
which may not be well suited for waterfowl. Waterfowl also need large expanses of UMR habitats that are
little disturbed and well protected. Entrance is often restricted in these areas as they serve waterfowl in
resting and feeding. While these areas may exclude human entrance, resource managers often exclude the
possibility of fishery habitat improvements. In this case, waterfowl management views any improvement
that brings people too close to waterfowl as detrimental to the waterfowl. There are several national
wildlife refuges located on the UMR managed mainly for migratory waterfowl, shorebirds, and
Neotropical migrants. Fisheries interests receive a lower priority on all of these refuges. As a result,
development of refuges for purposes that exclude fisheries management continues to reduce both the
UMR’s fisheries habitat quality and quantity.
Many habitat management techniques initially proposed by the UMRCC have been tried, and much has
been learned. Modifications to wing dams and closing dams to improve fishery habitat, while maintaining
their channel maintenance effects, have been used extensively on the UMR and Missouri River (Burke
and Robinson 1979; Boland 1980; Corley 1982; Schnick et al. 1982; Grace and Weithman 1983). Various
designs have been tried and include notching, altering dam orientation to the current, and the use of
rootless dikes, vane dikes, multiple round point structures, chevrons, and bendway weirs. Modifying a
series of wing dams has demonstrated promise in creating artificial side channels in an otherwise
channelized environment (Robinson 1980). Keeping a wing dam’s elevation below the ordinary low water
line and keeping the entire dam submerged year-round is the best management practice. When this is not
possible, notching the dam to allow water passage year-round is another alternative. Other initial projects
included material placement and size selection for streambank protection (Farabee 1986; Henderson and
Shields 1984), management of streambank and river bed vegetation (Haslam 1978), selective placement
and/or revegetation of dredged material (Kadlec and Wentz 1974; Wentz et al. 1974), island creation
(Fremling et al. 1976), freshwater mussel relocation (Miller and Nelson 1983), and backwater
rehabilitation projects (Fremling et al. 1976; Nielsen et al. 1978; UMRBC 1982; USACE 1987a; USACE
1987b).
Many of these early techniques continue today in some fashion through the Upper Mississippi River
Restoration (UMRR) Program. The program is a federal-state partnership designed to restore, protect, and
monitor the natural resources of the UMRS. Restoring habitat is one of two major focus areas of the
UMRR. The Habitat Rehabilitation and Enhancement Project (HREP) element utilizes a wide range of
construction techniques and approaches that mimic natural river processes and provide benefits to the
UMR at system, reach, pool, and local scales. Each restoration project is multi-faceted, enhances many
types of habitats and species, and addresses specific ecological goals identified through a comprehensive
planning process. HREPs use a variety of restoration techniques including shoreline protection, island
creation, water level management, backwater dredging, secondary channel modifications, aeration, and
floodplain and tributary restoration. Planning teams for restoration projects utilize ecosystem
understanding and long-term monitoring data provided by the Science and Monitoring element of UMRR
to identify problems and to improve project effectiveness.
The UMRR habitat projects continually build upon experience gained from construction, management,
and monitoring of prior projects and the UMRR’s foundation partner coordination. UMRR is constantly
enhancing its restoration techniques and incorporating new research findings to improve habitat benefits
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to project costs ratios. The UMRR Environmental Design Handbook (USACE 2012a) captures this
learning, documents UMRR’s approach to adaptive management, and facilitates the transfer of knowledge
and experience within and beyond UMRR, key elements of the program’s success. The HREP element
has fostered interdisciplinary and collaborative planning for habitat restoration, preservation, and
enhancement previously non-existent on any other river system in the United States.
As of 2012, the UMRR Environmental Management Program has received and applied a total of
$285,671,000 for its ecosystem restoration efforts since its 1986 authorization. This funding has allowed
for completion of 54 HREPs benefiting approximately 100,000 acres of UMR habitat. An additional 36
HREPs are currently under development or in construction (USACE 2012a).
While much has been learned in recent years about the UMR’s
fisheries habitat needs and management techniques, far more
work is needed. Biologists should not be afraid to take a few
chances with habitat projects. Trials and errors may be needed to
develop new management techniques. Operation and
maintenance cost of habitat projects needs to be considered with
minimum expenditures being preferred. Biologists and engineers
need to work together and find ways to use the river’s own
energy to “mine” its sediments in order to create the desired
deep water fishery habitats needed for fisheries resources.
Results may not be immediate and gratification may be deferred,
but patience may eventually bring about the desired habitat
change.
Finally, to reduce costs, biologists should capitalize on
opportunities to leverage federal, state, county, municipal, and
non-governmental interests which may be willing to cost share
or provide in-kind support for projects. One such project,
involving local conservation club assistance in anchoring fallen
trees and structure for aquatic habitat and fish cover in Pool 13,
was sponsored by the Mississippi Interstate Cooperative
Resource Association (MICRA) (Figure 37). They are an
Figure 37. Biologists developing an
organization of 28 state natural resource departments organized
anchoring system for fallen trees and
in 1991. Its mission is to improve the conservation,
management, development, and utilization of interjurisdictional woody debris in Pool 13.
fishery resources (both recreational and commercial) in the Mississippi River Basin through improved
coordination and communication among the responsible management entities. Only through groups like
MICRA can biologists hope to influence the actions and decisions of the basin’s other states, entities, and
stakeholders which could have major impacts on basinwide fishery resources.

Water Level Management
The management of water levels on the UMR is a habitat management action that has become more
prevalent since the last version of the compendium. Because of this, the following will include more
details regarding water level management and how it has been applied to the UMR.
Upper Mississippi River water levels are constantly changing from varying spring snowmelts, intermittent
rain events, and human induced changes in discharge for flood control and navigation. Welcomme (1979,
1985) stressed the importance of the seasonally inundated floodplain to the productivity of a river’s
fishery. However, artificial and erratic water level manipulations to meet the needs of flood control and
navigation projects have often negatively impacted riverine fisheries (Greenbank 1946; Boyd and Harbor
1981; Hesse et al. 1982). This problem is especially prevalent in the tailwaters of UMR navigation dams
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and in the unpooled river where channelization, bed degradation, and water level manipulations have
dewatered and destroyed many floodplain habitats.
Water level management actions to benefit habitat include pool scale drawdowns, backwater scale
drawdowns, gate operation improvements, and winter operation at the top of the band. The UMRR
Environmental Design Handbook (USACE 2012a) provides much information regarding water level
management on the UMR, and much of the following highlights their compilation.
Large river ecosystems such as the UMR are characterized by seasonal cycles of flood and drought (or
low flow). A variety of ecological functions and processes are linked to this cycle. Development of water
resources for hydropower or navigation typically alters and disrupts these natural cycles. Fortunately in
the UMR, the flood stage of the hydrograph is relatively unaltered, but low stages have been eliminated to
support commercial navigation.
Much of the flora and fauna native to the UMR region is adapted to the wide variations in water level that
characterized the river and its floodplain prior to establishment of the lock and dam system. Since the
implementation of the 9-Foot Channel Project, however, these variations have been truncated, and the low
river stage portion of the hydrograph has been increased to support commercial navigation. This water
level control, coupled with other cumulative effects, has degraded ecosystem conditions, mainly the loss
of backwater depth and aquatic plants in many areas.
Recent evaluations of habitat objectives and opportunities through pool planning and the UMR-Illinois
Waterway Navigation Feasibility Study revealed that water level management may be the only reliable
mechanism in some instances to counteract the impacts of impoundment and floodplain development and
thus achieve the desired habitat conditions. Evidence indicates projects can be effectively operated for
multiple management objectives, including waterfowl, shorebirds, wading birds, reptiles, amphibians, and
fisheries.
Direct manipulation of hydrology in a specific area with the purpose of eliciting a physical and biological
response is the definition of water level management. It is typically used on the river to restore the lowwater portion of the natural seasonal hydrology, which was removed with the completion of the locks and
dams. However, water level management strategies also include the active flooding of higher ground, as
is the case with moist soil management techniques.
Changes in water level can be implemented to influence geomorphology, though habitat and biological
categories are more typically the focus. Water level management can be used to lower water levels to dry
out and consolidate sediment. This can help stabilize sediment, reduce erosion, and counter the effects of
past sedimentation. These effects can help meet bathymetric diversity objectives.
Water level management can indirectly address biogeochemistry objectives through effects to vegetation.
Lowering water levels during the growing season typically leads to a favorable response by aquatic and
emergent vegetation, which can improve nutrient cycling and dissolved oxygen levels. Improved
vegetation will also reduce sediment resuspension, leading to improved water quality.
Water level management techniques are used to address habitat objectives by restoring hydrology to
improve vegetation and/or the use of habitat by wildlife such as shorebirds and waterfowl. Drawdown in
backwaters has been shown to help restore diverse and abundant native aquatic vegetation communities
through the restoration of a more natural seasonal hydrograph. Moist soil management units (MSMU) can
create important wetland habitat within the floodplain that serve waterfowl and shorebirds. The basic
operating plan for an MSMU is to keep water out in the late spring and summer and to gradually flood the
area in the fall. A typical MSMU management plan is detailed by USACE (2012a). HREP projects with
moist soil management units include projects located at the Trempealeau National Wildlife Refuge in
Pool 6, Pool Slough in Pool 9, Potters Marsh in Pool 13, and Clarksville Refuge in Pool 24.
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Prior to construction of the navigation system, water levels typically dropped during the summer months
allowing backwater lakes to consolidate. This drying effect encouraged emergent aquatic plants, such as
bulrush and arrowhead to grow. With the more stable water levels created by the navigation pools, this
low-water effect and drying of sediments no longer occurs. Plant beds that depend on this drying process
have decreased in extent or disappeared entirely. Stands of perennial emergent aquatic plants are
important to fish and wildlife populations because they provide food, shelter, and dissolved oxygen.
Water level management of a backwater lake consists of a temporary seasonal increase or decrease in
water elevations to mimic natural hydrologic regimes in order to improve large areas of shallow aquatic
habitat. Generally, the goal of a backwater lake with water level management is aquatic habitat restoration
with the objective of providing suitable habitat for waterfowl and fisheries. Hence, water level
management may be implemented on a backwater lake to help improve conditions for the growth of
aquatic vegetation. Similar to MSMUs, backwater lakes with water level management are typically
designed to include water containment, water supply, and water control structures. HREP projects located
within backwater lakes using water level management techniques include projects at the Finger Lakes in
Pool 5, Bussey Lake in Pool 10, Princeton Refuge in Pool 14, and Batchtown in Pool 25. In addition to
these HREP projects, an experimental backwater lake drawdown was conducted in Pool 9 (Kenow et al.
2001).
An example of a non-HREP water control
structure project is Fountain City Bay where a
structure was placed through the dike of Lock
and Dam 5 (Figure 38). The project provided
freshwater to a stagnant side channel and
backwater complex. Considerations for this
type of project include the following:
(1) Location - The inlet must be located
far enough upstream from the target
backwater’s outlet to provide the
hydraulic head needed to maintain
desired flows. The inlet must also be
protected from trash accumulation by
a deflector device.
(2) Depth - Depth of the inlet must be
adequate to provide flows during
different water stages but shallow
enough to prevent the entry of
excessive bedload into the backwater.

Figure 38. Aerial view of a water control structure
placed though the dike at Lock and Dam 5 near
Fountain City, Wisconsin.

(3) Capacity - Capacity of the inlet must be adequate to meet project design features.
(4) Control capability - Ideally, the structure should have control capability to alter or stop inflows,
as desired, but simple enough to allow for easy operation during extreme environmental
conditions.
(5) Structural tability - Successful structures are those made primarily from natural materials with
minimal operational requirements. When man-made materials are needed, adequate structural
design is imperative for successful operation.
Beyond backwater scale water level management, UMR habitats can also be influenced through pool
scale drawdowns. Pool scale drawdowns began in the mid-1990s in Pools 24, 25, and 26 and have
continued since. These efforts have been waterfowl driven, although fisheries management in Missouri
has been pushing more fisheries considerations. Pool scale drawdowns have also been successfully
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implemented for Pool 8 during 2001 and 2002, Pool 5 during 2005, and Pool 6 during 2010. Research and
monitoring results for these efforts have been summarized by Nissen (2014). Nissen’s report includes
summaries of navigation channel dredging, channel hydraulics and sediment transport, water quality,
contaminants, sediment consolidation, nitrogen cycling, commercial navigation, recreation, cultural
resources, and the responses of vegetation, fish, shorebirds, waterfowl, and freshwater mussels.
No matter the breadth of the water level management project on the UMR, all require extensive
interagency and public coordination. Perseverance has also been found to be an important virtue. An
example would be the pool scale drawdown of Pool 6. The project that was implemented in 2010 was
canceled on four occasions (2003, 2004, 2008, and 2009). Imagine a drawdown, lasting only 90 days, that
was over eight years in the making!

Fish Stocking
Fish stocking is a management action used for the purposes of population establishment, augmentation, or
recovery. Stocking fishes into the UMR is not a widespread practice, but has continued at low levels for
many years. A unique Walleye (Sander vitreus) stocking program has been operating in Pools 13 and 14
since 1984. The Quad Cities Nuclear station has used its decommissioned spray canal as a 52-acre pond
to grow advanced fingerling Walleyes; at stocking, these fish range from two- to six-inches in length.
This program compensates Walleye mortalities caused by the cooling water intake. Walleye was selected
as the target species by the Illinois and Iowa DNRs and assists weaker year classes in the general area of
the power plant. The hatchery annually targets the production of 50,000 and 125,000 fingerlings for
stocking into Pools 13 and 14, respectively. This Walleye stocking program has demonstrated large scale
stocking can bolster weak year classes and provide a healthy Walleye fishery to the angling public.
Another Walleye stocking program occurs in Pool 9. Since 1969, the Genoa National Fish Hatchery, in
exchange for taking Walleye eggs from Pool 9, stocks Pool 9 with fry equivalent to 10% of the eggs
taken. The number of Walleye fry stocked have ranged from one million to three million per year.
Another Quad Cities Nuclear station mitigation program includes stocking sunshine bass (Morone
chrysops x M. saxatilis) into Pool 14. The station stocks 5,000–10,000 sunshine bass each year. They are
stocked as fall fingerlings or yearlings in the spring at a rate of 0.5–1 fish per acre. Previous to this
successful introduction of sunshine bass, the Iowa Department of Natural Resources (IA DNR) introduced
Striped Bass (M. saxatilis) into the UMR without success.
From 1975–2015, Northern Pike (Esox lucius) eggs were collected each spring from Pools 10 and 11 by
IA DNR personnel and fertilized and hatched at their Guttenberg Northern Pike Hatchery. Fry were
stocked into Pools 10 and 11 and other waters in northeast Iowa. The Guttenberg Northern Pike Hatchery
has been phased out with its last production occurring during 2015.
Stocking fish within tributaries of the Mississippi River can affect fish populations found within the UMR
itself. This is especially true for species that are wide ranging and known to travel long distances between
tributaries. Such has been the case with Paddlefish (Polyodon spathula). Paddlefish spawning grounds
were essentially inundated and destroyed in Missouri’s Osage River when the Harry S. Truman Dam
became operational (Carlson 1977; Russell 1982). Spawning techniques developed through mitigation for
that project have been used throughout the Mississippi River Basin to restore Paddlefish populations.
Paddlefish populations, especially in the unpooled UMR, have increased due to tributary stocking and
movements from the Missouri, Ohio, and Arkansas rivers. Navigation dams in the northern UMR limit
movements of Paddlefish from southern tributaries.
Another stocking effort has been conducted by the Missouri Department of Conservation (MO DOC).
Since 1988, the MO DOC has implemented a recovery plan for Lake Sturgeon (Acipenser fulvescens) on
the UMR; restoration efforts on tributary rivers have occurred since 1984. Missouri’s Lake Sturgeon
populations were depleted by commercial overharvest, pollution, and habitat degradation (Missouri
Department of Conservation 2007). Missouri Lake Sturgeon have been afforded an endangered status
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since 1974. An important part of the recovery plan has included the reintroduction of Lake Sturgeon
through stocking hatchery reared fish in Pools 21, 22, and 24. One important measurement of recovery
plan success, naturally reproducing Lake Sturgeon, was documented in 2015 on the UMR near West
Alton, Missouri.

Water Quality
Mississippi River water quality is of paramount importance for the sustainability of the environmental
goods and services the river’s ecosystems provide. However, many different human activities across the
Mississippi River Basin affect water quality. These include manufacturing, urbanization, timber
harvesting, and agriculture. Locks, dams, levees, and other hydrologic modifications along the river also
affect water quality (NRC 2008).
Another indicator of the importance of UMR water quality is seen in the publication A River That Works
and a Working River (UMRCC 2000). Objective 1 of this UMRCC document is to “improve water
quality for all uses.” The document calls for managing water regimes so that water quality is maintained
at high standards to support the diverse life forms in the river. Two key tools call for (1) targeted
management of point and non-point source pollution and nutrients, and (2) control of water and airborne
toxic and non-toxic chemical inputs.
Unlike most lakes, rivers have a tremendous waste assimilation capacity and self-cleansing ability that is
largely a function of water flow. Fremling and Claflin (1984) described these as a river’s ability to: (1)
traffic energy and nutrients through its biological systems at somewhat predetermined rates; (2)
periodically flush and rearrange sediments during periods of high discharge, particularly when land forms
on the floodplain are overtopped by flooding; (3) expose sediments to the atmosphere for prolonged
periods of time during periods of low flow whereby oxidation processes can subsequently reduce the
biochemical oxygen demand within the system; (4) meander as a function of bed slope and composition
of bed material creating new wetlands; and (5) discharge sediments at its mouths and approach or reach
equilibrium with regard to sediment input and discharge.
Although the UMR has retained much of its assimilative abilities, many of man’s uses of rivers, such as
impoundment, have reduced these effects. This has led to diminished water quality. Petts (1984)
summarized the effects of river impoundment on downstream water quality and fisheries, and offered
management perspectives. Management of impoundments, land use practices in the watershed, and
seasonal runoff must all be dealt with at the basinwide level through cooperative interagency and
interstate efforts.
Overall, the Mississippi River has a variety of water quality problems that occur at various scales.
Localized legacy pollutants, such as PCBs and DDT, will remain persistent and be of concern into the
foreseeable future (Wiener et al. 1984). On a more far-reaching level, excess nutrient loadings basinwide
cause water quality problems within the river. Those loadings also result in nutrient overenrichment
further downstream and are the primary cause of the “dead zone” in the Gulf of Mexico (NRC 2008).
Excess sediment continues to be a major pollutant. The UMR’s impounded stretch has not retained
enough energy to move coarser sediments through the system. In lieu of leaving the UMR, these
sediments settle and produce many deleterious effects. Because of the trapping qualities of the
impoundments and sediment settling, coastal wetlands in Louisiana are actually sediment starved and
continue to disappear.
The Clean Water Act has largely succeeded in reducing point source pollution. These actions have
resulted in significant improvements to UMR water quality. However, non-point source pollution is still a
major concern as lingering problems remain. It is important to note that the Clean Water Act does not
regulate non-point source pollution. In most cases it is up to individual states to go further in efforts to
reduce non-point sources. An example of this can be found in the state of Minnesota. Through its
Pollution Control Agency, Minnesota has listed a stretch of water, including Lake Pepin in Pool 4, as
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being impaired. Impaired waters are those that have not met the standards designed to ensure lakes and
streams are fishable and swimmable. Minnesota is now working to find ways to decrease non-point
sources of nutrients and sediments.
Water quality on the UMR is also affected by navigation.
Navigational effects for large rivers were summarized by
Carmody et al. (1986). Bhowmik et al. (1982) and Chen
et al. (1984) made major strides in development of
techniques to predict the physical impacts of towboat
traffic on river ecosystems (Figure 39). The primary
water quality impacts of navigation involve resuspension
of bottom sediments and accidental spills. Reducing these
impacts requires improved regulations (including
establishing speed limits and protected areas),
enforcement, increased use of double hulled barges, and
perhaps a redesign of towboats and boat propellers.
Regarding spills on the UMR, there are numerous
potential sources. Besides waterborne commercial
navigation, spills can also be brought about by rail
transport and road transport. During recent years, there
have been many occasions when rail cars have found
their way off the tracks and into the UMR. Fortunately,
Figure 39. Scientists measuring the effects
environmental impacts have been minor. However,
of towboat passage on water quality.
significant impacts could occur if the spill were to
contain the right product spilled in an area where it could not be quickly and easily contained.
Resuspension of bottom sediments by wind-induced waves is a major problem in many UMR locales that
can cause water quality issues. Schnick et al. (1982) summarized numerous techniques that can be
employed to reduce these impacts. Techniques tested on the UMR include island construction (Fremling
et al. 1976; Nielson et al. 1978) and floating breakwaters (Nicklaus 1984). Wind-induced waves can be
tampered down and the wind fetch, or the length of water over which a given wind has blown, can be
lessened. Reducing wind fetch reduces sediment resuspension, increases light penetration, and increases
submerged aquatic vegetation growth. Overall, habitat quality will increase along with the flora and fauna
that call the UMR home.
Although UMR water quality is of utmost importance, the fact remains there is little an individual
biologists can do to improve water quality in this large river. Instead, they must work through interagency
and intra-agency groups, combining efforts to affect decision makers and legislators in achieving
significant water quality improvements. Improvements in water quality regulations that have occurred
over the past several decades have come as the result of collective individual and group efforts working
through channels such as the UMRCC and MICRA.

Fish Introductions
An ever increasing concern on the UMR is the intentional and non-intentional introductions of non-native
species. Some species of concern are already established and increasing their footprint (e.g. Asian carp),
while other species may prove very detrimental, but have yet to arrive (e.g. Round Goby (Neogobius
melanostomus)). Just as rivers receive pollution from both point and non-point sources from their
watersheds, they also receive downstream drift and upstream migration of both intentional and
unintentional fish releases. Releases come from minnow buckets, aquariums, hatcheries, fish farms,
ponds, and reservoirs within its basin. Thus, the potential inoculant of foreign species is constantly
present. Many times, such introductions have little effect on the UMR. For instance, many times
biologists have documented obvious aquarium released fish that are angler-caught and likely would have
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never survived and reproduced. However, if introduced numbers are large enough and a habitat niche is
available, there is a high likelihood a species may survive, reproduce, and become naturalized. After this
naturalization, devastating effects may occur as was the case when Common Carp (Cyprinus carpio) were
introduced into the United States in the late 1800s.
Fast forward one hundred years from the introduction of Common Carp. The late 1900s brought about the
introductions of several other Asian carp species. Grass Carp (Ctenopharyngodon idella), Bighead Carp
(Hypophthalmichthys nobilis), Silver Carp (H. molitrix), and Black Carp (Mylopharngodon piceus) were
introduced into the southern United States, especially in Arkansas, beginning in the 1970s. Releases were
either intentional or unintentional escapees from aquaculture ponds and lakes where they controlled
aquatic vegetation, plankton, and snails. Biologists are rightfully concerned the history of the Common
Carp is or already has been repeated by these four deleterious species. More detailed information
regarding Asian carp in the species specific chapters of this compendium.
Another species of concern is the Round Goby. This aggressive sculpin-like species, introduced into the
Great Lakes from ballast water, has now been found within the Illinois River, a major UMR tributary. The
Long Term Resource Monitoring element of the U.S. Army Corps of Engineers’ Upper Mississippi River
Resto¬ration Program collected specimens on the La Grange Pool near Havana, IL. At this time, there are
no indications Round Goby have reached the Mississippi River, but when it does it is expected to be a
fierce competitor with small native percids and centrarchids. In addition, Round Goby will likely prey
heavily on native fish eggs.
The presence of Asian carp and Round
Goby provide clear evidence UMR
fisheries biologists need not only be
concerned with introductions within the
UMR but also with those occurring far
away. Fish introductions in connecting
channels and rivers within the Mississippi
River Basin (Figure 40) will continue to
have injurious effects to the UMR. Much of
this concern needs to be directed toward
fish farming practices in the southern
states. The UMRCC also needs to continue
raising concerns related to ballast water
entering the Great Lakes. We need to
practice due diligence with the
development of regulations related to
Figure 40. The Mississippi River Basin (shaded green) is
foreign ship ballast water entering the
an area of interconnected and interjurisdictional rivers.
Great Lakes.
Although the location of the UMR is within the interior of the United States, we truly live in a “world
environment” due to the interconnectedness to other water bodies including the Great Lakes and beyond.
Actions taken in distant places may, in fact, hurt us. It is possible fish introductions will have greater
impacts on UMR resources than any other fisheries management action implemented on the UMR since
the inception of the UMRCC in 1943! It is for these reasons that the UMRCC and the individual states
must remain active in basinwide fishery management organizations such as MICRA.

Fish Passage
Fisheries management on the UMR includes the knowledge that many fish species are migratory and that
locks and dams can be barriers to their movements. The list of adult migratory fishes is lengthy. Wilcox et
al. (2004) found 34 species that were either known to be migratory or probably migratory in the UMR.
Migratory species include gamefish such as Smallmouth Bass (Micropterus dolomieu), Walleye, Sauger
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(Sander canadensis), and Blue Catfish (Ictalurus furcatus) and non-gamefish species including Lake
Sturgeon, Paddlefish, Blue Sucker (Cycleptus elongates), Skipjack Herring (Alosa chrysochloris), and
American Eel (Anguilla rostrata).
The effect of locks and dams on longitudinal fish movements continues to be a challenging issue for
fisheries biologists. Without adequate opportunities to pass locks and dams, fishes may exhibit a reduced
geographic range and have reduced reproductive success and suppressed growth rates. Overwinter fish
survival may also be reduced when quality habitat is not accessible. Locks and dams that are barriers to
upstream movements have also been found to concentrate recreationally sought species and can lead to
increased exploitation. Genetic isolation of fish stocks can also be a concern. Because of this long list of
concerns, biologists have supported projects that would help fish pass from one side of a lock and dam to
the other. However, concerns regarding making locks and dams less of an impediment to fish passage
have arisen in recent years. As Asian carp continue their upstream migration, locks and dams have now
been looked upon as beneficial obstacles to the continued range expansion of these non-native species. As
stated above, the decision to either promote fish passage at locks and dams to benefit native species or to
leave them as barriers to current and future non-native species is challenging. The “Fish Passage through
Dams on the Upper Mississippi River” chapter in this compendium takes a more detailed look at fish
movements through dams and the potential consequences of allowing passage of undesirable species.

Commercial Fishing
Selective removals of less desirable fish species by resource agencies in large rivers are generally
considered infeasible due to the magnitude of the resource and expense involved. If needed, selective
removals are best managed through the establishment of a commercial fishery. Risotto and Turner (1985)
evaluated the commercial fishery of the Mississippi River Basin, including its major tributaries. They
concluded that the commercial fisheries of the Mississippi River Basin are being exploited at nearly
optimal levels. Their conclusion was based on the observation that catch per fisherman declined and
yields remained stable during the 1950s and 1970s when fishing effort increased substantially. However,
numbers of UMR commercial fishermen cannot be equated with the numbers of licenses issued in
determining catch per unit effort, because in most states one fisherman can purchase more than one
license (Fremling et al. 1989).
Commercial fishermen on the UMR are required to report their catch to their respective states. How
accurate and precise their reports are has been up for debate. Some have suspected reports understate their
actual catch. For this reason state agency personnel have continued to make direct contacts with major
commercial fishermen to improve the reliability of their reporting. In addition, some states have updated
commercial fishing regulations. Iowa recodified their commercial fishing harvest regulations in 1986 and
required commercial fishermen to make monthly instead of yearly reports. In addition, failure to make
timely monthly reports resulted in fines and/or withholding of commercial fishing licenses the following
year. As a result, compliance with monthly reports has greatly improved. In Illinois, reports are required
from fish market operators as well as from the commercial fishermen. This provides Illinois with a means
of checking a market operator’s purchases against a fisherman’s reported sales. Commercial fishermen
have also learned that harvest statistics are very important to the proper management of the fishery and
that everyone benefits by conscientious, precise, and accurate reporting.
Commercial fishing statistics provide vital data on the economics of the fishery, on commercial species
composition, and on changes and trends by species and pool for the entire UMR. The most complete
study of the UMR commercial fishery was provided by Sullivan (1971). The most recent UMR summary
of commercial fisheries harvests and trends was reported within the 2nd edition of the UMRCC’s
fisheries compendium (Rasmussen 1979). They reported that approximately 95% of the catch and 99% of
the value is composed of carp, buffalo, catfish, and Freshwater Drum (Aplodinotus grunniens).
A summary of commercial fish harvest for the Upper Mississippi River Basin (UMRB), consisting of
combined data from the Upper Mississippi River, Illinois River, Kaskaskia River, and Rock River, found
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a few slight differences through time (USACE 2012b). Total pounds harvested for the UMRB averaged
near 11 million from 1989–2005. Data showed a slight decrease in annual average harvest over the
period. The value of the harvested fish averaged near four million dollars over the period. Again, there
was a slight decrease in value over the period. Thirty five percent of the harvest is accounted for by
species from the sucker family (buffalos, suckers, redhorses, and carpsuckers), followed by Common
Carp (Cyprinus carpio) (21.3%), catfishes (17.3%), and Freshwater Drum (12.9%). The majority of the
catfish harvest was attributed to Channel Catfish (Ictalurus punctatus). While the catfishes were only
17.3% of the harvest, they accounted for nearly 28% ($1.1 million) of the fishery value. The only group
that produced more value were species from the sucker family (29.4%, $1.2 million). When comparing
data from the more recent years (2000–2005) to more historic data (1989–1999), the harvest of Common
Carp, buffalo, and catfishes decreased, while Silver Carp, Bighead Carp, and Grass Carp have
experienced significant increases. While some predict more significant impacts from Asian carp, their
potential impacts to other commercially sought species has already been observed.
Commercial fishing regulations for individual UMR states have remained relatively static through the
years. For the most part, commercially sought species have been thought of as populations that could not
be reduced through commercial fishing. And even if populations of so-called “rough fish” were reduced,
the public would likely not show concerns as they would for gamefish species. However, there have been
recent changes of thought regarding commercial fishing. As non-native species (e.g. Asian carp) increase
their presence through increased abundance and continued spread northward on the UMR, their effects on
native commercial species are increasingly being considered.
Many biologists worry that Asian carp may outcompete native species, such as Bigmouth Buffalo
(Ictiobus cyprinellus) and Paddlefish, for food as each is a filter feeder. If an additional stressor, such as
competition with Asian carp, applies pressure to Bigmouth Buffalo for instance, it may be wise to not
have them commercially sought. If commercial fishing does not altogether cease for a species, it may be
time to provide commercial fishermen a quota or an annual allowance of pounds that may be harvested.
Limited entry into the commercial fishery, something that does not occur now, may also be up for
consideration. These changes and others have been and will continue to be discussed by the Fish
Technical Committee of the UMRCC.

Recreational Fishing
Outdoor recreation is an important economic component of the UMR. The U.S. Department of the
Interior (2015) completed an economic profile of the Upper Mississippi River Corridor across the five
UMR states stretching from St. Louis, Missouri to the Minneapolis-St. Paul area in Minnesota. The report
focused on nine industrial sectors, with one being outdoor recreation. Their study found outdoor
recreation provided an estimated $2 billion in total revenue and accounted for over 33,000 jobs during
2011. Of the total outdoor recreation revenue, fishing provided an estimated $448 million. Employment
due to fishing was estimated to be over 6,300 jobs, while job income was estimated to be $221 million.
Because of the economic importance of fishing on the UMR, it is imperative that agencies use all their
knowledge and available information to manage the fishery for today and into the future. Historically,
UMR fisheries were thought of as a limitless resource. Accordingly, fishing regulations were much more
liberal than today. Overall, regulations such as bag limits and size restrictions have become more
conservative. Upper Mississippi River fisheries biologists utilize information from fish sampling,
recreational fishing creel surveys, recreational use surveys, and commercial fishery statistics to establish
seasons, catch, and harvest limits for both commercial and recreational fisheries.
Just like other water bodies managed for fisheries, UMR fishing regulations should not only be based
upon the biological potentials of the fish and habitat but also the social desires of the public. Ideally,
fishing regulations on the Mississippi River should be independent of a state’s inland regulations. Upper
Mississippi River regulations may vary by reach, and neighboring states (across the river from each other)
should strive for standardization and reciprocity for both regulations and licenses.
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The UMRCC’s Fish Technical committee realizes the importance of regulations and the need to establish
uniform harvest regulations across shared boundary waters (Janvrin et al. 2010). Reciprocity and
uniformity benefit anglers by making more of the river readily available without undue cost and
complexity. It also aids in making public access more useful by expanding available fishing waters within
reasonably short boating distances. Having regulations that are the same also avoids a great deal of
confusion for both anglers and conservation officers. While the goal is uniformity between states, there
are still regulations that differ. The Minnesota DNR for a 15 year period had an experimental bag limit of
10 for Bluegill on just three of their pools. The boundary waters of Wisconsin for these pools had a bag
limit of 25 during this same time period. Anglers and conservation officers, although they likely would
have appreciated similar bag limits, adjusted their fishing and law enforcement activities accordingly.
Differing UMR fishing regulations may still occur today and into the future as data interpretation, public
desires, and agency philosophies (e.g. conservative vs. liberal bag limits) can vary between states.

Conclusion
Fisheries management on the UMR is both art and science coming together to form the foundation of
quality habitats supporting a diverse assemblage of game, non-game, and commercially sought fish.
While habitat management is a key contributor to a healthy ecosystem, water quality and fishing
regulations will continue to play important roles in sustaining quality fisheries. Stocking fish, to a much
lesser extent, is only relevant in localized areas or for restoration purposes. Issues such as fish passage
and non-native species management will continue their importance. To ensure sound management and
protection, the effects of political boundaries must be minimized so not to obscure our vision for the
Upper Mississippi River.
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Life Histories and Descriptions of Important Sport and Commercial Fishes of
the Upper Mississippi River
This section of the Compendium presents a brief summary of the known life history characteristics of 28
major sport and commercial fish species or species groups in the Upper Mississippi River. The life history
of each species or species group includes fecundity and reproductive habits, age and growth, age and size
at maturity, survival ability, relative importance to the fishery, and management implications. These
categories are provided for the convenience of the reader, to enable a quick, brief review of existing
information. Also included in this Compendium is a discussion on fish passage and a bibliography that
first appeared in the Long Term Resource Monitoring (LTRMP) Status and Trends Report. The reader is
encouraged to refer to the Upper Mississippi River Conservation Committee (UMRCC) Library (now
housed in and digitized by the Murphy Library at University of Wisconsin – La Crosse) for additional
reference material http://www.umrcc.org/library-catalog. A direct link to the Murphy Library digital
collection is provided here: https://digitalcollections.uwlax.edu/UMRCC.htm

52

Shovelnose Sturgeon (Scaphirhynchus platorynchus)
Jerry L. Rasmussen
Updated by Sara J. Tripp and Levi E. Solomon
Introduction
Sturgeons are uniquely adapted to mainstem river systems and these rivers are characterized by large
scale, diverse habitats, with dynamic natures (Beamesderfer and Farr 1997). Adaptations include
mobility, opportunistic food habits, delayed maturation, longevity, and high individual fecundity.
Unfortunately, these same life history characteristics and adaptations cause sturgeon species to be
susceptible to human-induced alterations such as habitat fragmentation and destruction, leading to
isolated population declines or reductions in historic range (Beamesderfer and Farr 1997). Boreman
(1997) noted that Sturgeon life history and habitat use make the species highly vulnerable to human
activities, such as fishing pressure. Hesse and Carreiro (1997) recorded causes for Shovelnose Sturgeon
decline (as reported to them by state biologists) as habitat degradation, loss of natural hydrograph,
sedimentation, channelization, loss of spawning habitat, flood control and navigation dams, artificial
water management, water temperature alteration, and past over-harvest. Koch and Quist (2010) cited
similar reasons for concerns (i.e., reduced spawning habitat, habitat fragmentation, pollution, and harvest
for roe) regarding Shovelnose Sturgeon populations, but state that overall Shovelnose Sturgeon
populations are generally considered stable. Despite a reduction in native range and being considered
threatened in portions of their range, Shovelnose Sturgeon are the most abundant and wide ranging
sturgeon species in North America (Phelps et al. 2016).
Hesse and Carreiro (1997) quoted one Minnesota respondent as stating the situation regarding Paddlefish
and all Sturgeon species as follows: “I am concerned about statements regarding status that cannot be
supported. In the Wisconsin and Minnesota region of the UMR, data on population status continue to be
severely lacking. Without adequate data, any report of status other than unknown would be misleading at
best.” Hesse and Carreiro (1997) concluded that while Shovelnose Sturgeon have probably been
considered less at risk than other Sturgeon species, evidence from their survey suggests that deterioration
of the Shovelnose Sturgeon’s overall range is keeping pace with that of the other Sturgeon species.
Phelps et al. (2016) summarized the status of remaining Shovelnose Sturgeon populations as stable, but
stated that the overall range has contracted.

Distribution and Abundance
The historic range of the Shovelnose Sturgeon
included the Hudson Bay drainage of the Canadian
plains southward to include the all of the larger
rivers of the Mississippi River Basin, the Mobile
and Alabama River drainage basins of Alabama,
and the Rio Grande in New Mexico and Texas
(Figure 41) (Eddy and Underhill 1974; Etnier and
Starnes 1993). The Mobile and Alabama River
drainages were connected to the Mississippi River
Basin via the man-made Tennessee-Tombigbee
barge canal in the 1980s. That canal breached a
natural watershed divide between the Tennessee
Figure 41. Historic range of the Shovelnose
River in south-central Tennessee and the
Sturgeon in the Unites States.
Tombigbee River in northeastern Mississippi. Eddy
and Underhill (1974) speculate that St. Anthony Falls on the Mississippi River, Taylor Falls on the St.
Croix River and Granite Falls on the Minnesota River prevented northward expansion of the Shovelnose
Sturgeon into the Red River (of the north) drainage, however, they point out that Shovelnose have been
reported from Lake Winnipeg in Manitoba, Canada.
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The current distribution of Shovelnose Sturgeon is primarily throughout the Missouri, Mississippi, and
Ohio River basins, which includes several tributaries. A few extirpations from the historic range have
been documented (i.e., Pecos and Grande Rivers in New Mexico, Alabama-Mobile River Basin in
Alabama, Ohio River drainage in West Virginia and Pennsylvania) but these range reductions have
typically occurred in the most upstream locations of the tributaries (Phelps et al. 2016). Obrecht (1996)
noted that Shovelnose have been reintroduced into the Bighorn River Basin in Wyoming, from where
they had been extirpated by dams which blocked spawning migrations from Montana. West Virginia,
Ohio and New Mexico have also developed reintroduction
Table 2. Distribution and abundance of
plans for rivers where the Shovelnose has been extirpated
Shovelnose Sturgeon in the Upper
(Keenlyne 1997; Schell 2001). The species has not been
Mississippi River modified from Steuck
recorded from the middle Rio Grande in New Mexico since
et al. (2010).
1875 (NMDGF 1991).
Today, Shovelnose Sturgeon still occur in most of the large
tributaries (i.e., Minnesota, St. Croix, Wisconsin, Des
Moines, and Cedar Rivers) of the Upper Mississippi River
(UMR) from Minnesota through Iowa. Hesse and Carreiro
(1997) listed 59 rivers, creeks, oxbows and bayous in the
Mississippi River Basin where Shovelnose Sturgeon occurred
historically, and 44 of these were listed as supporting the
species today. In the mainstem Mississippi River, numbers of
Shovelnose Sturgeon have decreased sharply since 1900
(Becker 1983), although the species is still commonly taken
by commercial fishermen (UMRCC Annually; Etnier and
Starnes 1993). Shovelnose are reported to be “Common” in
most pools and river reaches of the UMR (Table 2).
Throughout the years quantitative measure of abundance of
Shovelnose Sturgeon is lacking. While there are some
density estimates for the Missouri (2500 fish per km;
Schmulbach 1974), the Upper Mississippi (1030 fish per km;
Helms 1973), and the Middle Mississippi Rivers (266 fish per
km; Hintz et al. 2016); comparison between rivers and basins
are difficult due to different sampling gears, methodologies,
and efficiencies (Phelps et al. 2016). Also, when states are
surveyed regarding the status of the population, it often
differs among state based on each person’s interpretation of
the status categories or by the amount of information
available to make the determination. For example, Miller
(1972) recorded Shovelnose Sturgeon as rare in Minnesota,
while Keenlyne (1997) listed them as a species of concern in
that state. Based on respondent’s answers to a survey
completed by Koch and Quist (2010), there is little doubt that
human activities (e.g., river fragmentation, habitat alteration)
has reduced the abundance and distribution of Shovelnose
Sturgeon. Keenlyne (1997) reported that the Shovelnose
Sturgeon population was declining in 12 states (Wisconsin,
Missouri, Arkansas, Ohio, West Virginia, North Dakota,
Wyoming, Nebraska, Kansas, Oklahoma, Texas, and
Alabama) and had been extirpated in New Mexico prior to
1990, but by 1997 this shifted to six states with stable
populations (Minnesota, Iowa, Nebraska, North Dakota,
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Pool
1
2
3
4
5
5A
6
7
8
9
10
11
12
River
Reach
201
195
175
150
125

Shovelnose
Shovelnose
Pool
Sturgeon
Sturgeon
0
13
C
R
14
C
O
15
C
O
16
C
O
17
C
O
18
C
O
19
C
O
20
C
O
21
C
C
22
C
C
24
C
C
25
C
C
26
C
Shovelnose River Shovelnose
Sturgeon Reach Sturgeon
C
100
C
C
75
C
C
50
C
C
25
C
C

R – Considered to be rare. Some
species in this category may
be on the verge of extirpation.
O – Occasional, occasionally
collected, not generally
distributed, but local
concentrations may occur
C – Common, commonly taken in
most sample collections; can
make up large portion of some
samples

Montana, and Wyoming) and three states where shovelnose were extripated (New Mexico, Alabama, and
West Virginia) (Koch and Quist 2010). By the time Kock and Quist (2010) sent out the most recent
surveys, Pennsylvania was added to the list of states with extirpation, Kansas responded that the
population was declining, but two states reported increasing populations (Wyoming and Louisiana) and
nine states listed the Shovelnose Sturgeon population as stable (Montana, North Dakota, Nebraska, Iowa,
Missouri, Illinois, Arkansas, Mississippi, and Oklahoma). Specifically for the UMR, two states
responded as the population being unknown (Minnesota and Wisconsin) while others reported being
stable (Iowa, Illinois, and Missouri), this also corresponds with the findings from Steuck et al. (2010; See
Table 2).

Reproduction
Early researchers described Shovelnose Sturgeon reproduction and reproduction cycles based on visual
observation. Helms (1974) described gonads of immature UMR Shovelnose Sturgeon males as dark
yellow longitudinal bands, 0.04–0.12 inches wide on the dorsal surface of gonadal fat, constituting 5% of
the whole organ. Fully developed gonads exceeded 0.39 inches in width and were equal to or greater in
volume than the attached fat. Mature testes were gray and appeared as a homogeneous mass.
Christenson (1975) reported that Chippewa River, Wisconsin (tributary to the Mississippi) sturgeon eggs
fall into three categories: (1) yellow and/or white, (2) white and black, and (3) black (the mature eggs in
enlarged ovaries). Since at least three stages of egg development occurred, essentially without relation to
the size of the female, it is apparent that females do not spawn every year; but spawning chronology is not
readily evident (Helms 1974; Christenson 1975). Moos (1978) reported that individual Missouri River
Shovelnose Sturgeon spawn every two to three years. Colombo et al. (2007a) used ultrasound, dissection,
and histology to develop stages of gonadal development similar to the Lake Sturgeon (Ascipenser
fulvescens) model created by Bruch et al. (2001) and this was modified by Tripp et al. (2009). Based on
the updated reproductive cycle information and year round sampling, it is estimated that male Shovelnose
Sturgeon in the lower portion of the Upper Mississippi River spawn every two years and females and
spawn every 2 to 3 years (Tripp et al. 2009). Gonads of mature males represent 2–6% of body weight
and 10–22% of mature female body weight (Zweiacker 1967; Helms 1973; Christenson 1975; Moos
1978, Tripp et al. 2009). Helms (1974) recorded total egg counts ranging from 13,908 to 51,217, and
averaged about 27,592. Christenson (1975) estimated egg production at 24,404 (ranging from 10,680 to
50,971) for the Red Cedar-Chippewa Rivers (Wisconsin) sturgeon. Christenson also reported average
mature egg diameter to be 0.09 inch, with volumetric measurements of eggs totaling 2,559–5,235 per
ounce. Numbers of eggs produced increased with body size and 50% of this was attributable to increased
body length. Later studies slightly higher fecundity estimates from the upper Pools of the Upper
Mississippi River (range 20,120 to 66,303, mean 34,908; Koch 2008) and the lower portion of the Upper
Mississippi River (range 5,733 to 81,842, mean 29,573; Tripp et al. 2009).
New lines of evidence are supporting the idea that the reproductive cycle of Shovelnose Sturgeon and egg
readiness are cued by day length (DeLonay et al. 2009). Once the day length reaches a certain point and
other cues such as water temperature or discharge are optimal Shovelnose Sturgeon are cued to begin
spawning migrations and the ovulation begins (DeLonay et al. 2009). While specific spawning locations
have not been documented for Shovelnose Sturgeon, some patterns have been observed regarding
Shovelnose Sturgeon reproduction. Most reproductive Shovelnose Sturgeon move upstream to spawning
locations from late fall to early spring and then spawn between April and early July at water temperatures
of 67–70 °F, depending on latitude (Forbes and Richardson 1920; Coker 1930; Eddy and Surber 1947;
Barnickol and Starrett 1951; Christenson 1975; Pflieger 1975; Elser et al. 1977; Smith 1979; Moos 1978;
Becker 1983; Robison and Buchanan 1988; Keenlyne 1997; DeLonay et al, 2009). Like other sturgeon
species, Shovelnose Sturgeon eggs are glutinous and adhere to objects in the water as they drift
downstream from the spawning area, so it is assumed that spawning occurs in high velocity turbulent
areas with rock or coarse substrate (DeLonay et al 2009). During spawning runs Shovelnose Sturgeon
swim near the surface (Jordan and Evermann 1923). It is suspected that spawning also takes place in the
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tailwaters of navigation dams (Helms 1974), in swift chutes such as boulder riffles, at old dam sites
(Smith 1979), and along the borders of main river channels (Coker 1930; Moos 1978). Coker (1930)
reported runs of Shovelnose Sturgeon in the Mississippi River to be best when the river is low in the
spring and poor when it is high. Cross (1967) suggested that perhaps the species seeks an optimal volume
of flow, departing from the larger rivers to enter tributaries for spawning in years when stream flow is
high. Forbes and Richardson (1920), Coker (1930), Cross (1967), Peterman and Haddix (1975),
Christenson (1975), and Elser et al. (1977) all noted the importance of tributaries as Shovelnose Sturgeon
spawning sites. However, Moos (1978), stated that Shovelnose Sturgeon only used tributaries
infrequently and chose to remain in large rivers. Hofpar and Peters (Online) noted that increased
discharge in the Platte River (Nebraska) appears to be the most important factor triggering upstream
Shovelnose Sturgeon movements, irrespective of day length or decrease in water temperature. According
to Eddy and Underhill (1974), in the St. Croix River (Wisconsin-Minnesota boundary) large numbers of
Shovelnose migrate up from Lake St. Croix and gather below the dam at St. Croix Falls, where they
probably are forced to spawn on the rocks in the swift water below the dam. Recent telemetry studies
have documented movement patterns that are sex specific with females making directed upstream
migrations and spawning at the upmost point and males moving upstream to a few sites (DeLonay et al.
2009). Lyons et al. (2016) found indirect evidence (e.g., dense concentrations of fish in habitats
conducive to spawning and fish that were ripe and readily expressing gametes) of possible spawning on
coarse rocky substrates at depths of 0.8 to 2.0 meters in the Wisconsin River. Sampling with a benthic
trawl in the lower Missouri River, larval sturgeon were collected in May 2001 and again in September
2001, suggesting two periods of reproduction (Robert Hrabik, MDC, personal communication). Tripp et
al. (2009) also documented evidence of a protracted spawning season and potential fall spawning with
milting males and females with eggs in spawning conditions found in the fall 2005 sampling season and
an age-0 found in November

Age, Growth, and Size at Maturity
Shovelnose Sturgeon attain lengths of 3 ft. and weights of 6–8 lbs. Average length and weight of adults
from the Mississippi River is about 21 inches and 1.5 lbs, respectively (Pflieger 1975). Table 3 shows age
and average growth data collected from various UMR Pools and the open river portion of the UMR over
time. While age is one of the most influential parameters incorporated in the population demographic, the
accuracy and precision of age estimates generated from pectoral fin ray (the most commonly used aging
structure for all sturgeon species) has been called into question (Whiteman et al. 2004; Hamel et al. 2014;
Rugg et al. 2014; Phelps et al. 2016). Despite questions, age estimates based on fin ray sections are still
the most common method to investigate age, growth and mortality of Shovelnose Sturgeon populations
throughout their native range. Differences have been observed in size structure and growth throughout
the range likely due to various factors that may be affecting densities such as habitat modifications and
harvest (Phelps et al. 2016). Hamel et al. (2015) found faster growth and maturation in areas where
harvest and river modifications were more abundant (i.e. Middle Mississippi River and Lower Missouri
River) and grew more slowly and maturation was delayed in areas with less anthropogenic influences
(i.e., Upper Mississippi River and Wabash Rivers). In general, females begin reaching sexual maturity at
age-7, and males begin maturing at age-5 (Farabee 1979; Koch 2008). More than 50% of the individuals
of both sexes in the UMR are mature at about 22 to 25 inches fork length (Farabee 1979; Koch 2008;
Tripp et al. 2009).
Quist et al. (1998) compiled weight-length data from 32 populations of Shovelnose Sturgeon (N =
11,820) from nine states within the geographic distribution of the species. They used these data to develop
the following standard weight (Ws) equation: Ws = -4.266 + 3.330 log10FL, where Ws is weight in
pounds and FL is fork length in inches. The equation was proposed for use with Shovelnose Sturgeon
between 5 inches and 41 inches. A metric equation was also provided. Quist et al. (1998) also proposed
the following length categories for calculation of proportional stock density (PSD) and relative stock
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density (RSD): stock 10 inches; quality 15
inches; preferred 20 inches; memorable, 25
inches; and trophy 32 inches.

Life History

Table 3. Shovelnose Sturgeon mean length at age
data collected from A) Upper Mississippi River
Pools 9, 10, 11, 13, 17, and 19 (Farabee 1979), B)
Upper Mississippi River Pools 9, 11, 13, 14, 16, and
18 (Koch 2008), C) open river reach of the Upper
Mississippi River (Tripp 2007), and D) Pools 20,
21, 22 24, 25, 26, and the open river reach of the
Upper Mississippi River (MDC 2010).

Shovelnose Sturgeon larvae emerge within 3-5
days after being spawned (Phelps et al. 2016).
At hatching, young sturgeon utilize the yolk sac
as their sole source of food until they reach a
Mean Length (in)
length of 0.75 inches (Farabee 1979). At this
length they are large enough to begin feeding on
Age
A
B
C
D
minute animal and vegetative matter. Similar to
1
8.3
other sturgeon species, larval development rate
2
12.9
13.5
in Shovelnose Sturgeon is temperature
3
16.7
18.2
13.1
12.2
dependent (Shelton et al., 1997; Kappenman et
4
19.5
20.6
14.8
15.5
al., 2013). Colombo et al. (2007a), described
larval development based on laboratory settings
5
21.8
22.1
18
16.9
and found at 20°C fertilized eggs hatch in 4
6
23.4
23.5
19.2
17.9
days, hatched yolk-sac larvae are ~7-9 mm,
7
24.6
24.7
20.9
19.1
transition to exogenous feeding (also
8
25.6
25.5
21.9
20.6
temperature dependent) occurs at ~8 days, and
9
26.7
25.8
23
21.9
adult characteristics of fins and scutes are
present by 26 days. Young-of-the-year have
10
27.5
27.2
23.8
22.7
been collected in UMR main channel and the
11
28
27.5
24.6
23.7
main channel border habitats in the vicinity of
12
28
25.1
24.2
wing dikes (Farabee 1979). Pflieger (1975)
13
28.9
25.6
24.8
reported collecting 1 inch long Shovelnose
14
29.06
26.2
25.4
Sturgeon from the Missouri River in late June.
15
29.7
27.1
25.5
Helms (1974) collected young-of-the-year
(YOY) Shovelnose Sturgeon 1.7 inch in length
16
30.92
27.5
26.1
from Upper Mississippi River trawls as late as
17
31.69
28.2
26.5
June. All successful trawls were rather far from
18
29
27
shore, in main channel or main channel border
19
28.5
27
habitats. The most successful trawls were
20
27.7
associated with submerged rock wing dams.
Hrabik et al. (2007) collected larval Shovelnose
21
28.2
Sturgeon and Pallid Sturgeon between May 31
22
29.6
30
and June 8 in the middle and lower Mississippi
River. Phelps et al. (2010) captured age-0 Shovelnose Sturgeon in the open portion of the Upper
Mississippi River from early April through August with catch rates highest around artificial structures and
island areas, while main-channel habitat provided the lowest catch rates. Phelps et al. (2010) also
indicated that age-0 sturgeon habitat use was influenced by depth, substrate, and bottom velocity; where
low velocity (i.e., ∼0.1 m/s), moderate depths (i.e., 2–5 m), and sand substrate were positively related to
age-0 sturgeon relative abundance. Sechler et al. (2012) examined the diet of the age-0 Shovelnose
Sturgeon larvae collected from portions of the Phelps study above and found that standardized diet mass
of the age-0 sturgeon peaked at about 19°C and at a flow velocity of 0.5 m/s and that while potential prey
taxa were diverse, the diets for age-0 sturgeon of all sizes were dominated by mayflies (Ephemeroptera)
and midge larvae (Chironomidae) across all habitats. Although upstream island tip on the main channel
side and channel border areas behind wing dikes provided higher gains in standardized diet mass than
other habitats (Sechler et al. 2012).
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Adults appear to feed mostly on the benthic larvae of aquatic insects, primarily dipterans and
trichopterans (Farabee 1979). Other food items have been noted to include crustaceans, dragonfly
nymphs, mayfly nymphs, snails, fingernail clams, algae, bits of aquatic plants, small fish, and organic
debris (Hoopes 1960; Held 1969; Ranthum 1969; Elser et al. 1977; Modde and Schmulbach 1977; Durkee
et al. 1979; Carlson et al. 1985). Helms (1974) and Moode and Schmulbach (1977) concluded that
Shovelnose Sturgeon are opportunistic feeders whose food intake is controlled by availability. Helms
(1974) noted moderately low food consumption in May and early June, followed by increased feeding
until September when food intake was again markedly reduced. He noted, however, that food
consumption appeared to be unrelated to water temperature. Trautman (1981) noted that Shovelnose
Sturgeon tend to congregate in the Ohio River wherever there are large quantities of small clams and
snails. A recent study on the lower portion of the Upper Mississippi River looked at the diet of almost
600 Shovelnose Sturgeon collected throughout the year; overall, prey items occurred in less than 30% (n
= 170) of Shovelnose Sturgeon stomachs (Seibert et al. 2011). The most dominant prey items throughout
all seasons were Chironomidae, Hydropsychidae, Ephemeridae and Corophiidae respectively (Seibert et
al. 2011). While Corophiidae was an exotic amphipod that had not previously been documented in the
Middle Mississippi River, Ephemeridae dominated in winter, Hydropsychidae was the most important
prey item during spring through summer, and Corophiidae dominated diets in the fall (Seibert et al. 2011).
Seibert et al. (2011) hypothesized that temperature and perhaps low river discharge affected prey
consumption with high temperatures and low discharge during summer through fall causing low energy
intake, lowered condition and likely poor growth.
Bemis and Kynard (1997) noted that sturgeon migrate for two basic reasons: feeding and reproduction.
They noted further that downstream migrations are always associated with feeding and upstream
migrations are usually associated with spawning activity. The morphology (i.e., streamlined body shape,
flat rostrum, and large pectoral fins) of the Shovelnose Sturgeon allows them to exploit river bottoms as
refugia from current and maintain position in high velocities (Morrow et al. 1998). In laboratory setting,
Adams et al. (1997) found at 60.8 °F Shovelnose Sturgeon swam volitionally at low speeds (2–11.8 in/s),
but at higher speeds (15.7–47.2 in/s) they alternated between active swimming and appressing themselves
to the bottom of the tunnel. Farabee (1979) noted that Shovelnose Sturgeon frequently concentrate in
swift water below the dams where they are confined almost entirely to main channel habitat. Hurley et al.
(1987) found Shovelnose to frequent waters 6.6–23 ft deep with moderate to fast current and to be
relatively sedentary much of the time, but with occasional long-range movements of up to nearly 7.5
miles in one day, primarily during May and July. Hurley et al. (1987) also observed homing behavior in 8
radio- tagged fish. Data collected by Helms (1974) from 279 recaptures revealed that mean upstream and
downstream movement from point of capture was 1.6 and 0.5 mi., respectively. Some individuals,
however, moved between Mississippi River navigation pools (e.g., four fish moved 120 mi. from Pool 13
to Pool 19) (Helms 1974). This movement was considered an exception to normal Mississippi River
movement patterns (Farabee 1979). Helms (1974) also noted that during high-water years, Upper
Mississippi River navigation dam-control gates are out of operation much of the time and do not present
barriers to upstream movements. Hurley et al. (1987) found that during spring high water stages,
Shovelnose usually frequented areas downstream of wingdams or other obstructions and remained near
shore, while at low summer water levels they remained near mid channel. During the extreme drought
(low flow) period of 1987 and 1988, Curtis et al. (1997) found tagged Shovelnose Sturgeon in the main
channel and tailwaters of UMR Pool 13 during spring where water velocities were highest (0.75 ft/sec).
Shovelnose Sturgeon occupied areas of swift current, but not always in the fastest current in their
immediate vicinity. This was in contrast to other studies (Hurley et al. 1987) where Shovelnose did not
occupy those areas during years with normal spring flows. In the Red Cedar River (Wisconsin),
Shovelnose have been taken over bedrock (10%), rubble-gravel (40%), and sand (50%) (Christenson
1975). Shovelnose movements in the Red Cedar River over a period of 7–58 months included 57% (of 44
fish) upstream an average of 3 miles and 39% downstream an average of 4.7 miles. Curtis et al. (1997)
documented Shovelnose Sturgeon movements ranging from 1.18 to 33.9 miles in Pool 13 of the UMR,
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and noted that the species tended to remain in the upper, more riverine portion of the pool, with no
emigration of tagged fish from the study pool. Maximum upstream and downstream movements
documented for the Red Cedar River were 12 miles upstream and10.5 miles downstream (Christenson
1975). Two fish exhibited no movement at all. In a fish passage study conducted in the Upper
Mississippi River, a Shovelnose Sturgeon was documented traveling the furthest distance of all species
tagged by moving over 1200 miles throughout the pools (Tripp and Garvey 2011).
A study conducted in the lower portion of the Upper Mississippi River found that in general, Shovelnose
Sturgeon were relatively stationary during most months of the year only to make long range movements
up or downstream during spring coinciding with the spring rise in water level/discharge and optimal
spawning temperatures (Garvey et al. 2009). According to Robert Hrabik (MDC, personal
communication), in the middle Mississippi River, Shovelnose Sturgeon congregate below wing dikes in
deep water from late November into March. They begin to concentrate at about 59 °F and by 54–50 °F,
Shovelnose Sturgeon are overwintering in scour holes. In late winter/early spring when water
temperatures reach 40 °F, Sturgeon disperse, especially after a flood event.
It is important to also note that the Shovelnose Sturgeon is the host of the glochidia of the mollusks
Quadrula pustulosa (Pimpleback), Obovaria olivaria (Hickorynut), and Lampsilis teres (Yellow sandshell)
(Hart and Fuller 1974). The Shovelnose Sturgeon is the only known host of the hickorynut mussel, which
inhabits water 3.9–5.9 ft deep over sand or gravel in good current (Parmalee 1967). This coincides with
habitat of the Shovelnose Sturgeon. Protecting the sturgeon would also protect these mussel species.

Survival
Total annual mortality was estimated at nearly 60%, while fishing mortality contributed from 5–25%
(Helms 1974). Fishing mortality was not a major portion of total mortality (Farabee 1979). Morrow et al.
(1998) estimated annual mortality of lower Mississippi River fish (near Rosedale and Vicksburg, MS) to
be 20% for age-7+ Shovelnose Sturgeon. Helms (1972) estimated Shovelnose Sturgeon population levels
in the UMR at 1,661 fish/mi. Population estimates for other rivers were: Missouri River (prior to
channelization): 4,032 fish/mi (Schmulbach 1974); Chippewa River, Wisconsin: 152–161 fish/mi
(Christenson 1975); and Tongue River, Montana: 634–866 fish/mi (Elser et al. 1977). Koch et al. (2009)
estimated total annual mortality in Pool 4, 7, 9, 11, 13, 14, 16, and 18 (23, 27, 22, 23, 34, 25, 32, and 30
respectively) varied from 21% in Pool 9 to 34% in Pool 13 and were generally lower in upstream pools.
During spawning runs the habit of swimming near the surface makes the Shovelnose Sturgeon vulnerable
to propeller strikes by both pleasure and commercial craft. Several authors have noted finding fish with
anterior ends of rostrums missing or with severed caudal peduncles (Helms 1973; Christenson 1975;
Moos 1978).
Adams et al. (1999) found that the stranding potential of young Sturgeon subjected to three vesselinduced drawdown rates (i.e., 0.3, 0.18, and 0.08 in/s) and two bank slopes (1:5 and 1:10) was highest
(66.7%) at bank slopes of 1:5. They also noted that the likelihood of stranding was related to the
behavioral response of fishes to receding water levels, and that species such as sturgeon and Paddlefish,
which exhibit positive rheotaxis, are more likely to become stranded. Miranda et al. (2013) estimated that
the mean number of Shovelnose Sturgeon entrained in the Upper Mississippi River per kilometer of
navigation to be 0.02 and that the mean number entrained annually by towboat traffic was about 0.38
sturgeon/ha. When compared to estimates of fishery harvest in the UMR, the loss associated with
entrainment were beginning to approach the level of loss associated with the fishery (Miranda et al.
2013).
Phelps et al. (2016) noted that the thermal tolerances for Shovelnose Sturgeon is wider than other North
American sturgeon species and that the early life stages of Shovelnose Sturgeon are most temperature
sensitive. Kappenman et al. (2013) determined that fertilized embryos have a limited thermal tolerance
ranging between 12 – 24°C and an optimal temperature for survival and development near 17–20°C.
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While larval and juvenile Shovelnose Sturgeon are capable of surviving at a broad range of seasonally
influenced temperatures, in laboratory studies growth occurred at temperatures from 12– 30°C with the
optimal temperature for growth near 22°C (Kappenman et al. 2013). While most Shovelnose Sturgeon,
when gradually acclimated to temperatures ranging from 26°C to 30°C, were able to survive for an
extended period (Kappenman et al., 2009), temperatures 26°C and greater can act as an environmental
stressor leading to reduced growth rate and increased mortality (Kappenman et al., 2009, Phelps et al.,
2010, Hupfeld et al., 2015). For adult Shovelnose Sturgeon in controlled experiments, if acclimation
periods were short, the lethal thermal maxima and point of loss of equilibrium of Shovelnose Sturgeon
were determined to range from ~30 °C to 35°C (Hupfeld et al., 2015).

Relative Importance to the Fishery
The Shovelnose Sturgeon is presently classified as a sport fish in 13 states (Arkansas, Illinois, Indiana,
Iowa, Kansas, Kentucky, Minnesota, Missouri, Montana, Nebraska, Tennessee, Wisconsin, and
Wyoming) and as a commercial fish in 8 states (Arkansas, Illinois, Indiana, Iowa, Kentucky, Missouri,
Tennessee, and Wisconsin) (Koch and Quist 2010). Shovelnose Sturgeon contributed less than 0.03% of
the UMR sport fishery in the 1962–63, 1967–68 and 1972–73 creel surveys (Nord 1964; Wright 1970;
Fleener 1975). The species was not recorded in the sample for Pools 4 and 5 in any of the three creel
surveys. It should be noted, however, that Shovelnose Sturgeon are occasionally taken off the fishing float
below Lock and Dam No. 4 at Alma, Wisconsin (Farabee 1979). Few sport anglers specifically target
Shovelnose Sturgeon (Keenlyne 1997). Exploitation rates for Shovelnose Sturgeon sport fish harvest are
generally low, ranging from 1–2% (Christenson 1975; Elser et al. 1977) with most of the catch being
incidental to the act of fishing for other species. Despite this, Shovelnose Sturgeon meat is delicious
deep-fat fried, broiled, or smoked (Eddy and Surber 1947). Processing by smoking adds considerable cost
to the consumer product because it requires additional labor and also results in a large loss in body
weight. Helms (1974) noted that loss of body weight by smoking Shovelnose Sturgeon averaged 49.8%
for fish averaging 1.25 lbs. fresh weight, while larger fish averaged 42.6% loss of body weight. Despite
this fact, most sturgeon are smoked for commercial sale. Koch et al. (2010) summarized results from
surveys within the Shovelnose Sturgeon range and stated that while recreational harvest of Shovelnose
Sturgeon is relatively low, there are isolated seasonal recreational fisheries.
At one time, Shovelnose Sturgeon were considered to be worthless and regarded as a nuisance by
commercial fishermen (Becker 1983). According to Coker (1930) and Smith (1979), it was common
practice to break the necks of sturgeon or to throw them on the riverbank to die. Despite this fact, Becker
(1983) recorded UMR commercial harvests at 432,000 lbs. in 1894, 383,000 lbs. in 1899, 119,000 lbs. in
1922, and 53,000 lbs. in 1931. In the 1950’s, the shovelnose was considered important to the UMR
commercial fishery, contributing up to 1.3% of the total harvest (by weight) from all pools combined
(Farabee 1979). Today, demand for Shovelnose Sturgeon often exceeds supply, and market values are
among the highest of all commercial species (Pflieger 1975). Over a 68-year period (1947–2014) the
highest harvest (128,125 lbs) was in 2009, while the lowest harvest (9,445 lbs) was in 1952 (Table 4).
From 1993-2014, harvest peaked in 2003 with 121,422 pounds harvested and in 2009 with 128,125
pounds harvested, but then drops back down to 99,491 pounds by 2014 (UMRCC Commercial fishing
data; Table 4), Helms (1972) considered such data to be conservative because reporting of catch by
commercial fishermen is voluntary and likely to be kept to a minimum for tax purposes. Biologists
generally agree, however, the data reflects population trend information, if one assumes that the error in
reporting remains relatively constant year to year. In fact, Robin Welcomme (FAO Rome (retired)
personal communication 1984) considered the UMR commercial fishery data collected and maintained by
the UMRCC to be the best and most complete for any river in the world. Keenlyne (1997) estimated that
about 60% of the nationwide commercial Shovelnose Sturgeon harvest comes from the Upper Mississippi
River. Estimated value of the 2014 UMR Shovelnose Sturgeon harvest was around $67,650 (UMRCC
Commercial fishing data; Table 4).
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Helms (1972) and Hurley (1983) noted that most Shovelnose Sturgeon harvest occurs in May and June on
the UMR, and is believed to be associated with spawning activity (Hurley 1983). Shovelnose Sturgeon
are also harvested in late fall and early winter for both meat and the highly valued roe or caviar (Coker
1930). Moos (1978) reported that Shovelnose Sturgeon eggs are uniformly dark by the first of January
and change little through the winter. Some of the best caviar is produced from fish taken at this time
because the eggs are uniform in size and color, firm, relatively easy to process, and of high quality and
taste before fat is incorporated into the eggs during the final egg maturation process in spring (Moos
1978). According to Eddy and Surber (1947), Shovelnose Sturgeon roe makes excellent caviar and is
often mixed with the roe of Paddlefish (Polyodon spathula) and even of suckers (Catostomidae).
In the early 1970s, price paid to UMR commercial fishermen in Iowa for fresh Shovelnose Sturgeon
ranged from $0.12 to $0.42 per lb., while dressed price ranged from $0.45 to $0.85 per lb. Retail price for
smoked Shovelnose Sturgeon ranged from $0.95 to $2.24 per lb. (Helms 1974). Finished caviar at that
time retailed for about $33 per kilo (Helms 1974). Since the 1970’s, the price of Shovelnose Sturgeon
flesh had increased with it topping out at $0.68 per pound in 2014 (Table 4). The price of roe has
fluctuated more in the last ten years with prices varying from $25 to nearly $85 per pound (Table 5).
An issue of concern, but little studied, is the matter of contaminants in both the meat and caviar of
Shovelnose Sturgeon. Coffey et al. (2000) conducted a study of “ground up” tissue of Shovelnose
Sturgeon collected from the Mississippi River near Davenport, Iowa and downstream near St. Louis,
Missouri. They found eight organochlorine chemicals in the fish tissue collected near Davenport and 12
(the same 8 plus 4 more) in the tissue collected below St. Louis. The 12 chemicals (an asterisk indicates a
chemical found at both locations) included alpha chlordane*, gamma chlordane, dieldrin*, epoxide
mirex*, oxychlordane*, DDD*, DDE*, PCB*, cis-nonachlor, and trans-nonachlor*. They concluded that
exposure to toxic chemicals in the reach below St. Louis had caused health problems in the sturgeon as
evidenced by enlarged livers (25 times normal) and intersexed males compared to no such health
anomalies observed in the fish collected near Davenport. Koch et al. (2006) found that up to 15% of male
Shovelnose Sturgeon also had female gametes and this rate of intersex was positively related to PCB
concentrations. In 2005, Wisconsin and Illinois advised only one meal per month for all age groups for
Shovelnose Sturgeon flesh and eggs (Michelle Marron, WI DNR, personal communication), while in
2017 Missouri recommended no consumption of Shovelnose Sturgeon eggs and one meal per month of
flesh (DHSS 2017).
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Table 4. Reported Shovelnose Sturgeon commercial fishery statistics from the Upper Mississippi
River (Minnesota, Wisconsin, Iowa, Illinois and Missouri) 1947-2014.
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Table 5. Reported Shovelnose Sturgeon commercial roe harvest statistics from the Upper
Mississippi River (Minnesota, Wisconsin, Iowa, Illinois and Missouri) 1993-2014.
Note: 1993-2000 only includes reporting by Illinois, Wisconsin initiated roe harvest reporting in 2001,
Iowa followed in 2002, and Missouri enacted roe harvest reporting in 2003.

Management Considerations
According to Helms (1974), populations of Shovelnose Sturgeon are probably much lower now than they
were when the Mississippi River was unimpounded. The decline was undoubtedly a direct result of
habitat destruction. Manipulation of the river to enhance navigation (including the 4.5-, 6-, and 9- foot
channels) and establishment of impoundments have constricted Shovelnose Sturgeon habitat to small
areas immediately downstream from navigation dams. Helms (1974), stated at the present time,
Shovelnose Sturgeon populations have probably stabilized with existing habitat and seem capable of
supporting a moderate commercial harvest. But by the late 1990’s with the collapse of the sturgeon
populations in the Caspian, Black and Adriatic Seas, concerns about increased fishing pressure on
Shovelnose Sturgeon were raised despite most states reporting stable populations (Colombo et al. 2007b;
Koch et al. 2009, Koch and Quist 2010).
It is likely that Shovelnose Sturgeon populations have been impacted by overharvest, habitat degradation,
and water pollution over the past century. Flow alteration and habitat fragmentation, (especially by dams)
probably has jeopardized the long term health of the species, by affecting sturgeon replacement,
reproduction, and gene flow (Keenlyne 1997). The shovelnose is genetically related to the much larger
Pallid Sturgeon (Scaphirhynchus albus), that is endemic to the Missouri and lower Mississippi rivers. The
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shovelnose is similarly related to the somewhat larger Alabama Sturgeon (Scaphirhynchus suttkusi), that
is endemic to the Alabama River drainage basin. The latter species is isolated geographically from the
Shovelnose and Pallid (Campton et al. 2000). Both the Pallid Sturgeon and Alabama Sturgeons are listed
as “endangered” on the Federal List of Threatened and Endangered Wildlife. Controversy surrounded
both of these listings, with opponents arguing that all three species should be classified as a single species
under one genus, thus eliminating any justification for listing any of the three as threatened or
endangered.
Pallid and Shovelnose Sturgeons are similar in appearance except that the pallid grows to a much larger
size (6 ft. in length) and weights of over 100 lbs, while the shovelnose rarely exceeds lengths of 3 ft. and
weights of 5–6 lbs. Other key taxonomic characteristics include:
•

The shovelnose is darker in color (tawny to grey or olivaceous dorsally, light ventrally) than the
Pallid that is greyish-white.

•

The belly of the adult shovelnose is
completely covered with bony plates while
the pallid is not (Figure 42).

•

The bases of the outer barbels of the
shovelnose are ahead of or in line with the
bases of the inner barbels, while the outer
barbels of the pallid are usually placed behind
those of the inner barbels (Figure 42).

•

The pallid has more numerous dorsal fin rays
(37 or more) than the shovelnose (36 or
fewer).

•
•

Figure 42. Ventral view of Pallid and
The pallid has more anal fin rays (24 or more) Shovelnose Sturgeon heads and bodies showing
than the shovelnose (23 or fewer).
differences in belly scalation and barbel
placement.
Hybrids, of course, exhibit all ranges of
barbel placement, belly scales and fin rays, so
identification of smaller individuals is very
difficult.

Snyder (2001) developed a set of characteristics to separate larval Pallid Sturgeon from Shovelnose
Sturgeon, but noted that considering the extreme similarity between the two species and generally
overlapping ranges in most morphometric, meristic, and other characteristics, positive identification of
hybrid larvae based on morphological criteria is not feasible. Kuhajda and Mayden (2001) also noted that
current character indices do not correctly identify between small specimens of Pallid Sturgeon,
Shovelnose Sturgeon, and hybrid sturgeon. They noted further that all indices work well for identifying
adult Shovelnose Sturgeon, but even the latest indices can incorrectly identify hybrids as Pallid Sturgeon.
Their findings were based on examination of hatchery reared specimens taken from breeding stock
captured in the Upper Missouri River Drainage of extreme western North Dakota and eastern Montana
where hybridization between the two species presumably does not occur, so in areas where hybridization
does occur the accuracy of the indices decreases (Heist and Kuhajda, unpublished data). Their work was
based on indices provided by Bailey and Cross (1954), Carlson and Pflieger (1981), Keenlyne et al.
(1994), Mayden and Kuhajda (1996), Sheehan et al. (1999), and USFWS (2000).
Hybridization between Shovelnose Sturgeon and Pallid Sturgeon occurs in the Mississippi River
(downstream from the Missouri River confluence) and in the Missouri River (Carlson et al. 1985). Bailey
and Cross (1954) did not report this phenomenon, which may indicate that hybridization is a recent result
of environmental change caused by human-induced variables such as turbidity, flow regimes, and
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substrate types (Carlson et al. 1985). Keenlyne et al. (1993) concluded that hybridization may now be
occurring in half of the Missouri and lower Mississippi (downstream from St. Louis) river reaches, and
that hybrids may represent a high proportion of the remaining sturgeon stock. Hybridization is thought by
many, including the Pallid Sturgeon Recovery Team (Dryer and Sandvol 1993) to be contributing to
decline in numbers of the endangered Pallid Sturgeon. Biologists theorize that hybridization in recent
times has been the result of damming, channelization, and other man-induced perturbations, which have
destroyed unique spawning habitats and forced the species (especially the Shovelnose Sturgeon and Pallid
Sturgeon) to share the same spawning habitats. Even though hybridization occurs and early genetic
analyses were unable to provide conclusive proof of speciation (Phelps and Allendorf 1983; Genetic
Analyses, Inc. 1994; Simons et al. 2001), the consensus among field biologists has been steadfast that the
Shovelnose Sturgeon, Pallid Sturgeon, and Alabama Sturgeon are distinct species. Species like the
Shovelnose Sturgeon that likely evolved with polyploidy (Blacklidge and Bidwell 1993), experienced a
slow rate of evolution, are difficult to study through normal genetic procedures (Simons et al. 2001); and
are now experiencing hybridization (Simons et al. 2001). Due to low levels of mtDNA variation and
sharing of haplotypes between Pallid Sturgeon and Shovelnose Sturgeons no robust molecular
phylogenies have been developed thus far (Dillman et al., 2007; Krieger et al., 2008). Phelps et al. (2016)
also states that no fixed genetic differences between Pallid Sturgeon and Shovelnose Sturgeon have been
found using alloymes (Phelps and Allendorf, 1983), mitochondrial DNA (Campton et al., 2000),
microsatellites (Tranah et al., 2001; Schrey et al., 2007), or single nucleotide polymorphisms (SNPs)
(Eichelberger et al., 2014); but each of these marker types, except allozymes, exhibit significant
frequency differences among morphological species indicating some degree of reproductive isolation.
Studies of microsatellites (Tranah et al., 2001; Tranah et al., 2004; Ray et al., 2007; Schrey et al., 2007)
and SNPs (Eichelberger et al., 2014) also found frequency differences but not fixed differences between
Pallid and Shovelnose Sturgeon. Schrey et al. (2009) looked at microsatellite DNA variation rangewide
and found small but significant frequency differences among locations. Pallid Sturgeon are genetically
(Allendorf et al., 2001) and morphologically (Murphy et al., 2007) more similar to Shovelnose Sturgeon
in the southern part of their shared range where hybridization is presumably more common (Schrey et al.,
2011).
Hybridization between Shovelnose Sturgeon and the federally endangered Pallid Sturgeon is an emerging
concern among fisheries scientists. The possible introgression of genes from the more common
Shovelnose is viewed as a threat to the Pallid Sturgeon (Carlson et al. 1985; Keenlyne et al.1994).
Difficulty in separating Pallid Sturgeon from Shovelnose Sturgeon visually and genetically has also lead
to proposals (Graham and Rasmussen 1998) for closing the commercial fishing season for Shovelnose
Sturgeon under Sec. 4(e) “Similarity of Appearance Cases of the Endangered Species Act of 1973” in
order to protect the pallid from extinction. On October 1, 2010, the U.S. Fish and Wildlife Service,
determined it necessary to treat Shovelnose Sturgeon (Scaphirhynchus platorynchus) as threatened due to
similarity of appearance to the endangered Pallid Sturgeon (United States Federal Register 75 FR 53598,
September 1 2010). Under the similarity of appearance the commercial harvest of Shovelnose Sturgeon
and hybrids is prohibited in areas where Pallid Sturgeon and Shovelnose Sturgeon coexist (United States
Federal Register 75 FR 53598, September 1 2010). The similarity of appearance ruling was made to
protect and conserve Pallid Sturgeon by eliminating the potential for incidental take of Pallid Sturgeon
during commercial harvest of Shovelnose Sturgeon and their roe (United States Federal Register 75 FR
53598, September 1, 2010). For the Upper Mississippi River this means that Shovelnose Sturgeon can
only be harvested in the Mississippi River upstream of Melvin Price Lock and Dam in Alton, IL. The
concern was raised that this ruling would shift pressure to areas where harvest can still occur and lead to
overharvest of Shovelnose Sturgeon populations in areas outside the range of Pallid Sturgeon during the
comment period. The response to this concern was that Shovelnose Sturgeon that occupy waters outside
the areas regulated by this rule are subject to individual state commercial fishing regulations and those
states indicated that their existing regulations are adequate to allow sustainable harvest of Shovelnose
Sturgeon (United States Federal Register 75 FR 53598, September 1 2010; Table 6).
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Table 6. Commercial fishing regulations for the states that border the Upper Mississippi River.
State Commercial Water
MN NA

Length Limit

WI/MN border - minimun of 25 inchesa (trot line only)
WI/IA border - harvest slot of 27-34 inches
IA Mississippi River
IA/WI border - harvest slot of 27-34 inches
IA/IL border - minimum of 27 inches
IL Mississippi River (above L&D 26 at Alton, IL) Harvest slot of 24-32 inches
MO Mississippi River (above L&D 26 at Alton, IL) Harvest slot of 24-32 inches
WI

a

Mississippi River

Season
All year
15 October - 15 May
1 October - 31 May
15 October - 15 May

length is measured in total length all others are fork length

Farabee (1979) and Grady et al. (2001) both stated that commercial harvests on the Upper Mississippi and
Lower Missouri Rivers did not appear to be affecting Shovelnose Sturgeon populations However, recent
information from the Middle and Upper Mississippi River has shown changes in population
demographics (Koch et al. 2009 ; Tripp et al. 2009). With potential increase in harvest due to the recent
collapse of Eurasian Sturgeon stocks concern of potential increased harvest of Shovelnose Sturgeon has
been raised (Caviar Emptor Online). This compounded by the recent closure of Shovelnose Sturgeon
harvest in the Mississippi River below Alton, IL and in the Missouri River will require continued
monitoring to ensure sustainable harvest and prevent overharvest. Phelps et al. (2016) recommended that
in the future it will be essential to create a range-wide conservation plans to identify information gaps.
A framework for range wide management of sturgeon species in the United States was developed under
the auspices of the U.S. Fish and Wildlife Service in 1993 (NPSSC 1993). The Mississippi Interstate
Cooperative Resource Association (MICRA) was designated in that framework as the focal group for
coordinating such work on sturgeon species in the Mid-Continent Region of the United States (Alabama,
Arkansas, Colorado, Georgia, Iowa, Illinois, Indiana, Kansas, Kentucky, Louisiana, Michigan, Missouri,
Minnesota, Mississippi, Montana, North Carolina, Nebraska, North Dakota, New Mexico, New York,
Pennsylvania, Ohio, Oklahoma, South Dakota, Tennessee, Texas, Virginia, Vermont, Wisconsin, West
Virginia, and Wyoming).
Gnam (1998) noted that all sturgeon species worldwide were listed under the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES) on April 1, 1998. Such listing provides an
international regulatory mechanism to control the import and export of sturgeon and their products,
thereby helping to curtail illegal caviar trade. The U.S. Fish and Wildlife Service administers CITES in
the U.S. MICRA’s Paddlefish and Sturgeon Committee recommended a ban on all commercial fishing for
sturgeon species throughout the Mississippi River Basin (Graham and Rasmussen 1998). Shovelnose
Sturgeon were included in this recommendation because of its similarity in appearance (at small sizes) to
the endangered Pallid Sturgeon. Graham and Rasmussen (1998) also pointed out that such a closure
would prevent harvest of endangered species and enhance survival of fingerlings being stocked to recover
the species. They further noted that since MICRA has no regulatory authority of its own, the states
themselves must choose or not choose to implement the recommendation. As a member of MICRA, the
UMRCC has a tool available to work toward Shovelnose Sturgeon conservation and management on a
basinwide scale (Rasmussen 1998). Hesse and Carreiro (1997) noted that where Paddlefish and sturgeon
have maintained relatively healthy populations (e.g., Arkansas and Louisiana), it was possible to point to
a semi-natural hydrograph as the possible cause. They further stated the quality of instream habitat is a
deterministic function of the flows within the river channel. Stalnaker et al. (1996) reported elimination
or significant dampening of the interannual variability in streamflow could reduce early life history
success and thus alter biodiversity in free-flowing stream sections. Previously, streamflow management
has focused on minimum flows; but the recovery of river ecosystems requires consideration of the full
range of flows experienced historically in North American river systems (Petts 1996). However,
Beamesderfer and Farr (1997) noted that harvest restrictions are much more likely to be implemented
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than are system-wide habitat management measures. Upper Mississippi River sturgeon management
efforts should therefore focus on the entire range of restoration measures: (1) implementation of structural
habitat features, (2) alterations of flow variability necessary to maintain and enhance both natural and
manmade habitats, (3) monitor and adapt harvest regulations based on assessment, and (4) continued
monitoring of populations to ensure shifts in harvest after the Similarity of Appearance ruling are
sustainable.
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Lake Sturgeon (Acipenser fulvescens)
Ann Runstrom, Ken Brummet, and Brent Night
Updated by Travis Moore, Nick Schlesser, Pat Short, and Scott Gritters
Introduction
The historic range of Lake Sturgeon in North America includes three drainages: the Mississippi River,
the Great Lakes, and Hudson Bay (Priegel and Wirth 1975). Lake Sturgeon are large, primitive fish that
feed primarily on aquatic insects, freshwater mollusks, crayfish, and small fish. They may reach a
maximum length of eight feet and weigh nearly 300 pounds (Pflieger 1997).
Lake Sturgeon are slow-growing, slow-to-mature, and long-lived. Males may reach sexual maturity in
their mid- to late-teens, while females reach maturity in their mid- to late-twenties. Female Lake Sturgeon
live longer and grow larger than males. Females may live over 100 years (Pflieger 1997). In 2012, a
female Lake Sturgeon weighing approximately 240 pounds was captured while actively spawning below
Shawano Dam on the Wolf River, in the Lake Winnebago basin. The collected Lake Sturgeon was
estimated to be 125 years old, having hatched from an egg in the late 1880’s. The fish was released
unharmed at the site (Ryan Koenigs, WI DNR, personal communication).
During the late 1800’s and early 1900’s, Lake Sturgeon numbers declined throughout their range due to
commercial and recreational overfishing, habitat alterations, and an increase in the number of migration
barriers in the form of both low-head and large high-head hydroelectric and water control/navigation
dams.
In a 2009 report, the Ontario Ministry of Natural Resources (OMNR) determined that eight states and
three Canadian provinces were stocking Lake Sturgeon either for rehabilitation or reintroduction purposes
(Smith, 2009). Bales and Phelps (2019a) surveyed twenty-six states and four Canadian provinces and
stated that “a majority have implemented stocking programs or initiated strict regulations to bolster the
populations”.
Natural resource agencies in Iowa, Illinois, and Missouri list Lake Sturgeon as endangered, and no harvest
is allowed. The Lake Sturgeon is listed as a species of special concern in Minnesota. Both Minnesota and
Wisconsin allow limited recreational harvest. Wisconsin allows it on select interior streams or lakes, and
both allow harvest on select border waters including the St. Croix River (a tributary to the Upper
Mississippi River), but harvest is prohibited from the Mississippi River. None of these states allow Lake
Sturgeon to be taken commercially.
A Lake Sturgeon chapter was first included in the UMRCC Fisheries Compendium, 3rd Edition
(Rasmussen and Pitlo 2004). Efforts to restore, study, and manage Lake Sturgeon in the Upper
Mississippi River (UMR) have increased in recent years. Specific information on these research and
management activities is included here.

Distribution and Abundance
Lake Sturgeon were common throughout the UMR in the 1700s and early 1800s. Several references to
UMR sturgeon appear in the journals of early explorers such as Father Marquette and Captain Jonathan
Carver (Carlander 1954). By the late 1800s, Lake Sturgeon populations began to decline. Steuck et al.
(2010) states that Lake Sturgeon were considered occasional or rare in most pools and reaches of the
UMR with the exception of the reach roughly from the confluence with the Missouri River to the
tailwaters of the Mel Price Lock and Dam where they were considered common (Table 7). Only recently
have there been indications that populations in the UMR may be increasing
Based on past sampling efforts in the pooled portion of the Upper Mississippi River, Lake Sturgeon
abundance appears to be greatest in Pools 4, 5A, 8, 10, 13, 20 – 26, (Gutreuter et al. 1997; Burkhardt et al.
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1997; Burkhardt et al. 1998; Burkhardt et al. 2000; Miller et al. 2009; Snellen et al. 2008; Nick
Bloomfield, USFWS, unpublished data; Travis Moore, MDC,
unpublished data) and major tributaries such as the St. Croix,
Table 7. Distribution and
Chippewa, Wisconsin, and Missouri Rivers (Knights et al. 2002;
abundance of Lake Sturgeon in the
Ann Runstrom, USFWS, unpublished data; Michael Moore,
Upper Mississippi River modified
University of Missouri – Columbia, unpublished data) and have
from Steuck et al. (2010).
been documented appearing in lower abundance in other
Lake
Lake
tributaries as well (Moore 2018). Iowa has documented at least
Pool
Pool
Sturgeon
Sturgeon
limited Lake Sturgeon presence in nearly all its major tributaries
including the Cedar, Maquoketa, Wapsipinicon, Iowa, and Des
1
0
13
R
Moines River. (Scott Gritters, IA DNR, personal
2
0
14
R
communication).
3
O
15
R
The combination of the high mobility of Lake Sturgeon and the
4
O
16
R
generally “open” system that the Mississippi River and its
5
O
17
R
tributaries present many population models have difficulty
5A
O
18
R
producing estimates with confidence intervals acceptable to
6
R
19
R
managers. Additional information about Lake Sturgeon
7
R
20
O
population modeling is available in the Lake Sturgeon Population
Modeling section of this chapter on page 90.
8
R
21
O
9
R
22
O
Phelps, et al. (2017) attempted to determine the natal rivers of
10
R
24
O
Lake Sturgeon using analysis of fin-ray elements, also called
microchemistry analysis. They determined that 77% of Lake
11
R
25
O
Sturgeon stocked into the Missouri portion of the UMR, remained
12
R
26
O
there. Eighteen percent of fish traveled from the UMR to the
Lake
River
River
Lake
Middle Mississippi River and only five percent of fish used the
Sturgeon
Reach
Reach
Sturgeon
Missouri or Des Moines rivers. Few Lake Sturgeon stocked into
201
C
100
O
the Missouri River were found in the Mississippi River,
suggesting that there may be two relatively separate populations.
195
O
75
O
175
O
50
O
Reproduction
150
O
25
O
Lake Sturgeon spawn in the spring when water temperatures are
125
O
between 48 and 70 degrees Fahrenheit, with peak spawning
activity occurring between 53 and 60 degrees (Bruch and
Binkowski 2002). In UMR Pools 20 – 26, the average dates that
water temperatures reach the spawning temperature range are
between March 31st and May 29th, with peak spawning
temperatures being reached between April 17th and May 7th
(Rivergages.com). These temperatures are achieved at later dates
in the upriver pools of the UMR.
Bruch and Binkowski (2002) documented male Lake Sturgeon
arriving at the spawning site prior to the arrival of females. They
exhibited both porpoising and cruising behavior.

O – Occasional, occasionally
collected, not generally
distributed, but local
concentrations may occur
R – Considered to be rare.
Some species in this
category may be on the
verge of extirpation.
C – Common, commonly taken
in most sample collections;
can make up large portion
of some samples

Kempinger (1988) and Bruch and Binkowski (2002) noted that
spawning sturgeon select shallow areas with relatively strong
current velocities (0.5 ft/s). During spawning, several male Lake
Sturgeon accompany a female, vibrating alongside her as she
releases eggs. Eggs run freely for 7–10 seconds and the process is repeated every 10–15 min for several
hours. Released eggs settle and adhere to the substrate.
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Typically, female Lake Sturgeon spawn only every 3 – 6 years and can produce up to 700,000 eggs each
time (Priegel and Wirth 1971; Lyons and Kempinger 1992), while males spawn every 1 or 2 years. In the
Sturgeon River of Upper Michigan, male Lake Sturgeon were recaptured near spawning habitat at
intervals of 2, 3, and 4 years (Auer 1999), possibly suggesting less than annual spawning by individuals.
In the same study, female Lake Sturgeon had return intervals of 3 to 7 years.
Through acoustic telemetry, Bruch (2014) found that Lake Sturgeon exhibited low spawning site or
spawning river fidelity. Males were present at the spawning site for an average of 17 days. Larger, older
males spawned every year while most large females spawned every 3 – 4 years. Shaw (2010) found that,
on average, 10% of the female population and 30% of the male population were reproductive in a given
year in Namakan Reservoir, Minnesota and Ontario.
A Lake Sturgeon spawning site was confirmed on the right descending bank of the Mississippi River,
immediately downstream of Mel Price Lock and Dam (LD 26) in 2015 (Buszkiwiecz et al. 2016).
Fertilized eggs were collected from the site and hatched in a lab. Fry were also observed hatching at the
spawning site on the same day of the lab hatching.
Members of the public have reported other potential Lake Sturgeon spawning sites in the Mississippi
River and its tributaries, but biologists have been unable to confirm successful spawning at these sites.
Identification of spawning sites should be a priority both to facilitate their protection and to identify
locations where aggragations of mature Lake Sturgeon can be reliably access for tagging and other
management activities.

Age, Growth, and Size at Maturity
Historically, Lake Sturgeon age determination was made using a cross section of the leading ray of the
pectoral fin (Priegel and Wirth 1971). Bruch et al. (2009) determined that aging sturgeon older than 15
years of age from Lake Winnebago via pectoral fin rays was inaccurate, but consistent. They constructed
a model to adjust the fin ray age to more accurately determine real age. Additional Lake Sturgeon aging
information is located in the Lake Sturgeon Aging section of this chapter on page 90.
Lake Sturgeon are a long lived species and have the potential to live more than 100 years. One individual
caught in Lake of the Woods, Ontario, in 1953 was estimated to be 152 years old. An approximate 240pound female caught in 2012 in the Wolf River, a tributary to Lake Winnebago, was estimated at 125
years.
Lake Sturgeon can reach lengths in excess of 75 inches, and exceed 200 pounds. Priegel and Wirth (1971)
reported that a 310-pound Lake Sturgeon was caught in Lake Superior in 1922.
In the Lake Winnebago system of Wisconsin, female Lake Sturgeon reportedly reach sexual maturity
between 24–26 years of age at a length of about 55 inches. Few male Lake Sturgeon mature before they
are 14–16 years old or about 45 inches long.
Power and McKinley (1997) found that the Lake Sturgeon’s maximum length and weight increased with
northern latitudes. They hypothesized that genetics, food quantity and quality, and “thermal opportunity
for growth,” i.e., the amount of time that water temperatures were at optimal levels to promote growth,
could all contribute to the size difference. Increasingly warm summer water temperatures, particularly in
the southern reaches of the UMR, may exacerbate differences in growth potential across the species
range.
Growth rates of Lake Sturgeon in the Mississippi River have not been calculated at this time due to the
generally low abundance of Lake Sturgeon in the system and the lack of ability to accurately determine
the age of Lake Sturgeon older than age-15.
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Life History
Early Life
Kempinger (1988) noted that in the Wolf River, Wisconsin, Lake Sturgeon egg incubation varied with
water temperature, but peak hatching occurred in 8 to 14 days. He also found that lower egg mortality,
higher catch rates of larvae, and greatest larval growth occur during years when water temperatures
increase gradually and steadily during the pre-spawn, spawn, and incubation period. After emerging,
yolk-sac larvae were predominantly nocturnal drifters with peak drift occurring between 2000 and 0400
hours, and 8 to 14 days post-hatch. Newly hatched larvae were 0.31 inches total length and grew to 0.83
inches at 16 days (Harkness and Dymond 1961 cited in Becker 1983).
Auer and Baker (2002) studied larval Lake Sturgeon drift from 1992 to 2000 on the Sturgeon River,
Michigan. They collected 978 larvae in drift nets, set between nightfall and midnight. The highest number
of larvae were collected in shallow water over substrates of sand and small gravel.

Feeding and Food Habits
Only one (0.83 inch) of 845 larval Lake Sturgeon examined in the Wolf River by Kempinger (1988) had
begun exogenous feeding during the study. However, both larval Lake Sturgeon (1.18 inch and 1.22 inch)
collected later in the study had consumed benthic invertebrates (i.e., Baetidae nymphs and chironomid
larvae). Eddy and Underhill (1974) found that young Lake Sturgeon continue a diet of minute crustaceans
until they reach a length of 7.0–8.0 inches.
Bales and Phelps (2019b) investigated prey selectivity of age-0 Lake Sturgeon. When presented with
larval dipterids, trichopterids, and ephemeropterids, age-0 Lake Sturgeon between 10 and 50 millimeters
ate almost exclusively dipterids and avoided trichopterids. Fry became less selective as they grew and fed
indiscriminately on all three prey groups by the time they reached 250 millimeters in length.
In 2010, 550 fingerling Lake Sturgeon were diverted to a hatchery pond snail-control study being
conducted by MDC’s Resource Science staff and Lincoln University. Lake Sturgeon were stocked into
ponds with Channel Catfish or Bluegill. Environmental conditions and low survival of the Lake Sturgeon
hampered the study. Researchers were not able to confidently confirm or deny if Lake Sturgeon could be
used to control snails, but they do speculate that it appears unlikely (Koppleman and Wetzel 2010). Only
23 fingerling Lake Sturgeon survived the study and were later stocked into the Missouri River.
Larger juvenile and adult Lake Sturgeon are known to feed on small benthic organisms such as mollusks,
crustaceans, and insect larvae in sand, gravel, and rock substrates (Trautman 1957). A Lake Sturgeon
incidentally captured and killed in commercial fishing gear in Pool 24 in the late 2000’s was found to
have juvenile native mussels and Silty Hornsnails in the gut (Travis Moore, MDC. personal
communication), while an individual measuring 1171 millimeters total length and weighing 12 kilograms
collected in a similar situation on 6/8/2016 in Pool 4 had consumed large numbers of zebra mussels (Nick
Schlesser, MN DNR, personal communication).

Fingerling and Juvenile Lake Sturgeon Movement and Habitat Use
Bloomfield (unpublished data) studied acoustic telemetry-tagged, stocked-fingerling Lake Sturgeon (210
– 254 millimeters, 53 – 98 grams) in Pools 20 – 24 of the UMR. Thirty fingerlings were implanted with
“dummy” transmitters and held at Hunnewell Lake Hatchery (Missouri) for 60 days post-stocking to
determine survival (29/30, 97%). Another 30 fingerlings were implanted with acoustic transmitters,
divided into groups of 15 fish each, and stocked into two different habitat types. The first group was
stocked into a main channel border habitat at LaGrange, MO, in Pool 21 of the UMR. The second group
was stocked less than an hour later at Soulard Access on the Fabius River, a major tributary to Pool 22.
Soulard Access is one mile from the confluence of the Fabius and Mississippi rivers. Fingerlings almost
exclusively used navigation channel and both diked and undiked main channel border habitats upon
settling into the Mississippi River.
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Fingerling Lake Sturgeon stocked in the main channel border habitat of Pool 21 dispersed immediately,
with most of them traveling downstream through Lock and Dam 21, into Pool 22, by nightfall (18 river
kilometers/11 river miles). These Lake Sturgeon distributed throughout the pool, with one fish passing
through Lock and Dam 22 and entering Pool 24, the next river pool downstream. One fish remained in
Pool 21 and traveled upstream to overwinter in the tailwater of Lock and Dam 20.
Fingerlings stocked at Soulard Access remained in the pool at the boat ramp where they were stocked
until nightfall, then traveled down the Fabius River, and dispersed slowly throughout Pool 22. The 30-day
dispersal of fingerlings was over 68 river kilometers (42 river miles) for the main channel
border/LaGrange fish and just 29 river kilometers (18 river miles) for the tributary/Soulard fish. Despite
the distance between the two stocking sites, there was considerable overlap in specific habitats used by
the two fingerling groups.
Subsequent fingerling stockings in Missouri were moved away from big river main channel and main
channel border habitats and to the slower moving waters found in the lower reaches of major tributaries.
Anecdotal evidence demonstrates that stocking into these calm habitats allows fingerlings to acclimate
and find suitable habitats more quickly, thus likely improving condition and survival.
Another fingerling acoustic-telemetry study was led by DeLorenzo and Moore in 2016 on the Meramec
River, a major tributary to the Middle Mississippi River. Forty fingerling Lake Sturgeon (180 – 220
millimeters, 24 – 49 grams) were initially implanted with transmitters, but experienced high mortality
prior to stocking. The fingerlings were, on average 16% (37 mm) shorter and 59% (44 grams) lighter in
weight than those used in the Bloomfield study. A total of 22 fingerlings were stocked at river kilometer
98 (river mile 61) and river kilometer 129 (river mile 80) on the Meramec River in mid-October, 2016
(DeLorenzo and Moore 2017).
All but five transmitters were documented traveling downstream and entering the Mississippi River in the
first ten days post-stocking. Three of the remaining fish were believed to have died or expelled the
transmitter. Another fish was not detected again after the first night of active tracking. The one remaining
fish was visually observed alive, in a pool approximately halfway between the two stocking sites, 60 days
post-stocking. Later the fish was documented traveling 31 river kilometers (19 river miles) downstream
from the resting pool, between the last day of February and mid-April, 2017, but was not detected leaving
the Meramec River.
Questions have arisen regarding whether stocked fingerlings are at risk of being preyed upon by river
predators such as Flathead Catfish, Blue Catfish, or gar species. It is unlikely, as habitat preferences of
Lake Sturgeon and these predators differ. Lake Sturgeon prefer habitats with moderate flow velocities,
while Flathead Catfish prefer low velocities with cover and gar prefer calm pools. Lake Sturgeon also
spend a majority of their time on the river bottom, while Blue Catfish and gar prefer the upper portions of
the water column. So, encounters between Lake Sturgeon and these river predators should be infrequent.
In general, predation on fingerling and juvenile Lake Sturgeon is rare. Most predation occurs on Lake
Sturgeon eggs by a variety of fish species, including other Lake Sturgeon, and crayfish that were
documented feeding heavily on Lake Sturgeon eggs that had adhered to rocks and on fry that had settled
to the bottom while absorbing their yolk sac (Carofinno et al., 2010).
Bloomfield (unpublished data) also studied movement and habitat preferences of juvenile Lake Sturgeon,
fish weighing less than nine pounds. Juvenile Lake Sturgeon showed a preference for navigation dam
spillway, tailwater, and diked main channel border habitats. Juvenile Lake Sturgeon used secondary
channels less than 3% of the time, despite this habitat making up 30% of the available habitat. Juvenile
Lake Sturgeon were more likely to exhibit large upstream movements in fall and summer months (> 34
river kilometers/21 river miles), with shorter downstream movements in winter (23 river kilometers/14
river miles) and spring (7 river kilometers/4 river miles).
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Sub-Adult and Adult Lake Sturgeon Movement and Habitat Use
Knights et al. (2002) found that Lake Sturgeon in pools 5A and 10 of the UMR heavily used areas in or
adjacent to flow, but with relatively low to moderate current velocities. These habitats were generally
depositional with silt or silt-sand substrates, and presumed high densities of benthic invertebrates. High
use areas occurred at the downstream end of navigation pools near the main channel, at the mouths of
tributaries, large secondary channels, and at some main channel border areas near large bends in the river.
Lake Sturgeon were rarely found in backwater habitats lacking flow.
While migrating, presumably to spawning habitats or high use (feeding/home range) areas, Lake Sturgeon
use areas of the river with relatively high current velocities including tailwaters, the main channel in the
upper and mid reaches of navigation pools, and the thalweg of tributaries (Knights et al. 2002).
Lake Sturgeon are known to move great distances to spawning and feeding habitats in other river systems
(Auer 1996). In Knights et al. (2002), eight of seventeen Lake Sturgeon radio-tagged in Pool 10 moved up
the Wisconsin River to the Prairie du Sac Dam (87 miles) in summer or fall. Many of the fish returned to
the Mississippi River the following spring.
Knights et al. (2002) noted that movement between pools was also common. Radio-tagged Lake Sturgeon
passed through navigation dams a total of fifty-four times (35 downstream and 19 upstream passages),
with 46% of tagged Lake Sturgeon moving through at least one dam during the 18-month Knights et al.
(2002) study. Large scale movements of fish traveling in excess of 100 miles have been documented in
multiple pools (Moore, T. 2018).
Snellen (2008) studied habitat preference and movement of adult/sub-adult Lake Sturgeon in pools 20 24 of the Upper Mississippi River. Fish ranged in size from 804 to 1218 millimeters (31.7 - 48.0 inches)
fork-length and weighed between 3.9 and 14.7 kilograms (8.7 to 32.2 pounds). He initially used radio
transmitters but switched to acoustic transmitters in the second year due to low signal detection from
radio-tagged fish in water exceeding six meters (20 feet) deep. Lake Sturgeon migration between pools
was common, especially when river stages were near or above flood stage. During times when water
control gates on navigation dams were raised out of the water, “open river”, Lake Sturgeon could move
freely from pool to pool. Upstream movements occurred during open river stages, while downstream
movements occurred during both open river and at stages when the water control gates were partially
lowered.
During Snellen’s study, adult Lake Sturgeon preferred-habitats were, in order of importance: near the
spillway portion of the water control/navigation dam, navigation channel, undiked and diked channel
borders, and the tailwater of the water control/navigation dams. Although secondary channels represented
almost 30% of available habitat, Lake Sturgeon used these habitats less than 3% of the time. Lake
Sturgeon were not detected using tributary streams in this reach of the UMR, but in recent years have
been reported by the general public in several tributaries.
Another Lake Sturgeon habitat use and movement study was initiated by Minnesota Department of
Natural Resources (MN DNR) in Lake Pepin/Pool 4 in 2016 Researchers tagged 25 Lake Sturgeon and
have documented extensive movement within Pool 4 as well as use of tributary streams including the St.
Croix and Chippewa rivers (Nick Schlesser, MN DNR, personal communication). Researchers plan to
track the tagged fish for approximately 10 years.
Rennicke (2013) radio-tagged 16 adult Lake Sturgeon in October 2007 at the Prairie du Sac Dam
tailwater and tracked them through 2012. Lake Sturgeon primarily utilized the downstream end of the
Wisconsin River and the Mississippi River between Lock and Dams 9 and 10 during late spring and
summer months. Sturgeon returned to the Prairie du Sac Dam tailwater in fall and remained there through
early spring. Ultimately, 12 of 16 radio-tagged fish returned to the Prairie du Sac Dam at some point
during the study.
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Wisconsin DNR Lake Sturgeon sampling and tag return data support largescale movements. Lake
Sturgeon have been documented moving between the Mississippi River and its major tributaries. These
include the St. Croix River (tributary to Pool 3), the Chippewa River (tributary to Pool 4), and the
Wisconsin River (tributary to Pool 10). Fish have also been documented moving from one tributary to
another on several occasions (WI DNR, unpublished data).
The use of Vemco brand transmitters, manual receivers, and remote receivers has been common in the
UMR since the early 2000’s. Their use by various agencies and universities has allowed researchers
throughout the system to document movement by many species of big river fishes, including Lake
Sturgeon, effectively magnifying the size of deployed detection arrays and allowing researchers to easily
share detection data.

Genetic Background of Lake Sturgeon
Drauch et al. (2008) conducted genetic analysis of both native and introduced Lake Sturgeon populations
from eight water bodies in the westernmost portion of the Lake Sturgeon’s range (Lake of the Woods –
Minnesota, Sturgeon River – Michigan, East Fork Chippewa River, Peshtigo River, and Lake Winnebago
– Wisconsin, East Fork White River – Indiana, Mississippi River Pools 20 – 24 and Missouri River –
Missouri). Of these, only the East Fork Chippewa, East Fork White (Ohio River tributary), Missouri, and
Mississippi River Pools 20 – 24 are within the Mississippi River Basin.
Using nuclear genetic markers (microsatellites), they found that Missouri and lower Mississippi river pool
populations were most closely related to Lake Sturgeon from Lake Winnebago, Wisconsin. This is not
surprising since the Missouri Department of Conservation used Lake Winnebago broodstock from 1984 –
1999 (Todd 2007).
Drauch, et al. further determined that there were eight mitochondrial DNA haplotypes in the lower
Mississippi River population. Of these, two haplotypes (A, G) were present at high frequencies in almost
all of the northern populations, three haplotypes (J, R, S) were present at lower frequencies in the
Mississippi and Missouri rivers as well as some of the Great Lakes populations, and three haplotypes (F,
L, N) occurred exclusively in the Missouri and Mississippi rivers at low frequencies, suggesting that they
may be endemic to this reach.
Analysis from Drauch et al. (2008) also suggested that haplotypes K, M, N, O, and P, which occur almost
exclusively in the lower Mississippi/Missouri/Ohio river basin, may have common ancestry. These
haplotypes, along with haplotypes F and L (exclusive to the Missouri and Mississippi rivers) may be
descendants of fish native to the lower Mississippi/Missouri/Ohio river basin. Analysis from Drauch et al.
(2008) did not include a sufficient sample from the Upper Mississippi River tributaries to be definitive, so
further evaluation of mitochondrial DNA from under-sampled locations is needed to support this theory.
Drauch and Rhodes (2007) specifically evaluated the Lake Sturgeon reintroduction program in Missouri.
They stated that multi-year stocking and introduction of Lake Sturgeon from large and diverse source
populations in the absence of a suitable local source population would reduce the risk of inbreeding
depression but may also create a population that may not be well-adapted to Missouri’s waters. They
recommended evaluating and utilizing native populations for reintroduction programs, when feasible.
Further genetic analysis of wild-caught Lake Sturgeon from Missouri waters by Anderson et al.
(unpublished draft) supported findings of Drauch and Rhoades (2007) and Drauch et al. (2008). In their
analysis, they added three additional haplotypes to the list of Mississippi/Missouri rivers haplotypes.
These include the haplotype K, previously-known only to occur within the White River in Indiana and
Lake of the Woods, Ontario, haplotype U which occurs at high frequency in Michigan and Wisconsin,
and a previously-undocumented haplotype W, found in embryos collected from a Lake Sturgeon
spawning event that occurred at Mel Price Lock and Dam (#26) on the Mississippi River near St. Louis,
Missouri in 2015 (Buszkiewicz et al., 2016). However, there is some debate as to whether haplotype W is
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a true haplotype or was the result of cross-contamination or heteroplasmy, more than one type of DNA
within the cell.
Results from DeHaan et al. (2006) further support the theory that haplotypes F, K, L, M, N, O, and P are
lower Mississippi River basin-natives, as none of these haplotypes were found in his assessment of 11
Lake Sturgeon spawning populations in the Great Lakes basin.
Since the introduction of Charles Darwin’s theories on evolution and natural selection, traditional
thinking about genetic diversity has been that the more diverse a population is, the greater the chances of
future generations receiving genetic traits that will help each individual organism survive, and help the
population to grow. In theory, native Lake Sturgeon broodstock should pass on favorable traits to their
offspring, even when crossed with offspring from non-native broodstock sources.
However, recent studies have alluded to potential problems with stocking fish from multiple genetic
backgrounds into existing populations. Specifically, the concern is outbreeding depression, or the
decreased fitness of future generations. Huff et al. (2011) studied native and introduced Slimy Sculpins in
Minnesota and reported that second-generation hybrids were less fit, exhibited smaller size, lower weight,
and slower growth than the pure-strain natives or the first-generation hybrids. Goldberg et al. (2005)
determined that the second-generation offspring of Largemouth Bass from two genetically and
geographically distinct populations were more susceptible to largemouth bass virus than the parents or
first-generation hybrids.
Because states have stocked Lake Sturgeon from two or more distinct populations (Great Lakes and
Mississippi River basins) on top of a low-abundance native population, outbreeding depression is a
concern. Because Lake Sturgeon are slow to mature and are long-lived, true impact to this wild
population may not be known for several decades, or several generations. It is unclear whether targeting
native haplotypes for future propagation efforts and stocking their progeny will exhibit decreased fitness
over time and further exasperate recovery efforts, or increase the odds that positive traits will be passed
on to future generations of Lake Sturgeon. At present, researchers are unable to identify which genetic
traits are favorable or how to promote those traits in the wild population. However, if measures are taken
to preserve genetic integrity of the native population, technological advances may allow future Lake
Sturgeon managers to select broodstock that carry positive traits such as disease-resistance, tolerance to
high water temperatures, etc. Establishing separate native-strain populations in order to preserve their
uniqueness may be necessary.

Survival
Life history characteristics of slow growth, late maturation, and irregular spawning periodicity make Lake
Sturgeon populations particularly vulnerable to anthropogenic sources of mortality.
Industrial and municipal pollution, dams, channelization, elimination of backwaters, dewatering and
water level fluctuations, destruction of spawning habitat, and inundation of habitat by dams threaten Lake
Sturgeon populations in other systems (Rochard et al. 1990; Auer 1996; Beamesderfer and Farr 1997;
Noakes et al. 1999) and likely threaten populations in the UMR.
In a 2012 USGS study (Tillitt et al. 2017); Lake Sturgeon embryos and fry were artificially-exposed to
various levels of PCB’s and dioxin, contaminants found in both large and small rivers in the Mississippi
River basin. The researchers found that these contaminants caused significant abnormalities which
affected development and survival of embryos and fry. The ability of contaminants to transfer from
parents to gametes thus affecting embryo development or survival, is unclear. Presence of these
contaminants in ingested prey of wild fry and fingerling Lake Sturgeon could bioaccumulate and impact
their development or survival.
During an 18-month radio telemetry study on the UMR, 4 of 28 (14%) adult radio-tagged Lake Sturgeon
died during the study period (Knights et al. 2002). Two gravid females were harvested in the Wisconsin
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River by anglers during the one-month fall fishing season. Two other fish died of unknown causes more
than 10 months after being tagged.
Commercial fishing may have negative impacts on Lake Sturgeon populations in the UMR. Most
recently, in 2015, the M DNR documented a commercial bycatch incident in which 22 Paddlefish and 26
Lake Sturgeon mortalities occurred. The incident led to the closure of Lake Pepin (Pool 4) to commercial
gillnetting in both Minnesota and Wisconsin, and drove expansion of an existing Paddlefish acoustic
telemetry project to include 25 Lake Sturgeon (Nick Schlesser, MN DNR, personal communication).
Additionally, commercial demand for roe could have impacts on Lake Sturgeon populations through
intentional illegal harvest or mortalities due to bycatch. On at least two separate occasions, MDC
biologists have collected adult Lake Sturgeon that had been “egg-checked” by a process of cutting a small
opening in the Lake Sturgeon’s abdomen (Travis Moore, MDC, personal communication). This activity
is illegal and is likely a signal that a commercial fisherman was tempted to harvest the fish for their roe.
As the Mississippi River basin Lake Sturgeon population continues to grow and mature, and if the price
of sturgeon spp. roe remains high, the temptation to illegally harvest adult Lake Sturgeon may hamper
recovery efforts.
Commercial and/or recreational vessels striking Lake Sturgeon is also a source of mortality throughout
the UMR. However, frequency of occurrence, number of mortalities associated with strikes, and overall
effect on the recovery of Lake Sturgeon in the UMR is unknown.
Numerous attempts have been made to collect wild-raised young-of-year Lake Sturgeon. To date, no Lake
Sturgeon fry or small fingerlings have been collected from the Mississippi River, outside of those
collected from the Mel Price Lock and Dam spawning event in 2015 (Buszkiewicz 2016).
The Missouri Department of Conservation and US Fish and Wildlife Service tags fingerling Lake
Sturgeon with coded wire tags (CWT) prior to stocking in the Missouri River and the lower Mississippi
River pools (Moore, T. 2018). During Lake Sturgeon sampling in these sections of river, non-CWTtagged Lake Sturgeon are common, suggesting that some natural recruitment may be occurring
undetected (Travis Moore, MDC, personal communication).
Lyons and Stewart (2014) analyzed data from 13 climate models, then examined Wisconsin waters to
determine if and where water temperatures would exceed Lake Sturgeon tolerances of 28 – 30 degrees
Celsius (82o - 86o F). They determined that in 30 – 40 years, between 30% and 94% of Wisconsin’s
rivers and lakes would exceed 28 degrees. If their calculations are accurate, rising water temperatures
could impact Lake Sturgeon survival and population growth, particularly in the southern extent of their
range. Lake Sturgeon with southern population genetic traits may be better suited to adapt to our future
climate.

Relative Importance to the Fishery
Lake Sturgeon were an important food source for Native Americans (Carlander 1954). Early European
Americans obtained isinglass, a gelatin obtained from the inner lining of the swim bladder and used to
clarify liquids (Becker 1983), from Lake Sturgeon.

Commercial Fishing
Prior to 1870, Lake Sturgeon were generally considered to be a nuisance by commercial fisherman and
were removed from the river (Milner 1874, cited in Becker 1983). As the value of Lake Sturgeon for flesh
and the use of roe for caviar became economically important, Lake Sturgeon became the most valuable
fish marketed from Lake Pepin (Wagner 1908). Lake Sturgeon life history characteristics are not
conducive to sustained high harvest rates, causing their numbers to quickly decline by the late 1800s.
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Most states banned commercial harvest of Lake Sturgeon by the early 1900’s. The Lake Sturgeon’s
relative importance to the UMR commercial fishery today remains low because none of the UMR states
currently allow commercial harvest of Lake Sturgeon.
Commercial impacts to Lake Sturgeon populations still exist in the UMR as they are susceptible to
become bycatch in gear used to target other commercial species. Altered behavior, injury, increased
handling stress, and death are all potential impacts.
Despite protective regulations, the potential for illegal Lake Sturgeon harvest is high due to the value of
roe for caviar. The UMR supports a commercial Shovelnose Sturgeon (Scaphirhyncus platornychus)
season in several states, upstream of Lock and Dam 26. Marketed as “American Hackleback” caviar, a
one-ounce tin can be purchased from online sources for $24 - $48. For comparison, commercial hatcheryproduced White Sturgeon caviar sells for $54 - $85 per one-ounce tin (Caviarstar.com; Markys.com;
Olmafood.com; Californiacaviar.com 2017).
As much as 40% of a ripe female Lake Sturgeon’s body weight can be roe. Uncured roe from a single fish
could be worth over $5,000 to commercial roe fishermen and even more to caviar distributors. Caviar
distributors have been known to purposely mislabel American caviar as more expensive Beluga or Osetra
caviar (Cohen 1997) potentially driving the value even higher.
The collapse of many populations of sturgeon spp. worldwide, and the market value of sturgeon spp. roe
has led to all sturgeon species being listed in Appendix II of the Convention on International Trade in
Endangered Species (CITES). Appendix II regulates trade in species not threatened with extinction, but
which may become threatened if trade goes unregulated. As long as these markets exist, the opportunity
to illegally harvest and launder Lake Sturgeon roe is possible.
One possible avenue to deter illegal harvest is to apply compensatory replacement values such as those
used when public mishaps kill aquatic life. In these instances, individuals or businesses that purposely or
accidentally kill fish, mussels, crayfish, and aquatic insects are responsible for paying restitution to the
state where the incident happened. Replacement values are determined by applying data and formulas
found in the American Fisheries Society’s Special Publication 35: Investigation and Monetary Values of
Fish and Freshwater Mussel Kills (Southwick and Loftus 2016).
The SP35 publication provides information on how to determine current values based on the producer
price index or PPI. The 2017 value of Lake Sturgeon, based on the year-to-date PPI, is $160.69 per
pound. For reference, a female Lake Sturgeon of just 40 pounds, the approximate size of first spawning,
would be worth $6,427.60.
The approximate weight of a Lake Sturgeon can also be determined even if no weighing scale is present,
as long as the fish’s total length and largest girth are measured. Lake Sturgeon length-girth-weight
calculation tables, like the one produced by the MN DNR (Figure 43) are available on the internet and
can be used to calculate the fish’s approximate weight.
Even in cases where a female Lake Sturgeon’s carcass is absent but the ovaries are recovered and intact,
data from the Wisconsin Department of Natural Resources Lake Sturgeon spearing season can be applied
to determine an average whole body weight of the fish. WI DNR Lake Winnebago Lake Sturgeon
Biologist Ryan Koenigs reported that average GSI is 26.4%, with up to 40% of a female Lake Sturgeon’s
total weight being egg weight (WI DNR, unpublished data).
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Figure 43. Length-Girth-Weight relationship developed by MN DNR for the Lake of the
Woods/Rainy River Lake Sturgeon population available online:
http://files.dnr.state.mn.us/areas/fisheries/baudette/lksweight.pdf

Recreational Fishing
At present, only Minnesota and Wisconsin allow recreational harvest of Lake Sturgeon, one fish per
angler per season, and only from designated sections of water. In Wisconsin, both the Chippewa and
lower Wisconsin rivers support popular hook and line fisheries for Lake Sturgeon. However, indications
of over-harvest exist on both systems. Catch rates on the Wisconsin River declined from an average of 0.4
fish/hour in the mid-1980’s to 0.1 fish/hour in the late 1990’s (Tim Larson (retired), WI DNR,
unpublished data).
In an effort to reduce harvest, the minimum length limit on the Wisconsin River alternated from 50 inches
in odd years to 70 inches in even years from 1999-2006. However, this led to large pulses of harvest in
50-inch years and almost zero harvest in 70-inch years. A population estimate survey conducted by WI
DNR in 2005 (a 50-inch year) estimated angler exploitation of adult Lake Sturgeon population in the
Prairie du Sac Dam tailrace at 26% for the 2005 hook and line season (Rennicke, 2013). This led to a
change in the minimum length limit from the alternating 50/70 inch system to 60 inches every year
beginning in 2007 in an effort to keep adult exploitation at or below 5% annually. This regulation has
generally been successful, with angler exploitation on the lower Wisconsin River (downstream of the
Prairie du Sac Dam) ranging from 0.9% to 8.4% from 2007 through 2015, averaging 4.9% over this time
period (Mike Rennicke (retired), WI DNR, unpublished data; Nathan Nye, WI DNR, unpublished data).
Angler harvest in Lake Wisconsin (Wisconsin River from the Prairie du Sac Dam upstream to the
Kilbourn Dam in Wisconsin Dells) has largely ceased following implementation of the 60-inch minimum
length limit. Harvest in the last four 50-inch years (1999, 2001, 2003, and 2005) averaged 12.8 fish per
year (exploitation estimates unavailable) and averaged less than one fish per year from 2007-2015 (Mike
Rennicke (retired), WI DNR, unpublished data; Nathan Nye, WI DNR, unpublished data). This is largely
due to a strong catch-and-release ethic that has developed among anglers that fish this reach. The WI
DNR continues to monitor harvest and estimate exploitation of the Prairie du Sac Dam tailrace and
Wisconsin Lake populations each year.
A fall seasonal fish refuge was established in 2002, below the Jim Falls dam, upstream of Wissota Lake.
Wissota Lake is a Chippewa River impoundment near Chippewa Falls, Wisconsin. The refuge was
established to protect a large concentration of Lake Wissota Lake Sturgeon that seasonally run to the site.
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Lake Wissota Lake Sturgeon harvest increased 760% from 1990 to 2000, despite establishment of
seasonal fish refuge (Joe Kurz (retired), WI DNR, unpublished data). Approximately 70% of the 1999–
2001 Chippewa River harvest was mature females. Efforts to monitor the Chippewa River Lake Sturgeon
population at Jim Falls, Wisconsin were conducted in 2000 and 2001. Lake Sturgeon were tagged with
Monel strap tags in both years and with passive integrated transponder (PIT) tags in 2001. Fish ranged in
age from 12–33 (mean=21, n=163) in 2000 and 12–36 (mean=21; n=147) in 2001. In each year, only one
fish exceeded 30 years of age. The researcher suggests that many female Lake Sturgeon are harvested
before reaching sexual maturity. In 2007, the Chippewa River Lake Sturgeon hook and line season was
set to the first Saturday in September to September 30th and the minimum size limit was established at 60
inches.
Harvest on the Lower Chippewa River has dropped to an average of 10 fish annually due to establishment
of the refuge, shortened harvest season, and implementation of the 60-inch minimum length limit.
Anglers report catching and releasing many sublegal Lake Sturgeon from this reach.
No UMR states allow recreational Lake Sturgeon harvest from the Mississippi River. However, catchand-release angling for Lake Sturgeon is growing in popularity in reaches of the UMR where fish are
more common.
In response to increasing interest in Lake Sturgeon fishing opportunities, a statewide catch and release
season was initiated in Minnesota in the spring of 2015. The catch and release season is closed from midApril to mid-June in an effort to prevent disruption of spawning activity. Wisconsin opened a matching
catch and release season on shared border waters with Minnesota beginning in the spring of 2016.
Missouri does not have a designated catch-and-release season, but does not actively pursue cases of
anglers who practice catch-and-release fishing for Lake Sturgeon in their waters. In Iowa and Illinois
border tailwaters, Lake Sturgeon are occasionally caught during the snagging Paddlefish season that runs
from March 1st to April 15th. The most common tailwaters reporting incidental Lake Sturgeon capture are
the tailwaters at Bellevue (Pool 13) and Clinton (Pool 14).

Management Considerations
There are a variety of challenges that make recovery and management of Lake Sturgeon within the
Mississippi River difficult.
•
•
•
•
•
•
•
•
•
•
•
•

The lengthy time-lag between agencies initiating a management action and the eventual
response of the population to those actions.
Movement of Lake Sturgeon across jurisdictional boundaries.
Movement of Lake Sturgeon between “harvestable” and “protected” sections of their range.
Low support for supplemental restoration fingerling Lake Sturgeon stockings.
Supplemental stockings of Lake Sturgeon from outside of the UMR basin.
Inability to accurately determine individual Lake Sturgeon age.
Inability to accurately determine a regional or whole river Lake Sturgeon population estimate.
Potential lack of sufficient spawning and other critical habitats within the Mississippi River
or its tributaries.
Physical barriers to migration between river pools and to critical seasonal habitats.
Intermittent spawning and low recruitment.
Public understanding and support for Lake Sturgeon management actions.
Illegal commercial and recreational harvest.

To bolster populations on the Upper Mississippi River it will be vital for management agencies to work
together to address these management challenges, set common harvest regulations, and have a shared
management approach.
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Recovery efforts in the Upper Mississippi River Basin
Missouri, Minnesota and Wisconsin are the only states in the Upper Mississippi River basin known to
have active Lake Sturgeon management programs.
The MDC has the most extensive Lake Sturgeon recovery program on the UMR.They have written two
recovery plans (Graham 1992; Todd 2007), and a third plan is in draft form (Moore, T. 2018). The MDC
has been conducting or financially supporting Lake Sturgeon sampling and telemetry work since the early
2000’s (Snellen 2008; Miller 2009; Bloomfield 2017).
Missouri Department of Conservation first stocked fry and fingerlings from 1984 to 1986 in Mark Twain
Lake. Shortly thereafter, commercial fishermen in the Mississippi River began catching juvenile Lake
Sturgeon in their fishing gear. It was believed that the fingerlings stocked into Mark Twain Lake
emigrated from the lake, traveled down the Salt River to the Mississippi River, and were caught by the
commercial fishermen (Graham 1992). Since then, all stockings except one (Mark Twain Lake, 2001, fry)
have been made in the Missouri or Mississippi rivers, one of their major tributaries, or in floodplain
waters. Because no genetic samples were collected from the fish caught by commercial fishermen in the
1980’s, it is impossible to know whether those fish were from Mark Twain Lake, fish stocked into the
Mississippi River in the late-1980’s, or the progeny of a remnant Lake Sturgeon population that had
successfully spawned in the wild.
The US Fish and Wildlife Service (USFWS) augments the Missouri Department of Conservation’s
(MDC) stocking program by raising additional fingerlings at the Genoa National Fish Hatchery in Genoa,
Wisconsin. They raise fingerlings from Mississippi River broodstock sources that are then stocked by
MDC staff into either the Mississippi or Missouri rivers, or both. Occasionally, survival of fish in the
hatchery will exceed production goals and MDC has taken steps to receive and stock these “surplus” fish
when such situations occur, as long as they are from Mississippi River basin sources.
Since the stocking program’s inception, approximately 445,800 Lake Sturgeon (70,567 fry, 375,233
fingerlings) have been stocked into the Missouri and Mississippi Rivers between 1984 and 2018. These
fish were raised at the USFWS’s Genoa National Fish Hatchery in Genoa, Wisconsin, MDC’s Blind Pony
Hatchery near Sweet Springs, or MDC’s Lost Valley Hatchery near Warsaw.
The stocking goals of the MDC have changed over time. Their 1992 recovery plan outlined goals of
stocking fingerlings to establish 10 year-classes of Lake Sturgeon, by stocking fingerlings until a total
stocking target of 2.0 fish per acre in the Upper Mississippi River and 1.5 fish per acre in the Missouri
River was reached (Graham 1992). Their 2007 recovery plan references the WI DNR Lake Sturgeon
Management Plan which recommended a minimum stocking rate of 0.5 fish per acre, per year, for 25
years, for a cumulative stocking rate of 12.5 fish per acre (Todd 2007). This stocking rate does not
account for fish migrating out of Missouri waters or for the thousands of additional acres of water in
Missouri’s big river tributary streams that may provide suitable sturgeon habitat.
Due to an inability to raise the number of fingerlings needed to reach a stocking rate of 0.5 fish per acre
annually, the target of 12.5 fish per acre has not been met. Over the first 34 years of the recovery effort
(1984 – 2017), only 388,676 fingerlings were stocked into the 191,612 available acres in the Missouri and
Mississippi rivers, for a total stocking rate of 2.03 fish per acre. Based on historic stocking rates since
inception of the stocking program, another 176 years would be needed to reach 12.5 fish per acre
(2,395,150 fish). Therefore, MDC will be altering their management approach in future years.
In an effort to maintain genetic integrity of the native Lake Sturgeon population broodstock sources, post
2002, were switched from Lake Winnebago (Great Lakes drainage) populations to various sources within
the Mississippi River drainage, such as the Wisconsin, Yellow, Chippewa, and Flambeau rivers. Although
broodstock are currently collected from the Mississippi River basin, this does not mean that these fish are
all Mississippi River basin-natives. There are unconfirmed reports that the WI DNR may have also used
Lake Winnebago broodstock in their recovery efforts to raise and release fingerlings into the Wisconsin
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River. Therefore, Lake Sturgeon currently stocked by Missouri may still be from Great Lakes basin
lineages.
Besides Missouri, Minnesota and Wisconsin are the only states in the Upper Mississippi River basin
known to have active Lake Sturgeon management programs.
Minnesota has numerous recovery and restoration programs active in the Hudson Bay and Lake Superior
drainages. The MN DNR is currently monitoring movement of acoustic telemetry-tagged Lake Sturgeon
in the Mississippi River basin, but currently is not stocking any fish there (Joel Stiras, MN DNR, personal
communication). Minnesota also has external tagging efforts underway on Pool 4 and the St. Croix River.
The Lake Sturgeon tagged in these efforts increase the number of available tagged fish to use for future
projects, allow the documentation of fish movement through tag reports, and increase interaction with the
angling public targeting Lake Sturgeon due to the catch and release season now available in Minnesota
and Wisconsin (Nick Schlesser, MN DNR, personal communication).
The Wisconsin Department of Natural Resources has an extensive program of stocking and managing
Lake Sturgeon in the state. Stocking of Lake Sturgeon occurs in several tributaries to the Mississippi
River including the Wisconsin, Chippewa, and St. Croix Rivers in addition to efforts focused on Lake
Winnabago and other waters in the Great Lakes basin (Ryan Koenigs, WI DNR, personal
communication).
On the Baraboo River, a tributary to the Wisconsin River in south-central Wisconsin, efforts have been
made to remove a series of dams that were blocking migrations for a variety of fish species. Lake
Sturgeon once used the Baraboo River, so WI DNR began an effort to re-establish a population through
stocking of hatchery-reared fish produced from Wisconsin River broodstock. Between 2012 and 2015,
7,535 Lake Sturgeon have been stocked in the Baraboo River. Stocked fish ranged in size from just over 1
inch (2 month old fingerlings) to over 15 inches (yearlings) (MikeRennicke (retired), WI DNR,
unpublished data; Nathan Nye, WI DNR, unpublished data). Recovery efforts call for 500 PIT-tagged
yearlings to be stocked annually to sustain the population.

Recovery efforts outside the Upper Mississippi River Basin
Other states within and outside the Mississippi River basin have begun or are continuing recovery
programs as well. The migratory nature of these large fish mean that some awareness of projects
occurring throughout the Mississippi River Basin is warranted.
In the Ohio River basin, an established native population in the White River is currently being monitored
by the Indiana Department of Natural Resources (Brant Fisher, IN DNR, personal communication). Since
2000, Tennessee has stocked 165,684 fingerling Lake Sturgeon into the East Tennessee River/Kentucky
Lake and 39,484 fingerlings into the Cumberland River/Lake Barkley (Eric Ganus, TWRA, personal
communication). Kentucky has stocked a total of 37,808 fish into the Cumberland River basin between
2008 and 2016 (Matt Thomas, Kentucky Department of Fish and Wildlife Resources, personal
communication).
Outside of the Mississippi River basin Georgia is actively stocking Lake Sturgeon in the Coosa River
(Georgia Department of Natural Resources website). Alabama does not have a stocking program, but
acknowledges that some fish stocked by Georgia into the Coosa River have migrated downstream into
their waters (Alabama Department of Conservation and Natural Resources website). Tennessee,
Kentucky, and Georgia all use broodstock from the Great Lakes basin.

Lake Sturgeon Marking and Tagging
Lake Sturgeon tagging efforts in the UMR states have multiple goals and use a wide variety of tagging
and marking techniques. Missouri focuses largely on tracking the success of stocking and the ability to
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identify year classes of fish primarily through the use of tags and marks only discernable by fellow
professionals. On the other end of the UMR, Minnesota has focused primarily on use of publically
identifiable individual tags that can be used to monitor metrics like growth, movement, spawning
behavior, and population size through both agency and publically reported tag returns. New technologies
like implanted acoustic telemetry tags in use across the UMR allow managers and researchers
unprecedented ability to actively and passively track individual fish over the course years. The dramatic
increase in the volume of tracking data available today presents new challenges along with new
opportunities for collaborations across the basin.
Most hatchery-raised fingerling Lake Sturgeon stocked in Missouri have been tagged with either “batch”
or “sequential” coded wire tags (CWTs) produced by Northwest Marine Technology. Batch CWTs are
etched with the same repeating numbers, whereas sequential CWTs have unique numbers. A full list of
CWT tag numbers used in Missouri Lake Sturgeon stockings is available in their 2018 recovery plan
(Moore, T. 2018).
Missouri Department of Conservation began using sequential CWTs in 2014 and the starting and ending
sections of the tag wires used in each year have been saved for future reference. Annual year classes of
sequentially-tagged, MDC-raised fish can be identified in the future, if the fish is harvested and the tag is
recovered.
Many of the batch CWT-tagged fingerlings were tagged under a dorsal scute and individual year classes
cannot be identified. However, four year-classes were tagged in the rostrum (1991, 2002, 2009, and
2012). Rostrum tags will assist in verifying fish age, if captured in the future. Additionally, since 2009,
the USFWS has used different coded batch tags from year to year and has recorded the tag codes.
Although multiple CWT tag codes may have been used in a given year, recorded codes still correspond to
particular stocking years and could be useful in determining the fish’s age if the fish and tag are recovered
in the future.
In 2009, the entire year-class of fish raised at Genoa National Hatchery was also tagged with T-bar tags
near the dorsal fin, prior to stocking. This group of fish could also help identify early-life growth rates, if
tag retention was high and the fish are recaptured.
Since 2014, fingerling Lake Sturgeon raised by MDC have been marked by removal of a designated
lateral scute that corresponds to the stocking year-class. Protocol for identifying the scute to be removed
is found in the document, “Protocols for tagging and marking hatchery reared Pallid Sturgeon in
Recovery Priority Management Area 4” (Steffensen et al. 2008).
Wild-caught Lake Sturgeon of a variety of sizes have been marked with passive integrated transponder
(PIT) tags by researchers within the UMR basin. Most PIT tags used are either FDX-A/125 kHz or FDXB/134.2 kHz tags, but some researchers may be using other tag types. Tagging locations on the fish
include near the first dorsal scute at the back of the skull plate, near the dorsal fin, or under other dorsal
scutes. Each PIT tag includes a unique alphanumeric sequence. Passive integrated transponder tag readers
used by researchers should be of models that will read a variety of PIT tag types.
In recent years, many wild-caught Lake Sturgeon have also been tagged with T-bar tags near the dorsal
fin so that anglers can report captures of tagged fish and provide additional data to managers. These tags
include individual numbers and a way to contact the researchers or agency.
Public tag reporting in Missouri was conducted via phone until budgetary cuts eliminated that reporting
option. Future Lake Sturgeon managers should consider their options for public reporting of Lake
Sturgeon captures. One such avenue is email or website reporting used by the WI DNR (Ryan Koenigs,
WI DNR, personal communication) or online map based reporting used by the MN DNR (Nick Schlesser,
MN DNR, personal communications).
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Lake Sturgeon Aging
Documentation of a population’s age-structure is dependent on accurate age determination. Bruch et al.
(2009), compared Lake Sturgeon aging methods by estimating age via sectioned pectoral fin rays,
otoliths, and bomb radiocarbon assays. Annuli were enumerated on fin ray sections and otoliths of
known–age Lake Sturgeon from Lake Winnebago and were compared to radiocarbon assay age estimates.
Fin rays were accurate for fish up to 14 years and error increased with fish age. Otoliths provided an
accurate age for fish up to 52 years old. Bruch et al. (2009) determined that aging methods were most
accurate for radiocarbon-dating, otoliths, and fin rays, in that order. They also learned that fin ray aging
was inaccurate, but that the error could be mitigated for, as the error was consistent. They developed a
formula to address the error, and provided a more accurate age estimate. Use of this method in the
Mississippi River to determine Lake Sturgeon ages is unknown

Lake Sturgeon Population Modeling
Population models usually require “closed” populations but the connected nature of the UMR and the
mobility didsplayed by Lake Sturgeon rarely present such conditions to those attempting to model Lake
Sturgeon populations. Wendel and Frank (2012) attempted to determine the population size of Lake
Sturgeon in the St. Croix River in Minnesota and Wisconsin using the POPAN Jolly-Seber model. Their
annual population estimates between 2004 and 2010 ranged from 284 to 947 fish in this moderate-sized
river. Ninety-five percent confidence intervals estimated the population at a low of 118 fish and a high of
1,378, a nearly 12-fold difference. The authors suggested “caution should be used in the application of
this analysis.”
Baker (2015) developed a mark-recapture population model that utilized returning spawning fish. The
model requires that you know where all spawning sites are and that you can sample at least 75% of the
spawning population. Because we do not yet know all of the places where Lake Sturgeon spawn in the
Mississippi, this model has little applicability to determining river population sizes. This model
underestimated abundance when applied to the Lake Winnebago Lake Sturgeon population (Ryan
Koenigs, WI DNR, personal communication).
Accurate Lake Sturgeon population estimates are highly variable even in closed systems. McLeod (2008)
attempted to estimate the Lake Sturgeon population in the 281 hectare Little Eva Lake, Ontario using the
Peterson and Chapman-adjusted Peterson models. His best estimate was 2,729 adult fish, with 95%
confidence intervals ranging from 1,218 – 6,824 fish. Later, data was analyzed using the Schumacher,
Schnabel, and Modified-Schnabel methods and the population was estimated between 2,220 and 3,344
fish greater than 1,000 mm total length.
The Wisconsin Department of Natural Resources (WI DNR) uses the Chapman’s modification of the
Lincoln-Peterson estimator, a capture-recapture population model, on the Lake Winnebago Lake Sturgeon
population. Sex-specific mark data is collected in spring during annual spawning stock assessments
(1,000 – 2,000 fish annually). Recapture sampling occurs during the annual Lake Sturgeon spearing
harvest season held each February. All harvested fish (1,400+ fish annually over past 10 years) must be
delivered to a check station where the fish is checked for tags (internal and external) or marks.
Confidence intervals decrease as more of the population is marked or tagged. At present, WI DNR has
tagged over 5,800 males and 1,300 females. Before setting the 5% population harvest caps for their
recreational spearing season, they calculate the population estimate and the five-year average estimate.
The five-year estimate is used in calculating the harvest caps (Ryan Koenigs, WI DNR, personal
communication).
Bruch et al. (2016) concurred that Lake Sturgeon population model strength depended greatly on accurate
long-term data sets. They suggested establishing a standardized sampling protocol, if possible, and begin
collecting data for future population modeling. While it is possible that the LTRM sampling protocol
could potentially be used in determining a Lake Sturgeon population size, that was never the intent or
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focus of this program. The UMRCC Fisheries Technical Committee may be a venue where agencies
throughout the UMR can address the challenging task of developing or coordinating sampling efforts
targeting Lake Sturgeon. Efforts would need to target preferred habitats to maximize capture, and
standardize sampling protocol across several states with significant differences in river conditions and
habitat availability.
Sampling methods used to capture Lake Sturgeon vary depending on life stage targeted, available habitat,
and the density of the population being targeted. Miller (2009) applied a variety of sampling techniques to
capture Lake Sturgeon in Pool 24 of the UMR. He found that gillnets caught more fish per effort and that
trotlines using 8-0 straight-shank hooks baited with earthworms caught the largest fish. The dam,
tailwater, and wing-dike habitats produced the most fish. In addition to gillnets the MN DNR uses angling
as a primary method for targeting Lake Sturgeon for tagging. Angling by staff members is effective, but
the most efficient angling method involves a coordinated use of the angling public, a “sturgeon rodeo”,
where anglers capture the fish and a chase boat then transfers them to a tagging boat for processing (Nick
Schlesser, MN DNR, personal communication).
In the Mississippi River, determining any population estimate would require a tremendous amount of time
and sampling effort and would produce results that may still be highly suspect.

Critical Habitats
There are still many unknowns concerning critical habitats in the Mississippi River and its tributaries.
Telemetry and sampling efforts will continue to provide some insight into the best available habitats
within these systems and should be initiated whenever possible. The most-critical habitat deserving of
attention is likely spawning habitat. Lake Sturgeon spawning habitat is very specific and has been
removed from or impacted throughout much of the Mississippi River basin. Efforts to identify, protect, or
construct suitable spawning habitat is important to recovering this species to a wild-sustainable
population.
Installation of both low-head, navigation, and high-head dams prevent movement to historical spawning
sites in some reaches of river. In other cases, these dams prevent access to high quality habitats, impound
water leading to accumulation of sediment on spawning substrate, or simply function as permanent
barriers to migration. Efforts should be made to eliminate these barriers whenever possible, and to
minimize or mitigate their impacts when the barriers cannot be removed.

Public Outreach
All UMRCC states would ultimately like the opportunity to return sport fishing of Lake Sturgeon to their
waters if the populations would allow. Interest in Lake Sturgeon angling will likely be high. Lake
Sturgeon are the second-largest fish species in the Mississippi River, following the alligator gar.
Anglers have reported Lake Sturgeon captures annually and a few have reportedly targeted them as a
catch-and-release fishery. Numerous pictures confirm these captures. The largest reported angler-caught
Lake Sturgeon in the lower basin was a 105-pound Lake Sturgeon caught in the Missouri River near
Napolean, Missouri in 2015 (unconfirmed). Commercial anglers report that they too have caught and
released Lake Sturgeon that they believed would exceed 100 pounds.
According to their website Sturgeon for Tomorrow is a non-governmental organization “dedicated to the
conservation and propagation of Lake Sturgeon”. They were formed in 1977 and now have chapters in
Wisconsin, Michigan, and New York. There are no Sturgeon for Tomorrow chapters along the
Mississippi River.
The Wisconsin Sturgeon for Tomorrow chapters have donated nearly one million dollars to the Wisconsin
Department of Natural Resources (WI DNR) for a variety of Lake Sturgeon research, management, and
outreach activities. They also maintain a volunteer program known by several names, including Sturgeon
Guard, Sturgeon Patrol, and Sturgeon Watch in cooperation with the WI DNR. Volunteers watch over
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spawning Lake Sturgeon at known spawning sites. By 2014, the Wisconsin chapters included over 3,000
members, with 400 volunteers serving as Lake Sturgeon guards.
Establishment of Sturgeon for Tomorrow chapters along the Mississippi River could be a positive
influence to help educate the public about Lake Sturgeon, provide supplemental funding for Lake
Sturgeon projects, and protect identified spawning sites in the future.
Lake Sturgeon spawning is an ecotourism activity in the Lake Winnebago basin. Towns located along
Lake Sturgeon-inhabited streams have invested local funds into enhancing Lake Sturgeon spawning
habitat to increase the number of fish that spawn at their town. They have developed trails and parks
alongside spawning sites and built guard shacks for the Sturgeon Guard volunteers. Communities have
established festivals to coincide with anticipated Lake Sturgeon spawning activity. The financial benefit
to those communities reported exceeds $350,000 annually (Ryan Koenigs, WI DNR, personal
communication).Lake Sturgeon spawning activity could provide an ecotourism benefit to communities
located near spawning sites in other UMR states as well.
Other outreach activities could also prove useful in educating the public about Lake Sturgeon.
Milwaukee, Wisconsin hosts a festival in late September called “Sturgeonfest” where they promote the
return of the Lake Sturgeon (Milwaukee Sturgeonfest website). Activities include an opportunity for the
public to adopt and release a PIT-tagged fingerling Lake Sturgeon during the festival and to be notified on
the status of the fish if recaptured at a later date.
Lake Sturgeon harvest seasons generate a great deal of interest from both fishermen and wildlife viewers.
For example, the Black Lake Sturgeon Shivaree is a popular festival held in conjunction with the Black
Lake, Michigan Lake Sturgeon spearing season (Borgeson et al. 2016). Around Lake Winnebago,
Wisconsin, hotels, restaurants, taverns, outdoor equipment stores, spearing shanty lessors, and
experienced ice cutters benefit from the thousands of spearers and visitors who come out for the harvest.
The economic benefit to the community reportedly exceeds $3.5 million annually (Ryan Koenigs, WI
DNR, personal communication).
Ultimately, building support for Lake Sturgeon management activities will lead to a public that
understands recovery efforts and helps fishery managers address critical population needs.
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Introduction
The health and status of Paddlefish populations
have been a concern for resource managers and
biologists since the early 1900s (Wagner 1908;
Alexander 1914). Recently, the number of states
that list Paddlefish as endangered, threatened, or
species of special concern has increased (Graham
1997). Although numerous studies have been
conducted on Paddlefish biology and management
(Graham 1986; Jennings and Zigler 2000; Georgi
and Dingerkus 2001) significant data gaps remain
regarding their ecology, life history, and population
trends (Jennings and Zigler 2000).

Table 8. Distribution and abundance of
Paddlefish in the Upper Mississippi River
modified from Steuck et al. (2010).
Pool
Paddlefish
Pool
Paddlefish
1
0
13
O
2
R
14
O
3
R
15
O
4
O
16
O
5
U
17
O
5A
U
18
O
6
U
19
O
Because of their life history (late maturing
7
U
20
O
infrequent spawners), the value of their flesh and
8
U
21
O
roe in the commercial fishery, their popularity in
some areas as a sport fish, and their vulnerability to
9
U
22
O
capture at certain times of year, Paddlefish are
10
U
24
O
susceptible to overharvest (Carlson and
11
U
25
O
Bonislawsky 1981; Pasch and Alexander 1986;
12
O
26
C
Lein and DeVries 1998). Concern about
River
Reach
Paddlefish
River
Reach
Paddlefish
overharvest of populations has resulted in a
decreasing number of states that permit commercial
201
C
100
C
and sport fishing for Paddlefish (Graham 1997).
195
C
75
C
Despite substantial regulation or prohibition of
175
C
50
C
harvest by states, most Paddlefish populations
150
C
25
C
appear to be declining or stable at low levels
125
C
(Carlson and Bonislawsky 1981; Graham 1997). In
part, population declines and the lack of population
R – Considered to be rare. Some species in
recovery may be due to river modifications for
this category may be on the verge of
hydropower, navigation, and flood control, which
extirpation.
have substantially altered Paddlefish habitats
O – Occasional, occasionally collected, not
(Sparrowe 1986; Unkenholz 1986).
generally distributed, but local
During the 1980s and 1990s numerous
concentrations may occur
investigations conducted in Pools 4, 5A, 8, 12, 13,
U
–
Uncommon,
does not usually appear in
and 26 of the Upper Mississippi River (UMR) and
sample collections, populations are
on three major tributaries (Wisconsin, Chippewa,
small, but do not appear to be on the
and Illinois Rivers) have contributed significantly
verge of extirpation.
to the understanding of Paddlefish. Completed and
ongoing Paddlefish studies include age and growth,
C – Common, commonly taken in most
telemetry, early life history, and mark-recapture
sample collections; can make up large
projects (Southall and Hubert 1984; Moen et al.
portion of some samples
1992; Jennings and Wilson 1993; Lyons 1993;
X - Stray from tributary or displaced from
Steingraeber and Runstrom 1997; Zigler et al. 1999; Conover and Grady 2000; Runstrom et al. 2001;
USFWS, Carterville Fishery Resources Office, Marion, Illinois, unpublished data; USFWS, La Crosse
Fishery Resources Office, Onalaska, Wisconsin, unpublished data; USGS, Upper Midwest Environmental
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Sciences Center, La Crosse, Wisconsin, unpublished data). A basin-wide Paddlefish mark-recapture study
to evaluate population dynamics and movement patterns of Paddlefish (Conover and Grady 2000)
initiated by The Mississippi Interstate Cooperative Resource Association (MICRA) occurred from 19952005 producing a valuable data set for Paddlefish managers in the UMR basin.
The following is an overview of Paddlefish information found throughout the published literature and
collected by biologists on the UMR.

Distribution and Abundance
Paddlefish populations were historically found in the Mississippi River, associated lakes and major
tributaries (Figure 44) of its gulf slope drainages in North America (Jennings and Zigler 2009).
Paddlefish have been reported in the Great Lakes that likely entered through canals around the turn of the
century (Becker 1983). However, Paddlefish were never found commonly in Canada (Reid et al. 2007).
Paddlefish were common in Mississippi River fish assemblages until the late 1800’s (Carlander 1954).
Paddlefish were targeted as a major source of domestic caviar following the depletion of Lake Sturgeon
stocks in the late 1800s (Carlson and Bonislawsky 1981). Commercial and sport fishing overharvest led
to declines of stocks in the Mississippi River and extirpation of populations in four states on the
northeastern edge of the Paddlefishes range by the mid-1980s (Gengerke 1986). Some of the greatest
declines in abundance occurred in the northern reaches of the Mississippi River (Carlander 1954). Most
Paddlefish populations were well below historic levels in the 1970s and 1980s (Carlson and Bonislawsky
1981; Runstrom 1996).
Interest in Paddlefish substantially increased in 1989 when the U.S. Fish and Wildlife Service (USFWS)
received a petition to list the Paddlefish as “threatened” under the Endangered Species Act (Allardyce
1992). In response to the petition, the USFWS conducted a status review of Paddlefish across this species.
This review indicated some populations of Paddlefish were declining. However, data were inadequate to
make a final determination on whether Paddlefish should be listed as threatened. Allardyce (1992) found
an almost complete absence of data on population dynamics and harvest rates across the species range,
particularly in the states bordering the Upper Mississippi and Ohio Rivers. As a result, Paddlefish were
elevated to a Category 2 federal status. At the time of the finding, Category 2 was defined as species that
may warrant listing, but information to do so is lacking (Federal Register, November 15, 1994,
59:58983). In addition to this characterization, Paddlefish were added to Appendix II of the Convention
on International Trade in Endangered Species (CITES) because of concern about Paddlefish harvest for
the international caviar trade. Changes in legal status and regulations have generally resulted in stock
improvements across the historic range (Bettoli et al. 2009).

Reproduction
Paddlefish require specific environmental conditions for successful spawning. Spawning habitat is
described as gravel and rubble substrate with flowing water (1.31–5.25 ft/sec; Crance 1987) at
temperatures of 50–61°F and depths ranging from 6.6 to 39 ft (Purkett 1961; Pasch et al. 1980; Russell
1986; Crance 1987). Larval Paddlefish (<24 h post-hatch) have been collected in the lower Wisconsin and
Chippewa Rivers in Wisconsin in late May and early June but specific spawning locations are unknown
(USFWS, La Crosse Fishery Resources Office, Onalaska, Wisconsin, unpublished data). From these
collections, spawning was estimated to have occurred in late May when water temperature ranged from
53.6–61 °F. Increasing photoperiod and water temperature stimulate maturation of the gametes (Russell
1986). Spawning is triggered by a significant increase in water discharge (Purkett 1961). Without the
occurrence and proper timing of these three stimuli, Paddlefish will not spawn and the females will resorb
their eggs (Russell 1986).
Fecundity studies suggest that mature females spawn once every two to five years, particularly in more
northern latitudes, instead of annually as with most fish species. Eggs require more than one year to fully
develop (Houser and Bross 1959; Meyer 1960). Recapture data from spawning Paddlefish in Missouri
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Figure 44. Distribution of Paddlefish in North America as depicted in APENDIX II of
CITES Description.
suggest ova require two or more years to develop (Russell 1986). On the UMR, the pattern of annuli
crowding on sections of the dentary bone indicates that female Paddlefish may only spawn every 4–7
years (Meyer 1960). However, 7% of recaptured Paddlefish in the upper Alabama River system were
gravid in both years of a two-year study, indicating Paddlefish are capable of spawning in consecutive
years (Lein and DeVries 1998).

Age, Growth and Size at Maturity
Many Paddlefish achieve weights of over 60 lbs. and individuals weighing more than 200 lbs. have been
recorded (Harlan and Speaker 1956). Length at age varies somewhat depending on habitat (lentic
reservoirs vs. lotic systems) and latitude (Table 9). Shasteen et al. (1996) provided an example of the size
and age structure of an exploited population in the lower Illinois River. In that study, a subsample of
commercially harvested Paddlefish in 1994 showed a shift towards smaller and younger fish with a mean
length of 26.1 inches, mean weight of 12.75 lbs, and the average age of the sample was 7 yrs (Shasteen et
al. 1996). Paddlefish in the Wisconsin River are protected from harvest, and mean eye to fork length in
1994 was 39.5 inches and mean weight was 43.6 lbs (Runstrom et al. 2001).
Males are capable of spawning annually and become sexually mature at an earlier age than females. In
Pool 13 of the UMR, 6% of the males were mature at age-4 and 100% were mature at age-9(Gengerke
1978). Females began maturing at age-6 and 100% were mature at age-12. Ovaries collected from
mature females yielded egg numbers in proportion to the female’s weight. A mean of 7,645 ova per
pound of fish was collected from eleven female Paddlefish in the UMR (Gengerke 1978).

Life History
Paddlefish eggs begin to hatch in 6.5–6.9 days (94–130 degree days) at 57.9–65.8 °F (Yeager and Wallus
1982). Early embryonic eggs are adhesive, grey and demersal (Purkett 1961; Yeager and Wallus 1982).
Yolks of eggs near hatching have some grey pigment but advanced embryos have little pigment. Newly
hatched larvae average about 0.31–0.34 inches total length (TL) (Yeager and Wallus 1982) and are
passive drifters for a short time. Yeager and Wallus (1982) provide an excellent description of larval
development. At about 0.67 inch TL (10 days post hatch), larval Paddlefish absorb the yolk sac and begin
actively feeding on zooplankton (Ballard and Needham 1964). Larval Paddlefish actively select larger
individual zooplankters (Yeager and Wallus 1982). Active feeding on individual prey organisms
continues until the fish are 4.7–9.8 inches long, at which time the gill rakers become sufficiently
developed for use as a filter for plankton (Rosen and Hales 1981; Michaletz et al. 1982). The surface of
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the rostrum, head, and opercula are covered with sensory ampullae, which enable Paddlefish to detect
electrical stimuli similar to that produced by Daphnia pulex (Jorgensen et al. 1972; Wilkens et al. 1997).
Analysis of stomach contents of young of the year Paddlefish showed a strong preference for the large
zooplankter, Daphnia pulex (Ruelle and Hudson 1977).
Adult Paddlefish are indiscriminate filter feeders that usually consume larger crustacean zooplankton
(Rosen and Hales 1981). The relative proportion of food items in the stomach was reflective of the
abundance and size of items available. Paddlefish will also consume aquatic insects when they are
abundant in the water column (Needham 1917; Meyer 1960; Ruelle and Hudson 1977).
Constant swimming for filter feeding is metabolically expensive, but this cost is reduced for Paddlefish
because they are obligate ram ventilators. They lack the buccal valves and jaw-opening system found in
fish that rely on buccal pumping for ventilation. Burggren and Bemis (1992) observed that juvenile
Paddlefish used intermittent buccal pumping and ram ventilations when swimming at speeds of 0.6–0.8
body lengths per second (BLS). However, when swimming speeds were restricted to 0.5 BLS, buccal
ventilation occurred at a frequency of 50–80 cycles/min but the effectiveness of the pumping was
uncertain because the fish showed extreme distress.
Adult Paddlefish use a wide variety of habitats in the UMR. Telemetry studies in Pool 13 have shown that
Paddlefish strongly selected the tailwaters of dams during spring and summer (Southall and Hubert 1984;
Moen et al. 1992). Habitat use varied among years; in a year with high discharge, Paddlefish often used a
backwater slough, whereas during a low discharge year Paddlefish often used main channel border
habitats (Southall and Hubert 1984; Moen et al. 1992). Paddlefish also associate with structure in the river
where scour holes or eddies exist and current breaks occur (Rosen et al. 1982; Southall and Hubert 1984).
Radio-tagged Paddlefish in Pools 8 and 5A extensively used off-channel areas characterized by low
current velocities and deep water throughout most of year, but tailwater, main channel and channel border
habitats were also frequently used (Steingraeber and Runstrom 1997; Zigler et al. 1999). Sonic and
coded-wire tagged Paddlefish in Pool 26 were found to move between backwater and low-velocity, deep
water main channel border habitats (Grady and Conover 1998; USFWS, Carterville Fishery Resources
Office, Marion, Illinois, unpublished data).
Dams impede Paddlefish movement, although movement through dams occasionally occur (Gengerke
1978; Southall and Hubert 1984; Moen 1989; Grady and Conover 1998). Upstream Paddlefish movement
through completely open gates has been documented and Paddlefish can move downstream through
partially opened gates (Southall and Hubert 1984; Moen 1989). Paddlefish are highly mobile and
individuals can travel extensive distances (1,242 miles, Rosen et al. 1982; 869 miles, Stastny 1990).
Radio-tagged Paddlefish have moved over 248 miles within the UMR. The MICRA national Paddlefish
database has records of inter-basin movements over 993 miles. Paddlefish coded-wire tagged in the
Missouri and lower Mississippi Rivers (LMR) have been recaptured below dams within the UMR (Grady
and Conover 1998).
Several studies have indicated that Paddlefish populations in tributary rivers are not isolated from the
mainstem of the UMR. A significant portion of radio-tagged Paddlefish in the lower Chippewa River
moved downstream into Lake Pepin, Pool 4, during the spring where they remained for one or more
months before returning in late spring or early summer. Other Paddlefish tagged in the Chippewa River
moved into Pool 5A or further downstream and did not return to the Chippewa River during this telemetry
study (unpublished data, USFWS, La Crosse Fishery Resources Office, Onalaska, Wisconsin). Numerous
coded-wire tagged Paddlefish throughout the UMR have been recaptured after moving between the
mainstem Mississippi River and its tributary rivers (Grady and Conover 1998).

Survival
Human alteration of rivers, overharvest, and pollution has been cited as contributors to the decline of
Paddlefish populations in the UMR and other systems (Carlson and Bonislawsky 1981; Unkenholz 1986).
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Construction of dams has altered traditional Paddlefish habitats and impeded access to spawning and
other critical habitats (Unkenholz 1986). Annual mortality rates have been reported as high as 26–48% in
Louisiana during a commercial fishing moratorium (Reed et al. 1992), 44–69% in Kentucky Lake (Bronte
and Johnson 1985; Hoffnagle and Timmons 1989), and 22–44% in the UMR (Gengerke 1978).
Recreational and commercial navigation have been suspected of contributing to Paddlefish mortality.
Paddlefish have been observed with severe wounds believed to have been caused by barge and outboard
motor propellers or collisions with recreational craft (Rosen and Hales 1980; Lyons 1993; Runstrom et al.
2001). Intense turbulence such as what can occur near a moving barge has been shown to cause 100%
mortality in yolk-sac Paddlefish larvae (Killgore et al. 1987). In addition, shoreline drawdown from
commercial navigation traffic and the behavioral response of larval Paddlefish to swim against the current
may result in increased larval mortality due to stranding (Adams et al. 1999).

Relative Importance to the Fishery
Paddlefish regulations are variable among UMR states. Paddlefish are listed as a sport and commercial
fish species in Illinois and Missouri, a sport fish only in Iowa (last commercial catch occurred in 1980),
and are fully protected from harvest in Minnesota and Wisconsin. The largest harvest on record occurred
in 1899, when 1.88 million pounds were harvested from the Mississippi River (Carlson and Bonislawsky
1981). By 1931, the harvest had declined by 60%. Harvests in recent years have been less than 10% of the
1899 harvest (Table 10). In general, catch in recent years has declined from a peak of 167,640 lbs in 1989
(Table 10, Figure 45). Average harvest during the 25-year period from 1953–1977 was 108,534 lbs. while
the average annual catch from 1980–1999 was 70,349 lbs. The percent value of the fishery due to
Paddlefish harvest has averaged less than 1% of the entire UMR commercial fishery since 1991 (Figure
46) (1980–1996 Fishery statistics from Proceedings of the Annual Meetings of the UMRCC; 1997–1999
Fishery statistics from Bob Williamson (IL DNR, personal communications) and Vince Travnichek
(MDC Research Center, personal communication)). When compared to the value of the annual harvest of
Paddlefish flesh, the harvest of Paddlefish roe may be a significant portion of the fishery (Figure 45).
Although roe harvest is not recorded by the UMRCC, Illinois DNR does record commercial reports for
Paddlefish and sturgeon roe, even though it is believed to be under-reported, (Bob Williamson, IL DNR,
personal communications).

Management Considerations
Extensive movements of Paddlefish within the UMR and tributaries indicate that management actions in
one portion of the UMR may affect Paddlefish populations throughout the UMRS. In addition, factors
such as the vulnerability of the species to overharvest, and the incentive for illegal harvest, all emphasize
the need for active management of this species at the multi-agency level. Management issues that may
warrant immediate attention include (but are not limited to): the extent and impacts of legal and illegal
exploitation; data gap in early life history including the identification of spawning and nursery sites;
impacts of direct competition with exotic species such as Silver Carp and Bighead Carp
(Hypophthalmichthys molitrix and H. nobilis); long-term effects of limited fish passage and subsequent
population fragmentation; long-term habitat degradation and loss; inconsistent management philosophies
and regulations throughout the range of Paddlefish; portion of harvest that occurs primarily for collection
of roe; amount of roe harvested; incidental mortality due to commercial fisheries that target other species;
and the significance of non-fishing mortality. The nature of Paddlefish, their international value, their
significance to the assemblage of fish fauna of the UMR, and simply their uniqueness demands the
attention of UMR scientists and managers.

101

Location

Hoxmeier & DeVries
1997

Lein & DeVries 1998

Lake Henderson, LA

Alabama R., AL

Cahaba R., AL

Sex

Both

Both

Both

Both

M

Cumberland R. & Tennessee R. Both
KY-TN
F

Reed et al. 1992

Atchafalaya R., LA

Both
Both
Both
Both

1
--17.6
(16)
18.1
(43)
16.6
(17)
8.82
(102)
16.2
(126)
17
(63)
17.9
(81)
12.8
(4)
16
(106)
---

2
--23.8
(16)
22.8
(43)
21.4
(17)
13.6
(92)
23.3
(126)
23.9
(63)
24.8
(81)
14.3
(11)
25.2
(103)
---

3
27.2
(1)
28.2
(16)
26.7
(43)
25.5
(17)
17.6
(80)
27.7
(125)
27.9
(61)
30.5
(80)
20.8
(111)
30.7
(79)
---

4
25.8
(1)
31.3
(16)
29.6
(43)
28.3
(17)
20.9
(79)
30.5
(105)
30.9
(43)
34.9
(75)
23.6
(95)
34.5
(52)
---

5
27.9
(2)
33.8
(15)
31.6
(43)
30.5
(16)
24
(73)
32.6
(72)
33.8
(21)
37.5
(60)
25.9
(131)
36.8
(25)
---

6
29.6
(8)
35.4
(15)
33.1
(42)
31.9
(16)
26.8
(58)
35.3
(28)
37.5
(12)
39.9
(44)
28.3
(46)
38.8
(17)
34.3
(13)

7
29.8
(13)
36.8
(14)
34.6
(36)
33.1
(15)
29.9
(42)
36.6
(15)
35.2
(3)
40.9
(30)
29.7
(68)
39.8
(12)
35.6
(16)

8
31.2
(26)
38
(14)
36.1
(30)
34.6
(10)
33
(26)
38.3
(6)
39.5
(3)
43
(17)
32.1
(40)
41.4
(11)
38.1
(24)

Length at Age
9
10 11
31.8 33.3 34.8
(37) (36) (30)
38.7 39.4 38.5
(10) (10) (2)
36.9 37.2 37.3
(19) (10) (2)
36.7 --(6)
--34.6 33.8 38.1
(15) (3) (1)
38
--(2)
--40.7 --(1)
--44.4 46.3 45.6
(10) (5) (3)
34.1 35.2 35.8
(16) (12) (7)
41.9 43.1 43.5
(9) (8) (7)
40 42.4 43.3
(18) (15) (14)

Table 9. Mean length at age from eye to fork (inches) of Paddlefish, number of fish in parentheses.
Reference
Timmons &
Hughbanks 2000

Reed et al. 1992

Lake Pontchartain, LA

Tallapoosa R., AL

Reed et al. 1992

UMR Pools 9-19

Lein & DeVries 1998

Gengerke 1978

Keystone Reservoir, OK

Tallapoosa R., AL

Paukert & Fisher
1998

Neosho River, OK

Lein & DeVries 1998

Combs 1982
a

12
35.7
(43)
------------45.9
(3)
37.3
(5)
44
(6)
44.2
(8)

13
36.7
(28)
------------46.3
(3)
38.5
(3)
44.8
(6)
45.8
(3)

14
38.3
(10)
------------45.9
(2)
40.7
(4)
41.5
(1)
---

15
38.8
(7)
--------------42.2
(2)
-----

16
43.7
(1)
--------------42.4
(4)
-----

17 18 21
41.3 -- 48.0
(1)
-- (1)
------------------------------------------43.6 45.1 -(2) (4) --------------

Gengerke (1978) reported fork length (tip of rostrum to fork of caudal fin) so measurements were converted using the linear relationship Gengerke developed between total
length, fork length, and eye to fork length, EFL=0.8306FL- 3.45
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Table 10. Harvest of Paddlefish in pounds, total value, price per pound, number of fishermen* on the
Upper Mississippi River from 1980–1999.
Date
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Total
Catch
73,442
78,034
128,905
191,789
144,333
274,023
100,021
49,006
44,857
27,230
65,713
97,266
68,430
74,900
114,367
117,985
85,928
137,028
94,387
114,280
105,419
105,429
116,795
142,709
149,332
173,664
146,180
106,588
33,895
74,645

Total
Price ($) / Total No.
Value ($)
Pound Fishermen
$11,750
$0.16
1,523
$10,514
$0.13
2,098
$14,350
$0.11
2,093
$32,147
$0.17
2,132
$20,207
$0.14
2,396
$35,623
$0.13
2,887
$17,003
$0.17
2,455
$3,626
$0.12
2,259
$5,697
$0.13
2,244
$5,465
$0.13
2,210
$7,228
$0.11
2,012
$9,727
$0.10
1,690
$8,212
$0.12
1,652
$9,512
$0.13
1,926
$13,724
$0.12
1,778
$14,158
$0.12
1,952
$6,530
$0.08
2,049
$17,814
$0.13
2,010
$12,270
$0.13
2,358
$18,285
$0.16
2,247
$14,419
$0.14
2,398
$15,814
$0.15
2,349
$18,687
$0.16
2,533
$25,425
$0.17
2,505
$25,386
$0.18
2,271
$31,260
$0.18
1,995
$27,723
$0.19
2,163
$23,134
$0.22
2,355
$6,779
$0.20
1,563
$17,069
$0.23
1,935
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Date
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Total
Catch
74,414
69,553
58,857
35,537
59,625
109,204
167,640
106,182
59,200
49,577
56,909
51,125
45,818
60,230
44,980
41,548
62,198
42,154
61,877
86,732
70,831
85,881
75,938
68,430
36,927
7,997
8,380
2,907
3,343
1,265

Total
Price ($) / Total No.
Value ($)
Pound Fishermen
$18,730
$0.25
1,304
$15,997
$0.23
1,533
$14,714
$0.25
1,082
$21,975
$0.26
1,046
$16,745
$0.28
1,513
$26,209
$0.24
1,139
$17,889
$0.27
1,104
$26,936
$0.25
852
$17,464
$0.30
935
$14,873
$0.30
1,101
$12,000
$0.26
1,037
$14,737
$0.28
982
$13,745
$0.23
923
$19,274
$0.32
980
$12,618
$0.29
774
$12,880
$0.31
753
$16,171
$0.26
798
$10,539
$0.25
716
$18,563
$0.30
712
$20,816
$0.24
730
$19,124
$0.27
729
$24,905
$0.29
724
$22,781
$0.30
705
$16,423
$0.24
697
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0

Figure 45. Commercial harvest of Paddlefish in pounds of flesh, U.S. dollar value of flesh, and
dollar value of roe reported from Illinois only, 1980–1999 Upper Mississippi River.

Figure 46. Total dollar value of the Upper Mississippi River commercial fishery for all species
and percent of value due to Paddlefish flesh.
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Northern Pike (Esox lucius)
Tom Boland, Scott Gritters, and Mark Endris
Updated by Karen Osterkamp, Kirk Hansen, Dave Heath, Royce Bowman, Scott Gritters
Introduction
Northern Pike are an important gamefish on the
Mississippi River and a voracious primary predator.
Northern Pike can reach trophy size and are popular
with anglers of all ages. Anglers target the Northern
Pike during both open water and ice cover via tip-up
fishing devices on backwater areas of the
Mississippi River. Hatcheries located on the
Mississippi River have, in the past, cultured
Northern Pike to replenish depleted populations on
both the Mississippi River and inland rivers, due to
loss of suitable spawning and rearing habitat.
The Northern Pike is a member of the Esocid family
that also includes Muskellunge (Esox masquinongy)
and the Redfin (Grass) Pickerel (Esox americanus).
Members of the Esox family can be easily
recognized by their long cylindrical bodies with a
short dorsal fin far back on the body. Their heads are
flattened with duckbill-shaped jaws lined with sharp
teeth. Northern Pike are the most common of the
three species on the Upper Mississippi River.
Physical characteristics for Northern Pike have been
described by Pflieger (1975). Body color varies
from one water body to another within its UMR
range. Color ranges from bluish green to gray on the
back, and the markings on the sides are irregular
rows of light yellow or gold bean shaped spots. The
dorsal fin is far back on the body and has 16 to 19
soft rays. The cheeks are fully scaled, but the lower
half of the opercle is scale-less. There are 14 to 16
branchiostegal rays in the membrane just below the
gill cover. A maximum of 10 sensory pores along
the undersides of the lower jaws. The lateral line has
about 119 to 128 scales. This species can reach
lengths of 3 to 4 feet and weigh over 30 pounds. In
the Mississippi a Pike exceeding 20 pounds is rare.

Distribution and Abundance
The Northern Pike is widely distributed throughout
Minnesota, Wisconsin and the upper two-thirds of
Iowa. Northern Pike are found mostly in natural
lakes and streams in Illinois north of Peoria and the
northern half of Missouri (40 degrees latitude). The
40 degrees latitude line demarks the southward limit
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Table 11. Distribution and abundance of Northern
Pike in the Upper Mississippi River modified from
Steuck et al. (2010).
Northern
Northern
Pool
Pool
Pike
Pike
1
O
13
C
2
O
14
C
3
C
15
C
4
C
16
O
5
C
17
O
5A
C
18
O
6
C
19
O
7
C
20
U
8
C
21
U
9
C
22
U
10
C
24
U
11
C
25
U
12
C
26
R
River Northern River Northern
Reach Pike
Reach Pike
201
0
100
0
195
0
75
X
175
0
50
0
150
X
25
0
125
0
O – Occasional, occasionally collected, not
generally distributed, but local
concentrations may occur
C – Common, commonly taken in most sample
collections; can make up large portion of
some samples
U – Uncommon, does not usually appear in
sample collections, populations are small,
but do not appear to be on the verge of
extirpation.
R – Considered to be rare. Some species in this
category may be on the verge of extirpation.
X – Stray from tributary or displaced from an
impoundment.

of the range of the Northern Pike throughout the world. (IL DNR Online Database) The largest natural
populations in Missouri are in borrow pits and drainage ditches on the Mississippi River floodplain. It is
common in the natural lakes and large rivers depending on reproductive success (MDC Online Database).
Pike prefer areas with no current with dense vegetation which is common in the backwaters of the UMR.
The Northern Pike is considered occasional in Pools 1-2 and Pools 16-19. It is common in Pools 3 to 15.
Pools 20 to 26 are listed as uncommon (Table 11) (Steuck et al. 2010). Exelon Quad Cities Nuclear
Station Long-Term Monitoring Program in Pool 14 near the Quad Cities collected haul seine data in side
channel and altered slough habitat. Side channel Northern Pike crop was estimated at 3.45 kg/ha based on
10.72 hectares. Altered Slough standing crop was estimated to be 2.36 kg/ha based on 9.72 hectares
(HDR 2015).
Several long-term data-sets are depicted below for the Mississippi River. Lake Pepin large lake gill net
CPUE from 1965-2018 (Figure 47) and Pools 10 and 11 Northern Pike broodstock 1975-2015 (Figure
48). A twenty-two year trend in LTRM CPUE for day electrofishing is represented in (Figure 49).
3.5

Gill Net CPUE

3.0

Northern Pike CPUE
Q1 1986-Present
Median 1986-Present
Q3 1986-Present

2.5

2.0

1.5

1.0

0.5

0.0

Figure 47. Pool 4 Mississippi River Northern Pike gill netting CPUE 1965-2018.
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Figure 48. Pool 10 and Pool 11 Northern Pike brood stock Guttenberg Hatchery 1975-2015.

Figure 49. Twenty-two year trends in mean catch per unit effort (circles) of Northern Pike for
day electrofishing in backwater contiguous shoreline stratum in the LTRMP from 1993-2015.
Note: Twenty-two year medians are expressed as solid lines and 10% and 90% percentiles, dashed lines.
Data from 2003 has been excluded because of small sample sizes from the third period only.
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Table 12. Catch per unit effort of spring standard fyke nets (24 hr set) of Northern Pike from Pools
10, 11, 13, 16 and 17, Upper Mississippi River in years 2011-2015.

Pool
10
11
13
16
17

2011
3.2
5

2012
7.7

2013
7.4

5.8

16.2

2014
12.3

2015

0.5
0.1

Mean
7.7
5
11
0.5
0.1

Twenty-eight Northern Pike (Mean TL = 579 mm; were sampled during nineteen electrofishing runs
conducted at ten sites near the mouths of cool or coldwater streams and springs in Pools 9, 10, and 13
during 2010 and 2012. CPUEs (11.7 fish/hr, SE = 6.4) were highly variable (range 0–100 fish/hr) and
dominated by zero catches (N=14). Twenty Northern Pike were collected during nine fall backwater
shoreline electrofishing surveys in Pool 10 during 2011. Mean CPUE (6.7 fish/hr; SE = 1.7) and TL
(Mean = 535mm) did not differ from summer electrofishing (ANOVA; df = 1; P ≥ 0.25) therefore fish
from both seasons were pooled for gear selectivity comparisons. Northern Pike were commonly observed
actively avoiding the electrical field and evading capture during both seasons.
One hundred seventy-three spring and 196 fall standard fyke net sets were deployed in Pools 10 and 13 in
2011 and 2012. Spring standard fyke net CPUE was significantly higher than fall standard fyke netting
CPUE in each Pool and year (ANOVA; df = 1; p ≤ 0.0075). Mean TL of Northern Pike captured in fall
standard fyke nets (624 mm, SE = 7.5) was significantly larger than Mean TL from spring standard fyke
netting (565 mm,SE = 4.0) and electrofishing (560 mm, SE = 18.9), which did not differ (ANOVA, df =
2, P ≤ 0.0001; Figure 54).
Spring standard fyke netting (58 fish/crew day) was significantly more efficient than fall standard fyke
netting, fall electrofishing, or summer electrofishing (8, 4, and 10 fish/crew day), which did not differ
(ANOVA; df = 3; P < 0.0001). Examination of the 23 year LTRM standard fyke net and electrofishing
length frequencies indicates that fyke netting undersamples Northern Pike <400 mm.

Reproduction
In early spring, Northern Pike naturally begin seeking submerged vegetation upon which to lay their eggs.
Northern Pike begin swimming up under the ice in mid March to April seeking warmer waters and
abundant vegetation of shallow backwater lakes as main river water temperatures climb over 35°F. Prespawning movements into the shallow waters are underway even before the ice is out (Harlan et al. 1987).
Spawning takes place soon after the disappearance of ice cover in shallow, vegetated backwaters or
marshy areas in tributary streams when water temperature approaches 35°F (Wright 1973; Harlan et al.
1987). Smaller males usually accompany the larger females. Once the spawning takes place, the adhesive
eggs are deposited on submerged vegetation and hatch in about 12 to 14 days.

Northern Pike Culture
The Guttenberg Hatchery collected broodstock and hatched Northern Pike from 1975-2015. Hatchery
egg collection began when river temperatures reached 40°F. During incubation, average well water
temperature averaged around 52°F. A 52°F the hatchery pike eggs hatched in 9 to 11 days. In 2011, well
water temperature in the hatching battery was unusually cold at 44°F. This eight degree temperature
difference resulted in a delayed egg hatch and lower hatch rate percentage. At reduced temperatures, the
eggs hatched between 19 to 21 days.
Female Northern Pike measuring 25-28 inches total length produce an average of 63,000 eggs (Harlan et
al. 1987). The average female pike produced 25,000 eggs at the Guttenberg Fish Hatchery over a 27-time
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period (Scott Gritters, IA DNR, personal communications). Counts taken from 2015 female broodstock
produced 0.71 liters/female or approximately 42,000 eggs (Osterkamp 2015). Two liters of eggs per jar,
was estimated at approximately 130,000 to 140,000 eggs per jar. Egg counts from combined Pools 10-11
over 41 years of the Guttenberg Hatchery had estimated 65,000 to 70,000 Northern Pike eggs per liter.
Egg counts done more recently in 2013 found larger eggs possibly due to a trend to larger adult females in
the population. The Pool 11 counts determined that Northern Pike eggs from Pool 11 of the Mississippi
River averaged 28.5 per 3 inches (0.105 inch egg diameter) or 61,769 eggs/liter (58,456/qt) (Osterkamp
and Hanson 2013).
Larger individuals weighing 15 to 30 pounds may produce 250,000–500,000 eggs, but the average ranges
between 22,000 and 164,000. Northern Pike usually reach sexual maturity in the third year of life (Harlan
et al. 1987). At sexual maturity, both male and female are about 19–20 inches in total length and weigh
about 2 pounds (Endris 1999).
Length fecundity relationship in 2013 for Pool 13 Northern Pike is shown in Figure 50 (Hansen 2017).

Figure 50. Length fecundity relationship for Northern Pike collected in Pool 13, UMR, April 2013
(n=55, p<0.001).

Age, Growth, and Size at Maturity
Maturity is usually reached at age-3 and 17 to 23 inches total length. Like other Esocids, males grow
more slowly and achieve sexual maturity at a smaller size and earlier age than females (Pflieger 1975).
However, male Northern Pike may mature by age-1, but always by age-2. Females may mature in two
years with 100% mature at age-3 (Threinen et al. 1966). Ripe males in the Black River near the Onalaska
spillway ranged in length from 11-34 inches and ripe females ranged from 20–28 inches (Finke 1966). In
Pool 8, ripe males averaged 24.3 inches and ripe females averaged 24.8 inches (Wright 1973). At the
Guttenberg Fish Hatchery, male Northern Pike average between 20–22 inches and females average
between 24–28 inches in length during the spawning season (Gritters and Aulwes 2000).
Growth data of Upper Mississippi River (UMR) Northern Pike were collected from the U.S. Fish and
Wildlife Service hatchery at Genoa, Wisconsin (1989–99) and the Iowa Department of Natural Resources
hatchery at Guttenberg between 1989 to 1996 using scale aging structures showing that Northern Pike
reach lengths of 18 inches at age-2 and up to 39 inches at age-8 (Endris 1999).
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In a Missouri hatchery, Northern Pike have been known to reached a length of 17 inches in 8 months, and
when stocked in large reservoirs, grew to 30 inches in length in 2 1/2 years (Pflieger 1975). However, in
more natural riverine conditions, a length of 15–18 inches by the end of the second growing season and
about 17–21 inches by the end of the third year of life is more typical (Endris 1999). Northern Pike in
excess of 20 pounds have been reported on the UMR, however, specimens exceeding 12 pounds in the
Genoa and Guttenberg hatcheries, collected between 1989 and 1996, were uncommon (Endris 1999).
LTRMP length over time trend data in at the Genoa National Fish Hatchery is shown in Figure 51 and
length weight relationships in Figure 52 (David Heath, WI DNR, personal communication).
GNFH & LTRMP Length Trends, 1989-2007.
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Figure 51. Length over time for Northern Pike sampled at GNFH in Pool 9 and by the LTRMP in
Pool 8 with linear regressions.
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Figure 52. Length/weight relationship for Northern Pike sampled at the GNFH in 1989-2003.
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“Trend analysis of Northern Pike catch rates suggest an increase over the last 20
years….There are indications, from both WDNR and LTRMP data going back to 1964,
that the proportion of quality size Northern Pike males and both sexes combined has
decreased over the years and the trend in size of each sex has also declined. This is reason
for concern.
Female and male Northern Pike minimum size at sexual maturity in the 2013 investigation
was less than found in other studies.
The abundance of Northern Pike in Pool 8 appears to be increasing. Two of the three trend
analyses showed an increase in abundance as measured by catch per net-day. Also, the
abundance of Yellow Perch has dramatically increased since about 2009. Both of these
trends have been confirmed by convincing anecdotal reports from anglers over the past
several years (Heath 2013).”
Male and female age distribution and mean length at age on Pools 10 and 13 are listed in Figure 54 and
Figure 55 during 2012-13 (Hansen 2017).
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Figure 53. Length frequency histogram for all Northern Pike sampled by the WDNR at GNFH in the
years 1989-2007.
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Frequency
Frequency

Age

Figure 54. Male and female Northern Pike age distribution from spring standard fyke netting in Pools
10 and 13, Upper Mississippi River 2012-2013.
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Figure 55. Male and female mean length at age (black diamonds) and Von Bertallanfy growth model
(grey line) from Pools 10 and 13, Upper Mississippi River 2012-2013.
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Life History
Pike fry are near 0.45 inches ten days post hatching.The young Northern Pike remain in shallow vegetated
backwaters or nursery areas feeding on zooplankton and insects. Plankton pulses are critical to survival
when the fish first hatch. Then, insects become an important part of the diet once the fish reach the length
of about 0.8 inches (Threinen et al. 1966). Young Northern Pike gradually convert to a fish diet by late
summer (Holland and Houston 1984). The availability of forage fry from other fish species is also
imperative for the production of a good year class. If adequate forage isn’t available, the young Northern
Pike convert to cannibalism and starvation and self-destruction can decimate the year class. Adult
Northern Pike have ravenous appetites and prey on many species of fish including suckers
(Catostomidae), large minnows (Cyprinidae), Gizzard Shad (Dorosoma cepedianum), and panfish
(Centrarchidae) (Harlan et al. 1987). However, Northern Pike prefer cylindrical, soft rayed species (e.g.,
catastomids, cyprinids) to spiny rayed species such as Bluegills (Beyerle and Williams 1968; Mauck and
Coble 1971). Northern Pike frequent many river habitats, but prefer shallow backwater areas with
vegetation where they can lie in wait and ambush their prey.

Survival
The species is particularly dependent upon suitable conditions for spawning and survival of larval fish.
Older Northern Pike can compete successfully with other predators for the available food supply. For cool
water game fish, Northern Pike are known to have a relatively high tolerance to low levels of dissolved
oxygen in winter (Harlan et al. 1987). Due to their predictable movements along shallow shorelines
during the spawning run, they are very vulnerable to capture. However, during other times of the year,
movements appear to be restricted to relatively small areas and are much more difficult to predict. During
the warm summer months, the most productive sport harvest occurs near deep areas with cooler water.
In July 2012, 90% of recorded daily high temperatures in eastern Iowa were higher than historical
averages (National Weather Service, unpublished data). Surface water temperatures in backwater lakes of
Pool 13 exceeded 32.2˚C. More than 100 dead Northern Pike were observed in a single Pool 13
backwater lake (Darren Witt, USFWS, personal communication). Widespread reports of Northern Pike
mortality occurred throughout the UMR, including Pools 10 and 13, through July and August. During this
period, three of 16 (19%) active radio tagged Northern Pike moved to cool water inputs: two sought
thermal refuge in Sny Magill Creek, a trout stream that enters the Mississippi River in the Sny Magill
backwater complex, and one moved to a cold water seep near Prairie du Chien, Wisconsin. Two of the
three fish were subsequently harvested during this period. Northern Pike anglers in the UMR are known
to concentrate their efforts on cold water inputs in the summer for high catch rates. Of the remaining
thirteen radio tagged Northern Pike, four were suspected of dying from warm water. The percentage of
Northern Pike that moved to cold water inputs during this time of thermal stress was much lower than
expected. However, fish that did not seek out thermal refuges had a higher survival rate (69% vs. 33%)
due to high angler harvest in cold water areas (Hansen 2017).

Relative Importance to the Fishery
Northern Pike were removed from the commercial fishing list by all Upper Mississippi River
Conservation Committee (UMRCC) member states in 1959. In 1958, the species ranked ninth in value on
the commercial list and eleventh in 1959. Commercial value was listed as $2,279 in 1959 (UMRCC
Annual Proceedings 1959). In terms of total numbers of sport fish harvested, Northern Pike ranked 12th,
10th, and 10th in the 1962–63, 1967–68, and 1972–73 creel surveys, respectively (Nord 1964; Fleener
1975). Northern Pike have been collected in most UMR Pools 1–25 with rotenone sampling, (Pitlo 1987)
but, have never accounted for more than 1.5% of the total number of all sport fish caught (Gent 1993).
Northern Pike were taken in Pools 4, 5, 7, 11, and 13 during all three UMRCC creel surveys, but numbers
were low (UMRCC Annual Proceedings 1959). Northern Pike ranked from 6th to 9th in the numerical
abundance in various creel surveys on the UMR (Pitlo 1992). Northern Pike still remain low in the
numbers of sport fish harvested, but are very high in angler satisfaction and excitement when caught.
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Increasing vegetation as a result of several years of clear water in Pool 4 during the late 2000’s seem to
have spurred a dramatic increase in pike abundance (Figure 47) though numbers have moderated in recent
years. The hatchery catch of Northern Pike at Guttenberg, Iowa gives managers a rare long-term dataset
on the status of species. From 1975 to 2000, a catch rate of 2.2 fish per net set was noted showing a slight
downward trend over the period. More recent hatchery catch trend from 2000-2015 indicated Northern
Pike numbers are on the increase (Osterkamp and Hanson 2015). A similar catch rate was recorded in
netting operations at Lansing, Iowa from 1956 to 1959 (Cleary 1960). However, the number of available
pike trapping sites was reduced at both locations due to siltation (Lester Stahl, IA DNR, personal
communication). Many fish collection locations are now too shallow to support netting efforts.
Northern Pike on the UMR remain underutilized as an exciting sport fish species. Many anglers drive
hundreds of miles to the north each year to catch this trophy class fish, while passing by excellent
Northern Pike fishing opportunity. Although, it has been suspected that Northern Pike seek out cooler
temperatures that was not always the case. Cold water inputs (e.g., springs, cold water tributary mouths)
did not appear to be vital to Northern Pike survival during periods of warm water. Results from this study
indicate these areas are most likely sinks due to high observed harvest rate (67%) of transmittered
Northern Pike that moved to cold water areas in summer (Hansen 2017).
In October 2011, Northern Pike were collected using a combination of standard fyke nets and
electrofishing from Norwegian and Methodist Lakes of the Sny Magill Bottoms complex in Pool 10.
Twenty Northern Pike were implanted one radio tagged Northern Pike died before the first tracking event.
Exploitation was 25% in the first year, two fish were harvested by ice anglers, and three were harvested
during open water (Hansen 2014).
Summaries of 2003-2010 creel (Summer) data composition and number of sport fish harvested from Pool
13, May-October, Upper Mississippi River indicate the sport harvest of Northern Pike is minimal, ranking
10th out of 14 species recorded during the period. Mean harvest for May-October period was 122
Northern Pike or just 0.78% of total harvest (Steuck, 2010).

Management Considerations
Careful manipulation of water levels (i.e., keeping the shallow sloughs and marshes flooded) is necessary
to ensure good year classes. Preservation of known spawning sites is imperative and habitat restoration
may be needed in river sections where siltation has reduced historic spawning and rearing areas.
Questions concerning Northern Pike management need to be addressed by all UMRCC member states.
Recent research on Pools 10 and 13 identified spawning, over-wintering habitat, population status by
location, distribution, and abundance. Northern Pike occupied 3 habitat strata: backwater lakes, side
channels and the main channel border of the UMR. Backwater habitat was utilized extensively in both
open water (90% fish locations) and under ice (100%) seasons in Pool 10 (Table 14). Northern Pike in
Pool 10 exhibited a much reduced winter range compared to the open water season. Backwater habitat
was occupied most commonly in open water (55%) and under ice (58%) seasons in Pool 13, however side
channel habitat was also heavily utilized in both seasons (Open water = 40%, Ice = 42%). Mean water
velocity at side channel sites occupied by Northern Pike in the winter (0.11 ft/sec, SE = 0.03) was less
than half that of sites occupied during the open water season (0.23ft/sec, SE = 0.04). Flows were not
detected at any backwater sites during the winter in either pool (Hansen 2017).
All Northern Pike in Pool 10 overwintered in habitat consistent with that observed for Centrarchid species
(Steuck 2010). In Pool 13, many backwater lakes are too shallow and degraded by sedimentation for
overwintering fish. In Crooked Slough (Pool 13), some radio tagged Northern Pike overwintered in side
channel habitats and sought out areas of much lower flow than was utilized during open water portions of
the year. In Pool 10, a radio tagged Northern Pike was harvested in July 2013 with an expired transmitter
battery. Only 6 radio transmitted Northern Pike were contacted during the last tracking period in January
2015 (Hansen 2017).
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Table 13. Catch per unit effort of spring standard fyke nets (24 hr set) of Northern Pike from Pools
10, 11, 13, 16 and 17, Upper Mississippi River in years 2011-2015 (Hansen 2017).

Pool
10
11
13
16
17

2011
3.2
5

2012
7.7

2013
7.4

5.8

16.2

2014
12.3

2015

0.5
0.1

Mean
7.7
5.0
11.0
0.5
0.1

Catch rates were higher in the three northern pools (Pools 10, 11, and 13) than in the two southern pools
(Pool 16 and 17) (Table 13). Iowa fisheries managers long surmised that Northern Pike abundance
generally decreases as you move from northern to southern Iowa pools. Sampling for this study supports
the assumption -Northern Pike abundance was low below Pool 13. Aquatic area classified as backwater
habitat is much lower in Pools 16 and 17 (Figure 56) (Theiling et al. 2000). Mean catch rate of Northern
Pike in fyke nets was significantly related to total acres of backwater habitat within the pool sampled (r2
= 0.92, p = 0.012; Figure 57). Total acres of aquatic (submersed, floating leaf, and emergent combined)
was significantly correlated to total backwater acres (r2 = 0.96, p < 0.001; Theiling et al. 2000).
Backwaters are important year-round habitat for Northern Pike while aquatic vegetation is important as
spawning and rearing habitat. The amount of backwater habitat within a pool appears to drive Northern
Pike abundance within the study area (Figure 57) (Hansen 2017).

Figure 56. Acres of backwater habitat in Navigation Pools 10, 11, 13, 16, and 17 of the upper
Mississippi River.
Note: Number above bars is percentage of total aquatic area within a pool classified as backwater.

120

Figure 57. Relationship of mean spring Northern Pike fyke net catch rate to acres of backwater
habitat in navigation pools 10-11, 13, 16-17 of the UMR (r2 = 0.92, p = 0.012).
Table 14. Percent of total contacts and mean (SE) depth, current velocity, and water temperature
measured at Northern Pike locations in backwater lake, side channel, and main channel border
habitat strata during open water and under ice conditions in Pools 10 and 13, Mississippi River,
2011-2015 (Hansen 2017).

Under Ice

Open Water

%
Location
Backwater Lake

90

Side Channel

3

Main Channel Border

7

Backwater Lake

100

Pool 10
Depth Velocity
(m)
(ft/sec)
1.1
0.02
(0.03) (0.004)
1.5
0.34
(0.24)
(0.14)
1.6
0.12
(0.03)
(0.06)
1.0
0*
(0.03)

Temp
(°C)
18.5
(0.43)
21.7
(2.12)
20.8
(1.44)
2.2
(0.10)

%
Location
55
40
5
58

Side Channel

-

-

-

-

42

Main Channel Border

-

-

-

-

-

* Al l va l ues zero, no s ta nda rd error.
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Pool 10
Depth Velocity
(m)
(ft/sec)
1.5
0.02
(0.12)
(0.01)
1.8
0.23
(0.14)
(.04)
0.30
2.6
(0.09)
(0.68)
1.1
0*
(0.09)
1.9
0.11
(0.33)
(0.03)
-

-

Temp
(°C)
18.5
(0.97)
13.8
(1.09)
7.2
(1.34)
1.1
(0.16)
0.6
(0.12)
-

Kernel methods in the Home Range Extension (HRE) for ArcView were used to construct utilization
distributions (UD) around all fish locations from Bussey Lake in the winter (Rogers and Carr 1998). This
or similar maps could be turned into “hot spot” map for anglers and help them determine which area of
the lake to target Northern Pike under the ice. In addition, if Northern Pike wintering habitat is deemed
critical by resource managers in the future, these identified habitat areas could be more intensely studied
to determine the key physical or water quality features that set them apart from other adjacent backwater
habitats. Similar maps will be created for all other lakes during FY2017 for the study completion (Hansen
2017).
Creel surveys were conducted in Pools 11 and 13 as part of Study 7017, Job 4 from 1993-2010. Northern
Pike ranked 10th in summer harvest during that period in Pool 13. Mean annual summer harvest of
Northern Pike in Pool 13 alone, was 122 fish with a harvest rate of 0.005 f/hr (Table 15) (Steuck 2010).
Creel surveys conducted in pools 10 and 13 from 1993 through 2010 did not effectively creel sufficient
numbers of Northern Pike anglers to describe this fishery. We suspect that Northern Pike anglers were not
encountered in proportion to their use of these resources. After reviewing these data, we determined that it
would be cost prohibitive to conduct a targeted creel survey for Northern Pike. Instead we opted to
replace the creel survey aspect of Study 7038, Job 5 with an angler opinion survey conducted at multiple
access areas along the Mississippi River.
Angler opinion surveys were conducted from May-August 2012 and 2013. For analysis, surveys were
sorted by management districts: Guttenberg (Pools 9-11), Bellevue (Pools 12-15), and Fairport (Pools 1619). A total of 523 interviews were conducted across the three management districts (Table 16) (Hansen
2017). The percentage of anglers that catch Northern Pike by district decreased as you move downstream
with 77.4%, 75.9%, and 15.3% of anglers reporting having caught Northern Pike in the Guttenberg,
Bellevue and Fairport districts, respectively. Proportions of anglers that harvest pike (42.3%, 25.5%, and
2.5%) and specifically targeted pike (27.4%, 17.9%, and 2.5%) followed a similar downstream decrease
(Table 16). Likewise, mean angler satisfaction ratings decreased in a downstream direction (3.3, 3.0, and
2.7. This follows changes in river habitat and decrease in Northern Pike populations that are observed
along the Mississippi River in Iowa. Of anglers that reported specifically targeting Northern Pike, 27%
stated they don’t harvest them, indicating the presence of a trophy catch-and-release fishery.
Anglers reported catching Northern Pike from every pool of the Mississippi River. Anglers interviewed
in the Guttenberg and Bellevue Management districts tended to be ‘home bodies’ with 93% and 78%
respectively reporting catching Northern Pike within their district. Two anglers interviewed in
Guttenberg district that reported catching Northern Pike in Pools 17 and 19 were from the Fairport
District. Anglers interviewed in the Fairport district (Pools 16-19) reported catching Northern Pike from
every pool in Iowa with over 60% of the reported pools being in another district and Pool 9, the farthest
away, being the most common.
Boat anglers were interviewed on waters of Lake Pepin/Pool 4 open water creel in 2011-2013 showed
numbers of Northern Pike caught and harvested by all anglers and targeting anglers (Table 17) (Schlesser
2014). Though no over harvest was documented by the creel it is clear from the catch numbers (>21% of
targeting anglers catching a limit (5) or more of pike in 2013) that targeting anglers can be very efficient
at capturing pike during the right conditions. There remains some concern among managers and avid
anglers that pike may be susceptible at least to quality over harvest during periods of concentration (Nick
Schlesser, MN DNR, personal communication).
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Table 15. Summary of May-October (summer) angler catches and harvest of Northern Pike in Pool
13, Upper Mississippi River.
Note: 2004 only sampled in October and not included in the mean.
Year
2003 2004* 2005 2006 2007 2008 2009 2010

Mean

No. caught
283
5
198 127 301 385 727 251
No. harvested
72
4
69
43
71 110 365 122
No. released
211
2
129 81 232 275 365 128
Catch rate (f/hr)
0.01 0.001 0.01 0.01 0.02 0.02 0.02 0.01
Harvest rate (f/hr)
0 0.001 0
0
0.01 0.01 0.01 0.01
Release rate (f/hr) 0.01
0
0.01
0
0.02 0.01 0.01 0.01

325
122
203
0.014
0.005
0.009

Table 16. Number of interviews and proportion of anglers that reported catching, harvesting, and
targeting Northern Pike (NP) on the Mississippi River within the Iowa Department of Natural
Resources Guttenberg, Bellevue, and Fairport Management districts during an angler use survey
2012 and 2013.
Interviews
Percent Catch NP
Percent Harvest NP
Percent Target NP

Guttenberg
84
77.4
42.3
27.4

Bellevue
125
75.9
25.5
17.9

Fairport
314
15.3
2.7
2.5

Table 17. Percent of anglers who caught a given number of fish from the waters of Lake Pepin/Pool 4
open water creel, 2011-2013.
Note: N = the number of boat based anglers contacted during creel survey.
Year
2012
2013
Year
2012
2013

Species

0
All anglers
89.7%
Northern Pike
Targeting anglers 26.9%
All anglers
87.8%
Northern Pike
Targeting anglers 24.3%
Species
All anglers
Northern Pike
Targeting anglers
All anglers
Northern Pike
Targeting anglers

0
98.7%
88.5%
97.1%
59.5%

1
7.8%
34.6%
9.6%
29.7%
1
1.2%
11.5%
2.6%
21.6%

Number of Fish Caught per Angler
2
3
4
5
6
>6
>10
1.5% 0.5% 0.1% 0.1% 0.2% 0.1% 0.03%
26.9% 11.5% 0.0% 0.0% 0.0% 0.0% 0.0%
1.1% 0.9% 0.3% 0.2% 0.1% 0.2% 0.09%
10.8% 13.5% 0.0% 16.2% 0.0% 5.4% 0.0%
Number of Fish Harvested per Angler
2
3
4
5
6
>6
>10
0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.00%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.2% 0.1% 0.0% 0.0% 0.0% 0.0% 0.00%
13.5% 5.4% 0.0% 0.0% 0.0% 0.0% 0.0%
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>20
N
0.03% 2988
0.0% 26
0.00% 3453
0.0% 37
>20
N
0.00% 2988
0.0% 26
0.00% 3453
0.0% 37
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Common Carp (Cyprinus carpio)
Robert A. Hrabik and Autom B. Yount
Introduction
Common Carp is an Old World minnow belonging to the Family
Cyprinidae, Subfamily Cypininae (Carps and Goldfishes).
Members of this subfamily can be distinguished from other
minnows by the presence of a median rostral process of the
supraethmoid (the ethmoid bone is a square bone at the root of
the nose, forming part of the cranium, and having many
perforations through which the olfactory nerves pass to the nose);
most with two pairs of barbels; and maxillary foramen (openings)
for the maxillaris nerve innervating the anterior barbels (Nelson
et al. 2016). In the Upper Mississippi River, it is the Common
Carp and Goldfish that only possess a saw-toothed dorsal and
anal fin spine at the leading edges, making these fishes quite
distinguishable from native minnows. Worldwide, cyprinines
include many of the most important food fishes; many are
common aquarium fishes and the most troubling invasive species.
There are about 50 species in this subfamily (Eschmeyer and
Fong 2015). Two subspecies are recognized C. c. carpio
(Caspian region) and C. c. haematopterus (China). There are
genetic strains known by names of leather carp, mirror carp,
Israeli carp, and koi. The Common Carp is a tetraploid species (4
sets of chromosomes rather than 2 sets; Buth 1984). It can
hybridize with Goldfish (Allen 1980).

Distribution and Abundance
The Common Carp is native to Eurasia and evolved in the
Caspian Sea, then migrated naturally to the Black and Aral Seas,
east to eastern mainland Asia, and west as far as the Danube
River (Balon 1995). This assertion has been challenged by others
who propose that those from Europe originated from
domesticated Asian varieties. However, genetic evidence
suggests that both theories are likely (Zhou et al. 2003). It was
possibly first introduced to the United States in 1831 (DeKay
1842; Smallwood and Smallwood 1929) and then widely
introduced in the 1880’s by the U.S. Fe deral Government
((Smiley 1886; Hrabik et al. 2015) and for decades after which as
a food source (Cole 1905). Common Carp are now distributed
throughout the majority of the United States, southern Canada
(Atton and Merkowsky 1983; Stewart and Watkinson 2004;
McPhail 2007; Holm et al. 2009; Desroches 2013) and parts of
Mexico (Miller et al. 2005), and are found throughout the Upper
Mississippi River system (Koel et al. 2000).

Table 18. Distribution and
abundance of Common Carp in the
Upper Mississippi River modified
from Steuck et al. (2010).
Common
Common
Pool
Pool
Carp
Carp
1
A
13
A
2
A
14
A
3
A
15
A
4
A
16
A
5
A
17
A
5A
A
18
A
6
A
19
A
7
A
20
A
8
A
21
A
9
A
22
A
10
A
24
C
11
A
25
C
12
A
26
C
River Common River Common
Reach Carp Reach Carp
201
A
100
A
195
A
75
A
175
A
50
A
150
A
25
A
125
A

A – Abundantly taken in all
river surveys.
C – Common, commonly taken
in most sample
collections; can make up
large portion of some
samples

A review of the Common Carp literature suggests that across its North American range this species is
doing quite well (e.g. Bajer and Sorenson 2010). Internet searches revealed hundreds, if not thousands of
hits suggesting that Common Carp are abundant and causing major havoc to aquatic systems everywhere.
While that might be true for lentic waters (e.g. Penne and Pierce 2007; Bajer et al. 2009) and in many
rivers (e.g. Butler and Wahl 2010; Weber et al. 2011), it may not be true in all aquatic systems.
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The status and trends of Common Carp populations, in general, appear not to be closely monitored and
certainly are not represented in the published literature. Common Carp are monitored in the Upper
Mississippi River through the Upper Mississippi River Restoration (UMRR) Long Term Resource
Monitoring (LTRM) element.
Data from the LTRM clearly shows that Common Carp have been in decline generally during the entire
22 years of the program1 (Figure 58 and Figure 59), although in terms of estimated biomass, Common
Carp were the most abundant species in the Upper Mississippi River (UMR) during this time period
(Wolf and Phelps, In review).

Figure 58. Catch-per-unit-effort of Common Carp using daytime electrofishing in main channel
border unstructured macrohabitat (see Ickes et al. 2014 for descriptions and rationale for
macrohabitat types) in the six UMMR-LTRM study reaches of the Upper Mississippi and Illinois
Rivers.
Note: Twenty-two year median is expressed as a solid line while 10 and 90 percentiles are represented by
dashed lines.
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Figure 59. Catch per-unit-effort of Common Carp using daytime electrofishing in side channel
border macrohabitat (see Ickes et al. 2014 for descriptions and rationale for macrohabitat types) in
the six UMMR-LTRM study reaches of the Upper Mississippi and Illinois River.
Note: Twenty-two year median is expressed as a solid line while 10 and 90 percentiles are represented by
dashed lines.
Note: The LTRM element (fisheries component) has been in existence since 1988, but with the 1993
implementation of a stratified-random sampling design to obtain unbiased estimates of relative
abundances of a large number of Mississippi River fishes, the component is generally regarded to have
become statistically valid at that time.
It is unclear why Common Carp seem to be declining in the Upper Mississippi River, however, large
floods and unusual and prolonged high-water periods (in the 2000s and until recently) seems
commensurate with spikes and declines in Common Carp populations throughout the system during the
period of record for the LTRM element (Barko et al. 2005; Chick et al. 2005; Irons et al. 2009).
However, this relationship could simply be an artifact of another cause or a combination of hydrograph
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and other disturbances. For example, Asian carp (Hypophthalmichthys spp.) numbers rapidly increased
during this same period (Sass et al. 2010). There is also growing evidence of endocrine-disrupting
chemicals in many of our rivers, which could affect reproduction (Hamilton et al. 2015). Additional
analyses of LTRM and independent data sets is needed to fully explain the apparent decline of Common
Carp in the UMR as measured by this program. Further evidence of the decline is given below in the
section under “Relative Importance to the Fishery” by examination of commercial catch data.
Despite what seems to be a decline in Common Carp in the Upper Mississippi River, the species is still
generally regarded to be common to abundant (Table 18) throughout the system by Steuck et al. (2010),
however Schramm et al. (2016) designated Common Carp as “uncommon” in the headwaters and
“uncommon” in the lower free-flowing river (below the mouth of the Ohio River), but generally in
agreement with Steuck et al. (2010) elsewhere.
The decline of Common Carp in the Mississippi River is mirrored by a similar decline in the Missouri
River from the confluence of the Platte River, Nebraska to the confluence of the Mississippi River (Figure
60). Data collected by the Pallid Sturgeon Population Assessment Program (PSPS) shows that Common
Carp catch had declined from 2003 until major a flood event in 2011 resulted in increased catches in three
gear types: trammel nets, gills nets, and otter trawls. Since the 2011 flood, catches have fallen to a level
similar to 2007. Thus data from two of our nation’s largest big river monitoring programs indicates that
Common Carp numbers as measured by catch-per-unit-effort has declined over a period of 10-20 years or
more.

Reproduction
Common Carp are iteroparous, meaning individuals successively reproduce during its lifetime. They
begin moving from overwintering habitat to pre-spawn staging areas when the water temperature reaches
41 °F. Reproduction may extend from early spring into fall depending on latitude and environmental
conditions where water temperatures are between 61-82 °F (McCrimmon 1968; Panek 1987). Common
Carp may migrate hundreds of kilometers to reach preferred spawning habitat (Panek 1987) and they have
been shown to have a homing behavior (Bonneau and Scarnecchia 2002). Spawning occurs in shallow
water from late March in southern reaches to June in northern reaches of the UMR. Elsewhere, ripe eggs
and sperm have been collected in September (Panek 1987) and October (Lubinski et al. 1986), suggesting
that individuals in a population will reproduce at different times within the breeding temperature range.
During spawn, Common Carp will move to shallow water no more than 30 cm deep (Boschung and
Mayden 2004). Heavy spring rains often trigger Common Carp to move onto flooded fields to reproduce
(Lubinski et al. 1986). Two to four males (or more, Ross 2001) usually accompany a single female and
are attended with much roiling of the water. Females are fractional spawners and release only a few
hundred eggs at a time thus they spawn numerous times in a season (McPhail 2007). Spawning may take
place during daylight or nighttime hours. Large individuals (those over 33 lbs) produce over 2 million
eggs per season and 600,000 in a single spawn (Mansueti and Hardy 1967). Females of less weight will
produce a minimum of 0.5 million eggs, but a 17-lb specimen from the Kansas River produced 2.3
million eggs (Cross 1967). Relative fecundity in the Illinois River ranged from 20,000-145,000 eggs/lb.
body weight for specimens weighing between 1.7-18.7 lbs. in the Illinois River (Vanmiddlesworth 2017).
Fecundity in the Upper Mississippi River as estimated count of eggs per female gonad was highest in
Pool 8, where an 800-mm female may produce on the average 2.2 million eggs, and lowest in the Open
River reach, where the average 800-mm female may produce only 0.8 million eggs (Wolf and Phelps, In
review). Eggs are randomly broadcast over submerged objects, which sink and readily adhere to any firm
substrate. The eggs may occur in clusters of several hundred to 2500 eggs/1yd² of substrate (Panek
1987). Eggs are about 1 mm in diameter, fertilized almost immediately, develop quickly, and may hatch
in 3-6 days depending upon water temperature (Swee and MacCrimmon 1966; Mettee et al. 1996). There
is no parental care of the young (Pflieger 1997). Prolonged flooding with a slow fall seems to benefit fry
(Lubinski et al. 1986).

129

Figure 60. Catch and standard deviation of Common Carp using trammel nets, gill nets, and an otter
trawl as measured by catch-per-unit-effort (CPUE; fish per net-night) from the Missouri River by the
Pallid Sturgeon Population Assessment Program, 2003-2016.
Note: Graphic prepared by K. Winders, Missouri Department of Conservation.
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Age, Growth, and Size at Maturity
Larval development and growth was most recently described by Van Snik et al. (1997). Common Carp
hatched after 48 h already possess well-developed pectoral fins; at 84 h, a filled swim bladder; and at 120
h, intestinal contents may be observed. The head grows in length and width quickly to ~0.3 inch (total
length, TL), after which growth slows but the length continues to grow positively allometric while the
width grows isometrically to body length. Common Carp have a narrow body when hatched, but become
progressively thicker beginning at 0.26 inch TL, but the caudal fin becomes shorter relative to body
length beginning at 0.7 inch. Like most fish, carp hatch with undeveloped gills so they rely on cutaneous
gas exchange to breathe. This strategy demands fast development of the gills to accommodate rapid
growth, thus the head length and width must increase proportionally. Furthermore, the yolk sac quickly
becomes depleted, so larvae must switch to exogenous feeding further requiring rapid development of the
head and feeding mechanisms. Young begin to look and swim like adult carp between 0.24 and 0.31 inch
long. The transformation from larval to adult functions when so small may be related to exogenus
feeding, respiration, and behavioral habits, and may contribute to the success of this species.
Young grow rapidly and may reach 6.0 inches in the first year of life (Scott and Crossman 1973; Jester
1974). Growth is greatest in spring and parallels feeding rates (Lubinski et al. 1984; Jude 1968). Because
of the difficulty in aging the Common Carp’s cycloid scales, reliable age/growth data are difficult to
obtain. Systemic growth rates for Common Carp in the UMR have recently been investigated (Wolf and
Phelps, In review), where growth rates (measured by Von Bertalanffy growth curves taken from otoliths)
were slowest in Pool 26 and in the Illinois River until about age-30 when growth rates in all reaches of the
Mississippi River reached an asymptote (Figure 61). In addition, growth rates for Common Carp were
reported for UMR Pools 5 (in 1948–49) and 19 (in 1982), (Lubinski et al. 1986). Growth rates from these
two studies generally paralleled those from various state agencies. In Missouri streams, Common Carp
averaged 6.5 inches in their first year, then averaged 11, 14, 17, and 18 inches long, age-2 through age-5,
respectively. On average, a 1-pound Common Carp is 12 inches long; 5 pounds is 21 inches long; and 12
pounds is 28 inches long (Pflieger 1997). The average weight of Common Carp in the Mississippi and
Illinois Rivers was between 3 and 12 pounds (Lubinski et al. 1984), but can be as large as 53 pounds
(Farabee 1979). Adults attain large sizes. Record weights in the five UMR basin states all exceed 44
pounds. Elsewhere, weights up to 60 pounds or more have been reported. A 79-pound individual was
taken in a Minnesota lake in 1955 (Etnier and Starnes 1993). The world record Common Carp caught on
hook-and-line is 75 lbs.11 oz. caught in France in 1987 (IFGA:
http://wrec.igfa.org/WRecordsList.aspx?lc=AllTackle&cn=Carp,%20common), but the largest known
Common Carp came from Euro-Aqua Lake in Hungary in 2015 and weighed 105 lbs.13oz
(http://www.fishing-worldrecords.com/find). Conventional thinking suggests that Common Carp rarely
live longer than 20 years, but not usually past 12 years in the wild (Scott and Crossman 1973; Jester
1974). Common Carp have been known to approach 50 years old in captivity in England (Panek 1987).
However, in a recent study Common Carp from the Upper Mississippi River were aged using otoliths
with majority of fish being between 8 and 30 and the oldest fish, 57 years old (Wolf and Phelps, In
review).
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Figure 61. Von Bertalanffy growth curves from predicted mean total length-at-age estimates for
Common Carp populations from three reaches of the Upper Mississippi River.
Note: Reproduced with permission from Wolf and Phelps (In review).
Environmental factors, including water temperature, can affect Common Carp gonad development (Patino
et al. 2003). The gonadal-somatic index (GSI) increased with body weight until 1.3 lbs. then decreased at
2 lbs. The GSI of 2-pound Common Carp was significantly higher than 1.3-lb. specimens. A positive
correlation between body weight and the GSI was seen not only in mature stages, but also through the
gonadal cycle. Common Carp reach sexual maturity between age-2 and age-4 at total lengths of 12 to 18
inches. Degani et al. (1996) found that female Common Carp generally do not reach sexual maturity until
a weight of 2 pounds. At that weight, complete vitellogenesis (yolk formation) takes place in at least some
specimens. At 0.33 lb. ovaries were immature and only oogonia and primary oocytes were found.
Vitellogenesis was not observed to have begun in specimens weighing 0.66 lb. At 1.3 lb. vitellogenesis
had begun in some specimens, but developmental stages were short of maturity. Male Common Carp
reach sexual maturity at earlier ages and smaller sizes than females (Degani et al. 1998). All Common
Carp males over 0.66 lbs. were mature (Degani et al. 1998). The results of the two studies suggest that
growth hormone is greatly involved in the reproductive cycle of Common Carp. Growth hormone in
females initially promotes rapid growth, but as the fish become larger the mechanism to promote growth
slows somewhat, while the mechanism to promote fecundity remains strong. In males, growth hormone is
secreted for rapid growth then switches to gonad development at rather small sizes. Growth hormone was
significantly higher in fish at 0.44 lb. than 0.33 lb., but not different than larger fish.
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Life History
Common Carp less than 200 mm TL were found to feed primarily on midge larvae and pupae and
zooplankton (Walburg and Nelson 1966; Eder and Carlson 1977; Crivelli 1981; Panek 1987). Large
larvae can be cannibalistic (Kodrynska 1962). Juveniles and adults are omnivorous and opportunistic
eating aquatic insects, crustaceans, mollusks, and animal fragments in addition to volumes of plant
material including seeds (Stein et al. 1975; Boschung and Mayden 2002). At a relatively early age,
Common Carp appear to ingest a mouthful of detritus then expel the mass into the water column while
selecting what they want to eat (Scott and Crossman 1973), which may also include small crustaceans
(cladocerans and copepods), worms, mites, and fish eggs (Moen 1953; Powles et al. 1983). Food habits
can change over the course of a year going from insects in spring to organic material and algae in fall
(Garcia and Adelman 1985).
The propensity and effects of Common Carp to roil the often muddy substrate in which they feed is well
known and publicized leading to various deleterious effects (Andersson 1978; Andersson 1988;
Breukelaar 1994); Bellrichard 1996; Lougheed et al. 1998; Parkos et al. 2003; Hinojosa-Garro and
Zambrano 2004; Chumchal et al 2005; Miller and Crowl 2006). However, they will feed from the surface
of waters making a sucking sound, apparently ingesting foam, and in western rivers, Cottonwood seed
(the seed embedded in the white mass of fibers that disperse the seed by wind) floating on the surface
(Robert Hrabik, personal observation). Carlander (1969) stated that Common Carp will not feed when
water temperatures reach about 5°C, but Powles et al. (1983) observed continuous feeding below that
temperature albeit slower.
Recruitment of Common Carp appears to be highly dependent on climate (Phelps et al. 2008) and native
fishes can control Common Carp recruitment in the interconnected lakes of the Upper Mississippi River
basin (Silbernagel and Sorenson 2013). Recruitment in the Upper Mississippi River using data from the
LTRM appeared to have been relatively constant from 1993-2009, but in the last five years, 2010-2014,
recruitment was especially low in Pools 4, 8, and 13 (Wolf and Phelps, In review).
Common Carp are found in a variety of habitats but is less abundant in clear, cold waters of high gradient
streams. It is most abundant in low gradient streams, lakes, and reservoirs especially where there is an
abundance of organic matter and rooted vegetation (Boschung and Mayden 2004). In swifter streams it is
found in sluggish currents and pools typically in moderately shallow water; rarely deeper than 30 m, even
in lakes (Becker 1983). In years past when packing houses and open sewers were allowed to dispose of
untreated refuse, Common Carp were especially abundant near the mouths of the ditches that supplied the
effluents (Robert Hrabik, personal communication) They can be found in brackish marshes with salinities
up to 14 ppt (Crivelli 1981), but they are not well known from farm ponds (Cross and Collins 1995).
Common Carp can move considerable distances. For example, tagged fish from Bear Creek near
Columbia, Missouri was captured upriver at Gavins Point Dam, South Dakota 28 months later traveling at
least 1,985 km (Sigler 1958). In Missouri, several tagged Common Carp moved more than 322 km with
an upstream average of 18.8 km over 327 days, and downstream average of 12.7 km over 396 days (Funk
1955). Carp displaced 9 km from a feeding area returned in 4-5 days (Schwartz 1987).

Survival
For a short period young Common Carp serve as a food source for many predators, but their fast growth
soon limits the species and sizes of predators that may utilize them. Young Common Carp will apparently
bury themselves in soft substrates to avoid avian predators, further increasing their chances for survival
(Panek 1987). Common Carp are subject to many diseases and have been responsible for introducing
many diseases and parasites. In recent times, Common Carp suffered outbreaks of cyprinid herpesvirus 3
(also known as CyHV-3, koi herpes virus, or KHV). Although this disease was first noted in koi ponds it
is very contagious to Common Carp. The first case of KHV was reported in 1998, but not confirmed until
later in 1999 (Michel et al. 2010). However, except under very high population densities, diseases and
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parasites have not been shown to severely affect the survivorship of this species (Panek 1987). Under
conditions of low oxygen they come to surface and gulp air. Upper lethal water temperature for this
species is 36-41 °C (96.8-105.8 °F) (Panek 1987). Empirical survivorship data for this species in the
Mississippi River only recently became available (Wolf and Phelps, In review), where they found total
annual mortality was estimated at 15.4% in Pool 26 (highest) but only 5% in Pool 8.

Relative Importance to the Fishery
Common Carp historically contributed greatly to the commercial fishery catch in the UMR (Barnickol
and Starrett 1951; Fritz 1987). Since the mid-1970s, Common Carp harvest in the Upper Mississippi
River, measured in pounds, has steadily declined (Figure 62). In Missouri, between 1945 and 1980,
Common Carp composed the greatest percentage of commercially harvested fish for all but two years
making up an average of 43% of the total harvest. Since 1980, Common Carp harvest by weight has
declined significantly (Figure 63).
In the Illinois portion of the Mississippi River, Common Carp ranked second to buffalo in total poundage
reported from 1985 to the early 2000s (Rob Maher, Illinois Department of Conservation, pers. comm.).
The contribution of Common Carp to commercial harvest in Illinois has been declining the last 35 years.
Common Carp composed 46% of the total reported harvest in 1975 but only 17% in 1999 (R. Maher,
Illinois Department of Conservation, pers. comm.). Commercial harvest of Common Carp has also
declined in other large rivers in Missouri (Figure 63).
Commensurate with the decline in Common Carp harvest, has been the number of licensed commercial
fishers (Figure 64 and Figure 65). While it could be argued that the reduced catch of Common Carp is
related to the decrease in the number of licensed commercial fishers, empirical data collected by the
LTRM and PSPA (given above) and that Lubinski et al. (1986) and Pflieger and Grace (1987) remarked
that Common Carp abundance in the UMR has declined since the 1970s, together with these commercial
data strongly suggests that Common Carp abundance has declined since the 1990s.
In recent times, UMR sport fishers seem not to readily harvest Common Carp, which contribute only
slightly over 1% of the total number of sport fish harvested (Kline and Golden 1979). Anglers in the
Missouri portion of the UMR spent only 0.01-h/ac fishing for Common Carp (Brummett 1995). While
certainly not sought after, Common Carp can be caught on hook-and-line through the ice in winter with
jigging poles baited with waxworms (R.A. Hrabik pers. obs.) There is some evidence that Common Carp
will consume zebra mussels (Thorpe et al. 1998), but it is unknown whether they have a significant
impact on this nuisance species.

Management Considerations
In the past there was little evidence that commercial harvest and environmental conditions had influenced
Common Carp numbers in the UMR (Lubinski et al. 1986). Now that Common Carp abundance appears
to be low, commercial harvest could be used to maintain or decrease current densities. Using Spawning
Potential Ratio (SPR) models, exploitation rates between 15-35% of fish greater than 350 mm would be
required to at least maintain existing population abundances and begin to lower them (Wolf and Phelps,
In review). However, improvements in land use and restoration of degraded habitats will likely have a
greater impact on Common Carp numbers than harvest. For example, Common Carp abundance
significantly decreased in a Wisconsin river when a hydroelectric dam was removed, destroying lentic
habitats favoring this species (Kanehl et al. 1997). Indeed, it is plausible that the current abundance of
Common Carp in the UMR at this time is the result of either a decrease in lentic habitats system wide
(which results in less shallow, muddy substrates), an improvement in water quality, or some combination
of these factors. In suitable habitat, Common Carp can provide exciting and memorable angling
opportunities. Also, where active and physical methods of Common Carp control do not work (Panek
1987), a variety of other uses can be promoted (Sheddan 1987). Recently, in Australia, government
officials have budgeted millions of dollars to remove Common Carp from their rivers using the
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herpesvirus with the intent of significantly lowering the abundance or even eradicate this species by 2018
(http://www.agriculture.gov.au/pests-diseases-weeds/pest-animals-and-weeds/national-carp-control-plan).

Figure 62. Common Carp harvested from the Upper Mississippi River (UMR) measured in pounds.
Data combined from the five UMR basin states of Minnesota, Wisconsin, Iowa, Illinois, and
Missouri.
Note: Data compiled and graphic prepared by Michelle Marron, Wisconsin DNR.

Figure 63. Common Carp harvest measured in pounds in Missouri from the three rivers where
commercial fisheries are allowed.
Note: Graphic created by Joe McMullen, Missouri Department of Conservation.
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Figure 64. Number of licensed commercial fisherman from the five Upper Mississippi River (UMR)
basin states that fished the UMR.
Note: Data missing from Iowa between 1981-1986 and Illinois in 1981. Prior to 2000, Missouri data were
based on the numbers of commercial fishermen that fishes the Mississippi River. Since 2000,
Missouri commercial fishermen are issued one permit to fish all commercial waters. Data
compiled and graphic prepared by Michelle Marron, Wisconsin DNR.

Figure 65. Commercial harvest of Common Carp in Missouri measured in pounds plotted against
numbers of commercial fishermen in Missouri.
Note: Graphic created by Joe McMullen, Missouri Department of Conservation.

136

Literature Cited
Allen, A. W. 1980. Cyprinus carpio (Linnaeus), Common Carp. Page 152, In D. S. Lee, C. R. Gilbert, C.
H. Hocutt, R. E. Jenkins, D. E. McAllister, and J. R. Stauffer Jr., editors. Atlas of North
American Freshwater Fishes. North Carolina State Museum of Natural History, Raleigh.
Andersson, G., H. Berggren, G., Cronberg, and C. Gelin. 1978. Effects of planktivorous and benthivorous
fish on organisms and water chemistry in eutrophic lakes. Hydrobiologia 59: 9–15.
Andersson, G., W. Graneli, and J. Stenson. 1988. The influence of animals on phosphorus cycling in lake
ecosystems. Hydrobiologia 170: 276–284.
Atton, F.M., and J.J. Merkowsky. 1983. Atlas of Saskatchewan fish. Technical Report 83-2,
Department of Parks and Renewable Resources. Regina, Saskatchewan.
Bajer, P.G., G. Sullivan, and P.W. Sorenson. 2009. Effects of a rapidly increasing population of Common
Carp on vegetation cover and waterfowl in a recently restored Midwestern shallow lake.
Hydrobiologia 632(1): 235-245.
Bajer, P.G., and P.W. Sorenson. 2010. Recruitment and abundance of an invasive fish, the Common Carp,
is driven by its propensity to invade and reproduce in basins that experience winter-time hypoxia
in interconnected lakes. Biological Invasions 12(5): 1101-1112.
Balon, E.K. 1995. Origin and domestication of the wild carp, Cyprinus carpio: from Roman gourmets to
the swimming flowers. Aquaculture 129:3-48.
Barnickol, P. C., and W. C. Starrett. 1951. Commercial and sport fishes of the Mississippi River between
Caruthersville, Missouri, and Dubuque, Iowa. Bulletin of the Illinois Natural History Survey 25:
267–350.
Barko, V.A., B.S. Ickes, D.P. Herzog, R.A. Hrabik, J.H. Chick, and M.A. Pegg. 2005. Spatial, temporal,
and environmental trends of fish assemblages within six reaches of the Upper Mississippi River.
U. S. Geological Survey, Upper Midwest Environmental Sciences Center, LaCrosse, WI. LTRMP
Technical Report 2005-T002.
Becker, G.C. 1983. Fishes of Wisconsin. University of Wisconsin Press. Madison. 1052 p.
Bellrichard, S. J. 1996. Effects of Common Carp (Cyprinus carpio) on submerged macrophytes and water
quality in a backwater lake on the Upper Misssissippi River. M.S. thesis submitted to the faculty
of the graduate school of the University of Wisconsin-LaCrosse. Reprinted by the National
Biological Service, Environmental Management Technical Center, Onalaska, Wisconsin, July
1996. LTRMP 96-R008. 44 pp.
Bonneau, J.L., and D.L. Scarnecchia. 2002. Spawning-season homing of Common Carp and river
carpsucker. The Prairie Naturalist 34(1/2): 13-20.
Boschung, H.T., and R.L. Mayden. 2004. Fishes of Alabama. Smithsonian Institution. Washington, D.C.
736 p.
Breukelaar, A. W., E. H. R. Lammens, J. G. P. Breteler, and I. Tatrai. 1994. Effects of benthivorous
bream (Abramis brama) and carp (Cyprinus carpio) on sediment resuspension and concentrations
of nutrients and chlorophyll-a. Freshwater Biology 32:113–121.
Brummett, K. 1995. Upper Mississippi River creel survey of Pools 24 and 15, 1991 through 1993.
Unpublished Report. Missouri Department of Conservation, Jefferson City.
Buth, D. G. 1984. Allozymes of cyprinid fishes. Pages 561-590 In B. J. Turner, editor. Evolutionary
genetics of fishes. Plenum, New York.
Bulter, S.E., and D.H. Wahl. 2010. Common Carp distribution, movements, and habitat use in a river
impounded by multiple low-head dams. Transactions of the American Fisheries Society 139(4):
1121-1135.
Carlander, K. D. 1969. Handbook of freshwater fishery biology. Volume 1. Iowa State University. Ames.
Chick, J.H., B.S. Ickes, M.A. Pegg, V.A. Barko, R.A. Hrabik, and D.P. Herzog. 2005. Spatial structure
and temporal variation of fish communities in the upper Mississippi River. U.S. Geological
Survey, Environmental Management Technical Center, Onalaska, WI. LTRMP Technical Report
2005-T004.

137

Chumchal, M.M., W.H. Nowlin, and R.W. Drenner. 2005. Biomass-dependent effects of Common Carp
on water quality in shallow ponds. Hydrobiologia 545(1): 271-277.
Cole, L.J. 1905. The German carp in the United States. Pages 523-641 in Report of the Bureau of
Fisheries for 1904. U.S. Department of Commerce and Labor. Government Printing Office,
Washington, D.C.
Crivelli, A. J. 1981. The biology of the Common Carp (Cyprinus carpio) in Camargue, southern France.
Journal of Fish Biology 18: 271-290.
Cross, F.B. 1967. Handbook of fishes in Kansas. University of Kansas Museum of Natural History,
Miscellaneous Publication 45: 1-357.
Cross, F. B., and J. T. Collins. 1995. Fishes in Kansas, second edition, revised, University of Kansas
Natural History Museum Public Education Series Number 14:1-315.
DeKay, J.E. 1842. Zoology of New-York, or the New-York fauna. Part IV. Fishes. W. and A. White and
J. Visscher, Albany, NY.
Degani, G., and R. Boker, and K. Jackson. 1996. Growth hormone, gonad developement, and steroid
levels in female carp. Comparative Biochemistry and Physiology 115c(2):133–140.
Degani, G., R. Boker, and K. Jackson. 1998. Growth hormone, sexual maturity and steroids in male carp
(Cyprinus carpio). Comparative Biochemistry and Physiology 120c:433–440.
Desroches, J. 2013. Poissons d`eau douce du Quebec et des Maritimes. Éditions Michel Quintin.
Waterloo (Québec). 471 p.
Eder, S., and C. A. Carlson. 1977. Food habits of carp and white suckers in the South Platte and St. Vrain
rivers and Goosequill Pond, Weld County, Colorado. Transactions of the American Fisheries
Society 106:339–346.
Eschmeyer, W.N., and J.D. Fong. 2015. Species by family/subfamily in the catalog of fishes. Catalog of
fishes. California Academy of Sciences.
Etnier, D. A., and W. C. Starnes. 1993. Fishes of Tennessee. University of Tennessee. Knoxville. 681 pp.
Farabee, G. B. 1979. Life histories of important sport and commercial fishes of the Upper Mississippi
River, pages 41–68. In: J. Rasmussen, editor. A compendium of fishery information on the Upper
Mississippi River. Upper Mississippi River Conservation Committee, Rock Island, Illinois.
Fritz, A. W. 1987. Commercial fishing for carp, pages 17–30. In: E. L. Cooper, editor. Carp in North
America. American Fisheries Society. Bethesda, Maryland. 84 pp.
Funk, J. L. 1955. Movement of stream fishes in Missouri. Transactions of the American Fisheries Society
85: 39-57.
Garcia, L. M., and I. R. Adelman. 1985. An in situ estimate of daily food consumption and alimentarey
canal evacuation rates of Common Carp, Cyprinus carpio L. Journal of Fish Biology 27: 487493.
Hamilton, P.B., I.G. Cowx, M.F. Oleksiak, A.M. Griffiths, M. Grahn, J.R. Stevens, G.R. Carvalho, E.
Nicol, and C.R. Tyler. 2015. Population-level consequences for wild fish exposed to sublethal
concentrations of chemicals – a critical review. Fish and Fisheries: 17: 545-566.
Holm, E., N. Mandrak, and M. Burridge. 2009. The ROM field guide to freshwater fishes of Ontario.
Royal Ontario Museum. Toronto. 462 p.
Hinojosa-Garro, D., and L. Zambrano. 2004. Interactions of Common Carp (Cyprinus carpio) with
benthic crayfishdecapods in shallow ponds. Hydrobiologia 515(1-3): 115-122.rabik, R.A., S.C.
Schainost, R.H. Stasiak, and E.J. Peters. 2015. The fishes of Nebraska. Conservation and Survey
Division, University of Nebraska. Lincoln. 542 p.
Ickes, B.S., Sauer, J.S., and Rogala, J.T., 2014, Monitoring rationale, strategy, issues, and methods:
UMRR-EMP LTRMP Fish Component. A program report submitted to the U.S. Army Corps of
Engineers’ Upper Mississippi River Restoration-Environmental Management Program, Program
Report LTRMP 2014–P001a, 29 p., https://pubs.usgs.gov/mis/ltrmp2014-p001a/.
Irons, Kevin S., DeLain, Steven A., Gittinger, Eric, Ickes, Brian S., Kolar, Cindy S., Ostendorf, David,
Ratcliff, Eric N., and Benson, Amy J. (2009). Nonnative Fishes in the Upper Mississippi River.
Reston, Virginia: U.S. Geological Survey.

138

Jester, D. B. 1974. Life history, ecology, and management of the carp, Cyprinus carpio, Linnaeus, in
Elephant Butte Lake. New Mexico State University Agricultural Experiment Station Research
Report 218. 56 pp.
Jude, D. J. 1968. Bottom fauna utilization and distribution of ten species of fish in Pool 19, Mississippi
River. M.S. Thesis, Iowa State University, Ames. 238 pp.
Kanehl, P. D., J. Lyons, and J. E. Nelson. 1997. Changes in the habitat and fish community of the
Milwaukee River, Wisconsin, following removal of the Woolen Mills Dam. North American
Journal of Fisheries Management 17:387–400.
Kline, D. R., and J. L. Golden. 1979. Analysis of the Upper Mississippi River sport fishery between 1962
and 1973. Pages 69–81. In: J. Rasmussen, editor. A compendium of fishery information on the
Mississippi River. Upper Mississippi River Conservation Committee, Rock Island, Illinois.
Kodrynska, O. I. 1962. Cannibalism among larvaeand fry of the carp. Biological Abstracts 41: 21356.
Koel, Todd M., Irons, Kevin S., and Ratcliff, Eric. (2000). Asian Carp Invasion of the Upper Mississippi
River System. La Crosse, Wisconsin: United States Department of the Interior, U.S. Geologic
Survey.
Lougheed, V.L., B. Crosbie, and P. Chow-Fraser. 1998. Predictions on the effect of Common Carp
(Cyprinus carpio) exclusion on water quality, zooplankton, and submergent macrophytes in a
Great lakes wetland. Canadian Journal of Fisheries and Aquatic Sciences 55(5): 1189-1197.
Lubinski, K. S., S. D. Jackson, and B. N. Hartsfield. 1984. Age structure and analysis of carp populations
in the Mississippi and Illinois River. Illinois Natural History Survey, Aquatic Biology Section,
Technical Report 9. 29 pp.
Lubinski, K. S., A. Van Vooren, G. Farabee, J. Janecek, and S. D. Jackson. 1986. Common Carp in the
Upper Mississippi River. Hydrobiologia 136:141–154.
Mansueti, A. J., and J. D. Hardy. 1967. Development of fishes of the Chesapeake Bay region. Part I.
University of Maryland Natural Resources Institute. 202 pp.
McCrimmon, H. R. 1968. Carp in Canada. Journal Fisheries Research Board of Canada, Bulletin 165.
McPhail, J.D. 2007. The freshwater fishes of British Columbia. The University of Alberta Press.
Edmonton. 620 p.
Mettee, Maurice F., O’Neil, Patrick E., and Pierson, J. Malcolm. (1996). The Fishes of Alabama and the
Mobile Basin. Birmingham, Alabama: Oxmoor House Inc.
Michel, B., G. Fournier, F. Lieffrig, B. Costes, and A. Vanderplasschen. 2010. Cyprinid Herpesvirus 3.
Emerging Infectious Diseases 16(12): 1835-1843.
Miller, R.R., W.L. Minckley, and S.M. Norris. 2005. Freshwater Fishes of Mexico. The University of
Chicago Press. Chicago and London. 490 p.
Miller, S.A., and T.A. Crowl. 2006. Effects of Common Carp (Cyprinus carpio) on macrophytes and
invertebrate communities in a shallow lake. Freshwater Biology 51(1): 85-94.
Moen, T. 1953. Food habits of the carp in northwest Iowa lakes. Proceedings of the Iowa Academy of
Sciences 60: 655-686.
Nelson, J.S., T.C. Grande, and M.V.H. Wilson. 2016. Fishes of the World, 5th ed. John Wiley and Sons,
Hoboken, New Jersey. 707 p.
Panek, F. M. 1987. Biology and ecology of carp, pages 1–15. In: E. L. Cooper, editor. Carp in North
America. American Fisheries Society. Bethesda, Maryland. 84 pp.
Parkos III, J.J., V.J. Santucci, and D.H. Wahl. 2003. Effects of adult Common Carp (Cyprinus carpio) on
multipkle trophic levels in shallow mesocosms. Canadian Journal of Fisheries and Aquatic
Sciences 60(2): 182-192.
Patino, R., S.L. Goodbred, R. Draugelis-Dale, C.E. Barry, J.S. Foott, M.R. Wainscott, T.S. Gross, and
K.J. Covay. 2003. Morphometric and histopathological parameters of gonadal development in
adult Common Carp from contaminated and reference sites in Lake Mead, Nevada. Journal of
Aquatic Animal Health 15(1): 55-68.
Penne, C.R., and C.L. Pierce. 2007. Seasonal distribution, aggregation, and habitat selection of Common
Carp in Clear Lake, Iowa. Transactions of the American Fisheries Society 137(4): 1050-1062.

139

Pflieger, W. L. 1997. Fishes of Missouri. Missouri Department of Conservation. Jefferson City. 370 pp.
Pflieger, W. L., and T. M. Grace. 1987. Changes in the fish fauna of the lower Missouri River, 1940–
1983. Pages 166–177. In: W. J. Matthews and D. C. Heins, editors. Community and evolutionary
ecology of North American stream fishes. University of Oklahoma Press, Norman.
Phelps, Q.E., B.D.S. Graeb, and D.W. Willis. 2008. Influence of the Moran effect on spatiotemporal
synchrony in Common Carp recruitment. Transactions of the American Fisheries Society 137(6):
1701-1708.
Powles, P. M., H. R. MacCrimmon, and D. A. Macae. 1983. Seasonal feeding of carp, Cyprinus carpio,
in the bayof Quinte watershed, Ontario. Canadian Field Naturalist 97: 293-298.
Ross, S.T. 2001. Inland Fishes of Mississippi. Mississippi Department of Wildlife, Fisheries, and Parks.
University Press of Mississippi. 624p.
Sass, G.G., T.R. Cook, K.S. irons, M.A. McClelland, N.N. Michaels, T.M. O’Hara, and M.R. Stroub.
2010. A mark-capture population estimate for invasive Silver Carp (Hypophthalmichthys
molitrix) in the La Grange reach, Illinois River. Biological Invasions 12: 433-436
Schramm, H.L., J.T. Hatch, R.A. Hrabik, and W.T. Slack. 2016. Fishes of the Mississippi River. Pages
53-77 in Y. Chen, D.C. Chapman, J.R. Jackson, D. Chen, Z. Li, K.J. Killgore, Q.E. Phelps, and
M.A. Eggleton, eds. Fisheries resources, environment, and conservation in the Mississippi and
Yangtze (Changjiang) River basins. American Fisheries Society, Symposium 84, Bethesda,
Maryland.
Schwartz, E. J. 1987. Homing behavior of tagged and displaced carp, Cyprinus carpio, in Pymatuning
Lake, Pennsylvania/Ohio. Ohio Journal of Science 87(1): 15-22.
Scott, W. B., and E. J. Crossman. 1973. Freshwater fishes of Canada. Fisheries Research Board of Canada
Bulletin 184. 966 pp.
Sheddan, T. L. 1987. Promoting carp. Pages 69–81. In: E. L. Cooper, editor. Carp in North America.
American Fisheries Society. Bethesda, Maryland. 84 pp.
Sigler, W. F. 1958. The ecology and use of carp in Utah. Utah State University Agricultural Experiment
Station Bulletin 405:1-63.
Silbernagel, J.J., and P.W. Sorenson. 2013. Direct field and laboratory evidence that a combination of egg
and larval predation controls recruitment of invasive Common Carp in many lakes of the Upper
Mississippi River basin. Transactions of the American Fisheries Society 142(4): 1134-1140.
Smallwood, W.M., and M.L. Smallwood. 1929. The German carp, an invited immigrant. Science
Monthly 29: 394-401.
Smiley, C.W. 1886. Some results of carp culture in the United States. Pages 657-890 in Report of the
Commissioner of Fish and Fisheries for 1884, Part XII. U.S. Commission of Fish and Fisheries,
Washington, D.C.
Stein, R. A., J. F. Kitchell, and B. Knezevic. 1975. Selective predation by carp (Cyprinus carpio L.) on
benthic molluscs in Skadar Lake, Yugoslavia. Journal of Fish Biology 7: 391–399.
Steuck, M. J., S. Yess, J. Pitlo, A. Van Vooren, and J. Rasmussen. 2010. Distribution and relative
abundance of Upper Mississippi River fishes. Upper Mississippi River Conservation Committee,
Onalaska, Wisconsin.
Stewart, K.W., and D.A. Watkinson. 2004. The Freshwater Fishes of Manitoba. University of Manitoba
Press. Winnipeg. 276 p.
Swee, U.B., and H.R. MacCrimmon. 1966. Reproductive biology of the carp, Cyrinus carpio, in Lake St.
Lawrenec, Ontario. Transactions of the American Fisheries Society 95: 372-380.
Thorp, J. H., DeLong, M. D., and A. F. Casper. 1998. In situ experiments on predatory regulation of a
bivalve mollusc (Dreissena polymorpha) in the Mississippi and Ohio rivers. Freshwater Biology
39: 649–661.
Tripp, Sara, Herzog, Dave, Reinagel, Susan, and McMullen, Joe. (2012). Missouri Commercial Fish
Harvest: 2000-2012. Missouri Department of Conservation.

140

Van Snik, G. M. J., and J. G. M. Van den Boogaardt, and J. W. M. Osse. 1997. Larval growth patterns in
Cyprinus carpio and Clarias gariepinus with attention to the finfold. Journal of Fish Biology 50:
1339–1352.
Vanmiddlesworth, M.M. 2017. Patterns of intersex prevalence, vitellogenin, and reproductive condition
in two commercially harvested fish along a pollution gradient in the Illinois River complex.
Master thesis, University of Illinois-Urbana.
Walburg, C. H., and W. R. Nelson. 1966. Carp, River Carpsucker, Smallmouth Buffalo, and Bigmouth
Buffalo in Lewis and Clark Lake, Missouri River. Research Report 69, Bureau of Sport Fisheries
and Wildlife, U.S. Department of the Interior, Washington, D.C.
Weber, M.J., M.J. Hennen, and M.L. Brown. 2011. Simulated population responses of Common Carp to
commercial exploitation. North American Journal of Fisheries Management 22(4): 1295-1300.
Wolf, M.C., and Q.E. Phelps. In review. Common Carp, Cyprinus carpio, dynamics in the Upper
Mississippi River. Aquatic Invasions.
Zhou, J., Q. Wu, Y. Zhen, J. Tong. 2003. Genetic divergence between Cyprinus carpio carpio and
Cyprinus carpio haematopterus as assessed by mitochondrial DNA analysis with emphasis on
origin of European carp. Genetica 119: 93–97.

141

Smallmouth, Bigmouth, and Black Buffalo (Ictiobus spp.)
Melvin C. Bowler
Updated by John West, John D. Waters, and Melvin Bowler
Introduction
There are three species of buffalo (Ictiobus spp.) native to the Upper Mississippi River basin:
Smallmouth Buffalo (Ictiobus bubalus), Bigmouth Buffalo (Ictiobus cyprinellus), and Black Buffalo
(Ictiobus niger). Buffalo species are one of the most important species in the UMR commercial fisheries
and are important planktivores in the case of Bigmouth Buffalo and detritivores in the case of Smallmouth
and Black Buffalo. Their importance to the UMR ecosystems and commercial fisheries is significant.

Distribution and Abundance
All three species of buffalo can be found in the UMR, with Smallmouth and Bigmouth Buffalo found
throughout the entire UMR and Black Buffalo found primarily in the lower UMR. According to the
UMRCC Distribution and Relative Abundance of UMR Fishes report (Steuck et al. 2010): Smallmouth
Buffalo are listed as rare in Pool 1, occasionally collected from Pool 2 and 3, and common south all the
way through the Open River reach in the UMR; Bigmouth Buffalo are listed as occasionally collected
from Pool 1 to Pool 11 and common south to Pool 25; and Black Buffalo are rare or uncommon from
Pool 1 to 21 and occasionally collected from Pool 22 downstream with the only location they are common
is in Pool 25 (Table 19). Black Buffalo are listed as a species of special concern in Minnesota and
threatened in Wisconsin. In the Mississippi River, they are more common downstream of the Missouri
River confluence in the unimpounded section of the river (Pflieger 1997).

Reproduction
An adult Smallmouth Buffalo can produce between 150,000-500,000 eggs (Osborn and Self 1966; Wrenn
1968; Jester 1973). An adult female Bigmouth Buffalo may produce up to 800,000 eggs (Osborn and Self
1965), but they average around 400,000 eggs per female (Carlander 1965). Little information is available
for Black Buffalo fecundity, but it is likely similar to the other two species. Excessive commotion and
splashing occurs for all three Ictiobus species during spawning (Kay et al. 1994). Smallmouth, Bigmouth,
and Black Buffalo have similar spawning habits where one female is occupied by multiple males (Kay et
al. 1994; Piller et al. 2003). There is no nesting or egg/juvenile protection for these three species.
Smallmouth Buffalo spawning events occur over a variety of substrates (Pflieger 1997) at temperatures
from 19.1-27.5 °C (Jester 1973). Spawning proximities include near shore areas around tributary mouths
(TVA 1979), sloughs, and weedy areas (Martin 1964). Temperature during spawning ranges between 1523 °C (Kay et al. 1994). Eggs are up to 2.2 mm, demersal, and adhesive (Wrenn and Grinstead 1971).
Spawning locations for Bigmouth Buffalo occurs in tributary streams, shallow lakes, ditches, flooded
littoral areas (Burr and Warren 1986; Pflieger 1997), and in the Missouri River Bigmouth Buffalo were
found to spawn in quiet, shallow backwaters (Pflieger 1997). Bigmouth Buffalo spawning occurs in
temperatures ranging from 14.4-20 °C (Kay et al. 1994), eggs are adhesive (Burr and Heidenger 1983),
and average 2 mm (Yeager and Baker 1982).
According to Yeager (1936), Black Buffalo spawned along flooded vegetation, logs, and bushes. Black
Buffalo eggs are demersal, adhesive (Yeager 1936) and average 2.2 mm in diameter (Yeager and Baker
1982). Piller et al. (2003) documented Black Buffalo migrating to and spawning in a small tributary
stream of a Tennessee reservoir.
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Table 19. Distribution and abundance of Smallmouth, Bigmouth, and Black Buffalo in the Upper
Mississippi River modified from Steuck et al. (2010).
Pool
1
2
3
4
5
5A
6
7
8
9
10
11
12
River
Reach
201
195
175
150
125

Smallmouth Bigmouth Black
Smallmouth Bigmouth Black
Pool
Buffalo
Buffalo Buffalo
Buffalo Buffalo
Buffalo
R
O
R
13
C
C
U
O
O
R
14
C
C
R
O
O
0
15
C
C
R
C
O
R
16
C
C
R
C
O
H
17
C
C
R
C
O
H
18
C
C
U
C
O
R
19
C
C
U
C
O
R
20
C
C
U
C
O
R
21
C
C
U
C
O
R
22
C
C
O
C
O
R
24
C
C
O
C
O
R
25
C
C
C
C
C
U
26
C
O
O
Smallmouth Bigmouth Black River Smallmouth Bigmouth Black
Buffalo
Buffalo Buffalo Reach Buffalo
Buffalo Buffalo
C
C
O
100
C
C
O
C
O
O
75
C
O
O
C
O
O
50
C
O
O
C
O
O
25
C
O
O
C
C
O

R – Considered to be rare. Some species in this category may be on the
verge of extirpation.
O – Occasional, occasionally collected, not generally distributed, but
local concentrations may occur
C – Common, commonly taken in most sample collections; can make up
large portion of some samples
H – Historic, records of occurrence are available, but no collection have
been documented in the last 10 years
U – Uncommon, does not usually appear in sample collections,
populations are small, but do not appear to be on the verge of
extirpation.
Age, Growth, and Size at Maturity
Smallmouth, Bigmouth, and Black Buffalo can weigh up to 23 kg, 36 kg, and 18kg respectively (Kay et
al. 1994). However, a recent state record Black Buffalo was caught in Missouri which weighed over 33
kg. The following ages and lengths were recorded for Smallmouth Buffalo by Paukert (1958): age-1 - 51
mm, age-2 96 mm, age-3 128 mm, age-4 – 150 mm, age-5 – 169 mm, age-6 – 194 mm, age-7 – 205 mm,
and age-8 – 218 mm. Smallmouth Buffalo collected and aged by the Missouri Department of
Conservation Big Rivers and Wetlands Field Station and Southeast Missouri State University revealed a
maximum age of 39 years (Love et al. 2015). Researches collected 125 Smallmouth Buffalo and aged by
otolith aging techniques (Love et al. 2015) (Figure 66). These fish were found to be 2-39 years in age and
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ranged from 333 mm to 750 mm (Love et al 2015) (Figure 66). In a study by Paukert and Long (1999),
Bigmouth Buffalo were found to live as old as 26 years old. Other literature also states that Bigmouth
Buffalo live up to 20 years (Hugg 1996). Black Buffalo have been reported to live up to 24 years (Quinn
2001).
Sexual maturity in Smallmouth Buffalo occurs by ages 2-9 for males and 2-11 for females (Kay et al
1994). Other studies have observed males maturing by 400-411 mm and females by 425-450 mm (Wrenn
1968; Hoyt 1976). Bigmouth Buffalo sexual maturity differs with latitude among populations. Maturity is
reached by age-1 for males and age-2 for females in the southern U.S. (Swingle 1957; Brady and Hulsey
1959). In South Dakota, males reach maturity by age-8 and females by age-10 (Walburg and Nelson
1966). Most males are mature by 379 mm in Florida and females by an average of 375 mm (Shields 1957
Johnson 1963). Less is known about Black Buffalo age and size at maturity. They are mature by age-2 in
the southern U.S. (Kay et al. 1994).

Life History
There is no known massive migration of these species, but smaller scale movement may occur (Kay et al.
1994). Smallmouth Buffalo are known to migrate in the late-winter/early spring as well upstream in the
spring for spawning (Kay et al. 1994). In Pool 2, tagged Smallmouth Buffalo have only been observed in
the same Pool and most have only made minor migrations from their original tagging location. Both
Bigmouth Buffalo and Smallmouth Buffalo show a high degree of site fidelity to spawning sites (John
Waters, MN DNR, personal communication). Smallmouth Buffalo are typically found over finer
substrates compared to the Bigmouth and Black Buffalo (Jester 1973) and they are also the most common
Ictiobus species in the UMR encountered in Long Term Resource Monitoring (LTRM) fish collections.
Smallmouth Buffalo are less likely to venture out of the main river than are the other two buffalo species
(Trautman 1981). Bigmouth Buffalo may move into tributary streams to spawn (Burr and Warren 1986;
Pflieger 1997). They are found in deep pools, channels, and backwaters of streams, rivers, reservoirs, and
lowland lakes (Burr and Warren 1986; Pflieger 1997). Bigmouth Buffalo will school and are often found
in the mid-water column and near the bottom (Pflieger 1997). Bigmouth Buffalo often occur in quieter
waters (Etnier and Starnes 1993) and also tolerate higher turbidity (Pflieger 1997) more than the other two
buffalo species. In Pool 2, tagged Bigmouth Buffalo have been observed to move over 150 miles in less
than 9.5 months up a major tributary; however, most individuals were found within the same Pool (John
Waters, MN DNR, personal communication). Black Buffalo occur in stronger currents than the other two
species (Pflieger 1997). In the Mississippi River, they are also more common downstream of the
Missouri River confluence in the un-impounded section of the river (Pflieger 1997). In a Tennessee
stream, Black Buffalo have been documented spawning as a potential adaptation to reservoir conditions
(Piller et al. 2003).
Diets of the three buffalo species substantially differ. Smallmouth Buffalo are opportunistic bottom
feeders that consume organisms such as small crustaceans, insect larvae, and algae (Pflieger 1997).
McComish (1967) found that young-of-year Smallmouth Buffalo consumed mostly copepods and
cladocerans, and sub-adults and adults consumed mostly copepods, algae, and insects (mostly
chironomids). Bigmouth Buffalo are more of a planktivore than the Smallmouth and Black Buffalo. In a
South Dakota Lake, Starostka and Applegate (1970) found Bigmouth Buffalo young-of-year consumed
zooplankton with 91% Crustacea (Copepods and Cladocerans) and 9% rotifers. Sub-adults and adults
were found to consume 98% crustacea (Copepods and Cladocerans). Starostka and Applegate (1970) also
found that Bigmouth Buffalo to be an indiscriminate planktivore, where juveniles consumed small
benthic organisms such as Tendipedidae larvae, whereas adults consumed mostly daphnia . Like the
Smallmouth Buffalo, Black Buffalo are bottom feeders but tend to feed deeper (Pflieger 1997). Corbicula
clams, small crustaceans, and algae are among items consumed by the Black Buffalo (Pflieger 1997).
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Survival
Buffalo species can tolerate a number of environmental conditions. Smallmouth Buffalo can tolerate
turbidity greater than 100 JTU, but growth is better in clearer waters (25-100 JTU) (Trautman 1957;
Pflieger 1975; Willis 1978). Smallmouth Buffalo have been found in water temperatures ranging from
17-34 °C (Edwards and Twomey 1982). Smallmouth Buffalo may have less tolerance to low dissolved
oxygen than Common Carp (Edwards and Twomey 1982). Salinity tolerances are probably similar to that
of the Bigmouth Buffalo (Edwards and Twomey 1982). Bigmouth Buffalo prefer low current velocity
(Schmulbach et al. 1975) but are able to tolerate habitats with high current velocity (Kallemeyn and
Novotny 1977). Bigmouth Buffalo adapt well to reservoirs, but their abundances eventually decline due to
water level fluctuations and degradation of littoral environments (Edwards 1983). They also tolerate high
levels of suspended solids, sediment (Trautman 1957; Johnson 1963; Muncy et al. 1979) and also tolerate
turbidity greater than 100 ppm (Walburg and Nelson 1966). A pH of 6.5-8.5 is assumed to be the
optimum pH for Bigmouth Buffalo (Edwards 1983). Bigmouth Buffalo prefer temperature 31-34 °C
(Gammon 1973) but have been found in temperatures up to 38 °C (Edwards 1983). Salinity tolerance for
Bigmouth Buffalo is up to nine parts per thousand (Edwards 1983). Eggs will develop in temperatures up
to 26.7° C (Swingle 1954). Specific dissolved oxygen requirements for Bigmouth Buffalo are unknown.
Little is known of the survival ability of the Black Buffalo; however it may be similar to the other two
species, and all three species of buffalo may be negatively impacted by competing Asian Carp species.

Relative Importance to the Fishery
All three buffalo species are important to not only the river ecosystem by their niches they occupy, but
also important to the large commercial fishery on the UMR. Buffalo are the second most harvested group
of fish in the UMR (Figure 67) from 2000-2012 (Trip et al. 2014). Thousands of kilograms of buffalo
have been harvested in the UMR annually in the last half century (Figure 68; McMullen 2014). Long
Term Resource Monitoring data reveals the relative abundance of these species in the Upper Mississippi
River field stations (Figure 69, Figure 70, and Figure 71). From the Upper Mississippi River from 19532012, all three species of Buffalo combined for no less than 1.3 million pounds and reached a maximum
of 3.5 million pounds harvest by commercial fishermen. The value of this fishery has fluctuated over time
but has been consistently increasing (Figure 72 and Figure 73; Table 20).
From 2001-2005 in the Upper Mississippi and tributaries, commercial harvest in pounds was primarily
Buffalo (which contributed 27% to the total harvest), followed by Silver and Bighead Carp, Common
Carp, and Catfish. Over this period, Buffalo, Suckers, Redhorse, and Carpsucker harvest averaged 3.5
million pounds, 34.6% of the total commercial harvest in pounds, or $1.2 million, 29.4% of the total
commercial fishing value (U.S. Army Corps of Engineers, 2012).

Management Considerations
Currently, there is no evidence that stricter regulations need to be implemented for buffalo species over
the extent of their range; however, in some areas Buffalo commercial harvest may require more extensive
management. Two other threats to Ictiobus species are habitat degradation and competition with
invasive/non-native species such as Bighead Carp, Common Carp, Grass Carp, and Silver Carp. These
factors should be taken into consideration when regulation decisions are made for these species.
No regulations are in place at this time. Some state agencies are beginning to review data to determine if
these species warrant further scrutiny, particularly with commercial harvest of these species (Dan
Dieterman, MN DNR, personal communication)
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Figure 66. Age (years) and mean length (cm) of Smallmouth Buffalo in the Middle
Mississippi

Figure 67. Commercial harvest (total pounds) of four groups of fish from the Missouri
portion of the Upper Mississippi River.
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Figure 68. Commercial buffalo harvest (kilograms; kg) in the Missouri Portion of the Upper
Mississippi River.
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Figure 69. Twenty-two year trends in mean catch per unit effort (circles) of Bigmouth Buffalo for
day electrofishing in side channel border stratum in the LTRM from 1993-2015.
Note: Twenty-two year medians are expressed as solid lines and 10% and 90% percentiles, dashed lines.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 70. Twenty-two year trends in mean catch per unit effort (circles) of Smallmouth Buffalo for
large hoop netting in main channel border unstructured stratum in the LTRM from 1993-2015.
Note: Twenty-two year medians are expressed as solid lines and 10% and 90% percentiles, dashed lines.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 71. Twenty-two year trends in mean catch per unit effort (circles) of Black Buffalo for day
electrofishing in side channel border stratum in the LTRM from 1993-2015.
Note: Twenty-two year medians are expressed as solid lines and 10% and 90% percentiles, dashed
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 73. Reported commercial harvest for all buffalo species in the UMR from 1953-2012
from Illinois, Missouri, Iowa, Wisconsin, and Minnesota. Harvest, in pounds, has
experienced annual variations; however, harvest has remained relatively consistent.

Figure 72. Reported value of commercial harvest for all buffalo species in the UMR from
1953-2012 from Illinois, Missouri, Iowa, Wisconsin, and Minnesota.
Note: Harvest, in value, has experienced annual variations; however, value has consistently
increased over time.
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Table 20. Commercial Harvest of Buffalo from the Upper Mississippi River, 1953-2012.
Date
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Total
Catch
1,344,920
1,831,149
2,087,570
2,074,176
1,842,025
2,074,189
3,220,548
2,904,353
2,288,734
2,354,448
2,200,466
2,438,414
2,429,962
2,583,207
2,683,179
2,400,153
2,670,724
3,149,696
2,717,865
2,982,539
2,558,645
2,535,961
2,193,299
2,522,168
2,401,460
2,786,828
2,497,710
2,309,685
2,604,875
2,262,206

Total
Price ($) /
Value ($)
Pound
$0.14
$186,863
$259,259
$0.14
$0
$0.00
$0.13
$267,056
$221,151
$0.12
$0.12
$244,754
$483,082
$0.15
$319,479
$0.11
$238,112
$0.10
$240,263
$0.10
$214,724
$0.10
$253,595
$0.10
$238,172
$0.10
$284,156
$0.11
$348,813
$0.13
$0.14
$336,021
$344,523
$0.13
$503,951
$0.15
$407,680
$0.15
$536,857
$0.18
$412,045
$0.16
$424,145
$0.17
$416,727
$0.19
$529,964
$0.21
$504,307
$0.21
$557,329
$0.20
$518,194
$0.20
$488,265
$0.21
$0.23
$577,692
$509,462
$0.23
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Date
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Total
Catch
2,383,062
2,361,803
2,248,745
2,659,200
3,152,273
3,162,057
2,921,751
3,000,286
2,913,338
3,306,616
3,158,156
2,835,727
3,158,186
3,345,895
3,514,680
3,317,799
2,986,952
2,709,538
3,213,901
3,139,742
2,848,662
2,732,385
2,416,800
2,614,582
2,592,769
2,953,527
3,054,904
2,780,929
2,482,540
2,483,642

Price ($) /
Total
Pound
Value ($)
$0.21
$500,039
$0.21
$495,978
$472,239
$0.21
$558,415
$0.21
$0.22
$693,639
$0.20
$645,060
$543,818
$0.19
$0.21
$644,445
$0.21
$623,454
$0.22
$686,059
$736,219
$0.24
$0.20
$580,100
$671,086
$0.21
$738,496
$0.21
$774,708
$0.21
$744,752
$0.22
$0.22
$677,635
$574,192
$0.21
$704,959
$0.21
$665,625
$0.21
$609,614
$0.21
$614,655
$0.22
$557,470
$0.22
$634,105
$0.25
$616,244
$0.23
$740,336
$0.26
$815,762
$0.27
$698,944
$0.25
$681,050
$0.30
$829,359
$0.30
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Brown, Black, and Yellow Bullhead (Ameiurus spp.)
Melvin C. Bowler
Levi E. Solomon and Melvin C. Bowler
Introduction
The catfish family (including
the bullheads) has historically
been a very popular group of
fishes with anglers, and they are
relatively abundant throughout
the Upper Mississippi River
region (UMR). They are one of
a very few families of fishes to
have both commercial and sport
fish species. Many young
anglers first fish may have been
a bullhead; however many old
timers have spent a considerable
amount of time pursuing these
little whiskered critters.

Table 21. Distribution and abundance of Black, Yellow, and Brown
Bullhead in the Upper Mississippi River modified from Steuck et al.
(2010).
Black
Bullhead
1
U
2
U
3
U
4
U
5
U
5A
U
6
U
7
U
8
U
9
U
10
U
11
U
12
O
River Black
Reach Bullhead
201
H
195
H
175
H
150
H
125
H
Pool

Yellow
Bullhead
U
U
U
U
O
O
O
O
O
O
O
O
O
Yellow
Bullhead
H
0
H
H
H

Brown
Black Yellow Brown
Pool
Bullhead
Bullhead Bullhead Bullhead
U
13
O
O
R
U
14
O
U
H
U
15
O
0
0
R
16
O
U
0
U
17
O
U
H
U
18
O
U
H
U
19
O
U
H
U
20
R
R
0
U
21
R
R
0
U
22
R
0
0
U
24
R
U
0
R
25
R
U
0
0
26
U
U
R
Brown River Black Yellow Brown
Bullhead Reach Bullhead Bullhead Bullhead
0
100
H
H
0
0
75
H
H
0
H
50
H
H
H
0
25
H
H
H
0

There are three species of
bullheads found in the UMR.
Physical characteristics for
bullheads have been described
by Pflieger (1997). The Black
Bullhead (Ameiurus melas
Rafinesque) is probably the
most widely distributed species,
spread across the five UMR
states (Illinois, Iowa,
Minnesota, Missouri, and
Wisconsin). It is normally dark
olive to black in color with a
H – Historic, records of occurrence are available, but no
white belly and dark colored
collection have been documented in the last 10 years
barbels. The anal fin has 17 to
R – Rare, considered to be rare
20 rays and the pectoral spine is
weakly barbed. Nearly as
U – Uncommon, does not usually appear in sample collections,
widespread as the Black
populations are small, but the species in this category do not
Bullhead, the Yellow Bullhead
appear to be on the verge of extirpation
(A. natalis LeSueur) is light
O – Occasional, occasionally collected, not generally distributed,
olive-brown to yellow on top,
and local populations may occur.
with white or cream belly and
light colored barbels or chin whiskers. There are 24 to 27 rays in the anal fin. Distributed throughout
Iowa, Minnesota, and Wisconsin but mostly restricted to large rivers or specific habitats in Illinois and
Missouri, the Brown Bullhead (A. nebulosus LeSueur) is olive to brown with dark mottling on the sides,
fading to white or cream beneath. The barbels are dusky to black. There are numerous barbs that form a
serrated backside of the pectoral fin spines and the anal fin contains 20 to 24 fin rays.
All three bullhead species are described in the literature as being very similar: growing to comparable
sizes, having similar distributions, and sharing similar life history. Additionally, literature on certain
aspects of the life history and associated habitats of all three species is lacking in the UMR.
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Distribution and Abundance
All three species of bullheads occur throughout the UMR, are commonly found in a variety of habitats,
and have been sampled by the Upper Mississippi River Restoration (UMRR) Program’s Long Term
Resource Monitoring (LTRM) element since 1993. Long Term Resource Monitoring data from 1993–
2015 reveals over 80% of the three species of bullheads in Pools 4 and 8 and over 90% in Pools 13 and 26
are caught in backwater lakes or from the impounded portions of the UMR. The Open River field station
has collected few bullheads since 1993. The lack of abundance of bullheads in this unpooled reach of the
river is not surprising, given the lack of backwaters and habitats with low current velocities. Long Term
Resource Monitoring data also suggests bullheads, overall, are not very abundant anywhere in the UMR.
From this dataset, the Yellow Bullhead is numerically the most prevalent bullhead species in the UMR,
followed by the Black Bullhead and Brown Bullhead, and fyke netting in contiguous backwaters
constitutes the majority of adult bullhead catches.
The Black Bullhead is distributed nearly statewide across Illinois, Iowa, Minnesota, Missouri, and
Wisconsin (Smith 1979; Becker 1983; Pflieger 1997; IA DNR Online Database; MN DNR Online
Database) and can occur in almost all available aquatic habitats; however it is more common in pools,
backwaters, and other areas lacking swiftly flowing water. The Black Bullhead is generally the most
abundant of the three bullhead species and commonly found throughout the five UMR states. Black
Bullhead distribution in the UMR (Steuck et al. 2010) is contained in Table 21. The LTRM element has
collected Black Bullhead on all six study reaches of the UMR, with most collections coming from
backwater and impounded areas. Since 1993, fyke netting in the La Grange Pool has yielded the highest
abundances of Black Bullhead of the six LTRMP study reaches (Figure 74).
The Black Bullhead has experienced a general decline in the UMR from 1993-2015, with the exception of
Pool 4. Smith (1979) reported possible decimation of Black Bullheads from the early 1900’s in the state
of Illinois, while Becker (1983) reported a much wider distribution than in the 1920’s in Wisconsin.
The Yellow Bullhead is distributed nearly statewide across Illinois, Iowa, Minnesota, Missouri, and
Wisconsin (Smith 1979; Becker 1983; Pflieger 1997; IA DNR Online Database; MNDNR Online
Database). Yellow Bullheads occur in habitats similar to Black Bullhead, however, Yellow Bullheads
prefer clearer water and are more common in streams and flowing water, yet also avoid swiftly flowing
waters. The species was generally not as abundant as Black Bullhead (Smith 1979; Becker 1983; Pflieger
1997; Steuck et al. 2010; IA DNR Online Database) and their distribution throughout the UMR can be
found in Table 21. However, LTRM data reveals the Yellow Bullhead has been slightly more prevalent
than the Black Bullhead in the six LTRM study reaches of the UMR (Figure 74 and Figure 75). Similar
to Black Bullheads, most Yellow Bullheads sampled by the LTRM are collected from contiguous
backwaters and impounded areas. Interestingly and in partial contrast to Black Bullhead, Yellow
Bullhead catch/unit-effort (CPUE; 1993-2015) is increasing in Pools 4, 8, and 13 while declining in Pool
26, and the La Grange Pool (Figure 75). Smith (1979) reported a potential increase in the distribution of
Yellow Bullhead throughout Illinois from the early 1900’s.

156

Figure 74. Catch per-unit-effort of Black Bullhead via fyke netting in contiguous backwaters in the
six UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
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Figure 75. Catch per-unit-effort of Yellow Bullhead via fyke netting in contiguous backwaters in the
six UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
The Brown Bullhead is not distributed statewide across the five UMR states. Instead it occurs throughout
much of Minnesota, sporadically across Iowa and Wisconsin, and only in large rivers and a few selected
habitats in Illinois and Missouri (Smith 1979; Becker 1983; Pflieger 1997; IA DNR Online Database; MN
DNR Online Database). Brown Bullheads occur in habitats similar to Black Bullheads and Yellow
Bullheads, but often prefer clearer waters and aquatic vegetation (Smith 1979; Pflieger 1997). Brown
Bullheads appear to be the least abundant of the three bullhead species in the UMR (Smith 1979; Becker
1983; Pflieger; 1997; Steuck et al. 2010; IA DNR Online Database) outside of the Illinois River, which
also has considerably higher abundances of all three species of bullheads than the rest of the UMR.
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Distribution of Brown Bullheads can be found in Table 21. Similar to Yellow Bullhead, Brown
Bullheads are increasing in Pools 4, 8, and 13 while declining in Pool 26 and the La Grange Pool (Figure
76). Similar to Black Bullheads, Smith (1979) reports possible declines in abundance throughout Illinois.

Figure 76. Catch per-unit-effort of Brown Bullhead via fyke netting in contiguous backwaters in the
six UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
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Reproduction
Harlan et al. (1987) and Simon and Wallus (2004) have described the fecundity, timing of spawns, and
breeding habits of bullhead species. Fecundity varies depending on species and size of the female: Black
Bullhead egg production ranges from 2,500-5,500 eggs/female; Yellow Bullhead 1,650-7,000; and Brown
Bullhead 2,000-13,000 (Simon and Wallus 2004). Most bullheads spawn from April to June, with the
Brown Bullhead spawning a little earlier than the other two species. Nests are constructed in mud or sand
in 2-4 feet of water and often near cover or structure (Simon and Wallus 2004). Nests range from 6-14
inches in diameter up to 10 inches deep. Bullhead eggs hatch in about 5–10 days, and they are guarded
by both parents during the incubation period. Parents continue to guard the tightly clustered school for
several weeks after hatching.

Age, Growth, and Size at Maturity
Studies have shown most bullheads generally live 5-7 years, with the Black Bullhead generally not living
past age-5; however ages of 10 or more are attainable (Becker 1983; Pflieger 1997; Hrabik et al. 2015).
Upper Mississippi River bullhead growth is fairly rapid, because of favorable space and food conditions.
Growth in the first year of life for bullheads ranges from 2–5 inches (Simon and Wallus 2004). Weights
of two pounds or more are achieved by all species, but average weights are considerably less. Studies
focusing on growth rates, length at age, and age structure of all bullhead species are lacking for existing
river populations. Sexual maturity may be reached at age-2, but it is usually reached during the third year
of life at sizes of 5-10 inches for most bullheads (Simon and Wallus 2004); however, average age or
length at maturity has not been determined for existing river populations.

Life History
Young bullheads remain in tight schools guarded by parents for several weeks following hatching, and
schooling behavior can continue throughout the first summer of life (Simon and Wallus 2004). All
bullhead species, especially the Black Bullhead, are essentially omnivorous. The extent of omnivory
depends upon the availability of preferred food, and food items can range from crustaceans, zooplankton,
fishes, and a variety of macroinvertebrates (Simon and Wallus 2004). Young Black Bullheads up to oneinch in length feed heavily on small crustaceans (Forney 1955). A varied assortment of bottom organisms
forms a substantial part of the adult diet. Documentation of bullhead movements in the river is scarce, but
it is suspected that little movement occurs out of preferred local areas. Similar to movement patterns,
specific life history details of all three bullhead species on the UMR are lacking in the literature.

Survival
All three bullhead species (especially Black Bullheads) are considered hardy species, and tolerant of low
dissolved oxygen, low pH, and high salinity (Becker 1983; Pflieger 1997). Pflieger (1997) reported the
Black Bullhead occurs in habitats with a lack of fish species diversity, and can favor habitats only
occupied by a few other tolerant species. These physical tolerances, combined with favorable
reproductive capacity, extensive parental guarding of the young, omnivorous feeding, and relatively high
growth rates on the UMR, confirm that the bullheads deserve their reputation as hardy fish species.

Relative Importance to the Fishery
Bullheads have been a significant part of the commercial fishery since the Upper Mississippi River
Conservation Committee (UMRCC) began keeping harvest records in the early 1950’s. Historically (and
currently) all bullhead species have been lumped together as one species “bullhead” in the UMRCC
commercial harvest database. Bullheads formally ranked from 5th to 6th in total pounds harvested for the
overall Mississippi River commercial fishery (Kline and Golden 1979), and catches have varied over the
60 years where data exists (UMRCC Commercial fishing data; Table 22 and Figure 77). Bullhead
catches reached their peak in the mid 1960’s through the late 1970’s, with a high of 135,545 lbs. in 1974.
Beginning in the early 1980’s, bullheads began a steep decline that continued through the early 2000’s,
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reaching a low of 4,965 pounds in 1997. In 1999, the total UMR commercial harvest of bullheads in
Iowa was at a thirteen year low, with only 665 pounds harvested (Boland and Jones 2000). Catches
recovered slightly from the mid-2000’s to the present, but harvest remains far below catches observed
from the late 1950’s - 1990’s. It is important to note the number of commercial UMR fishermen has
decreased greatly over time. Although the reported commercial harvest of bullheads has decreased in the
UMR since the 1980’s, so have the number of commercial licenses issued. Regression analysis of this
data show the rate of decrease for both is statistically significant (P < 0.0001). Additionally, other factors
(i.e., market dynamics, demand, price per pound, location of markets, and using unique fishing methods
to target bullheads) have played a role in the decline of the bullhead fishery on the UMR (Krogman et al.
2011).

Management Considerations
Despite favorable reproductive capacity, extensive parental guarding of the young, omnivorous feeding,
and the ability to survive during adverse physical conditions, bullhead populations have been declining
long-term in the UMR, despite the increasing trend in the upper LTRM study reaches. Published
literature and life history studies of all three bullhead species on the UMR and in the five states is lacking,
despite bullheads being commercially and recreationally viable. All three bullhead species are excellent
food fishes, despite negative stereotypes that may exist among some anglers and fish consumers. In
Missouri, Black Bullheads provide a recreational fishery in places where few fishing prospects would
otherwise exist (Pflieger 1997) and, due to similar life history traits, Yellow and Brown Bullheads likely
provide similar angling opportunities. Becker (1983) also describes the bullhead fishery as “valued by
many fisherman” and notes that Black Bullheads are also used as bait when targeting larger catfishes. In
speaking of the Black Bullhead, G. W. Peck (Becker 1983) summarized: “There is a species of fish that
never looks at the clothes of man who throws in the bait, takes whatever is thrown to it…..It is a fish that
is a friend of the poor and one that will sacrifice itself in the interest of humanity. That is the fish that the
state should adopt as its trade-mark and cultivate friendly relations with and stand by”. All being said, the
peculiar local significance of the bullhead fisheries in the UMR merit further studies.
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Table 22. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
the three bullhead species combined, 1947 - 2014.
Date
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

Total
Catch (lbs)
0
0
0
0
0
0
20,340
48,450
41,941
33,653
47,744
49,707
77,256
90,982
99,058
93,526
94,320
107,166
92,937
124,646
91,420
100,828
83,559
67,784
81,585
120,055
135,545
97,039
78,871
80,883
84,901
125,464
116,858
88,959

Price ($) / Total No.
Total
Value ($)
Pound Fishermen
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$0
$0.00
0
$4,068
$0.20
1,523
$7,657
$0.16
2,098
$8,463
$0.19
2,093
$5,649
$0.17
2,132
$8,594
$0.18
2,396
$8,649
$0.17
2,887
$13,906
$0.18
2,455
$14,717
$0.16
2,259
$13,274
$0.13
2,244
$13,655
$0.15
2,210
$15,468
$0.16
2,012
$15,432
$0.14
1,690
$12,268
$0.13
1,652
$17,201
$0.14
1,926
$12,799
$0.14
1,778
$15,124
$0.15
1,952
$12,199
$0.15
2,049
$10,168
$0.15
2,010
$11,422
$0.14
2,358
$19,209
$0.16
2,247
$23,311
$0.17
2,398
$18,631
$0.19
2,349
$15,774
$0.20
2,533
$16,993
$0.21
2,505
$17,829
$0.21
2,271
$30,111
$0.24
1,995
$24,793
$0.24
2,163
$24,505
$0.28
2,355
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Date
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Total
Catch (lbs)
91,645
66,013
72,010
65,266
76,058
70,223
98,997
105,836
91,485
66,224
65,180
26,975
17,987
16,273
8,105
7,544
4,965
8,455
11,921
5,830
7,936
5,163
6,192
16,550
24,658
21,949
36,341
26,226
28,241
30,332
25,952
8,520
0
0

Total
Price ($) / Total No.
Value ($)
Pound Fishermen
$19,424
$0.28
1,563
$14,970
$0.23
1,935
$16,385
$0.23
1,304
$17,622
$0.27
1,533
$22,057
$0.29
1,082
$15,800
$0.23
1,046
$29,696
$0.30
1,513
$24,871
$0.24
1,139
$18,114
$0.20
1,104
$10,464
$0.15
852
$14,340
$0.22
935
$3,779
$0.22
1,101
$3,712
$0.17
1,037
$3,227
$0.21
982
$1,437
$0.20
923
$1,441
$0.17
980
$1,118
$0.25
774
$1,370
$0.30
753
$2,498
$0.27
798
$2,055
$0.35
716
$2,539
$0.31
712
$1,497
$0.29
730
$1,981
$0.32
729
$4,774
$0.54
724
$7,149
$0.39
705
$6,399
$0.38
697
$8,727
$0.27
0
$7,260
$0.30
0
$8,418
$0.32
0
$6,822
$0.23
0
$7,937
$0.23
0
$3,196
$0.56
0
$0
$0.00
0
$0
$0.00
0

Figure 77. Reported commercial harvest (and harvest trends) of bullhead species in Pools 3-26, and
the number of commercial licenses (and license trends) issued for the UMR, 1953-2012.
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Channel Catfish (Ictalurus punctatus)
John Pitlo, Ken Brummett, and Mark Endris
Updated by Levi Solomon and Nicholas Schlesser
Introduction
Channel Catfish are common throughout the Upper Mississippi River
System (UMRS) and can be caught in nearly every habitat found from
Pool 1 south to the confluence of the Mississippi and Ohio Rivers at
Cairo and within most major tributaries, including the entire Illinois
River. Highly sought by anglers, Channel Catfish are targeted with a
variety of baits and are often taken as bycatch by anglers targeting
Blue Catfish (Ictalurus furcatus), Flathead Catfish (Pylodictis
olivaris), or any of our native bullheads (Ameiurus spp.). In many
areas of the more southern reaches of the UMRS and within the lower
Illinois River Channel Catfish are often the most targeted recreational
fish species. Channel Catfish are also highly sought after by
commercial fishermen, often yielding the most money per pound of
fish (excluding caviar).
Channel Catfish look similar to Blue Catfish but can easily be
distinguished by the presence of dark spots and the rounded outer
margin of their anal fin (Blue Catfish lack spots and have a straight
margin on the anal fin) (Pflieger 1997). In addition, Blue Catfish
have a “raised” dorsal fin and a steep slope from the dorsal fin to the
head while a Channel Catfish has a substantially less slope (Pflieger
1997). Channel Catfish are generally tan to brown in color on their
dorsal side with a white underside. Breeding males can often develop
a deep blue coloration and are often confused with Blue Catfish;
however, these breeding males also have enlarged upper and lower
lips that still distinguish them from true Blue Catfish. Channel
Catfish can reach up to 25-30 lbs. within the UMRS, but most
specimens are under 10 lbs.

Distribution and Abundance
Channel Catfish are distributed through the entire UMRS and
throughout most of the major tributaries within the system (Smith
1979, Becker 1983, Pflieger 1997, IA DNR Online Database,
MNDNR Online Database). They are common or abundant in every
pool within the UMRS (Table 23) and are also commonly collected
throughout the Illinois River (DeBoer et al. 2018). Channel Catfish
can be found in all major strata of the UMRS (main channels, side
channels, backwaters, impounded areas, and tailwater zones of lock
and dams) and have been collected regularly by the Upper Mississippi
River Restoration (UMRR) Program’s Long-Term Resource
Monitoring (LTRM) element since 1993 (Figure 78 and Figure 79).

Table 23. Distribution and
abundance of Channel Catfish
in the Upper Mississippi River
modified from Steuck et al.
(2010).
Channel
Channel
Pool
Pool
Catfish
Catfish
1
C
13
A
2
C
14
A
3
C
15
A
4
C
16
A
5
C
17
A
5A
C
18
A
19
A
6
C
7
C
20
C
8
C
21
C
9
A
22
C
24
C
10
A
11
A
25
C
A
12
A
26
River Channel River Channel
Reach Catfish Reach Catfish
100
A
201
C
195
C
75
A
175
C
50
A
150
C
25
A
125
C

A – Abundantly taken in
all river surveys.
C – Common, commonly
taken in most sample
collections; can make
up large portion of
some samples

Reproduction
Spawning in the UMRS usually takes place between May and July when water temperature approaches
65-75°F (Smith 1979, Becker 1983, Pflieger 1997, IA DNR Online Resource). Often there are two peaks
during the spawning period as evidenced by a bi- modal length-frequency distribution of young-of-theyear (YOY) Channel Catfish sampled in July and August (Pitlo 1999). Changes in water temperature
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during the spawning period directly influenced spawning intensity (Helms 1975). Several weeks prior to
spawning, the male catfish selects and cleans out a nest site. These sites are generally secluded, semi-dark
(Marzolf 1959), and well protected. Natural sites include cavities around log or drift piles, inside hollow
logs, stumps or root wads, undercut banks, or muskrat and beaver burrows. Additional spawning sites
include underwater rip-rap and rock bank protection. In the river these areas are often located in moderate
to fairly swift water. Eggs are deposited in the bottom of a nest as a gelatinous mass having the
appearance and consistency of a large golden mound of tapioca (Davis 1959). Eggs hatch in about six to
ten days and the male tends the nest during this period. Fry remain around the nest for about a week,
guarded by the male, and then disperse. Egg counts vary greatly depending on the female’s size. Ovaries
collected from 0.77 to 6.65-lb females yielded counts that ranged from 5,168 to 31,450 eggs. The overall
average was 6,088 eggs/lb. of fish body weight, with a standard deviation of 1,858 (Helms 1975).

Figure 78. Catch per unit effort of Channel Catfish via small hoop netting in unstructured main
channel border habitats (no wing dams) in the six UMRR-LTRM study reaches of the Upper
Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
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Figure 79. Catch per unit effort of Channel Catfish via small hoop netting in side channel border
habitats in the six UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Age, Growth and Size at Maturity
Channel Catfish often live up to age-10 throughout most of the UMRS and occasionally reach age-15
(Table 24). Past studies on the UMRS summarized in Table 24 indicate growth variations between mean
lengths at age within the wide spatial and temporal scales. For example, mean lengths of age-3 Channel
Catfish in the 2010’s range from 9.9 inches in Pool 2, to 11.4 and 13.4 inches in the pools of the Illinois
River in 2017 and 2018, respectively. Additionally, though no detailed analysis was done, mean length at
age found in the 1950’s and 1970’s closely match mean lengths at age found in the 1990’s for several
younger age groups, although older fishes reported by Appelget and Smith (1951) generally reached
larger sizes than most other fishes of the same age classes reported in Table 24.
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93

501

202

86
129
249
172
94
76
46
206
150
117
56
107
110

173

204

522
110

6.9

6.1

–

–

4.4
4.1
–
–
4.1
3.6
3.5
–
–
3.8
5.2
3.6
3.6

–

–

1
3
2.6
3.7
4.4
3.5

10

11.4

7

–

7.7
7
6.7
6.4
6.6
7.6
7.5
6.7
7.2
7.2
7.4
6.5
6.5

7

–

2
6.3
5.9
7.3
7.7
7.7

13.4

14.7

11.3

9.9

10.8
9.3
8.3
7.6
9.2
9.5
9.7
9.3
10.6
9.5
–
8.9
8.9

9.2

8

3
9.1
8.3
10.4
10.3
10.9

15.3

16.4

15.6

11.1

13.1
11.1
10.7
9.4
11
11.2
12.1
11.4
13.9
11.4
10.2
10.5
10.5

11.7

11

4
11.7
10
12.9
13
13.1

16

18.5

17.6

13.5

15.5
12.8
12
12.9
13
13.6
–
13.4
14.7
12.8
11.7
11.9
11.9

14.7

13.7

5
14.2
10.8
13.4
14.6
15.4

17.7

20.3

18.6

15.3

18
14.5
13.7
14.8
14.7
15.5
–
14.6
16.7
14.8
14.5
12.9
12.9

17.2

15.4

6
16.6
12.4
17.6
15.9
–

18.8

22.4

19.5

17.3

20
16
16.1
17.4
15.8
17.5
–
16.4
17.7
16.3
16.2
14.5
14.5

20

18.2

7
19.1
–
–
–
–

20

24.5

20.7

19.1

–
18.1
19.1
19.3
16.4
19
–
17.9
18.2
17.5
17
15.9
15.9

21.1

20.1

Age
8
21.1
–
–
–
–

21.9

19.7

20.9

21.4

–
19.8
20.7
20.6
18
18.3
–
20.2
21.7
20
18.4
18
18

23

23.2

9
24
–
–
–
–

21.6

–

21

23.9

–
22
22.7
20.7
20.1
–
–
23.3
20.5
–
18
–
21

25.2

24.2

10
26.6
–
–
–
–

–

22.2

20.9

26.2

–
–
–
–
–
–
–
–
–
–
–
–
–

–

–

11
–
–
–
–
–

–

–

22.4

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–

–

12
–
–
–
–
–

–

–

21

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–

–

13
–
–
–
–
–

–

–

–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–

–

14
–
–
–
–
–

–

–

26.9

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–

–

15
–
–
–
–
–

n
535
316

130

Table 24. Average mean length at age of Channel Catfish from selected pools of the Upper Mississippi River System for age groups 1-15.
Note: LTEF=Long-term Survey and Assessment of Large-River Fishes in Illinois
Note: * samples collected and combined from all pools of the Illinois River

Appelget and Smith 1951
Harrison 1957
Helms 1975
Pitlo 1978
Pool 9, Pitlo 1992
Pool 8, 1993,
Endris 1999
Pool 9, 1993,
Endris 1999
Pool 11, 1993
Pool 16, 1994
Pool 8, 1995
Pool 9, 1995
Pool 18, 1995
Pool 9, 1996
Pool 10, 1996
Pool 8, 1997
Pool 9, 1997
Pool 11, 1997
Pool 24, Brummet 1995a
Pool 16, 1998
Pool 18, 1999
Pool 2, 2010 and 2012
combined, Stiras et al. 2013
Open River, Beultmann
and Phelps 2015
Illinois River*, Berry
and LTEF 2017
Illinois River*, Berry
and LTEF 2018
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Channel Catfish have also been shown to grow up to age-23 within Pool 2, however growth plateaus at
26-29” once individuals reach and exceed age-11 (Stiras et al. 2013). Channel Catfish in the St. Croix
River reach ages up to 22 and growth plateaus at 26-31” once individuals reach and exceed ages-10
(although samples sizes are small past age-11) (Stiras et al. 2013). Channel Catfish have been found to
exceed 25 lbs. and to reach lengths of 36 inches, however few individuals in the sport fishery exceed 10
lbs. Variables affecting growth include length of the growing season, water temperature, food availability,
and habitat conditions.
Channel Catfish begin to reach sexual maturity around age-4, when their total length nears 12 inches. At
13 inches, about 10% of the females are mature and 50% are mature at 15 inches (Helms 1975). At age-6,
about 75% of the population is sexually mature.

Life History
Young Channel Catfish can be captured by shore seining or trawling in the main channel and main
channel border habitat during the first year of life. Helms (1975) suggests that year classes are established
during the first month of life. Turbidity and water temperature are critical factors during egg incubation.
At later developmental stages, fry are more vulnerable to predation with increasing water clarity. Channel
Catfish may frequent all habitats of the river, although they are most frequently found in channels and
large open areas. During the day, Channel Catfish usually seek deeper water and cover, especially in
habitats with current. A rise in water level or the coming of darkness causes a movement into the shallows
to feed. Food is usually located by taste; catfish are not selective feeders and will consume a wide variety
of plant and animal materials including fish, mollusks, crayfish and insects. Diet studies in the Des
Moines River, a Mississippi River tributary, found Channel Catfish less than 4 inches in length fed almost
entirely on small insects, while larger fish ate a more varied diet of larger food items (Bailey and Harrison
1948).
Many state agencies collect Channel Catfish data using baited hoop nets, electrofishing, gill nets, trammel
nets, trawling, and trot lining with nightcrawlers. Routine agency sampling techniques often rely on
baited (soybean cake or cheese scraps) small hoop nets (2 ft diameter hoops, 3/4 inch to 1 1/4 inch bar
measure mesh, 7 hoops/net) set in main channel, main channel border and major side channels to collect
“fiddler” sized fish (7–12 inches in total length, ages 1-4) (Schoumacher 1965; Helms 1969; Helms 1975;
Pitlo 1979; Pitlo 1997; Holzer and Von Ruden 1985). Channel Catfish data are also often collected
during sturgeon spp. (Lake, Shovelnose, or Pallid Sturgeon) sampling throughout the UMRS as
commonly used gears also effectively collect Channel Catfish (gill nets, trot lines). Tagging studies
indicate a considerable amount of movement for some individuals, but most Channel Catfish are not
believed to stray far from the “home” pool (Hubley 1961). Studies on Channel Catfish inhabiting the
Wisconsin River and Pool 10 of the UMRS indicate considerable movement between tributary rivers and
the mainstem (Pellet et al. 1998; Fago 1999). Similar movements have been documented for radio tagged
Channel Catfish inhabiting the Turkey River, a tributary entering Pool 11 of the UMR (Gelwicks 2001).

Survival
Prior to 1984, there was a 13-inch minimum length limit for commercially harvested Channel Catfish in
Iowa waters of the UMRS. This resulted in severe cropping soon after fish reached the length limit and
led to over-exploitation (Schoumacher 1965; Helms 1969; and Pitlo 1979). During this period (1960’s–
1970’s) Channel Catfish mortality averaged 30% for every 1 inch of growth and annual mortality ranged
from 61–91% (Pitlo 1997), the majority of which was attributed to the commercial harvest (Helms 1969).
After the length limit change from 13 to 15 inches for commercially harvested fish in 1985, the percent of
catfish over 20 inches increased from 4% to 20% (Pitlo 1997). Additional benefits from the length limit
change included studies in Pool 14 which showed a positive relationship between the commercial harvest
and the number of YOY Channel Catfish indicating the abundance of Channel Catfish broodstock was
related to increased catches of YOY in trawl hauls (Pitlo 1997). Destruction of Channel Catfish habitat
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due to improper dredge spoil disposal covering cutbanks and sedimentation of backwater stump fields
have historically been sources of major concern among fisheries managers (Helms 1975).

Relative Importance to the Fishery
The average annual commercial harvest of Channel Catfish regularly exceeds one million pounds
throughout the UMRS and they are often targeted by commercial fishermen using hoop nets in main
channels, side channels and backwater habitats. From 2001-2005, catfish species (including Channel
Catfish, Blue Catfish, Flathead Catfish and the bullhead spp.) ranked third behind “suckers” (buffalo spp.,
redhorse spp. and carpsuckers) and “carps and minnows” (presumably Common Carp (Cyprinus carpio),
Grass Carp (Ctenopharyngodon idella), Bighead Carp (Hypopthalmichthys nobilis) and Silver Carp (H.
molitrix)) in pounds of harvest and second to the suckers in value of total harvest from the Upper
Mississippi River Basin (GLIMRS Report, 2014). Commercial harvest reports from individual states for
Channel Catfish can be found in archived, now discontinued, annual UMRCC reports, with the most
recently compiled data available in Table 3.
Channel Catfish are also important in the sport fishery and have been taken in all seven pools of the
1962–63, 1967–68, and 1972–73 sport fishery surveys (Nord 1964; Wright 1970; Fleener 1975). The
projected number of Channel Catfish harvested in the three surveys was 76,554, 116,002 and 77,461,
respectively. This species ranked ninth in numbers in the 1957 sport fishery (Nord 1967), fourth in 1962–
63 (Nord 1964), fifth in 1967– 68 (Wright 1970), and sixth in 1972–73 (Fleener 1975). In more recent
creel surveys, Pitlo (1999) reported Channel Catfish ranked second or third in abundance in surveys
conducted on Pools 11 and 13 from 1993–1997. Creel surveys on Pools 24 and 25 during 1991 and 1992
showed catfish (Channel, Flathead, and Blue Catfish) attracted 37 to 49% of angler effort (Brummett
1995b). During the same study, catfish ranked first in numbers harvested in Pool 24 and ranked second
behind Freshwater Drum (Aplodinotus grunniens) in Pool 25. A survey by the Illinois Department of
Natural Resources (1997) reports that 18% of fishing trips within Illinois waters were spent seeking
“catfish”, second to only Largemouth Bass (Micropterus salmoides) (23.6% of fishing trips).
Anecdotally, anglers target Channel, Flathead, and Blue Catfish on the lower UMRS (especially the
southern pools, Open River, and lower Illinois River) more than any other species or group of fishes (R
Dames (Hannibal, MO.), and J. West (Jackson, MO.), Missouri Department of Conservation, and E.
Ratcliff (Alton, IL.) INHS, personal communication). Although anglers may target different species of
catfishes and some anglers also target bullheads, targeting any one of the catfish species could result in
catching all catfish species as their diets overlap substantially. Accordingly, the fishery for Channel,
Flathead, and Blue Catfish overlaps greatly: if an angler is targeting Flathead or Blue Catfish for a fish
fry, he/she is very unlikely to throw back a Channel Catfish. All three of these catfishes, along with the
bullheads, can be caught on a wide variety of baits with some of the most popular being other fishes
(often whole shad spp. or cut into pieces), nightcrawlers, liver, or various artificial baits.

Management Considerations
Past studies on harvest and methods of harvest indicate Channel Catfish have historically been
commercially overharvested in many pools. Symptoms of overharvest included: (1) a long-term decline in
yield, (2) an increase in the proportion of small fish in the harvest, (3) a narrow range of age groups
represented in the fishery, (4) a high dependence on a single year class, and (5) a high mortality rate (Pitlo
1997). The 15-inch minimum length limit for commercially harvested catfish became uniform for the
UMRS in 1985. Since implementation of the 15 inch minimum length limit the Channel Catfish
population has responded with: (1) a significant increase in commercial harvest, (2) decreased growth
rates for small fish, (3) an increase from 4 to 20% for the contribution of 20+ inch fish to the commercial
harvest, and (4) an increase in age groups contributing to the fishery (Pitlo 1997). The complete case
history of this commercial fishery and the changes brought about by the regulation change can be found
in Pitlo (1997).
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Abundant data exists on Channel Catfish throughout the UMRS since the formation of the UMRCC, and
it may be time for a reappraisal of the fishery throughout the system. Pitlo (1997) discusses in detail the
response of the Channel Catfish fishery in pool 9-19 to a new 15 inch minimum length limit for
commercial harvest, but that vital document is now 22 years old and covers a 34 year old regulation.
While Channel Catfish are still abundant in the system and do support a vibrant recreational and
commercial fishery, updated management may be needed in some areas of the UMRS and works such as
Pitlo (1997) would provide important information to managers if replicated today.

Table 25. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
Channel Catfish, 1953-2015.
Date
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

Total
Catch
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Total
Price ($) / Total No.
Value ($)
Pound Fisherme
$0
$0.00
1,523
$0
$0.00
2,098
$0
$0.00
2,093
$0
$0.00
2,132
$0
$0.00
2,396
$0
$0.00
2,887
$0
$0.00
2,455
$0
$0.00
2,259
$0
$0.00
2,244
$0
$0.00
2,210
$0
$0.00
2,012
$0
$0.00
1,690
$0
$0.00
1,652
$0
$0.00
1,926
$0
$0.00
1,778
$0
$0.00
1,952
$0
$0.00
2,049
$0
$0.00
2,010
$0
$0.00
2,358
$0
$0.00
2,247
$0
$0.00
2,398
$0
$0.00
2,349
$0
$0.00
2,533
$0
$0.00
2,505
$0
$0.00
2,271
$0
$0.00
1,995
$0
$0.00
2,163
$0
$0.00
2,355
$0
$0.00
1,563
$0
$0.00
1,935
$0
$0.00
1,304
$0
$0.00
1,533

171

Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Total
Catch
0
0
0
0
0
0
0
1,439,901
1,639,689
1,774,950
1,676,014
1,440,129
1,378,071
1,531,354
1,334,118
1,286,231
1,119,320
1,000,478
989,721
1,013,747
972,261
1,093,429
1,195,128
1,163,699
1,266,687
1,021,644
1,292,452
1,309,854
917,030
925,654
827,164

Total
Price ($) / Total No.
Value ($)
Pound Fisherme
$0
$0.00
1,082
$0
$0.00
1,046
$0
$0.00
1,513
$0
$0.00
1,139
$0
$0.00
1,104
$0
$0.00
852
$0
$0.00
935
$705,079
$0.49
1,101
$838,471
$0.49
1,037
$931,984
$0.50
982
$861,703
$0.48
923
$757,749
$0.52
980
$691,949
$0.50
774
$800,230
$0.50
753
$652,626
$0.48
798
$643,497
$0.48
716
$563,977
$0.49
712
$481,778
$0.48
730
$455,065
$0.46
729
$499,292
$0.49
724
$474,411
$0.48
705
$508,303
$0.43
697
$581,308
$0.47
794
$580,385
$0.46
791
$621,292
$0.47
829
$574,975
$0.50
807
$793,574
$0.52
727
$718,138
$0.51
762
$488,318
$0.46
730
$425,801
$0.53
637
$469,726
$0.52
673
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Flathead Catfish (Pylodictis olivaris)
Ken Brummett and Gene Jones
Updated by Joel Stiras, Ross Dames, Keith Weaver, and Nicholas Schlesser
Introduction
The Flathead Catfish is one of the largest members of the family
Ictaluridae found in the United States. Also known as mudcats,
yellow cats, and shovelhead cats among other regional common
names. Flathead Catfish have a dorsally compressed head and
mottled coloration including shades of black, brown, olive green,
and yellow. They are one of the top predators in the Upper
Mississippi River eating primarily invertebrates when small and
transitioning to primarily live fish as adults (Minckley and
Deacon 1959). Important both commercially and recreationally,
there has been increased pressure particularly in the northern
portion of their range from anglers to manage flatheads as a
“trophy” fish with more restrictive regulations.

Distribution and Abundance
Flathead Catfish are found in many of the rivers systems of the
Mississippi River Basin and other river systems draining to the
Gulf of Mexico west of the Appalacian Mountains.
Flathead Catfish are ubiquitous in the Upper Mississippi River
below the Coon Rapids Dam in Minnesota. Historically, the
upstream barrier was likely St. Anthony Falls, but completion of
the Upper and Lower St. Anthony Falls Dams in 1963 and 1956
respectively extended this range (via lockage) to the Coon
Rapids Dam that had been completed in 1914. Flathead Catfish
are common in most pooled and all open water reaches
downstream of the Coon Rapids Dam in Minnesota (Table 26).
Flatheads have also been introduced both within the Mississipi
River drainage and outside of it for various purposes including
recreation opportunities and biological control of other fish
species. Establishment of populations, particularly east of the
Appallachian Mountains, has led to concerns about the impact of
the highly piscevorous nature of flatheads on native fish
communities and a rating of “High Risk” from the USFWS
(2014).

Reproduction
Egg counts are relative to the size of female Flathead Catfish.
Lengths and estimated egg counts from three mature Flathead
Catfish from the Big Blue River, Kansas were made by water
displacement. Fish lengths were 21.0, 23.0, and 24.0 inches and
egg estimates were 9,300, 6,900, and 11,300, respectively
(Minckley and Deacon 1959). A large female may contain up to
100,000 eggs (Pfleiger 1997). Colehour (2009) sampled 48
female Flathead Catfish from the Mississippi River in Missouri
and found a linear regression analysis of a fish’s length and
weight to best predict the number of eggs in a Flathead Catfish.

174

Table 26. Distribution and
abundance of Flathead Catfish in
the Upper Mississippi River
modified from Steuck et al. (2010).
Flathead
Flathead
Pool
Pool
Catfish
Catfish
1
U
13
C
2
O
14
C
3
C
15
C
4
C
16
C
5
C
17
C
5A
C
18
C
6
C
19
C
7
C
20
C
8
C
21
C
9
C
22
C
10
C
24
C
11
C
25
C
12
C
26
C
River Flathead River Flathead
Reach Catfish Reach Catfish
201
C
100
C
195
C
75
C
175
C
50
C
150
C
25
C
125
C
C – Commonly taken in most
sample collections, can make
up a large portion of some
samples;
O – Occasional, occasionally
collected, not generally
distributed, and local
populations may occur;
U – Uncommon, does not usually
appear in sample collections,
populations are small, but do
not appear to be on the verge
of extirpation.

The number of eggs based on a Flathead Catfish’s length was Eggs = 79.3 * length (mm) – 34,325 (p =
7.83 E-21, R2 = 0.85) and weight was Eggs = 2,419 * weight (kg) + 5437.3 (p = 5.8 E-22, R2 = 0.87).
Spawning usually takes place in late June and early July in the Upper Mississippi River (UMR), as water
temperatures reach 65 to 75 °F. Adults excavate a shallow depression in a natural cavity, or within or near
a large submerged object. Eggs are deposited in a compact golden-yellow mass. After fertilization, the
male guards and fans the nest until about a week after the eggs hatch. The young remain in a tight mass in
the vicinity of the nest for about 7 days, then disperse (Pfleiger 1997).

Age, Growth, and Size at Maturity
Age and growth determinations for Flathead Catfish have been made using vertebrae, otoliths, pectoral
spines and dorsal spines (Jackson 1999). Early age determinations using vertebrae recorded maximum age
of Flathead Catfish to be between 15 and 16 years (Barnickol and Starrett 1951). Layher and Boles (1979)
reported dorsal spines contained more annuli than pectoral spines by up to four years and recorded a
maximum age of Flathead Catfish to be 16 years in a Kansas reservoir. From 2010-2013, 356 Flathead
Catfish were aged using pectoral spines sampled from Pool 2 of the Mississippi River (Stiras 2017).
Seven percent (N = 25) of Flathead Catfish were aged as 20 years old and older, with 29 being the
maximum age observed. Comparisons of accuracy between otoliths and pectoral spines showed
consistency for fish up to age-4, but pectoral spines underestimated ages by between 7 and 13 years in
older fish and observed a maximum age of 28 using otoliths (Nash and Irwin, 1999). Steuck and
Schnitzler (2011) found that pectoral spines could be used to accurately age Flathead Catfish up to age-17
before loss of annuli was evident when compared to otoliths of the same fish. In addition, they found the
maximum age of Flathead Catfish to be 30 using otoliths and 28 with pectoral spines.
Young-of-the-year (YOY) Flathead Catfish usually reach 3 inches in length by the end of their first
growing season in Salt River, Missouri (Purkett 1958). Average length at the end of their first year of life
in Pool 24 was 3.1 inches. A summary of lengths at ages 1–7 from selected rivers throughout the U. S.
demonstrated a mean length at age-1 of 5.4 inches (Jackson 1999). Estimates of annual growth for
Flathead Catfish from those rivers indicates, on the average, they grow approximately 4 inches per year.
Lower Mississippi River flatheads 3 to 5 years of age showed annual growth ranging from 3.4–3.5 inches
per year (Mayo and Schramm 1999). An ongoing tagging study in Pool 2 has shown limited Flathead
Catfish growth for 13 tagged fish recaptures (Stiras 2017). Three Flathead Catfish recaptured 357-370 d
after tagging had length differences from -0.1 to 0.3 inches (17.4 to 32.3 inches at initial tagging) and
seven Flathead Catfish recaptured 694-747 d after tagging had length differences from 0 to 2.6 inches
(14.1 to 39.3 inches at initial tagging). Muncy (1957) stated that average back-calculated growth based
on pectoral spine cross sections was reasonably accurate based on recaptures of 11 tagged fish captured
30-318 days post tagging. Other studies of age and growth in the Mississippi River basin have also been
conducted and are reported in Table 28.
Table 29 shows Flathead Catfish average back-calculated lengths at age from five studies for four
different Midwestern rivers.
Flatheads in the Missouri-Illinois section of the Mississippi River reach sexual maturity at 4 or 5 years of
age at a length of about 18 inches (Barnickol and Starrett 1951). Maturity occurs between age-3 and age-5
in Texas populations at lengths ranging from 15.7 inches to 29.5 inches. Males tend to mature at an earlier
age, and smaller size than females within a given population (Munger et al. 1994).
Flathead Catfish are capable of reaching trophy size. Blue Catfish are the only other catfish species in
North America that attains a larger size. State record Flathead Catfish of the five UMR states range from
70 lb. (Minnesota) to 81 lb. 6.4 oz. (Illinois). Only one state in the UMR, Wisconsin, has their state
record Flathead Catfish directly from the Mississippi River. The alternate method (trot line) state record
Flathead Catfish listed from Missouri weighed 100 lb. (Missouri River).
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Life History
Young Flathead Catfish inhabit shallow riffles or rip rap areas, feeding mostly at night. Food habits for
young Flathead Catfish from the Neosho River, Kansas showed that fish < 4 inches ate (by volume) 96%
insect; fish 4.1 to 10 inches ate 57% insect and 27% fish; and fish > 10.1 inches ate 20% insect, 37% fish
and 43% decapods (Minckley and Deacon 1959). Larger fish tend to inhabit deeper areas but continue to
feed in shallow water at night, preying mostly on fish and crayfish. Flathead Catfish rarely feed on dead
or decaying matter (Minckley and Deacon 1959).
At least two studies of Flathead Catfish movement have documented that adult Flathead Catfish utilize a
home range, often less than one mile in length (Skains and Jackson 1993; Pugh and Schramm 1999) and
that locally discrete populations may exist (Gerking 1953; Dames et al. 1989; Coon and Dames 1991).
However, individuals have been known to travel great distances (Grace 1985; Robinson 1977; Dames et.
al., 1989). A reward tagging study initiated on Pool 22 in 1997 to document exploitation and movement
recorded tag returns for 159 of 991 tagged fish by the end of 2001. Of those returns, 73% moved less than
three miles from their tagging location, 21% moved more than three miles, and 6% moved more than
three miles and passed through one or more navigation dams (Ken Brummett, MDC, personal
communication).
Similar studies in Pool 16 and the lower Rock River showed 72% of the Flathead Catfish moved five
miles or less and only 15% moved more than 20 miles. However, some fish were capable of long
movements—one fish moved downstream 96 miles through three navigation locks and dams and one fish
moved out of the Rock River and moved 61 miles upstream through 3 navigation locks and dams (Kirk
Hansen, IA DNR, personal communication).
An ongoing telemetry study in Minnesota utilizing an array of stationary acoustic receivers has
documented maximum linear ranges up to 45.6 miles in the Minnesota River and Pool 2 of the
Mississippi River for Flathead Catfish tagged in Pool 2, however 60% of the Flathead Catfish traveled
less than 5 river miles over a 3 year time period (Stiras 2017). Additionally, 62.5% of Flathead Catfish
implanted with transmitters in Pool 1 of the Mississippi River traveled less than 5 river miles, although
Pool 1 is less than 6 miles in length. One Flathead Catfish from Pool 1 was documented to travel over 75
miles, passing three navigation locks and dams to over-winter in Pool 4, only to return to Pool 1 the
following spring.
A study of Flathead Catfish habitat needs in the state of Mississippi revealed their abundance in a river is
directly related to the proportion of the stream side zone in mature forest. The proportion of larger
Flathead Catfish in a river’s population could be described by the number of snags (large woody debris)
located in the stream (Insaurralde 1992). A fall 1984 radio telemetry study of fish behavior in the
Clarence Cannon Dam Re-regulation Pool on Salt River in northeast Missouri revealed that two larger (13
lb. and 37 lb.) tagged Flathead Catfish had two specific habitat locations related to velocity and water
level and moved between them on a daily basis (Ken Brummett, MDC, personal communication). Adult
Flathead Catfish in the UMR spend the warmer months in major side channels, dam tail waters, and the
main channel or main channel border (Talbot 1984).
Wintering Flathead Catfish in the UMR select highly structured microhabitats dominated by boulders and
log piles (Lubinski 1984). Fish remain in their wintering areas through the peak of spring flooding. When
the water temperature reaches 50 °F., they disperse from the wintering areas and take up a sedentary
position until the water temperature reaches 70 °F. Peak activity is when the water temperature is
between 70 and 80°F. As the water cools in late summer, flatheads migrate to their wintering locations
(Talbot 1983, 1984). Flathead Catfish behavior observed during a radio telemetry study showed a
tendency to return to the same overwintering location year after year (Talbot 1984). Juvenile Flathead
Catfish (8.2 to 14.3 inches) collected in the Mississippi River in Minnesota were shown to cease feeding
at temperatures below 44.6 °F in a laboratory setting (Bourret et al. 2008).
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The tendency for Flathead Catfish to seek out cavities to spawn and their aggressive behavior toward nest
intruders, as well as their preference for a solitary, secluded lifestyle as adults has produced a harvest
method handed down from Native Americans in the Southeastern states known as hand-grabbing,
noodling, or grabbling (Bilger 1997). Taking Flathead Catfish by hand fishing is now illegal in many
states, but remains a tradition in some southern states.

Survival
Flathead Catfish exhibit much of the generalized hardiness of other members of the catfish family. This
hardiness contributes to concerns about introduced populations of flatheads becoming invasive. One
example of these concerns revolves around the ability of flatheads to tolerate salinities as high as 10 parts
per thousand for a period and recover when returned to freshwater (Bringolf et al. 2005), potentially
allowing flatheads to move around costal waterways and access new waters.
Calculated mortality and survival in the UMR varies, but can be quite high. On the Minnesota River
(tributary to the Mississippi River) the annual survival of Flathead Catfish was estimated at 91% (95%
confidence interval 89%-93%) using individuals 5-32 years old captured from hoop nets (Shroyer in
press). Farther south on the UMR the Missouri Department of Conservation (MDC) estimated annual
survival at 54% based on an age length key (age range 3-15) applied to an electrofishing sample of 11,038
fish from Pools 20, 21, and 22 during 2005-2009 (Ross Dames, MDC, personal communication).
This range in estimates of annual mortality may be due to differing amounts of commercial harvest that
tends to be higher in southern pools or perhaps due to increased longevity of individuals at higher
latitudes in the same way that the oldest individuals of many species in North America occur at higher
latitudes.

Relative Importance to the Fishery
In its home range, the Mississippi, Mobile, and Rio Grande River basins, the Flathead Catfish is
considered one of the top predators. It is sought after by both recreational and commercial fishermen.
Most UMR states have harvest restrictions in the form of length limits (commercial) and creel limits
(recreational). In recent years, more emphasis has been placed on tournament fishing for catfish, with
emphasis on Flathead Catfish by some organizers.
Implementation of a 15-inch minimum length limit on catfish harvested by commercial fishermen on all
Upper Mississippi River pools in 1985 reversed a downward trend in commercial catfish harvest followed
by an upward trend documented in Pools 9–19 (Pitlo 1997). Resiliency of the species under high harvest
conditions in two small streams in Mississippi was shown by findings of no significant differences in
population structure one year later. Environmental factors were believed to be stronger influences on
Flathead Catfish dynamics than harvest factors (Francis 1993).
During the 1962–1963 Upper Mississippi River Conservation Committee (UMRCC) sport fishing survey
of UMR pools, Flathead Catfish harvest ranked 13th overall, ranking slightly higher in lower pools (Nord
1964). During the 1967–1968 UMRCC sport fishery survey, Flathead Catfish harvest ranked 17th, again
slightly higher in lower pools (Wright 1970). Results of a recreational use survey of Pool 21 (Fleener
1976) list Flathead Catfish as 9th in estimated numbers caught. They also ranked 9th in numbers
harvested in the 1987–1988 recreational use survey of Pool 24 (Farabee1992). A creel survey of Pools 24
and 25 from 1991 to 1993 ranked Flathead Catfish 4th in catch and 3rd in harvest (Brummett 1995). A
creel survey of Pools 11 and 13 from 1995 to 2000 ranked Flathead Catfish from 7th to 9th in numerical
catch (Pitlo 2001).
Commercial harvest statistics have been compiled for the past 50 or so years by the UMRCC. During the
initial reporting years and up to 1990, commercial catches of Flathead Catfish and Channel Catfish were
combined into one group, but since 1991, separate records were maintained for each species (Table 27).
Since that time, Flathead Catfish have averaged about 15% of the total commercial harvest (Pitlo 1997).
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A comparison of two periods, 1954 to 1965 and 1985 to 1995, using the proportional calculations, shows
little difference in weight harvested during the two periods. However, value of the catfish fishery has
doubled from the earlier time period to the present. Average value of Flathead Catfish in recent years has
been $0.47/lb (UMRCC annual reports).

Table 27. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
Flathead Catfish, 1992-2015.
Date
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Total
Catch
356,147
276,959
369,760
405,889
371,006
344,997
352,438
317,485
302,822
296,492
309,184
333,333

Total
Price ($) / Total No.
Value ($)
Pound Fisherme
$186,417
$0.47
1,101
$124,760
$0.43
1,037
$171,991
$0.46
982
$181,624
$0.42
923
$173,750
$0.43
980
$164,400
$0.45
774
$163,345
$0.44
753
$138,031
$0.41
798
$137,117
$0.44
716
$134,743
$0.47
712
$144,080
$0.47
730
$150,000
$0.45
729

Date
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Total
Catch
294,870
268,004
349,702
315,090
317,282
301,244
303,384
401,522
297,676
297,047
247,551
267,034

Total
Price ($) / Total No.
Value ($)
Pound Fisherme
$140,416
$0.46
724
$123,435
$0.47
705
$162,843
$0.44
697
$149,683
$0.45
794
$135,834
$0.44
791
$128,066
$0.45
829
$88,285
$0.48
807
$148,641
$0.48
727
$172,005
$0.52
762
$133,671
$0.48
730
$117,999
$0.45
637
$139,793
$0.47
673

Management Considerations
Demand for trophy catfish poplations has grown substantially in the last several decades. Angler groups,
particularly in the northern portion of the UMR, are pushing for reductions in recreational bag limits to
reflect the interest in this trophy fishery. Minnesota and Wisconsin are in the early stages of proposing a
reduction in combined catfish daily bag limits on the Mississippi River portion of their border waters
from 25/day (WI) and 10/day (MN) to 10/day with no more than 1 fish of either species (Channel or
Flathead Catfish) over 30 inches. A pre-rulemaking survey (n=1226) showed ~70% support for
theproposed regulation, with one of the biggest complaints being that it was not restrictive enough (Nick
Schlesser, MN DNR, personal communication).
Complicating a desire for a more limited trophy based recreational fishery is the status of Flathead Catfish
as commercially harvested species often with no or only minimal restrictions on harvest. Minnesota is
currently pursuing removal of Flathead Catfish, among other native species like gars, Bowfin, and
American Eel, from the list of commercially harvested species. The removal supports the Minnesota
DNR’s Asian carp response plan dictating that efforts will be made to protect or improve populations of
predatory fish species that may be able to provide some biocontrol, and is supported by the same angler
groups that pushed for reductions in recreational bag limits (Nick Schlesser, MN DNR, personal
communication). Unlike other UMR states commercial harvest of Flathead Catfish is relatively low.
Removal from commercial species lists in other UMR states may not be feasible or even desired by
managers.
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Table 28. Flathead Catfish mean length-at-age in inches from various pools of the Upper Mississippi
River.

Age

Mississippi River,
Pools 5, 5A, 6

Mississippi River,
Pool 4

Dieterman 1993#

Meerbeek 2008+

N

Mean
Length

N

Mean
Length
7.1
9.5
12.0
14.7
18.8
18.6
21.3
24.0
25.8
23.8
27.0
28.9
25.3
28.3
36.2
31.4
37.6

Mississippi River,
Pools 12 and 13
Steuck and

Mississippi River,
Pools 12 and 13
Steuck and

Schnitzler 2011*
Mean
N
Length
17
6.0
23
8.4
22
11.4
22
14.7
24
20.4
55
20.8
46
21.8
37
24.9
39
26.7
35
27.1
24
28.9
20
27.5
15
32.1
10
28.7
14
29.1
9
34.8
9
35.5
5
30.6
8
31.7
6
35.4
4
38.1
5
32.3
6
35.7

Schnitzler 2011+
Mean
N
Length
23
5.8
28
9.3
31
13.0
23
15.4
25
19.2
67
20.4
46
21.4
44
24.2
42
26.1
38
27.9
25
28.9
21
29.4
13
29.9
11
27.2
19
30.7
15
33.6
10
35.7
10
36.3
6
34.7
9
32.1

1
1
2
6
3
22
4
9
5
20
20.3
13
6
21
22.7
18
7
17
24.9
16
8
9
26.4
11
9
12
29.0
10
10
8
11
5
31.6
5
12
4
32.3
6
13
3
14
1
38.0
2
15
1
16
1
17
1
18
19
1
39.6
20
2
37.6
21
22
2
40.4
23
24
25
26
27
28
29
Total
89
138
455
#
Unknown if spine articulating process or basal spine sections
+
Spine articulating process
*
Otoliths
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506

Mississippi River,
Pool 2
Stiras 2017+
N
26
60
27
37
41
13
22
10
22
14
12
10
9
9
5
5
2
3
4
1
4
4
6
3
3
3

1
356

Mean
Length
4.9
8.3
10.7
13.2
16.1
18.7
19.8
23.7
25.2
27.2
26.5
32.3
28.0
31.0
32.4
31.3
32.0
38.9
33.0
39.3
35.2
40.0
33.6
32.7
33.3
38.3

33.9

Table 29. Flathead Catfish age and growth, back-calculated lengths in inches at each annulus.
Age
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Des Moines R., IA Des Moines R., IA Minnesota R., MN Missouri R., NE Mississippi R., Pool 22, MO
(Muncy 1957)
(Mayhew 1969)
(Stauffer 1996)
(Morris 1971) (MO DOC pers. comm. 2003)
N=61
3
6.4
9.3
13.1
17.3
20.7
24.1
26.6
29.4
31.9
33.9
35.5
36.5
35.2
32.1

N=307
5.6
10.6
15.5
18.5
21.6
23.6
26.5
28.1

N=118
3.8
7.7
12.6
17.2
20.5
23
25.6
27.7
29.6
31.4
36.7
34.4
36.4
37.3
38.2
40
41.1
41.7
41.5
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N=200
3.7
7.2
10.7
14
17.8
20.5
23.8
25.3
27.2
30.5
32.2
33.1

N=191
4.7
8.56
12.36
16.18
18.49
20.41
23.31
25.79
27.14
28.53
31.16
34.08
34.82
41.11
42
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Blue Catfish (Ictalurus furcatus)
Sarah J. Peper and Joseph A. McMullen
Introduction
The Blue Catfish (Ictalurus furcatus) (Lesueur) is a member of
the family Ictaluridae and is most closely related to Channel
Catfish (I. Punctatus) and Headwater Catfish (I. lupus)
(Hardman 2005). Blue Catfish have many characteristics
common to other Ictalurids, but can be differentiated by their
distinctive wedge-shape head and by the shape (straight outer
margin) and ray count (30–35) of their anal fin (Pflieger 1997).

Distribution and Abundance
Blue Catfish are native to the Mississippi River basin from
western Pennsylvania to southern South Dakota and south to the
Gulf of Mexico. Its native range also includes drainages of the
Gulf Slope from Alabama westward to the Rio Grande basin
extending south to the Gulf drainages of Mexico, Guatemala,
and Belize (Page and Burr 1991). Blue Catfish have been
introduced in Atlantic Slope drainages of the U.S., some western
states, and many reservoirs (Graham 1999).
In the Upper Mississippi River (UMR), Blue Catfish are
common in the open river portion (UMR river kilometer [rkm]
0–327) where catch rates for random sampling with lowfrequency electrofishing may exceed 80/hour (Missouri
Department of Conservation (MDC), unpublished data). Anglers
report a glut of mature and trophy-sized Blue Catfish in the tail
waters of Lock and Dam (L&D) 26, particularly in spring. These
reports can be corroborated by biologists who have witnessed
many dozen mature fish surfacing in the tail waters in response
to electrofishing (Kevin Meneau, MDC, personal
communication). Abundance drops drastically above L&D 26
and continues to decline northward through the pools. In Pools
20–22, a catch rate of 1.5/hour was reported for 215 hours of
targeted low-frequency electrofishing effort (H. R. Dames,
MDC, unpublished data). Only a few individuals have been
reported above L&D 19. Very sparse historic collections have
been made as far north as pool 13 (Steuck et al. 2010) (Table
30). Before construction of the UMR lock and dam system, Blue
Catfish were reported to be seasonally abundant as far north as
the Keokuk Rapids (rkm 589); found commonly in the spring
and summer, but absent by winter (Coker 1930).
The Missouri Department of Conservation is currently
conducting a Big Rivers Catfish Assessment using standardized
methods of low-frequency electrofishing. Three study reaches
(each 32.2 rkm long) are located in the UMR — one in Pool 25
and two in the open river. Preliminary data from two years of
randomized spring sampling show that catch rates are
considerably higher in the open river (65.9/hour) than in Pool 25
(11.9/hour) (MDC, unpublished data).
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Table 30. Distribution and
abundance of Blue Catfish in the
Upper Mississippi River modified
from Steuck et al. (2010).
Blue
Blue
Pool
Pool
Catfish
Catfish
1
0
13
H
2
0
14
H
3
0
15
H
4
0
16
H
5
0
17
H
5A
0
18
H
6
0
19
H
7
0
20
O
8
0
21
O
9
0
22
O
10
0
24
O
11
0
25
C
12
0
26
C
River Blue River Blue
Reach Catfish Reach Catfish
201
A
100
C
195
C
75
C
175
C
50
C
150
C
25
C
125
C
H – Historic, records of occurrence
are available, but no collection
have been documented in the
last 10 years
O – Occasional, occasionally
collected, not generally
distributed, but local
concentrations may occur
C – Common, commonly taken in
most sample collections; can
make up large portion of some
samples
A – Abundantly taken in all river
surveys.

Reproduction
In the UMR open river, spawning normally occurs over a 40 to 90 day period from June to August. Peak
spawning usually occurs in early July when water temperatures are 21–24ºC (Seibert et al. in
preparation). Similarly, Harlan et al. (1987) report Blue Catfish spawn in Iowa during June and July when
water temperature is 21–24ºC.
To the authors’ knowledge no studies have specifically investigated Blue Catfish reproductive behavior;
however, it is widely assumed that they act similarly to Channel Catfish. A mature male prepares a nest in
a cavity or depression by fanning the area clean with his tail. The female deposits adhesive eggs which
are then fertilized by the male. The male guards the nest from predation and cares for the eggs by fanning
them clean (Pflieger 1997). Hatcheries use similar methods to spawn both Channel Catfish and Blue
Catfish, giving credence to some parts of this assumption. Barrels are placed as spawning cavities in
about 2.5 feet of water. Activity in and around the barrels is apparent as spawning temperatures approach.
During the spawn/nesting period some or all fish go off feed. (Kurt Hentschke, MDC, personal
communication). Several publications cite McClane’s New Standard Fishing Encyclopedia in which
Jones (1965) states that both sexes cooperatively prepare and guard the nest. While this is not a peer
reviewed publication, the statement has not been specifically disproven.
Colehour (2009) reports spawning Blue Catfish females averaged 53,503 eggs, 7,938 eggs/kg, and had a
mean GSI of 12.2 %. This study also found that fecundity exhibited a strong linear regression with fish
length (R² = 0.86) and fish weight (R²=0.92). A linear regression of fecundity to age was not as strong
(R²= 0.28). Egg production seemed to spike at ages 13–15, but only 2 fish over age-15 were examined in
the study. Large Flathead Catfish (Pylodictis olivaris) produce fewer eggs per pound than smaller adults,
but the eggs exhibit greater viability (Neubrand 2003). Given their similar size and life history, Blue
Catfish may follow this pattern. Coker (1930) reports that mature eggs have a diameter of 2.5 mm.
Some Blue Catfish exhibit migratory behavior (usually upstream movement) prior to spawning with
corresponding downstream movement post-spawn. Both large rivers and smaller tributary streams appear
to provide suitable spawning habitat for Blue Catfish (Garrett 2010; Tripp et al. 2011).

Age, Growth, and Size at Maturity
An eight year study on the UMR open river revealed an age-0 Blue Catfish growth rate of 0.79–1.59
mm/day (Seibert et al. in preparation). Young of the year attain a total length (TL) of 64–102 mm by the
end of the first growing season (Harlan et al. 1987). Many publications report that Blue Catfish reach
sexual maturity at 380 mm TL, citing Barnickol and Starrett (1951). Barnickol and Starrett, however,
state that they chose this size arbitrarily due to a lack of data. The Long Term Resource Monitoring
Program (LTRMP) database reports that maturity is reached at 681 mm (age-4); however Colehour
(2009) found eggs in females as small as 552 mm on the UMR open river.
Blue Catfish grow larger than any other catfish in North America. Individuals in the UMR are commonly
500–1,110 mm long and weigh 1–18 kg (Pflieger 1997). They are known to live 20 years or more
(Graham 1999). The former world record Blue Catfish, caught on the Missouri River near its confluence
with the Mississippi River in 2010, was 1,448 mm and 59 kg. Aged by pectoral spine, this fish was 20
years old (Sara Tripp, MDC, personal communication). Colehour (2009) aged a 1019 mm individual to
23 years. Historic anecdotes suggest that fish 45–90 kg were once common in the Mississippi Basin.
Steedman (1884) confirms an 89 kg fish caught on the Mississippi near St. Louis. Heckman (1869) even
mentions a 143 kg individual caught on the Missouri River just after the civil war, though this report is
unsubstantiated.
Preliminary data from MDC’s Big Rivers Catfish Assessment show that average length is less in Pool 25
than in the open river (Figure 80). Only 16 Blue Catfish quality size or larger (>510 mm) were caught in
the Pool 25 reach. In open river reaches 194 and 456 fish over 510 mm were caught. Likewise, McCain
et al. (2011) note that fish greater than quality size are far more common in the UMR open river than in
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Pool 26. Age and growth data from the Big River Catfish Assessment is limited at this time, but should be
more robust at project’s completion (Table 31).
Blue Catfish exhibit faster growth in lotic habitats compared to lentic habitats (Rypel 2011). Rypel also
shows that Blue Catfish growth has a significant positive correlation with temperature metrics, sunshine
fraction, wind speed, and evapotranspiration; and exhibits a significant latitudinal countergradient growth
variation, with subannual growth rates consistently higher in more northern populations.
Several studies (Nash and Irwin, 1999; Buckmeier et al. 2002; Colehour, 2009) provide evidence that
catfish age determined by pectoral spine tends to be one to two years older compared to age determined
by otolith. The Big River Catfish Assessment will include some spine-otolith age comparison.

Figure 80 Maximum, average, and median lengths of Blue Catfish captured during random sampling
with standardized low-frequency electrofishing at three sites in the UMR, spring 2015 and spring
2016. (MDC, unpublished data).

Life History
After fertilization, eggs incubate 7 to 8 days at a water temperature of 21–24ºC (Pflieger 1997). In the
UMR hatching has been documented as early as May 25 and as late as September 3 (Seibert et al. in
preparation). It is believed that fry remain in the nest guarded by the male for several days, then move on.
In the open river, catch rates for young of the year Blue Catfish in trawl samples were greatest in island
side channel border and downstream island tip habitats. Catch rates were lowest in main channel,
upstream island tip and channel crossover habitats (Figure 81). Analysis of meso-habitat for these
samples revealed catch rates were highest in areas of low velocity (0.1–0.4 m/s), shallow water (1–4 m),
and sand substrate (Seibert et al. in preparation).
Adult Blue Catfish have a stronger affinity for large river habitat than other catfish species native to the
Mississippi River drainage (Pflieger 1997) and may be considered a deep water species (Miranda and
Killgore 2011; Garrett 2010). In the Lower Missouri River (LMOR) they use deep holes near
anthropogenic structures (wing dikes, L-head dikes) almost exclusively during the feeding/growing
season (July through November) and exhibit site fidelity for one to three such locations. Blue Catfish
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overwintered in deep scour holes (>7 m), but were found in shallower water (<2 m) during the spawning
season (Garrett 2010).
In the study design for the Big
Table 31. Mean length at age for Blue Catfish captured at three
Rivers Catfish Assessment,
sites in the UMR, spring 2015. Age determined by pectoral spine
sample runs were randomized and section (MDC, unpublished data).
proportionally distributed among
Mean TL (mm)
Age (years)
habitat types within each reach. In
rkm
98-130
rkm 169-201
rkm 407-439
each of the three UMR reaches,
catch rates in main channel
2
205.7
204.7
237.6
habitats were similar to those in
3
239.4
214.6
295.3
side channel habitats (Figure 82).
4
351.5
306.3
388.3
At a finer scale (and excluding
5
392.6
402
535.9
habitats with less than 0.5 hours
6
434.7
581.1
of effort) main channel wing dike
habitat had the highest CPUE in
7
552.6
543.2
all three reaches (Figure 83).
8
583.1
570
721.4
However, CPUEs for main
9
626.9
651.5
754.4
channel wing dikes were not
10
650.4
722.8
783.6
significantly higher than some
11
753
797.6
696
other habitats (MDC, unpublished
12
844.3
855.5
759.5
data). Further analysis of this data
(i.e., relating population size
13
1040
933.2
769.6
structure to habitat type) may
14
928
950.3
723.9
reveal more about Blue Catfish
15
1181.1
habitat preferences. A full report
16
995
1014
should be available in 2018.
17
1175
Miranda and Killgore (2011) used
18
1158.2
trotline catch rates to examine
Total number
habitat preference of foraging
121
95
47
of fish aged
Blue Catfish in the entire freeflowing portion of the Mississippi
River. Catch rates were highest along natural bank lines and lowest on gravel bars. Catch rates increased
with water depth. Water velocity was optimal at 26–50 cm/s.
Adult Blue Catfish sometimes travel long distances on the UMR, including movement through lock and
dams (Tripp et al. 2011). Tripp used ultrasonic transmitters with an array of stationary receivers to track
92 Blue Catfish tagged and released near L&D 26. Total movement for an individual fish ranged from
1.3–689 km and averaged 6.1 km over 12 to 36 months of detections. Fish were detected on the UMR as
far upstream as Pool 24 (rkm 459) and as far downstream as the Ohio River (rkm 0). Forty-one percent of
fish stayed near their release site year round, 40% moved into different areas in the UMR for a portion of
the year, 19% moved into a tributary for a portion of the year. Average movement did not differ among
seasons, but was greatest at times of changing water temperature and increased discharge.
On the LMOR adult Blue Catfish use a variety of movement strategies during the annual cycle to fulfill
habitat needs (Garrett and Rabeni 2011). Sixty-six percent of fish (tracked actively with acoustic
transmitters/receivers) migrated to and from seasonal habitat while others stayed in a discrete home range
throughout the year. Thirty-eight percent moved into a tributary during the pre-spawn/spawning period,
then returned to the LMOR during the summer (Figure 84). A parallel study found that some Blue Catfish
exhibit restricted movement between July and November (Garrett 2010). Home range (95% kernel
density) for these fish had a mean of 5.5 km and ranged from 0.019–18.3 km. In November most fish
moved downstream into overwintering habitat where they stayed fairly sedentary until early March. Flood
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events induced movement in 30% of fish, some of which had not previously exhibited migratory
behavior. Three fish moved long distances – up to 347 km. Some fish in this study were lost and may
have moved out of the study range. They may represent additional movement strategies.

Figure 81. Mean catch per unit effort (CPUE ± 1 SE) by macrohabitat of age-0 Blue Catfish in the
unimpounded UMR.
Note: CBD = channel border, dike; CBO = channel border, open; ISCB = island, side-channel bank;
ITD = island tip, downstream; IMCB = island, main-channel bank; ITU = island tip, upstream;
XO = channel crossover; MC = main channel.
Note: Unique letters denote statistically significant differences in catch per unit effort between
macrohabitats. (Source: Seibert et al. in preparation)
Blue Catfish are often purported to be more migratory than Flathead Catfish. In a mark-recapture study
Pugh and Schramm (1999) reported that Blue Catfish were more mobile than Flathead Catfish, having
been recaptured 5–12 km and 1–6 km respectively from their release site. Periods between mark and
recapture for this study were between 1 and 730 days. However, using telemetry data, Garrett (2010)
found no significant difference in the amount of movement between the two species.
Blue Catfish are opportunistic and omnivorous in feeding behavior. They are known to consume both
dead and live food items including aquatic insects, crayfish, fish, and mussels. Blue Catfish are presumed
nocturnal feeders (Pflieger 1997). Ictalurid catfish as a whole rely heavily on taste and smell to find food.
Taste receptors cover the body of catfish and are especially dense on barbels (Atema 1971). An
experiment with Brown Bullhead Ameiurus nebulosus showed they locate dead food items almost
exclusively using external taste receptors, while live prey are located entirely by olfactory sense (Parker
1910). Blue Catfish foraging methods may be similar.
A study in Lake Pontchartrain, found that young of the year Blue Catfish feed on zooplankton until they
reach 100 mm TL, then transition to small invertebrate prey (Darnell 1958). Several studies from various
habitats determined that Blue Catfish shift to fish and macroinvertebrate prey between 200 and 330 mm
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TL (Darnell 1958; Brown and Dendy 1961; Perry 1969). On the Lower Mississippi River (LMR), Blue
Catfish (N = 794, TL = 150–600 mm) diets were composed of 47% fishes (more than 15 identifiable
species), 15% molluscs, 12% chironomids and oligochaetes, 7% detritus/plant matter, 6% decapods, 6%
scavenging, 1% terrestrial arthropods, and 1% sediment (Eggleton and Schramm 2004). This study also
found that diet differed by habitat. In off-channel habitats, (floodplain lakes and side channels) highenergy foods, such as chironomids and oligochaetes, made up a greater percentage of the diet. In main
channel habitats, more low-energy foods, such as molluscs, were consumed. A study currently underway
at Western Illinois University is examining the diet of Blue Catfish on the UMR. Results should be
available in 2017.

Figure 82. CPUE (fish/hour) results from random sampling with standardized low-frequency
electrofishing at three sites in the UMR, spring 2015 and spring 2016.
Note: Each site summarized by: CPUE in all habitats, CPUE in main channel habitats, and CPUE in side
channel habitats (MDC, unpublished data).
Blue Catfish are known to consume zebra mussels, Dreissena polymorpha, and Asiatic clams, Corbicula
fluminea. On the UMR, 65% of Blue Catfish sampled for one study had consumed large numbers of zebra
mussels (Claramunt et al. 1998). On the LMR, Eggleton and Schramm (2004) found that zebra mussels
comprised 26% of the total mass of food consumed by Blue Catfish in main channel habitats. Zebra
mussels and Asiatic clams can survive passage through the digestive system of Blue Catfish at fairly high
rates making Blue Catfish a likely vector for dispersal of these invasive species (Gatlin 2013).

Survival
Instantaneous mortality estimates for age-0 UMR Blue Catfish varied over an eight year study,
ranging between 0.68 and 0.91 (Seibert et al. in preparation). Little to no information is available
on mortality rates of adult Blue Catfish in the UMR. The Big Rivers Catfish Assessment hopes to
remedy this. Total annual mortality was reported at 39% for Blue Catfish from the Tombigbee
River, Alabama (Kelley 1969).
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The LTRMP provides the only dataset that could provide insight to year class strength and
population trends of Blue Catfish on the UMR. The data, however, is of limited use as the
program uses a sampling protocol that is known to be ineffective at capturing catfish (McCain
2011).

Figure 83. CPUE (fish/hour) results from random sampling with standardized low-frequency
electrofishing at three sites in the UMR, spring 2015 and spring 2016.
Note: Each reach is subdivided by habitat type. (MCSB = main channel sand bar, SCMB = side channel
mud bank, MCWD = main channel wing dike, MCRB = main channel revetted bank, MCMB =
main channel mud bank.) Habitat types with less than 0.5 hours of effort were excluded (MDC,
unpublished data).
Relative Importance to the Fishery
Catfish, as a group, provide an extremely important recreational and commercial fishery within the
Mississippi River basin and are receiving increased attention from both anglers and fisheries managers
(Michaletz and Dillard 1999). A national survey indicated that 7 million anglers participated in
recreational catfish and bullhead angling in the U.S. during 2011 (USDI et. al. 2011). For those who fish
on large rivers, catfish are even more important, and as much as 70% of the total angler effort may be
directed toward catfish on large rivers in Missouri (Weithman and Fleener 1988). Nationwide, Blue
Catfish was ranked as the third most sought after catfish species, behind Channel Catfish and Flathead
Catfish (Arterburn 2002; Reitz and Travnichek 2004); however, the importance of the Blue Catfish
fishery is more pronounced on the open river portion of the UMR and the LMR. Traditionally, catfish
anglers were more harvest oriented when compared to anglers that pursue other fish species; however,
trophy and tournament angling for catfish is increasing in popularity, particularly among younger anglers
with an urban background. State and world Blue Catfish records have been regularly broken over the last
2 decades and with each comes a wave of new interest in the sport.
In the UMR basin, the pounds of buffalofish and carps harvested annually typically outweigh catfish
hauls; however, the higher price received for catfish flesh makes this group incredibly important to the
fishery in terms of its overall value (U.S. Army Corps of Engineers 2012). Commercial catfish harvest is
dominated by Blue Catfish on the open river portions of the UMR and Pool 26 (Maher 2016; McMullen
& Siech 2016), (Table 32). During 2015, Illinois and Missouri commercial fishers combined to harvest
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86,007 lbs of Blue Catfish from the open river and 56,840 lbs from Pool 26. Blue Catfish harvest declines
quickly upstream of Pool 26, where only 14,515 lbs were harvested from pools 20, 21, 22, 24 and 25
combined during 2015. Illinois fishers reported an additional 3,000 lbs. harvested from Pool 16; no
harvest has been reported upstream of Pool 16 since 1953 (Krogman et al. 2011). Missouri fishers
reported another 18,269 lbs of Blue Catfish harvested from the LMR. Blue Catfish and Channel Catfish
flesh demanded the highest average wholesale price (US$0.54/lb) among commercial fish species in
2015; the calculated value of the 2015 Blue Catfish harvest from Illinois-Missouri border waters of the
UMR was nearly $85,000.

Figure 84. Spatial pathways used to complete an annual cycle (shown in gray) by acoustically
tracked Flathead (FL) and Blue Catfishes (BL) in the lower Missouri River (LMOR) and adjacent
tributaries.
Note: Numbers of individuals that were documented for each tier are presented: restricted-movement
behavior throughout the annual cycle (bottom tier), upstream migration in spring/summer and
downstream migration in fall within the main-stem Missouri River (middle tier), and spawning
migration incorporating one of three major tributaries to the LMOR (top tier) (Source: Garrett and
Rabeni 2011).

191

Table 32. Pounds of Blue Catfish commercially harvested by Illinois and Missouri fishers, from
pools 20-26 and open river portions of the UMR, during 2015 and the calculated value of the catch
(Maher 2016; McMullen & Siech 2016).
Upper Mississippi River

Illinois
Missouri
Total

Pool 20

Pool 21

Pool 22

Pool 24

Pool 25

2,651
748
3,399

75
176
251

217
70
287

1,555
788
2,343

7,549
686
8,235

Pool 26 Open River

Total

Value

71,494
14,513
86,007

123,632
33,730
157,362

$66,761.28
$18,214.20
$84,975.48

40,091
16,749
56,840

Management Considerations
Catfish populations, particularly those in large rivers, are difficult to sample, assess, and manage
(Michaletz and Dillard 1999). Consequently, natural resource agencies have been reluctant to expend
resources on intensive catfish management or impose significant harvest regulations. Electrofishing is the
most commonly utilized method to sample catfish; however, a variety of methods are used and many
mangers report that they have not found satisfactory sampling methods for catfish, making population
assessment problematic. Further complications arise when attempting to use creel information in the
absence of satisfactory sampling methods to assess catfish fisheries because catfish anglers often fish at
night, from shore, and/or with alternative methods; thus may not be contacted during standard creel
surveys. Fortunately an M.S. student at the University of Missouri is currently working to determine the
effective conductivity of live Blue Catfish and Flathead Catfish based on the behavioral response to
electrofishing. This information, once available, will enable managers to standardize electrofishing output
across water temperatures and conductivity levels (expected date of completion: June 2020).
Catfish harvest is typically regulated through creel limits and gear restrictions; however, the use of size
limits has increased greatly since the mid 1980’s (SDAFS 2011). Catfish anglers tend to be more harvest
oriented when compared to anglers that pursue other fish species (Arterburn et al. 2011). However, as
anglers and biologists have begun to realize the growth potential of Blue Catfish and Flathead Catfish,
trophy and tournament angling has increased in popularity, and catfish management has begun to place
more focus on the importance of trophy catfish angling. For example, Illinois, Indiana, Kentucky, and
Ohio have collaboratively imposed a rule on the Ohio River which allows for the harvest of only 1 fish ≥
35 inches per day. While catfish anglers in general are more interested in catching fish to eat, the size of
fish caught tends to be more important to Blue Catfish and Flathead Catfish anglers than Channel Catfish
anglers.
A combination of factors may be placing an increasingly larger burden on the UMR’s Blue Catfish
fishery. People enjoy eating catfish and as a result catfish anglers are more likely than other anglers to
harvest their catch, while commercial harvesters continue to fetch a high price for catfish flesh. At the
same time trophy and tournament angling for large catfish has grown in popularity not only on rivers and
reservoirs but at pay ponds/lakes as well, where individuals pay for the opportunity to catch a trophy
catfish. Consequently, the harvest of large, live, commercially harvested catfish may be increasing to
satisfy the demand at pay lakes. Furthermore, advancements in technology and fishing gear may be
increasing angler success. Acknowledging differences among catfish anglers and ways in which they are
changing will help managers make more informed decisions that better serve a diverse and dynamic
catfish angling community. As the needs and interests of catfish anglers evolve, and as managers are
better able to assess catfish fisheries, regulations may need to change in order to provide diverse angling
opportunities while at the same time managing for sustainability.
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Black and White Crappie (Pomoxis spp.)
Bernie Schonhoff
Updated by Melvin C. Bowler
Introduction
Two species of crappie (Pomoxis spp.) are native to the Upper Mississippi River (UMR) basin: Black
Crappie (Pomoxis nigromaculatus) and White Crappie (P. annularis). Both panfish species are highly
sought by Midwest anglers (Boxrucker and Irwin 2002; Parsons et al. 2004; Schultz et al. 2008;
Michaletz et al. 2012; Mosel et al. 2015), and their importance to the UMR ecosystems and sport fishery
is significant.

Distribution and Abundance
Black and White Crappie are distributed nearly
statewide across Illinois, Iowa, Minnesota,
Missouri, and Wisconsin (Smith 1979; Becker
1983; Harlan et al. 1987; Pflieger 1997; Lyons et
al. 2012; MN DNR Online Database) and can
occur in almost all available aquatic habitats;
however they are far more common in pools,
backwaters, and other areas lacking swiftly
flowing water. Both species of crappie occur
throughout the pooled reaches of the UMR
(Steuck et al. 2010; Table 33), are commonly
found in a variety of habitats, and have been
sampled annually by the Upper Mississippi River
Restoration Long Term Resource Monitoring
(UMRR-LTRM – henceforth referred to as
LTRM) element since 1993. However, few
crappie of either species have been collected in
the unimpounded river reach below Lock and
Dam 26 (Table 33). Low abundances of Black
and White Crappie in this unpooled reach of the
river is not surprising given the rarity of quality
backwaters and habitats with low current
velocities.
Long Term Resource Monitoring fisheries data
from 1993–2015 indicates Black Crappie are
numerically predominant over White Crappie
throughout the UMR. Black Crappie/White
Crappie catch ratios in Pools 4, 8, 13, 26, and in
the La Grange Pool of the Illinois River are
14.1:1, 45.8:1, 2.8:1, 3.5:1, and 1.8:1,
respectively. As indicated by LTRM fisheries
data and Steuck et al. (2010), White Crappie
become more prevalent in the fish communities
somewhere around Pools 12 and 13 of the UMR,
and they are much more abundant in the La
Grange Pool of the Illinois River. Becker (1983)
and Pflieger (1997) consider Black Crappie to be
a more northerly distributed species in North

Table 33. Distribution and abundance of Black
and White Crappie in the Upper Mississippi River
modified from Steuck et al. (2010).
Pool
1
2
3
4
5
5A
6
7
8
9
10
11
12
River
Reach
201
195
175
150
125

Black
Crappie
O
C
C
C
C
C
C
C
C
C
C
C
C
Black
Crappie
O
O
U
U
U

White
Black White
Pool
Crappie
Crappie Crappie
O
13
C
C
O
14
C
C
O
15
C
C
O
16
C
C
O
17
C
C
O
18
C
C
O
19
C
C
O
20
C
C
O
21
C
C
O
22
C
C
O
24
C
C
O
25
C
C
C
26
C
O
White River Black White
Crappie Reach Crappie Crappie
O
100
U
O
U
75
U
O
O
50
U
O
O
25
U
O
O

C – Commonly taken in most sample collections,
can make up a large portion of some samples;
O – Occasional, occasionally collected, not
generally distributed, and local populations
may occur;
U – Uncommon, does not usually appear in sample
collections, populations are small, but do not
appear to be on the verge of extirpation.
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America than are White Crappie, which tend to be more abundant in the south central and southeastern
United States.
Black and White Crappie populations in large reservoirs and small impoundments have widely been
characterized as being cyclical, because their year-class strength can be erratic and variable, resulting in
substantial fluctuations in population abundance (Mitzner 1984; Guy and Willis 1995; Allen and Miranda
1998; Allen and Miranda 2001; Parsons et al. 2004). Boland et al. (2000) reported that Black Crappie
abundances in some UMR backwater study reaches also tended to be cyclical. Catch per-unit-effort via
fyke netting in contiguous backwaters in five of six LTRM study reaches of the Upper Mississippi and
Illinois Rivers has been variable from year to year with abundance spikes occurring every two to six years
for both species; however over the last two-plus decades, a long-term decline in abundance has
systemically occurred in both species in the UMR system (Figure 85 and Figure 86).

Figure 85. Catch per-unit-effort of Black Crappie via fyke netting in contiguous backwaters in the
six LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
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Figure 86. Catch per-unit-effort of White Crappie via fyke netting in contiguous backwaters in the
six LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.

Reproduction
Though reproductive studies on Black and White Crappie specific to the UMR are relatively scarce,
reproductive biology for the two species is fairly well documented in impoundments and natural lakes.
Crappie spp. reproduction in the UMR is likely similar to those aquatic systems.
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Water temperature plays an essential role in determining when spawning occurs for Black and White
Crappie. Black Crappie spawning activities are characteristically similar to those of White Crappie where
they construct and guard nests built in colonies primarily in May and June when water temperatures are
between 18-20º C (Fayram et al. 2015). Similarly, Becker (1983) reported most White Crappie spawning
occurs between 16-20º C in water depths between 0.5-1.5 m during May and June in Wisconsin. Pope
and Willis (1997) found that Black Crappies locate warmer areas that are protected from wind and wave
action to build nests and often associate with woody debris, and Phelps et al. (2009) found Black Crappie
selected nest sites in proximity to deep water with firm substrates and low vegetation height and density.
Unlike White Crappie, Black Crappie may abandon their nests if water temperatures revert to
temperatures below those suitable for spawning (Fayram et al. 2015).
Harlan et al. (1987) reported the number of eggs produced per female for both species averaged from
20,000 to 60,000 ranging up to 150,000 in large females, although Wallus and Simon (2008) reported
fecundity as high as 188,000. Males normally build colonial nests and guard the eggs until hatching is
complete in 3 to 10 days (Harlan et al. 1987; Pflieger 1997; Wallus and Simon 2008). Siefert (1968) and
Isermann et al. (2010a) found Pomoxis spp. males spend more time on their spawning beds than females,
making them more vulnerable to predators due to increased aggression and nest defense. Wallus and
Simon (2008) reported a range in length at hatch for Black Crappie from 2.0 mm to 5.0 mm.

Age, Growth, and Size at Maturity
Studies focusing on growth rates, length at age, and age structure are somewhat lacking for existing UMR
crappie populations. Several factors can contribute to shifts in crappie age structure, growth, and
recruitment, (e.g., such as angler harvest, creel, habitat, hydrology, seasonal variations, and size
regulations: Mitzner 1991; Guy and Willis 1995; Gutreuter et al. 1999; Allen and Miranda 2001; Parsons
2004; Kirby and Ickes 2006; Schultz et al. 2008; Michaletz et al. 2012; Mosel et al. 2015). The dynamic
nature of the Mississippi River makes it particularly difficult to quantify a dominant causal factor in shifts
of long-term population dynamics of the UMR crappie fishery; however there can be value in assessing
both short and long-term trends in age structure and growth.
Annual grand means of daily growth of age-0 crappie spp. (species combined) in Pools 4, 8, 13, and 26
have been calculated to be 0.49 mm, 0.48 mm, 0.52 mm, and 0.54 mm respectively (LTRM, unpublished
data; 1993-2015). These daily growth rates fall within growth ranges for White Crappie in a Tennessee
reservoir (Sammons et al. 2001), but are somewhat less than the daily growth rates of Black Crappie in
one Florida lake (Pine and Allen 2001). Annual mean lengths of age-0 Black and White Crappie in
October from Pools 4, 8, 13, 26, and the La Grange Pool of the Illinois River are contained in Table 34
(LTRM, unpublished data; 1993-2015). Age-0 crappie spp. typically attain lengths of 80 to 86 mm (3.1
to 3.4 inches; grand means) in their first year of growth in the UMR, ranging from 67 to 100 mm (2.6 to
3.9 inches) on average, in given years and river reaches (Table 34). Mean length of age-0 Black Crappie
collected in the fall in Lake Pepin was estimated to be 104 mm or 4.1 inches (Table 35; MN DNR,
unpublished data; 2011-2015), and Bowler et al. (2014) determined the mean lengths of age-0 Black and
White Crappie collected in the fall in Pool 13 of the UMR, were 81 and 96 mm (3.2 and 3.8 inches),
respectively.
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Table 34. Annual mean lengths, standard deviations, standard errors, and length ranges of
age-0 Pomoxis spp. collected in October from Pools 4, 8, 13, 26, Open River, and the La
Grange Pool of the Upper Mississippi River (LTRM, unpublished data; 1993-2015).
Pool 4
Length (mm)
Mean Std Sterr Range

n

1993

3

86

1.7

1.0

84-87

11

72

16.9

5.1

44-99

13

81

9.0

2.5

63-98

1994

228

86

7.7

0.5

45-101

162

83

13.7

1.1

51-102

45

77

13.2

2.0

49-100

1995

25

86

7.5

1.5

73-101

31

81

8.6

1.5

65-95

10

86

12.0

3.8

67-102

1996

62

85

9.4

1.2

55-102

26

79

14.1

2.8

55-102

6

78

21.6

8.8

38-100

1997

95

86

8.0

0.8

55-102

92

82

12.4

1.3

58-102

45

77

11.8

1.8

55-99

1998

52

92

5.4

0.7

75-101

43

85

11.1

1.7

60-102

26

85

8.3

1.6

70-101

1999

7

75

12.6

4.8

58-92

7

67

14.3

5.4

54-97

16

79

11.0

2.7

64-99

2000

32

73

10.6

1.9

45-95

32

73

8.9

1.6

58-98

45

84

17.2

2.6

52-110

2001

54

85

14.2

1.9

55-100

28

79

10.5

2.0

55-95

26

83

11.0

2.2

57-105

2002

5

74

5.5

2.5

65-79

19

74

11.5

2.6

65-102

9

80

12.6

4.2

70-110

2003

12

78

12.1

3.5

55-96

71

81

9.2

1.1

65-105

2

70

6.4

4.5

65-74

2004

31

75

10.1

1.8

55-95

38

79

16.7

2.7

55-105

23

94

8.4

1.8

81-108

2005

11

84

11.6

3.5

65-99

42

90

9.4

1.5

65-105

64

97

7.4

0.9

66-110

2006

12

79

6.6

1.9

73-92

35

91

11.9

2.0

65-105

3

86

14.8

8.6

70-99

2007

56

76

9.8

1.3

55-102

46

89

13.7

2.0

55-105

12

97

6.2

1.8

87-109

2008

5

71

21.7

9.7

35-90

31

86

13.4

2.4

65-108

18

93

11.3

2.7

73-108

2009

22

74

8.1

1.7

59-95

7

65

7.8

2.9

55-75

6

87

9.2

3.8

74-102

2010

36

83

8.9

1.5

58-98

24

86

10.2

2.1

65-107

3

100

9.1

5.2

92-110

2011

5

84

6.8

3.1

74-92

19

93

11.5

2.6

65-109

5

76

9.8

4.4

67-90

2012

28

70

7.5

1.4

55-83

38

80

12.3

2.0

65-108

3

93

17.2

10.0

74-108

2013

10

82

7.9

2.5

72-101

10

82

8.2

2.6

65-95

31

99

6.1

1.1

86-112

2014

60

87

10.2

1.3

51-102

88

83

13.1

1.4

45-110

44

90

14.4

2.2

45-108

54-97

17

81

14.0

3.4

55-110

66-109

917

81

11.9

2.3

24

74

14.4

2.9

X

875

80

9.5

2.3

Pool 26
Length (mm)
Mean Std Sterr Range

Open River
Length (mm)
Mean Std Sterr Range

n

Pool 13
Length (mm)
Mean Std Sterr Range

Year

2015

n

Pool 8
Length (mm)
Mean Std Sterr Range

8

81

14.4

5.1

463

86

11.4

3.7

La Grange
Length (mm)
Mean Std Sterr Range

Year

n

1993

28

91

6.0

1.1

72-97

25

92

12.2

2.4

48-102

22

86

6.4

1.4

75-95

1994

8

94

4.6

1.6

85-100

-

-

-

-

-

2

90

7.1

5.0

85-95

1995

-

-

-

-

-

4

67

2.9

1.4

63-69

22

76

10.6

2.3

55-95

1996

-

-

-

-

-

3

56

6.5

3.8

50-63

48

80

7.4

1.1

65-95

1997

4

91

7.5

3.8

80-95

4

79

3.8

1.9

75-84

9

84

11.7

3.9

65-105

1998

1

89

-

-

-

3

79

11.9

6.9

65-87

48

94

9.4

1.4

75-105

1999

1

45

-

-

-

25

68

13.2

2.6

41-101

-

-

-

-

-

2000

4

95

6.0

3.0

86-100

2

86

21.2

15.0

71-101

8

83

13.9

4.9

65-105

2001

41

88

11.7

1.8

34-102

19

84

15.5

3.6

48-102

24

72

15.5

3.2

45-95

2002

5

77

11.3

5.1

65-88

-

-

-

-

-

3

65

10.0

5.8

55-75
65-105

n

n

2003

-

-

-

-

-

-

-

-

-

-

83

88

9.8

1.1

2004

4

99

2.6

1.3

95-101

-

-

-

-

-

1

75

-

-

-

2005

7

92

6.8

2.6

81-100

2

90

29.0

20.5

69-110

-

-

-

-

-

2006

5

87

6.3

2.8

78-95

3

72

49.3

28.5

15-105

1

75

-

-

-

2007

3

86

14.0

8.1

75-102

1

95

-

-

-

6

100

5.5

2.2

95-105
65-107

2008

32

78

11.1

2.0

57-100

16

96

19.3

4.8

27-110

12

85

13.0

3.8

2009

1

87

-

-

-

2

84

4.9

3.5

80-87

3

78

5.8

3.3

75-85

2010

2

69

4.2

3.0

66-72

12

88

23.2

6.7

35-108

14

75

11.2

3.0

55-100

2011

1

75

-

-

-

-

-

-

-

-

11

62

9.0

2.7

55-85

2012

1

85

-

-

-

-

-

-

-

-

1

92

-

-

-

2013

1

95

-

-

-

1

64

-

-

-

4

70

17.3

8.7

55-95

2014

4

97

2.9

1.5

94-100

1

98

-

-

-

8

92

8.1

2.8

85-106

2015

3

92

15.0

8.7

75-102

9

89

14.2

4.7

65-105

51

87

12.3

1.7

65-108

X

156

86

7.9

3.3

132

82

16.2

7.6

381

81

10.2

3.2
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Table 35. Cumulative length at age, mean length, standard deviation, and length ranges of Black
Crappie collected in October from Lake Pepin in Pool 4 of the Upper Mississippi River (MN DNR,
unpublished data; 2011-2015).

Pflieger (1997) reported that growth in length of Black and White Crappie is quite similar within
waterbodies with Black Crappie growth being generally less than that of White Crappie, but being heavier
at a given length. Growth for Black and White Crappie appears to be similar in the UMR. Quality-length
is obtained in the third growing season in both species (i.e., age-2+). On average, White Crappie grow
modestly longer than Black Crappie of the same year-class regardless of sex (Table 36) and they tend to
have moderately lower body weight within Gabelhouse (1984) size designations (Table 37; Bowler et al.
2014). Males tend to be slightly longer than females at age-2 and younger in both species (Table 36).
Similarly, Isermann et al. (2010b) detected only moderate differences in sex-specific growth dynamics for
five Minnesota populations of Black Crappie. Crappie spp. growth rates diminish considerably after the
third growing season in the UMR, likely due to shifts in energy investments to reproduction from growth;
therefor, sexual maturity of both crappie species is most likely reached by the third growing season.
However, the average age or length at maturity has not been definitively determined for existing UMR
populations. Smith (et al. 2007) found few Black Crappie that exceeded age-3 in a study in the Illinois
River, which is similar to aging studies in Pool 13 (Bowler et al. 2014) and in Lake Pepin in Pool 4 (MN
DNR, unpublished data; 2011-2015). Upper-end age is most likely around 8-10 years for both species in
the UMR.
Black and White Crappie can attain lengths of trophy size designation (380 mm or 15 inches; Gabelhouse
1984) throughout the UMR. Lengths of the largest Black Crappie collected from Pools 4, 8, 13, 26, and
the La Grange Pool are contained in Table 38 (LTRM, unpublished data; 1993-2015).
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Table 36. Sex-specific mean length-at-age (mm) of Black and White Crappie in Pool 13, 2009 with
SE and the resulting t-values for age comparisons within species.
Mean Standard
Mean Standard
Pr >
Pr >
Black Crappie n Length
Error
|t |
White Crappie n Length
Error
|t |
Age 0 female
2
96
0.5
Age 0 female
4
106
12.7 0.7122
Age 0 male
Age 0 male
1
117
22
146
5.3 0.8396 Age 1 female
22
161
7.5 0.0241*
Age 1 female
22
Age 1 male
148
3.8
Age 1 male
26
181
5.0
Age 2 female
35
199
5.2 0.1843 Age 2 female
29
214
6.8 0.5207
221
6.9
31
209
5.0
Age 2 male
28
Age 2 male
Age 3 female
14
243
7.9 0.9576 Age 3 female
13
259
7.5 0.9240
16
258
7.9
5.0
Age 3 male
Age 3 male
21
243
13
302
1.9 0.0100*
5
271
5.3 0.2336 Age 4 female
Age 4 female
Age 4 male
2
271
31.5
7
252
11.7
Age 4 male
Age 5 female
9
303
6.5 0.8638 Age 5 female
7
317
3.7
Age 5 male
1
299
Age 5 male
2
327
3.5
303
29.0 0.5719 Age 6 female
Age 6 female
2
Age 6 male
Age 6 male
1
343
355
Age 8 female
1
Age 8 male

Table 37. Sex-specific mean Wr by Gabelhouse (1984) categories of Black and White Crappie in
Pool 13, UMR, 2009 and the resulting t-values for Wr for comparisons within species.

Black Crappie
Substock female
Substock male
S-Q length female
S-Q length male
Q-P length female
Q-P length male
P-M length female
P-M length male
M-T length female
M-T length male

n
7
2
33
36
24
27
19
17
6
1

Mean
Wr
109
106
101
103
100
101
98
99
94
98

Pr >
|t |
0.4941
0.2826
0.4828
0.3941
0.6618

White Crappie
Substock female
Substock male
S-Q length female
S-Q length male
Q-P length female
Q-P length male
P-M length female
P-M length male
M-T length female
M-T length male
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n
9
3
22
28
19
24
20
15
20
3

Mean
Wr
94
103
93
92
93
95
94
95
95
95

Pr >
|t |
0.0880
0.7496
0.3020
0.5628
0.9432

Table 38. Largest specimens of Black and White Crappie collected from the six key LTRM
sampling reaches of the Upper Mississippi River, 1993-2015.
Black Crappie
Pool 4 Pool 8 Pool 13 Pool 26 Open River La Grange
(mm) 408
443
403
411
360
379
Max Length
(in)
16.1 17.4
15.9
16.2
14.2
14.9
Pool 4 Pool 8 Pool 13 Pool 26 Open River La Grange
White Crappie
(mm) 370
360
395
350
356
370
Max Length
(in)
14.6 14.2
15.6
13.8
14.0
14.6
Bowler et al. (2014) estimated asymptotic length of Black and White Crappie in Pool 13 to be
approximately 391 mm (SE = 33.0; k = 0.2385) or 15.4 inches, and 389 mm (SE = 7.0; k = 0.2724) or
15.3 inches, respectively in Pool 13 (Figure 87); however larger specimens have been documented within
the pool. The 0.24 growth coefficient for Pool 13 Black Crappie is comparable to the high end of slower
growing Black Crappie populations in several Wisconsin lakes based upon three categorical growth
trajectories derived by Mosel (2012).

Figure 87. Von Bertalanffy growth curves (total length) of Black and White Crappie (sexes pooled)
with standard dispersion error at 95% confidence collected from Pool 13 of the Upper Mississippi
River, 2009.
Note: Horizontal dashed lines indicate asymptotic length (L∞).

Life History
Zooplankton, insects, and other small invertebrates are the principal diet of young Black and White
Crappie. Crappie spp. switch to a diet of fish and large invertebrates when their gape reaches an adequate
size during the second growing season (Harlan et al. 1987). Both species of crappie will feed at all times
of the day, but are most active in the early morning and evening. Crappie spp. are attracted to fallen trees
and brush, and tend to aggregate in off-channel areas with little or no water velocity near these structures.
Long Term Resource Monitoring fisheries data from 1993–2015 reveals nearly 79% of cumulative Black
Crappie catches (n=84,977) in Pools 4, 8, 13, 26, and in the La Grange Pool have been collected in
backwater lakes or from the impounded portions of the UMR and the Illinois River. Habitat benefit
estimate models of fish communities in Pools 4, 8, and 13 in this same time frame indicated that Black
Crappie are chiefly found in habitats that have mean secchi depths of 45, mean water velocities of 0.10
m2/sec., have high affinities to woody debris, and are moderately associated with submerged aquatic
vegetation (Ickes et al. 2014). Comparatively, White Crappie have higher tolerances to turbidity (mean
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secchi=27), have lower tolerances to water velocity (mean water velocity=0.05 m2/sec.), have a slightly
higher affinity to woody debris, and are relatively less associated with submerged aquatic vegetation
(Ickes et al. 2014). Similarly, Spier (2002) and Wallus and Simon (2008) elucidated that Black Crappie
populations are more tolerant of high water velocities and turbidity than are White Crappie.

Survival
Crappie recruitment can vary greatly from year to year and is likely related to river conditions. Variables
such as water temperature, and the timing or duration of the spring flood pulse, may have significant
impact on their annual recruitment. Parsons et al. (2004) found weak crappie spp. year classes in
Minnesota lakes in years when June and July were colder than average.
Un-weighted catch-curve regression analysis of Pool 13 Black Crappie (ages 2-6) and White Crappie
(ages 1-6) resulted in estimates of total annual mortality in 2009 to be 56% and 48%, respectively (Figure
88; Bowler et al. 2014). This suggests fishing mortality of crappie in Pool 13 of the UMR is not likely to
affect the fishable population from year to year. Rather, environmental factors affecting crappie spp.
recruitment and natural mortality will likely have a greater influence their yearly abundances. This
further suggests that more restrictive harvest regulations would not result in significant increases in
abundances of quality-length and greater (200 mm or ~8 inches) fish of either crappie species.

Figure 88. Age composition and mortality estimates of Black and White Crappie collected in Pool 13
of the Upper Mississippi River, 2009.
Typically, both species of crappie are scattered and use a variety of habitats, such as side channels and
other areas off the main navigation channel in the summer. For most lotic fishes in the UMR, including
such Centrarchids as Black and White Crappie, adequate overwintering habitats seem to be particularly
crucial to the species recruitment and survival. Studies conducted on Centrarchid movements do not
indicate a tendency to migrate relatively long distances in the UMR. However, they will move within and
between habitat types in response to food, reproduction, seasonality, and water quality conditions (Gent et
al. 1995; Knights et al. 1999). Crappie spp. movements into backwater areas during the fall seem to be
triggered as water temperatures fall below 50°F, depending on the suitableness of the backwater as
wintering habitat. Winter habitat in the UMR can be defined as backwater areas as small as ½ acre, with
water temperatures 2-5°F above freezing with little or no water velocity (Steuck 2010). Backwater
habitats that crappie spp. tend to favor during winter have very low flow, the warmest available
temperatures, and dissolved oxygen concentrations above 3 mg/L (Knights et al. 1999; Pitlo 2001). Pitlo
(2001) found that Black and White Crappie traveled an average of 3.4 and 1.9 miles, respectively to reach
suitable overwinter habitat in the UMR, although Steuck (2010) found these distances to be slightly less
(1.5 and 0.90 miles, respectively) between crappie summer and winter habitats. Additional analysis of
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radio telemetry data in a Pool 12 backwater system has demonstrated that White Crappie habitat
distributions decreased from forty acres to less than two acres from pre- to post ice-up (Figure 89; IA
DNR, unpublished data; 2009-2010). Of note, unusually high mortality of radio transmittered White
Crappie was documented in the winter of that study, due to River Otter (Lontra canadensis) predation in
several small backwaters of Pool 12 (IA DNR, unpublished data; 2009-2010).

Figure 89. Kernel analysis depicting White Crappie home ranges dramatically decreasing after iceup. Shown are the pre- and post ice-up (overwintering) home ranges for White Crappie,
approximate to Fishtrap Lake in Pool 12 of the Upper Mississippi River.

Relative Importance to the Fishery
Historically, crappie spp. were the second most important species harvested according to the 1962–63,
1967–68, and 1972–73 creel surveys (Nord 1964; Wright 1970; Fleener 1975). However, the estimated
number of crappie spp. harvested by anglers declined during the period covered by those three creel
surveys, accounting for an estimated harvest of 397,322; 366,469 and 219,445 fish, respectively. Crappie
spp. were considered a legal commercial species in Illinois from 1955 to 1962. During this period, a total
of 140,663 pounds of crappie spp. were harvested at a value of $26,522. The largest catch (30,474 lbs.)
was reported for 1962. Historic creel surveys indicated that crappie spp. were ranked as one of the top
two most harvested sport fish in various pools in the Upper Mississippi River (Dewey and HollandBartels 1987; Ackerman et al. 1992; Stevens 1997).
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Currently both species of crappie are present in all UMR pools (Steuck et al. 2010) and provide an
excellent year-round sport fishery. Recent creel surveys from Lake Pepin in Pool 4 (Schlesser 2014)
revealed: Black Crappie were the 4th most sought-after species open water angler and the 3rd most soughtafter species by ice anglers; as high as three percent of open water anglers and a high of ten percent of ice
anglers targeted the two crappie species; Black Crappie ranked as high as 4th in terms of numerical catch
(78,215) that yielded 27,017 pounds of crappie harvest from open water angling in 2007; Black Crappie
ranked either 2nd or 3rd behind Bluegill (Lepomis macrochirus) and Yellow Perch (Perca flavescens) in
terms of catch rates, harvest, and numerical catches from ice angling during 1988-2013.

Management Implications
Currently no length limits exist on either crappie species for any of the five UMR states; however daily
bag limits and possession limits differ somewhat among the five states.
In Minnesota, waters of UMR that lie within state jurisdiction, a daily bag limit of 25 fish currently exists
for the two crappie species (singly or in aggregate). In Wisconsin, waters of UMR that lie within state
jurisdiction, a total daily bag limit of 25 fish currently exists for an aggregate of panfish species consisting
of Bluegill, Black and White Crappie, Pumpkinseed (Lepomis gibbosus), and Yellow Perch (i.e., any
combinations of these species cannot exceed 25 fish harvested for that day). In Iowa, waters of UMR that
lie within state jurisdiction, a daily bag limit of 25 fish currently exists for the two crappie species (singly
or in aggregate), with a possession limit of 50 fish. In Illinois, waters of UMR that lie within state
jurisdiction between Illinois and Iowa, a daily bag limit of 25 fish currently exists for the two crappie
species (singly or in aggregate). In Illinois, waters of UMR that lie within state jurisdiction between
Illinois and Missouri, a daily bag limit of 30 fish currently exists for the two crappie species (singly or in
aggregate). In Missouri, waters of UMR that lie within state jurisdiction, a daily bag limit of 30 fish
currently exists for the two crappie species (singly or in aggregate), with a possession limit of 60 fish.
Among fisheries and resource managers, habitat related losses from sedimentation are widely regarded as
top-priority issues that persist in the UMR (Schramm 2017). Since the inception of the original
Environmental Management Program that was authorized by the Water Resources Development Act of
1986, restoring habitat is one of two major focus areas of the UMRR Program. The Habitat
Rehabilitation and Enhancement Projects (HREP) element of the UMRR utilizes a wide range of
construction techniques and approaches that mimic natural river processes and provide benefits to the
river ecosystem at the system, reach, pool, and local scales. Many of the completed and current HREP’s
have been designed to benefit backwater habitats through sediment removal, thusly making aquatic areas
deeper. Vast amounts of resources have been put forth toward these HREP’s to improve aquatic and
terrestrial areas within the UMR system (Schramm et al. 2015; Benjamin et al. 2016), and the UMRR is
constantly enhancing restoration techniques and incorporating new research findings to improve habitat
benefits to project costs ratios. Over the past three decades, HREP design and planning has rapidly
evolved, continually building upon experience gained from construction, management, and monitoring of
prior projects. For example, Steuck (2010) recommended spacing multiple overwintering habitat
restoration projects no more than three miles apart within a UMR pool, since Centrarchid overwintering
migrations were relatively short.
Black and White Crappie are two of several higher-end predators found predominantly in the backwaters
of the UMR, and their interactions among other top-tiered predators such as Bowfin (Amia calva),
Largemouth Bass (Micropterus salmoides), Northern Pike (Esox lucius), and Yellow Perch is unclear in
respect to crappie spp. population dynamics. The upper portions of UMR also support robust populations
of other backwater panfish such as Bluegill, Green Sunfish (Lepomis cyanellus), Pumpkinseed, Rock
Bass (Ambloplites rupestris), and Warmouth (Lepomis gulosus) that can further complicate the study and
interpretation of concepts such as intraspecific and interspecific competition between and among species.
Focused studies that broaden local and systemic knowledge of the fisheries communities in the UMR are
always desirable; however logistics, monetary constraints, reasonable goals and objectives, and personnel
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availability dictate the amount, the type, and the practicality of fisheries data that can be collected on a
large-scale river ecosystem such as the UMR. Perhaps it is not so critical to understand the intricate
nuances of predator/prey interactions or to probe the complex relationships among the numerous fish
species within similar guilds, as it is to recognize and physically improve the imperiled aquatic habitats
that are required for fish to perpetuate and sustain their populations in the Upper Mississippi River.
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White Bass (Morone chrysops)
Dan Sallee, Al Stevens, and Mike Steuck
Updated by Adam Thiese and Levi Solomon
Introduction
White Bass (Morone chrysops) is an abundant popular sportfish throughout the Upper Mississippi River
(UMR) system, and are often the target of recreational anglers fishing tailwater areas of Locks and Dams
and any in/outflows where the species has been known to congregate.
White Bass have been described in detail by many authors,
including Pflieger (1997), Smith (1979), and Becker (1983),
and are a deep bodied species with spiny rays and several
dark, horizontal streaks along the sides. It is similar to other
Moronid species but can be differentiated by width and
darkness of horizontal lines, having the second anal fin spine
noticeable shorter than the third, and having a single tooth
patch on the upper surface of the tongue (Pflieger 1997)

Table 39. Distribution and abundance of
White Bass in the Upper Mississippi
River System modified from Steuck et al
(2010).

Distribution and Abundance
White Bass are distributed throughout the entire UMR, and
are generally confined to larger rivers and streams
throughout the 5 UMR states (Smith 1979; Becker 1983;
Pflieger 1997; IA DNR Online Database; MNDNR Online
Database). White Bass are now abundant in many
reservoirs, but many of these populations are due to stocking
efforts (Pflieger 1997). White Bass have been sampled by
the Upper Mississippi River Restoration (UMRR) Program’s
Long Term Resource Monitoring (LTRM) element since
1993, and are prevalent in all major river strata sampled:
main channel borders, side channel borders, backwaters, and
the tailwater zones of locks and dams. They can be
efficiently sampled with day and night electrofishing, fyke
netting, mini fyke netting, tandem fyke netting and seining.
White Bass abundances are in a general decline throughout
most of the UMR. LTRM data shows declines in catch per
unit effort (CPUE) of White Bass in main channel borders
(both unstructured (i.e. no wing dam) and wing dam sites)
via day electrofishing and continuous backwaters via fyke
netting (Figure 90, Figure 91, and Figure 92). This trend is
consistent from Pool 4 through the Open River Reach
including the La Grange Reach of the Illinois River and
could be relatively new trend, as Smith (1979), Becker
(1983), and Pflieger (1997) describe populations of White
Bass as secure or increasing (usually referring to stocking
efforts expanding distribution). Explaining this decline is
difficult due to the differences in the UMR from Minnesota
to Missouri and the many interactions that may affect only
one region and not another.
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O – Occasional, occasionally
collected, not generally
distributed, but local
concentrations may occur.
C – Common, commonly taken in
most sample collections; can
make up large portion of some
samples.
A – Abundant, abundantly taken in
all river surveys
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Figure 90. Catch per unit effort of White Bass via day electrofishing in unstructured main channel
border habitats (no wing dams) in the six UMRR-LTRM study reaches of the Upper Mississippi and
Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
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Figure 91. Catch per unit effort of White Bass via day electrofishing in structured main channel
border habitats (wing dams) in the six UMRR-LTRM study reaches of the Upper Mississippi and
Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The La Grange Reach does not contain wing dams.
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Figure 92. Catch per unit effort of White Bass via fyke netting in contiguous backwaters in the six
UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.

Reproduction
White Bass reproduction has been described in detail in the literature and is thoroughly summarized by
Wallus and Simon (2006). White Bass are prolific spawners, and fecundity is related to the body size of
the female and range from 61,700 to >1.5 million eggs/female, however, female may only spawn ½ of the
eggs while resorbing the rest (Wallus and Simon 2006). White Bass can spawn in a wide range of
temperatures (Wallus and Simon 2006), and on the upper reaches of the UMR spawning begins at 58-60°
F and 68-70° C between late April and June (Harlan et al 1987, Holland-Bartels et al. 1990). Males move
to spawning grounds up to a month earlier than females, and spawning begins upon the arrival of ripe
females (Wallus and Simon 2006). White Bass spawn in swift waters of tributaries, large rivers and
tailwater zones near the surface or in the middle of the water column (Wallus and Simon 2006).
Spawning is usually in shallow water over a firm substrate of rocks, gravel, sand, or clay and has also
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been observed over aquatic vegetation (Wallus and Simon 2006). Adhesive eggs are released in open
water and adhere to gravel/rocks/structure and hatch in 2-4 days (Harlan et al 1987; Wallus and Simon
2006); no parental care given to young (Pflieger 1975; Wallus and Simon 2006).

Age, Growth, and Size and Maturity
White Bass are relatively fast growing and short-lived, reaching a maximum length of about 18 inches
and a maximum weight of about 3 lbs. Throughout the UMR, White Bass typically reach a length of 6
inches prior to their first winter and can reach a quality size (9 inches (Gabelhouse 1984)) in Year 1 and
preferred size (12 inches (Gabelhouse 1984)) by age-2 or age-3. Growth seems to level off at 15 inches,
however, larger individuals are possible. White Bass seem to grow slightly faster in the Open River
Reach near Cape Girardeau when compared to the other pools, and grow older in the northern pools (4,
13, 14, and 16) than the southern reaches (La Grange and Open River Reach) (Table 40). Pools 4, 13,
and 16 had fish that reached age-9, whereas the Open River and La Grange Reaches only have fish reach
ages 5 and 4, respectively. Data from 1993 and 1994 can be found in McCarthy (1995) and other data
was courtesy of Iowa Department of Natural Resources (Pool 16, October, 2012; June, 2015), Minnesota
Department of Natural Resources (Pool 4), Missouri Department of Conservation (Open River, October
2012), and the Illinois Natural History Survey (La Grange, fall 2012-2014)
There can be many different variables that influence White Bass growth on the Mississippi River
including water temperature, forage, and river conditions. YOY White Bass grow quickly in the
Mississippi River. In Pool 16, from 2012-2015, mean lengths of YOY White Bass during October night
electrofishing surveys ranged from 5.8-6.3 inches (IA DNR, unpublished data), and lengths averaged >5.1
inches in Pool 4 and the Open River and La Grange Reaches. Minimum length of Pool 16 YOY White
Bass ranged from 4.3-5.1 inches and maximum lengths ranging 6.9-7.9 inches in October of 2012 -2015
(Figure 93)
White Bass reach maturity at age-2 when total lengths are 8 to 10 inches. Harlan et al. (1987) states that
most males mature at age-2 and most females mature at age-3, Smith (1979) notes maturity at age-3.
In Pool 16, developed gonads in male and female White Bass were seen starting at a length of around 9
inches (Figure 94).

Table 40. Average White Bass length-at-age (inches) for 4 selected pools and the Open River Reach
of the Upper Mississippi River and the La Grange Reach of the Illinois River.
Location
Pool 13 (1993)
Pool 13 (1994)
Pool 14 (1993)
Pool 14 (1994)
Pool 4 (2011-2015)
Pool 16 (2012)
Pool 16 (2015)
Open River (2012)
La Grange (2012-2014)

0

5.1
6.0
6.8
6.2

1
6.3
6.3
6.6
6.0
9.6
10.1
9.3
11.1
10.4

2
9.0
8.7
9.1
9.0
12.1
12.1
11.3
13.3
11.2

3
11.2
10.6
11.3
11.0
13.2
14.3
12.9
15.5
12.1

4
12.1
12.9
12.6
12.6
13.9
14.6
14.1
17.4
10.8

5
12.9
12.9
13.1
13.8
13.9
15.0

Age
6
7
8
9
10
11
13.5 14.4 13.2 14.4 15.0 15.3
13.8 14.4 15.1
13.8
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19.7
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Figure 93. Pool 16 YOY White Bass lengths in October of 2012-2015 (Iowa Department of Natural
Resources, unpublished data).
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Figure 94. Length at maturity of White Bass in Pool 16 in October 2012 (IA DNR, unpublished
data).

Life History
The young White Bass form schools and feed on zooplankton and insects, gradually including fish in their
diet as they grow larger than 100 mm (Wallus and Simon 2006). Feeding habits of White Bass
occasionally approach the spectacular when they are schooling near the water surface in search of
minnows or mayflies. Feeding is most active during the early morning or evening hours, but some feeding
also occurs in deeper water during the day. Migrations often occur during the spring, indicative of
spawning runs downriver, and fall seasons (Brooks et al 2009), and in general, White Bass are known to
range over wide areas in the Mississippi River. The species frequents the main river channel, side
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channels and backwater lakes, often congregating in the fast water below wing dams and navigation dam
roller gates and any active inflows from water control structures or draining backwater lakes.
Adult White Bass primarily feed on fish but invertebrates can make up a portion of their diets as well.
Stomachs from White Bass in Pool 16 were dissected to see what they were eating in June of 2015. The
largest percentage of their diet included fish (Figure 95). Emerald Shiners were the most common
identifiable minnow species.

Figure 95. Stomach contents of White Bass sampled in Pool 16 of the Mississippi River in June of
2015 (IA DNR, unpublished data).

Survival
With high fecundities, wide breadth of diets, and individuals age-6 and older found in most UMR pools
where data exists, White Bass exhibit good survivorship in the variety of habitats provided throughout the
UMR. Abundant literature report White Bass as a short lived species, seldom growing older age-4
(Pflieger 1997, IA DNR Online Database), and this would indicate the northern pools of the UMR
potentially contain excellent White Bass habitat. Conversely, data from the Open River and La Grange
Reaches show no fish over age-5 and few La Grange fish reaching a preferred size of 9 inches
(Gabelhouse 1983), indicating that these reaches are not potentially not as favorable for White Bass.

Relative Importance to the Fishery
Many anglers rate the White Bass as a fair to good food fish and by most as an excellent sport fish. White
Bass are well distributed in the Mississippi River having been taken by anglers in all seven UMR pools
(4, 5, 7, 11, 13, 18, and 26) of the 1962–63, 1967–68, and 1972–73 sport fishery surveys. White Bass
ranked 4th, 6th and 5th in the three surveys, respectively. A total harvest of over 100,000 was estimated
from the seven pools in each year with a maximum harvest of over 140,000. A recreational use survey of
Pool 13 in 1991 found that White Bass ranked 9th in catch with 15,518 fish caught and 5,696 fish
harvested at a catch rate of 0.03 fish/hr (Gent 1993). Summer creel surveys in Pool 13 from 1993 to 2010
showed White Bass ranked from 2nd to 7th in numerical harvest annually (Iowa Department of Natural
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Resources). Numerical harvest of White Bass in Pool 13 ranged from 125 in 1993 and 2010 to 3,068 fish
in 2005 (Table 41).

Table 41 White Bass creeled on Pool 13 of the Mississippi 1993-2010.
Ranking of White Bass Harvested from Pool 13, UMR, May-October (14 Species Creeled)
Year
1993
1994
1997
1998
2001
2002
2003
White Bass Rank
7
7
7
6
7
6
7
White Bass Creeled
125
651
2,952
1,753
482
203
602
Year
2005
2006
2007
2008
2009
2010
Mean
White Bass Rank
2
5
3
6
5
7
6
White Bass Creeled 3,068
1,319
1,740
743
992
125
1,219
* Year of record flooding; river closed to commercial and recreational boating from July 2 through August 17, 1993.

Management Implications
Creel limits are liberal, as over-harvest does not appear to be a problem.
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Smallmouth Bass (Micropterus dolomieu)
Mark Endris, Scott Gritters, and Dan Dieterman
Updated by Scott Gritters and Dan Dieterman
Introduction
Smallmouth Bass (Micropterus dolomieu) is an abundant and popular sportfish in the northern reaches of
the Upper Mississippi River (UMR) system, and are
often the target of recreational anglers fishing along Table 42. Distribution and abundance of
Smallmouth Bass in the Upper Mississippi
natural or artificial rocky habitats.
River System modified from Steuck et al
Smallmouth have been described in detail by many
(2010).
authors, including Pflieger (1997), Smith (1979),
Smallmouth
Smallmouth
and Becker (1983), and are streamlined bass with a
Pool
Pool
Bass
Bass
moderately large mouth. It is similar to other
Micropterus species but can be differentiated from
C
13
O
1
Largemouth Bass (Micropterus salmoides) as its
2
C
14
O
upper jaw reaches near the rear margin of the eye.
3
C
15
O
For comparison, the upper jaw extends well past the
4
C
16
O
eye socket in a Largemouth Bass. Juvenile
5
C
17
U
Smallmouth Bass have three distinct colored bands
in tail fin while the Largemouth Bass only has two.
5A
C
18
U
Finally, Smallmouth Bass are generally bronze in
6
C
19
O
color without any major vertical barring or stripes
7
C
20
C
on the midside while Largemouth Bass are greenish
8
C
21
O
in color and have vertical barring on the midside.
9
C
22
U
Distribution and Abundance
10
C
24
C
Smallmouth Bass are distributed throughout the
11
O
25
O
entire UMR, and are generally confined to medium
12
O
26
O
and larger rivers and streams throughout the 5
River Smallmouth River Smallmouth
UMR states (Smith 1979; Becker 1983; Pflieger
Reach
Bass
Reach
Bass
1997; IA DNR Online Database; MNDNR Online
U
100
0
201
Database). They can also occupy clear natural lakes
found in the UMR states.
195
O
75
U
175
H
50
0
On the lower reaches of the Mississippi River,
150
O
25
U
Smallmouth Bass are generally considered as
uncommon or occasional up to Pool 16 but become
125
H
more numerous and are listed as common in the
C – Commonly taken in most sample collections,
northern Pools (Table 42, Steuck et al. 2010). Many
can make up a large portion of some samples;
anglers and biologists believe that the Smallmouth
Bass has increased in abundance in Pools 2 – 13
O – Occasional, occasionally collected, not
over the last two decades (Kirby 1998, and Iowa,
generally distributed, and local populations
Wisconsin and Minnesota DNR personal
may occur;
communication). Poor water quality and lack of
U – Uncommon, does not usually appear in
quality habitat due to sedimentation may be
sample collections, populations are small, but
contributing factors to poor Smallmouth Bass
do not appear to be on the verge of
numbers in the Illinois River and below Pool 16 of
extirpation.
the Upper Mississippi Rivers.
H – Historic, records of occurrence are available,
Smallmouth Bass abundances during the last 22
but no collection have been documented in
years of LTRM monitoring indicate high and
the last 10 years.
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somewhat steady populations in Pools 4 and 8. The catch rate of smallmouth seem it be on the increase in
Pool 13 but peaked in the 2005 to 2007 time frame. That peak was also noted in Pool 26 but catch rates in
Pool 26, the Open River and the La Grange Pool on the Illinois River all remain low. A slight uptick in
the catch rate was noted in the La Grange Pool on the Illinois River from 2013 to 2015 and it will remain
to be seen if this continues (Figure 96).

Figure 96. Catch per unit effort of Smallmouth Bass via day electrofishing in unstructured main
channel border habitats (no wing dams) in the six UMRR-LTRM study reaches of the Upper
Mississippi and Illinois Rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
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Electrofishing monitoring data has also been collected at
Exelon’s Nuclear Plant in Pool 14 near the Quad Cities from
1971 to present. In the 23-year time span (1971 – 1993), only
seven Smallmouth Bass were collected. In the next 21-year
time span from 1994 – 2015, 245 Smallmouth Bass were
collected (Table 43).

Reproduction

Table 43. Smallmouth Bass sampled
by electrofishing as Quad Cities
Nuclear Plant from 1971-2015.

Year
1971-1993
1994-1998
1999-2003
2004-2008
2009-2013
2014-2015

Catch
7
13
51
58
38
34

Smallmouth Bass normally spawn in the spring (May – June)
when water temperatures approach 55 - 60°F. The average nest
contains approximately 2,500 eggs, but this number may vary
from a 200 to 15,000 (Ohio DNR pub 5059, Pfliger 1975).
Shallow nests are built in sheltered areas on gravel or coarse
sand substrate. The male guards the eggs and young. Rapid
drop in water temperature or high turbidity and suspended sediment levels can cause high mortality in
eggs or newly hatched fry (Becker 1983). A guarding male taken off the nest by anglers, even if released
quickly, will often return to the nest only to find high egg and fry predation. Re-nesting may occur if
earlier nesting is not successful. Fry have been observed in August (WI DNR, unpublished data).

Age Growth and Size at Maturity
Smallmouth Bass eggs hatch in two to ten days, depending on water temperatures, and the young remain
in the nest from 6 to 15 days. After this period the black-colored fry rise in a small school and begin to
disperse in search of small insects and crustaceans to eat, while still being guarded by the male for up to 9
days (Pfliger 1975 and Becker 1983). Adult Smallmouth Bass prefer to feed on minnows, crayfish,
insects and young of other species. They are rather solitary in habit and seek cover that also offers a good
place from which to feed. Areas with natural rock, wing dikes, and riprap closely associated with flowing
water are the preferred habitat of Mississippi River Smallmouth Bass (Endris 1995). In Pools 3 through
16 Smallmouth Bass are found in a variety of habitats including vegetated backwaters in early spring,
shallow sand flats during mid- summer, and throughout tertiary, secondary, and main channel areas near
current breaks, woody debris, and rock. Rock with moderate current flow seems to be their habitat of
choice (Ohio DNR, pub 5059, Pfliger 1975).
An aging structure comparison was conducted in 2015 and 2016 for a subset of Smallmouth Bass
collected from September to November as part of the annual Large Lake Program sampling (Schlesser
2017). All fish were aged with both scales and otoliths (crack and burn), and ages were then compared.
One hundred and four Smallmouth Bass were aged, with 63.5% agreement between scales and otoliths,
and an additional 20.2% where the scale assigned age was one year older and 5.8% where the scale
assigned age was one year younger than the age assigned using otoliths.
Smallmouth Bass growth rates are quite variable on the Mississippi River and are influenced by pool and
year specific habitat conditions, flow, prey species availability and sex. Becker (1983) indicated that
species reaches sexual maturity in its third and fourth year of life when total lengths are generally greater
than 8 inches (Table 44). However, in Pool 4 which includes Lake Pepin, sexual maturity is typically
reached in the second and third year of life.
In a study of the age-frequency of Smallmouth Bass in 2015 on Lake Pepin in Pool 4, nearly 29% of the
population of Smallmouth Bass were age-1 and ranged in size from 4 to 12 inches (Table 44). The Pepin
Smallmouth Bass age structure consisted of 77% of the fish being three years old or younger.
Considerable variability in growth rates were common, for example, age-2 Smallmouth Bass ranged from
6.5 – 14.5 inches in length. A few 19 – 20 inch fish were sampled and ranged in age from 7 -12 years.
Much of this variability can be explained by determining a fish’s sex and at what age they reach sexual
maturity. Females tend to grow faster and larger than males and individuals that mature at an older age
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are capable of much faster adolescent growth due to more energy devoted to growth versus production of
gametes. Spawning success of Smallmouth Bass appeared quite consistent in Lake Pepin (Table 44).

Life History
Smallmouth Bass have traditionally been considered a relatively sedentary fish, but most of the studies
that examined movement took place over a short time frame during the summer months (Pfliger 1975). A
study that involved radio tagging and tracking fish from Pool 7 for over a one-year period has shown that
some individuals migrate up to 60 miles in the Mississippi River and its tributaries (Endris 1995). They
move upstream when water temperatures are nearing 60°F, passing through the navigation dams if the
gates are out of the water during the spring upstream migration. The Smallmouth Bass that enter tributary

Table 44. Age-length frequency of Smallmouth Bass captured by electrofishing, Lake Pepin
September and October, 2011-2015 (Schlesser 2011-2015).
Length Group
3.0 - 3.9
4.0 - 4.9
5.0 - 5.9
6.0 - 6.9
7.0 - 7.9
8.0 - 8.9
9.0 - 9.9
10.0 - 10.9
11.0 - 11.9
12.0 - 12.9
13.0 - 13.9
14.0 - 14.9
15.0 - 15.9
16.0 - 16.9
17.0 - 17.9
18.0 - 18.9
19.0 - 19.9
20.0 - 20.9
21.0 - 21.9
Totals
Percent

Sample
size
15
48
34
35
191
183
113
126
183
182
128
128
93
43
30
8
7
4
0
1551

Subsample
size
15
48
34
31
98
98
91
89
117
94
80
84
64
37
27
8
7
3
0
1025

Mean Length (in)
Standard Deviation
Minimum Length (in)
Maximum Length (in)

0
15
47
33
2
2

99
6.4
4.7
0.71
3.5
8.0

1

2

3

1
1
29
3
181
8
168 13
2
57
47
7
8
89
27
2
136 42
52 110
3
69
3
21
10
1

448
28.9
8.1
0.97
4.5
11.4

355
22.9
10.8
1.24
6.5
14.5

290
18.7
12.5
1.38
8.7
16.1

4

5

1
1
2
15
42
64
41
5
2

4
6
34
26
20
8

173
11.1
14.4
1.16
10.0
17.5

Age
6

7

8

9

10

11

12

2

97
6.3
15.4
1.21
12.6
17.8

6
6
15
15
9
4

57
3.6
16.1
1.49
11.3
18.3

2
1
2
7
2
2

15
0.9
17.5
1.47
13.5
19.2

3
1
3
1
10
0.7
18.4
1.48
15.8
20.3

1
1
1
1
4
0
0.3 0.0
18.9
1.51
17.0
20.6

1
1
1
1
0.1 0.1
20.9 19.3
20.9 19.3
20.9 19.3

streams and rivers appear to be summer residents and return to the Mississippi in the fall when water
temperatures are again approaching 60°F. Smallmouth Bass that remained in the Mississippi, but
migrated to pools upstream also returned downstream in the fall. Some of the radio-tagged fish remained
in a small reach of Mississippi River Pool 7 with some minor movement during the spring, summer and
fall. None of the Smallmouth Bass showed significant movement after water temperatures were below
50°F (Endris 1995).
A similar radio tracking study was conducted on the Turkey River, a tributary to the Mississippi River in
Pool 11 (Gelwicks 2013). Fifteen Smallmouth Bass were radio-tagged between fall of 2000 and fall of
2002 below the in-stream impoundment at Elkader, Iowa. Eight fish moved to the Mississippi River to
overwinter (a distance of over 30 miles), and one fish moved near the mouth of the Turkey River and died
during the winter. Four of these fish made repeated movements to the Mississippi River to overwinter.
The six remaining Smallmouth Bass spent the winter near locations where they were tagged and released.
Three of these fish also died during the winter period. One Smallmouth Bass remained in the Turkey
River through two winter periods. All active Smallmouth Bass that overwintered in the Mississippi River
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returned each spring to areas of the Turkey River near their initial tagging locations. Total linear range of
the nine Smallmouth Bass that were located during all seasons averaged 28.8 miles and ranged from 1.4
to 40.3 miles. Smallmouth Bass that overwintered in the Mississippi River began moving downstream in
the Turkey River in mid to late September, as water temperatures dropped below 60°F. Nearly all fish
completed their movement to the Mississippi River by early November, when water temperatures in the
Turkey River dropped below 40°F. Return movements of most fish to the Turkey River occurred during
April each year during a sustained rise in Turkey River water temperatures above 40°F.

Survival
Smallmouth Bass seem to show excellent survivorship, especially in the upper Pools of the Mississippi
River. For instance the excellent size and age distribution and overall numbers suggest that desirable
habitat is not a limiting factor in Lake Pepin and Pool 4 of the Mississippi River (Table 44). High catch
rates in Pool 8 also indicate they are able to survive well past reproductive ages. Expanding populations
in Pools 13 and 14 (and probably other midsection UMR pools) also suggests good survivability and
maybe expansions into quality habitats. Conversely, data from the Pool 26, the Open River and La
Grange Reaches seem to show that Smallmouth Bass struggle to adapt to possibly poorer water quality
conditions or habitat is not available to them consistently.

Relative Importance to the Fishery
Historically, Carlander (1954) contains several references to pre-impoundment Smallmouth Bass fishing
on the UMR and are described as prime fishing between Wabasha and Saint Anthony Falls in Minnesota,
and good fishing in Pool 9 near Lansing, Iowa.
Presently the Minnesota DNR indicates that Smallmouth Bass can comprise up to 85% of the bass species
reported in competitive angling tournaments. Prized Smallmouth Bass up to five pounds have been
recorded in Pools 3 - 9 (MN DNR, unpublished data). Smallmouth Bass abundance is generally lower in
the Iowa-Wisconsin boundary waters of Pools 9–11, but still an important component of the fishery. In
2000, Smallmouth Bass comprised nearly 40% of the bass reported from Pools 9–11. The largest
Smallmouth Bass reported from competitive angling tournaments commonly range between 3–4½ lbs.
(IA DNR, unpublished harvest report data).
Smallmouth Bass were recorded from Pool 4 to Pool 26 during creel surveys conducted in 1962–63
(Nord, 1964), 1967–68 (Wright, 1970) and 1972–73 (Fleener, 1975). These creels indicated that
Smallmouth Bass populations, and accompanying angler catch and harvest of Smallmouth Bass,
decreased in a southward progression. Creel surveys during 1987–1989 and 1993–1995 on Pool 4
showed that Smallmouth Bass ranked 7th in directed effort and 2nd in catch (Stevens 1990, 1996). During
the 1987–1989 survey, an estimated 20,588 Smallmouth Bass were caught, of which 3,421 were
harvested. During the 1993–1995 survey, an estimated 43,375 Smallmouth Bass were caught and 972
were harvested. During the 1999 to 2001 creel survey on Pool 4 an estimated 71,306 Smallmouth Bass
were caught of which 2,717 were harvested. Smallmouth Bass ranked 4th in directed effort, 6th overall in
catch and 8th overall in harvest (Schlesser 2014b).
Although it is a commonly targeted species, nearly all the fish are released, even legally sized individuals
(Schlesser 2016). In two creels of Lake Pepin in 2011 and 2012, Largemouth Bass and Smallmouth Bass
remained an important component of the fishery and combined made up approximately 12% of the total
catch during both creel periods. However, harvest was only 2% of the total catch in 2011-2012 and only
1% in 2012-2013 (Schlesser 2014b).
Although catch has steadily increased over the past 12 years, the percentage of caught fish harvested has
declined from a 1962–1989 mean of 20% to a 1993–2012 mean of 2% (MN DNR unpublished creel data).
Another unpublished survey by the WI DNR in 1992 on Pool 5A indicated that Smallmouth Bass ranked
5th in directed effort, 3rd in catch, and 5th in harvest. A creel survey in 1997 on Pools 7 and 8 had
Smallmouth Bass ranked 2nd in effort, 6th in catch, and 12th in harvest
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Lower in the Mississippi River, creel surveys indicate that catch and harvest rates are much reduced.
Creel surveys in Pool 11 estimated no harvest of Smallmouth Bass in 1995. In 1999, the harvest was
estimated at 84 fish (Pitlo 2000). A creel survey on Pool 13 in 1992 indicated that Smallmouth Bass
ranked 21st in catch and the estimated harvest was zero (Gent 1993). Additional studies in 1993, 1994,
1997, and 1998 also estimated zero harvest of Smallmouth Bass for Pool 13 (Pitlo 2000). A Creel survey
by Waters (1976) indicated Smallmouth Bass were present in creel surveys from Pool 16 but made up less
than one percent of the harvest.

Number of Smallmouth Bass Sampoled
1990-2018
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Figure 97. Total catch of Smallmouth Bass by LTRM sampling 1993-2018.
The Upper Mississippi River Restoration (UMRR) Program’s Long Term Resource Monitoring (LTRM)
element netting and electrofishing studies collected 20,178 Smallmouth Bass between 1993 and 2018
from Pools 4, 8, 13, 26, the Open River field station at Cape Girardeau, Missouri and the LaGrange Pool
on the Illinois River (Figure 97). Approximately 57% of these Smallmouth Bass were collected from Pool
8, 34% were collected from Pool 4, 6% from Pool 13, and 1% were from Pool 26 and the LaGrange Pool
of the Illinois River. Only a few individuals were collected in the open river field station. Lake Pepin,
which comprises almost two-thirds of the acreage in Pool 4 and supports an excellent Smallmouth Bass
population, is not sampled by LTRM.

Management Considerations
Smallmouth Bass are a significant component of the fishery in the upper portion of the navigable
Mississippi River (Pools 1–16) and populations appear to be healthy in Pools 2 – 9, and increasing in
Pools 10 - 16. Below Pool 16 and in the Illinois River system Smallmouth Bass are not as common but
may be present where quality habitat exists. As Smallmouth Bass populations have increased, so too has
interest and effort by anglers. Although angling effort and catch of Smallmouth Bass has increased since
the mid- 1980s, harvest rates has declined. However, public input from anglers and angling organizations
that target Smallmouth Bass indicate substantial interest in managing the species separate from
Largemouth Bass, and with possibly more restrictive regulations.
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Largemouth Bass (Micropterus salmoides)
John Pitlo, Dan Dieterman, and Gene Jones
Updated by Dan Dieterman, Brian Brecka, Gene Jones, and Andy Fowler
Introduction
The Largemouth Bass is the largest member of the Centrarchidae family of sunfish and its subgroup
known as black bass. Largemouth Bass have bodies that are both elongated and thick, providing them
with the ability to swim very quickly for short bursts. Their coloring is mostly green, ranging from olive
to dark green on the back and greenish yellow on the sides, with a white or cream-colored belly. A series
of dark splotches form a horizontal stripe that extends
Table 45. Distribution and abundance of
down the length of the sides along the lateral line. In some
Largemouth Bass in the Upper Mississippi
circumstances, especially very turbid water, Largemouth
Bass color may fade, appearing almost white or very light River System modified from Steuck et al
(2010).
green.
Largemouth
Largemouth
Largemouth Bass on the Upper Mississippi River (UMR)
Pool
Pool
Bass
Bass
are highly sought after recreational fish. They are known
1
U
13
C
for the tussle they provide and their picturesque acrobatic
jumps when hooked. Open water anglers find Largemouth
2
O
14
C
Bass from one end of a UMR pool to the other in habitats
3
O
15
C
that vary in flow, substrate, cover, and depth. While they
4
C
16
C
can be caught on live-bait such as worms, leaches, and
5
C
17
C
minnows, anglers typically exude great pride in fooling
5A
C
18
C
Largemouth Bass into striking artificial lures. The list of
6
C
19
C
ways to catch them seems endless. While current (2016)
Largemouth Bass populations and their size structures are
7
C
20
C
good throughout much of the UMR, it is important this
8
C
21
C
species and its required habitat are monitored closely to
9
C
22
C
ensure a high quality fishery continues into the future.
10
C
24
C
Distribution and Abundance
11
C
25
C
Largemouth Bass are native only to North America, and
12
C
26
C
their original range was generally the eastern half of the
River Largemouth River Largemouth
United States and southern Ontario and Quebec in Canada. Reach
Bass
Reach
Bass
The native range extended south from Minnesota to Texas
201
C
100
O
and northeastern Mexico. It extended east to western New
195
C
75
O
York, Pennsylvania, and the South Atlantic coast. Due to
175
U
50
O
extensive stocking and their adaptable nature, the range
for Largemouth Bass expanded to include major or minor
150
O
25
O
portions of every state in the continental United States and
125
O
most of the southern fringes of Canada. They are also
U – Uncommon, does not usually appear
found in several regions of Europe, Asia, Africa, South
in sample collections, populations
America, Central America, and the Caribbean.
are small, but do not appear to be on
In the Upper Mississippi River (UMR), Largemouth Bass
the verge of extirpation.
are listed as “uncommon” in Pool 1, “occasional” in Pools
O – Occasional, occasionally collected,
2 and 3, and “common” throughout all other UMR pools
not generally distributed, and local
(Table 45). Although Largemouth Bass populations are
populations may occur.
found commonly throughout most UMR pools, their
C – Commonly taken in most sample
abundance generally begins to decline below Pool 15.
collections, can make up a large
Data collected as part of the U.S. Army Corps of
portion of some samples.
Engineers’ Upper Mississippi River Restoration, Long
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Term Resource Monitoring (LTRM) fisheries element found Largemouth Bass abundance significantly
increasing in 3 of the 5 UMR pools monitored since 1993 and median electrofishing catch rates near 20 in
Pool 8, near 10 in Pools 4 and 13 and less than 1 in Pool 26 (Figure 98). Below the pooled portion of the
UMR and within the open river stretch, Steuck (2010) designated Largemouth Bass abundance as mostly
occasional. The LTRM fisheries element had zero catches of Largemouth Bass in the 50 mile open river
stretch centered at Cape Girardeau, MO (Figure 98).
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Figure 98. Twenty-two year trends in mean catch per unit effort (circles) of Largemouth Bass for day
electrofishing in backwater contiguous shoreline stratum in the LTRMP from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.

Reproduction
Largemouth Bass spawn in late spring and early summer (May-July) when water temperatures are
consistently above 60°F. Other factors such as day length and water level contribute to the timing of the
spawning cycle. On the UMR, male Largemouth Bass construct nests in 1-4 feet of water on gravel, sandy

229

or hardpan clay substrate, roots of emergent vegetation, or buried woody debris often covered by 4-10
inches of silt (Pitlo 1992). The nests are plate-sized depressions in the substrate that the male aggressively
defends against intruders.
Female Largemouth Bass, often more than one at separate times, enter the nest and spawn with the male.
After spawning, the male not only guards the nest site but continuously fans the eggs with his fins. This
keeps the eggs silt free and always in contact with fresh water. The number of eggs produced by a female
Largemouth Bass ranges from 2,000 to over 109,000 and depends on the size and condition of the female
(Carlander 1977). Successful bass nests have been reported to contain 5,000 to 43,000 eggs (Heidinger
1975). The time required for eggs to hatch depends on water temperature. As water temperature increases,
the number of hours required for eggs to hatch decreases. For example, at 50°F, 65°F, and 82°F, it takes
317, 55, and 49 hours for eggs to hatch, respectively (Badenhuizen 1969; Merriner 1971). Male
Largemouth Bass guard the fry for up to two weeks after hatching.
There are numerous variables that may affect the spawning success for Largemouth Bass. Summerfelt
(1975) found two variables, water temperature and turbidity, played very important roles in determining
spawning success. Heidinger (1975) found a sudden drop in water temperature caused male bass to desert
the nest and resulted in egg mortality. On the UMR, fluctuating water levels may also significantly impact
spawning success. Pitlo (1992) followed radio tagged Largemouth Bass to nesting sites which were
subsequently dewatered by a sudden drop in river levels; the 1.5-2.0 feet decline in water level left their
nest area dry. Removal of male bass from the nest by angling may result in egg mortality or fry may be
lost to predation (Heidinger 1975). If eggs are lost early in the spawning period, re-nesting usually occurs.
The entire spawning cycle, from nest making through fry guarding, is a stressful period for Largemouth
Bass. Injuries or disease contraction caused from the rigors of spawning may contribute to mortalities in
weaker or older fish.

Age, Growth, and Size at Maturity
Largemouth Bass growth studies indicate considerable variation between and among age groups.
However, little differences have been found in growth rates between sexes. Sexual maturity for female
Largemouth Bass typically occurs at age-2 or age-3 (about 10 inches), while male bass may mature at
smaller sizes (Heidinger 1975). Length-at-age studies utilizing average back-calculated lengths at annulus
formation have been conducted for UMR Largemouth Bass on many occasions. Some of the earliest
studies were conducted by Ackerman (1978) in Pool 10 and Van Vooren (1983) in Pool 17 (Table 46).
Growth rates through the mid 1990’s appeared little changed, as the results of these early studies were
similar to studies completed more recently in various pools by Pitlo (1992) and Dieterman (1994-1996).
In addition to these length-at-age studies, age-length frequency distribution for Largemouth Bass has been
determined in Lake Pepin, Pool 4 from 2011-2015 (Table 47; Nicholas Schlesser, MN DNR, unpublished
data).
The LTRM fisheries element measured the relative weights (Wr) of Largemouth Bass in Pool 13. A Wr is
an index of condition reflecting an individual fish’s nutritional state; in concept, a mean Wr of 100
reflects ecological and physiological optimality. Over the course of 16 years from 2000-2015, LTRM
found the Wr of Largemouth Bass to typically be above 100 (Figure 99). Although annual variations
occurred, it appeared Largemouth Bass in Pool 13 were in relatively good condition. They also compared
relative weights by size classes and found no discernible trend in fish condition.

Life History
After hatching, Largemouth Bass fry school for several weeks while protected by their paternal parent.
They eventually scatter and forage alone. Zooplankton is the major food item of fry until large enough to
feed on insects, crustaceans, and small fish. They have occasionally been found to be cannibalistic. In the
UMR, young-of-year (YOY) and juvenile Largemouth Bass are typically found in relatively shallow
water protected from flows that usually contain some type of protective cover such as submersed, floating
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leafed or emergent vegetation, logs, brush piles or stumps. Largemouth Bass continue to utilize and
associate with protective cover throughout their lives. Feeding may occur at any time, but early morning
and evening hours are usually the times of greatest feeding activity.
Largemouth Bass utilize a variety of habitats within a navigation pool throughout the year. While interpool movements are infrequent, Pitlo (1992) documented intra-pool seasonal movements between
summer and winter habitats to be as much as nine miles. During warm water periods, generally from late
spring through early fall, Largemouth Bass tend to be ubiquitous in their habitat preference. However,
during late fall Largemouth Bass migrate to over-wintering areas with specific habitat characteristics.
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Table 46. Average back-calculated lengths at annulus formation for Largemouth Bass from various
Pools of the Upper Mississippi River.
Reference and Location

Length (inches) at Age
4
5
6

Number
of Fish

1

2

3

213

3.7

7.4

10.6

13.3

16.2

890

4

8

10.5

12.4

14.1

135
129
121
128
129
221
134
251
121

3.8
4.4
3.4
3.4
3.8
3.8
4.2
3.8
4.2

8.2
9.1
7.5
7.6
7.8
8.1
8.1
7.5
8.3

11.2
12.3
10.8
11.1
11.1
11.3
11.2
10.3
11.4

13.4
14.4
13.3
13.4
13.3
13.5
13.5
12.9
13.9

85
56
47
73

4
3.6
4.2
4.6

6.8
8.1
7.8
7.9

10.3
11.4
9.8
11.4

12.4
13.8
11.8
13.4

Ackerman 1978
Methodist Lake, Pool 10
Van Vooren 1983
Big Timber, Pool 17
Pitlo 1992
Minnesota Slough, Pool 9 (1985)
Minnesota Slough, Pool 9 (1988)
Norwegian Lake, Pool 10 (1985)
Methodist Lake, Pool 10 (1985)
Methodist and Norwegian Lakes Pool 10, (1988)
Sunfish Lake, Pool 12 (1984)
Sunfish Lake, Pool 12 (1987)
Brown's Lake, Pool 13 (1984)
Brown's Lake, Pool 13 (1987)
Dieterman 1996
Sam Gordy's Slough, Pool 6 (1993)
Reno Bottoms, Pool 9 (1994)
Fountain City Bay, Pool 5A (1995)
Vermillion Slough, Pool 3 (1995)

7

8

9

15.4

16.5

16.2

15
15.7
15.1
15.1
14.8
15
15.1
14.7
15.5

16.2
16.9
16.3
16.4
16.2
16.1
16.3
16.1
16.8

17.1
18.1
17.2
17.3
17.3
17.3
17.2
17.5
18.1

18
18.9
18
18.1
18
18
18.2
18.1
19.1

14.5
14.6
13
14.7

14.8
15.2
14.2
15.9

16.7
15.4
14.8
16.9

17.1
15.3

19.3
19.4
18.2
19
18.7
18.1
19.1
19

Table 47. Age-Length Frequency of Largemouth Bass from Lake Pepin, Pool 4, (September-October
captures 2011-2015).
Length Group
1.0 - 1.9
2.0 - 2.9
3.0 - 3.9
4.0 - 4.9
5.0 - 5.9
6.0 - 6.9
7.0 - 7.9
8.0 - 8.9
9.0 - 9.9
10.0 - 10.9
11.0 - 11.9
12.0 - 12.9
13.0 - 13.9
14.0 - 14.9
15.0 - 15.9
16.0 - 16.9
17.0 - 17.9
18.0 - 18.9
19.0 - 19.9
20.0 - 20.9
21.0 - 21.9
22.0 - 22.9
23.0 - 23.9
Totals
Percent

Sample
size
0
0
3
66
61
28
6
10
29
9
19
41
57
53
74
45
25
9
3
0
0
0
0
538

Subsample
size
0
0
3
66
60
28
6
9
28
9
17
32
50
50
71
45
25
9
3
0
0
0
0
511

Mean Length (in)
Standard Deviation
Minimum Length (in)
Maximum Length (in)

0

3
66
59
25

153
28.4
5.1
0.71
3.7
6.7

1

2
2
6
7
18
4
1
1

41
7.6
8.9
1.36
5.9
12.2

2

3

4

5

10
17
19
22
8

1
2
15
27
10
4

76
14.2
14.6
1.13
12.1
16.7

59
11.1
15.4
1.03
12.5
17.8

Age
6

7

8

7
11
9
7
4

1
8
11
7
2
2

1
1
4
5
2
1

39
7.2
16.2
1.21
14.0
18.1

31
5.8
16.7
1.09
14.4
19.3

14
2.6
17.2
1.29
14.9
19.4

9

10

11

12

2
2
1

1

1
0
0.2 0.0
16.6

0
0.0

1
3
10
4
18
17
11
2

67
12.4
11.5
1.68
6.7
14.3
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1
1
12
26
7
4

51
9.5
13.5
1.18
9.1
16.0

5
0.9
17.3
0.57
16.6
18.1

16.6
16.6

Figure 99. Mean relative weight (Wr) of three size classes of Largemouth Bass from Pool 13, 2000–
2015.

Survival
Large year classes are produced when water temperatures and habitat conditions are favorable. Even
when unfavorable conditions are experienced during the nesting period, re-nesting usually occurs. The
number of young-of-the-year Largemouth Bass produced can be variable from year to year. From 19852006, the catch of young-of-the-year Largemouth Bass electrofished from Pool 13 ranged from less than
10 fish per hour during six survey years to more than 30 fish per hour during five survey years (Table 48;
Pitlo 1992 and Iowa Department of Natural Resources file data). Dieterman (2015) also found highly
variable numbers for young-of-the-year Largemouth Bass during surveys from 1993-2015 in various
UMR pools (Table 49). His young-of-the-year catch indices were based on seine hauls occurring in
contiguous backwater and tertiary channel habitat.
Pitlo (1992) reported Largemouth Bass habitat requirements on the UMR based on observations of radio
tagged fish in Pool 12. Nearly 80% of the water depth occupied by radio tagged Largemouth Bass ranged
from 1.5-4.0 feet. During the spring, summer, and fall periods, Pitlo (1992) found his fish associated with
cover in the form of emerged or submerged vegetation over 50% of the time and wood piles or stumps
25% of the time. Radio tagged bass were found in open water (no apparent cover) only during the winter
period. Flooded bottomland timber became Largemouth Bass habitat during periods of high water. Radio
tagged Largemouth Bass moved up to 9 river miles during the spring and fall, but did not make extensive
movements during summer and winter. During the study, nearly all (95%) bass occupied the same
summer and winter sites in consecutive years. Only three overwintering sites were located in the lower
18-mile segment of Pool 12. Because of the importance and the scarcity of overwintering habitat in this
Pool, Largemouth Bass densities nearly tripled in these locations compared to other areas.

233

Based on Pitlo’s study described above, overwinter habitat for Largemouth Bass had the following
characteristics:
(1) Sites were backwater areas protected from river currents with some flowing water
in adjacent areas,
(2) Sites ranged from 30-60 acres in size
(3) Water temperatures during the winter months were warmer than the main channel
and ranged from 34-38 °F
(4) Water depth ranged from 1-7 feet and averaged 4 feet.
Because overwintering habitat is limited and radio tagged bass often moved long distances to these areas,
Pitlo (1992) theorized that this habitat may be limiting for Largemouth Bass and other Centrarchid fishes
on the UMR. Brietenbach and Peterson (1980) had earlier found sedimentation to be the number one
problem on the UMR with backwater habitat the most severely affected by sedimentation. If the loss and
degradation of backwater and associated winter habitats continues, Largemouth Bass populations will
become more concentrated during winter and may become more vulnerable to angling. The potential for
reduced populations and declines in fish condition currently exist, and the threat may be heightened in the
future.

Relative Importance to the Fishery
Largemouth Bass have been and continue to be an important component of the sport fishery throughout
much of the UMR. Largemouth Bass harvest ranked 10th, 8th, and 9th in the UMRCC sport fishery creel
surveys of 1962-1963, 1967-1968, and 1972-1973, respectively (Nord 1964; Fleener 1975). In more
recent surveys, Pitlo (1992) reported Largemouth Bass ranked 2nd to 5th in the numeric harvest from five
UMR backwater complexes. In these same complexes, harvest ranged from 0-3.2 lbs/acre, catch rates
ranged from 0-0.63 fish/hr, and harvest rates ranged from 0-0.08 bass/hr (Pitlo 1992). Pitlo (1992) also
found Largemouth Bass exploitation rates ranged from 10 to 39% during these same studies.
Angler preference for Largemouth Bass has been shown to rank high among UMR anglers and is likely
increasing. A telephone survey of Iowa anglers showed a 100% increase in preference for Largemouth
Bass between 1975 and 1985 (Central Research Corporation 1976; IMR Systems, LTD 1986). A study by
Pitlo (1992) continued to document angler preference. In a survey of 4,535 anglers fishing backwaters,
Largemouth Bass ranked number one in angler preference (Pitlo 1992). An angler’s preference for
Largemouth Bass is not necessarily because they view them as a food source. In fact, a study of the
19,000 Largemouth Bass caught by interviewed anglers 87% were released (Pitlo 1992). In a later creel
survey, open water catch of Largemouth Bass by anglers from Lake Pepin and Pool 4 in 2012 and 2013
was 30,945 and 25,573 with a release rate of 92% and 97%, respectively (Schlesser 2014). Catch and
release has become and continues to be an important component of the UMR fishery. Bass fishing clubs
and tournaments are common throughout the UMR. Numerous regional bass tournaments are conducted
annually on many pools, and occasionally national tournament events are found on the UMR. The
importance of bass and bass fishing is reflected in significant angler contributions to fishing forums and
other social media, product sales, and their impact on local and regional economies.
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Table 48. Catch of young-of-year (YOY) Largemouth Bass by Electrofishing from Brown’s Lake
complex, Pool 13, (1985-2006).
Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

CPUE
(# YOY/hour)
1.6
4.0
3.7
20.0
11.6
20.4
11.2
3.3
13.1
5.2
12.5
18.0
8.8
59.6
32.5
52.0
12.0
15.5
15.7
45.3
35.5

Management Considerations
Largemouth Bass have been intensively managed by natural resource agencies for many years. However,
there were no uniform regulations among the UMR States until 1985 when a 12-inch minimum size
restriction was established for most of the pooled portion of the UMR. Subsequently, extensive modeling
of Largemouth Bass populations was performed which indicated a14-inch minimum size restriction
would result in the greatest maximum sustainable yield (Pitlo 1992). The 14-inch minimum size
restriction was established in 1991 on all pools in border waters of MN, WI, IA and IL. A 12-inch
minimum size restriction still exists in pools bordering IL and MO.
An experimental “catch and release” regulation was established in 1998 for the Upper and Lower
Brown’s Lake complex in Pool 13. After 8 years, the regulation did not produce any long-lasting effect on
size structure or abundance of Largemouth Bass greater than 9 inches (Bowler and Hansen 2013).
Under present habitat conditions and fishing behavior, it appears Largemouth Bass regulations are
adequate to maintain a healthy population with good size structure and generally, it is environmental
conditions and habitat quality that are the primary factors affecting Largemouth Bass populations on the
UMR. However, as backwater habitats and available over-wintering areas continue to decline,
Largemouth Bass will become more concentrated, especially during winter months, and angling pressure
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and harvest could become a more important factor influencing populations. This is a cause for concern
and should be closely monitored. Any Largemouth Bass regulation changes considered in the future
should maintain as much uniformity between States as possible.

Table 49. Catch of young-of-year (YOY) Largemouth Bass by seining. CPUE is in #YOY/acre
seined.
Year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
Mean
SD

3
0
48
23
13
0
0
46
0
13
2
16
3
22
0
0
21
10
42
46
15
100
0
61
20.9
25.5

5
44
390
235
197
160
1046
207
79
371
94
189
185
239
177
268
437
710
243
561
414
257
192
388
308.0
224.2

Navigation Pool
5A
6
19
33
335
654
373
567
340
379
134
148
105
222
180
211
49
70
514
161
110
128
409
245
270
158
181
138
451
96
288
94
450
131
635
168
671
238
431
411
389
217
928
360
242
531
235
349.3
230.2
218.9
156.8
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7

9

143
430

246
223
785
315
147
147
278
230
400
454
325
160
109
171
400
86
95
305
644
710

280.4
89.0

626
326.5
209.7

210
247
350
194
167
207
258
386
325
333
370
305
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Bluegill (Lepomis macrochirus)
Mark Cornish and Kurt Welke
Updated by Mark Cornish, Jeff Janvrin, Levi Solomon, Richard Pendleton and Brent Knights
The Bluegill (Lepomis macrochirus) is a significant fish species in the Upper Mississippi River (UMR).
This colorful centrarchid is prized by anglers because it is abundant and easy to catch. It is central in the
food web as both an omnivore and as the favorite prey for larger fish and animals. This species is socially
important in the Upper Midwest and is designated as the State fish of Illinois.

Distribution and Abundance
Bluegill are common to abundant throughout the UMR
except for above Lock and Dam 1 (Table 50), which is
located near the head of navigation in Minneapolis, MN,
and includes the rapids above St. Anthony Falls and
impounded rapids and river gorge below the falls (Steuck
et al. 2010). Bluegill are routinely sampled in almost all
UMR habitats. During summer, they are most frequently
encountered in deeper river lakes, sloughs and channel
borders of the main channel and secondary channels.
Regardless of the habitat type, they are often associated
with structural cover in the form of vegetation, wing
dams and woody debris such as root wads and downed
treetops. In late fall and winter, Bluegill are most
abundant in backwater overwintering sites.
It is likely today’s summer distribution of Bluegill is
similar to pre dam. Janvrin (2005) compared the pre and
post dam distribution and relative abundance of Bluegill
in Pools 4–13 and found no change in overall distribution
of Bluegill. However, Atwood (1984) found that a
variety of human actions contributed to a significant
decline in Bluegill abundance in the Illinois River.
UMRR LTRM daytime electrofishing CPUE of age-1+
Bluegill indicates that relative abundance varies
systemically, with higher abundance associated with
river reaches located in the northern portions of the
system (Figure 100). Differences in abundance may be
due to a variety of factors individually or in combination.
Knights et al. (2008) found a negative correlation
between Total Suspended Solids (TSS) and backwater
fisheries communities systemically, with more desirable
communities in northern LTRM study reaches with lower
TSS. They also found that vegetation and low hydraulic
connectivity were influential on community structure.
For example, within pool differences were detected with
desirable backwater fish communities associated with the
contiguous backwaters rather than with the impounded
areas immediately upstream of the dams (Knights et al.
2008). This finding suggested that upper Pool 8
conditions be emulated elsewhere if large centrarchids,
particularly Bluegill, were a target for restoration
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Table 50. Distribution and abundance of
Bluegill in the Upper Mississippi River
modified from Steuck et al. (2010).
Bluegill
Pool
Bluegill
Pool
U
13
A
1
2
C
14
A
3
C
15
A
4
A
16
A
5
A
17
A
5A
A
18
A
6
A
19
A
7
A
20
A
8
A
21
A
9
A
22
A
10
A
24
A
11
A
25
A
12
A
26
A
River Reach Bluegill River Reach Bluegill
A
100
A
201
195
A
75
C
175
C
50
C
150
C
25
C
125
C

U – Uncommon, does not usually
appear in sample collections,
populations are small, but do not
appear to be on the verge of
extirpation.
A – Abundantly taken in all river
surveys.
C – Commonly taken in most sample
collections, can make up a large
portion of some samples.

(Knights et al. 2008). Atwood (1984) attributed the decline in Bluegill on the Illinois River to loss of
backwater habitat due suspended sediment and sedimentation of backwaters. Availability of
overwintering habitat has also been identified as a critical seasonal habitat need (Steuck 2010, Sheehan
1990, Knights et. al. 1995) contributing to differences in the relative abundance of Bluegill and other
centrarchids.
Bartels et al. (2008) documented a shift in Bluegill pool wide spatial distribution between late September
and late October as main channel water temperatures approached 5 °C. Bluegill distribution when main
channel water temperatures were > 10 °C was more uniform in Pool 8, and indicated a wide variety of
aquatic habitats were used. When main channel water temperatures were < 5 °C, Bluegill distribution
became clustered within or in close proximity to known overwintering sites. Telemetry studies of
Bluegill winter habitat utilization by Welke (1994) documented fall movements of up to 1.5 miles, and
Pitlo (2003) found that nine radio tagged fish moved an average distance of just over 2.6 miles with a
maximum distance of 5.25 miles observed to wintering areas in Pool 13. The average distance 58 radio
tagged Bluegill moved to overwintering sites in Pool 11 – 14 was 1.23 miles (range 0.00 – 5.25) (Steuck
2010).
Jeff Janvrin, Wisconsin Department of Natural Resources and Kirk Hansen, IA DNR (unpublished; 2016)
utilized historic and contemporary maps, air photos and GIS coverages to determine the distribution of
potential pre dam Bluegill overwintering sites in Pools 8 and 13. This was accomplished by identifying
areas meeting the following criteria: 1) > 4 feet deep based on soundings shown on 1890 maps prepared
by the Mississippi River Commission or adjustment of LTRM bathymetry to account for effects of
impoundment in areas where 1890 sounding were not recorded; 2) no apparent channels to convey flow
through the waterbodies in the 1890 maps or circa 1930 pre dam air photos. Within Pools 8 and 13 the
pre dam distribution of potential overwintering sites was relatively uniform, averaging 1.6 and 0.7
potential sites per river mile, respectively (Figure 101 and Figure 102). These estimates are likely
conservative since LTRM bathymetry was not adjusted for potential effects of 60+ years of
sedimentation. The 2011 distribution of overwintering sites was determined by late fall daytime
electrofishing conducted by the Wisconsin and Iowa DNRs. The 2010 distributions show the majority of
sites are located in the upper sections of the pools with a decline in the number of sites per river mile
when compared to pre dam (averaging 1.0 per mile in Pool 8 and 0.4 per river mile in Pool 13 in 2011)
(Figure 101 and Figure 102). If overwintering sites created by human actions (i.e. marinas, sand and
gravel dredging, habitat restoration projects) are not taken into account, the number of 2011
overwintering sites would have been less (averaging 0.7 per mile in Pool 8 and 0.3 per river mile in Pool
13).

Reproduction
Bluegill are colonial breeders that spawn from late-May to mid-August, corresponding to water
temperatures from 67–80 °F. Peak spawning occurs in June. Males construct nests in 1–3 feet of water
by sweeping sand and gravel areas to produce 2–6 inch deep depressions approximately 12 inches in
diameter.
Courtship and social interactions of this species are complex, particularly among males. Bluegill are
polygamous and the eggs from several females may be deposited in one nest. Parental males display
around the nest rim to attract females, which join in repeated episodes of egg deposition and fertilization.
Occasionally cuckolder males sweep into nests to spawn with females attracted to parental (nesting)
males (Aday et al. 2009). Cuckolder males mature early and do not build or tend nests even if parental
males are removed (Neuswanger et al. 2015). The maturation rate of juvenile males is slowed by
chemical cues when in the presence of larger males, shaping the size structure of Bluegill population by
suppressing reproductive success of smaller fish (Aday et al. 2003a).
Egg production is a function of weight, age and length, ranging from 2000–8000/female at age-3 up to
60,000/female at age-4 – age-8 (Becker 1983). Males defend the fertilized eggs and provide aeration by
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continually fanning the eggs during incubation. Bluegill hatch from 34 hours at 80 °F to 72 hours at 72 °F
after spawning and males discontinue guarding and abandon nests at this stage. Bluegill nests typically
produce >20,000 fry. Breeding success and year class strength is affected by water level fluctuations
during the nesting season in the Upper Mississippi River (UMR).

Figure 100. Twenty-two year trends in mean catch per unit effort (circles) of age 1+ (>80 mm)
Bluegill for day electrofishing in all combined strata in the LTRMP from 1993-2015.
Note: Twenty-two year medians are expressed as solid lines and 10% and 90% percentiles, dashed lines.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Pool 8

Pool 13

Figure 101. Comparison of potential pre dam (blue) and observed 2011 (red) distribution of Bluegill
overwintering sites in Pools 8 and 13.
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Figure 102. Number of potential pre dam Bluegill overwintering sites by river mile in Pools 8 (top)
and 13 (bottom).

Age, Growth, and Size at Maturity
Bluegill growth can be influenced by numerous biotic and abiotic variables such as population density,
population size structure, prey availability, predatory density, water temperature, and water clarity (Aday
et al. 2003b, Hoxmeier et al. 2009, Oplinger et al. 2011, and Neuswanger et al. 2015). Within the UMR,
Bluegill growth (reported as length-at-age) is highly variable, with fish attaining quality size (>7 inches)
as early as age-4 (Christenson and Smith 1965). Based on the LTRM life-history database for UMR
fishes, Bluegill larval growth, reported as the mean increment during the first month following hatching,
is 19.7 mm and young-of-year growth, reported as the mean increment during the first year following
hatching, is 81.5 mm (O’Hara et al. 2007). The mean annual length increment over an average adult life
span, or adult growth, is reported as 23.7 mm (O’Hara et al. 2007).

Dieterman (1999) reported October catches of fast growing Bluegill had achieved quality size by
age-2.
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Figure 103. Number of existing Bluegill overwintering sites by river mile in Pools 8 (top) and
13 (bottom) in 2011.

Table 51 contains Bluegill length-at-age information collected by Dieterman (1994 & 1995) in
Pools 3, 5A, and 9, Dieterman (2008, 2009a, 2009b) in Pool 5 and Pool 5A, Bartels (1995) in
Pool 8, Cornish (1996) in Pools 16 and 17, Levi Solomon and Richard Pendleton, Illinois Natural
History Survey (unpublished data; 2012-2014) in the La Grange Reach of the Illinois River, as
compared to the Wisconsin (Snow et al. 1978) and Iowa statewide averages for interior lakes and
streams. However, the date at which fish were collected may vary among locations, thereby
potentially influence the interpretation of the reported lengths. When available, the season in
which fish were collected is reported. In general, Bluegill from the UMR and Illinois River,
obtain larger sizes at a younger age relative to inland waters of Wisconsin and Iowa. UMR
Bluegill may live up to nine years (O’Hara et al. 2007), although two and three year old fish are
the most common. While the majority of Bluegill sampled were within the reported lengths, the
species may attain a length of 12 inches, and a weight of 2 lbs. In general, Bluegill can mature
by age-1, but most mature at age-2 or age-3 with a modal length at maturity reported as 102 mm
(Carlander 1977, Becker 1983, O’Hara et al. 2007). However, the age and size of maturity can
also vary based on factors such as population density, population size structure, and predatory
density (Belk 1998, Aday et al. 2003b, Oplinger et al. 2013). For example, experimental studies
have indicated Bluegill maturation can be delayed in the presence of other larger, sexually
mature males or in the presence of predators (Belk 1998, Aday et al. 2003b).
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Table 51. Average Bluegill length-at-age (inches) for six pools in the Upper Mississippi River and
the La Grange Reach of the Illinois River compared to average Bluegill length-at-age from interior
lakes and streams from Wisconsin and Iowa.
Note: Number of fish ages in parenthesis. When available, the season and year(s) in which fish were
collected is reported as the date of collection may influence reported lengths.
Location
Pool 3 (1993)*

Age
1

2

3

4

5

1.9 (16)

3.8 (16)

4.9 (24)

6.2 (19)

6.9 (8)

4.3 (7)

5.6 (11)

6.4 (18)

7.0 (7)

3.8 (14)
3.7 (18)
3.8 (26)
3.9 (51)
2.2 (13)
4.1 (25)
3.9 (30)
3.7 (16)
1.8 (6)
1.8
1.8 (19)

5.5 (29)

6.8 (20)

7.1 (8)

7.9 (8)

8.5 (2)

5.5 (28)

6.9 (25)

7.4 (10)

8.4 (2)

9.1 (1)

6.1 (59)

7.2 (49)

7.7 (28)

8.0 (7)

8.5 (2)

6.2 (56)

7.1 (44)

8.0 (14)

8.5 (4)

8.9 (2)

3.7 (9)

5.5 (9)

6.5 (14)

7.3 (6)

8.3 (1)

5.8 (20)

7.1 (25)

7.9 (13)

8.3 (4)

6.0 (40)

7.2 (44)

7.9 (7)

8.5 (1)

5.2 (49)

6.4 (48)

7.3 (15)

3.9 (9)

5.6 (7)

6.3 (8)

7.1 (5)

3.8

5.9

6.9

7.3

3.9 (28)

6.1 (36)

6.5 (12)

6.7 (4)

7.0 (2)

4.3 (41)

6.1 (53)

7.0 (17)

7.7 (30)

8.0 (6)

4.6 (162)
2.5
4.9

6.0 (95)

6.1 (8)

7.3 (7)

3.8

4.8

5.8

6.6

7.2

5.5

6.3

7

7.7

8.5

1.5

3.5

4.5

6

Pool 5 (1993)*
Pool 5 MN (fa l l 2008)
Pool 5 WI (fa l l 2008)
Pool 5 MN (fa l l 2007)
Pool 5 WI (fa l l 2007)
Pool 5A (1993)*
Pool 5A MN (fa l l 2008)
Pool 5A MN (fa l l 2007)
Pool 5A WI (fa l l 2007)
Pool 6 (1993) *
Pool 8 (s ummer/fa l l 1990,1992-1994)**
Pool 9 (1994)*
Pool s 16 & 17 (s pri ng 1994)
La Gra nge Rea ch (fa l l 2012-2014)
Northern WI DNR Avg. (fa l l )**
Southern WI DNR Avg. (fa l l )**
IA DNR Avg. **

6

7

8

7.7 (1)
8.8 (2)

8.7 (2)

9

10

8.3

8.6

7.6 (3)

7.8 (5)

8.0 (1)

7.7
8.8

8.2

* denotes when length-at-age numbers represent back-calculated length at last annulus formation
** denote that it could not be determined if the length-at-age numbers were back-calculated at last annulus of formation.

Life History
As is typical of many prey species, Bluegill reach sexual maturity quickly (age-2 to age-3) and spawn
prolifically to compensate for losses from predation. Bluegill consume zooplankton when young, but
switch to aquatic insects as they mature. Bluegill feeding may be characterized as precision grazing. The
combination of a terminal mouth with high mobility provided by articulate pectoral fin movement allow
Bluegill to infiltrate tight spaces to feed upon insects and larvae present on vegetation surfaces. They also
consume worms, crayfish, snails, small fish, eggs and algae (Harlan et al. 1987).
Young-of-year Bluegill are gregarious and found near aquatic vegetation or other types of littoral zone
cover to avoid predation (Wallus and Simon 2008). During this time they feed on zooplankton and
switch to small crustaceans and aquatic insects as they mature (Wallus and Simon 2008). Adult diets are
similar to diets of younger individuals, however, as Bluegill grow larger they become generalists and
begin to feed on more open water prey including a variety of macroinvertebrates, zooplankton, small fish,
crayfish, and snails (Pflieger 1997, Wallus and Simon 2008). Young and adult Bluegill can also switch to
vegetation and algae when food items become scarce (Pflieger 1997, Wallus and Simon 2008). Bluegill
feeding may be characterized as precision grazing.
Bluegill demonstrate considerable local and seasonal movement, but are not known as long distance
migrators. In the UMR, floy-tagged Bluegill have been recovered up to 7 miles from their release sites
(Brent Knights, USGS, personal communication). Bluegill are more abundant in backwater lakes of the
UMR when compared to the main channel (Chick et al. 2005) and generally considered to be a limnophil
based on their common presence in lentic habitats (Larson et al. 2015). Preference of backwaters over
main channel habitats fits the life history of the species: generally intolerant of continuous high flow and
turbidity and thriving in clearer water containing abundant aquatic vegetation and/or other cover (Pflieger
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1997). However, at times, high abundances of adult Bluegill are found in the main channel as main
channel food webs can provide higher quality food resources when compared to off channel habitats
(Larson et al. 2015).

Survival
Bluegill are widely distributed and abundant in the UMR. Long Term Resources Monitoring element
(LTRM) data suggest Bluegill abundance was stable in Pools 4, 8, 13, and 26 between 1990 and 1994 (as
measured by catch-per-unit-effort). This abundance was closely related to and perhaps limited by, the
availability of backwaters (Gutreuter 1997, 2004). Loss of suitable spawning and wintering backwaters to
sedimentation poses the most serious threat to Bluegill survival. In general, historic evidence indicates
the availability of centrarchid overwintering habitat has likely declined since the construction of locks and
dams along the UMR (Janvrin 2005). As a result, Bluegill abundance has declined relative to
preimpoundment abundance data (Janvrin 2005).
Overwinter survival is directly related to sufficient oxygen levels and water temperatures, lack of
continuous flow, and sufficient water depth to maintain ingress and egress under thick ice and snow
cover. Preferred winter habitat for Bluegill in the UMR includes depths in excess of 3 feet, temperatures
above 34.7 °F, and no continuous flow (Welke 1994). These overwintering areas are sheltered from
flowing water and remain warmer than the adjacent flowing waters. Pitlo (2003) found that some of these
sites were very small and appeared as a small pocket adjacent to a flowing channel. Knights et al. (1995)
found that in winter when dissolved oxygen was above 2 mg/L, Bluegill in the Finger Lakes complex
(Pool 5) selected areas with water temperatures greater than 34 °F and undetectable velocity (< 1 cm /
sec).
Beyond the aforementioned winter habitat requirements, other factors also influence Bluegill survival and
population dynamics. Several studies indicate small, juvenile Bluegill are more sensitive to low water
temperatures relative to adult Bluegill (Sheehan et al. 1990, Bodensteiner and Lewis 1994, Dieterman
2015), therefore overwintering survival and recruitment of juvenile Bluegill can be directly influenced by
the severity of winter conditions. The magnitude of parasite loadings may also reduce Bluegill
overwintering survival (Pracheil and Muzzall 2010). Bluegill are also susceptible to a bacterial disease,
Columnaris, which can be a potential source of adult mortality through North America (Neuswanger et al.
2015). Additionally, severe flooding may negatively affect Bluegill recruitment. Sampling conducted in
the year following the Great Flood of 1993 showed very poor year-class strength from the previous year
in several pools (Gutreuter 1995; Cornish 1996; Schonhoff and Cornish 1997). Conversely, other studies
have observed the Great Flood of 1993 benefitting Bluegill. National Biological Service et al. (1994)
indicated that Bluegill were one of many species to take advantage of extreme flooding with high youngof-year production, while Gutreuter et al. (1999) showed strong responses in growth of Bluegill during
extreme flooding. More observations are likely needed to ascertain the effect of extreme flooding on
UMR Bluegill populations.
Several studies have shown the date of spawning events and fry emergence can also influence recruitment
based on abiotic conditions young-of-year fish experience throughout the growing season in addition to
periods of elevated predation pressure (Neuswanger et al. 2015). However, these studies have yielded
mixed results in terms of overall recruitment success. Lastly, angler regulations can also influence
Bluegill survival (Neuswanger et al. 2015). For example, an experimental regulation was implemented in
2001 in Minnesota waters of Pools 5, 5A, and 8 by reducing the bag limit of ≥ 8 in Bluegill caught by
anglers. As a result, Bluegill populations increased due to lower angler mortality while concurrently
increasing the availability of larger Bluegill for anglers (Dan Dieterman, MN DNR, unpublished data).

Relative importance to the fishery
Bluegill are very important to the UMR as both a prey and sport fish. In terms of numbers caught and
harvested by anglers, they have consistently ranked first in backwaters of Pools 10 and 11 despite
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fluctuations due to periods of draught, flood, or loss of vegetation (Welke 1995). Pitlo (1992) reported
Bluegill ranked number one in the numerical harvest of fish from Minnesota Slough (Pool 9), Norwegian
Lake (Pool 10), Methodist Lake (Pool 10), Sunfish Lake (Pool 12), and the Lainesville Slough-Brown’s
Lake complex (Pool 13). Bluegill ranked second in overall catch in annual creel surveys of Pool 13 from
1989 through 1997 (Bowler and Gritters 1997). Creel surveys in 1989 and 1994 of a Pool 17 backwater
showed that Bluegill were the second most preferred species by anglers and the most commonly
harvested (Schonhoff and Cornish 1997). Almost 100% of all anglers surveyed targeted Bluegill and
Black Crappie during winter fishing in Mississippi River backwaters (Dieterman 2015). As a prey
species, Bluegill provide forage for Flathead Catfish, Largemouth Bass, and Bowfin to name a few.
Additionally, Bluegill are known hosts to 14 species of mussels found in the UMR from three subfamilies of the Unionidae (O’Dee and Watters 2000; Watters 1994).

Management Considerations
There are very few restrictions to Bluegill sport harvest because they are so prolific in the UMR. Bag
limits are the exception, and these vary with state boundaries. In 2016, there were bag limits of 50
fish/angler/day in Missouri and 25 fish/angler/day in Iowa, Illinois, Minnesota and Wisconsin border
waters.
Very little biological data support bag limits for Bluegill but population effects from the reduction of
angling exploitation is being tested in areas where angling pressure is high. Between the fall of 2001 and
2011, Minnesota implemented a regulation change intended to reduce exploitation of Bluegill >7 inches
and increase the average size of fish harvested. This experimental regulation reduced the bag limit of
sunfish to 10 fish daily with 10 in possession on the Minnesota side of Pool 5, Pool 5a, and Pool 8. No
bag limits existed in the UMR outside of these areas. Minnesota’s experimental harvest limits showed
that a 10 inch bag limit appeared to increase the number of fish reaching 8 inches in length (Dan
Dieterman, MN DNR, personal communication). Previous creel data have shown that the number of
anglers catching or keeping in excess of 25 fish never exceeded 7% (Welke 1995) and the system-wide
institution of a 25 fish bag limit would have little or no biologic impact on the current Bluegill resources
of the UMR. The lack of uniform regulations between states has created recurrent controversy between
anglers and biologists in areas where restrictive bag limits exist.
The abundance of Bluegill in the UMR may decline over time as sedimentation causes backwaters to fill
due to both natural and manmade processes. Sedimentation may be slowed with the restoration of
localized backwater habitats through programs like the Upper Mississippi River Restoration Program
(UMRR), but these projects, though significant, are temporary and small in scale when compared to
changes in the UMR system as a whole. In general, Bluegill habitat enhancement has focused on
controlling flows into backwaters to optimize currents, reduce sedimentation rates and enhance dissolved
oxygen levels during critical parts of the year; and dredging has been used to restore backwater depth and
access between habitats (USACE 2012). A Bluegill habitat suitability index model was developed for
winter conditions for the Upper Mississippi River backwaters (Palesh and Anderson 1990). Balancing
angler expectations with changing habitat conditions will continue to challenge natural resource managers
in the future.
Electrofishing and fyke netting are the most common methods used by fisheries scientists to capture
Bluegill in the UMR. These techniques are successful because the Bluegill are commonly found near
shorelines and in shallow water of backwaters, sloughs, and side channels where these gears are most
effective.
The relationship between Bluegill and invasive animal and plant species is an area of concern. Zebra
mussels, quagga mussels, Bighead Carp and Silver Carp compete with Bluegill for the same resources
(food, habitat, and space) and they influence food webs (Richardson and Bartsch 1997; Delong 2010), but
their long term effect on Bluegill is not known. Invasive plants such as Eurasian watermilfoil and
curlyleaf pondweed may reduce habitat suitability by depleting dissolved oxygen levels during
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senescence (Engel 2005); however, this vegetation may increase Bluegill abundance by providing cover
and new food sources (Dewey et al. 1997; Holland and Huston 1985; Janecek 1988). Additional research
is warranted to understand the relationship of invasive species with Bluegill abundance in the UMR.
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Yellow Perch (Perca flavescens)
Andy Bartels
Introduction
Yellow Perch are the sole medium-sized members of family Percidae in North America, typically smaller
than Walleye (Sander vitreus) and Sauger (Sander canadensis), but larger than all of the darters. A
closely related species, the European Perch (Perca fluviatilis), occurs throughout Europe and northern
Asia.
Table 52. Distribution and abundance of
Yellow Perch in the Upper Mississippi
As with all Percidae, Yellow Perch have two dorsal fins,
River System modified from Steuck et al
one spiny and the other soft-rayed. They are also
characterized by having the pelvic fins located in proximity (2010).
to the pectorals, just slightly posterior to the gills. Yellow
Yellow
Yellow
Pool
Pool
Perch are greenish to olive-colored across the back, with
Perch
Perch
golden sides, and have a series of 5-7 distinctive dark bars
U
13
O
1
that nearly form rings around their body. The dorsal and
2
O
14
U
caudal fins are dark, the pectoral fins are clear, and the
3
C
15
U
pelvic and anal fins are often bright orange. Detailed
meristic information can be found in Becker (1983).
4
C
16
U
5
C
17
U
Distribution and Abundance
5A
C
18
U
In North America, the native range of Yellow Perch
6
C
19
U
extends across the southern tier of Canadian provinces,
7
C
20
0
except British Columbia, and in the United States from the
8
C
21
0
Dakotas and eastern Nebraska to the east coast (McPhail
and Lindsey 1970, Lee et al. 1980). It has been introduced
9
C
22
U
extensively across the Great Plains and the Pacific
10
C
24
0
Northwest (Fuller and Neilson 2016). Todd and Hatcher
11
C
25
0
(1993) determined essentially two genetic groupings of
12
O
26
R
Yellow Perch in North America, an Atlantic and a
River Yellow River Yellow
Mississippi drainage group, descendant from survivors in
glacial refugia.
Reach Perch Reach Perch
201
0
100
0
In the Upper Mississippi River (UMR), Steuck et al. (2010)
195
0
75
0
list Yellow Perch as common in Pools 3-11, occasional in
Pools 12 and 13, uncommon in Pools 14-19 and Pool 22,
175
0
50
0
and rare in Pool 25 (Table 52). This agrees well with their
150
0
25
0
reported historic native range (Lee et al. 1980, Becker
125
0
1983).
U – Uncommon, does not usually appear
In Upper Mississippi River Restoration Program - Long
in sample collections, populations
Term Resource Monitoring (LTRM) samples, Yellow
are small, but do not appear to be on
Perch has been found in all of the sampling reaches except
the verge of extirpation.
the Open River Reach. They have been present in all years
in Pools 4, 8, and 13. In Pool 26 Yellow Perch were only
collected in 2004 (2 fish) and 2014 (1 fish), and in La
Grange Reach on the Illinois River only in 1995 (1 fish)
and 2010 (3 fish) in LTRM samples. Thus, the LTRM data
reinforce the distributional reports mentioned above, and
indicate the species’ range is neither expanding nor
shrinking within the UMR. LTRM data were accessed
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O – Occasional, occasionally collected,
not generally distributed, and local
populations may occur.
C – Commonly taken in most sample
collections, can make up a large
portion of some samples.

from the Graphical Fish Data Browser on 5/4/2016 (URL:
http://www.umesc.usgs.gov/data_library/fisheries/graphical/fish_front.html).
Frequency of occurrence in all gear types combined has climbed for Yellow Perch in all three of the
northern LTRMP study reaches over time (1993-2015), increasing from 14% to 41% in Pool 4, from 9%
to 46% in Pool 8, and from 5% to 24% in Pool 13 over the period of stratified random sampling. In
LTRMP daytime electrofishing samples, Yellow Perch ranked from 3rd to 20th (8th overall) in annual
relative abundance in Pool 4, from 3rd to 31st (14th overall) in Pool 8, and from 2nd to 35th (18th overall) in
Pool 13. Catch per unit effort (CPUE) trend graphs for Yellow Perch collected with LTRMP daytime
electrofishing in Pools 4, 8, and 13 are presented in Figure 104.

Reproduction
Dabrowski et al. (1996) provide a thorough review of literature pertaining to gonadal development and
the cues that prompt spawning activity, suggesting photoperiod and temperature as major environmental
cues. Spawning occurs in April or May at water temperatures 7-13°C (Herman et al. 1959, Bandow 1969,
Johnson 1971). Littoral areas are typically selected as spawning sites, and are left unguarded by the
parents. Males move into spawning areas first, and often linger after spawning occurs (Muncy 1962).
Females remain at spawning sites only long enough to deposit eggs (Herman et al. 1959). Eggs are
extruded in long accordion–like masses and deposited randomly over the bottom on submerged
vegetation and debris (Muncy 1962). In areas devoid of cover, perch will select coarse substrates over
sand for spawning (Robillard and Marsden 2001). The number of eggs produced depends upon the size
of the female, and varies from about 3,000-150,000 (Thorpe 1977, Brazo et al. 1975). Hatching occurs in
about 10 to 20 days, and the larvae are about 5–6mm long at hatching (Nelson and Walburg 1977,
Whiteside et al. 1985). Yellow Perch larvae were common in ichthyoplankton samples collected from
main channel border habitats in Pool 7 of the Upper Mississippi River (UMR) during late April and early
May (Holland and Sylvester 1983). These larvae presumably were flushed out of adjacent backwater
areas by inflow from the Black River, a nearby tributary. Yellow Perch larvae were also documented
from backwater sites in UMR Pool 8 (Holland 1986).

Age and Growth and Size at Maturity
Staggs and Otis (1996) reported first year total lengths, predicted from von Bertalanffy growth curves, of
6.6–11.9 cm over a 20yr time period in Lake Winnebago, Wisconsin. Other growth studies reported the
lengths–at–age as listed in Table 53.
Anglers usually begin to harvest perch when they reach about 18cm. A 30cm fish is considered large, and
the average length is usually much less. Life span normally varies from five to seven years. Snow and
Sand (1992) reported perch as old as 12yr in a study of 55 lakes in northwestern Wisconsin, but had small
sample size of these old fish.
Maximum lengths of Yellow Perch in LTRM samples have increased in Pools 4 and 8 over time, and
remained stable in Pool 13 (Figure 105), suggesting Yellow Perch are either growing faster, living longer,
or both in the northern UMR reaches.
Bronte et al. (1993) reported 8.7% of female Yellow Perch and 15.8% of males were sexually mature at
age-1 in a slow-growing western Lake Superior population, and that full maturity was reached by ages-4
or 5. Jobes (1952) reported that 47% of males at age-2 and 48% of females at age-3 were mature in Lake
Erie. Brazo et al. (1975) reported nearly all Yellow Perch older than age-1 were mature in Lake Michigan
near Ludington, Michigan. Typical age of sexual maturity was age-3 for males and age-4 for females in
Canadian lakes (Scott and Crossman 1973). Bandow (1969) reported that male Yellow Perch as small as
8.3cm were mature, but the smallest mature female was 13.5cm at Canyon Ferry Reservoir in Montana.
Nearly all males larger than 13cm were mature and nearly all females were mature at 18cm in that study.
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Figure 104. Yellow Perch catch per unit effort from daytime electrofishing in Pools 4, 8, and 13 of
the Upper Mississippi River, Upper Mississippi River Restoration Program - Long Term Resource
Monitoring data.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: Data for 2003 were omitted because only one time period was sampled.
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Table 53. Length-at-age (cm) of Yellow Perch (Perca flavescens) as reported by various authors.

Author

Year

Kittel

1955

Parker

1958

Snow

1969

Snow

1969

Bandow

1969

Schaeffer

1977

Water body
Mississippi River;
Pools 4–6
Flora Lake
(N. Wisconsin)
Seepage Lakes
(NW Wisconsin)
Drainage Lakes
(NW Wisconsin)
Canyon Ferry Res.
(Montana)

Age

1

2

3

4

5

6

9.7 13.5 17.8 22.9 25.9 28.4

7
—

8.3 10.1 13.2

16

18.8 22.9 24.9

6.6

12.7

15

16.8 18.3

—

14

18

20.1 23.6

—

9.9

6.9 10.9

8.6- 14.5- 16.3- 18.8- 19.3- 23.1- 23.68.9 15
18 19.8 21.8 23.6 26.2

SW Lake Michigan 7.6 13.7 17.5 20.1 22.6 24.6 26.9

Figure 105. Maximum lengths (all gear types) of Yellow Perch, annually, in fish samples collected
by the Upper Mississippi River Restoration Program – Long Term Resource Monitoring for Pools 4,
8, and 13.
Note: Solid lines represent the maximum lengths and dashed lines represent the linear trends.
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Life History
Young Yellow Perch display an ontogenetic shift in habitat preference that is well documented in the
scientific literature (Post and McQueen 1988; Bryan and Sarnecchia 1992). After hatching occurs in near–
shore areas, larvae then migrate to offshore areas for 1–2 months, and then return to littoral habitats or
migrate to the substrate as juveniles. Predator-avoidance (Kelso and Ward 1977) and prey size and
availability (Whiteside et al. 1985) have been suggested as causative factors for the ontogenetic habitat
shift, but Post and McQueen (1988) presented conflicting evidence for both hypotheses. They suggested
that genetic coding may an important contributing factor. Wu and Culver (1992) implicated a seasonal
decline in zooplankton abundance and fish size as causative factors. Wahl et al. (1993) determined that
the ontogenetic shift in Oneida Lake coincided with a distinct increase in perch visual acuity. Roswell et
al. (2013) found weak evidence for an ontogenetic shift in Lake Huron and instead, suggested that local
conditions of prey availability influence young perch prey consumption patterns.
Yellow Perch are adaptable and occur in a wide variety of habitats in rivers and lakes. However, they are
most abundant in large, cool, clear lakes with moderate amounts of vegetation (Becker 1983). Habitat
preferences of Yellow Perch in rivers have not been well-studied, although Lehtinen et al. (1997) found
captured Yellow Perch only in backwater areas, and they did not exhibit affinity to relate to woody snags
in Pool 6 of the UMR. In Pool 8 of the UMR, Bartels (2000) found all sizes of Yellow Perch primarily in
off–channel sites with little current flow. Yellow Perch are highly gregarious and schooling continues
throughout life. McCarty (1990) reported a diel dispersal of intermediate-sized perch from shallow water
to open water in the morning and a return migration to the shallows in the evening. Smaller and larger
perch did not move from the shallows in that study. Hasler and Bardach (1949) reported a diel pattern of
migration to and from specific bathymetric features over a period of several years. Emery (1973) and
Helfman (1979) determined that Yellow Perch schools were active during daylight hours, but dispersed
and became inactive after dark, often resting on the substrate or within stands of vegetation. Bauer, et al.
(2009) also found that perch moved much more during daylight hours, and also reported that movement
was greater in a lake with simple habitat structure than one with complex habitat. In Lake Mendota,
Yellow Perch schools were more compact in summer than in winter, both vertically and horizontally
(Hergenrader and Hasler 1968). School size was positively correlated with light transmission and
negatively correlated with temperature. Yellow Perch migrate seasonally from overwintering to
spawning areas (Forney 1971), but are not known to move long distances in the UMR.
Bandow (1969) reported that Cladocera and Copepoda were important foods for age-0 and yearling
Yellow Perch; whereas, fish became increasingly important in the diet as perch grew larger. Fisher and
Willis (1997) found first copepod nauplii, then adult copepods, cladocerans, and finally
macroinvertebrates to be important in the early life history of Yellow Perch in two South Dakota glacial
lakes. Zooplankton abundance has been linked to both growth rate (Mills et al. 1989) and recruitment
(Dettmers et al. 2003) of age-0 Yellow Perch. Age-0 Yellow Perch are highly effective sight-feeders,
although the lateral line provides significant prey-detection capabilities, as well (Richmond et al. 2004).
Costa (1979) found insects and insect larvae to be the numerically dominant food items in Yellow Perch
stomachs in Lake Washington, but fish comprised 62% of the volume. Larger perch were more likely to
eat fish, as were females.
Ferguson (1958) reported a preferred temperature range for Yellow Perch in a laboratory setting of 2025°C. Younger fish preferred the upper end of the range, while older fish preferred the cooler end.
Optimum temperature for culturing Yellow Perch was 24°C (Tidwell et al. 1999). Hokanson (1977)
mentioned an unpublished laboratory study where the percentage of Yellow Perch that spawned declined
as the simulated overwintering temperatures they were held in increased. Optimal conditions for gonadal
development were achieved at 6°C or lower sustained water temperatures, and no successful spawning
occurred at simulated winter temperatures above 12°C. Feiner et al. (2016) achieved progressively higher
spawning rates with female Yellow Perch held at increasing simulated overwinter temperature regimes,
but found that fish held at lower winter temperatures produced higher quality eggs, with more unsaturated
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fatty acids, than those held at higher temperatures. Upper lethal temperatures that have been reported for
Yellow Perch range from 29-32.5° (Brett 1944, Black 1953). The authors in each of these studies
discussed and accounted for the influence of laboratory conditions, such as acclimation temperatures,
ambient light, and feeding protocols.

Survival
Although Yellow Perch are range limited in the UMR, as mentioned previously, there is no recent
evidence suggesting their distribution is changing. Variable year-class strength is indicated by the LTRM
CPUE graphs, as well as proportional stock-density (PSD) graphs on the LTRM graphical data browser.
This agrees well with other studies that have found variable year class strength (Forney 1971, Koonce et
al. 1977, Mills et al. 1989). However, generally increasing CPUE and frequency of occurrence in the
northern reaches over time suggest that Yellow Perch survival is good, and perhaps, has increased.
Yellow Perch egg masses, despite their conspicuousness, are apparently unpalatable to other fishes
(Newsome and Tompkins 1985). However, Yellow Perch young are known prey for Walleyes (Forney
1974, Nelson and Walburg 1977, Meerbeek et al. 2002) and are likely prey for a number of other fish
predators in the UMR. Bardach (1951) reported Northern Pike as a major predator for perch of all sizes,
with various centrarchid fishes, Longnose Gar (Lepisosteus osseus), and Bowfin (Amia calva) also
preying on young perch. As adults, Yellow Perch have outgrown the gape size of most fish predators,
although they are occasionally seen in the gullets of harvested Northern Pike (Esox Lucius), and
regurgitated by Flathead Catfish (Pylodicits olivaris) in sampling nets. Both Thorpe (1977) and
Sanderson et al. (1999) mentioned cannibalism as characteristic of perch populations.
Double-crested Cormorants (Phalacrocorax auritus) have been shown to eat large numbers of Yellow
Perch in the Great Lakes (Burnett et al. 2002, VanDeValk et al. 2002). Kirsch (1995) found the major
fish prey of Double-crested Cormorants in 1995 to be Gizzard Shad (Dorosoma cepedianum) in the
UMR, and concluded that any fish population effects from cormorant predation in the UMR were likely
small and local. However, that study was done before Yellow Perch abundance increased, and when
Gizzard Shad abundance was high. A number of other piscivorous birds, such as Belted Kingfisher
(Megaceryle alcyon), Great Blue Heron (Ardea Herodias), Great Egret (Ardea alba), Ring-billed Gull
(Larus delawarensis), and White Pelican (Pelecanus erythrorhynchos) are locally abundant in the UMR,
as well as cormorants. Taken as a whole, it is possible that this group of avian predators could impact
Yellow Perch populations.
Clady (1976) reported that temperature and wind were important factors influencing the survival of early
stages of Yellow Perch in Oneida Lake. Factors, which may augment these weather-related influences, in
the UMR may be current flows and water level fluctuations, although these relationships currently remain
uninvestigated. Although newly hatched Yellow Perch had greater swimming ability than Walleye
(Sander vitreum), this was likely due to a smaller yolk sac (Houde 1969). Once the yolk sacs were
depleted, the species’ swimming abilities were similar, and currents greater than 3cm/s would cause them
to drift. Held at summertime temperatures (15-26°C), Yellow Perch began to die at dissolved oxygen
(DO) concentrations below 3-4 parts per million (ppm) (Moore 1942). In the same study, perch held at
winter temperatures (<4°C) survived in DO concentrations as low as 1-2ppm. Overwinter mortality of
age-o Yellow Perch was found to be size-dependent and related to winter duration (Post and Evans 1989),
with the mechanism being starvation.
Common parasites known to attack Yellow Perch are black spot (Neascus sp.) (Bangham and Adams
1954) and yellow grub Clinostomum marginatum (Elliott and Russert 1949). In the latter study, the
authors found neither evidence of mortality nor reduced condition, despite a heavily parasitized perch
population. Myxosporean parasites in the genus Myxobolus have been known to occur in Yellow Perch,
and can cause large die-offs (Bardach 1951). Yellow Perch from Lake Winnebago, Wisconsin, were
found to be very susceptible to Viral Hemmorhagic Septiemia (VHS), compared to two stocks from the
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East Coast (Olson et al. 2013); VHS has yet to be confirmed in the UMR. Rodger and Phelps (2015)
reviewed a number of other diseases and infections common to Yellow Perch.

Relative Importance to the Fishery
Yellow Perch are highly regarded as a food fish (Becker 1983), and recreational and commercial harvest
pressure in major perch-producing waters can be great (Bardach 1951, Becker 1983, Beard and Kampa
1999, Wilberg et al. 2005, Brofka and Czesny 2009).
Yellow Perch were recorded in Pools 11 and 18 during the 1962–63 (Nord 1964) and 1972–73 (Fleener
1975) Upper Mississippi River Conservation Committee sport fishery surveys. They were also recorded
in Pools 4, 5, 7, and 13, during the 1962–63 (Nord 1964), 1967–68 (Wright 1970), and 1972–73 (Fleener
1975) surveys. Their total ranking, in number harvested, during the above three surveys, for all pools was
7th, 9th, and 8th, respectively. Ackerman (1976) reported Yellow Perch as a minor constituent of the ice
fishing catch from several backwaters in Pools 9 and 10. A Wisconsin Department of Natural Resources
creel survey of Pool 5 (Langrehr 1986) mentioned Yellow Perch in the incidental annual catch. Trace
percentages of Yellow Perch in the angler catch were also detected in a Pool 10 pre-project monitoring
study for a habitat rehabilitation project (Ackerman et al. 1992), and a post-project monitoring study for a
partial closing structure across a Pool 11 side channel (Dewey and Holland-Bartels 1987). Stevens (1997)
mentioned that Yellow Perch was one of three species that were most abundant in incidental harvest from
the Finger Lakes area of Pool 5 during 1991–1993 and 1995–1997 winter creel surveys, but that few, if
any, anglers targeted them. Small numbers of Yellow Perch were reported in the tailwater and open pool
creel surveys in Pools 11 and 13 from 1992–2000 by Pitlo (2000).
As Yellow Perch abundance has increased in the upper pools of the UMR over the past decade or so,
angling interest in this species has also increased. No recent creel information could be found, but
anecdotal reports and personal experience indicate that anglers are indeed targeting and harvesting large
numbers of perch now. The spawning run has particularly attracted large numbers of anglers to locks and
dams, bridges and culverts where flow is concentrated. However, perch fishing has been good in many
backwater locations year around.

Management Implications
Beard and Kampa (1999) reported decreases in mean size of Yellow Perch sampled by fyke nets from
1967– 1991 in Wisconsin lakes, but no significant reduction in harvest rate or mean size of perch
harvested. Actions by several upper Midwestern states to lower bag and possession limits for perch in the
late 1990’s reflected increasing concern for their populations, and the importance that resource agencies
place on them. However, at the time of this writing, CPUE, frequency of occurrence, and maximum
length of Yellow Perch in the UMR have all increased in recent years, indicating a healthy population.
Continued monitoring of UMR Yellow Perch populations is warranted because anglers value them as a
sport fish, and because multiple ongoing threats exist to all fish species in the UMR. Indeed, some
anglers have been voicing concerns of overharvest, especially during the spawning season, to UMR fish
managers in recent years. However, as populations appear to be stable, no new regulations are
recommended for this species.
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Sauger (Sander canadensis)
John Pitlo, Brian Brecka, Mark Stopyro, Ken Brummett, and Gene Jones
Updated by Ross Dames, Kirk Hansen, Gene Jones, Brian Brecka
Introduction
The Sauger is a widely distributed and popular recreational fish species across much of central and
eastern United States and southern Canada. They are found in most large streams throughout their native
range and are often more abundant than Walleye, a close relative also from the Percidae family. They are
best distinguished from Walleye by their distinctly dotted dorsal fin and lack of a white, ventral edge on
the caudal fin. The scientific name for Sauger was changed from Stizostedion canadense to Sander
canadensis in 2004 (Nelson et al. 2004).

Distribution and Abundance
The natural distribution of Sauger ranges as far west as
Montana, Wyoming, and Southeastern Alberta, to Vermont
and southwestern Québec in the northeast, south to
drainages of the southern Mississippi River in Mississippi
and Louisiana and the Tennessee River in northern
Alabama (Billington et al. 2011). Steuck et al. (2010)
designated Saugers as common in nearly all Upper
Mississippi River (UMR) pools except in Pool 4 where the
species was designated as abundant and in Pool 26 where it
is listed as occasionally collected (Table 54). Saugers are
designated as common to occasional through the
unimpounded river. This species is not listed as
endangered, threatened, or a species of concern by any
states along the UMR.

Reproduction
Spawning occurs when water temperatures range from 40–
52 °F (Gebken and Wright 1972; Pitlo 1989, 1998; Ickes et
al. 2000). The timing of these water temperatures varies
annually, but generally occurs from late March through
April. Water temperature recorded from 1984–1995 at
Lock and Dam 5 averaged 40.2 °F on April 1 and 54.4 °F
on April 30. Areas of the Mississippi River further
downstream generally warm earlier.
Radio telemetry and tagging studies have tracked Saugers’
spawning movements. During the late winter months,
Saugers staged in main channel and main channel border
habitat in upper Pool 4 (Ickes et al. 2000). They found
Saugers traveled long distances to this staging area, both
from upstream and downstream locations. Also in Pool 4,
Thorn (1984) found Saugers making upstream movements
during the spring. Spring movements into tributaries have
been documented on Pool 2 (Gangl et al. 2000). They
found Saugers traveling into the Minnesota River with the
greatest upstream movement being 56 miles. Saugers in
Pools 11 and 13 moved into the tailwaters and remained at
the dam until mid-April (Pitlo 1984).
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Table 54. Distribution and abundance of
Sauger in the Upper Mississippi River
modified from Steuck et al. (2010).
Sauger
Pool
Sauger
Pool
1
C
13
C
2
C
14
C
3
C
15
C
4
A
16
C
5
C
17
C
5A
C
18
C
6
C
19
C
7
C
20
C
8
C
21
C
9
C
22
C
10
C
24
C
11
C
25
C
12
C
26
O
River Reach Sauger River Reach Sauger
201
C
100
O
195
C
75
O
175
C
50
O
150
C
25
O
125
C

C – Common, commonly taken in
most sample collections; can
make up large portion of some
samples.
A – Abundant, abundantly taken in
all river surveys.
O – Occasional, occasionally
collected, not generally
distributed, but local
concentrations may occur.

Between pool movements are also possible as Hubley (1963) recovered a Sauger 35 miles from the point
of tagging. Boland and Ackerman (1982) reported tagged Saugers were recovered outside the pool of
tagging at the rate of 21% and 17%, respectively for Pools 11 and 13. Most fish moved upstream, and the
average distance was 59 miles for Pool 11 and 44 miles for Pool 13. Floy-tagged Saugers were recovered
from tributary streams, the Volga and Turkey rivers in Iowa and the Wisconsin River in Wisconsin
(Boland and Ackerman 1982). Dames and Brown (2010) reported that 53% of Saugers tagged in Pools
21–26 and later caught by anglers passed through at least one lock and dam. Over 10% passed through at
least three lock and dams before they were caught. Very few Saugers were caught downstream of their
release site.
Spawning sites have not been well documented in the UMR. A few locations have been associated near
wing dams and side channel margins (Freiermuth 1986, 1987; Ickes et al. 2000). These areas had sand
substrates. In Pool 7, Saugers were found spawning over riprap in depths ranging from 1.0 to 4.5 ft
(Gebken and Wright 1972). In Pool 13, Pitlo (1989) found Saugers spawning over gravel or mussel bed
substrate.
The UMR Sauger spawn is likely similar when compared to other parts of the United States. Some
spawning habits may be comparable to Walleye. Males reach the spawning grounds earlier and stay
longer than females. Because of this, males concentrate at higher numbers than females in the spawning
area. Females do not enter the spawning area until their eggs are ripe and likely enter the grounds only
after dusk.
Saugers are broadcast spawners and do not build nests. Their eggs are non-adhesive, and after deposition
they either settle on the bottom or drift with the current (Holland 1985). While the number of eggs
produced by individual Sauger varies, Nelson (1969) found female Saugers in South Dakota averaged
30,000 eggs per pound of body weight. The linear fecundity:length regression for Saugers in Pool 22 was
calculated to be: Fecundity = -150,042 + 509*TL mm (Quinton Phelps, Missouri DOC, unpublished
data).
Females leave the spawning grounds soon after spawning, recuperate, and then disperse. Ickes et al.
(2000) found a short time period between fish migrating from their pre-spawn staging area to areas used
by fish to recuperate post-spawn. The males will stay on the spawning grounds, not for parental care but
to wait for more females to arrive. The spawning process is thought to last around two weeks.

Age, Growth, and Size at Maturity
As with other fishes, Mississippi River Sauger growth rates may be influenced by many variables
including genetics, water temperature, forage base, and habitat conditions. Hatched in mid-April to midMay, growth is usually fast. In Pool 4, from 1986–2000, mean lengths during mid-July ranged from 2.5 to
3.6 inches while averaging 3.1 inches (Hoxmeier 2001). Because growth rates can be influenced by many
variables, young-of-the-year Sauger length in October or November is highly variable between years and
between pools (Table 55). Pitlo (2001) found fall average lengths in Pool 13 ranged from 6.2 to 7.5 inches
over a nine-year period (Table 55). During 36 years of sampling YOY in Pool 5 from 1980–2015, the fall
average lengths ranged from 5.5 to 8.0 inches (Table 55). Similar ranges have been shown for Pools 4, 8,
10, and 11 (Table 55). Fall mean lengths for young-of-the-year Saugers captured during 2005–2008 in
Pools 21–26 ranged from 7.7 to 8.9 inches (Table 55; Ross Dames, Missouri DOC, unpublished data).
Length-at-age and length-at-capture studies have been conducted on UMR Saugers on many occasions.
Age and growth studies were completed for Pools 8 and 9 in 1948 and 1956 (Wisconsin Department of
Natural Resources 1980; Table 56). Growth rates appear little changed as the results of these early
studies, with the of exceptions for ages 1–3 in 1948, are similar to studies completed more recently in
Pools 4, 5, 8, 11, and 13 (Table 56). Hoxmeier (2001) and Schlesser (2016) found female Saugers
growing slightly faster than male Saugers in Pool 4. At the same age, they found females to be about an
inch longer than the males. Age and growth studies were also completed for Pools 21–26 during 2005–
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2008 (Ross Dames, Missouri DOC, unpublished data). Dames and Brown (2010) reported the von
Bertalanffy growth function for Saugers in this reach as: Lt (mm) = 523 (1 – e -0.562 (t + 0.923)). As
expected, mean lengths at age are generally longer in downstream pools than in upstream pools (Table
56).

Table 55. Average length (inches) of young-of-the-year Sauger during fall in various pools of the
UMR.
Note: Numbers in parenthesis indicates sample size.
Navigation pool
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

4a

5.4
5.9
5.7
5.7
6.0
6.0
5.4
4.9
5.7
5.7
5.8
5.6
6.6
6.4
6.5
6.1
5.4
5.8
6.0
6.5
6.4
6.2
5.9
5.4
5.7
5.8
6.2
5.6
6.0
6.8

(194)
(416)
(52)
(191)
(255)
(47)
(288)
(309)
(305)
(242)
(165)
(248)
(187)
(29)
(40)
(38)
(170)
(160)
(161)
(186)
(95)
(180)
(289)
(259)
(156)
(171)
(112)
(224)
(30)
(23)

5b
6.4 (82)
8.0 (87)
6.3 (270)
6.7 (385)
6.1 (75)
6.1 (93)
6.5 (83)
6.2 (139)
6.7 (49)
6.4 (48)
6.3 (88)
6.2 (92)
6.0 (193)
5.6 (16)
6.0 (60)
6.8 (77)
6.1 (447)
6.1 (303)
6.7 (212)
7.2 (115)
6.6 (90)
6.4 (183)
6.4 (134)
5.9 (131)
6.4 (281)
6.8 (129)
7.2 (39)
6.4 (135)
6.5 (17)
5.6 (39)
7.1 (13)
5.5 (77)
6.5 (18)
5.9 (71)
5.9 (45)
6.2 (62)

8c

6.9
6.6
6.9
7.8
6.4
6.9
7.0
6.9
6.6
6.1
6.4
6.6
7.3
6.5
6.5
6.6
6.1
6.9
6.6
6.6
6.6
6.7
6.7
6.9
6.8
6.2
6.6
6.9
6.0
6.6
6.3
6.6
6.8

(652)
(203)
(323)
(132)
(387)
(38)
(86)
(29)
(301)
(721)
(59)
(105)
(67)
(166)
(696)
(342)
(3)
(163)
(456)
(117)
(319)
(151)
(412)
(169)
(630)
(146)
(78)
(37)
(81)
(77)
(365)
(55)
(125)

10 c

7.1
6.9
7.1
6.4
6.6
6.2
7.1
6.7
6.5
6.7
6.7
6.7
7.2
6.4
7.1
7.1
6.9
7.8
7.3
7.7
6.7
6.6
6.8
6.6
6.8
6.7
6.6
6.9

(27)
(132)
(56)
(264)
(137)
(7)
(209)
(16)
(285)
(413)
(179)
(97)
(89)
(876)
(50)
(291)
(105)
(131)
(118)
(30)
(123)
(116)
(23)
(185)
(146)
(254)
(49)
(101)

11 d

13 d

6.5
6.2
6.9 (712) 7.5
6.9 (169) 6.5
7.0 (256) 6.6
6.5 (1,085) 6.5
7.2 (535) 7.4
6.9 (159) 6.7
6.9 (555) 6.7
6.6 (1,353) 6.6

21 e

24 e

25 e

(220)
(161)
(14)
(102)

8.8
8.8
8.2
7.9

(261)
(84)
(58)
(329)

8.7
8.8
8.3
8.0

(301)
(252) 8.5 (4) 8.2 (33)
(16) 8.2 (5) 8.4 (13)
(92) 7.8 (78) 7.7 (118)

Hirsch 1987, Stevens 1988-1998, Stopyro 1999-2000, Hoxmeier 2001-2006, Meerbeek 2007-2010, Weiss 2011, Schlesser 2012-2016

b

Brecka 2015

c

Heath and Clemment 2015

d

Pitlo 2001

e

Dames, MODC, unpublished
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26 e

(240)
(228)
(102)
(124)
(240)
(1,844)
(991)
(8.5)
(967)
(534)

8.3
8.5
8.9
8.4

a

22 e

Table 56. Average Sauger lengths (inches) for ages 1–10 in various pool of the UMR.
Note: All studies used back-calculated lengths at annulus unless denoted by a single * or double **.
These studies used length-at-capture during October or November, therefore six months should be
subtracted from their listed age. Studies denoted by ** used Age Length keys from an aged
subsample to estimate mean lengths.
Citation
Stevens 1993
Stevens 1994
Stevens 1995
Stevens 1996a
Stevens 1997b
Stevens 1998
Stopyro 1999
Stopyro 2000
Hoxmeier 2001
Hoxmeier 2002a
Hoxmeier 2003
Hoxmeier 2004
Hoxmeier 2005
Hoxmeier 2006
Meerbeek 2007
Meerbeek 2008
Meerbeek 2009
Meerbeek 2010
Weiss 2011
Schlesser 2012
Schlesser 2013
Schlesser 2014b
Schlesser 2015
Schlesser 2016
Brecka 1997
Marron 1998

**
**
**
**
**
*
*

WDNR 1980

Pitlo 2001

Pitlo 2001

**
Dames, MODC **
(unpublished) **
**

Pool
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
8
8 and 9
8 and 9
8 and 9
11
11
11
11
13
13
13
13
13

Year
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
1997
1998
1948
1956
1978
1994-1995
1995-1996
1998-1999
1999-2000
1992-1993
1993-1994
1996-1997
1997-1998
2000-2001
2005
21, 22, 24,
2006
25, and 26
2007
2008

1
5.8
5.8
5.5
5.1
5.6
4.7
6.0
5.9
6.7
7.2
8.3
7.1
7.6
8.1
7.7
7.4
7.5
7.9
7.0
6.2

5.4
8.6
8.0
7.6
7.9
7.4
7.4
8.0
7.4
7.8
7.8
7.6
8.5
8.7
8.3
7.9

2
9.7
9.8
9.0
8.7
9.5
8.0
10.6
10.4
10.7
12.1
10.9
10.9
10.9
11.2
12.3
12.3
10.9
11.1
10.3
9.7
10.3
11.5
9.9
11.0
9.1
10.7
8.2
11.2
11.2
11.3
11.3
10.8
10.7
11.6
11.0
11.4
12.2
11.0
13.4
13.8
12.7
14.2

268

3
12.3
12.9
12.5
12.1
12.4
11.7
14.0
13.7
13.8
13.6
14.4
14.3
13.9
14.1
15.1
15.5
14.9
14.2
14.7
12.7
12.6
13.7
13.3
13.8
10.9
11.8
10.6
13.0
12.6
13.8
14.5
13.8
13.4
14.2
13.2
14.3
14.5
13.7
16.4
16.7
16.3
16.5

Length-at-age
4
5
6
7
14.5 16.3 17.9 18.8
14.4 15.8 17.1
14.5 15.7 16.8 17.6
14.1 15.7 16.5 18.4
14.5 16.0 17.2 18.1
13.8 15.5 16.5 17.7
16.3 17.5 19.0 20.1
15.7 17.2 18.1 18.9
15.9 17.3 18.1 19.3
16.2 18.0 19.8 19.5
16.9 17.3 18.5 19.5
16.9 18 18.9 19.7
16.1 18.4 18.5 19.6
16.5 17.7 19.0 19.2
17.0 18.0 19.5 19.9
17.4 17.9 19.6 19.4
16.8 18.9 19.2 20.3
17.3 18.0 19.4 20.2
16.1 19.0 19.2 20.5
15.9 17.1 19.0 18.5
14.9 16.0 16.6 18.3
15.4 16.7 17.0 18.9
15.1 17.0 17.5 19.1
16.6 16.8 18.4 19.2
12.3 13.7 15.1 16.3
13.0 14.3 15.1 16.3
13.1 14.3 15.1 15.9
14.3 14.3 14.8 15.9
14.4 15.5
15.8 16.7 17.0 17.2
16.9 15.8 17.4 20.2
16.3 17.7 18.5 19.7
15.6 16.0 17.0 18.2
16.2 17.7 19.7
14.8 16.3 17.6 17.8
17.3 18.5
16.3 18.0 19.5 20.3
15.6 17.7
18.6 18.9
18.3 18.8 20.0
18.0 18.9 20.2
18.2 19

8
18.9

9

19.3
18.7
18.8
20.8
20.1
20.3
19.8
19.0
20.1
19.9
19.7
19.2
20.4
20.3
20.7
20.1
19.7
20.6

19.6
19.7
21.2

18.7
21.5
19.0
17.8

21.7

21.5

19.9
20.5
20.9
20.9
19.6
20.5
20.4
21.2
19.9
22.5
20.2
17.4 18.9
20.9
17.1 18.6
17.1 18.6
16.3

10

22.6
20.6
20.5
20.9

21.3
20.5
21.5

21.3

Pitlo (2001) measured the relative weights (Wr ) of Saugers in Pools 11 and 13. Relative weight is an
index of condition reflecting an individual fish’s nutritional state; in concept, a mean Wr of 100 reflects
ecological and physiological optimality. During his nine-year study conducted from 1992–2000, Pitlo
found the Wr of Saugers in Pools 11 and 13 to range from 76.0 to 101.7 while averaging 89.8. It appeared
that Saugers in Pools 11 and 13 were in relatively good condition.
Although considerable variation has been observed in age at maturity, it is thought that most male and
female Saugers mature at age-2 and age-4, respectfully. Gebken and Wright (1972) reported female
Saugers matured as early as age-3. Because of differences in growth, length at maturity for either sex will
vary slightly by pool (Table 56). The Iowa Department of Natural Resources surveyed Pool 13 and found
males begin to mature at 11.5 inches and females at 13.0 inches. Immature fish were still found at 15
inches (Figure 106).

Figure 106. Length at maturity for Sauger from Pool 13 of the Upper Mississippi River (IA DNR,
unpublished data).

Life History
After fertilization, Sauger egg incubation ranges from 7 to 28 days depending on water temperature; the
higher the water temperature the sooner the eggs will hatch. Pitlo (1998) found incubation to last around
24 days when water temperatures ranged from 42 to 62 °F.
Larval Saugers initially prey on zooplankton. A study on Lake Winnebago, Wisconsin found Saugers up
to two inches long fed heavily on zooplankton, primarily Daphnia and to a lesser extent Cyclops (Priegel
1969). In Pool 13, Cyclops, Daphnia, and Bosmina were most abundant in zooplankton samples during
the larval Sauger drift (Pitlo 1998). As Sauger size increased to 6 inches, chironomid larvae became more
important (Priegel 1969).
Holzer (1978) found UMR Saugers 6–12 inches long were primarily piscivorous, with fish being 97.9%
of their total food volume. Forage fish species in the UMR are numerous. Gizzard Shad and seven
minnow species (Cyprinidae) are considered abundant or common over a wide spatial extent (Steuck et al.

269

2010). Priegel (1969) also found yearling Saugers from Lake Winnebago feeding primarily on fish. The
food volume for Lake Winnebago Saugers was greater than 90% fish.
During a summer following successful spring reproduction, young Saugers can be found in most habitats
of the Mississippi River. Biologists find them in backwater, side channel, main channel border, and
tailwater habitats. Substrates include silt, sand, rock, and detritus. Although Saugers may seem
ubiquitous, a sand substrate often appears preferred.
Annual Sauger collections have provided opportunities to develop indices of year class strength. Index
information may be used to affect an angler’s fishing expectation. The time when year class strength is
measured varies, but surveys generally occur by age-3. Although it is possible that larval drift be used to
assess year class strength, Pitlo (2002) found no correlation between the density of larval Saugers in the
spring drift and the density of young-of-the-year Saugers during October.
Electrofishing surveys conducted during the fall have been an accepted initial indicator of year class
strength. These surveys have shown recruitment through the first six months to be highly variable from
year to year (Table 57). The Wisconsin Department of Natural Resources electrofished the tailwaters of
Pools 5, 8, and 10 for a number of years and found a range of nearly complete recruitment failure (1
young-of-the-year per hour) to over 400 young-of-the-year Saugers per hour (Table 57). Stevens (1997a)
and Schlesser (2016) assessed Lake Pepin in Pool 4 and found a multiple gear/multiple age class approach
reduced variability and provided reliable indices of year class strength. Year class strength in Pools 21–
26, based on tailwater electrofishing, also varied from near complete failure in 2007 to strong year classes
in 2005 and 2008 (Ross Dames, Missouri DOC, unpublished data).
The sources affecting recruitment variability are numerous and complex. Relationships between water
temperature, discharge, spawner condition, abundance, dispersal, towboat propeller mortality, and
available quality nursery habitat likely influence recruitment. Pitlo (2002) reported a strong correlation
between the daily rate of water warming during the spawning and incubation period (April 15–May 5)
and the catch rate of young-of-the-year during fall electrofishing in Pool 13. He documented the strongest
year classes when water temperatures increased above 0.4 °F/day. Ickes (2000) analyzed 36 years of
Sauger recruitment data from Pool 4 and found spawning stock abundance and discharge fluctuations to
be significant recruitment determinants.
From still backwaters to fast flowing channel areas, UMR Saugers are adept at living within highly
variable habitats differing in flow, cover, structure, and substrate. Juvenile and adult Saugers have been
found spatially distributed in Pool 8 (Bartels 2000). Although they are found widespread, Bartels found
tailwater zone samples provided the largest Sauger catches. The spatial distribution likely occurred due to
their preference to riverine habitat offered in the tailwater zone. Other than the channels associated with
the tailwater zone, Bartels found no indication that Saugers preferred sites associated with channels more
than those sites associated with off-channel areas.
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Table 57. Average catch per effort of young-of-the-year Sauger (# young-of-the-year/hr) as
determined by electrofishing in various pools of the UMR.
Navigation pool
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

4

a

35
39
3
26
42
7
38
53
252
41
115
114
266
6
9
8
36
41
223
169
27
132
95
178
47
118
33
164
85
27

b

5
11
53
31
64
5
11
15
37
31
24
28
47
115
1
29
14
301
332
167
112
82
138
179
168
248
84
47
59
14
37
10
59
15
45
26
33

8

c

95
26
55
20
89
19
42
8
158
402
209
29
10
150
247
115
53
54
316
23
154
66
61
63
23
93
72
13
27
33
131
21
43

10

c

15
65
26
151
99
14
102
40
152
247
127
68
55
314
23
154
66
61
63
23
93
72
13
139
88
141
24
54

11

d

29
47
22
49
63
70
17
34
187
43
104
35
71
65
32
105
48
70
61
121
31
29
46

13 d 14 e 15 e 21 f

170
28
132
40
180
312
126
181
135
253
30
169
69
182
115
23
227
110
106
172
60
156
117
156

a

Hoxmeier 2001, Schlesser 2016

b

Brecka 2015

c

Heath WIDNR, unpublished

d

Pitlo 2001, Hansen 2015

e

Haas 2016

f

Dames, MODC, unpublished
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8
2

2
2

19
25
5
0.3
13
8
1
21
5
11
21
8
14
8
35
11
31
3
69
13
6
28
21
32
33
15
17
14
16

8
11
4
0
1
6
1
11
3
11
7
4
5
3
7
5
16
2
13
5
2
12
24
16
12
2
3
6
15

60
36
3
23

22 f

24 f

25 f

26 f

58
19
1
72

67
55
4
20

1
1
17

7
3
26

Survival
Population estimates are extremely difficult to obtain for Saugers on the UMR. Immigration, emigration,
pools that span more than 30 miles, and Saugers that inhabit deep water habitats are just some of the
problems that confront biologists who would like to make these estimates. However, biologists have
implemented annual surveys to index the strength of particular year classes. Sampling gear includes
electrofishing, seining, gill netting, and trawling. Although estimates fluctuate, annual surveys indicate
the Sauger fishery is surviving and thriving in the UMR. The Minnesota Department of Natural
Resources, with 51 years of data from Pool 4, reported a slightly downward trend in gill net CPUE in
Pool 4, largely due to very high capture rates prior to 1979 (Figure 107).

Figure 107. Gill net capture rates for Saugers in Lake Pepin, Pool 4, 1965–2015.
Both natural mortality and angler exploitation have been estimated for Saugers on the Mississippi River.
Thorn (1984) estimated Pool 4 total annual mortality ranged from 59 to 63%. He found angler
exploitation accounted for 38% mortality while natural mortality accounted for 21 to 25%. During a nineyear study, Pitlo (2001) reported total annual mortality averaged 80% for Pool 11 and 65% for Pool 13.
His angler exploitation rates averaged near 18%. Dames and Brown (2010) reported a total annual
mortality rates for Pools 21–25 combined ranged from 61 to 77% during 2005–2008. Their annual
exploitation rates, based on tagging studies, ranged from 11 to 19% and averaged about 15% across their
four year study.

Relative Importance to the Fishery
Sauger is an extremely important recreational fish species in the UMR fishery. Creel surveys have been
used since the 1960s on the UMR to estimate angling effort, catch, and harvest for gamefish species.
Creels that concentrated on tailwater anglers were conducted for several years in some pools, especially in
Pools 11 and 13, as Saugers continually showed preferences to tailwater areas during most of the year.
Creel surveys have been conducted periodically on Pool 4 since 1962 (Stevens 1996b; Hoxmeier 2002b;
Meerbeek 2008b; Schlesser 2014b). These surveys found annual Sauger harvest ranged from 24,281 to
99,166 fish annually (Table 58). Harvest of Saugers in the tailwaters at Lock and Dam 10 (Pool 11)
ranged from 862 during 2007–2008 to 21,104 during 1981–1982 (Boland and Ackerman 1982; Pitlo
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2002; Hansen 2016). Harvest of Saugers in the tailwaters at Lock and Dam 12 (Pool 13) ranged from
2,487 during 2002–2003 to 18,186 during 1980–1981 (Boland and Ackerman 1982; Pitlo 2001; Hansen
2016).
In 1957, Sauger ranked third in the recreational catch of the UMR and in 1962–1963 they ranked sixth
(Nord 1967). The estimated Sauger harvest during 1967–1968 on Pools 4, 5, 7, and 11 was 107,803 fish
weighing 105,666 pounds (Wright 1970).
Sauger harvest rates have also been calculated from creel survey data. In Pool 11, harvest rates ranged
from 0.22 to 0.62 Saugers per hour. Harvest rates in Pool 13 were generally lower and ranged from 0.12
to 0.40 per hour (Table 58). The mean weight of harvested Saugers has ranged widely across pools and
years from 0.15 to 1.48 pounds (Table 58).
Although Saugers are currently harvested using only hook and line, they were previously harvested
commercially during the late 1800s and early 1900s (Coker 1930).

Management Considerations
In the mid-1960s, anglers lobbied for a continuous open Sauger season on the UMR. The Wisconsin
Conservation Commission began a continuous open season for Sauger in Wisconsin’s Mississippi River
pools in 1967 and was followed by Minnesota in 1969. Currently, all five UMR states do not have season
closures or size limits for Mississippi River Sauger. Daily and possession limits vary among states.
Dames and Brown (2010) conducted simulation modeling for Sauger in Pools 21–25 and found that a 14inch minimum length limit may slightly improve the number of fish over 14 inches long, but it would also
decrease yield by about 25%. They also reported that growth overfishing was not occurring and, based on
current growth rates, would not occur unless conditional natural mortality was less than 35% and
exploitation was greater than 40%. They estimated conditional natural mortality and exploitation at 63%
and 15%, respectively. Consequently, they recommended no changes to harvest regulations.
Extensive creel and netting surveys conducted by the Minnesota Department of Natural Resources were
summarized by Thorn (1984). He found Saugers were not significantly impacted by a fishing season
without a spring closure. He also found Sauger populations with significant natural fluctuations.
Abundance 15 years after opening a continuous season was similar to Sauger abundance when the fishery
had a season closure (Thorn 1984). From 1977–1981 on Pool 4, Thorn found May and June accounted for
26.8% of the yearly harvest while September and October accounted for a similar percentage of the yearly
harvest (24.8%). From 1968–1981 on Pool 4, the average weight of harvested Saugers did not change
significantly, ranging from 0.77 to 1.48 pounds while averaging 1.13 pounds (Thorn 1984).
Because much of the Sauger fishery along the UMR occurs during winter months, there is some concern
about hooking mortality due to catching fish in deep water. Both Minnesota and Iowa have conducted
studies to assess the potential impacts of winter hooking mortality. Meerbeek (2007b) reported relatively
high catch and release hooking mortality for Saugers captured in water over 29 ft deep. However, he
concluded that catch and release mortality did not substantially influence the population in Pool 4.
Fisheries data continues to be collected from creel surveys, annual fish sampling programs, and directed
studies with specific objectives. Sauger data from each state is periodically gathered and scrutinized to
verify changes in the Sauger fishery. As with many fisheries, the UMR Sauger population is year class
dependent. As previously discussed, year class strength (recruitment) varies because of relationships
between biotic and abiotic determinants. Biologists have minimal control over these variables. It appears
natural fluctuations provide a variable, yet sustainable, quality Sauger fishery.
The UMR Sauger fishery is a fast growing, early maturing population that exhibits relatively high natural
mortality. Because of these current characteristics, it appears appropriate to continue the continuous open
season and current regulations. Biologists should continue efforts to monitor trends in Sauger abundance,
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population characteristics and size structure, conduct creel surveys to document catch, harvest and
angling effort, and document and protect spawning and other critical habitat areas.
By using historical information, as well as gaining more knowledge, the Sauger fishery can continue to
provide a high quality resource. It can also continue to be an important component of a healthy
Mississippi River.
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Table 58. Harvest rate (fish/angler hour), estimated harvest (number), and mean weight for Sauger
determined from creel surveys conducted in various pools of the UMR.
Citation and Location

Stevens 1996b

Hoxmeier 2002b
Meerbeek 2008b
Schlesser 2014b

Pitlo 2001

Hansen 2016

Boland and Ackerman 1982

Pitlo 2001

Hansen 2016

a

1962a

Harvest rate
0.1

Harvest
37,709

Mean weight (lbs)
1.03

Pool 4

1967a

0.14

61,864

1.01

Pool 4

1972a

0.27

99,166

0.85

Pool 4

1977a

0.12

86,470

1.1

Pool 4

1978a

0.13

64,192

0.88

Pool 4

1979a

0.08

31,523

0.88

Pool 4

1980a

0.12

44,107

0.88

Pool 4

1981a

0.09

42,781

Pool 4

1988a

0.14

55,493

1.22

Pool 4

1989a

0.14

55,452

1.03

Pool 4

1994a

0.06

36,903

1.2

Pool 4

1995a

0.05

24,281

1.2

Pool 4

2000a

0.084

52,835

1.02

Pool 4

2001a

0.154

64,430

1.19

Pool 4

2006a

0.090

51,523

1.48

Pool 4

a

0.090

45,296

1.63

2007

Pool 4

a

2012

0.094

54,833

1.03

Pool 4

2013a

0.072

37,826

0.93

Pool 11

1994-1995c

0.29

6,226

1.05

Pool 11

1995-1996d

0.37

6,381

0.95

Pool 11

1998-1999d

0.31

13,496

0.78

Pool 11

1999-2000d

0.41

10,946

0.64

Pool 11

2004-2005f

0.49

2,411

0.29

Pool 11

2005-2006f

0.56

4,575

0.22

Pool 11

2006-2007f

0.44

2,565

0.46

Pool 11

2007-2008f

0.62

862

0.67

Pool 11

2008-2009f

0.22

1,238

0.21

Pool 11

2009-2010f

0.44

1,491

0.18

Pool 11

1980-1981e

0.42

14,183

Pool 11

1981-1982e

0.29

21,104

Pool 13

1980-1981e

0.34

18,186

Pool 13

1981-1982e

0.37

14,330

Pool 13

1992-1993c

0.12

3,001

1.22

Pool 13

1993-1994d

0.16

3,614

0.82

Pool 13

1996-1997d

0.38

12,392

0.86

Pool 13

1997-1998d

0.26

9,110

0.95

Pool 13

2000-2001d

0.37

5,983

0.69

Pool 13

2002-2003d

0.17

2,487

0.85

Pool 13

2004-2005g

0.40

16,435

0.35

Pool 13

2005-2006g

0.36

7,624

0.21

Pool 13

2006-2007g

0.31

5,615

0.54

Pool 13

2007-2008g

0.32

5,168

0.74

Pool 13

2008-2009g

0.25

6,733

0.15

Pool 13

2009-2010g

0.31

6,297

0.16

12-month

October-April

d
e

Year

12-month open water

b
c

Location
Pool 4

November-April

6-month tailwater

f

December-March 15

g

November and March 16 - April 30; Pool 13 tailwater closed December 1 - March 15
beginning in 2004. Pool 13 tailwater closure was rescinded in December 2010
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Walleye (Sander vitreus)
Brian Brecka, John Pitlo, Ron Benjamin, Dan Sallee, and Mark Stopyro
Updated by Brian Brecka, Ross Dames, Jeremiah Haas, David Heath, and Nicholas Schlesser
Introduction
Walleyes Sander vitreus are highly sought after recreational fish over much of the Upper Mississippi
River (UMR). Along with providing an excellent recreational fishing opportunity, Walleyes offer a firm
flesh with great taste and texture. They are found along the entire UMR over wide ranges of flow, cover,
structure, substrate, and depth. Healthy Walleye populations flourish due to high quality habitat meeting
their requirements.

Distribution and Abundance

Table 59. Distribution and abundance of
Walleye in the Upper Mississippi River
Walleyes are found throughout the UMR but occur in
modified from Steuck et al. (2010).
varying abundance. Steuck et al. (2010) categorized
Pool
Walleye
Pool
Walleye
relative abundance for all UMR species and found
Walleyes, depending on locale, ranged in abundance
1
C
13
C
from uncommon to common (Table 59). They provided
2
C
14
C
a common abundance designation for Walleyes in Pools
3
C
15
C
1 through 19. Walleyes are found throughout these pools
4
C
16
C
and occur in most survey collections. An occasional
5
C
17
C
relative abundance designation was assigned for
5A
C
18
C
Walleyes in most pools downstream of Pool 19.
Although greater numbers may be localized, Walleyes in
6
C
19
C
these pools are not widely distributed and have limited
7
C
20
O
populations. Within the open river reach of the UMR,
8
C
21
O
Walleyes are generally uncommon and found only in
9
C
22
O
small numbers. Capturing Walleyes in the open river
10
C
24
O
reach is considered an unusual event.
11
C
25
O
Dames and Brown (2010) backed up the assertion that
12
C
26
U
Walleyes are not prevalent within the lower pools. They
reported very low capture rates with focused nighttime
River Reach Walleye River Reach Walleye
electrofishing surveys within the tailwaters of lock and
201
U
100
O
dams 20, 21, 22, 24, 25, and 26. Also within Pool 26,
195
O
75
U
data collected as part of the U.S. Army Corps of
175
U
50
U
Engineers’ Upper Mississippi River Restoration, Long
150
U
25
U
Term Resource Monitoring (LTRM) fisheries element
125
O
found Walleyes provided low catch rates compared with
those rates in the northern reaches of the UMR.
C – Commonly taken in most sample
Walleyes were absent from all LTRM samples in Pool
collections, can make up a large
26 in nearly one of every five years. In the open river
portion of some samples.
stretch of the UMR, downstream from Pool 26, Walleye
U – Uncommon, does not usually appear
abundance is even lower. Walleyes have only been
in sample collections, populations are
found during three of twenty three total sampling years
small, but do not appear to be on the
by the LTRM fisheries element.
verge of extirpation.
Reproduction
O – Occasional, occasionally collected,
Similar to other fishes, spawning of UMR Walleyes is
not generally distributed, and local
influenced by day length, water temperature, water level,
populations may occur.
and likely other unknown variables. Walleyes have been
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found spawning when water temperatures range from 42–55 °F (Holzer and Von Ruden 1982; Pitlo 1989,
1998; Ickes et al. 2000). The timing of these water temperatures is highly variable, but generally occurs
from late March into May. For example, water temperature recorded from 2000–2015 at Lock and Dam 4
averaged 41 °F on April 1 and 53 °F on April 30. Water temperatures at Lock and Dam 3, just
downstream of the Prairie Island Nuclear Generating Plant, averaged 42.5 °F on April 1 for the same time
period. Areas of the UMR further downstream generally warm earlier.
In many years, warming water temperatures correspond to warming air temperatures that result in runoff
from melting snow and ice. The higher runoff, in conjunction with rising river levels, may be another
spawning cue for Walleyes. How much each spawning influence contributes to the timing of the spawn
remains under investigation. Pitlo (1992) theorized water temperature might be more important than water
level. In egg collection studies from 1984–1989, he found peak collections occurred after a sharp rise in
water temperatures (Pitlo 1989). He also found short spawning periods during years when water
temperatures rose rapidly (Pitlo 1985, 1989). Whereas Pitlo demonstrated the importance of water
temperature and the timing of the spawn, Ickes et al. (2000) found water level to be important to radio
tagged Walleyes in Pool 4. They found fish appeared to delay spawning until river levels exceeded flood
stage.
Walleye spawning has been well documented on the UMR. As the following will describe, UMR
Walleyes have shown many spawning strategies across a fairly narrow geographical range. Numerous
spawning sites have been documented that contain differing substrates. Pitlo (1989, 1998) verified
spawning sites in Pool 13 that included substrates of gravel, cobble, boulder, and mussel shell. Gebken
and Wright (1970) documented spawning activity over riprap in Pool 7. Thorn (1984) also found
spawning ready Walleyes over riprap in the tailwaters below Lock and Dam 3. Riprap was also the likely
substrate when eggs were collected in the tailwaters below Lock and Dam 1 (Gangl et al. 2000). In the
Rock River, a tributary of Pool 16, Siegwarth (1993) located spawners over a substrate consisting of
shifting sand covering solid bedrock.
Besides firm substrates described above, spawning Walleyes have also been documented to use flooded
terrestrial vegetation. Holzer and Von Ruden (1982) documented two locations in Pool 8 where Walleyes
were spawning over flooded reed canary grass. The Pool 8 area had a slight current flowing through it
(0.31 ft/s). Similar to Pool 8, two spawning locations found in Pool 4 contained reed canary grass as the
substrate (Gates 1984). With a spawning substrate covered with reed canary grass, Gates (1984) found the
water velocity within the grass matrix to be 0.1 ft/s and 0.6–2.5 ft/s within the water column above the
grass matrix. Also in Pool 4, Ickes et al. (2000) identified sixteen likely spawning areas. With the
exception of three sites, all spawning areas were in flooded timber with reed canary grass or bulrush beds.
Spawning sites documented and described above are likely silt free, given the flowing water
characteristic.
Radio telemetry and tagging studies have tracked pre-spawn Walleye movements to staging areas.
Walleyes have been shown to make predictive upstream movements in late winter or early spring (Holzer
and Von Ruden 1982; Thorn 1984; Pitlo 1985, 1998, 2001; Gangl et al. 2000; Ickes et al. 2000). In one
study, 80% of tagged Walleyes made pre-spawn movements to the tailwater area below Lock and Dam 12
(Pitlo 1985). However, Walleyes have also been found to stage away from tailwater areas. Pitlo (1992,
2001) and Siegwarth (1993) both found movement of Walleyes into backwater complexes before
movements to spawning sites. They theorized egg maturation was enhanced within the warmer
backwaters. Similarly, Gates (1984) and Ickes et al. (2000) found females concentrating in shallow main
channel border areas where warmer temperatures likely improved energy conservation and egg
maturation. In their study, Ickes et al. (2000) measured water temperatures 2.5–6.8 °F warmer in the
staging area compared to the surrounding water.
The UMR Walleye spawn is likely similar compared with other parts of the north central United States.
Males reach the spawning grounds earlier and stay longer than females. They have also been found to
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outnumber the females (Gates 1984). The females do not enter the spawning area until their eggs are ripe.
In Pool 5, Walleyes were found to change relatively quickly from a pre-spawn condition to having ripe
eggs and then exhibiting post-spawn condition (Daley 1960). Pitlo (1989) collected only males on the
spawning grounds during daylight hours, whereas females have been known to enter only during the
night. An egg drift study by Holland (1985) supports the theory that spawning occurs after dusk. Her
study found a rapid increase of egg drift soon after dusk with a rapid decline several hours later.
As the female broadcasts her eggs, several suitor males concurrently release milt. This type of group
spawning activity, in conjunction with interpool movements, favors genetic diversity, not the
development of subpopulations. Protein electrophoresis studies of Walleyes in Pools 5, 8, and 13 supports
this premise as these populations were found to be similar (Paragamian 1988; Waltner 1988). While egg
numbers vary by Walleye, 25,000 eggs per pound of fish is an accepted average (Piper et al. 1982).
The females have been shown to move off the spawning grounds soon after spawning, recuperate, and
then disperse (Holzer and Von Ruden 1982; Pitlo 1985). Ickes et al. (2000) found a short time period
between fish migrating from their pre-spawn staging area to areas used by fish to recuperate post-spawn.
The males will stay on the spawning grounds, not for parental care but to wait for more females to arrive.
Gates (1984) found males stayed on spawning grounds for about one week after spawning had ceased.

Age, Growth, and Size at Maturity
As with other fishes, UMR Walleye growth rates may be influenced by many variables including
genetics, water temperature, forage base, and habitat conditions. Hatched in mid-April to mid-May, fish
growth can be fast. From April–June in Pool 3, Kuhl and Mueller (1988) found prolarvae, postlarvae, and
juvenile Walleye lengths to range from 0.22–0.43 inches, 0.38–0.78 inches, and 0.85–3.40 inches,
respectively. Pitlo (2000) reported larval Walleyes to be 0.27–0.35 inches at hatching in Pool 13.
Throughout the larval drift sampling period, he found Walleye length progressively increased, while the
maximum growth rate ranged from 0.012–0.034 inches per day. In Pool 4, from 2006–2015, mean lengths
during mid-July ranged from 2.6–5.0 inches while averaging 3.5 inches (Nick Schlesser, MN DNR,
personal communication). Also in Pool 4, Daley (1961) found Walleye length in early July ranged from
2.1–3.1 inches.
Because growth rates can be influenced by many variables, young-of-the-year Walleye lengths in October
or November are highly variable between years and between pools (Table 60). Pitlo (2001) found fall
average lengths in Pool 13 ranged from 6.8 inches to 9.2 inches over a nine-year period (Table 60).
During thirty six years of fall sampling, from 1980–2015, average lengths for Pool 5 young-of-the-year
ranged from 6.5 inches to 8.1 inches (Table 60). Similar ranges have been shown for Pools 4, 8, 10, and
11 (Table 60). Average lengths of young-of-the-year Walleyes in Pools 14 and 15 were 10.3 and 9.4
inches, respectively (Haas 2016). They were greater in length than those within the upper reaches of the
UMR. It is likely Walleyes react positively to an earlier spawn and subsequent longer growing season.
Schlesser (2015) found male and female Walleyes grow at similar rates during their first two years in
Pool 4. However, he found females had considerably greater lengths by age-3. Studying nearly 30 years
of age data, he found growth of males declined considerably around five years of age, while females
continued good growth rates and maximized their growth to near 30 inches. For example, Schlesser aged
a male Walleye to 13 years, but it was just 19.8 inches long. Vasey (1967) also found females grew more
rapidly after maturity and dominated the upper end of the length scale.
Length-at-age and length-at-capture studies have been conducted for UMR Walleyes on many occasions.
Age and growth studies were completed for Pools 8 and 9 in 1948 and 1956 (Wisconsin Department of
Natural Resources 1980b; Table 61). Growth rates appeared little changed, as the results of these early
studies were similar to studies completed more recently in Pools 4, 5, and 8 (Table 62). Length-at-age
studies conducted by Pitlo (2001) showed slightly greater lengths for age-1 and age-2 fish. However,
these lengths may have been an artifact of a method rather than actual higher growth rates. Pitlo collected
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otoliths from angler harvested fish and likely aged faster growing individuals of younger age classes that
reached the 15-inch minimum length limit sooner. For age-3 Walleye and older, Pitlo found length data to
be similar to other studies.
It appears from aging studies very few Walleyes live past 10 years of age. Schlesser (2015) used otoliths
to age Pool 4 Walleyes from 2009–2014 and found just four fish greater than 10 years, and the oldest
aged to 13 years. Although Walleyes on the UMR are generally not long lived, each year Walleyes
weighing nearly fifteen pounds are caught by anglers. Anecdotal information indicates Walleyes in the
32–35 inch range are at times caught and released by commercial fishermen seeking rough fish species.
The largest recorded Walleye is a 16.25-pound fish caught by an Iowa commercial fisherman in Pool 10
in the mid-1970s. It was delivered to the Iowa Department of Natural Resources because it died. The fish
was mounted and is on display at the Iowa Department of Natural Resource’s Aquarium and Fisheries
Station at Guttenberg.
Pitlo (2001) measured the relative weights (Wr) of Walleyes in Pools 11 and 13. A Wr is an index of
condition reflecting an individual fish’s nutritional state; in concept, a mean Wr of 100 reflects ecological
and physiological optimality. During his nine-year study conducted from 1992–2000, Pitlo found the Wr
of Walleyes in Pools 11 and 13 to range from 84.6–101.1. It appeared Walleyes in Pool 11 and 13 were in
relatively good condition.
Walleyes become sexually mature starting at age-1 with all fish mature by age-4; however, males mature
sooner and at a smaller size than females (Thorn 1984; Stopyro 1999; Nick Schlesser, MN DNR, personal
communication). Schlesser used gillnet caught Walleyes from Lake Pepin in Pool 4 and found all males
were mature by age-3, while all females were mature by age-4 (Table 62). In a survey of angler harvested
Walleyes in the tailwaters of Lock and Dam 12, only females larger than 17 inches were mature, while
male Walleyes first matured at 15 inches (John Pitlo, IA DNR, unpublished data). During this 1998 spring
survey, Pitlo found 35% of Walleyes between 15 and 19 inches were immature. He also found all
Walleyes were mature when greater than 19 inches.

Life History
After fertilization, Walleye egg incubation ranges from 7–28 days depending on water temperature. The
higher the water temperature the sooner the eggs will hatch. Pitlo (1998) found incubation occurring when
water temperatures ranged from 42–62 °F. Walleye eggs are adhesive for about an hour after being
expelled from the female (Colby et al. 1979). After losing their adhesiveness, they either settle or drift.
Walleye egg drift has been shown to occur at several sites with incubation likely occurring during long
drift periods (Holland 1985; Pitlo 1985, 1989, 2001). Pitlo (2001) collected larval Walleyes over a nineyear period in Pool 13 when spring water temperatures ranged from 54–73 °F. In his study, Pitlo found
larval Walleyes most abundant in main channel border habitat and least abundant in main channel habitat.
Lower densities in main channel habitat were likely due to towboat propeller mortality (Pitlo 2001). This
theory is supported by Killgore et al. (2001) as they reported high mortality on smaller fish larvae (0.31–
0.55 inches) entrained through towboat propellers. Pitlo (2001) reported the majority of larval Walleyes
drifting ranged from 0.31–0.63 inches in length and were 1–16 days old. The effect of larval fish
mortality by towboat on adult populations is unknown, but Holland and Sylvester (1983) reported that
high mortality on eggs and larvae might result in a subsequent decrease in adult recruitment, particularly
for pelagic species occurring in main channel habitat.
Based on age and drift rates of larval Walleyes reported by Priegel (1970) in the Wolf River (Wisconsin),
Pitlo estimated some larval Walleyes collected in Pool 13 may have originated 230 miles upstream.
Holland (1985) estimated 50 million Walleye larvae passed through Lock and Dam 5 during the spring
drift period in 1984. Although larval drift is an important part of their life history, larval Walleyes are a
minor component of total drift (Eberley et al. 1984; Shaeffer 1984; Holland 1985). For additional
information and discussion on prolarval and larval Walleye drift in the UMR see Pitlo (1992).
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Although larval Walleyes likely first prey upon zooplankton while drifting, other larval fish have been
shown to be an important food source (Pitlo 2001). In Pool 13, Pitlo (2001) found numerous larval
Walleyes with fish tails in their mouths or a visible fish eye within their stomach. During most years, he
also found the peak larval Walleye drift coincided with the peak drift of 0.23–0.35 inch larvae of other
species (primarily Catostomidae) that were 10–20 times more numerous.
As young Walleyes become larger, fish become the largest part of their diet. Holzer (1978) conducted a
stomach analysis study and found fish comprised 98.3% of the total food volume for 8- to 22-inch
Walleyes. There are many forage fish species in the UMR, with Gizzard Shad and seven minnow species
(Cyprinidae) considered abundant or common over a wide spatial extent (Steuck et al. 2010). Young
Walleyes may be prey for other fish species, while cannibalism is also possible. Although fish dominate
the adult diet, there is much anecdotal information professing the Walleye’s capacity to feed heavily on
mayflies during their summer hatch. This observation is not unique to Walleye as it is seen in other
piscivorous species.
During a summer after successful spring reproduction, young Walleyes can be found in most habitats of
the UMR. Biologists find them in backwater, side channel, main channel border, and tailwater habitats.
Substrates include silt, sand, rock, and detritus. Vegetation may serve as cover.
Annual Walleye collections have provided opportunities to develop indices of year-class strength. Index
information may be used to form an angler’s fishing expectation. At what time year-class strength is
measured varies, but surveys generally occur before age-3. Although it is possible larval drift could be
used to assess year-class strength, Pitlo (2002) found no correlation between the density of larval
Walleyes in the spring drift and the density of young-of-the-year Walleyes during October. Electrofishing
surveys conducted during the fall have been an accepted initial indicator of year-class strength. These
surveys have shown recruitment through the first six months to be highly variable from year to year
(Table 63). The Wisconsin Department of Natural Resources electrofished the tailwaters of Pools 5, 8,
and 10 for a number of years and found a range of complete recruitment failure to nearly 600 young-ofthe-year Walleyes per hour (Table 63). Also of interest is the longitudinal comparison of young-of-theyear Walleye collections. Over many years of electrofishing, the average catch per hour ranged from a
low of 13 in Pool 15 to a high of 118 in Pool 8 (Table 63). Overall, higher catches occurred more so
within the upper pools. This corresponds well to thoughts regarding Walleye abundance that generally
have Walleyes more abundant in the northerly UMR.
Schlesser (2015) assessed Walleyes in Lake Pepin in Pool 4 and found a multiple age class approach,
using gillnet catch for age-1, age-2, and age-3 fish, provided reliable indices of year-class strength.
Schlesser also used the gillnet catch rates to assess the fishery and found a wide range in Walleye
abundance through time. Walleye catch rates in Lake Pepin in recent surveys appear considerably greater
than catch rates from earlier surveys. These results are consistent with his index of year-class strength.
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Table 60. Average length (inches) of young-of-the-year Walleyes during October or November in
various pools of the Upper Mississippi River.
Note: Numbers in parentheses equal sample size.
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
All Years

4a

7 277
6.3 482
6.4 25
6.8 127
7.6 23
7.7 72
6.5 152
5.9 51
6.6 133
7.1 272
7.0 185
6.8 262
7.9 175
7.9 20
8.7 34
8.5 126
6.8 91
7.5 56
7.9 62
8.1 154
8.4 102
8.1 179
8.0 78
6.7 257
7.7 122
7.1 219
6.9 71
6.8 83
7.2 52
8.0 33
7.3 3,975

5b
7.2 73
7.6 459
7.6 241
7.2 182
7.5 33
7.2 267
7.1 258
7.5 18
7.0 36
7.8 11
7.1 81
7.2 203
5.9 2
6.7 65
7.5 79
7.3 258
6.9 237
7.9 149
7.7 24
7.8 53
8.0 269
7.2 120
7.4 63
7.7 37
8.0 111
8.1 107
7.6 199
7.4 22
6.8 139
7.7 90
6.5 79
7.2 40
7.1 38
6.9 247
7.1 299
7.3 4,516

8c

7.8 616
7.7 78
7.7 1,694
7.3 513
7.4 1,038
8 27
7.9 56
88
7.6 206
7.4 208
6.9 6
7.8 143
7.7 59
7.3 116
7.2 492
7.6 330
7.3 14
7.9 147
7.6 1,422
7.4 109
7.7 184
7.8 44
7.9 622
8 67
7.8 989
7.1 16
7.3 145
7.8 130
6.6 192
7.4 92
7.3 80
7.3 194
7.7 943
7.6 10,980

Navigation Pool
10 c
11 d

8.2 26
7.7 43
8.2 26
7.8 90
7.6 114
6.6 5
8.3 179
7.4 13
7.5 126
7.3 318
7.8 76
7.3 54
7.9 159
7.4 1,122
7.8 37
8 93
8 86
8.7 228
7.9 73
8.4 120
7.7 103
7.3 146
7.6 36
7.1 42
7.9 86
7.7 160
7.7 86
7.9 305
7.7 3,910

13 d

8.1 535
7.1 59
7.6 49
7.3 623
7.5 107
7.5 42
7.6 373
7.6 679

7.2 151
7.1 149
9.2 180
7.6 91
7.5 77
6.8 677
8.2 116
7.5 179
8.1 706
7.7 304

7.5 2,467

7.7 2,630

14 e

7 168
99
9 247
9 14
8 78
7 251
8 72
8 59
7 142
7 190
8 12
8 350
8 88
9 271
9 147
8 181
8 228
8 267
10
7 84
9 44
9 66
9 93
9 330
8 3,499

15 e

7.4 57
8.9 4
8.3 168
8 14
8.4 52
7.2 53
8.3 24
7.2 5
8 69
7.5 81
8.5 15
8.5 128
8.5 47
9.1 31
9.4 29
8.7 104
8.3 98
8.5 114
9.3 75
7.4 66
9.4 15
8.7 14
8.8 25
9.3 82
8.4 1,370

a

Minnesota Department of Natural Resources, Lake City File Data

b

Brecka 2015

c

Wisconsin Department of Natural Resources, La Crosse File Data

d

Iowa Department of Natural Resources, Bellevue File Data

e

Haas 2016

The sources affecting recruitment variability are numerous and complex. Relationships between water
temperature, discharge, spawner condition and abundance, dispersal, towboat propeller mortality, and
available quality nursery habitat likely influence recruitment. Pitlo (2002) reported a significant positive
correlation between the daily rate of water warming during the spawning and incubation period (April
15–May 5) and the catch rate of young-of-the-year during fall electrofishing in Pool 13. Ickes (2000)
analyzed 36 years of recruitment data from Pool 4 and found spawning stock abundance, spawning stock
condition, and minimum discharge to significantly affect Walleye recruitment.
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From still backwaters to fast flowing channel areas, UMR Walleyes are adept at living within highly
variable habitats differing in flow, cover, structure, and substrate. After 23 years of sampling by the
LTRM fisheries element, juvenile and adult Walleyes have been found spatially distributed in Pools 4, 8,
and 13. Although widespread, Bartels (2000) sampled most Walleyes in the upper 3/5 of the pool, with
sparse collections occurring in the impounded section. The spatial distribution likely occurred due to their
preference for riverine habitat and the greater diversity found in the upper portion of the pool.
The use of habitats by juvenile and adult Walleyes can be highly variable from year to year. Telemetry
studies have shown non-spawning Walleye movements to be unpredictable or sporadic (Pitlo 1984).
During the winter in Pool 8, Holzer and Von Ruden (1982) found radio tagged Walleyes in a gravel pit
connected to the river as well as in a fast flowing tailwater. Although movements can be sporadic,
telemetry studies conducted in Pool 4 (Ickes et al. 2000) and Pool 13 (Pitlo 1998) have shown Walleye to
exhibit homing behavior, leaving their capture site only to return to the area after extended periods. For
instance, Ickes et al. (2000) found Walleyes established summer home ranges near where they were
tagged the previous fall. This homing occurred after the Walleyes traveled many miles to spawn.
Walleye movements between pools have been documented extensively. Most movements have tended to
be upstream and have usually been associated with elevated water levels in the spring (Wisconsin
Department of Natural Resources 1980a; Boland and Ackerman 1982; Holzer and Von Ruden 1982;
Thorn 1984). Boland and Ackerman (1982) found 23% and 18% of tagged Walleyes in Pools 11 and 13,
respectively, moved upstream though the next lock and dam. The Wisconsin Department of Natural
Resources (1980a) found 89% of the tagged fish caught outside of Pool 8 had moved upstream. The
greatest movement for an individual Walleye documented by Holzer and Von Ruden (1982) was 60
miles. This radio tagged female traveled from Pool 8 to Pool 4 within 15 days and passed five locks and
dams. Over the past 30 years in the Quad Cities area, freeze branded Walleyes have shown extensive
movements between pools (Haas 2016). Haas found 25.2% of the young-of-the-year Walleyes collected
in the tailwater surveys below Lock and Dam 14 were fish stocked in upper Pools 13 and 14. These
travels constituted a 15–60 mile downstream movement. In addition, the Iowa DNR has routinely
observed branded Walleyes in Pool 16 (Adam Thiese, IA DNR, personal communication).
Upstream movements via tributaries have also been documented during the spring in Pools 2, 4, 11, and
16 (Siegwarth 1993; Gangl et al. 2000; Ickes et al. 2000; Gelwicks 2001). Gangl et al. (2000) found a
Pool 2 Walleye moved 45 miles up the Minnesota River. Gelwicks (2001) reported radio tagged Pool 11
Walleyes moved up the Turkey River 39 miles before further movement was halted by a low-head dam at
Elkader, Iowa. One distant downstream tributary movement was noted from the Black River, a tributary
of Pool 7 (Dan Hatleli, WI DNR, personal communication). Hatleli floy tagged a 13.9-inch Walleye
during October, 2009. Nearly 11 months later it was caught by an angler six miles up another UMR
tributary, the St. Croix River. It is estimated the fish traveled 165 river miles – a journey that included
navigating five locks and dams.

Survival
Population estimates are extremely difficult to obtain for Walleyes on the UMR. Immigration, emigration,
pools spanning more than 30 miles, and Walleyes inhabiting a variety of habitats are just some of the
problems confronting biologists who would like to conduct these estimates. However, biologists have
implemented annual surveys to index the strength of particular Walleye year classes. Sampling gear
includes electrofishing, seining, bottom set gillnetting, and trawling. Although estimates fluctuate, annual
surveys indicate the Walleye fishery is surviving and thriving, especially within the northern reaches of
the UMR.
Both natural mortality and angler exploitation has been estimated for Walleyes on the UMR. Thorn
(1984) estimated Pool 4 total annual mortality to be 55%, with angler exploitation accounting for 30%,
while natural mortality accounted for 25%. During a nine-year study, Pitlo (2001) reported total annual
mortality ranging from 37–83% while averaging 56.8% for Pools 11 and 13. His angler exploitation rates
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ranged from 11.2–39.4% while averaging 22.5%. On Pools 11 and 13 Boland and Ackerman (1982)
estimated total annual mortality rates from 56–67%.

Relative Importance to the Fishery
Walleyes are very important to anglers and play a major role in the economics of the UMR fishery. Ferkin
(1985) estimated annual Walleye fishing expenditures on Pool 9 approached $1.2 million. Although more
recent economic data is unavailable specific to Walleyes, there is no doubt their importance continues,
especially in the northern UMR. While not measureable, anecdotal evidence indicates Walleyes continue
to be preferred by anglers compared to other recreationally sought fish.
Creel surveys have been used since the 1960s on the UMR to estimate angling effort, catch, and harvest
for gamefish species. Historically, tailwater creels have been conducted, as Walleyes have shown a
preference to this area during the fall, winter, and spring. However, anglers now fish Walleyes across a
large portion of the pool during the summer months. The current pool wide nature of the Walleye fishery
has made the collection of creel data much more difficult. Currently, this characteristic of the UMR
Walleye fishery is for the most part insufficiently studied.
Four creel surveys conducted on Pool 4 from the late 1980s to mid-1990s found Walleyes to rank third in
harvest, with only White Bass and Saugers having higher harvest numbers (Stevens 1996b). The surveys
found annual Walleye harvest to average 18,710 fish (Table 64). Five similar creel surveys conducted
from 1977–1981 in Pool 4 found the average Walleye harvest to be 22,052 fish (Table 64). Creel surveys
were also conducted in Pool 4 during 1962, 1967, and 1972 (Table 64). Ferkin (1985) estimated 130,085
Walleyes were harvested from Pool 9 from June 1, 1983 to May 31, 1984. He found fishing pressure to
average 17.4 hrs/acre and harvest to be 34.6 lbs/acre.
Walleye harvest rates have also been calculated from creel survey data. In Pool 13, harvest rates ranged
from 0.03–0.11 Walleye per hour (Table 64). This range is very close to encompassing all other creel
survey results, with the exception of a catch rate of 1.05 fish/hr in Pool 9 in 1984 (Ferkin 1985). The
mean weight of harvested Walleyes has ranged from 0.36 pounds to 3.00 pounds (Table 64).
Walleyes also have a deserved reputation as a challenge for both amateur and professional anglers.
Boland (1991) reported an increase in Walleye and Sauger tournaments for Iowa’s UMR pools. In
Wisconsin’s UMR waters, the number of permitted Walleye tournaments increased from near five in the
early 1990s, to about 20 per year by 2006 (David Heath, WI DNR, unpublished data). Higher profile
Walleye tournaments have also become common in Minnesota and Wisconsin waters.
Although Walleyes are currently harvested using only hook and line, they were previously harvested
commercially during the late 1800s and early 1900s (Coker 1930).

Management Considerations
In the mid-1960s, anglers lobbied for a Walleye season on the UMR that did not include closures. The
Wisconsin Conservation Commission began a continuous open season for Walleyes in Wisconsin’s UMR
pools in 1967 and was followed by Minnesota in 1969. Extensive creel and netting surveys conducted by
the Minnesota Department of Natural Resources was summarized by Thorn (1984). Thorn found Walleye
abundance 15 years after opening a continuous season was similar to Walleye abundance when the
fishery had a season closure. He found the spring fishery produced 16.4% of the pressure and 17.3% of
the Walleye harvest. Thorn noted May and June actually accounted for much of the yearly harvest
(43.3%). No trend was detected in the average weight of the harvested Walleyes, ranging from 1.43–1.76
pounds, over the 15 years (Thorn 1984).
During the late 1980s, management objectives for the UMR Walleye fishery focused on maximum
sustained yield and an increase in the quality of the Walleyes harvested. Walleye populations were
modeled in several UMR pools and were used to predict changes to the Walleye fishery under a length
limit restriction. Modeling a 15-inch length limit in Pools 11 and 13 predicted the following: an increase
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in yield; an increase in the size of fish harvested; and an increase in catch rates. Based on this modeling, a
15-inch minimum Walleye length limit was implemented in 1990 for UMR border waters in the states of
Illinois, Iowa, Wisconsin, and Minnesota. Similar to model predictions, positive changes occurred to the
Walleye fishery. Harvest rates declined as predicted, while the weight of harvested fish in Pools 11 and
13 was higher by 50% (Pitlo 2001). Pitlo (2001) also found catch rates increasing, being nearly 12 times
greater than harvest rates. Walleye length frequencies in Pool 5 were also positively influenced by length
limit implementation (Brecka 1997). In Pool 5, the average size for non-young-of-the-year Walleyes
increased from 13.5 inches during 1980–1993 to 15.5 inches from 1994–1998.
Since 1990 when the 15-inch minimum length limit went to affect for most of the UMR, there have been
regulation changes for waters bordering Iowa and Illinois. In 2003, the Walleye regulation for those
border waters changed to include a 20- to 27-inch protected slot length limit. In addition to the protected
slot, no more than one Walleye above 27 inches could be taken per day. The objectives for this protected
slot and limited harvest of large Walleyes included leaving more mature fish in the river for spawning.
The Iowa Department of Natural Resources expected to see a 40% increase in natural Walleye
reproduction within three years because of the new regulation (John Pitlo, IA DNR, personal
communication). Winter refuges were also established for the tailwaters of Locks and Dams 11, 12, and
13. The refuges do not allow angling from December 1 through March 15. The impetus for refuge
establishment was a decline in Sauger numbers and winter angling mortality of fish caught from deep
water. Although the primary goal of winter refuges was to aid Sauger populations, improvements to
Walleye populations may have been a secondary benefit.
The Exelon fish hatchery in Pool 14 has seen increases in the average size and fecundity of female
Walleyes collected (Haas 2016). From 1988–2007, average Walleye fecundity was 112,498 eggs and
ranged from 72,735 (1998) to 167,737 (2001). From 2008–2015, average fecundity increased to 197,426
eggs, while ranging from 163,154 (2008) to 275,019 (2014). This increase in Walleye fecundity is a direct
result of larger spawning size fish (Jeremiah Haas, Exelon, personal communication). Haas believes these
increases may be attributed to the regulation change described in the previous paragraph as larger fish
have become more abundant in the local fishery.
Fisheries data continues to be collected from creel surveys, annual fish sampling programs, and focused
studies. Walleye data from each state is periodically gathered and analyzed to evaluate potential changes
in the Walleye fishery. In Pool 8 from 2005–2015, non-young-of-the-year nighttime fall surveys were
conducted that indicated stable populations (David Heath, WI DNR, unpublished data). In these surveys,
a total of 8,093 Walleyes were caught ranging in size from 9.0–28.6 inches with a catch per unit effort of
36 per hour. Over this 11 year period, abundance estimates had an average annual decline of 5.3%
percent. Although this trend was not significant, a significant decline in size was evident (0.3 inches per
year).
As with many fisheries, the UMR Walleye population is year-class dependent. As previously discussed,
year-class strength varies because of relationships between biotic and abiotic determinants. Biologists
have minimal control over these variables. However, studies by Ickes (2000) and others (Madenjian et al.
1996; Hansen et al. 1998) have shown spawning stock density to affect Walleye recruitment. Further
studies on the UMR should examine this relationship because biologists do have some control over this
variable. Overall, it appears a variety of influences provide a variable, yet sustainable, quality Walleye
fishery. This is especially true in the UMRs northern reaches.
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Table 61. Average Walleye lengths (inches) for ages 1–14 in various pools of the Upper Mississippi
River.
Note: All studies used back-calculated lengths at annulus unless denoted with an asterisk (*) which used
lengths at capture.
Length-at-age
6
7
8

Number
of fish

1

2

3

4

5

79

6.4

11.7

15.3

17.7

19.9

22.7

24.5

25.6

58

7.2

12.7

16.5

19.3

20.8

22.6

25.4

26.3

106

6.9

12.2

16.3

18.8

20.3

21.8

22.5

24.2

103

6.6

11.8

15.3

17.9

19.8

21.4

22.5

112

6.2

12.1

15.6

18.8

21

22

76

6.4

12.6

16.5

18.6

21

125

7.7

13.2

16.9

19.6

96

6.6

12.6

15.9

138

7.6

13.1

Pool 4, 2004

8.5

Pool 4, 2005

8.6

Pool 4, 2006

Citation and location

9

10

11

26.8

27.5

24

25.2

26

23.2

25.1

26.4

28.9

21.9

23

22.8

23.8

25.5

21.5

23.2

24.4

25.5

26.4

28.8

18.7

21.2

22.5

24

16.9

19.6

21.5

23.3

24.6

25.6

26.9

26.1

13.4

16.5

18.5

19.5

20.5

20

23.8

13.9

16.5

18.4

19.2

22.2

24.7

19.4

9.6

14.5

17.1

19.2

21.6

21.2

22.2

22

21.6

22.6

9.9

14.3

16.9

19.9

21.6

21.4

23.4

24.3

21.9

Pool 4, 2008

8.1

13.4

16.9

20.3

20.7

21.3

22.6

Pool 4, 2009

8.5

13.8

16.4

19.5

19.2

22.9

23.9

Pool 4, 2010

7.7

13.4

16.3

18.4

20.9

20

Pool 4, 2011

7.9

13

16.1

17.5

19.4

20

Pool 4, 2012

7.8

13

16.2

18.4

19.4

20.5

8.2

13.3

16.4

19.2

19

23.9

7.6

12.4

15.2

17.6

19.4

20.9

151

11.2

14.7

18.2

19.6

21.5

23.7

24.2

25.8

27.4

134

10.8

11.7

14.4

16.9

19.4

22.6

24.8

27

28.5

149

11

13.1

14.9

17.3

20.9

23.1

22.1
23.4

12

13

14

Stevens 1993
Pool 4, 1992
Stevens 1994
Pool 4, 1993
Stevens 1995
Pool 4, 1994
Stevens 1996a
Pool 4, 1995

27.9

Stevens 1997
Pool 4, 1996
Stevens 1998
Pool 4, 1997
Stopyro 1999
Pool 4, 1998
Stopyro 2000
Pool 4, 1999
Hoxmeier 2001
Pool 4, 2000

26.5

MN DNR, Lake City file data

Pool 4, 2007

163

Pool 4, 2013
Pool 4, 2014

128

23.4

21

26.6
24.6

22.9

27.6
19.3
19.9

21.5

19.8
23.6

24.5
25.6
22.2

Benjamin 1989
Pool 5, 1985*
Brecka 1997
Pool 5, 1997*
WI DNR, Alma file data
Pool 5, 1998*

26.4

WDNR 1980b
Pools 8 and 9, 1948

57

6

9.7

12.7

15.7

18.4

20.5

22.5

Pools 8 and 9, 1956

88

6.1

10.1

13.3

15.9

18.4

19.9

21.5

Pools 8 and 9, 1978

214

6.5

9.6

11.9

14.2

16

17.9

19.6

135

7

12

15.8

18.8

20.4

22.2

Pool 11, 1994–1995

68

10.1

14.1

17.1

19.9

21.9

23.7

Pool 11, 1995–1996

79

9.6

13.7

17

19.7

21.5

Pool 11, 1998–1999

123

8.7

12.9

16.5

19.1

21.2

20.4

Pool 11, 1999–2000

53

9

13.3

16.5

19.3

21.3

22.7

Pool 13, 1992–1993

115

9.3

13.5

16.5

19

21

22.5

Pool 13, 1993–1994

106

8.4

13.3

16.8

18.1

19.5

21.1

Pool 13, 1996–1997

117

9.1

13.2

16.7

19.6

21.3

18.5

21.1

Pool 13, 1997–1998

97

9.3

13.5

16.6

19.3

21.4

23.1

25.3

21.3

23

22.4

24

Ferkin 1985
Pool 9, 1984
Pitlo 2001b

Pitlo 2001b
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24

28.6

27.7

27.1

Table 62. Mean length and percent maturity at capture for Walleyes caught gillnetting Lake Pepin,
Pool 4, Upper Mississippi River.
Note: Walleyes were captured during early October, 2011–2015.
Note: Ages were determined using otoliths.
Male
Age

Mean Len
(in)

Percent
Mature

0

7.6

1
2

Female
n

Mean Len
(in)

Percent
Mature

n

0.0%

7

7.9

0.0%

31

13.0

36.4%

74

13.0

0.0%

115

15.7

97.9%

98

16.7

10.5%

89

3

17.1

100.0%

55

19.5

89.8%

49

4

17.8

100.0%

23

20.8

100.0%

19

5

19.6

100.0%

18

22.6

100.0%

11

6

20.3

100.0%

3

23.8

100.0%

3

7

19.8

100.0%

3

25.2

100.0%

3

8

0

0
0

9

22.3

100.0%

2

10

23.6

100.0%

1

25.6

100.0%

1

11

0

0

12

0

0

13

0
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27.1

100.0%

1

Table 63. Average catch per effort of young-of-the-year Walleyes (#/hr) as determined by
electrofishing in various pools of the Upper Mississippi River.
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
All Years

4

a

49
53
1
13
2
12
13
9
73
41
37
61
103
4
9
67
9
6
14
32
19
125
12
108
25
67
10
15
41
29
35

5

b

37
0
105
47
30
115
107
134
9
14
7
63
131
0
63
43
150
260
144
40
46
143
133
69
28
121
117
123
9
103
84
53
50
30
138
133
80

8

c

95
14
387
127
206
10
26
3
108
115
3
40
29
63
224
169
8
81
597
50
75
22
214
36
396
6
54
45
63
40
29
75
321
118

Navigation pool
13 d
11 d
10
c

13
20
12
51
80
3
89
8
66
190
49
30
97
405
17
49
54
97
33
75
72
90
21
32
52
89
42
163
77

3
36
7
11
42
9
4
25
104
18
45
20
38
19
20
14
45
16
18
16
19
36
42
26

a

Minnesota Department of Natural Resources, Lake City File Data

b

Brecka 2015

c

Wisconsin Department of Natural Resources, La Crosse File Data

d

Iowa Department of Natural Resources, Bellevue File Data

e

Haas 2016
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71
12
70
8
28
107
12
15
92
139
6
72
86
69
37
31
56
108
31
37
15
77
92
169
60

13 e

52
99
76

14 e

15 e

5
7

2
4

49
33
13
1
12
40
2
59
4
17
63
17
12
35
44
3
77
19
65
35
42
57
62
27
20
12
17
23
83
31

15
11
7
1
4
14
1
38
5
10
13
6
1
16
19
3
31
11
8
7
25
25
27
19
15
4
4
13
41
13

Walleye stocking is not a typical management action for large rivers. However, a unique Walleye
stocking program has been operating in Pools 13 and 14 of the UMR since 1984. The Quad Cities
Nuclear station has used its decommissioned spray canal as a 52 acre pond to grow advanced fingerling
Walleyes; at stocking, these fish range from two- to six-inches in length. This program compensates
Walleye mortalities caused by the cooling water intake. Walleye was selected as the target species by the
Illinois and Iowa DNRs and assists weaker year classes in the general area of the power plant. The
hatchery annually targets the production of 50,000 and 125,000 fingerlings for stocking into Pools 13 and
14, respectively. This Walleye stocking program has demonstrated large scale stocking can bolster weak
year classes and provide a healthy UMR Walleye fishery to the angling public. Another Walleye stocking
program occurs in Pool 9. The Genoa National Fish Hatchery, in exchange for taking Walleye eggs from
Pool 9, stocks Pool 9 with fry equivalent to 10% of the eggs taken.
The UMR Walleye fishery is a fast growing, early maturing population exhibiting high natural mortality.
Because of these current characteristics, it appears appropriate to continue the continuous open season
over most of the UMR. Biologists must lead efforts to monitor trends in Walleye abundance, population
characteristics and size structure; conduct creel surveys to document catch, harvest and pressure; and
document and protect spawning and other critical habitat areas.
By using historical information, as well as gaining more knowledge, the Walleye fishery can continue to
provide a high quality resource. It can also continue to be an important component of a healthy UMR
ecosystem.
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Table 64. Harvest rate (fish/angler hour), estimated harvest (n), and mean weight for Walleyes
determined from creel surveys conducted in various pools of the Upper Mississippi River.
Citation and Location
Stevens 1996b

Harvest rate

Harvest

Pool 4, 1962a

0.05

19,561

Pool 4, 1967a

0.12

49,829

1.77

Pool 4, 1972a

0.09

32,586

1.59

Pool 4, 1977a

0.05

33,035

1.76

Pool 4, 1978a

0.06

28,336

1.76

Pool 4, 1979a

0.04

16,970

1.54

Pool 4, 1980a

0.04

13,858

1.76

Pool 4, 1981a

0.04

18,061

1.46

Pool 4, 1988a

0.06

24,536

1.31

Pool 4, 1989a

0.06

24,457

1.21

Pool 4, 1994a

0.03

17,388

2.21

0.02

8,460

1.89

0.07

10,790

1.69

0.07

17,696

0.04

5,929

1.22

1.05

130,086

1.60

Pool 11, 1994–1995c

0.02

502

2.21

Pool 11, 1995–1996d

0.04

672

2.28

Pool 11, 1998–1999d

0.02

854

2.45

Pool 11, 1999–2000d
Boland and Ackerman 1982

0.04

556

1.96

Pool 11, 1980–1981e

0.13

3,064

Pool 11, 1981–1982e

0.06

5,854

Pool 13, 1980–1981e

0.07

3,614

Pool 13, 1981–1982e
Pitlo 2001

0.08

3,063

Pool 13, 1992–1993c

0.03

730

3.00

Pool 13, 1993–1994d

0.04

915

2.30

Pool 13, 1996–1997d

0.11

3642

1.70

Pool 13, 1997–1998d
IA DNR, Bellevue file data

0.07

2,330

2.80

Pool 11, 2004–2005f

0.04

195

0.53

Pool 11, 2005–2006f

0.05

423

0.51

Pool 11, 2006–2007f

0.02

131

2.04

Pool 11, 2007–2008f

0.05

71

0.81

Pool 11, 2008–2009f

0.04

220

0.77

Pool 11, 2009–2010f
IA DNR, Bellevue file data

0.03

107

0.42

Pool 13, 2002–2003d

0.05

664

2.08

Pool 13, 2004–2005g

0.06

2,466

0.55

Pool 13, 2005–2006g

0.08

1,613

0.62

Pool 13, 2006–2007g

0.04

730

2.30

Pool 13, 2007–2008g

0.09

1,390

1.84

Pool 13, 2008–2009g

0.03

1,095

0.51

Pool 13, 2009–2010g

0.08

1,533

0.36

Pool 13, 2010–2011h

0.05

398

1.90

Pool 4, 1995a
Wright 1970
Pool 5, 1967–1968
Fleener 1975
Pool 5, 1972–1973
Benjamin 1989
Pool 5, 1986b
Ferkin 1985
Pool 9, 1984
Pitlo 2001

Mean weight (lbs.)

a

12-month open water

b

12-month

c

October–April

d

November–April

e

6-month tailwater

f

December–March 15
November 2004 (2005), March 16–31 and April 2005 (2006), Tailwater closed to fishing
December 1–March 15 annually beginning December 2004.

g

h

November and December 2010 only
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Freshwater Drum (Aplodinotus grunniens)
Larry LaJeone, Brian Johnson, and Dan Sallee
Updated by Jeremiah Haas, Brian Johnson, Patrick Short and John D. Waters
Introduction
Freshwater Drum, Aplodinotus grunniens, are a major contributor to both sport and commercial fisheries
to nearly all the Upper Mississippi River (UMR). Strong Freshwater Drum populations flourish along the
entire UMR over wide ranges of flow, cover, structure, and substrate.

Table 65. Distribution and abundance of
Walleye in the Upper Mississippi River
Freshwater Drum are found throughout the UMR. Steuck et al.
modified from Steuck et al. (2010).
(2010) categorized relative abundance for all UMR species and
Freshwater
Freshwater
found that Freshwater Drum, depending on locale, range in
Pool
Pool
Drum
Drum
abundance from common to abundant (Table 65). They received
an abundant designation for Pools 1 through 15, common from
A
13
A
1
Pools 16 through 18, then abundant again downstream of Pool
2
A
14
A
18. Freshwater Drum are found throughout these pools and
3
A
15
A
occur in most survey collections. Within the open river reach of
4
A
16
C
the UMR, Freshwater Drum are generally abundant. In Lake
5
A
17
C
Pepin, Freshwater Drum numbers increased (Figure 108) from
the mid-1960s until the late 1980s (Nick Schlesser, MN DNR,
5A
A
18
C
unpublished data). At that point their population seemingly
6
A
19
A
stabilized. That stabilized pattern is also observed downstream
7
A
20
A
in LTRM Pools as well as Pool 14 (LTRM 2016; Haas, 2016).
8
A
21
A
Reproduction
9
A
22
A
10
A
24
A
Spawning occurs pelagically, usually in shallow open water.
Peak spawning occurs from late May through mid-June at water
11
A
25
A
temperatures of 64 to 72 ºF. Eggs hatch within 24 to 48 hours,
12
A
26
A
depending on temperature. Within the ovaries, eggs are small
River Freshwater River Freshwater
and of varying sizes (0.01–0.04 inches). Fecundity ranges
Reach
Drum
Reach
Drum
widely among females of similar age, but appears more closely
201
A
100
A
related to size rather than age. Based on 11 years of analyses,
average fecundity in Pool 14 was 83,281 ova/lb. of body weight
195
A
75
A
(LMS 1993). The number of eggs produced per female can
175
A
50
A
range from 25,000 to 500,000. Both eggs and pro-larvae are
150
A
25
A
pelagic and occur in the drift throughout much of the summer,
125
A
suggesting an extended spawning period for individual fish.
A – Abundant, abundantly taken in
Individual Freshwater Drum year classes, such as the 1976 and
1987 classes, have been tracked for decades. These “super”
all river surveys.
classes of Freshwater Drum can sustain the species for long
C – Common, commonly taken in
periods of time (Haas, 2016).
most sample collections; can
make up large portion of some
samples.

Distribution and Abundance
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Freshwater Drum CPUE
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Median 1986-Present
Q3 1986-Present

Gill Net CPUE

20.0

15.0

10.0
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0.0

Figure 108. Freshwater Drum gillnet catches in Lake Pepin 1965-2015 (MN DNR, unpublished
data).
Note: Data from 1986 to present collected as part of the MN DNR Large Lake Program

Age, Growth and Size at Maturity
Males reach maturity from age-3 to age-6 at lengths of 11 to 14 inches. Females do not begin to mature
until age-5, with most mature at age-6, at lengths ranging from 13 to 15 inches (Butler and Smith, 1950).
Extensive studies on Freshwater Drum in Pool 14 found growth to be typical of the species through age-3
compared to other water bodies, but thereafter growth slows considerably. Likewise, significant
differences in growth have been observed between pools. Individuals larger than 20 inches are
uncommon. While a few individuals may attain weights of up to 10 lbs. or more, the majority of the
population will range from 1 to 3 lbs.
Freshwater Drum are a long-lived, slow growing species. Individuals as old as 15 years are not
uncommon, with specimens reported as old as 37 to 39 years of age (LMS 1987; Patrick Short, WI DNR,
personal comm.; John Waters, MN DNR, personal comm.).
Table 66 compares growth of Freshwater Drum from UMR Pool 14 (LMS 1986) with populations from
Missouri (Purkett 1958), Lake Oahe (Nelson 1974), Oklahoma (Houser 1960), Lake Winnebago,
Wisconsin (Priegel 1967), other UMR pools (Butler and Smith 1950), Lake Erie (Van Oosten 1938), and
Wheeler Reservoir (Wrenn 1968). Age-at-length relationships for Freshwater Drum show complex
patterns throughout their range, with small individuals often older than larger individuals, though there
are some signs this is in part related to sexual dimorphism as well as developmental and environmental
influences (Jacquemin and Pyron 2013; Rypel 2007).
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Table 66. Age-Length relationship of Freshwater Drum from Pool 14 of the Mississippi River with
selected water bodies throughout the United States.
Average T otal Length (in.) At End Of Year
Location

1

2

3

4

5

6

7

8

9

10

Pool 14 (10-yr avg)

—a

9.1

10.9

12.3

13.7

14.6

15.5

16.2

16.9

16.7

Missouri average

4.4

8.1

10.6

12.4

13.9

14.9

Lake Oahe

4.5

7.7

9.8

11.7

13.5

15.4

17.3

18.3

19.2

19.9

Oklahoma Avg.

4.6

9

11.9

15.3

17.5

20.3

22.5

26

27.5

28.9

Lake Winnebago

5

8.6

10.7

12.2

13.2

14

14.6

15.1

15.5

19.1

Upper Mississippi River

4.9

9

11.7

13.4

14.8

16.5

18.1

Lake Erie

4.8

8.1

10.2

12

13.3

14.8

15.8

Wheeler Reservoir

3.2

5.7

7.8

9.5

11.6

13.7

16

a Fish

18.7

21.7

23.9

not fully recruited to sampling gear.

Life History
Post-larvae and fry feed primarily on Daphnia and Cyclops (Swedberg and Walburg 1970). Both
juveniles and adults feed primarily on insect larvae and nymphs, although mollusks, crayfish, snails, and
fish are occasionally consumed. There are indications that larger specimens may prey on zebra mussels
(Dreissena polymorpha), but there is little evidence to suggest any measurable biological control of zebra
mussels is occurring (French and Bur 1993). Freshwater Drum are also known as an important
intermediary host for many species of freshwater mussels, including some species listed as endangered or
threatened (Molluscs Division of the Museum of Biological Diversity at the Ohio State University, 2004).
Seasonal movements of Freshwater Drum are largely determined by water temperature and current
velocity. At water temperatures below 50 ºF, Freshwater Drum tend to avoid areas of strong current and
seek deeper areas of side channels and backwaters. During the summer, Freshwater Drum can be found in
nearly all river habitats and are frequently found in large concentrations in tailwater areas. Freshwater
Drum acoustically tagged in Pools 1 and 2 have shown extensive movements, including several that
passed multiple Locks and Dams. Further analysis will be done to determine the extent of these fish’s
movements and their habitat use (Joel Stiras, MN DNR, personal comm.). The UMR provides excellent
habitat for Freshwater Drum and they are common to abundant in all pools.

Survival
The buoyancy of the eggs and fry make this species particularly vulnerable to rapid fluctuations in surface
water temperature and to entrainment by boat propellers and industrial and municipal water intakes. As
previously mentioned, over-winter mortality can be very high. The commercial harvest of Freshwater
Freshwater Drum is relatively high and sport fishing exploitation is also high, particularly in some
southern reaches. Despite apparently heavy exploitation, average annual survival of age-2 and older
Freshwater Drum is estimated to be approximately 72% from 1980-2015 (Haas, 2016) in Pool 14. This
level of survival, coupled with relatively slow growth of adult fish, is more indicative of an underexploited population.
Young-of-year and age-1 Freshwater Drum are particularly sensitive to near-freezing water temperatures
that occur in the main channel and side channels during winter (Lewis and Bodensteiner 1985). Severe or
prolonged cold periods can result in substantial over-winter mortality if thermal refuges, such as
backwater complexes, are not available (Bodensteiner and Lewis 1992).
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Relative Importance to the Fishery
Freshwater Drum are a major contributor to both the sport and commercial fisheries of the Upper
Mississippi River. In creel surveys conducted in 1962–63, 1967–68, and 1972–73 Freshwater Drum
ranked 4th, 3rd, and 4th, respectively (Nord 1964; Wright 1970; Fleener 1975). More recently, Freshwater
Drum were ranked first in summer (May–October) creel surveys conducted in Pools 11 and 13 from 1993
through 1996 (Pitlo 1997). Freshwater Drum typically rank 4th in the commercial harvest, with average
annual harvest for the period 1953 to 1995 about 1.5 million pounds. The largest annual harvest since
1953 was 2,201,535 pounds taken in 1996 (Table 67). From 2001- 2005 in the Upper Mississippi and
tributaries, commercial harvest in pounds of Freshwater Drum averaged 1.29 million pounds, 12.9% of
the total commercial harvest in pounds, or $212,000, 5.4% of the total commercial fishing value (U.S.
Army Corps of Engineers, 2012).

Management Implications
No regulations are in place at this time. Some state agencies are beginning to review data to determine if
the species warrants further scrutiny, particularly with commercial harvest of the species (Dan Dieterman,
MN DNR, personal communication).

Table 67. Commercial harvest of Freshwater Drum from the Upper Mississippi River, 1953-2012.
Date
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Total Catch (lbs) Total Value ($) Price ($) / Pound
691,421
$82,970
$0.12
940,183
$115,353
$0.12
1,258,349
$138,057
$0.11
1,165,135
$130,940
$0.11
1,174,549
$117,455
$0.10
1,384,716
$124,624
$0.09
$174,403
$0.12
1,453,353
$97,763
$0.08
1,287,388
1,150,084
$92,007
$0.08
988,281
$69,180
$0.07
1,198,607
$83,902
$0.07
1,471,638
$103,015
$0.07
1,261,469
$88,313
$0.07
1,446,982
$98,395
$0.07
1,746,438
$139,715
$0.08
1,614,213
$145,279
$0.09
1,412,893
$117,270
$0.08
1,939,601
$155,168
$0.08
1,724,299
$137,944
$0.08
1,795,960
$161,645
$0.09
1,758,254
$169,307
$0.10
1,650,431
$161,742
$0.10
1,374,523
$137,452
$0.10
1,241,067
$136,565
$0.11
1,200,862
$144,103
$0.13
1,328,519
$159,422
$0.12
1,211,712
$142,008
$0.12
1,332,182
$159,698
$0.12
1,419,418
$165,755
$0.12
1,081,150
$143,481
$0.13
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Date Total Catch (lbs) Total Value ($) Price ($) / Pound
1983
1,271,922
$147,039
$0.12
1984
1,287,431
$154,492
$0.12
$171,066
1985
1,425,519
$0.12
1986
1,541,904
$185,028
$0.12
1987
1,743,465
$209,211
$0.12
1988
1,818,673
$259,355
$0.14
1989
1,626,539
$227,716
$0.14
1,121,319
$149,358
$0.13
1990
1,307,274
$156,873
1991
$0.12
1992
1,893,849
$207,894
$0.12
1993
2,095,928
$237,647
$0.12
1994
1,741,481
$200,535
$0.12
1995
1,959,257
$243,833
$0.12
$267,591
1996
2,201,535
$0.12
1997
1,626,596
$192,738
$0.13
1998
1,596,187
$194,061
$0.13
1999
1,934,570
$240,001
$0.13
2000
1,610,901
$190,971
$0.12
2001
1,476,242
$170,097
$0.11
2002
1,487,016
$163,572
$0.11
2003
1,584,399
$186,959
$0.12
2004
905,327
$107,731
$0.12
2005
829,834
$105,007
$0.13
2006
849,491
$102,924
$0.12
2007
1,292,154
$169,175
$0.13
2008
1,255,498
$172,821
$0.14
2009
1,169,738
$127,614
$0.14
2010
1,248,884
$166,893
$0.14
2011
1,168,101
$167,426
$0.14
2012
917,999
$139,282
$0.14
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American Eel (Anguilla rostrata)
Jacob Stolley and Scott Gritters
Introduction
American Eel (Anguilla rostrata) are snake-like slender bodied fish with a small conical shaped head, a
wide jaw containing sharp teeth, and paired highly lobed pectoral fins (Harlan and Speaker 1969;
Tomelleri and Eberle 1990; Smith 2002). Although it is present throughout the Upper Mississippi River
(UMR), it is a fish species not commonly encountered by fishery professionals (Table 68).

Distribution and Abundance
American Eels are distributed throughout the entire UMR and
are generally confined to large rivers and streams (Harlan et al.
1987). The USFWS considered placing the American Eel on
the endangered species list in 2007, but to date no action has
been taken. Throughout their range, dams have negatively
impacted the distribution and abundance of the American Eel
by decreasing upstream migration and hindering downstream
spawning movements. In some cases eel are unable to surmount
these barriers along large streams and rivers (Tomelleri and
Eberle 1990). Population characteristics in the UMR for the
American Eel are uncertain due to the difficulty of sampling
them. For this report, UMRCC (Upper Mississippi River
Conservation Committee) biologists reported scientifically
collecting 209 eels throughout the UMR basin using various
sampling methods from 1990 to 2017. Eel records from UMR
biologists were mostly bycatch or incidental catches.

Reproduction
American Eel spawning patterns are endemic to the species.
The American Eel is catadromous meaning that they spawn in
salt water, and return to fresh water to mature. The cycle begins
in autumn when mature females migrate out of fresh water to
the Sargasso Sea (USFWS 2011). The smaller male eels join
the females at the spawning ground and both are presumed to
die after spawning (Harlan et al. 1987; Tomelleri and Eberle
1990). A single female has been estimated to produce between
5-20 million eggs but they have never been sampled within the
ocean (Tomelleri and Eberle 1990).

Age, Growth, and Size and Maturity
American Eels grow slowly, roughly taking two years to
develop and migrate to fresh water streams and estuaries where
they will remain until they reach full maturity. When the eel
larva reaches fresh water they metamorphose in to a 2 ½ inch
worm like transparent “glass eel” larva. The glass eels will
become pigmented and turn to yellow eels resembling their
adult form when they reach the second year of life (Phelps et al.
2013). The larva will remain in fresh water streams until full
maturity. The time span for maturity of eels ranges between 520 years (Harlan et al. 1987). American Eels mature between
1-3 feet in length and up to six pounds in weight. The world

303

Table 68. Occurrence of American
Eel in the Upper Mississippi River
System modified from Steuck et al.
(2010).
American
American
Pool
Pool
Eel
Eel
1
R
13
R
2
R
14
R
3
R
15
R
4
R
16
R
5
R
17
R
5A
R
18
R
6
R
19
R
7
R
20
U
8
R
21
U
9
R
22
U
10
R
24
U
11
R
25
U
12
R
26
U
River American River American
Reach
Eel
Reach
Eel
201
U
100
U
195
U
75
U
175
U
50
U
150
U
25
U
125
U

R – Considered to be rare. Some
species in this category may
be on the verge of extirpation.
U – Uncommon, does not usually
appear in sample collections,
populations are small, but do
not appear to be on the verge
of extirpation.

record was caught in Long Pond New York in 1987, officially weighing eight pounds (Tomelleri and
Eberle 1990). For this compendium study, a total of 209 reported American Eels were scientifically
collected throughout the UMR from 1990 to 2017.

Figure 109. The number of American Eel collected by length group from 209 as recorded by UMRR
biologists from 1990 to 2017.
Collections of all reported eels from the UMR were recorded from the open river at Cape Girardeau,
Missouri, to Pool 4 near Lake City, Minnesota. The size of eel collected ranged from 405 mm to 1,130
mm with an average size of 697 mm (Figure 109). Weights were recorded from 53 collected eels and
ranged from 280 - 3,000 g with a mean weight of 962 g. In the Long Term Resource Monitoring
collections, electrofishing appeared to be the most efficient means of sampling eels although a variety of
gears collected eel (Figure 110). A majority of eels were collected from the Open River Reach but
significant collections were made all the way up the UMR to Pool 4 near Lake City Minnesota and up the
Illinois River system in the LaGrange reach of the Illinois River. Pools 8 and 13 had only a few eel
collections (Figure 110).

Life History
American Eels are confined to large rivers and tributaries with deep pools with muddy bottoms. They are
scavengers and will feed on a variety of food both living and dead. American Eels and mainly nocturnal
feeders and will bury themselves in the mud during the day. The majority of their diet is made up of
small fishes (Harlan and Speaker 1969). Phelps et al. (2013) found the aquatic habitat where most UMR
eels are captured was characterized by the shallowest waters, rock substrates, and low velocities. Few eels
were captured in the impounded habitats immediately above most UMR locks and dams.

Relative Importance to the Fishery
There are no specialized commercial or sport fisheries for the American Eel (Harlan and Speaker 1969).
Angling specifically for eel throughout the UMR is nearly non-existent; most eels that are caught are
incidental catches. Eels are taken by commercial fisherman but each year’s take is usually less than 2,000
pounds annually (Harlan et al. 1987) throughout the UMR. The UMRCC compiled all commercial
harvest from 1953 to 2015 which indicates the harvest for American Eel has declined substantially since
1987. The highest reported harvest in UMR waters was 2,727 pounds in 1978, the lowest reported
harvest was four pounds in 2008 (Figure 111).
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Figure 110. Collections of American Eel by gear and Field Station in the Long Term Resource
Monitoring Program 1989 to 2016.

Figure 111. Annual commercial harvest of American Eel in the UMR. Data compiled by UMRCC
biologists from the states of Minnesota, Wisconsin, Iowa, Illinois and Missouri from 1953 to 2015.

Management Implications
Populations of American Eel are poorly understood in the UMR. This is due to their rare capture by
fisheries professionals and is a cause for concern. Anecdotally, many UMR biologists believe the
American Eel populations are declining and the recent commercial fishing data record seems to support
that conclusion. Damming of rivers remains the single biggest issue for American Eels moving into
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freshwater systems to mature (Machut et al. 2007). Water pollution and degraded habitat along the eel’s
historic migration tributaries and other anthropogenic influences may jeopardize UMR populations as
well (Machut et al. 2007; Phelps et al. 2013). Commercial overharvest probably played a factor in past eel
declines but presently they are rarely encountered by UMR commercial netters.
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Bowfin (Amia calva)
Jason DeBoer, Sarah Huck, Richard Pendleton, Levi Solomon, and T.D. VanMiddlesworth
Introduction
The Bowfin (Amia calva Linnaeus), known to anglers as dogfish, grinnel, mudfish, swamp muskie, and
other names, is the only living species in a family of primitive fishes that formerly lived across Europe
and North America during the Holostean era. Bowfin and the gars (Lepisosteus spp.) are the survivors of
ancient fishes that may be ancestors of most kinds of fishes today (Wright et al. 2012). Bowfin were
historically fished by commercial and recreational anglers (Alvord and Burdick 1915), and though their
popularity has waned in recent years, they are still taken by bowfishing anglers (Quinn 2010). In
addition, there may be emerging commercial interest in Bowfin for their eggs as caviar (Davis 2006,
Koch et al. 2009).
Table 69. Occurrence of Bowfin in the
Physical characteristics of Bowfin have been described
Upper Mississippi River System modified
by Becker (1983) and Pflieger (1997). One main feature
from Steuck et al. (2010).
that sets Bowfin apart from many other fishes is their
Pool
Bowfin
Pool
Bowfin
elongate, undulating dorsal fin, which allows Bowfin to
1
U
13
C
easily swim forward and backward. Juvenile Bowfin
display dark mottling or net-like markings, likely as
2
U
14
C
camouflage. The back and upper sides of adults are
3
O
15
C
typically a mottled olive green, shading to pale green or
4
C
16
C
cream to white on belly, though these colors can vary
5
C
17
C
based on the fish’s environment. Mature male Bowfin
5A
C
18
C
often display emerald-green- or turquoise-colored
margins on their belly, fins, and mouths during spawning
6
C
19
C
season (Daniels 1993), though females appear to lack this
7
C
20
O
breeding coloration. Both sexes have a yellow-ringed
8
C
21
O
deflective caudal spot as juveniles, though this spot often
9
C
22
O
fades in females as they mature. The exact function of
10
C
24
O
this spot is currently unknown, but it is suspected that it
11
C
25
C
may serve as camouflage of a false eye near the caudal
end that can misdirect an attacking predator; the eye spot
12
C
26
O
may serve as a homing pattern for young Bowfin to
River Reach Bowfin River Reach Bowfin
follow, as it is the adult male that aggressively guards the
201
O
100
O
nest after eggs are fertilized (David 2015). Similar to
195
O
75
U
gars, Bowfin have a well-vascularized swim bladder
175
O
50
O
which allows them to be a facultative air breather in lowoxygen aquatic environments (Johansen et al. 1970,
150
O
25
U
Porteus et al. 2014).
125
O
Much of the published literature on Bowfin is case
U – Uncommon, does not usually appear
studies of their ecology. These studies include diet,
in sample collections, populations are
reproduction, life history, and growth. Recently,
small, but do not appear to be on the
however, several articles (e.g., Scarnecchia 1992, Koch et
verge of extirpation.
al. 2009, Porter et al. 2014) call for the recognition of
O – Occasional, occasionally collected,
Bowfin as important aquatic predators worthy of
not generally distributed, and local
integration into multi-species management plans.
populations may occur.

Distribution and Abundance
Bowfin occur throughout the UMR, are found most often
in slackwater or backwater habitats, and have been
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C – Commonly taken in most sample
collections, can make up a large
portion of some samples.

sampled by the Upper Mississippi River Restoration (UMRR) Program’s Long Term Resource
Monitoring (LTRM) element since 1993. Long Term Resource Monitoring data from 1993–2015
indicates Bowfin are caught almost exclusively in backwater lakes from the impounded portions of the
UMR. Long Term Resource Monitoring data also suggests Bowfin, overall, are not very abundant
anywhere in the UMR, though appear to be increasing slightly over the last decade in Pools 4, 8, and the
LaGrange reach (Figure 112). The Open River field station has collected few Bowfin since 1993; the lack
of Bowfin in this unpooled reach of the river is not surprising, given the lack of backwaters and habitats
with low current velocities.
Bowfin are distributed primarily along major river corridors across Illinois, Iowa, Minnesota, Missouri,
and Wisconsin (Smith 1979; Becker 1983; Harlan et al. 1987, Pflieger 1997; IA DNR Online Database;
MN DNR Online Database) and can occur in pools and other areas lacking swiftly flowing water. Bowfin
distribution in the UMR (modified from Steuck et al. 2010) is presented in Table 69.

Figure 112. Catch per-unit-effort of Bowfin via daytime electrofishing in contiguous backwaters in
the six UMRR-LTRM study reaches of the Upper Mississippi and Illinois rivers as a function of year.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.

309

Reproduction
Carlander (1950), Becker (1983), Simon and Wallus (1990), and Pflieger (1997) have described the
fecundity, timing and temperature of spawning, and breeding habits of Bowfin. Females produce
between 23,000 and 98,000 eggs, depending on female size. Optimum temperature for nest building and
spawning is 16-19°C, which corresponds to early to mid-April in Missouri, and early June in Wisconsin.
Males dig nests approximately 4-8 inches deep in 2-5 feet of water. Typically, a female is attracted to the
nest, and spawning usually occurs at night. After fertilizing the eggs of one or more females, the male
aggressively guards the nest, and eggs hatch in 8-10 days. Newly hatched fry attach to vegetation or
objects in or near the nest via an adhesive organ on their snouts for another 9 days, at which time they
form a compact free-swimming school. The male guards the school of fry until the fry attain
approximately 4 inches in length, typically 60-75 days after nest construction. Male nest and fry guarding
is not novel among freshwater fishes. However, Bowfin are the only “primitive” ray-finned species (e.g.,
sturgeons, Paddlefish, polypterids, and gars) to display this highly specialized reproductive behavior.

Age, Growth, and Size at Maturity
Bowfin can live up to 10 years in the environment, but captive individuals are reported to have lived up to
30 years (Carlander 1950, Pflieger 1997). Bowfin growth is rapid, with fish attaining a length of greater
than 8 inches during their first year of life in Wisconsin (Becker 1983), 7-9 inches in southeast Missouri
(Holland 1964), and nearly 13 inches in Illinois (Hausmann 1998). The maximum reported length for
Bowfin is ~31 inches (Koch et al. 2009), and the maximum reported weight for Bowfin is 21.5 pounds
(South Carolina state record). Bowfin reach sexual maturity at approximately 2-3 years of age; age-2 for
males, age-3 for females (Pflieger 1997, Koch et al. 2009). Females are generally older, longer, and
heavier than males (Porter et al. 2014). The age structure, growth, and size at maturity of riverine
populations of Bowfin are understudied, particularly in the UMR; however, researchers at the University
of Illinois at Urbana-Champaign are currently studying Bowfin life history and population dynamics in
the rivers of Illinois (Sarah Huck, INHS, unpublished data).

Life History
Young-of-year Bowfin form a school guarded by the parental male, and feed primarily on zooplankton
and macroinvertebrates, until the fry reach approximately 4 inches in length (Becker 1983, Simon and
Wallus 1990, Pflieger 1997). Bowfin can be piscivorous by 2-3 inches (Simon and Wallus 1990) and
Bowfin greater than 4 inches are primarily piscivorous (Becker 1983, Pflieger 1997), though Bowfin diets
often contain a high proportion of crayfish as well (Holland 1964, VanMiddlesworth 2014). Ultimately,
Bowfin appear to display an opportunistic feeding behavior, primarily consuming prey items that are the
most available (Becker 1983, Devlin 1999, VanMiddlesworth 2014 and references therein).
Documentation of seasonal Bowfin movements in the river is lacking, but it is suspected that little
movement occurs out of preferred local areas.

Survival
Bowfin are considered a very hardy species; their ability to breathe atmospheric oxygen allows them to
survive water temperatures up to 35.3°C (96°F), their critical thermal maximum (Becker 1983). Bowfin
draw three times as much oxygen from air as from water at 30°C, but their gills continue to serve as the
primary site for CO2 exchange (Johansen et al. 1970). Bowfin are even reported to have survived weeks
without water (Green 1966), likely undergoing estivation—prolonged dormancy during a dry period—and
then being unearthed by farmers plowing in seasonally flooded areas (Neill 1950). This tolerance of
physiological extremes, when coupled with their brood-guarding behavior and opportunistic feeding
modality, affirm that Bowfin are a resilient species.
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Relative Importance to the Fishery
Bowfin are increasingly important commercial fish in the UMR, as prices for Bowfin have risen distinctly
in recent years (Table 70). However, a much greater market for Bowfin exists in the southern United
States (Koch et al. 2009). In 2006, commercial harvest of Bowfin in Louisiana alone totaled nearly
140,000 pounds, valued at more than $156,000 (Southwick et al. 2008). Additionally, a burgeoning
market for Bowfin caviar has recently developed in the southern United States, requiring the
implementation of a 559-mm minimum length limit to protect adult female Bowfin in Louisiana (Davis
2006) to reduce the likelihood of overharvest and population declines. In 2009, commercial harvesters in
the UMR basin sold the unprocessed caviar for around $55 per kg, whereas the value of processed Bowfin
caviar in the lower Mississippi River basin is around $80 per kg (Koch et al. 2009).

Management Considerations
In speaking of the Bowfin, Coker (1930, cited in Scarnecchia 1992) said: "this odd fish is called by a
dozen names, none of which is intended to be complimentary." Adding further insult, Forbes and
Richardson (1920) wrote: “The time will doubtless come when thorough going measures will be taken to
keep down to the lowest practicable limit the dogfish [Bowfin] and the gars—as useless and destructive in
our productive waters as wolves and foxes formerly were in our pastures and poultry yards." However,
Hubbs and Eschmeyer (1938) said of the Bowfin that they “…may even be beneficial to the supply of
desirable fish, through the destruction of the more abundant but less desired competitors, such as dwarfed
sunfish or stunted perch.” More recently, Bowfin have begun to receive more attention in the literature
and more respect and utility by managers. Their piscivorous feeding has resulted in their use as a
management tool to attempt control of stunted centrarchid populations (Reed and Parsons 1996, Mundahl
et al. 1998) and Common Carp populations (VanMiddlesworth 2014) in UMR states to varying degrees of
success. This varying success may be attributed to high fishing mortality of stocked Bowfin by anglers
who intentionally killed them (Porter et al. 2014). Bowfin may be an important component of multiplespecies management plans, which focus on maximizing ecological stability via assemblage complexity
(Hausmann 1998). Moreover, Bowfin are a host (Hart and Fuller 1974) for the glochidia of the
Washboard mussel (Megalonaias gigantea), which are listed as endangered in Minnesota (MNDNR
2016), and as a species of special concern in Illinois (Tucker and Theiling 1999). Few fish have the
Bowfin’s strength or endurance when hooked by an angler (Pflieger 1997), and they are a rugged fighter
that strikes hard and fights better than some highly rated sportfish (Becker 1983). There is even a nationwide angling group dedicated to specialized angling for Bowfin (http://www.bowfinanglers.com). The
authors hope that public perception of Bowfin—which can be very negative—continues to improve, and
we learn more about the biology and role of our ancient predatory species.
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Table 70. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
Bowfin, 1947-2012.
Date
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Total Catch
(lbs)
0
0
0
0
0
0
9,713
13,342
9,282
14,536
13,646
6,919
1,523
18,097
16,690
15,161
8,089
9,884
10,571
10,812
15,007
10,154
13,877
16,640
21,312
8,867
10,766
6,698
14,733
11,131
6,882
7,382
16,328

Price
($) / lb
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.02
$0.02
$0.03
$0.01
$0.03
$0.03
$0.04
$0.02
$0.02
$0.02
$0.03
$0.03
$0.03
$0.02
$0.04
$0.04
$0.04
$0.04
$0.04
$0.04
$0.03
$0.04
$0.04
$0.03
$0.05
$0.03
$0.06

Total Value Total No.
($)
Fishermen
$0
0
$0
0
$0
0
$0
0
$0
0
$0
0
$194
1,523
$258
2,098
$232
2,093
$203
2,132
$404
2,396
$208
2,887
$61
2,455
$434
2,259
$284
2,244
$303
2,210
$202
2,012
$257
1,690
$338
1,652
$259
1,926
$600
1,778
$406
1,952
$541
2,049
$666
2,010
$852
2,358
$355
2,247
$280
2,398
$224
2,349
$589
2,533
$333
2,505
$275
2,271
$221
1,995
$740
2,163
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Date
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Total Catch
(lbs)
12,418
13,331
13,117
11,302
8,261
5,848
6,021
17,662
43,153
21,925
6,514
12,388
14,943
13,085
24,722
5,535
2,325
1,951
6,841
13,210
16,148
6,930
15,634
803
5,803
6,770
11,439
9,854
13,007
15,923
5,933
21,613
9,866

Price
($) / lb
$0.05
$0.06
$0.06
$0.07
$0.06
$0.06
$0.07
$0.05
$0.07
$0.09
$0.09
$0.11
$0.09
$0.09
$0.10
$0.09
$0.09
$0.07
$0.08
$0.20
$0.08
$0.09
$0.08
$0.09
$0.09
$0.15
$0.12
$0.11
$0.10
$0.10
$0.22
$0.30
$0.23

Total Value Total No.
($)
Fishermen
$571
2,355
1,563
$696
$819
1,935
$815
1,304
$454
1,533
$351
1,082
$421
1,046
$883
1,513
$2,877
1,139
$1,184
1,104
$610
852
$1,320
935
$180
1,101
$1,443
1,037
$2,501
982
$50
923
$109
980
$62
774
$35
753
$326
798
$1,589
716
$673
712
$1,251
730
$72
729
$566
724
$792
705
$1,334
697
$999
0
$1,300
0
$1,522
0
$1,213
0
$6,220
0
$2,269
0
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Gars (Lepisosteus and Atractosteus spp.)
Jason DeBoer, Sarah Huck, Richard Pendleton, Levi Solomon, Todd VanMiddlesworth, and
Keith Weaver
Introduction
Despite their importance and abundance in the Upper Mississippi River (UMR), the gar family has
historically been a very unpopular group of fishes with anglers and fisheries managers alike, often thrown
on the bank after being caught by anglers, or killed by managers (Scarnecchia 1992). The gars
(Lepisosteus and Atractosteus spp.) and Bowfin (Amia calva Linnaeus) are survivors of ancient fishes that
may be ancestors of most kinds of fishes today (Wright et al. 2012).
There are four species of gars found in the UMR; physical characteristics of the gars have been described
by Becker (1983) and Pflieger (1997). All four species have diamond-shaped, inter-joined ganoid scales
which provide an armor-like protection (Becker 1983). All four species also have a brownish to dark
olive green dorsal side becoming lighter (yellow to whitish) towards the ventral side; juveniles often have
a conspicuous black stripe along their midside. The Alligator Gar (Atractosteus spatula Lacépède) has a
short and broad rostrum, with an upper jaw that overhangs the lower jaw at the sides in fish greater than 2
feet in length. The Spotted Gar (Lepisosteus oculatus Winchell) has well-defined roundish black spots on
top of the head and rostrum, and 54-58 lateral line scales. The Shortnose Gar (L. platostomus Rafinesque)
is similar in appearance to Spotted Gar, though Shortnose Gar lack, or has poorly defined, roundish black
spots on top of the head, and has more (60-64) lateral line scales. The Longnose Gar (L. osseus Linnaeus)
has a long narrow snout, more than twice as long as the rest of the head. Similar to Bowfin, gars have a
well-vascularized swim bladder connected to the esophagus that functions as a primitive lung, which
allows them to be a facultative air breather in low-oxygen aquatic environments (Eddy and Underhill
1974, Becker 1983, Pflieger 1997).
Historically, much of the literature pertaining to gars was unflattering at best (e.g., GFCC 1914, Forbes
and Richardson 1920), often aimed at the eradication of all gars. Recently, however, several articles call
for the recognition of gars as important aquatic predators worthy of integration into multi-species
management plans, and even their purposeful reintroduction (e.g., Scarnecchia 1992, Thomas and
Hilsabeck 2009, Ianni 2011, Solomon et al. 2013). Moreover, the Spotted Gar may be an indicator of
aquatic ecosystem health because of their specific habitat preferences (USEPA 2007, cited in David et al.
2015).

Distribution and Abundance
Four North American species of gars occur in the UMR, though specific ranges vary among species.
Gars are most often found in slow-moving sections of large rivers, but also in backwaters and oxbow
lakes, and can tolerate higher water temperature and lower dissolved oxygen levels than many other largeriver fishes (Gammon 1973, Fernando et al. 2016). Alligator Gar occur in the UMR only in Illinois and
Missouri (Pfleiger 1997), and only then in very limited numbers because of reintroduction efforts by state
agencies (Thomas and Hilsabeck 2009, Grider 2013, Solomon et al. 2013), as Alligator Gar was likely
extirpated in both states (Burr et al. 1996), perhaps because of habitat loss. Spotted Gar occur in the
UMR in Illinois, Missouri, and perhaps into Iowa, though they are sporadically distributed (Page and Burr
1991, Pflileger 1997). There is a peripheral population of Spotted Gar in the Great Lakes basin that is
spatially separate from the Mississippi River population (David et al. 2015, Glass et al. 2015). Shortnose
Gar and Longnose Gar are much more widespread in the UMR than the other two species of gars (Becker
1983, Pflieger 1997), with their ranges including all 5 of the states in the UMR basin. All but the
Alligator Gar have been sampled by the Upper Mississippi River Restoration (UMRR) Program’s Long
Term Resource Monitoring (LTRM) element since 1993, with most records from backwater lakes; thus,
we report no information in regards to LTRM sampling of Alligator Gar.
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Table 71. Distribution and abundance of Spotted Gar, Shortnose Gar, and Longnose Gar in the Upper
Mississippi River modified from Steuck et al. (2010).
Note: Pools are identified by the number of the lock and dam which impounds them. Reaches of the
open river are identified by the mileage from the Ohio River at their upper limit.
Shortnose Longnose
Shortnose Longnose
Pool Spotted Gar
Gar
Gar
Gar
Gar
0
H
H
13
0
C
C
0
O
O
14
0
C
C
0
O
O
15
0
C
C
0
C
C
16
0
C
C
0
C
C
17
0
C
C
0
C
C
18
0
C
C
0
C
C
19
0
C
C
0
C
C
20
U
C
C
0
C
C
21
U
C
C
0
C
C
22
U
C
C
0
C
C
24
U
C
C
0
C
C
25
O
C
C
0
C
C
26
O
C
U
Shortnose Longnose River
Shortnose Longnose
Spotted Gar
Spotted Gar
Gar
Gar
Gar
Reach
Gar
U
A
O
100
U
A
O
U
A
U
75
U
A
O
U
A
U
50
U
A
O
U
A
O
25
U
A
O
U
A
U

Pool Spotted Gar
1
2
3
4
5
5A
6
7
8
9
10
11
12
River
Reach
201
195
175
150
125

H – Historic, records of occurance are available, but no collection has been documented in the
last 10 years
O – Occasional, occasionally collected, not generally distributed, but local concentrations may
occur
C – Common, commonly taken in most sample collections; can make up large portion of some
samples
U – Uncommon, does not usually appear in sample collections, populations are small, but do
not appear to be on the verge of extirpation.
A – Abundantly taken in all river surveys.
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Spotted Gar occur primarily along large river corridors in southeast Missouri, southern and west-central
Illinois, and southern Iowa (Smith 1979, Pflieger 1997, Neebling and Quist 2008). According to LTRM
fyke net data, Spotted Gar have only been collected in Pool 26 of the MS River and the La Grange Reach
of the IL River. They are not abundant in either location, but their populations appear steady (Figure
113). Spotted Gar distribution in the UMR (modified from Steuck et al. 2010) is presented in Table 71;
they are uncommon in most of their present range in the UMR.

Figure 113. Catch per-unit-effort of Spotted Gar via fyke netting in contiguous backwaters in the six
UMRR-LTRM study reaches of the Upper Mississippi and Illinois rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Shortnose Gar occur primarily along large river corridors in southern Minnesota, western Wisconsin,
eastern and western Iowa, and more-or-less statewide across Illinois and Missouri (Smith 1979; Becker
1983; Harlan et al. 1987, Pflieger 1997; IA DNR Online Database; MN DNR Online Database).
Shortnose Gar are the most abundant of the gars in the UMR; according to LTRM fyke net data,
Shortnose Gar abundance may be decreasing slightly in Pool 8 and Pool 26 of the MS River, and
increasing slightly in the La Grange Reach of the IL River (Figure 114). Shortnose Gar distribution in the
UMR (modified from Steuck et al. 2010) is presented in Table 71; they are common or abundant in most
of their present range in the UMR.

Figure 114. Catch per-unit-effort of Shortnose Gar via fyke netting in contiguous backwaters in the
six UMRR-LTRM study reaches of the Upper Mississippi and Illinois rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Longnose Gar occur primarily along large river corridors in southern Minnesota, southern Wisconsin,
eastern and western Iowa, and more-or-less statewide across Illinois and Missouri (Smith 1979; Becker
1983; Harlan et al. 1987, Pflieger 1997; IA DNR Online Database; MN DNR Online Database).
Longnose Gar are infrequently collected in the UMR; according to LTRM fyke net data, Longnose Gar
abundance may be increasing slightly in Pool 8 of the MS River, though is low and relatively consistent
in the rest of the UMR (Figure 115). Longnose Gar distribution in the UMR (modified from Steuck et al.
2010) is presented in Table 71; they are common in most of the impounded reach, though occasionally
collected or uncommon in the unimpounded reach.

Figure 115. Catch per-unit-effort of Longnose Gar via fyke netting in contiguous backwaters in the
six UMRR-LTRM study reaches of the Upper Mississippi and Illinois rivers.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only,
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Reproduction
Little is known about the reproductive ecology of Alligator Gar, particularly in the UMR, which is at the
northern edge of their range. In the Deep South, Alligator Gar fecundity ranged from 782 to 557,390 eggs
(Ferrara 2001); most published manuscripts and theses are from the southern and western portions of their
range. There is also little known about the reproductive ecology of Spotted Gar in the UMR; however,
researchers at the University of Illinois at Urbana-Champaign are currently studying life history and
population dynamics of gars in the rivers of Illinois (Sarah Huck, INHS, unpublished data). No published
fecundity estimates exist for Spotted Gar in the UMR, though presumably they are similar to Shortnose
Gar of similar size. In Georgia, Spotted Gar fecundity ranged from 284 to 5,587 eggs (Ferrara 2001).
Spotted Gar spawn from late April in Missouri (Pflieger 1997) to early summer in Illinois (Smith 1979).
Spotted Gar eggs are likely deposited over vegetation by a single female, then fertilized by several males
(Smith 1979). Recently hatched young Spotted Gar have a well-developed adhesive organ on the snout
and a large ovoid yolk sac (Simon and Tyberghein 1991). A 4.1-kg female Shortnose Gar can produce up
to 36,460 eggs (Potter 1926). Shortnose Gar spawn from May to July, depending on latitude, in 1-3 feet
of water over vegetation (Richardson 1913, Potter 1927, Becker 1983, Harlan et al. 1987). Spawning
occurs in pairs, or with two or more males per female (Pflieger 1997). The eggs are bright green (Eddy
and Surber 1947) or yellowish (Pflieger 1997), are about 2.5 mm in diameter, and hatch in approximately
8 days (Potter 1926, Pflieger 1997). Female Longnose Gar produce between 4,273 and 77,156 eggs,
depending on female size (Carlander 1969). Longnose Gar spawn from late April to early July when
water temperature approaches 70°F, depending on latitude, over shallow gravel beds or vegetation
(Becker 1983, Harlan 1987, Pflieger 1997). Spawning occurs in groups, with males outnumbering
females (Becker 1983 and references therein, Pflieger 1997). The eggs are green, are 2.1-3.6 mm in
diameter, and hatch in 6-8 days (Carlander 1969, Harlan et al. 1987, Pflieger 1997). The eggs of
Longnose Gar and Shortnose Gar are reportedly toxic to vertebrates (Netsch and Witt 1962, Carlander
1969).

Age, Growth, and Size at Maturity
Alligator Gar are the longest lived of the gars in the UMR, living at least 50 years in the environment
(Ferrara 2001, Buckmeier et al. 2012 and references therein). Spotted gar live up to 10 years in the
environment in Lake Erie (Glass et al. 2011) and Georgia (Ferrara 2001), up to 18 years in Missouri
(Redmond 1964), and up to 19 years in Illinois (Sarah Huck, INHS, unpublished data). Shortnose Gar
live up to 15 years in the environment in Illinois (Sarah Huck, INHS, unpublished data). Longnose Gar
are also long lived, surviving over 20 years in the environment in Missouri (Netsch and Witt 1962), over
30 years in Wisconsin (Haase 1969), and 30 years in captivity (Breder 1936), though males may live half
as long as females (Pflieger 1997). Growth of all gars is very rapid during their early years, approaching
or exceeding 10-20” in length—depending on species and latitude—during the first year (Becker 1983,
Pflieger 1997), with one third to one half of the maximum length being attained in the first 2 or 3 years of
life (Haase 1969). Alligator Gar are reportedly sexually mature at 37” to 55” TL, at age-11 for females
and age-6 for males, though this is for gulf coast populations (Brinkman 2008). Spotted Gar are
reportedly sexually mature at age-2 (16 in TL) for females and age-1 (13 in TL) for males (Love 2004,
Smith 2008) in gulf coast population, and at ages 2 or 3 for males and ages 3 or 4 for females in Missouri
(Redmond 1964). Shortnose Gar are reportedly sexually mature at 15” and 3 years of age in Missouri
(Pflieger 1997), and males at 18” and females at 19” (ages 3 or 4 for both sexes) farther north (Carlander
1969). Longnose Gar are reportedly sexually mature at 28” (ages 3 or 4) for males and 33” (age-6) for
females in Missouri (Pflieger 1997), and 20” (age-3) for males and age-4 for females in Wisconsin (Haase
1969). Female gars are generally older, longer, and heavier than male gars (Becker 1983, Pflieger 1997).

Life History
Larval gars have an adhesive disc on their snout, which they use to attach to submerged objects until their
yolk sac is absorbed (Becker 1983, Pflieger 1997); larval Alligator Gar may lack this disc (Pflieger 1997),
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or may lose it upon attaining 15 mm in TL (Etnier and Starnes 1993). Young-of-year gars feed on insect
larvae, small crustaceans, and small fish (Becker 1983, Pflieger 1997). Adult Alligator Gar, Spotted Gar,
and Longnose Gar are primarily piscivorous, though adult Shortnose Gar may consume a greater
proportion of invertebrates (Lagler and Hubbs 1940, Smith 1979, Becker 1983, Harlan et al. 1987,
Pflieger 1997). Longnose Gar and Shortnose Gar feed heavily on juvenile Silver Carp
(Hypophthalmichthys molitrix) in Illinois (J. DeBoer, personal observation). Gars may partition habitat
among species (Robertson et al. 2008) to reduce both habitat and prey resource overlap. Gars may exhibit
short-distance spawning migrations into suitable backwater habitat (Becker 1983, Pflieger 1997), though
documentation of seasonal movements of gars in the UMR is largely lacking (but see Solomon et al. 2013
for Alligator Gar), and it is suspected that little movement occurs out of preferred home range areas.

Survival
All four gars are considered very hardy species; their ability to breathe atmospheric oxygen allows them
to survive water temperatures up to 36.1°C (97°F), and their thermal optimum is 33-35°C (86-95°F)
(Proffitt and Benda 1971, Gammon 1973). Many gars actually seem to prefer high water temperatures
(Gammon 1973). In addition, gars are tolerant of low dissolved oxygen (Eddy and Underhill 1974,
Becker 1983, Pflieger 1997), salinity (Smylie et al. 2016 and references therein), and turbidity (Becker
1983). Given their prehistoric ancestry, longevity, armor-like scales, aggressive reputation, and tolerance
of physiological extremes, gars are well deserving of their resilient reputation.

Relative Importance to the Fishery
Gars are not typically targeted by commercial anglers in the UMR, and do not make up a very large
proportion of the commercial fishery, despite subtle increases in price during recent years (Table 72 and
Table 73). In Wisconsin, seining is the most effective commercial gear for catching gars accounting for
49% of all gars caught; gill nets are 2nd at 27%, and setlines and trammel nets are 3rd and 4th with 7.4%
and 6.6%, respectively (Michelle Marron, WI DNR, unpublished data). Many commercial anglers
believe gar are a nuisance species; anecdotal evidence indicates many will simply kill and discard any
gars that are caught. Some commercial anglers claim that there is a market for gar emerging in the
Chicago area and on the east coast; they expect prices and demand to increase in the near future (Keith
Weaver, WI DNR, personal communication). However, just outside the UMR in Arkansas, gars are
commercially important, and annual catch from 1975 to 1985 averaged more than 360,000 kg (Robison
and Buchanan 1988).

Management Considerations
In speaking of the gars, Forbes and Richardson (1920) wrote: “The time will doubtless come when
thorough going measures will be taken to keep down to the lowest practicable limit the dogfish [Bowfin]
and the gars—as useless and destructive in our productive waters as wolves and foxes formerly were in
our pastures and poultry yards.” Elman (1977) refers to gars as "pariahs" that "infest many lakes,
sloughs, bayous, and sluggish rivers in the South and Midwest." However, Branson (1966) argued:
“…gars are especially important in waters where man’s activities have upset the balance of nature in
favor of the so-called “rough” fishes… It is here that gar populations often reach their greatest numbers
and importance. In all of these environments, the gar exerts a profound controlling influence on the
tendency of both rough and game fish to overpopulate.” The piscivorous feeding of gars warrants their
evaluation as a management tool for controlling stunted sunfish populations (Hubbs and Eschmeyer 1938,
sensu Durham 1955, Niemuth et al. 1959 cited in Becker 1983), non-native carp populations (Haase 1969,
Anderson 2016), or preventing the overpopulation of other species and maintaining a natural balance
(Robison and Buchanan 1988, Scarnecchia 1992 and references therein). Moreover, all gars are important
hosts for glochidia of the yellow sandshell (Lampsilis teres), a freshwater mussel (Smith 1899 cited by
Carlander 1954, Hart and Fuller 1974, Becker 1983), which is listed as endangered in Minnesota
(MNDNR 2016); in the early 1900’s, button-shell buyers paid more per ton for yellow sandshells than for
any other species in the Illinois River (IL State museum website). Additionally, Shortnose Gar is a host
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for glochidia of the Threeridge mussel (Amblima plicata; Hart and Fuller 1974). Given their large size
and bony mouths, gars make excellent quarry for both the hook-and-line angler (Scarnecchia 1992,
Pflieger 1997) and the bowfisher alike (Pflieger 1997), with numerous tournaments for gars (Quinn 2010,
Bennett et al. 2015) and a burgeoning though tenuous (because of high potential for overexploitation,
Bennett et al. 2015) market for trophy Alligator Gar fishing and bowfishing in the southern and western
US. In addition, Alligator Gar reintroduction or propagation programs in Missouri (Solomon et al. 2013)
and Illinois (Thomas and Hilsabeck 2009, Grider 2013) warrant additional study.

Table 72. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
the gars, combined, 1947-2012.
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Table 73. Harvest of Longnose Gar and Shortnose Gar by Wisconsin commercial fishermen in
Wisconsin waters of the UMR, pools 3 through 12, 1953-2014.
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Gizzard Shad (Dorosoma cepedianum)
John D. Waters, Andrew Bartels, Kraig Hoff
Introduction
Gizzard Shad are the most abundant and widespread of four Clupeidae species that exist in the UMR, and
often rank as one of the most abundant fishes overall in UMR fish surveys. The clupeids are distinctive
for their belly scutes, transparent, or adipose, eyelid, and pelvic axillary process. The Gizzard Shad can
be distinguished from other clupeids by its overhanging upper jaw, anal fin with more than 20 rays, and
dorsal fin origin behind pelvic fin origin (Becker 1983). They are listed as abundant in all UMR pools and
river segments, except Pool 1 (where they are common), according to
Table 74. Occurrence of
the UMRCC Distribution and Relative Abundance of UMR Fishes
Gizzard Shad in the Upper
report (Steuck et al. 2010). These slender, small-bodied, silver fishes
are widely recognized as important food sources for fish (Miller 1960; Mississippi River System
Noble 1981; Ranthum 1969; Storck 1986), birds (Southern 1966), and modified from Steuck et al.
other wildlife, and can play an important role in nutrient transfer
(2010).
through ecosystems across their range (Vanni 2002). Thus, their
Gizzard
Gizzard
importance to the UMR ecosystem is obvious.
Pool
Pool
Shad
Shad
Distribution and Abundance
1
C
13
A
Gizzard Shad range from the Great Lakes and Mississippi, Atlantic,
2
A
14
A
and Gulf drainages from the Quad Cities to central North Dakota and
3
A
15
A
south to southern Florida and Mexico (Page and Burr 2011). The
4
A
16
A
northern limit of the Gizzard Shad’s range is the St. Croix River below
5
A
17
A
Taylor Falls in Minnesota (Becker 1983; Eddy and Underhill 1974).
5A
A
18
A
Although the species has become firmly established in Lake Michigan
6
A
19
A
(Miller 1960), it is relatively scarce in upper Lake Huron, (Miller
1960), and virtually absent in Lake Superior, although one large
7
A
20
A
specimen was reported in the southeastern end of the lake in 1961
8
A
21
A
(Scott and Crossman 1973).
9
A
22
A
Occupied habitats for Gizzard Shad range from open water of medium
10
A
24
A
and large rivers, lakes and impoundments, ascending creeks and small
11
A
25
A
rivers with developed pools and even entering brackish waters (Page
12
A
26
A
and Burr 2011). Gizzard Shad are common in much of the Mississippi
River Gizzard River Gizzard
River drainage and can be highly abundant in certain areas (Table 74).
Reach Shad Reach Shad
The LTRM poolwide mean catch per unit effort (CPUE) data for
201
A
100
A
daytime electrofishing indicate highly variable Gizzard Shad
195
A
75
A
abundance (Figure 116). Large year classes were produced in Pool 4
(2000), Pool 8 (2007), and Pool 13 (1999, 2007), but otherwise, shad
175
A
50
A
abundance was low in the upper three LTRM study areas, and has been
150
A
25
A
below the long-term medians in Pool 4 and 8 for 5-7 yrs. The highest
125
A
CPUE for Gizzard Shad in LTRM Pool 26 samples occurred in 2013,
C – Common, commonly
although strong year classes were evident approximately every five
years. In the LTRM Open River reach, Gizzard Shad relative
taken in most sample
abundance, although highly variable, has been in steady decline from
collections; can make
the early years of the program. Frequency of occurrence in daytime
up large portion of
electrofishing samples has declined from as high as 74% to as low as
some samples
24% in Pool 4, from 86% to 12% in Pool 8, and 98% to 29% in the
A – Abundantly taken in
Open River LTRM study areas in recent years, but has remained
all river surveys.
essentially stable in Pools 13 and 26 (LTRM graphical data browser
accessed 5/31/16, http://www.umesc.usgs.gov/data_library/fisheries/graphical/fish_front.html).
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Figure 116. Gizzard Shad reachwide catch per unit effort (CPUE) from daytime electrofishing in
LTRM data from Pools 4, 8, 13, and 26 as well as the open stretch of the Mississippi River.

Reproduction
Spawning occurs in the spring as water temperatures increase, and larvae are abundant throughout much
of the rest of the spring/summer. Gizzard Shad generally spawn during a two to eight week period
between mid-March and mid-August, depending on location. Egg incubation requires 1.5 to 7 days,
depending on water temperature (Bodola 1966). Gizzard Shad spawn primarily in low-current backwaters
in a wide range of depths and over a variety of substrate types. The eggs, which are expelled from the
body in ribbon-like masses, sink to the bottom or drift in the current and readily adhere to submerged
vegetation, rocks, or any objects they contact (Mayhew 1957; Berry 1958; Taber 1969; Walburg 1976).
Their larvae are not photophobic and exhibit a consistent pattern of upward swimming and downward
settling (Bodola 1966), making them susceptible to being moved by currents into the main channel
(Walburg 1976). In Pool 8 in 1982, larval abundance peaked in June/July (Holland 1986). In Pool 7,
larval Gizzard Shad were found to be abundant at all sampling locations in the summer of 1981, with
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slightly greater numbers collected at dusk than at other times. Gizzard Shad were found primarily in
surface waters, but were found in main-channel bottom waters at night (Holland and Sylvester 1983).
Depending on local weather conditions, gonads begin to ripen from March to early April at water
temperatures of 7 to 10° C. Initiation of spawning activity usually begins (in late March to late June) at
temperatures of 15.5 to 16.5° C, peaks at 19 to 21° C (Warner 1940; Miller 1960; Jester 1962; Bodola
1966; Taber 1969; Shelton 1972; Shelton and Grinstead 1973; Pierce 1977; Storck et al. 1978), and
continues at 24 to 25° C (Jester and Jensen 1972; Storck et al. 1978). The initial stimulus for spawning
appears to be a water temperatures of 15 to 16° C (Warner 1940; Shelton 1972; Bodola 1966; Miller
1960; Pierce 1977). Maximum field temperatures at which spawning has been observed are 27° C by
Mayhew (1957) and 28 and 29° C by Dendy (1945). The recommended maximum temperature suitable
for spawning and embryo development is 26.7° C (Brungs and Jones 1977). Paller and Saul (1996) found
temperature gradients to be very influential in the timing of Gizzard Shad spawning, but photoperiod and
day length did not appear to be related to spawn timing.
In riverine areas, or tributary streams, spawning aggregations collect in large deep pools, and a female,
accompanied by several males, swims away from these aggregations to spawn in nearby shallow water
(Shelton 1972). Optimal habitat for survival of the embryo in these tributary streams is a continuous flow
of fresh clear water over shallow, rocky riffles in which the bottom is covered with periphyton, providing
ample surface area for egg attachment (Pierce 1977). Spawning activity is greatest in the evening and
early night, and declines markedly during daylight hours (Shelton 1972; Bodola 1966; Mayhew 1957).
Although Gizzard Shad usually spawn in shallow water, less than 1.5 m deep, they have been observed
spawning at the surface of water that is 15 m deep (Jester and Jensen 1972).
Not all eggs ripen simultaneously; consequently spawning is frequently extended over a period of two
weeks (Warner 1940) and sometimes up to two months (Berry 1958; Taber 1969). Spawning activity may
begin as much as two weeks earlier in the upper end of a reservoir than in the lower end (Netsch et al.
1971). Spawning activity has been associated with rapidly rising water levels and temperature: low water
levels and low temperatures during spring and early summer adversely affect spawning success (Walburg
1976; Pierce 1977). Pierce (1977) found that the number of days in May with water temperatures > 15°C
accounted for 34% of the variability associated with year class success.
Average fecundity of Gizzard Shad also is highly variable and seemingly declines after peaking at age-2
or age-3. In Acton Lake, Ohio, mean fecundity of age-2 females was 12,500 eggs per individual.
Fecundity peaked at 380,000 eggs per individual for age-2 Gizzard Shad from Lake Erie, declining
thereafter in successively older age groups (Bodola 1966). Females older than age-4 showed no sign of
gonadal maturation (Pierce 1977). Mean fecundity of age-3 female Gizzard Shad from Elephant Butte
Reservoir, New Mexico was 40,500 eggs with fecundity declining in older fish (Jester and Jensen 1972).

Age, Growth, and Size at Maturity
Saggital otolith annuli formation has been validated, with otoliths able to be read whole in fish 3 years
and younger and sectioned four years and older. In the Tennessee River, annulus formation occurred in
June, with deposition of the opaque band evident in August (Clayton and Maceina 1999).
The life span of Gizzard Shad is short in some portions of its range; few fish 1ive past ages 1, 2, or 4 in
Lake Newnan, Florida (Berry 1958), or Beaver Dam Lake, Illinois (Lagler and Van Meter 1951). In
general, short life spans are correlated with rapid growth rates in the first year of life. In other, usually
more northern parts of its range, Gizzard Shad typically live to ages 5 to 7 and may live to ages 10 or 11
(Miller 1960; Jester 1962). Sexual dimorphism in growth rate, length weight relationship, or external
characteristics, is seldom, if ever, shown (Lagler and Van Meter 1951; Miller 1960; Jester and Jensen
1972); however, females usually are more abundant than males because of more extensive post-spawning
mortality in males (Berry 1958; Jester and Jensen 1972). Growth can be affected by diet, for instance
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zooplanktivorous age-0 Gizzard Shad have been observed to grow three times faster than detritivores
(Schaus et al 2002).
Gizzard Shad usually mature in their second or third year (Bodola 1966, Becker 1983) and may live to be
10 years old. On average, however, they do not often live longer than 5 to 7 years (Miller 1960; John
Waters, MN DNR, personal communication). In the northern part of their range, they may mature at about
six inches in total length. In general 70-80% of annual growth occurs during June-August or JulySeptember, depending on the season and the age of the fish. No sexual dimorphism in growth rate or in
the length-weight relationship has been demonstrated and there are no reliable external characters by
which the sexes may be distinguished (Miller 1960).

Life History
Gizzard Shad are pump-filter feeders able to consume zooplankton, phytoplankton, and detritus (Miranda
and Gu 1998; Schaus et al. 2002) in the size range of 100-500 µm. Gizzard Shad are able to shift diets to
focus consumption on species found in the greatest abundance (Yako et al. 1996).
During times of high Gizzard Shad abundance, larger shad modified their diets to consume a higher
proportion of sediment detritus. When Gizzard Shad biomass was low, zooplankton biomass has been
observed to increase and all sizes of Gizzard Shad consumed primarily zooplankton. Therefore, rapid age0 growth can lead to high Gizzard Shad biomass, declines in large zooplankton, and a subsequent shift to
detritus consumption (Schaus et al. 2002).
Fingernail clams (Sphaeriidae), sand, and unidentified material were the most abundant items found in
Gizzard Shad diets in Pool 19, with most feeding occurring during daylight hours. Fontigens nuckliniana
(Gastropoda) and Crustacea (Daphnia sp., Diaptomus sp., Leptodora sp., and Ostracoda) were important
food items at certain times, as well. Oligochaetes, Oecetis sp., Gyraulus sp., Hexagenia sp., Hydropsyche
sp., corixids, chironomids, and ceratopogonids were found in insignificant quantities in stomach contents
(Jude 1973). Algae often passes undigested through Gizzard Shad (Velasquez 1939). Larger shad
captured in open waters consumed a larger percentage of bottom organisms, particularly fingernail clams,
than did smaller shad which presumably are nonselective and more prone to filter feeding (Jude 1973).
Other authors have noted dietary selection for zooplankton in small fish, especially in fish under 35 mm
(Cramer and Marzolf 1970; Kutkuhn 1957). Significant differences in weight-at-length were observed
during the summer for fish captured in shallow water versus in open water habitats, presumably correlated
with differences in feeding habitats (Jude 1973).
Gizzard Shad prefer quiet and sluggish currents (Miller 1960), and frequently travel in schools close to
the surface (Becker 1983). Bodola (1966) found younger shad in shallower water and older shad in
deeper water. Killgore and Hoover (2001) found shad to be among a group of fishes that avoided
hypoxia, and Shields and Knight (2011) reported Gizzard Shad among a group of fish whose abundance
was correlated with dissolved oxygen and low current velocities.

Survival
Population estimates are extremely difficult to obtain for Gizzard Shad in the UMR. Immigration,
emigration, and lack of recreational or commercial fisheries importance are just some of the problems that
confront biologists. However, biologists have studied year class strengths in the UMR.
Temperature plays an important role in controlling populations of Gizzard Shad (Jester and Jensen 1972;
Becker 1983). According to Miller (1957), Gizzard Shad populations increase in northern waters during a
series of warm years and then are almost eliminated during cold years. The young-of-the-year are
particularly susceptible to mortality caused by sudden or extreme changes of temperature, and massive
winter kills frequently occur in northern or high-altitude lakes (Jester and Jensen 1972; Miller 1960).
Gizzard Shad in Elephant Butte, Caballo, and Conchas Reservoirs in New Mexico, normally become
inactive and move into deeper water in fall as water temperatures dip below 14° C and become active
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again in spring as temperatures rise to 14° C or higher (Jester and Jensen 1972). Winter die-offs of
Gizzard Shad have been observed in these reservoirs when temperatures fell below 3.3° C. Although the
young-of-the-year are the most susceptible to death from these temperatures, older fish also die within a
few days if the temperature is not abated or if it falls below 2.2°C. Miller (1960) hypothesized that winter
mortality also could be caused by sudden rises in temperature after prolonged periods of cold weather. In
South Dakota, ice cover lasting longer than 103 days resulted in almost complete morta1ity of
overwintering young shad, but some survived an ice cover of 88-103 days (Walburg 1964). Death also
occurs at high temperatures that are within the optimum range, if changes are relatively abrupt.
Gizzard Shad convert great quantities of detritus and a relatively unused faunal resource, sphaeriids, into
fish biomass. Their role as forage fish is very important. In the Mississippi River, Gizzard Shad are the
primary component in the diet of many fish, including Sauger and White Bass (Ranthum 1969). At
smaller sizes (2-5 inches), Gizzard Shad are reported to form a major part of the diet of at least 17
important game fish (Miller 1960). After Gizzard Shad attain a length of about 150 mm, their importance
as forage becomes more negligible since they become essentially invulnerable to predation by predatory
fish (Ranthum 1969). Periodic mortality of Gizzard Shad also provides an important food source for other
species including waterfowl including loons, pelicans, herons, eagles, and many duck species (Miller
1960).

Relative Importance to the Fishery
Gizzard Shad are not often considered a food fish due to its soft and tasteless flesh and numerous fine
bones. As such, Gizzard Shad are not an important recreational or commercial fish species in the UMR
fishery, but are an important forage fish for many gamefish species.
In several states, Gizzard Shad are considered a commercial fish. In Minnesota 7,923 pounds of Gizzard
Shad was harvested from Pool 4 with an estimated value of $634 (Minnesota Department of Natural
Resources 2014). In 2015, no Gizzard Shad were reported to have been harvested by commercial
fishermen in Minnesota (Minnesota Department of Natural Resources 2015).

Management Considerations
Non-native Asian Carps, especially Bighead Carp Hypophthalmichthys nobilis and Silver Carp H.
molitrix have similar diets, resulting in reduced condition factor of Gizzard Shad (Irons et al. 2007).
Rotifers, Keratella spp., Brachionus spp., and Trichocerca spp. were the most common prey items
consumed by both Gizzard Shad and Bighead and Silver Carp in the Illinois and Mississippi River Pool
26 (Sampson et al. 2009). Since zooplanktivorous Gizzard Shad recycle nutrients within the water
column, whereas detritivorous Gizzard Shad transport nutrients from sediments to the water column,
biomass-induced diet shifts can modify the impact of this species on phytoplankton through both topdown and bottom-up mechanisms (Schaus et al. 2002).
In light of their perceived importance as a prey species and as an organic matter-to-biomass converter,
Gizzard Shad play a valuable role in the fish community. They have consistently been one of the most
abundant and widespread fishes in the UMR. It is unclear whether the declines in relative abundance and
frequency of occurrence that have been noted in some LTRM study areas will persist, or are a temporary
anomaly. Attention should be paid to future trends in LTRM Gizzard Shad abundance and frequency, and
perhaps some research ideas be vetted to examine possible causes of these declines.
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Forage Fishes
Rich Pendleton, Andrew Bartels
Introduction
Forage or prey fishes, as a group, are not an easily defined assemblage. Fishes, generally, and riverine
fishes, in particular, are often opportunistic in their feeding habits. Therefore, almost anything that fits in
their mouths could potentially be prey. Cannibalism is common among fishes, as well (Smith and Reay
1991). Thus, almost all UMR fishes might be considered forage or prey species at early life stages;
however, species that remain small throughout their life history may certainly be included in this group.
Many of the cyprinids and percids fit this description, as well as members of some families with less
diverse representation in the UMR, such as Clupeidae, Cyprinodontidae, Umbridae, Poecillidae, etc.
For the purposes of this chapter, it is prudent to focus on species that are abundant, either on a local or
regional scale, and are not dealt with elsewhere herein. While an argument could be made to include
species of Percidae that remain small throughout their lives and are commonly abundant and widely
distributed, no species is considered to be abundant and widespread in the UMR (Steuck, et al. 2010).
Therefore, we restrict our discussions in this chapter to members of the family Cyprinidae. Cyprinid
species selected for this chapter include species that are abundant among and/or locally within the 6
reaches sampled by the Upper Mississippi River Restoration (UMRR) Program’s Long Term Resource
Monitoring (LTRM) element (Pools 4, 8, 13, 26 and the Open River of the Mississippi River and the La
Grange Reach of the Illinois River). Although many additional cyprinid species could be included in this
chapter, for brevity, we report the top 10 most abundant species: Bullhead Minnow (Pimephales vigilax),
Channel Shiner (Notropis wickliffi), Emerald Shiner (Notropis atherinoides), Golden Shiner
(Notemigonus crysoleucas), Mimic Shiner (Notropis volucellus), Red Shiner (Cyprinella lutrensis), River
Shiner (Notropis blennius), Spotfin Shiner (Cyprinella spiloptera), Spottail Shiner (Notropis hudsonius),
Weed Shiner (Notropis texanus).
Brief physical descriptions of each species are from Becker (1983), Hrabik (1996), and Page and Burr
(2011), as follows:
Bullhead Minnow – Body stout and slightly compressed laterally with a small terminal mouth. Dorsal fin
origin over or slightly behind the origin of pelvic fins. Body coloration light to dark olive on back with
small crowded darkly outlined scales between head and dorsal fin and silvery belly. Side is silvery blue
with a dusky to black stripe ending just before a large black spot on the caudal peduncle.
Channel Shiner – Body slender and slightly compressed laterally with slightly subterminal mouth. Dorsal
fin origin over or slightly behind the origin of pelvic fins. Body coloration grey to olive yellow on back
with darkly outlined scales with blotch at origin of dorsal fin either dusky or absent, white belly, and
dusky stripe along the silvery side.
Emerald Shiner – Body slender and laterally compressed with a large terminal mouth. Dorsal fin origin
greatly behind the origin of pelvic fins. Body coloration light olive on back with narrow dusky stripe,
silvery white belly, and silver emerald stripe along the side.
Golden Shiner – Body deep and extremely laterally compressed with small strongly oblique mouth.
Pronounced fleshy scaleless keel between pelvic fins and anal fin. Dorsal fin origin behind the origin of
pelvic fins. Body coloration golden olive green on back, yellow silvery belly, and dusky stripe along the
side with a strongly decurved lateral line.
Mimic Shiner – Body slender and slightly compressed with slightly subterminal mouth. Dorsal fin origin
over or slight behind the origin of pelvic fins. Body coloration grey to olive yellow on back with darkly
outlined scales with dark blotch at origin of dorsal fin, white belly, and dusky stripe along the silvery side.
Red Shiner – Body deep and laterally compressed with oblique mouth. Dorsal fin origin over or slightly
behind the origin of pelvic fins. Body coloration dusky olive green on back, white belly, and silvery
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along the side with decurved lateral line. Breeding males have blue coloration along back and sides, head
red and rosy, and paired fins red to orange in coloration.
River Shiner – Body stout and slightly laterally compressed with slightly oblique mouth. Dorsal fin origin
over the origin of pelvic fins. Body coloration silver to straw colored on back, silvery white on belly, and
silvery on side with dusky stripe along the rear half.
Spotfin Shiner – Body moderately deep and laterally compressed with strongly oblique mouth. Dorsal fin
origin slightly behind the origin of pelvic fins with black blotch on rear half of dorsal fin. Body coloration
dusky olive on back with black dorsal stripe and silvery blue cast sides with lateral stripe along rear half
of side. Breeding males have blue coloration on sides and back with yellow lower fins, whitish near tips.
Spottail Shiner – Body moderately robust and laterally compressed with a small terminal mouth. Dorsal
fin origin directly over origin of pelvic fins. Body coloration silvery pale olive on back with dusky dorsal
stripe, silvery white belly, and silvery on side with dusky stripe along the rear half. Black spot at base of
caudal fin.
Weed Shiner – Body moderately robust and slightly laterally compressed with terminal oblique mouth.
Dorsal fin origin slightly in front of the origin of pelvic fins. Body coloration olive green to brassy on
back, whitish belly, and silvery sides. Black lateral stripe along side, head, and around snout with black
spot on caudal fin slightly connected or distinctly separate from lateral stripe.

Distribution and Abundance
Bullhead Minnow – Inhabits small to large rivers occupying pools and runs with sand, silt, or gravel
substrate (Smith 1979, Page and Burr 2011). It is found throughout the entire Mississippi River being
common or abundant in Pools 3-26 (Table 75 and Table 76) and considered to be one of the most
abundant minnow species in the Mississippi River (Becker 1983). Based on LTRM sampling, Bullhead
Minnow is found in similar densities among the 6 reaches, with the exceptions of Pool 8 and the Open
River Reach, in which it is locally more and less abundant, respectively (Figure 117). In the last 15 years,
it’s abundance has increased in Pool 26 and the La Grange Reach of the Illinois River (Figure 117).
Channel Shiner – Taxonomic ambiguity has existed between Channel Shiner and Mimic Shiner (Hrabik
1996). Channel Shiner was once considered a subspecies of Mimic Shiner, but gained species status in in
1989 by Mayden and Kuhajda (1989). Channel Shiner seems to be restricted to large rivers and creeks,
often found along the shoreline over mud, sand, and gravel substrate (Hrabik 1996). Possible intergrades
with Mimic Shiner exist above Pool 13; however, below Pool 13 and throughout the open river sections
of the Mississippi River, Channel Shiner is dominant relative to Mimic Shiner (Table 75 and Table 76;
Hrabik 1996). Based on LTRM sampling, Channel Shiner appears to be increasing in abundance among
the lower three pools (Pool 26, Open River, and the La Grange Reach of the Illinois River; Figure 118).
Emerald Shiner – Found in medium to large rivers, in addition to, lakes and lower sections of streams
associating with clear water over sand or gravel substrate (Smith 1979, Becker 1983, Page and Burr
2011). Emerald Shiner is considered abundant in all pools and open river sections of the Mississippi
River (Table 75). On average, it is the most abundant cyprinid in all 6 reaches sampled by LTRM with
local abundances highest in Pool 4 and lowest in the Open River Reach (Table 76, Figure 119).
Golden Shiner – Inhabits backwaters and pools of creeks to medium rivers, in addition to, lakes, ponds,
swamps (Page and Burr 2011). Golden Shiner is most frequently encountered in clear water over sand,
mud, gravel, and silt and associate with moderate to dense vegetation (Becker 1983). It occurs in low
densities throughout all pools and open river reaches of the Mississippi River, collected occasionally
upstream of Pool 19 and considered uncommon or rare below Pool 20 (Table 75). Within the 6 reaches
sampled by LTRM, Golden Shiner is more prevalent in Pools 4, 8, 13 and the La Grange Reach of the
Illinois River (Table 76, Figure 120). Notably, in the Open River Reach it has only been collected with
mini fyke nets in 1993 and 2015.
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Mimic Shiner – Found in creeks to large rivers in pools with sand or gravel substrate, often found in
vegetated pools and backwaters (Hrabik 1996, Page and Burr 2011). Mimic Shiner occupies both clear
and turbid waters and is mainly found in the upper pools of the Mississippi; however, possible intergrades
with Channel Shiner exist above Pool 13 (Table 75 and Table 76; Hrabik 1996). Based on LTRM day
electrofishing sampling, Mimic Shiner is only found in the upper three pools (Pools 4, 8, 13) and has not
been collected among the lower three reaches (Pool 26, Open River, La Grange; Figure 121).
Red Shiner – Found in creeks to large rivers and lakes with silt, sand, and rocky substrate (Smith 1979,
Becker 1983, Page and Burr 2011). Red Shiner is common below Pool 18 of the Mississippi River,
considered uncommon to rare in Pools 13-17, and has not been collected above Pool 13 (Table 75).
However, it appears to be expanding its northern range, replacing Spotfin Shiner in the fish community
(Smith 1979, Becker 1983). Within the Open River Reach and the La Grange Reach of the Illinois River,
Red Shiner is often among the average top three cyprinids species collected (Table 76). Based on LTRM
day electrofishing sampling, it has not been collected in the upper three pools (Pools 4, 8, 13; Table 76,
Figure 122).
River Shiner – Inhabits medium to large rivers and lakes and associates with pools or main channels over
sand and gravel substrate (Smith 1979, Becker 1983, Page and Burr 2011). It inhabits all pools and open
river sections of the Mississippi River and is considered abundant or common throughout the majority of
the river (Becker 1983; Table 75). Based on LTRM sampling, River Shiner seems to be declining in
abundance in Pools 4 and 8, while increasing in abundance in the lower three pools (Pool 26, Open River,
La Grange; Figure 123).
Spotfin Shiner – Found in creeks to large rivers and large lakes and is usually the most abundant shiner in
turbid water, but also found in clear waters (Smith 1979, Becker 1983, Page and Burr 2011). In
Wisconsin, it is often found in shallow water over sand, mud, gravel, clay, and silt (Becker 1983).
Spotfin Shiner is considered abundant or common throughout most of the pooled sections of the
Mississippi River, but also occurs in the open river sections (Table 75). Within reaches sampled by
LTRM, it is more abundant in the pooled sections of the Mississippi River (i.e. Pools 4, 8, 13, 26), and is
occasionally or seldom collected in the Open River and the La Grange Reach, respectively (Figure 124).
Spottail Shiner – Inhabits small to large rivers with slow to moderate current over sand and rock substrate,
in addition to, sandy and rocky shores of lakes (Smith 1979, Becker 1983, Page and Burr 2011). Spottail
Shiner is also found in areas with little to moderate vegetation (Becker 1983). Spottail Shiner is
considered common within all pooled sections of the Mississippi River, and probably occurs as strays in
the open river sections (Table 75). It is sampled in similar densities in the upper three LTRM reaches
(Pools 4, 8, 13), and although infrequently sampled in Pool 26 and the La Grange Reach, it appears to be
increasing in abundance in recent years (Figure 125).
Weed Shiner – Found in creeks to large rivers, lakes, and sloughs, usually in clear, sluggish waters often
near vegetation in their northern ranges (Smith 1979, Becker 1983, Page and Burr 2011). In Wisconsin,
Weed Shiner is most often found in water < 1.5 m over sand, mud, and clay (Becker 1983). Weed Shiner
is primarily found in the upper pools of the Mississippi River (Table 75 and Table 76). Prior to the mid
2000’s, it was occasionally collected in Pools 3-8 of the Mississippi River and uncommon or rare in Pools
10-14. Since approximately 2003, it has increased in abundance (most notably in Pools 8 and 4) and is
now considered to be common to abundant (mainly attributed to an increase in water clarity and aquatic
vegetation; DeLain and Popp 2014; Figure 126). An increase in abundance has also been observed in
Pool 13, however, to a lesser degree relative to Pools 8 and 4 (Figure 126).
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Table 75. Distribution and relative abundance of cyprinid species by pools and 25 mile reaches of the
open river below Lock and Dam 26 through July 2007 adapted from Steuck et al. (2010).
Note: Pools are identified by the number of the lock and dam which impounds them. Reaches of the
open river are identified by the mileage from the Ohio River at their upper limit.
Pool
1
2
3
4
5
5A
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
24
25
26
River
Reach
201
195
175
150
125
100
75
50
25

Bullhead Channel Emerald
Minnow Shiner
Shiner
O
A
O
A
C
A
C
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
U
A
A
U
A
C
U
A
C
O
A
A
O
A
A
O
A
A
O
A
A
O
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
C
A
A
Bullhead Channel Emerald
Minnow Shiner
Shiner
C
A
A
O
A
A
C
A
A
O
A
A
U
A
A
U
A
A
U
A
A
U
A
A
O
A
A

Golden
Shiner

Mimic
Shiner

O
O
O
O
O
O
O
O
O
O
O
O
O
O
H
O
O
O
O
H
O
U
U
U
U
Golden
Shiner
U
U
U
U
U
U
X
X
X

O
O
C
O
O
O
O
A
A
A
A
A
A
C
O
O
O
O
O
R

R
R
R
Mimic
Shiner
R
R
R
R
R
R
R
R

Red
Shiner

R
H
U
U
R
C
C
C
C
C
C
C
O
Red
Shiner
C
C
C
C
C
C
C
C
C

River
Shiner
O
O
C
C
C
C
C
C
C
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
C
River
Shiner
C
C
C
C
C
C
C
C
C

Spotfin
Shiner
C
C
C
A
A
A
A
A
A
A
A
A
C
C
C
C
C
C
C
O
O
O
O
A
A
A
Spotfin
Shiner
C
O
O
O
U
O
O
O

Spottail
Shiner
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
Spottail
Shiner
X
X
X
X
X
X
X
X
X

Weed
Shiner

O
O
O
O
O
O
O
U
R
R
U
R
R

Weed
Shiner

A – Abundantly taken in all river surveys.
C – Commonly taken in most sample collections; can make up a large portion of some samples.
O – Occasionally collected, not generally distributed, but local concentrations may occur.
U – Uncommon, does not usually appear in sample collections, populations are small, but the species in
this category do not appear to be on the verge of extirpation.
R – Considered to be rare. Some species in this category may be on the verge of extirpation.
H – Records of occurrence are available, but no collections have been documented in the last 10 years.
X – Probably occurs only as a stray from a tributary or inland stocking.
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Table 76. Annual rank abundance of commonly found cyprinids in LTRM study reaches (daytime
electrofishing during 1993-2015 among all strata) based on the total number of cyprinids found in
each reach.
Note: Values listed in the high, low, and average columns indicate the highest, lowest, and average rank
abundance observed in each reach during 1993-2015. Color fills indicate when a species is
considered the 1st (yellow), 2nd (orange), or 3rd (red) most abundant species for a given reach.
Number of Species
Rank
Bullhead Minnow

Pool 4

Pool 8

Pool 13

Pool 26

Open River

La Grange

16

17

17

20

19

16

High Low Avg. High Low Avg. High Low Avg. High Low Avg. High Low Avg. High Low Avg.
2

8

4.3

2

7

3.8

2

7

4.9

2

5

2.7

4

8

6.1

1

6

2.7

4

11

6.7

1

10

3.9

2

9

3.5

11

13

12

Emerald Shiner

1

1

1

1

5

1.9

1

1

1

1

3

1.1

1

2

1.3

1

2

1

Golden Shiner

3

9

7.2

5

9

6.9

2

8

5.2

6

13

9

10

13

11

2

8

5.1

Mimic Shiner

2

9

4.2

2

9

4.1

2

7

2.9

9

6.1

2

8

N/A

Channel Shiner

N/A

N/A

Red Shiner

N/A

2

11

5.8

2

Spotfin Shiner

2

5

3

1

4

2.1

2

Spottail Shiner

2

9

5

2

10

7

3

Weed Shiner

3

11

6.9

1

11

5.4

8

N/A

6

10

8.1

1

5

2

2

4

2.9

3.6

2

9

4.9

2

9

5.4

4

11

7

6

4

1

6

3.3

6

12

8.6

9

15

11

8

6.3

8

14

10

7

12

10

4

11

6

9

8.8

8

9

8.3

N/A

River Shiner

N/A

N/A
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N/A

N/A
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Figure 117. Twenty-two year trends in mean catch per unit effort (circles) of Bullhead Minnow for
day electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 118. Twenty-two year trends in mean catch per unit effort (circles) of Channel Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 119. Twenty-two year trends in mean catch per unit effort (circles) of Emerald Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 120. Twenty-two year trends in mean catch per unit effort (circles) of Golden Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 121. Twenty-two year trends in mean catch per unit effort (circles) of Mimic Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 122. Twenty-two year trends in mean catch per unit effort (circles) of Red Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 123. Twenty-two year trends in mean catch per unit effort (circles) of River Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 124. Twenty-two year trends in mean catch per unit effort (circles) of Spotfin Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Figure 125. Twenty-two year trends in mean catch per unit effort (circles) of Spottail Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.

348

7
6

16

Day Electrofishing

14

5

Catch/15 minutes

Catch/15 minutes

18

Pool 4

4
3
2

10
8
6
2

0

0
93

95

0.2

97

99

01

*03

05

07

09

11

13

93

15

Catch/15 minutes

0.12
0.1
0.08
0.06

01

*03

05

07

09

11

13

15

03

05

07

09

11

13

15

13

15

0.7
0.6
0.5
0.4
0.3

0.04

0.2

0.02

0.1

0

99

Day Electrofishing

0.8

0.14

97

Pool 26

0.9

Day Electrofishing

0.16

95

1

Pool 13

0.18
Catch/15 minutes

12

4

1

0
93

95

97

99

01

0.2

*03

05

07

09

11

13

15

93

97

99

01

La Grange Pool
Illinois River

0.9

Day Electrofishing

0.16

95

1

Open River

0.18

0.8

0.14

Catch/15 minutes

Catch/15 minutes

Pool 8

Day Electrofishing

0.12
0.1
0.08
0.06

0.6
0.5
0.4
0.3

0.04

0.2

0.02

0.1

0

Day Electrofishing

0.7

0
93

95

97

99

01

03

05

07

09

11

13

15

93

95

97

99

01

03

05

07

09

11

Figure 126. Twenty-two year trends in mean catch per unit effort (circles) of Weed Shiner for day
electrofishing in all combined strata in the LTRM from 1993-2015.
Note: Twenty-two year median is expressed as a solid line while 10% and 90% percentiles are
represented by dashed lines.
Note: The Open River Reach does not contain contiguous backwaters.
Note: Data from 2003 has been excluded because of small sample sizes from the third period only.
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Reproduction
Bullhead Minnow – Spawning occurs in late May through September under rocks or debris in shallow or
slow flowing water (Becker 1983, Tiemann 2007). In Iowa, spawning is reported from late July through
August (Starrett 1951). Accounts also indicate Bullhead Minnow constructs nests under various materials
(e.g. rocks, organic material, metal pipes, and tiles) and lays eggs in clusters attached to the nest ceiling
(Becker 1983, Page and Ceas 1989). Males are reported as aggressive during spawning and will active
guard and tend nests by aerating eggs and keeping them free of sediment (Becker 1983). Fecundity
estimates range from 300-400 eggs (Becker 1983) and from ~30-330 eggs in Illinois and Kansas
(Tiemann 2007).
Channel Shiner – In Ohio and Tennessee, Channel Shiner is reported to spawn during June to August,
however, given its recent elevation to species status, little is known (Hrabik 1996).
Emerald Shiner – Spawning in Wisconsin occurs in late May through early August with the majority of
spawning occurring in June and July once water temperatures rise above 22.2°C (Becker 1983).
Spawning occurs at night often over gravel, but also occurs over boulders, rubble, sand, and mud
substrate (Smith 1979, Becker 1983). Spawning usually occurs in large schools (i.e. sometimes more
than a million individuals) and multiple spawning events may occur in a single season (Becker 1983).
Females are estimated to contain ~ 3,000 to 3,400 eggs, which once fertilized, sink to the bottom
(Campbell and MacCrimmon 1970, Becker 1983).
Golden Shiner – Spawning in Wisconsin is extended and occurs when water temperatures exceed 20°C.
In Michigan, spawning occurs from late May to August. Golden Shiner is considered a serial spawner
with four to five distinct spawning events (Becker 1983). Spawning occurs over submerged vegetation
and eggs adhere to vegetation or rocks (Smith 1979, Becker 1983). Golden Shiner is also known to
associate with Largemouth Bass and Pumpkinseed nests (Becker 1983, Shao 1997). Fecundity estimates
ranges from ~ 3,000 to 4,600 eggs; however, females have been reported to contain up to 200,000 eggs
(Becker 1983). In Lake St. George, Ontario, average female fecundity ranged from ~300 to 2,000 eggs
(Johannes et al. 1989).
Mimic Shiner – Spawning occurs from June to August, and although never observed, is speculated to
spawn in deep vegetated areas of lakes at night (Hrabik 1996). Fecundity estimates ranges from ~ 350 –
1,000 eggs (Hrabik 1996).
Red Shiner – In its northern ranges, Red Shiner spawns from June to August, and in its southern ranges,
from May to October (majority in June and July) (Becker 1983). In Texas and Oklahoma, spawning can
occur from April to September (Farringer et al. 1979). Red Shiner can associate with sunfish nests as
spawning locations, and often spawns on nests simultaneously with other minnow species (e.g. Topeka
Shiner, Redfin Shiner). It is also known to spawn in slow moving water near logs or brush, where eggs
settle to the bottom and adhere, or will spawn in crevices (Smith 1979, Gale 1986). Males are territorial,
guarding small areas around sunfish nests or crevices (Becker 1983, Gale 1986). Red Shiner is reported
to have multiple spawning events with fecundity estimates of ~400–1,000 eggs (Smith 1979, Becker
1983). Batch spawning has also been observed in experimental mesocosms with 5 to 19 clutches
observed with an average of 585 eggs per clutch (Gale 1986). A bimodal distribution of young-of-year
was also observed indicating two discrete major spawning periods (Farringer et al. 1979). Females can
produce sounds which are speculated to attract males and act as a conspecific location mechanism
(Becker 1983).
River Shiner – Spawning occurs from June to mid-August in Wisconsin and Illinois; however, little is
known about actual spawning behavior, other than spawning occurs over gravel and sand in Ohio (Becker
1983). Fecundity estimates ranges from ~1,800 – 9,000 eggs (Becker 1983). In Iowa, spawning is
reported from late July through August (Starrett 1951). In Pool 4 of the Mississippi River, spawning
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occurs from mid-June through mid-August, with multiple clutches present ranging from ~400 to 2,700
eggs per clutch (Hatch and Elias 2002).
Spotfin Shiner – Spawning occurs in late May through early September, especially when water
temperatures are between ~ 21-24°C (Becker 1983). In Ohio, spawning occurs between June and midAugust (Pflieger 1965). Spotfin Shiner is considered a serial spawner with as many as 12 spawning events
reported (Becker 1983). Spotfin Shiner spawn in crevices, choosing rock and/or log crevices (Pflieger
1965, Smith 1979, Becker 1983) and males are reported to be territorial (e.g. one male reported to drag
another individual 30 cm from spawning area; Becker 1983). Total fecundity estimates can reach ~ 7,500
eggs with ~150 – 1000 eggs released during each spawning event (Becker 1983). Spotfin Shiner can
produce “purring” sounds when fighting other males or courting females and may act as a species-specific
isolation mechanism when closely related species are within proximal spawning distances (Becker 1983).
Spottail Shiner – Spawning occurs in massed aggregations over gravel and sand in late May to early June,
but can vary from annually (i.e. June through September; Becker 1983). Fecundity estimates range from
~ 1,000 to 4,600 eggs (Becker 1983).
Weed Shiner – In Wisconsin, spawning occurs in late June through July and females contain ~ 300 to 400
eggs (Becker 1983). In Alabama and Florida, individuals were reproductive from March to August and
capable of producing multiple clutches with females containing ~ 300 to 1,100 eggs per clutch (Heins and
Rabito 1988).

Age, Growth, and Size at Maturity
Bullhead Minnow – Eggs hatch within four to six days with young fish feeding on benthic diatoms
(Becker 1983). Age and growth data from the Wisconsin River indicate average length-at-age as 49 mm
= age-1 and 69 mm = age-2, with sexual maturity attained at age-1 (Becker 1983). Maximum longevity is
reported to be 5 years; however, most live to age-3 (Starrett 1951).
Channel Shiner – Given its recent elevation to species status, little is known (Hrabik 1996).
Emerald Shiner – Eggs hatch within 24 to 32 hours, with larval fish ~ 4 mm at the time of hatch and
become free-swimming in four days (Becker 1983). Growth is described as very rapid, averaging 63 mm,
91 mm, and 104 mm in the first, second, and third year, respectively (Becker 1983). Females are longerlived relative to males with maximum longevity reported as five years; however, three years is more
common (Campbell and MacCrimmon 1970, Becker 1983). Sexual maturity is reached at age-1 (Smith
1979); however, in Canada, spawning fishes were mainly comprised of age-2 individuals (Campbell and
MacCrimmon 1970).
Golden Shiner – Eggs incubate for four days before hatching, whence juveniles are then found in schools
in open water or near vegetation (Becker 1983). In UMR Pool 7, average age and growth is reported as
112 mm = age-2, 141 mm = age-3, and 200 mm = age-5, and in UMR Pool 10, 44 mm = age 0, 97 mm =
age-1, 123 mm = age-2, and 153 = age-3 (Becker 1983). Maximum age has been reported as 8 and age10 in captivity (Becker 1983). Females grow faster and larger relative to males and reach sexual maturity
at ages 1 or 2 (Becker 1983).
Mimic Shiner – Length-at-age is reported in Wisconsin as 43-52 mm = age-1 and 52-65 mm = age-2.
Mimic Shiner reach sexual maturity at age-1 and live to ages 2 or 3 (Hrabik 1996).
Red Shiner – In experimental mesocosms, eggs hatched in 4 days at 26-28°C (Gale 1986). Average
length-at-age is reported as 29 mm = age-0, 50 mm = age-1, and 72 mm = age-2, with few individuals
living beyond age-2 (Smith 1979, Becker 1983). However, in Nebraska, age-4 individuals have been
collected (Yildirim and Peters 2006). Red Shiner reach sexual maturity at ages 1 or 2 (Becker 1983). A
review by Gotelli and Pyron (1991) reported females were mature at age-1, at a total length of 30 mm,
and reach a maximum length of 87 mm.
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River Shiner – Age and growth data from the Mississippi River indicate a maximum age of four, with
average length-at-age reported as 37 mm = age-0, 58 mm = age-1, 77 mm = age-2, 87 mm = age-3, and
97 mm = age-4 (Becker 1983). Sexual maturity is obtained at age-1 for males and age-2 or older for
females (Becker 1983).
Spotfin Shiner – Eggs hatch in five days (Becker 1983). Average length-at-age is reported as 27 mm =
age-0, 53 mm = age-1, 62 mm = age-2, 75 mm = age-3 and both sexes can mature at age-1, however, may
not spawn until age-2 (Becker 1983). A review by Gotelli and Pyron (1991) reported females were
mature at age-1 at a total length of 38 mm and reach a maximum length of 106 mm. In Ohio, sexual
maturity for both sexes occurred at age-2, however, most spawning individuals were age-3. Both sexes
were mature at 38 mm (SL) (Pflieger 1965). Maximum longevity is reported to be 5 years (Starrett 1951).
Spottail Shiner –Average length-at-age is reported as 84 mm = age-1, 99 mm = age-2, 109 mm = age-3,
124 mm = ages 4 and 5, with individuals reaching sexual maturity at ages 1 or 2 (Becker 1983) and a
maximum age of 5 (Wells and House 1974).
Weed Shiner – Age and growth data indicate age-1 fish average 42 mm and age-2 fish average 54 mm
(Becker 1983). Similarly, Weed Shiner from Mississippi indicate age-1 fish average 29-32 mm, age-2
fish average 43-44 mm, and age-3 fish average 54 mm (Bresnick and Heins 1977). In Mississippi, most
individuals lived 2 years with a few living to age-3 (Bresnick and Heins 1977). A review by Gotelli and
Pyron (1991) reported females are mature at 33 mm with a maximum age of 3 and total length of 75 mm.

Life History
Bullhead Minnow – Bullhead Minnow is considered omnivorous, feeding on algae, plants, aquatic
invertebrates, zooplankton, and diatoms (Becker 1983). Bullhead Minnow displays schooling behavior
during the day, but disperse at night (Becker 1983).
Channel Shiner– Given its recent elevation to species status, little is known (Hrabik 1996).
Emerald Shiner – Larval fish are planktonic (mainly consuming rotifers), occupying the upper 2 m of the
water column, often forming large schools during feeding (Smith 1979, Becker 1983). Adults feed on the
surface, consuming zooplankton, terrestrial insects, aquatic insects, entomostracans, algae, small fish, and
fish eggs (Campbell and MacCrimmon 1970, Smith 1979, Becker 1983). Emerald Shiners are considered
pelagic, occupying the midsection of the water column to the profundal zone during the day, and
surfacing at night to feed (Becker 1983). Seasonal migration, in which Emerald Shiners move from rivers
to tributaries, where they remain for several weeks before returning, has been reported (Becker 1983).
Golden Shiner – Golden Shiner has a broad diet breadth, feeding, mainly at the surface in the littoral or
pelagic zones, on cladocerans, copepods, insects, aquatic vegetation, and algae (Becker 1983, Christensen
and Moore 2008).
Mimic Shiner – Consumes small crustaceans, zooplankton, aquatic and terrestrial insects, algae, and
detritus, and are found schooling at the surface to the middle of the water column in areas with or without
vegetation (Johnson and Dropkin 1991, Hrabik 1996). In Lake Itasca, Minnesota, Mimic Shiner is
observed to migrate inshore to areas less than 1 m deep with sparse vegetation in the evening, and occupy
this area overnight; with offshore movement recurring at sunrise. Presumably, this behavior is for
predator avoidance (Hanych et al 1983), although the opposite behavior has been observed in other
systems.
Red Shiner – Consume algae, terrestrial and aquatic insects, zooplankton, and plants, often feeding at the
surface of the water column. However, it can consume prey throughout the entire water column (Smith
1979, Becker 1983).
River Shiner – Primarily insectivorous, however, also consumes Daphnia, algae, and plant matter (Becker
1983). In Arkansas, detritus was a large component of the diet for both adults and juveniles, followed by
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aquatic insects and algae (Hudson and Buchanan 2001). It usually inhabits deeper water during the day,
and moves to shallow water at night to feed (or feed in the day in turbid waters; Becker 1983). It is also
often found in schools (Smith 1979).
Spotfin Shiner – Mainly feeds at the surface of the water column, consuming aquatic and terrestrial
insects, but also ingests small fishes, plants, and eggs (Becker 1983, Johnson and Dropkin 1991).
Juveniles primarily feed on chironomids (Johnson and Dropkin 1991).
Spottail Shiner –Diet items include insects, zooplankton, ostracods, plants, and algae; feeding often
occurs in open water, with tendencies to move to shallow water at night (Smith 1979, Becker 1983). In
Lake Michigan, Spottail Shiner mainly consume chironomids, in addition to dreissenid mussels and
gastropods (Creque and Czesny 2012.) It is also known to consume fish eggs, including its own (Becker
1983).
Weed Shiner – Little is known about the life history of Weed Shiner other than that it consumes algae and
plant debris (Becker 1983). Goldstein and Simon (1999) reported that Weed Shiner feed by scraping
periphyton and detritus off the leaves and macrophytes.

Survival
Bullhead Minnow – Troia et al. (2016) indicated Bullhead Minnow have a higher thermal optima and
broader thermal breadth for hatch success relative to Fathead Minnow and Bluntnose Minnow. Bullhead
Minnow is also fairly tolerant of low oxygen and high water temperatures (Rutledge and Beitinger 1989).
Channel Shiner – Given its recent elevation to species status, little is known (Hrabik 1996).
Emerald Shiner - Emerald Shiner distribution appears to be strongly influenced by water temperature; it
prefers temperatures around 25°C, and can tolerate turbid waters (Smith 1979, Becker 1983). Emerald
Shiner is also relatively tolerant to low dissolved oxygen (Matthews and Maness 1979).
Golden Shiner – Easily damaged by handling and becomes excited at sharp noises, at which they have
been observed jumping out of the water (Becker 1983). Golden Shiner can survive in areas of very low
dissolved oxygen (i.e 0.2 - 0.0 ppm) and has an upper water temperature tolerance limit of 34°C (Becker
1983). Golden Shiner has also been noted to be tolerant to pollution and turbidity (Smith 1979). Eggs
can also survive in saline waters up to 8 ppt, but larval survival is reduced (Becker 1983). After a
winterkill in In Lake St. George, Ontario, Golden Shiner survival was not related to food availability (i.e.
zooplankton abundance), but rather to predator abundances, once predator populations rebounded to prewinterkill population estimates (Johannes et al. 1989).
Mimic Shiner – No survival information was found for Mimic Shiner.
Red Shiner – Tolerant of high turbidity, siltation, high water temperatures, and fluctuating water levels
(Smith 1979, Becker 1983, Rutledge and Beitinger 1989). Red Shiner is likely the most tolerant among
cyprinids of high water temperatures and is reported to occupy a spring at 39.5°C in New Mexico; Becker
1983). It is often abundant in unstable prairie streams and heavily farmed regions (Smith 1979).
River Shiner – Tolerant of continuous turbid water (Becker 1983); however, is reported to be less tolerant
of turbid water relative to Emerald Shiner (Smith 1979).
Spotfin Shiner – Prefers warmest available water (i.e. up to 35°C), but 100% juvenile mortality was
observed at water temperatures > 30°C (Becker 1983).
Spottail Shiner – Can tolerate considerable siltation and pollution and has appeared to expand its
distribution with modern land use practices. However, it may be being displaced by Red Shiner in both
Wisconsin and Illinois (Becker 1983). Seghers (1981) observed schooling Spottail Shiners had a lower
swimming reaction distance to a simulated predator attack (i.e. therefore expending less energy) than a
solitary non-schooling shiner. However, although more energy may be expended by solitary predator
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avoidance activities, a solitary shiner may have greater access to food resources and less competition
compared to a school of numerous individuals.
Weed Shiner – Reported as extremely sensitive to environmental deterioration or changes (Becker 1983).

Relative Importance to the Fishery
The chapter title implies the primary reason for including this group of fishes in the compendium – they
are food for other fish. Minnows may be thought of as an ideal food for piscivores because of their
abundance and small sizes, but there are many potential factors that influence relationships between
predators and prey. A few of these are turbidity (Abrahams and Kattenfield 1996), prey body depth and
shape (Webb 1986 and Hambright 1991), pursuit time (Moody et al. 1983), search time (Savino and Stein
1982), chemosensory alarm cues (Mathis and Smith 1993, Brown 2003), schooling and other antipredator behaviors (Hanych et al. 1983, Seghers 1981, Sullivan and Atchison 1978, Wahl and Stein
1988), relative abundance of prey (Swenson 1977), and seasonality of suitable sizes of preferred species
(Hartman and Margraf 1992). As mentioned in the introduction, predators in riverine systems usually are
opportunistic feeders, for the reasons mentioned above, and also, probably, because of the diversity of
food items that may be available (Roach et al. 2009). Thus, a diverse and abundant assemblage of
minnow species can only help to ensure a robust food supply for piscivorous fishes in the UMR.
Becker (1983) listed the bait industry as another reason that cyprinids were important to Wisconsin’s
fishery. However, the introduction of invasive species and the spread of dangerous fish diseases have
essentially eliminated that use the UMR. Commercial harvest and transport of live wild-caught bait fish
is now prohibited in Wisconsin and elsewhere.
Although not part of the fishery themselves, other animal groups that potentially influence the fishery are
associated with minnow abundance, as well. Madenjian and Gabrey (1995) found that piscivorous birds
along the western coast of Lake Erie consumed up to 15% of the prey fish biomass along the coast.
Steinmetz et al. (2003) also found Great Blue Herons and Belted Kingfishers were able to alter cyprinid
abundances in two Illinois streams. Kofron (1978) found Golden Shiners to be among the common food
items food for young aquatic snakes. Greenwood (1982) reported that minnows were a primary food of
raccoons foraging in North Dakota wetlands. Lagler (1943) found that a number of turtle species ate fish,
including “forage” fish. Even bullfrogs (Korschgen and Moyle 1955) have been reported to eat minnows.
Thus, minnows and other small fishes provide value to the larger ecosystem that may indirectly affect the
fishery.

Management Considerations
Management of forage fishes has been attempted in the United States, mostly in southern reservoirs
(Noble 1981), including techniques such as chemical control, forage species introductions, supplemental
stocking, and habitat manipulation. Ney (1981) reviewed the status of forage fish management in the
United States, stating that it was “not highly evolved” and that artificially matching predator and prey to
enhance energy flow was a “risky venture”. The UMR is blessed with a diverse fish community, at all
levels of the food web. The forage community is especially rich in species, as evidenced by the LTRM
electrofishing data that exhibited at least 16 cyprinid species in each of its study reaches (Table 76).
Current UMR management practices of monitoring (LTRM and others) and multi-purpose habitat
restoration projects (HREP and others), where appropriate, should ensure a healthy and diverse forage
base long into the future.
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Grass Carp (Ctenopharyngodon idella)
Nicholas C. Bloomfield
Introduction
The Grass Carp is an herbivorous cyprinid native to large rivers of eastern Asia. Grass Carp were first
imported to aquaculture research facilities in Alabama and Arkansas in 1963 to explore their potential use
in controlling aquatic vegetation (Stevenson 1965). Shortly thereafter, the first known release of Grass
Carp to the wild occurred in Stuttgart, Arkansas due to escapement from the federal Fish Farming
Experiment Station (Courtenay and Stauffer 1984). Table 77. Distribution and abundance of Grass
The state of Arkansas began production of Grass
Carp in the Upper Mississippi River modified
Carp in 1970 (Bailey and Boyd 1971), and open
from Steuck et al. (2010).
system stocking began in 1971 (Bailey 1972). In
1971, collections were made in the middle
Pool
Grass Carp
Pool
Grass Carp
Mississippi River (Greenfield 1973), and by 1974
1
0
13
U
Grass Carp collections became common in this
2
0
14
U
reach and in the Missouri River (Pflieger 1997).
3
0
15
U
Distribution and Abundance
4
R
16
C
5
0
17
C
The Grass Carp has been documented in nearly all
of the contiguous United States (Cudmore and
5A
R
18
U
Mandrak 2004) (Figure 127). In the upper
6
0
19
U
Mississippi River, populations appear to be well
7
R
20
O
established in the open river reach, lower pools, and
8
R
21
O
the Illinois River. Upper Mississippi River
9
R
22
O
Restoration Program Long Term Resource
10
R
24
O
Monitoring (LTRM) data from the stations at open
river, pool 26, and La Grange show regular
11
R
25
O
collections have been made in these reaches since
12
U
26
C
the late 1990’s (Figure 128). Grass Carp have not
River Reach Grass Carp River Reach Grass Carp
been collected at any of the upper three LTRM
201
C
100
U
stations on pool 13, pool 8, or pool 4. Commercial
195
O
75
U
catch data and agency data, however, indicates that
Grass Carp have been collected from the upper
175
O
50
U
Mississippi River since 1976, with fish reported
150
O
25
U
from pool 4 and south (UMRCC, unpublished data)
125
O
(Table 77). Grass Carp are regularly collected
during agency Asian carp efforts in pools 16-19
C – Commonly taken in most sample
(USFWS, unpublished data).
collections, can make up a large

Reproduction
Grass Carp are very fecund, with females averaging
820,000 eggs per year (Gorbach 1972). Grass Carp
require long, continuous stretches of flowing water
for egg development and backwaters for larval
development (Verigin et al. 1978). The eggs are
semi-buoyant and require flowing water to stay adrift
and incubate (Cudmore and Mandrak 2004).
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portion of some samples.
O – Occasional, occasionally collected, not
generally distributed, and local
populations may occur.
U – Uncommon, does not usually appear in
sample collections, populations are
small, but do not appear to be on the
verge of extirpation.
R – Rare, considered to be rare.

Figure 127. Range map of Grass Carp in the United States
Grass Carp larvae have been observed in the lower Missouri River between late May and early July
(Brown and Coon 1991). Larson et al. (2017) found Grass Carp eggs and larvae in the upper Mississippi
River in 2013 and 2014. In their study, the drift was sampled at sites from Pool 9 to Pool 20. The
Wisconsin River, a pool 10 tributary, produced the furthest upstream collections. Additional collections
were made in pools 14, 16, 17, 18, and 19. Grass Carp eggs/larvae were collected spanning from late May
to early July during that study.
Mini-fyke nets are a component of LTRM fish sampling that target small-bodied fishes. LTRM Grass
Carp collections in mini-fyke nets mirror that of daytime electrofishing. Collections have been made in
the same three of six LTRMP study reaches including the southernmost reaches of Open River, Pool 26,
and La Grange reach of the Illinois River, suggesting that reproduction and recruitment is occurring in
these reaches (Figure 129). Grass Carp have not been collected in the pool 13, pool 8, or pool 4 study
reaches with any gears. A 25 mm specimen was collected in pool 17 in July 2016, suggesting some
recruitment is occurring in that reach (USFWS, unpublished data). Western Illinois University researchers
also collected several juvenile individuals from pool 19 in the summer of 2016 (James Lamer, WIU,
personal communication). While LTRMP mini-fyke data suggests a boom or bust cycle of recruitment,
Wolf and Phelps (unpublished data) found very few missing year classes in age data from the middle
Mississippi River, suggesting some level of recruitment is occurring within the basin during most years.
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Age, Growth, and Size at Maturity
Grass Carp from the Amur River basin can
attain ages up to 15 years old, although
more typical longevity ranges from 5-11
years (Shireman and Smith 1983). Aging
data from the middle Mississippi River
estimates there are fish as old as 36 within
the population (Wolf and Phelps,
unpublished data).
Growth occurs rapidly in early years, with
specimens reported up to 34 inches by age-3
in the Missouri River during initial
colonization (Pflieger 1997). Recent aging
data from the middle Mississippi River
shows fish approaching 24 inches by age-5
and approaching 35 inches by age-10, at
which point growth appears to become
allometric (Wolf and Phelps, unpublished
data). A specimen from the Calumet River
near Chicago measured 49 inches and
weighed over 69 pounds (USFWS,
unpublished data). State angling records
from some southern states have exceeded 70
pounds.
Age at maturity is a function of temperature
and available nutrition (Stanley et al. 1978).
Estimates range as much as from ages 1-11
before sexually maturity is reached,
depending on climate (Shireman and Smith
1983). Females in the lower portion of the
upper Mississippi River system likely take
3-4 years to reach maturity, with males
possibly becoming ripe a year prior (Duane
Chapman, USGS, personal communication).
Fish in higher latitudes may take longer to
reach maturity. Research underway at USGS
will likely provide a more definitive answer
to this question in the near future.

Life History
Grass Carp feed mainly on plankton and
invertebrates up until they reach around
eight inches, at which time they switch to
aquatic vegetation or other plant and
animal material depending on availability
(Sneed 1971). Filamentous algae have also
been noted from specimens on the
Missouri River (Pflieger 1997). Where

Figure 128. Twenty-two year trends in mean catch per
unit effort (circles) of Grass Carp for day electrofishing
in all combined strata in the LTRMP from 1993-2015.
Note: Twenty-two year medians are expressed as solid
lines and 10% and 90% percentiles, dashed
lines. No Grass Carp have been collected at the
pool 13, pool 8, or pool 4 stations.
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aquatic vegetation is not present, such
as the Missouri and Illinois Rivers,
Grass Carp likely rely on some of these
other sources. Digestion of plant
material is relatively inefficient, with
only around 50% of material consumed
digested (Pflieger 1997).
In large rivers in their native range,
they are typically found only in the low
gradient lower and middle stretches of
the river (Opuszynski and Shireman
1995). Typical habitat includes
backwaters of large rivers (Pflieger
1997). However, they can be found in
many smaller streams due to
widespread stocking in ponds and
lakes.

Survival
Grass Carp have demonstrated a high
tolerance for a wide range of
environmental conditions. Fry and
fingerlings in India tolerated a
temperature range of 16-40°C, 125-225
ppm turbidity, and pH from 5.0-9.0
(Singh et al 1967). Lethal dissolved
oxygen concentrations are as low as
0.41 mg/L and 0.22 mg/L for fry and
fingerlings, respectively (Opuszynski
1967). Total annual adult mortality in
the middle Mississippi River was
estimated between 10.2%-16.7% (Wolf
and Phelps, unpublished data).

Relative Importance to the
Fishery
The principal use in the United States
is as a biological control (Pflieger
1997). Many pond owners with aquatic
vegetation problems stock Grass Carp
Figure 129. Twenty-two year trends in mean catch per unit
as an inexpensive solution to the issue,
effort (circles) of Grass Carp for mini-fyke netting in all
as opposed to using chemical or
combined strata in the LTRMP from 1993-2015.
mechanical means. Thousands are
Note: Twenty-two year medians are expressed as solid lines
raised in fish farms each year for this
and 10% and 90% percentiles, dashed lines.
purpose.
Note: Data from 2003 has been excluded because of small
Grass Carp are becoming more
sample sizes from the third period only.
popular with recreational fisherman.
Grass Carp are caught on vegetation,
algae, worms, bread, prepared baits
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and others. Grass Carp are also becoming popular targets for bowfishermen. Bowfishing has experienced
heavy growth in recent years alongside the proliferation of Asian carps.
Similar to their growing recreational importance, Grass Carp are becoming more important as a
commercial species as their population grows. In 2015, the average value of Grass Carp collected in
Illinois waters was $0.25/lb. (Maher 2016). Comparatively, Buffalo species sold for $0.27/lb., other Asian
carp species averaged $0.17/lb., and Common Carp sold for $0.11/lb. 2015 was the first year that Grass
Carp surpassed Common Carp in overall pounds of fish taken from Illinois waters, now ranking 3rd at
791,040 lbs. behind other Asian carp and Buffalo (Maher 2016).

Management Considerations
Full impacts of a Grass Carp population in heavily vegetated areas are unclear. Most areas where Grass
Carp are established in the United States, such as the lower and middle Mississippi River, the Illinois
River, and the Missouri River, are largely void of aquatic vegetation. In the upper Mississippi River
system aquatic vegetation plays an important role in ecosystem function (Richardson et al. 2004; Houser
and Richardson 2010; Kreiling et al. 2011). Increases in turbidity, alkalinity, Chlorophyll a
concentrations, ammonia-nitrogen concentrations, and phosphorus concentrations along with decreases in
dissolved oxygen concentrations have been documented after the removal of aquatic vegetation by Grass
Carp (Cudmore and Mandrak 2004). Removal of aquatic vegetation has also been shown to have a
negative effect on Centrarchids (Shireman and Smith 1983), and the loss of spawning substrate, food
sources, and shelter can have negative effects on a variety of native fishes (Taylor et al. 1984). Some
Percids, Centrarchids, and Esocids among other families are important fishes recreationally in the upper
Mississippi River that could suffer from a loss of aquatic vegetation. Species reliant on limnetic habitats
rich in phytoplankton tend to benefit from the presence of high densities of Grass Carp (Bain 1993),
which could in turn could benefit other Asian carp species. The preferred diets of Grass Carp overlap
with that of many waterfowl species (McKnight and Hepp 1995), many of which rely on the Mississippi
River Flyway for migration. Competition with invertebrates, an important food source for many fish
species, has been documented in small ponds (Forester and Lawrence 1978). One could expect that a
dramatic loss of aquatic vegetation in the upper Mississippi River would cause a cascade of changes in
the ecosystem, possibly causing drastic changes to species composition and abundances.
Grass Carp appear to be established throughout much of the upper Mississippi River. Any management
actions at this point will likely revolve around reducing numbers of fish to reduce potential impacts that
occur with high abundances and limiting range expansion. Demand is higher for Grass Carp than for
many other commercial species, which could provide incentive for commercial fisherman to target them.
Wolf and Phelps (unpublished data) predicted that recruitment overfishing could occur at various
exploitation rates of select size classes due to their slow growing, long-lived population in the middle
Mississippi River.
The USFWS La Crosse Fish Health Center has performed ploidy analysis of wild caught Grass Carp from
throughout the United States since 2013. All samples submitted from the upper Mississippi River have
been determined to be diploid (USFWS, unpublished data) (Figure 130). This provides evidence that the
main source of Grass Carp may be recruitment from spawning as opposed to stocked escapees. Iowa and
Missouri allow stocking of diploid Grass Carp, Minnesota and Wisconsin do not allow stocking, and
Illinois requires triploid fish (Stuewe et al. 2014). The lack of the stocked triploid fish from Illinois in the
sample leads to the belief that stocked escapees from there or other states currently make up a small
proportion of the population. Combined with recent collection of young-of-year and juveniles, Grass Carp
appear to be well established throughout much of the upper Mississippi River (USFWS, unpublished
data).
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Figure 130. Map of ploidy results from samples submitted to the La Crosse Fish Health Center.
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Bighead Carp (Hypophthalmichthys nobilis)
Hae H. Kim and Quinton E. Phelps
Introduction
Bighead Carp (Hypophthalmichthys nobilis) are a large-bodied, planktivorous members of the family
Cyprinidae (minnows; Kolar et al. 2005). Bighead Carp are native to eastern China, the North China Plain
lowland rivers and South China and co-occur with Silver Carp (H. moltrix) (Jennings 1988; Kolar et al.
2005). Bighead Carp have been widely introduced beyond it’s native range (Jennings 1988). Bighead
Carp were introduced in the United States in the early 1970’s as biological controls for algae (Kolar et al.
2005; Kelly et al. 2011); both private aquaculture facilities and state agencies imported Bighead Carp for
these purposes (Jennings 1988). Subsequently, Bighead Carp escaped from aquaculture facilities and
established naturally reproducing populations in the Mississippi River basin (Kolar et al. 2005; Chick and
Pegg 2001). Bighead Carp were reportedly captured by commercial fishermen as early as 1981, however,
were rare until the early 1990’s (Tucker et al. 1996).

Figure 131. Silver Carp (A) and Bighead Carp (B) ventral keel differences, adapted from Schofield et
al. (2005).
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Bighead Carp are well distinguished from other
native cyprinids, they possess a disproportionally
large head and mouth. Its eyes are located midway
along the body and they possess very small scales.
Of the Asian Carps in North America (i.e., Grass
Carp (Ctenopharyngodon idella), Black Carp
(Mylopharyngodon piceus), Silver Carp, and
Bighead Carp) Bighead Carp most closely resemble
the Silver Carp and can be differentiated by
coloration, pharyngeal teeth, and presence of a
ventral keel (Figure 131; Schofield et al. 2005).
Bighead Carp can also be distinguished from Silver
Carp by their thin and long gill rakers as opposed to
the fused and sponge-like gill rakers of the Silver
Carp (Kolar et al. 2005). Kolar et al. (2005) also
notes that Bighead Carp pectoral fin overlap the
pelvic fin, while Silver Carp pectoral fins generally
do not overlap the pelvic fin. However, there have
been confirmed cases of hybridization between
Silver Carp in the Upper Mississippi River (Lamer et
al. 2010).
Discovery of natural reproducing populations of
Bighead Carp has raised concerns on their impact to
native species. Bighead Carp compete with native
fishes at all points in the life cycle. In the larval
stage, they compete with every other larval native
fishes. As adults, Bighead Carp compete with both
commercially and ecologically important
planktivorous species (e.g., Paddlefish Polyodon
spathula, Bigmouth Buffalo Ictiobus cyprinellus,
and Gizzard Shad Dorosoma cepedianum).

Distribution and Abundance

Table 78. Distribution and
abundance of Bighead Carp in the
Upper Mississippi River System
modified from Steuck et al. (2010).

Pool
1
2
3
4
5
5A
6
7
8
9
10
11
12
River
Reach
201
195
175
150
125

Bighead
Bighead
Pool
Carp
Carp
0
13
0
0
14
0
0
15
0
R
16
0
0
17
0
0
18
0
0
19
0
0
20
O
0
21
C
0
22
C
0
24
C
R
25
C
0
26
A
Bighead River Bighead
Carp Reach Carp
A
100
A
A
75
A
A
50
A
A
25
A
A

R – Rare, considered to be rare.
Bighead Carp are abundant in the Upper Mississippi
O – Occasional, occasionally collected, not
River (UMR; Table 78). The Upper Mississippi
generally distributed, and local populations
River Restoration Program’s Long Term Resource
may occur.
Monitoring element (UMRR LTRM) biologists
C
–
Commonly taken in most sample
regularly collect Bighead Carp at the Big Rivers and
collections,
can make up a large portion of
Wetlands Field Station (Missouri Department of
some
samples.
Conservation) and the Illinois River Biological
A – Abundantly taken in all river systems.
Station (Illinois Natural History Survey) (Figure 132
and Figure 133). No Bighead Carp have been
collected in pools 4, 8, and 13 of the Mississippi River (Figure 132 and Figure 133) and are considered
rare (Table 78). While in low densities, records of Bighead Carp exist as far north on the Mississippi
River as St. Paul, Minnesota (Nico et al. 2018). Bighead Carp have been collected in pool 26 by the Great
Rivers Field Station (Illinois Natural History Survey; Figure 132 and Figure 133) and represent the
northern most abundantly encountered pool (Table 78).
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Figure 132. Catch per unit effort of Bighead Carp via day electro-fishing across all strata in the six
UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers from 1993 to 2015.
Note: Dashed-lines represent 10% and 90% percentiles.
Note: Twenty-two year median is expressed as a solid line.
Note: Catch rates for 2003 excluded in Pools 4, 8, and 13 due to small sample size.
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Figure 133. Catch per unit effort of Bighead Carp via mini-fyke nets across all strata in the six
UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers from 1993 to 2015.
Note: Dashed-lines represent 10% and 90% percentiles.
Note: Twenty-two year median is expressed as a solid line.
Note: Catch rates for 2003 excluded in Pools 4, 8, and 13 due to small sample size.

Reproduction
Bighead Carp spawn is largely correlated to rising water levels and temperatures above 18ºC; optimal
spawning temperature in its native range is 22º-26ºC (Verigin et al. 1978; Jennings 1988; DeGrandchamp
et al. 2007). Bighead Carp eggs are bathypelagic, they require flow and must float in order to hatch
(Jennings 1988). Breder and Rosen (1966) reported that Bighead Carp deposit eggs along rocks in
flowing water. Murphy and Jackson (2013) reported that a section of river, as short as 25 river kilometers
could facilitate Bighead Carp reproduction. Bigheaded Carps (i.e., Silver and Bighead Carp) have
successfully hybridized in aquaculture (Mia et al. 2005). Lamer et al. (2010) discovered that wild
populations of Bigheaded Carps were hybridizing in the Mississippi River basins.
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Bighead Carp are considered to be highly fecund. Female Bighead Carp reach sexual maturity at three
years of age and males reach sexual maturity at two years (Nico et al. 2018). Chang (1966) found in the
Yangtze River, Bighead Carp fecundity was 1.1 million eggs for an 18.5kg (40.8 lbs) fish. Another study
reported average absolute fecundity at 1.295 million eggs and average relative fecundity at 74 per gram of
fish (ITFMCCYR 1982). Chapman et al. (2016) reported gonadosomatic index (GSI; gonad weight/body
weight) at 0.38-0.41 and 4.07-17.7 for males and females, respectively.

Age, Growth, and Size at Maturity
Bighead Carp can reach lengths of up to 150 cm (60 in) (Kolar et al. 2005); while rare, they have been
reported to reach weights of over 45 kg (100 lbs) but those around 18 kg (40lbs) is more common. In the
lower Missouri River, Schrank and Guy (2002) reported high variability of both length and weight at age.
This is reportedly consistent with findings in Asia (Jennings 1988). Bighead Carp can live up to 20 years
(Kolar et al. 2005).
Age at sexual maturity varied in China by latitude (Huet 1970). Huet (1970) reported that in southern
latitudes Bighead Carp matured at age-4 to age-5; in northern latitudes Bighead Carp reached sexual
maturity at age-8 to age-9. In the lower Missouri River, Schrank and Guy (2002) collected Bighead Carp
age-3 to age-7, all fish collected were sexually mature, suggesting Bighead Carp are sexually mature by at
least age-3.

Life History
Bighead Carp are able to survive a wide range of environmental conditions and are able to utilize most
freshwater habitats (Kolar et al. 2005). Bighead Carp are highly mobile and capable of relatively large
migrations (DeGranchamp et al. 2008). Bighead Carp are highly-effective planktivorous fishes (Jennings
1988; Kelly et al. 2011; Norman and Whitledge 2015). Bighead Carp lack teeth and must use their
pharyngeal teeth to grind food. Additionally, Bighead Carp do not possess a true stomach and must
continuously feed (Henderson 1976). As larvae, <0.5 inches, Bighead Carp primarily feed on protozoans,
rotifers, and zooplankton (Chang 1966; Jennings 1988). Once larvae reach approximately 25 mm (1 in),
Bighead Carp begin consuming both zooplankton and phytoplankton (Ling 1967). Several studies in Asia
suggest that feeding occurs throughout the water column (Jennings 1988). The diet of Bighead Carp
highly overlap with other large bodied planktivores in the Mississippi River basin (e.g., Paddlefish and
Bigmouth Buffalo; Irons et al. 2007; Solomon et al. 2015; Phelps et al. 2017).
Larval Bighead Carp hatch from eggs that have been floating for 40-60 hours (Nico et al. 2018). Larval
and juvenile Bighead Carp utilize floodplains as nursery habitats (Huet 1970). Adult Bighead Carp
movement is likely related to flow; movement and preference for faster water is likely due to greater food
availability (DeGrandchamp et al. 2008). DeGrandchamp et al. (2008) reported that Bighead Carp
movement is comparable to other native Mississippi River fishes (e.g., Paddlefish and Sturgeon).

Survival
Bighead Carp likely live fast and die young. In the lower Missouri River Schrank and Guy (2002) only
found Bighead Carp up to age-7. At large sizes Bighead Carp lack a natural predator in the Mississippi
River basin. Fast growth early in life (Schrank and Guy 2002) allows Bighead Carp to quickly achieve
sizes to avoid predation by native predators.

Relative Importance to Fishery
Bighead Carp are difficult to capture using conventional fishing methods (i.e., rod and reel). However,
Bighead Carp can be taken by snagging or by archery. Commercial fishing for Bighead Carp has been
promoted as a method of control. From 1992 to 2012, commercial fishermen have harvested over 8
million pounds of both Bighead and Silver Carp from the upper Mississippi River (UMRCC Commercial
fishing data; Table 79).
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Table 79. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
both Silver Carp and Bighead Carp combined, 1947-2012.

1947

Total
Catch
(lbs)
0

$0

$0.00

0

1980

Total
Catch
(lbs)
0

$0

$0.00

2,355

1948

0

$0

$0.00

0

1981

0

$0

$0.00

1,563

1949

0

$0

$0.00

0

1982

0

$0

$0.00

1,935

Date

Total
Price ($) Total No.
Value ($) / Pound Fishermen

Date

Total
Price ($) Total No.
Value ($) / Pound Fishermen

1950

0

$0

$0.00

0

1983

0

$0

$0.00

1,304

1951

0

$0

$0.00

0

1984

0

$0

$0.00

1,533

1952

0

$0

$0.00

0

1985

0

$0

$0.00

1,082

1953

0

$0

$0.00

1,523

1986

0

$0

$0.00

1,046

1954

0

$0

$0.00

2,098

1987

0

$0

$0.00

1,513

1955

0

$0

$0.00

2,093

1988

0

$0

$0.00

1,139

1956

0

$0

$0.00

2,132

1989

0

$0

$0.00

1,104

1957

0

$0

$0.00

2,396

1990

0

$0

$0.00

852

1958

0

$0

$0.00

2,887

1991

0

$0

$0.00

935

1959

0

$0

$0.00

2,455

1992

4,399

$574

$0.14

1,101

1960

0

$0

$0.00

2,259

1993

6,431

$893

$0.14

1,037

1961

0

$0

$0.00

2,244

1994

0

$0

$0.00

982

1962

0

$0

$0.00

2,210

1995

56,642

$5,664

$0.10

923

1963

0

$0

$0.00

2,012

1996

78,119

$8,593

$0.11

980

1964

0

$0

$0.00

1,690

1997

77,451

$7,745

$0.10

774

1965

0

$0

$0.00

1,652

1998

77,230

$2,024

$0.16

753

1966

0

$0

$0.00

1,926

1999

96,543

$12,551

$0.13

798

1967

0

$0

$0.00

1,778

2000

119,043

$11,904

$0.10

716

1968

0

$0

$0.00

1,952

2001

167,203

$20,062

$0.12

712

1969

0

$0

$0.00

2,049

2002

227,155

$30,287

$0.13

730

1970

0

$0

$0.00

2,010

2003

152,472

$18,805

$0.12

729

1971

0

$0

$0.00

2,358

2004

314,851

$44,261

$0.15

724

1972

0

$0

$0.00

2,247

2005

283,099

$31,154

$0.14

705

1973

0

$0

$0.00

2,398

2006

246,988

$24,026

$0.09

697

1974

0

$0

$0.00

2,349

2007

360,095

$43,185

$0.12

-

1975

0

$0

$0.00

2,533

2008

1,048,355 $129,673

$0.13

-

1976

0

$0

$0.00

2,505

2009

1,399,952 $179,355

$0.14

-

1977

0

$0

$0.00

2,271

2010

1,618,849

$1,683

$0.13

-

1978

0

$0

$0.00

1,995

2011

692,200

$4,873

$0.14

-

1979

0

$0

$0.00

2,163

2012

$0.12

-
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1,438,156 $173,165

Management Considerations
Bighead Carp exhibit characteristics of a successful invader (e.g., rapid growth, efficient dispersal
capabilities, high reproductive potential, lack of natural predators, and wide environmental tolerance;
Ehrlich 1984; Fuller et al. 1999; DeGrandchamp et al. 2008). These characteristics allow Bighead Carp to
reach high densities and can potentially alter or have deleterious effects on the environment and native
fish populations (Kolar et al. 2005; Irons et al. 2007).
Bighead Carp have been shown to have a negative effect on species of management concern, such as the
Paddlefish growth (i.e., competition for food; Schrank et al. 2003). Studies have suggested negative
impacts on Bigmouth Buffalo and Gizzard Shad (Irons et al. 2007; Sampson et al. 2009; Phelps et al.
2017). In addition to competition, Bighead Carp have the capability to significantly alter the fish
community over time (Solomon et al. 2016).
Most management actions have been primarily focused on control and eradication. Further, control has
been largely targeted in limiting their spread across the Mississippi and Ohio River Basins. Biologists are
especially concerned in blocking their spread to the Great Lakes, where both Silver and Bighead Carp
could potentially impact a multibillion-dollar fishery. As a result, various approaches have been taken to
limit their spread (e.g., electrical and sound barriers; Sparks et al. 2010; Ruebush et al. 2011).
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Silver Carp (Hypophthalmichthys molitrix)
Hae H. Kim and Quinton E. Phelps
Introduction
Silver Carp (Hypophthalmichthys molitrix) is large-bodied member of the Cyprinidae (minnow) family.
Silver Carp are native to large rivers that flow into the Pacific Ocean in southeast Asia, into eastern China
and parts of southeast Russia (Kolar et al. 2005). They have been introduced into various systems (i.e.,
ponds, reservoirs, lakes and canals) but require riverine habitat to properly spawn (Kolar et al. 2005).
Silver Carp are well distinguished from other native cyprinids. They possess a disproportionally large
head and mouth and the eyes are located along the midline of the body. Silver Carp possess very fine
scales, similar to trout. Silver Carp closely resemble Bighead Carp (H. nobilis) and can be distinguished
by coloration, pharyngeal teeth, and presence of a ventral keel (Schofield et al. 2005). Silver Carp are
more silver and lack mottled coloration, relative to the Bighead Carp (Schofield et al. 2005). Silver Carp
possess a ventral keel, while Bighead Carp do not (Figure 134; Schofield et al. 2005). Additionally, Silver
Carp possess fused sponge-like gill rakers, while Bighead Carp possess long-thin gill rakers (Kolar et al.
2005). Silver and Bighead Carp have successfully been hybridized in aquaculture and recent genetic
testing has suggests hybridization in the Mississippi and Illinois rivers (Lamer et al. 2010).

Figure 134. Silver Carp (A) and Bighead Carp (B) ventral keel differences, adapted from Schofield et
al. (2005).
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Silver Carp expansion and establishment poses threats to native fishes in the Upper Mississippi River
(UMR). Silver Carp compete with native fishes at all points in the life cycle. In the larval stage, they
compete with every other larval native fish. As adults, Silver Carp compete with both commercially and
ecologically important planktivorous species (e.g., Paddlefish, Bigmouth Buffalo, and Gizzard Shad:
Irons et al. 2007; Sampson et al. 2009; Phelps et al. 2017).

Distribution and Abundance
Silver Carp are abundant in the UMR (Table 80).
The Upper Mississippi River Restoration
Program’s Long Term Resource Monitoring
element (UMRR LTRM) biologists regularly
collect Silver Carp and they are reported to be
abundant up to Pool 25 (Table 80). Silver Carp
are regularly collected in nets and by
electrofishing (Figure 135 and Figure 136). Silver
Carp have been reported as high as St. Paul, MN
on the Mississippi River (Figure 137). Where
Silver Carp are established, they are extremely
abundant and largely considered a nuisance
species. Thus, management has been highly
focused on stopping and preventing spread.

Reproduction

Table 80. Distribution and abundance of Silver
Carp in the Upper Mississippi River System
modified from Steuck et al. (2010).
Pool
Silver Carp
Pool
Silver Carp
1
0
13
0
2
0
14
0
3
0
15
0
4
0
16
0
5
0
17
0
5A
0
18
0
6
0
19
0
7
0
20
O
8
0
21
O
9
0
22
O
10
0
24
O
11
0
25
A
12
0
26
A
River Reach Silver Carp River Reach Silver Carp
201
A
100
A
195
A
75
A
175
A
50
A
150
A
25
A
125
A

Spawning occurs in turbulent, high velocity
waters and occurs in 17-26.5 ºC with the greatest
spawning activity occurring at 21-26 ºC
(Schofield et al. 2005). Spawning requirements
are very similar to other Asian Carp found in the
UMR (i.e., Grass Carp, Bighead Carp, Black
Carp; Schofield et al. 2005). Spawning generally
occurs after a rise in the river gauge in the spring
to early summer (Kolar et al. 2005;
DeGrandchamp et al. 2007). Eggs are semibuoyant and float in the pelagic zone and
generally hatch 38 hours following fertilization
(Kolar et al. 2005; Yi et al. 2006). Heavier
individuals tend to produce more eggs and are
O – Occasional, occasionally collected, not
generally considered very highly fecund (Verigin
generally distributed, and local populations
et al. 1990; Kolar et al. 2005). Large female
may occur.
Silver Carp are capable of producing up to 2
A – Abundantly taken in all river systems.
million eggs (Kolar et al. 2005). Silver Carp and
Bighead Carp have been successfully hybridized in aquaculture (Mia et al. 2005). Lamer et al. (2010)
discovered that wild populations of Bigheaded Carps were hybridizing in the Mississippi River basins.
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Figure 135. Catch per unit effort of Silver Carp via mini-fyke nets across all strata in the six UMRRLTRM study reaches of the Upper Mississippi and Illinois Rivers from 1993 to 2015.
Note: Dashed-lines represent 10% and 90% percentiles.
Note: Twenty-two year median is expressed as a solid line.
Note: Catch rates for 2003 excluded in Pools 4, 8, and 13 due to small sample size.
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Figure 136. Catch per unit effort of Silver Carp via day electro-fishing across all strata in the six
UMRR-LTRM study reaches of the Upper Mississippi and Illinois Rivers from 1993 to 2015.
Note: Dashed-lines represent 10% and 90% percentiles.
Note: Twenty-two year median is expressed as a solid line.
Note: Catch rates for 2003 excluded in Pools 4, 8, and 13 due to small sample size.
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Figure 137. Silver Carp distribution in the continental United States (Nico et al. 2018).

Age, Growth, and Size at Maturity
In the UMR, Silver Carp are characterized by fast growth (Siebert et al. 2005). Silver Carp are reported to
live up to 20 years (Schofield et al. 2005), in the UMR, Siebert et al. (2005) collected Silver Carp up to 13
years old. Males typically reach sexual maturity before females (Schofield et al. 2005). In their native
range, Silver Carp reportedly reach sexual maturity by 3-4 years, but Silver Carp in the UMR are
reportedly reaching maturity earlier (Kolar et al. 2005; Williamson and Garvey 2005).

Life History
Silver Carp hatch at around 6.1 mm generally 38 hours following fertilization (Yi et al. 2006). At around
34 mm and 60-90 days following fertilization, larvae begin to resemble adult form (Yi et al. 2006). As
larvae, Silver Carp generally feed on zooplankton and as adults, Silver Carp generally inhabit the upper
water column and filter feed plankton (Cremer and Smitherman 1980; Kolar et al. 2005; Schofield et al.
2005). Silver Carp gill rakers are sponge-like, which allows for effective filtration, and food is ground up
by pharyngeal teeth (Kolar et al. 2005). The diet of Silver Carp highly overlaps with other large bodied
planktivores in the Mississippi River basin (e.g., Paddlefish and Bigmouth Buffalo; Irons et al. 2007;
Solomon et al. 2016; Phelps et al. 2017). They are known to be very strong swimmers and notorious for
avoiding net and jumping out of the water when disturbed (Schofield et al. 2005). Adults prefer to inhabit
lower velocity waters and overwinter in pool habitats (Kolar et al. 2005).

Survival
Siebert et al. (2005) found that UMR Silver Carp are characterized by fast growth, longevity, and high
mortality. As such, Silver Carp are a live fast die young species. Silver Carp are very tolerant to a wide
range of temperatures as adults and larvae (Kolar et al. 2005).
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Relative Importance to Fishery
Silver Carp are not susceptible to traditional recreational angling gear (i.e., rod and reel) as such
recreational pressure is very low. However, Silver Carp are taken by archery and as bycatch by anglers
snagging Paddlefish. Due to their overabundance, commercial fishing has been promoted (Conover et al.
2007). From 1992 to 2012, commercial fishermen have harvested over 8 million pounds of both Bighead
and Silver Carp from the upper Mississippi River (UMRCC Commercial fishing data; Table 81).

Table 81. Upper Mississippi River Conservation Committee’s historical commercial fishing data for
both Silver Carp and Bighead Carp combined, 1947-2012.
Date
1947

Total
Catch
(lbs)
0

Total
Price ($) Total No.
Value ($) / Pound Fishermen
$0

$0.00

0

Date
1980

Total
Catch
(lbs)
0

Total
Price ($) Total No.
Value ($) / Pound Fishermen
$0

$0.00

2,355

1948

0

$0

$0.00

0

1981

0

$0

$0.00

1,563

1949

0

$0

$0.00

0

1982

0

$0

$0.00

1,935

1950

0

$0

$0.00

0

1983

0

$0

$0.00

1,304

1951

0

$0

$0.00

0

1984

0

$0

$0.00

1,533

1952

0

$0

$0.00

0

1985

0

$0

$0.00

1,082

1953

0

$0

$0.00

1,523

1986

0

$0

$0.00

1,046

1954

0

$0

$0.00

2,098

1987

0

$0

$0.00

1,513

1955

0

$0

$0.00

2,093

1988

0

$0

$0.00

1,139

1956

0

$0

$0.00

2,132

1989

0

$0

$0.00

1,104

1957

0

$0

$0.00

2,396

1990

0

$0

$0.00

852

1958

0

$0

$0.00

2,887

1991

0

$0

$0.00

935

1959

0

$0

$0.00

2,455

1992

4,399

$574

$0.14

1,101

1960

0

$0

$0.00

2,259

1993

6,431

$893

$0.14

1,037

1961

0

$0

$0.00

2,244

1994

0

$0

$0.00

982

1962

0

$0

$0.00

2,210

1995

56,642

$5,664

$0.10

923

1963

0

$0

$0.00

2,012

1996

78,119

$8,593

$0.11

980

1964

0

$0

$0.00

1,690

1997

77,451

$7,745

$0.10

774

1965

0

$0

$0.00

1,652

1998

77,230

$2,024

$0.16

753

1966

0

$0

$0.00

1,926

1999

96,543

$12,551

$0.13

798

1967

0

$0

$0.00

1,778

2000

119,043

$11,904

$0.10

716

1968

0

$0

$0.00

1,952

2001

167,203

$20,062

$0.12

712

1969

0

$0

$0.00

2,049

2002

227,155

$30,287

$0.13

730

1970

0

$0

$0.00

2,010

2003

152,472

$18,805

$0.12

729

1971

0

$0

$0.00

2,358

2004

314,851

$44,261

$0.15

724

1972

0

$0

$0.00

2,247

2005

283,099

$31,154

$0.14

705

1973

0

$0

$0.00

2,398

2006

246,988

$24,026

$0.09

697

1974

0

$0

$0.00

2,349

2007

360,095

$43,185

$0.12

-

1975

0

$0

$0.00

2,533

2008

1,048,355 $129,673

$0.13

-

1976

0

$0

$0.00

2,505

2009

1,399,952 $179,355

$0.14

-

1977

0

$0

$0.00

2,271

2010

1,618,849

$1,683

$0.13

-

1978

0

$0

$0.00

1,995

2011

692,200

$4,873

$0.14

-

1979

0

$0

$0.00

2,163

2012

$0.12

-
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1,438,156 $173,165

Management Considerations
Silver Carp exhibit characteristics of a successful invader (e.g., rapid growth, efficient dispersal
capabilities, high reproductive potential, lack of natural predators, and wide environmental tolerance;
Ehrlich 1984; Fuller et al. 1999; DeGrandchamp et al. 2008). As such Silver Carp have reached high
densities in the UMR and can potentially alter or have deleterious effects on the environment and native
fish assemblages (Kolar et al. 2005; Irons et al. 2007; Solomon et al. 2016; Phelps et al. 2017). Studies
have suggested negative impacts on native planktivorous fishes, such as Bigmouth Buffalo Ictiobus
cyprinellus and Gizzard Shad Dorosoma cepedianum (Irons et al. 2007; Phelps et al. 2017).
Most management efforts have been aimed at control and preventing spread into new areas (Conover et
al. 2007). Further, much of the control efforts has been targeted at preventing Silver Carp expansion into
the Great Lakes. Expansion into the Great Lakes can potentially impact a multibillion-dollar fishery. As a
result, various approaches have been taken to limit their spread (e.g., electrical and sound barriers; Sparks
et al. 2010; Ruebush et al. 2011).
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Black Carp (Mylopharyngodon piceus)
Hae H. Kim and Quinton E. Phelps
Introduction
Black Carp is a large-bodied cyprinid (minnow). Black Carp, along with Bighead Carp
(Hypophthalmichthys nobilis), Silver Carp (H. moltrix) and Grass Carp (Ctenopharyngodon idella) are
collectively referred to as Asian carp and occur in the Upper Mississippi River system (UMR). Black
Carp most closely resemble Grass Carp but are easily distinguished by various characteristics. Black Carp
are typically darker than Grass Carp and their pharyngeal teeth are close in appearance to human molars
(Nico and Neilson 2018; Figure 138). Very little is known about Black Carp in the UMR and in the
United States due to difficulties in collecting and detecting Black Carp (Nico and Jelks 2011).

Figure 138. Grass Carp (A) and Black Carp (B) pharyngeal teeth adapted from Schofield et al.
(2005).
Black Carp is a bottom dwelling fish that feeds on snails and mussels; which adds to difficulty of capture
using traditional sampling methods (e.g., electro-fishing; Schramm and Basler 2005). Black Carp are
native in China and parts of Russia in rivers that drain into the Pacific Ocean (Fuller et al. 1999). They
were accidentally imported into the United States with Grass Carp and subsequently intentionally
imported for snail control in aquaculture facilities (Nico and Neilson 2018).

Distribution and Abundance
Very little is known regarding distribution and abundance of this species. While biologists have difficulty
sampling Black Carp, commercial fishermen have been encountering them as far back as the early 1990’s
(Nico and Nielson 2018). In the UMR, few Black Carp specimens have been collected above St. Louis,
Missouri (Nico and Neilson 2018; Figure 139). On the lower Mississippi, commercial fishermen have
collected Black Carp as far south as Louisiana and all tested as reproductively viable (Nico and Neilson
2018). While captures are low, abundance in the wild may be high, due to reproductive viability of
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individuals captured, suitable habitat in the Mississippi River basin and historic records of capture since
the 1990’s (Nico and Jelks 2011).

Figure 139. Black Carp distribution in the continental United States (Nico and Neilson 2018)

Reproduction
Black Carp reproduction is similar to other Asian carps found in the UMR and triggered by an increase in
water temperature and water level (Nico et al. 2005). They are broadcast spawners and release eggs into
flowing water (Nico et al. 2005). Similar to other Asian carps, eggs develop and hatch in the pelagic zone
(Nico et al. 2005). Black Carp reportedly reach sexual maturity around 4 to 6 years (Nico et al. 2005).
Males may develop breeding or nuptial tubercles on the head during breeding season (Schofield et al.
2005).

Age, Growth, and Size at Maturity
Black Carp may be the largest of all the Asian carps reaching lengths of >2m (79in) and can weigh over
70kg (154lbs; Nico and Jelks 2005; Nico et al. 2005). Black Carp reportedly live up to 15 years (Biro
1999). They are sexually mature at about ages 4-6 (Nico et al. 2005). Currently, no studies have looked
into age and growth of Black Carp in the UMR.

Life History
Little is known about Black Carp life histories in the UMR. Black Carp hatch around 40 hours after
fertilization (Yi et al. 2006). At around 170 hours, the yolk sac is absorbed and at approximately 60 days,
the larvae are fully formed at resembles the adult form (Yi et al. 2006). As adults, Black Carp primarily
consume mollusks, such as snails and mussels. As such, Black Carp are benthic and primarily reside in
river channels, floodplain lakes, and lowland rivers where mollusks are abundant (Nico et al. 2005).
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Black Carp are very powerful swimmers, and the UMR provides ample habitat for Black Carp to be well
established (Nico et al. 2005; Schofield et al. 2005).

Survival
As with most fish, mortality is likely high as larvae and as a juvenile. Mortality likely decreases
significantly as the individual grows larger, likely due to a lack of predators in the UMR.

Relative Importance to Fishery
Black Carp are difficult to catch using traditional fishing methods (i.e., rod and reel). Currently, most
Black Carp are captured by commercial fishermen. However, many commercial fishermen simply do not
report Black Carp harvest (Nico and Jelks 2011). Commercial fishing is likely the only form of harvest
pressure faced by Black Carp.
Black Carp consumption of mussels and snails can have a significant impact on native mollusks (Nico et
al. 2005; Hodgins et al. 2014). This could potentially alter the aquatic ecosystem, and further affecting
other native fishes.

Management Considerations
Black Carp feeding habits pose a threat to threatened and endangered mussels and snails in the UMR
(Nico et al. 2005; Hodgins et al. 2014). Freshwater mussels are among one of the most imperiled fauna in
the United States (Williams et al. 1993). Predation on these mussels can hinder recovery efforts put forth
by various state and federal agencies. Eradication by biologists may be difficult due to gear limitations
(Nico et al. 2005; Schramm and Basler 2005). In 2007 Black Carp were listed under the Lacey Act and is
now considered an injurious species (Nico and Jelks 2011).
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Fish passage through Dams on the Upper Mississippi River
Dr. Joseph H. Wlosinski, Daniel B. Wilcox, and Chuck Surprenant
Updated by Mark Cornish, Kjetil Henderson, and Sara Tripp
Executive summary
Extensive literature is available documenting the ecological impacts of dams. Dams impact fish
populations by blocking access to spawning, feeding, and refuge habitats. The early dams on the Upper
Mississippi River (UMR) were constructed for hydropower, first in Minneapolis-St. Paul; known as Lock
and Dam 2, finished in 1907 and replaced by Lock and Dam 1, 1917; and the larger Keokuk-Hamilton
dam, completed in 1913 at Keokuk Iowa. In the 1930s a series of dams were constructed in the UMR to
maintain navigation routes for commercial barge traffic.
Of these 29 UMR dams, 25 allow dam gates to be lifted out of the water and nineteen have fixed crest
spillways may flood-out (become passable) during periods of high discharge. This condition, known as
“open river”, promotes fish passage but is sporadic and unpredictable in the UMR. Controlled discharge
capacity varies by dam; low capacity structures have open river more frequently which allows
unrestricted passage for all species. Locks and Dams 1 and 19 are considered the only dams that
completely block passage in the UMR at all discharges. Fish passage is only possible through the locks at
these dams (though relatively rare compared to gate passages).
Managing the UMR for multiple and sometimes contradictory purposes (e.g., containing invasive carp
while encouraging native fish movements and maintaining navigation) is an ongoing challenge for
resource managers. Substantial fish tagging efforts have furthered understanding of passage, movement,
and population dynamics for native, invasive, and state and federally listed species within the UMR. At
least 36 migratory fish species occur in the UMR, including 10 state or federally listed species. One state
endangered mussel, dependent on a listed fish species for upstream transport, has also been impacted by
reduced river connectivity. Continued advances of knowledge regarding the potential effects of dams and
reduced connectivity will be critical in the future for both native and invasive migratory species of the
UMR. If properly designed, it may be possible to use future fish passageways as a platform for sorting
and removal of invasive fish.
Operational and structural opportunities are available to promote UMR fish passage. Gate operations have
been modified to promote aquatic plant production while maintaining the 9-foot navigation channel;
operations encouraging passage may also be possible. No structural modifications promoting fish passage
have been constructed in the UMR yet, but some alternatives have been proposed which could provide
opportunities for researching fish deterrents, species monitoring, and nonnative removal. EulerianLagrangian-agent Method (ELAM) models can forecast the efficacy of alternative passage designs prior
to construction. In these efforts, a computational fluid dynamic model is combined with the simulated
movements of individual fish estimated by species swimming capabilities and hydraulic preferences to
predict migrant responses to potential hydrologic conditions for various structural designs.

The problem
Regulated rivers have received attention as people learn the impact of dams to the natural flow regime,
biodiversity, and biomass production (Northcote 1998; Nilsson and Berggren 2000; Ziv et al. 2012).
While substantial research has been devoted to understanding the importance of river connectivity
(Northcote 1998; Nilsson and Berggren 2000), this paper will focus specifically on dams and their impact
on fish species via impeded longitudinal connectivity.
Riverine species have evolved migratory patterns to fulfill seasonal habitat needs. Dams can directly
impact fish populations by impeding migrations to spawning, feeding, and refuge habitats (Northcote
1998; Knights et al. 2002, McKay et al. 2013). This habitat fragmentation can lead to genetic and
reproductive isolation (McKay et al. 2013). Ward (1989) suggested temporal connectivity links the three
lotic spatial dimensions (longitudinal, lateral, and vertical) and allows understanding differences between
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long-term processes (>10 years) versus episodic or annual events. River regulating structures have a
direct effect on the ecology of migratory fish species (Table 82).

Table 82. Summary of effects of different lock and dam features on migratory fish (adapted from
Cornish et al. 2013).

Obstacle

Low head dam

Impact on Migration
Upstream
Downstream
Prevention or delay of
migration, increased
exposure to predation

Very little

Ecological Effect
Reduction in reproductive
success and recruitment,
reduction in species
diversity

Propeller strike mortality,
Propeller strike mortality, Reduction in reproductive
prevention or delay of
prevention or delay of success and recruitment,
Lock
migration, increased
increased mortality
migration
exposure to predation.
Prevention of migration,
Turbine blade strike,
Hydro-electric
increased exposure to
pressure change, or
Same as Lock
power plant
predation
impingement mortality
Northcote (1998) implicated dams, weirs, and other river channel alterations for the decline of the
majority of 67 threatened freshwater fish species in Europe. While specific numbers such as how many
species have declined due to the impacts of dams in the United States is unknown, concern for fish
passage through dams was great enough that Congress passed a law in 1888 (United States Code, Title
33, Chapter 12, Subchapter IV, Section 608 Construction of fishways) stating:
Whenever river and harbor improvements shall be found to operate (whether by lock and
dam or otherwise), as obstructions to the passage of fish, the Secretary of the Army may, in
his discretion, direct and cause to be constructed practical, efficient fishways, to be paid for
out of the general appropriations for the streams on which such fishways may be
constructed.
However, a report from the Chief of Engineers (War Department 1932), which served as the basis for
authorizing the UMR River 9-Foot Channel navigation project, stated:
The strong currents through the gates, locks, and other openings, will attract fish to these
openings, through which, the board feels, they will be able to pass more readily than
through any fishway. Fishways through the dams will, however, be installed if shown to be
necessary.
Coker (1929) initiated Mississippi River fish barrier evaluation after completion of Lock and Dam 19.
Wilcox et al. (2004) provided a valuable update to UMR fish passage opportunities. This document
reviews the available literature on UMR fish passage, including the flow conditions and dams capable of
promoting fish passage. We discuss the migratory status of UMR fish species by reviewing available
telemetry and mark/recapture studies, and speculate on the consequences of restricted UMR fish passage
for native and nonnative species. Additionally, we discuss the potential of research advances like otolith
microchemistry and ELAM modeling to address fish passage opportunities in the UMR. Lastly, we
discuss operational and structural options for promoting fish passage (Noonan et al. 2012, Cornish et al.
2013).
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Figure 140. Dam locations on the Upper Mississippi River System.

The Dams
There are 29 locks and dams on the UMR (Figure 140), 25 of which control water levels with dam gates.
At most dams, these gates can be fully extended down to the river bottom but also raised entirely out of
the water during high flow. Nineteen of the UMR dams were designed with fixed-crest spillways in the
earthen dike section to pass flow during periods of high discharge when dam gates are removed from the
water. Some of the spillways are notched or have culverts through them to pass flow during low discharge
periods. Dams 1 and 19 are higher than the rest of the dams and always control upstream water levels. St.
Anthony Falls, near Minneapolis, is a natural fish barrier. Dam 27 is a submerged rock weir near St. Louis
not considered a fish passage hindrance. Locks and Dams 3, 5a, 9, 10, 12, 16, 17, 20, 21, 22, 24, 25, and
26 have low controlled discharge capacity and may provide opportunity for upriver fish passage most
years (Wilcox et al. 2004).
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Between 1985 and 2015, dams were annually at open river
Table 83. Estimated water
conditions between 1 and 35% of the time (Figure 141) (De Jager velocities through gate openings at
2018). Osvalt and Grace (1984) studied the velocity fields at
various drop conditions at UMR
UMR dams and reported the water velocity increases with
Dam 8.
increased drop at Dam 8 (Table 83) and the USGS prepared a
Drop (feet) Velocity (feet/second)
series of reports containing discharge ratings for the control gates
Tainter gate Roller gate
of navigation dams on the UMR that calculated the flow patterns
at many UMR dams (Heinitz 1985ab, 1986abcd, 1987abcd,
10
28
21
Alexander 1992, Corsi and Schuler 1995) which will be useful in
9
25
19
developing numeric models of fish movement in the future.
Research by Tripp et al. (2014) suggests that some fish passage
7
22
17
can occur beneath dam gates when the gates have a pool to
6
19
15
tailwater head differential of four feet or less. When gates are
4
17
14
nearly or fully removed from the water, turbulence is reduced,
3
12
11
and fish passage is more likely with 70% of passage occurring at
open river conditions (Tripp et al. 2014). Annual precipitation
2
10
10
has increased in the Midwest over the past century and this
1
5
–
pattern is expected to continue (Pryor et al. 2014). Increased
UMR flows could expand the amount of time when open river conditions occur and subsequently enhance
passage opportunities in future years.
Wlosinski and Hill (1995a, b) present detailed explanations of how UMR dams are managed. In general
most of the dams are managed with a hinge-point so that the pool is relatively constant, but allows
dewatering of the lower end of the pool and can facilitate vegetation growth (Garvey et al. 2010). Kenow
et al. (2016) outlined the process and implementation of pool-wide drawdowns to encourage UMR
aquatic plant production. The flooded vegetation created by this type of water level management can be
used by young of year fishes and has the potential to facilitate recruitment, but can also create
sedimentation problems in backwater areas and reduce water quality potentially reducing rearing and
overwintering habitat (Garvey et al. 2010). While the water-level management may somewhat mimic a
spring historical hydrograph, water held back when discharge is low likely limits fish movement and
passage during low flow time periods (Wilcox et al. 2004; Garvey et al. 2010).

Figure 141. The annual percent of time Upper Mississippi River System gates were out of the water
at each lock and dam based on 1985 through 2015 data (De Jager et al. 2018).
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Wilcox et al. (2004) developed a list of migratory UMR fish species through: 1) analysis of fish markrecapture and telemetry studies; 2) a review of fisheries literature, most notably (Becker 1983; Scott and
Crossman 1973; Pfleiger 1975); and 3) interviews with fisheries managers and research biologists. At
least 36 UMR fish species are known to be migratory or are probably migratory, based on their behavior
in other river systems: Silver Lamprey, Lake Sturgeon, Shovelnose Sturgeon, Pallid Sturgeon, Paddlefish,
Longnose Gar, Goldeye, Mooneye, American Eel, Alabama Shad, Skipjack Herring, Blue Sucker,
Bigmouth Buffalo, Black Buffalo, Smallmouth Buffalo, Quillback, Highfin Carpsucker, Spotted Sucker,
Black Redhorse, Golden Redhorse, River Redhorse, Silver Redhorse, Shorthead Redhorse, Northern
Hogsucker, White Sucker, Blue Catfish, Channel Catfish, Flathead Catfish, Northern Pike, White Bass,
Yellow Bass, hybrid striped bass, Smallmouth Bass, Largemouth Bass, Sauger, Walleye, and Freshwater
Drum (Ickes et al. 2001; Wilcox et al. 2004; Tripp et al. 2014; Tripp et al. 2016).
Most migratory UMR fish are considered potamodromous (Meyers 1949). The American Eel is one
catadromous exception, spawning in the mid-Atlantic and migrating into freshwater rivers to mature.
Numerous captures indicate their presence in UMR navigation pools (Pitlo et al. 1995; Becker 1983). The
Alabama shad is an anadromous exception, migrating from the Gulf of Mexico into the Mississippi River
to reproduce (Coker 1930).
Many UMR nongame species have not been studied enough to discern their migratory status. Longnose
Gar have been found to ascend rivers to spawn (Cahn 1927). Schools of Shortnose Gar migrate long
distances for spawning (Coker 1930). Mature Muskellunge, captured and tagged on their spawning
grounds, were recaptured over 6 miles from the tagging site (Johnson 1963). One Muskellunge traveled at
least 25 miles within a week. A Common Carp tagged in Missouri was recaptured 28 months later in
South Dakota after traveling at least 676 miles (Sigler 1958). Striped Bass run up coastal streams to
spawn (Gosline 1966). Yellow Perch from Lake Winnebago migrated 25 miles up the upper Fox River to
spawn (Becker 1983).

Results of UMR mark/recapture and telemetry studies
We collected information from previous UMR mark/recapture and telemetry studies to investigate fish
movement across dams. Holland et al. (1984) previously compiled a number of studies. Through literature
searches, letters of inquiry, and meeting announcements a total of 128 studies were collected. Variables
gathered from historic studies were species, date, and pool fish was tagged, and pool fish was recaptured.
Forty-four of the 128 studies did not have all the required data and were not used in analyses, but were
summarized below in the “Studies without original data” section.

Studies with available data
Original data was obtained from 84 studies concerning 15 species: Black Crappie, White Crappie,
Bluegill, Northern Pike, Common Carp, Channel Catfish, Freshwater Drum, Flathead Catfish,
Largemouth Bass, Paddlefish, Sauger, Shovelnose Sturgeon, Smallmouth Bass, Walleye, and White Bass.
Less than 10% of the 62,618 marked fish were recaptured. Walleye were involved in 33 of the studies in
12 different pools.
Of the 5,253 recaptured fish, 4,594 (87%) were found in the pool where they were initially marked, 420
(8%) moved upriver and 239 (5%) moved downriver. Before recapture, 141 fish moved upriver through at
least 2 dams and 65 moved downriver through at least 2 dams. Each crossed dam was treated as a separate
observation for analysis. The total number of upstream dam crossings was 712, and 458 downstream
crossings.
Pool of recapture by species is provided (Figure 142). All Black Crappie, White Crappie, Bluegill,
Northern Pike, or Common Carp were recaptured in the same pool they were tagged, suggesting they had
not moved through any dams. Only Channel Catfish and Smallmouth Bass had over 20% of the
recaptures outside the pool they were marked. However, the sample of Smallmouth Bass was quite small
with only eight recaptures.
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Sauger and Walleye were the
only species which had at
large periods of two months
or less and a reasonably high
number of marked individuals
to reveal the timing of
movements through dams.
Most Sauger moved upriver in
April, May, October, and
November with a few moving
downriver in May and
October. Walleye moved
upstream and downstream
mostly in April and May, with
some additional upriver
movement from September
through November. Data for
the 54 Walleye came from 11
studies starting in six different
years. Other species may have
moved across dams but due to
low numbers were not
Figure 142. Percentage of recaptures for fish species tagged in the
detected.
navigation pools of the Upper Mississippi River.
It is unknown if these tagged
Note: n signifies the number of recaptures for that species.
fish moved between pools by
actively swimming through dams. Fish recaptured upriver or downriver may have crossed through dam
gates, over spillways, through the lock chambers, or may have been carried in live wells. Holzer (1989)
reported fish caught in bass tournaments are occasionally released in adjacent pools after being
transported in live wells. In Illinois, Walleye and Sauger were transported in live wells through 3 sets of
locks during fishing tournaments (Dan Sallee, IL DNR, personal communication). Bertrand and Sallee
(1985) found indications that Walleye and Sauger may have passed through lock chambers. Keyes and
Klein (1984) collected 69,000 fish weighing nearly 10,000 pounds during a rotenone study in Willow
Island Lock chamber on the Ohio River. Zigler et al. (1998) located a radio tagged Paddlefish in a UMR
lock chamber. The 84 different studies likely used different gear types, sampling locations, and timing.
However, most recapture data was obtained from fisherman returns or telemetry studies rather than
netting in the same pool where fish were released.
Many species are capable of moving between UMR pools during open river or near open river conditions
(Figure 142). Downstream movement is not as flow dependent as upstream movement. Walleye (43%),
Paddlefish (18%), and Largemouth Bass (13%) comprised the vast majority of fish tagged during these
studies. Many migratory species were not tagged at all, or not frequently enough to detect movements
between pools when conditions were appropriate for passage.

Studies without available data
We were unable to obtain original data for all mark and recapture studies. Findings from those studies are
summarized below.
Sturgeon
Helms (1974) tagged 3,271 Shovelnose Sturgeon in Pools 9 through 11 and 13 through 19. During the
first two years of the study all fish were recaptured in the same pool they were marked. Between July
1973 and June 1974, 25 fish were recaptured in pools upriver of where they were marked. Helms
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mentioned this was a period of high water, with open gates much of the time. No fish were recaptured
downriver of the pool they were marked. The 25 fish represented only 9% of total recaptures.
Hurley (1983) and Hurley et al. (1983) reported a Shovelnose Sturgeon tagging study in Pool 13. No fish
were found outside of Pool 13 during the first year of study. During year two, one fish moved upriver to
the Dam 11 tailwater and four fish were recaptured below Dam 17.
Curtis (1990) radio tagged 27 Shovelnose Sturgeon in Pool 13 during 1988. No fish were found outside of
Pool 13 although many observations were made at the Dam 12 tailwater. Dam 12 gates remained
submerged during the entire study period.
Tripp et al. (2014) implanted 311 Shovelnose Sturgeon around Lock and Dam 22 and 26. Shovelnose
Sturgeon passage was documented on 282 occasions, occurring more frequently than any of the other
species; however 76% of the passage occurred during open river conditions. Most of the shovelnose
passages during spring were upriver (77%), and were downriver during summer (54%) and fall (65%).
Shovelnose Sturgeon passages occurred over three times as often during open river conditions in both the
upriver and downriver directions and throughout all seasons. Since 77% of their total spring passages
were upriver at a time associated with their spawning migrations and 87% of these spring passages
occurred during open-river conditions, it appears that Shovelnose Sturgeon migrations may also be
impeded by gates when they are closed. Lake Sturgeon passed through structures on 156 occasions and
most often during spring (52) and fall (35); 69% and 51% of the passages were upriver in the respective
seasons. Lake Sturgeon had significantly less upriver passages (4%) during closed versus open
conditions. Lake Sturgeon passages occurred primarily during spring and fall; 69% and 51% were
upriver in the respective seasons. Approximately 78% of the upriver passages occurred when open-river
conditions prevailed.
Thirteen of 27 tagged Lake Sturgeon moved through at least one UMR dam during an 18 month study for
a total of 54 dam passage events. Sixteen of 19 upriver passages (84%) took place with a minimum drop
<1 foot, while 63% of downriver passages occurred when minimum drop was greater than 3.2 feet (Brent
Knights, USGS, personal communication).
A synthesis including guidance on how to improve sturgeon passage in regulated rivers was developed by
Jager et al. (2016).
Paddlefish
In Pool 13, 17 Paddlefish were radio tagged and tracked during 1980 and 1981 (Southall 1982; Southall
and Hubert 1984). During 1980, gates at Dams 12 and 13 remained underwater and all fish remained in
Pool 13. In 1981, seven fish congregated at the Dam 12 tailwater moved upriver when dam gates
emerged. These fish moved to the Dam 11 tailwater and remained there as the gates remained submerged.
Five of the seven fish subsequently returned to Pool 13 despite Dam 12 gates remaining submerged.
Moen (1989) and Moen and Scarnecchia (1992) reported on Pool 13 Paddlefish movements during 1988
and 1989. No fish moved upriver during the study but six fish moved downriver into Pool 14.
In an interagency study spanning much of the Mississippi River watershed, 6,471 wild Paddlefish and
over 1 million hatchery-reared fish were marked and released over a ten year period between 1988 and
1997. Some of the wild fish were marked in the pooled portion of the river and others in the open river
and tributaries. Through 1997, 26 of 229 recaptured wild Paddlefish (11%) made inter pool movements.
Only two of these fish moved downriver past a dam. Of the remaining 24 fish moving upriver, 19 (79%)
crossed one dam and five (21%) crossed two dams. Recaptured hatchery Paddlefish revealed strikingly
different movement trends. Of the 450 recaptured hatchery Paddlefish, 420 (93%) made inter pool
movements. With the exception of one fish recaptured in an upriver lock chamber, all recaptured hatchery
Paddlefish moved through downriver dams. Of the 419 hatchery Paddlefish moving downriver, 370
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(88%) moved through one dam, 35 (8%) move through two dams, and 14 (3%) moved through three
dams (Grady et al. 2005).
Zigler et al. (1998) and Zigler et al. (2004) implanted radio-transmitters into 71 Paddlefish in Pools 5a
and 8 between 1994 and 1996. They estimated 14 to 19% of the Paddlefish moved downriver through at
least one dam and 18 to 24% moved upriver through at least one dam during a strong 1996 spring flood
pulse. In contrast, no Paddlefish moved upriver or downriver through a dam in spring 1995, when only a
weak spring flood pulse was evident. They also monitored one Paddlefish using the lock chamber to
move through Dam 8.
Tripp et al. (2014) found that Paddlefish tagged from below Lock and Dam 26 to below Lock and Dam
19, passed through dams on 146 occasions, most frequently during spring (50) and summer (33), with
80% of the passages upriver in spring and 55% downriver in the summer. Paddlefish had significantly
less upriver passages (9%) during closed versus open conditions. In contrast to the 91% upriver passages
during open river conditions, Paddlefish passage downriver depended less on whether gates were open or
shut, however 67% of the downriver passage still occurs during open river conditions
Walleye and Sauger
Benjamin (1989) tagged 1,251 Pool 5 Walleye in 1985, including 500 tags offering a $5 reward. No fish
were reported caught in another pool.
Bertrand and Sallee (1985) marked 252 Walleye and 1,323 Sauger from 1981 to 1983 in the tailwaters of
Dams 16, 17, and 18. Nineteen Walleye and 142 Sauger were recaptured, with the majority of those fish
coming from pools upriver of where they were tagged. The authors suggested fish passage likely occurred
during open gate periods.
Boland and Ackerman (1982) tagged Walleye and Sauger in the tailwaters of Lock and Dams 10 and 12
during 1980 and 1981. Fifty of 267 recaptured fish were found outside of the pool of origin. Only two of
the 50 fish moved downriver.
Radio transmitters were implanted in 48 Pool 13 adult Walleye from 1982 to 1984 (Pitlo 1989). A few
fish moved into Pool 12 during March, which was interpreted by the author to be spawning movements.
Schoumacher (1963) tagged Pool 11 Walleye and Sauger from 1957 through 1959. Seventy-five of the
fish were recaptured at least 50 miles from the release site, but the direction of movement was not given.
Of all fish recaptured, 68% of the Walleye and 89% of the Sauger were caught in the vicinity of dams.
Tripp et al. (2014) found that Sauger and Walleye tagged around Lock and Dam 26 and Lock and Dam 22
passed most frequently during winter (6) and fall (15), and the majority (67%) of this passage was in the
downriver direction. Conversely, 75% of Sauger/Walleye upriver passages were recorded during closed
conditions.
Catfish and Buffalo
Talbot (1984) implanted 13 Pool 5 Flathead Catfish with radio transmitters. Although two fish moved up
the Zumbro River and three fish moved to the Dam 4 tailwaters, no fish were reported to move across any
dam.
Pellett et al. (1998) reported some Channel Catfish tagged in the Wisconsin River and Pool 10 (into
which the Wisconsin River flows) were recaptured as far north as Minneapolis and as far south as St.
Louis. This distance includes most of the UMR dams.
Hubley (1963) reported 6,011 Channel Catfish were tagged in Pools 4, 7, and 9 from 1947 to 1950 and
497 (8.3%) were recaptured. Of those recaptured fish, 24% moved through one or more dams. Nineteen
were recaptured more than 100 miles from their release site; this would require passing through at least
three dams.
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Stang and Nickum (1985) radio tagged 29 Channel Catfish, seven Flathead Catfish, 15 Smallmouth
Buffalo, and six Bigmouth Buffalo in Pool 13 between 1982 and 1983. Five Channel Catfish, three
Smallmouth Buffalo, and two Bigmouth Buffalo moved to Pool 14 during the first study year. During
year two, three Channel Catfish and three Smallmouth Buffalo moved as far as 95 miles downriver.
Fish managers from Iowa and Illinois marked 268 Pool 16 Flathead Catfish with reward tags during the
summer of 1999 (Sallee and Walsh 2000). Thirty-two of these fish were also implanted with radio
transmitters. During summer low flow conditions, one Flathead Catfish moved upriver through Dams 15
and 14 and another fish moved downriver through Dams 16, 17, and 18 before recapture.
Blue Catfish tagged by Tripp et al. (2014) around Lock and Dam 26 passed through locks and dams on 97
occasions, and most of their passages occurred during winter (32) and fall (45), and 83% of these fall and
winter passages were downriver into the open river portion. 50% of Blue Catfish upriver passages were
recorded during closed conditions. Blue Catfish upriver or downriver passage occurred most frequently
when the dam gates were in closed positions during fall and winter.
Other
Kuehn (1959) tagged 362 Pool 4 Smallmouth Bass during 1958 and 1959. Ninety-one percent of the
recaptured fish were found in Pool 4 within five miles of the release site.
McCarthy (1990) reported on a Pool 14 hybrid striped bass stocking program from 1985 to 1990. Over
90% of the 526 fish recaptured moved out of Pool 14. Fish were recaptured in Pools 13 through 20.
Recent research suggests hydraulic conditions at UMR dams may disproportionally impact native fish
passage (Caswell 2010; Tripp et al. 2014). In an interspecific telemetry study, Tripp et al. (2014)
suggested Silver Carp may be more successful at passing upriver during closed river conditions than
Paddlefish and Lake Sturgeon. Across species, 70% of tagged fish passed dams during open river
conditions, and 58% of the remaining passages occurring during closed gate settings when openings were
between two to four feet (Tripp et al. 2014). Silver Carp also more frequently utilize UMR locks for
upstream passage compared to other species (Tripp et al. 2014). Whereas Silver Carp are constantly
moving (DeGrandchamp et al. 2008), other species are often migratory only during predictable seasonal
migrations. Managing UMR gate configurations during specific migration periods identified through
telemetry may aid native fish survival.
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Figure 143. Hypothetical fishway design showing the location of fish capture sampling nets and
fixed hydroacoustic fish monitoring system.
Consequences of restricted fish passage
In the short term, UMR fish passage varies by species, dam, and hydrologic variation. Limited monitoring
data is available prior to UMR dam construction (Coker 1929). Community level responses to dams by
large river species are difficult to quantify given their inherently patchy distribution, complex river
morphology, and variable environmental conditions. Advances in telemetry have enabled multi-year
tracking to evaluate if and when passage is possible at specific UMR navigation dams (Knights et al.
2002; Zigler et al. 2004; Tripp et al. 2014) and hydroacoustic surveys can show where fish aggregate and
how they behave in tailwaters (Cornish et al. 2006, Caswell 2010). Such research may provide insights
for optimizing gate operations for fish passage, or in some instances deterrence.
Suspected consequences of restricted fish passage often mentioned by fishery managers include:
•

Range reduction for Skipjack Herring, Blue Sucker, and Alabama Shad. Alabama
Shad and Skipjack Herring were both common species before construction of Dam
19. Both species are now rare or absent in the UMR.

•

Reduced reproductive success due to blocked access or delayed migration for Silver
Lamprey, Lake Sturgeon, Shovelnose Sturgeon, Goldeye, Skipjack Herring, Blue
Sucker, Blue Catfish, Flathead Catfish, and Northern Pike.

•

Reduced growth rate, physical condition, or fecundity due to lack of access to feeding
areas for Skipjack Herring, Blue Sucker, Alabama Shad, Paddlefish, Goldeye,
Skipjack Herring, and Blue Catfish.

•

Reduced overwinter survival due to lack of access to overwintering areas for Channel
Catfish, Flathead Catfish, Walleye, Largemouth Bass, and Smallmouth Bass.
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•

Increased exploitation rates due to concentration of fish and fishermen for Paddlefish,
Blue Catfish, Channel Catfish, Flathead Catfish, White Bass, Walleye, Sauger,
hybrid striped bass, Lake Sturgeon, Shovelnose Sturgeon, Smallmouth Buffalo, and
Bigmouth Buffalo.

•

Increased predation on Gizzard Shad, Threadfin Shad, and Skipjack Herring due to
concentrating predators and prey.

•

Genetic isolation, lack of recruitment, and near extirpation of the ebony shell
(Fusconaia ebena) mussel in the northern reaches of the UMR has been attributed to
the reduced upriver migrations of Skipjack Herring, glochidial host fish for the ebony
shell (Eddy and Surber 1943; Fuller 1980).

•

Restricted movements of fish between navigation pools may restrict gene flow within
mussel species that are dependent on a single fish species as a glochidial host
(Romano et al. 1991).

•

Slowing population expansion of exotic species (Conover et al. 2007).

A fishway in itself cannot restore the quality of an entire degraded ecosystem particularly when there are
multiple dams in the system, yet the cumulative effects of not having fishways are very substantial at the
population level. Although fish passage problems cannot be blamed solely for reduced populations of
fishes, fishery managers are still concerned about individual species. The Pallid Sturgeon is federally
endangered. Nine other UMR fish species are listed by states as endangered, threatened, or of special
concern (Table 84; Nelson 2006).

Table 84. Migratory fish species in the Upper Mississippi River with state or federal protection
status known to move through dams.

Species
Pallid Sturgeon
Lake Sturgeon
Shovelnose Sturgeon
Paddlefish
Skipjack Herring
Goldeye
American Eel
Blue Sucker
River Redhorse
Black Buffalo

Federal
1

E

Illinois
E

Missouri
E

Iowa
E

E

E

E

Wisconsin Minnesota
S3
T2
E
E
S
T
T
T

T

S
S
T
S

S

Endangered1, Threatened2, Special Concern3

Fish passage with reference to Asian carp reduction
Ecosystem sustainability can be achieved through greater understanding of threats to native fish
populations. Managing the UMR for multiple and sometimes contradictory purposes is an ongoing
challenge for resource managers; these purposes include managing the suspected impacts of invasive carp
(Solomon et al. 2016), and encouraging river connectivity when possible (Ickes et al. 2001). The need for
fish passage has been acknowledged in the UMRCC Upper Mississippi River Fisheries Plan (Janvrin et
al. 2010), as has the need to consider limiting Asian carp movements when planning fishways (Conover
et al. 2007). Providing connectivity for native species while managing the distribution of invasive species
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has stymied biologists and managers since Asian carp were identified as a problem in the lower
impounded reaches of river (Chick and Pegg 2001). Because fishways are non-species selective, meaning
they pass both native and non-native species, they can be used for dual purposes, reconnecting native fish
to upstream habitats while serving as a physical platform for research and capture and invasive species
removal. Well-designed fishways offer the opportunity for:
•

Research – Fishways provide a safe, controlled environment to study the status of
non-native fish fauna to establish reasonable goals and objectives for use at the reach,
pool and project scale. Fishways would serve as a platform to test deterrent
technologies and the effects on target and non-target organisms under controlled
conditions.

•

Monitoring – Both passive and active capture techniques could be used to determine
relative abundance and richness of fish fauna and determine the success of
management actions for key recreational and commercial fishes.

•

Removal – Fishways would be designed to facilitate capture and removal of invasive
fish species to protect the aquatic habitat from further degradation. Harvest statistics
from removal actions would be used to increase public awareness of aquatic nuisance
species. A single capture point would centralize handling and processing of harvested
fish.

By designing features that allow for the concentration and capture of non-native species, fishways offer
the unprecedented opportunity to fill information gaps regarding UMR fish movement and abundance
(Figure 143). Monitoring would allow characterization of timing, quantity, and relative size of fish
passing upriver and downriver through both a fixed-point hydroacoustic monitoring system and capture.

Otolith microchemistry
Otolith microchemistry is an innovative tool for determining the environmental history of aquatic
organisms (Carlson et al. 2016). Disposition of trace elements in calcified structures has been compared
to ambient water chemistry to assess the environmental past of organisms, specifically involving
movement and native origin information (Allen et al. 2009; Wolff et al. 2012; Carlson et al. 2016).
Provided spatial differences in water signatures, notoriously challenging questions regarding the
movement and recruitment locations of large river organisms may be clarified.

Where we are
Substantial research has advanced our understanding of the global impacts of dams (Northcote 1988;
Nisson and Berggren 2000; Ziv et al. 2012). Interspecific differences in UMR fish passage have been
documented (Tripp et al. 2014) which may be attributed to swimming performance (Hoover et al. 2016).
This information informs decision making when managing for the contradictory purposes of fish passage
and invasive species management (Conover et al. 2007; Janvrin et al. 2010). Both operational and
structural alternatives exist to encourage passage, but each individual effort is inherently unique and
expensive.
ELAM modeling was developed to aid structural design efforts for salmon passage in the Columbia River
Basin (Goodwin 2004; Goodwin et al. 2006). Hydrodynamic patterns calculated using a computational
fluid dynamic model are combined with the simulated movements of individual fish estimated by species
swimming capabilities and hydraulic preferences to predict migrant responses to alternative hydrologic
conditions (Goodwin 2004; Goodwin et al. 2006; Williams et al. 2012). These models can forecast the
efficacy of alternative passage designs before construction (Goodwin et al. 2006; Nestler et al. 2008;
Williams et al. 2012). No modifications promoting UMR fish passage have been built, but some
alternatives have been proposed (USACE 2010). ELAM modeling will be valuable for potential future
UMR passage design structures.
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Operational alternatives
Three operational alternatives are possible on the UMR. Provided the 9-foot navigation channel is
maintained, there are likely opportunities to influence fish passage through modified gate operations
informed through advances in telemetry research.
•

Modified gate operations considering fish passage and water level management –
Most upriver fish passage occurs through the gated sections of UMR navigation
dams. Gates are located where most of the river discharge passes through forming
deep, low velocity tailwaters downstream. These sections likely represent the primary
attraction locations for upriver migrating fish. Hydroacoustic equipment has been
mounted on dams to obtain fish passage estimates (Caswell 2010).

•

In some instances, gate operation modification is possible while maintaining the 9foot navigation channel. Kenow et al. (2016) outlined the process and
implementation of pool-wide drawdowns to encourage UMR aquatic plant
production. Dam releases concurrent with fish spawning season is another damrelated management action (King et al. 2008).

•

Modified lock fill/empty systems – Lock filling conduits have complex and violent
currents usually much higher than fish swimming speeds. Modifications to these
structures are possible; however fish are not likely entrained or behaviorally attracted
toward inactive lock filling conduits.

•

Assisted locking of fish – This has been proposed to facilitate fish movement around
navigation dams. Opening the lower lock doors to establish a current through the lock
chamber with the fill/empty mechanism would facilitate upriver locking. After some
time the lower lock doors would close and the chamber filled. The upper doors would
then open and a downriver current reestablished with the fill/empty mechanism.
More natural currents in the lock chamber might be established by leaving the lock
doors slightly open or by constructing a small opening slide gate in the lock doors.
Downriver fish passage would follow the same principle. Fish are subject to
entrainment and increased mortality when locking with commercial vessels (Keevin
et al. 2005; Maynord 2005).

Structural alternatives
There are many variations but six fundamental designs of fishway structures: Denil, steeppass, vertical
slot, pool and weir, fish lifts, and nature-like bypass channels (Cornish et al. 2013). Noonan et al. (2012)
provided a quantitative assessment of effectiveness for these structures. Structural solutions for fish
passage problems tend to be unique, so passage designs vary a great deal and can be expensive to
construct. One other structural-like alternative is dam removal, which essentially restores the natural flow
regime. This is not feasible on the main stem UMR. Restoring access to tributary and backwater habitats
is important for migration pathways to spawning, overwintering, and feeding areas.
•

Denil fishway – A series of sloped channels allowing fish to swim over the dam or
obstruction. U-shaped baffles angled upriver placed at regular intervals within the
channels slow the water velocity. There are resting pools between each fishway
section to conserve the energy of migrating fish. The slope and length of the fishway
is carefully calculated based in part on swimming ability (Bunt 1999). The angle and
velocity of the attractant flow leaving the entrance chamber is important for fish
access to the passage. Denil fishways are probably the most common fishway design.

•

Steeppass fishway – These are very similar to the Denil fishway design, with sloped
channels passing over the obstruction. These also have baffles to slow water, but
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typically have only one upward sloping section. This fishway type is normally used
for a relatively small blockage and are typically short enough for the fish to not
require a resting pool.
•

Pool and weir fishway – Also called rockfill ramps, these are formed by creating a
series of pools in step formation ascending the dam. Sufficient flow over the “steps”
is critical so fish are not required to jump from one level to the next, but rather can
swim upstream. Each pool is generally calm enough for fish to rest with the fishways
generally configured with an overall slope of 25:1 or less. These fishways are
constructed across the river or over major portions of the dam spillway allowing a
variety of species to pass.

•

Vertical slot fishway – These are a variation on the pool and weir design. Also a
series of pools, but two baffles are placed at the entrance to each pool to leave a
narrow vertical slot for fish to pass through. This serves to concentrate flow leaving
the pool. However, each pool is calm enough to allow the fish to rest. It is important
to consider the size of fish using the device to ensure they will be able to fit through
the slot easily.

•

Fish lift or elevator – Generally reserved for large obstructions. An attractant flow of
water guides the fish into a large hopper, which then raises the fish over the dam. At
the top of the dam, the fish can either be released directly into the river or transferred
to holding tanks to other release points.

•

Nature-like fishway – Nature-like bypass channels mimic natural systems and should
allow passage for many species. Conceptual guidelines for these channels have been
provided by Parasiewicz et al. (1998) and Aadland (2010). Such bypasses are
generally less expensive than conventional facilities to construct and maintain
(Parasiewicz et al. 1998). Harris et al. (1998) found nature-like fishways effective in
Australia. Seventeen of the UMR navigation dams have fixed-crest spillways in the
earthen dike sections of the dams which may be adapted to nature-like fishways.

Structural alternatives should meet clearly defined fish passage goals. Fishway design criteria should
include:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Migratory fish species targeted, their migration behavior and swimming performance
Hydrologic regime
Attraction flow at the fishway entrance (downriver end)
Hydraulic conditions within the fishway
Hydraulic conditions at the fishway exit (upriver end)
Operation and maintenance requirements
Potential for modification to improve fishway performance
Real estate requirements
Public safety and management of recreational use
Cost
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