

































































Habitat partitioning between species Walleye
and sauger showed strong habitat partitioning
throughout the study. Walleye and sauger were
found to partition their habitat primarily by
depth, though spatial partitioning was also
evident. With the exception of summer, mean
depth by season differed significantly between
walleye and sauger (P << 0.001, t = 6.18).
Mean sauger depth was twice that of walleye
during every season, averaging 7.0 m for the
entire study (Table 2).

In autumn, though both species shared
nearshore contour breaks as an important habi-
tat, walleye and sauger partitioned this habitat
by depth. Walleye were found at the top of the
breaks, while sauger were found near the base
of the breaks. In winter, walleye and sauger
again partitioned by depth, with walleye relying
on shallow flats near the head of Lake Pepin,
and sauger relying on deep water flats adjacent
to the Minnesota shoreline. In spring, partition-
ing occurred spatially as well as by depth.
Sauger were found significantly deeper than
walleye (P <<0.001, t = 11.7), and were found
to primarily rely on main and side channel
border habitat. Conversely, walleye relied on
shallow, flooded, off-channel habitat for spawn-
ing, when available.

Spawning behavior

Walleye Walleye, overwintering in the upper
one-third of Lake Pepin, staged for spawning in
the most upper, and shallow reaches of Lake
Pepin during the last two weeks of March. Dark
silt substrates and full sun conditions resulted in
temperatures from 1.4 to 3.8° C warmer than
surrounding lake water in the pre-spawn staging
area. Peak migrations occurred from1-10 April
1998 and from 27 March - 7 April 1999 at
temperatures between 6.0 and 9.9° C. Peak
spawning appeared to occur from 13-23 April
1998 and from 7-15 April 1999 at temperatures
ranging from 7.2 to 10.3° C (Figure 15). Of
seven walleye tracked during spawning in 1998,
six used flooded off-channel habitats for spawn-
ing, consisting of flooded timber, bulrush, and
reed-canary grass. Off-channel sites included
two sites in the Vermillion River. One walleye,
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a male, used classic cobble substrates on a side
channel margin area. In 1999, four of nine
walleye used side channel or wing dam habitat
in the upper 2 km of the pool, while five other
walleye used flooded habitat near the channel
margins. Peak pool elevations occurred on 10
April 1998 at 206.9 m above sea level and on 20
April 1999 at 206.2 m above sea level.

Walleye were diffuse and dispersed in
their spawning habits. No aggregations of
tagged fish were observed. Sixteen likely
spawning areas were identified. With the ex-
ception of three sites, all spawning areas were in
off-channel, flooded habitat.

Sauger Sauger staged for spawning in the
navigation channel at its confluence with Lake
Pepin (Figure 8). In 1998, sauger were ob-
served to arrive at this site from both upstream
and downstream sites, ranging over 58 km.
Peak migrations occurred from 24 March - 3
April 1998 and from18 - 31 March 1999 at
temperatures between 4.3 and 9.1° C. Peak
spawning occurred from 13 April - 3 May 1998
and from 5 - 15 April 1999 at temperatures
ranging from 5.2 to 10.3° C (Figure 15). Four
primary spawning sites were identified (Figure
9). All these sites were located in the upper five
km of Pool 4 in side and main channel habitats.
No interpool movement by sauger was observed
during the study period.

Temperature monitoring

Monthly vertical cross channel tempera-
ture profiles failed to measure any significant
vertical or cross channel temperature gradients,
supporting our assumption of homogenized
thermal conditions in the upper river due to
entrainment of thermally enhanced water
through Lock and Dam 3. The greatest vertical
difference in temperature was 0.17°C and the
greatest cross channel difference was 0.11°C.

During the winter of 1998-99, PINGP
experienced both planned and unplanned shut-
downs of their two reactors, resulting in a wide
range of thermal discharges and operating
capacities (Figure 16). From 1 November 1998
to 13 January 1999, PINGP operating capacity



Figure 15. Pool elevation (m) and water temperature (°C) during the 1998 and 1999 walleye and sauger spawning seasons,
Pool 4 of the upper Mississippi River. Peak spawning for both years and species are represented by vertical lines
through the plots with dark lines corresponding to walleye and light lines corresponding to sauger. Pool elevation
data was obtained from the USCOE Lock and Dam 3 gauge station, while temperature data. was provided by

PINGP.
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Figure 16. Temperature (°C) difference between each of 2 test thermograph sites located in the main and back channels of Pool 4, respectively, and a control site located above
PINGP in Pool 3 of the upper Mississippi River.
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never exceeded 50%. During this period, no
temperature differences between the test sites
and control sites were observed; temperature at
the test sites were generally equal to or less than
the control site (Figure 16). Average differ-
ences in temperature between the test thermo-
graphs and the control site were -0.16 and - .
0.27°C, for the main and back channels respec-
tively. This suggests that all residual heat from
PINGP dissipated before reaching the down-
stream thermographs during this time period.
From January 14, 1999 to February 13, 1999,
PINGP operated at full capacity, resulting in
positive differences in temperature between the
test and control thermographs. Mean tempera-
ture differences during this time period were
0.84 and 0.37 °C for the main and back chan-
nels, respectively. During full operational
capacity, the main channel carried a signifi-
cantly greater thermal load than the back chan-
nel (t=7.23, P<<0.001).

To test whether walleye and sauger
responded directly to temperature during the
period of positive temperature differences
between test and control thermograph sites (14
January - 13 February 1999), we calculated
correlations between mean daily temperature
difference (°C) between the main channel test
site and the control site, and the mean position
of the tagged population in the system (River
Kilometers). No significant correlation was
found for walleye (R?= 0.046, P = 0.88) or
sauger (R*= 0.085, P = 0.79). We also per-
formed t-tests to determine whether mean posi-
tion in the system changed significantly during
the winter by month. Mean position in the
system did not differ significantly across months

for either walleye or sauger (Table 3). Walleye
and sauger mean position also did not differ
significantly between the no-difference period
(1 November 1998 - 14 January 1999) and the
period of positive temperature differences (14
January - 13 February 1999) (t=0.72, P =0.48
and t = 0.61, P = 0.55 for walleye and sauger,
respectively).

Discussion

Winter distribution relative to PINGP thermal
effects

The hypothesis of altered thermal
habitat accounting directly for the decline in the
winter ice fishery on Lake Pepin hinges on there
being a thermal impact of sufficient magnitude
and extent so that lake resident walleye and
sauger can experience and respond to it. Thus,
two issues are apparent: was there a thermal
impact on Lake Pepin, and, if so, did lake resi-
dent walleye and sauger directly alter their
distribution in response to any impact?

We first discuss the issue of observed
température differences, describing the factors
involved in creating them. Next we discuss how
walleye and sauger responded to observed
temperature differences and offer alternative
perspectives on their winter distribution. We
close this section by discussing other aspects of
the winter ice fishery on Lake Pepin, and how
temperature differences attributable to PINGP
may effect them.

Both scheduled and unscheduled reactor
shutdowns during the winter of 1998-99 allowed
us to observe PINGP thermal effects on Lake

Table3. Results of t-tests for determining whether walleye or sauger mean distribution (River Kilometers) differed among
winter months during the winter of 1998-99, Pool 4 of the Upper Mississippi River.

Walieye Sauger
Month combination t-stat p-value t-stat p-value
Dec x Jan -0.18 0.86 -0.68 0.50
Jan x Feb -0.96 0.34 0.59 0.56
Dec x Feb -0.95 0.35 -1.63 0.11
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Pepin across a wide range of discharge condi-
tions. Under the conditions we observed,
PINGP appears to produce a thermal effect on
Lake Pepin only during full-capacity operation
(Figure 16). At 50% operating capacity or less,
no thermal effect on Lake Pepin could be ob-
served. .
Because PINGP’s thermal effluent
appears to be homogenized by entrainment
through Lock and Dam 3, heat transport in the
upper reaches of Pool 4 can be thought of as a
longitudinal downstream gradient.  As the
thermal effluent travels downstream, heat loss
will be a function of the initial heat content
(PINGP thermal effluent load), the prevailing
meteorological conditions, and river flow
(Stefan 1987). Because the rate at which the
heat dissipates depends on these three principal
factors, whether or not Lake Pepin receives a
thermal load will also depend on them.

During a period of impact, Mississippi
River water temperature will be warmer than the
ambient conditions in Lake Pepin (at or very
near 0°C). Thus, how the thermal effect mani-
fests itself in Lake Pepin will depend on water
density differences between the upper riverine
reach of Pool 4 and the water of Lake Pepin.
Density differences will cause the impacted
water to plunge until either hitting the bottom of
the lake or arriving at mid-strata equilibrium
with prevailing lake density gradients. Because
the thermal effect will vary with thermal dis-
charge, river flow, and prevailing meteorologi-
cal conditions, how the effect manifests itself in
Lake Pepin will vary vertically and longitudi-
nally, resulting in an ephemeral, ever shifting
and changing impact.

While no attempt was made to model
the process of heat exchange as a function of
thermal discharge, river flow, and climatological
conditions, whether Lake Pepin receives a
thermal load appears to depend somewhat on
PINGP discharge. During the period of no
-effect on Lake Pepin (1 November 1998 - 14
January 1999), PINGP was only operating at
one-half capacity due to reactor shutdowns. As
soon as both reactors were brought back on line
on 14 January 1999, a thermal effect on Lake
Pepin was observed and continued until 13
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February 1999 when monitoring ceased. The
thermal effect manifested itself primarily in the
main navigation channel, averaging 0.84 °C
warmer than the control site above PINGP’s
discharge point.

Even though we demonstrated that
PINGP effects the temperature of the water
entering Lake Pepin, we could find no evidence
that Lake Pepin resident walleye and sauger
directly responded to it. We found no signifi-
cant correlation between water temperature at
the downstream thermograph sites, and walleye
and sauger position in the lake. Moreover,
walleye and sauger position in the lake did not
significantly differ among months during win-
ter, or between no-effect and effect periods. If
a strong and significant behavioral response to
an altered thermal environment occurred, we
would expect a far greater proportion of winter
telemetry observations to come from the warm-
est reaches of the pool, namely the upper river
and specifically, the tailrace below Lock and
Dam 3. No such behavior was observed. Thus,
we were unable to demonstrate that walleye and
sauger directly responded to temperature during
the winter in our study.

The determination of habitat and ther-
mal preference in situ has proven difficult in
other studies. Part of the problem has been the
lack of control over competing preference
variables (i.e. depth, forage, current, cover,
water clarity), and in the inability to determine
how test fish acclimate to a thermally enhanced
environment. Ross and Siniff (1982) found
yellow perch Perca flavescens tagged from a
thermal discharge bay to select winter tempera-
tures 1°C greater than those observed outside the
discharge bay, however, all of the study fish in
this study were tagged from the discharge bay
and had acclimation histories closely tied to

- power plant discharges. Test fish were also

found to select significantly lower temperatures
than found in laboratory experiments. Thus,
uncontrolled, competing factors, such as forage
availability and physical habitat needs as well as
acclimation history, serve to reduce the strength
of temperature selection in a field situation.
Shuter et al. (1985) used over 50 years
of basic research data to model the effects of a




thermal discharge on a small and localized
smallmouth bass Micropterus dolomieu popula-
tion in Baie du Dore, Lake Huron. Their eco-
logical approach was able to account for com-
peting preference variables and to attribute
changes in distribution and subsequent in-

creased angling mortality to thermal impacts.

from the power plant. Unlike Shuter et al.
(1985), we cannot account for other factors
responsible for walleye and sauger winter
distribution in Lake Pepin. However, as an
initial determination of PINGP effects, we found
no evidence of direct behavioral response to a
thermally altered environment.

Given the apparent ephemeral nature of
the thermal effect on Lake Pepin, factors other
than temperature likely regulate the winter
distribution of walleye and sauger in Pool 4.
Due to the role that acclimation plays in temper-
ature selection, it is more likely that river resi-
dent walleye and sauger, rather than Lake Pepin
residents, would demonstrate behavioral re-
sponses to any PINGP effect on water tempera-
ture, since river resident fish would have accli-
mation histories associated to changes in their
thermal habitat.

While no direct response to temperature
could be demonstrated for Lake Pepin walleye
and sauger, anecdotal information suggests that
our study fish were located in areas that were
not historically significant components of the
ice fishery. The ice fishery primarily focused
on nearshore contour breaks and points through-
out the lower two-thirds of Lake Pepin.
Walleye were found to inhabit the upper one-
third of Lake Pepin throughout the winter period
while sauger were found to almost exclusively
use deepwater flats throughout the mid- and
upper-reaches of Lake Pepin during winter.

Myriad alternative hypotheses about
factors regulating walleye and sauger winter
distribution in Lake Pepin are possible. We
discuss a few that we feel could be likely, but
which will require further work to determine.

First, we relied on relatively older and
larger fish than typically compose the ice fish-
ery. This was required to meet transmitter
weight to fish weight limitations imposed by the

long term design of this study. Size differences .
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in behavior and habitat requirements have been
well documented in many species (Coutant
1987), and could be responsible for the ob-
served winter distribution of study fish.
Second, these observations could be due
to secondary thermal effects acting on preferred
forage. Gizzard shad Dorosoma cepedianum
are an important component of the walleye and
sauger diet in Pool 4 and are near the northern
limit of their range in this system. Thermal
impacts attributable to PINGP may provide the
gizzard shad with thermal refugia during the
winter in Pool 4, resulting in large aggregations
of shad in the upper reaches of Pool 4. It is

. possible that the use of the upper one-third of

the lake by walleye and sauger during winter is
due to a shift in gizzard shad distribution owing
to PINGP thermal effects. While we expected
winter distributions of Lake Pepin resident
walleye and sauger to reflect direct thermal
preference, it may be more beneficial for Lake
Pepin walleye and sauger to reside in the low
current velocity of the upper one-third of Lake
Pepin and to exploit aggregations of gizzard
shad than to reside in the riverine portions of
Pool 4 during the winter. This behavior could
explain the use of the upper reaches of Lake
Pepin by lake resident walleye and sauger, and
why no significantrelationship between temper-
ature and fish position could be found.

Our study focused only on aspects of
this fishery related to fish ecology. Unpublished
data and anecdotal reports suggest that ice
anglers have expended less effort since PINGP
was permitted to change its operating plan in
1983. Much of this change can be attributed to
perceived safety issues. Anglers report that the
frequency of poor ice conditions has increased
since 1983, especially along the Minnesota
shoreline. Our study did demonstrate that a
thermal effect on Lake Pepin attributable to
PINGP occurs during full-operating capacity.
However, we did not investigate the effect any
such impact would have on ice cover conditions
in Lake Pepin.



Spawning habitat and behavior

The type and amount of spawning
habitat available to walleye and sauger varies
annually with river conditions. The type and
amount of spawning habitat also varies longitu-
dinally down the Mississippi River due to
channel separation from backwaters, and
interpool differences in navigation aid con-
structs and shoreline improvements. Pitlo
(1989) identified walleye spawning habitat in
Pool 13 of the Upper Mississippi River. He
found that walleye principally spawn over hard
substrates at water depth ranging from 0.6 t0 6.1
m. Substrates largely consisted of sand, cobble,
gravel, and mussel beds. Gebken and Wright
(1972) found walleye to utilize flooded riprap in
the tailwaters of Pool 7 while Holzer and
VonRuden (1984) found walleye to spawn over
reed canary grass Phalaris arundinacea in
flooded timber in Pool 8. Gangl et al. (In press),
studying both walleye and sauger in Pool 2,
observed spawning migrations into the Minne-
sota River, the tailrace below Lock and Dam 1,
and a small tributary at the head of Pool 2.
Sauger spawning habitat is less well docu-
mented in the Upper Mississippi River, but has
been described to be generally similar to
walleye in many areas. Freiermuth (1986,
1987) studied sauger spawning in Pool 4, and
found sauger utilize wing dams in the tailrace
below Lock and Dam 3 and side channel mar-
gins, composed primarily of sand substrates.

Lastly, in this study, walleye and sauger
were found to partition their spawning habitat
spatially, though not temporally. Temporal
overlap in spawning was observed, and is con-
sistent with spawning temperatures and dates
reported for other Mississippi River populations
(Gebken and Wright 1972; Freiermuth
1986,1987; Pitlo 1989) and the species in gen-
eral (Scott and Crossman 1985). Spatially,
walleye demonstrated preference for flooded
backwater habitats similar to those described by
Holzer and VonRuden (1984) for the Pool 8
population, whereas sauger were found to use
main and side channel areas identical to those
described by Freiermuth (1986, 1987).
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‘Walleye affinity for flooded backwaters
during spawning appeared muted in 1999.
Walleye were observed to migrate to spawning
areas more slowly than in 1998, and to reside
close to shore for several days. This behavior
appears to be related to pool elevation and river
discharge (Figure 15). Peak discharge was 29%
lower in 1999 and did not occur until 20 April,
in contrast to 8 April in 1998. This level of
peak discharge in 1999 corresponded with only
a bank-full flood. While some walleye used
spawning habitat more typical of sauger in Pool
4 in 1999, many of the tagged fish appeared to
delay their spawning until river stage exceeded
flood stage, moving just off the channel margin
into near channel flooded habitat to spawn. In
comparison, in 1998, walleye ran far into
flooded backwaters when river stage was nearly
two meters above flood stage. Walleye made
almost exclusive use of this habitat for spawn-
ing in 1998.

Sauger used similar areas each year for
spawning, and some of the sites we identified
further confirmed Freiermuth’s (1986, 1987)
findings. Sauger spawning habitat does not
appear to be limited in quantity or annual avail-
ability, occurring on and near wing dams in the
Pool 4 tailrace and at several side channel
margin sites within the upper five km of the
pool.

Preferential use of flooded backwater
habitats for spawning by Pool 4 walleye may
have important management implications. As
evidenced during this study, the availability of
backwater habitat can vary considerably on an
annual basis. Moreover, discharge regimes
dictate how long this habitat is available, having
important implications for early life survival of
walleye in Pool 4. Physical processes associ-
ated with spring river dynamics should be
expected to be related to walleye recruitment in
the Pool 4 system. Thorn (1984) identified a
significant correlation between walleye recruit-
ment and spring discharge. It is likely that
other, more precise analyses could be used to
investigate the relationships between walleye
recruitment, their preferential use of flooded
backwater habitat for spawning, and physical
processes associated with spring river dynamics,



_ thereby leading to a better understanding of

recruitment mechanisms of Pool 4 walleye and
sauger populations.

Seasonal habitat and distribution

Seasonal distribution appeared closely
related to habitat use. While walleye and sauger
exhibited similar longitudinal movements, they
partitioned their habitat by depth during all
seasons. In Lake Pepin, depth was partitioned
by walleye preferring the tops, or shallow
portions of near shore contour breaks, while
sauger preferred the base, or deep portions of
these breaks. Winter and spring were transi-
tional periods for both species with slow, grad-
ual, and continual uplake movements occurring
during winter and rapid movements to and from
spawning areas in the upper river occurring
during spring. Return to Lake Pepin following
spawning resulted in walleye establishing small
summer home ranges and a largely sedentary
existence. Homing, defined as the return to a
place formerly inhabited rather than going to
other equally likely places, was demonstrated by
walleye following spawning. Homing behavior
in walleye has been reported by Crowe (1962),
Olson et al. (1978), and Olson and Scidmore
(1962). Jennings et al. (1996) presented evi-
dence that homing in walleye has a heritable
component.

Management Implications and Future Work

Our research demonstrated that a
thermal effect on Lake Pepin is possible during
full-capacity operation of PINGP. While no
direct thermal preference, and hence impact
could be demonstrated for walleye and sauger,
secondary effects related to changes in forage
distribution attributable to thermal effects are
potentially possible. We feel, however, that
such hypotheses are largely untestable in situ.
While inference on such linkages could be
gained by studying gizzard shad winter distribu-
tions and walleye and sauger winter diets,
thermal causation would require experimental
manipulation of PINGP thermal discharge
regimes. We view this prospect as unlikely.
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While PINGP’s thermal effects on the
winter ecology of Lake Pepin walleye and
sauger appear benign, we do not discount that
the thermal effects observed under full operat-
ing capacity could have detrimental effects on
ice cover. It is widely held that during ice
cover, the Minnesota shoreline of Lake Pepin is
considerably more treacherous than the Wiscon-
sin shoreline. This is consistent with our empir-
ical observation that the Minnesota shoreline
receives the majority of the thermal load, ema-
nating from the main navigation channel. If
managers wish to manage for a winter ice
fishery on Lake Pepin, they must first decide if
ice safety issues are currently limiting ice an-
gling participation. If so, they must then decide
if the thermal loading to the head of Lake Pepin
observed during this study is sufficient to war-
rant consideration of ice safety issues. Because
ice dynamics on Lake Pepin depend upon cli-
mate, river flow, and PINGP discharge compo-
nents (Stefan 1987), managers would need to
design a study that accounts for all of these
factors.

The principal use of flooded backwater
habitats for spawning by walleye has important
management implications. - The dynamic and
variable physical processes that dictate the
amount of backwater habitat available, and the
duration of its availability should be quantified
in an effort to better understand and perhaps
sustain walleye recruitment processes in Pool 4.
This is especially critical in light of proposed
USCOE modifications of Lock and Dam 3 that
may close off some backwater areas, and may
indirectly affect the annual availability and
functional utility of others. In the longer term,
there is a need to understand recruitment pro-
cesses in backwater spawning walleye popula-
tions so that the long term effects of impound-
ment can be assessed.

Managers should consider how habitat
partitioning between walleye and sauger in Pool
4 (specifically Lake Pepin) may affect their
stock assessment estimates. Information on
seasonal movements can be utilized to improve
stock assessment methods. Historical data
should be analyzed with a focus on nearshore
fish community changes that could have re-



sulted in winter distributional shifts for sauger.
Examples include changes in forage abundance,
type, and preference; changes in size distribu-
tion of sauger over time; and abundance of
potential competitors. '
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