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Abstract - W conpared catch data for age-0 wall eyes Stizoste-
dion vitreumusing night electrofishing in 18 M nnesota | akes

t hroughout the fall 1996 over a w de range of water tenperatures
(4-25°C). The relationship between el ectrofishing catch-per-
hour (CPE) of age-0 walleyes and tenperature showed a curvilin-
ear pattern, with CPE rising and peaking at 18.6°C, and declin-
ing thereafter as water tenperature cool ed throughout the fall.
Three different patterns of CPE were observed within subsets of
the data, but peak CPE generally occurred at internediate water
tenperatures, and declines in CPE generally occurred when water
t enperature dropped bel ow 10°C. Mean lengths differed signifi-
cantly between August and Septenber in all but three |akes, but
did not differ significantly between Septenber and Cctober ex-
cept in two | akes. For managers w shing to assess age-0 wall-
eye abundance prior to stocking advanced fall fingerlings, our
data suggest that fall assessnments should target water tenpera-
tures between 20° and 10°C. If the size of age-0 wall eyes en-
tering the first winter is critical data to obtain, assessnents
shoul d be perforned towards the end of Septenber, but before the
wat er tenperature falls below 10°C. For reliable |ong-termdata
sets on individual |akes, we recommend managers plan sanpling
schedul es so that individual |akes are sanpled at simlar tem

perature ranges fromone year to the next.



| nt roduction

Monitoring rel ative abundance of age-0 wal |l eyes Stizoste-
dion vitreumis an inportant managenent activity for predicting
future year class strength. Assessnents targeting age-0 wall -
eyes are typically performed using electrofishing at night in
| ate sumrer and fall (Serns 1982, 1983; Ngu and Km eci k 1993).
Managers often use catch-per-unit-effort (CPE) indices to eval u-
ate year class strength, often conparing CPE indices anong | akes
and years. This technique is generally accepted after Serns
(1982) found a positive and significant relationship between
fall electrofishing CPE and density of age-0 walleyes in Wscon-
sin | akes.

Wat er tenperature has been reported to affect el ectrofish-
ing catch rates of |argenouth bass M cropterus sal noi des. Car-
line et al. (1984) found that the vulnerability of |argenouth
bass to electrofishing was closely linked to water tenperature,
and presuned this was due to seasonal habitat shifts. Hal
(1986) reported that |argenmouth bass of all sizes are not col -
| ected effectively with electrofishing gear in water tenpera-
tures below 6°C. However, simlar information for wall eye was
unavai | abl e.

Sampling for age-0 walleyes in the fall using electrofish-
ing in Wsconsin dates back to the 1950's (Kenpi nger and Chur-

chill 1972). Tribes in Wsconsin began using electrofishing to



sanpl e age-0 wal | eyes after they began to exercise treaty fish-
ing rights in the md 1980s (Goyke et al. 1993, 1994; Ngu and
Km eci k 1993). Electrofishing has only recently been used in

M nnesota as a tool for establishing CPE indices for age-0 wall -
eye. Based upon differing work | oads both within the M nnesota
Department of Natural Resources (MNDNR) and the various tribal
natural resource departnents, it has been difficult to reach a
consensus as to when to conduct simlar surveys in M nnesota,
and to coordi nate assessnent activities to coincide over simlar
tenperature conditions. Wter tenperatures throughout the fal
in Mnnesota can often vary substantially over a two-week pe-
riod. Consequently, sanpling schedules that span nore than a
two-week period will often encounter col der water tenperatures
in the later portion of the schedule than at the onset. If wa-
ter tenperature affects wall eye electrofishing catch rates, this
could bias results. Therefore, the Fond du Lac Band of Lake Su-
perior Chippewa and the MNDNR devel oped this study as a coopera-
tive effort to determne: 1) if catch rates of age-0 wall eye
were affected by water tenperature within a lake; 2) if patterns
of CPE versus water tenperature were simlar anong | akes; and 3)

when growt h of age-0 wall eye ceased.

Met hods

Ei ghteen | akes were selected for this study that all owed



replication in six Mnnesota | ake classes (Schupp 1992) repre-
sentative of the variety of lake types in the state (Table 1).
Study lakes in classes 5 and 16 were soft-water | akes | ocated in
nort heast M nnesota. Cass 22, 25, and 27 | akes were hard-water
systens |located in central and western M nnesota. ass 41

| akes were shallow, eutrophic |akes in southern M nnesota.

Pul sed DC el ectrofishing assessnents were conducted on
relatively cal mnights using boom shocki ng equipment. |If w nd
or rain was suspected to be a problem affecting dipnetter visi-
bility and capture efficiency, surveys were suspended until the
next evening. Boat, electrode configuration, and nunber of net-
ters was held constant within each | ake over the sanpling pe-
riod. Surface water tenperatures were taken at each sanpling
station. The starting and endi ng points of each sanpling sta-
tion were identified and recorded using either a geographic po-
sitioning systemunit or permanent |andmarks to ensure that sta-
tions were accurately repeated in subsequent surveys.

Sanmpl i ng began the | ast week of August at water tenpera-
tures equal to or greater than 20°C. Mst | akes were assessed
four to six times over the course of the study. Each | ake was
sanpl ed approxi mately every 7 to 14 nights into | ate Cctober or
early Novenber (water tenperatures o 10°C). This allowed for
sanpling over the tine period nost often used by the Wsconsin

DNR, W sconsin Indian Tribes and the U S. Fish and WIldlife Ser-



vice (USFW5) for age-0 wall eye sanpling (Serns 1982; Frank
St one, USFW5, Ashl and Fi sheries Resources Ofice, personal com
muni cati on).

Presunmed age-0 and age-1 wal |l eyes inmobilized by the el ec-
trofishing gear were collected. Walleyes were neasured to the
nearest mllineter, and scales taken fromfive individuals per
10 mm size group for age analysis. Willeyes were aged by count-
ing annuli on scales to separate age-0 fromage-1 fish. Age-0
wal | eye CPE was cal cul ated for each sanpling station as catch-
per - hour of electrofishing tine. Due to substantial differences
in CPE anong | akes, CPE was standardi zed by dividing the nunber
of age-0 wal | eyes sanpl ed each night by the total nunber of age-
0 wal | eyes sanpled for each lake. This was multiplied by 100 to
get a percentage for each night’s sanpling efforts. This nethod
mai nt ai ned the observed pattern of CPE within each | ake while
standardi zing all |akes to the same scale. Regression analysis
was perfornmed on standardi zed CPEs.

One way anal ysis of variance was used to determne if nean
| ength differed anong sanples for each |lake. |If statistically
significant differences (P < 0.05) were detected, Bonferron

mul ti pl e conpari sons were conduct ed.

Resul ts and D scussi on

Catch-per-effort of age-0 walleyes ranged fromO0.0 fish/h



(Wiite Earth Lake 8°C, and Spi der Lake 4°C, Table 1) to 833.0 =«
115.2 fish/h of electrofishing (Jennie Lake 17°C, Table 1).
Age-0 CPE was plotted against water tenperature for each | ake
(Figure 1). No clear single pattern was observed between CPE
and water tenperature for all |akes. However, three patterns
wer e observed in subsets of the data. 1In the two | akes repre-
senting | ake class 27, Anelia and Big Wlf, and in Wndy Lake
(lake class 5), CPE declined as water tenperature cool ed (Table
1). Regression analysis on standardi zed CPEs showed this rel a-
tionship to be significant (Figure 2, Pattern 1). Wth the ex-
ception of the sanple collected at 19°C, CPE declined with de-
creasing tenperature in Big Cornorant Lake as well (Table 1).

The nbst comon pattern observed in the data was a rel a-
tively low CPE at the highest tenperatures, CPE peaking at tem
peratures between 18°C and 13°C, then declining at |ower tem
peratures. This pattern was observed in nine | akes representing
five | ake classes: WIlson (class 5); WIld R ce and Witeface
(class 16); Bass, Wite Earth, and Bem dji (class 22); Spider
(class 25); and Washington and Jennie (class 41) (Figure 1).
Pool i ng the standardi zed CPEs for these | akes showed a highly
significant relationship (Figure 2, Pattern 2), with a nmaxi num
CPE observed at 16. 6°C

The third pattern was observed in two of the |lakes within



| ake class 41. |In Cannon and Upper Sakatah | akes, catch rates
i ncreased throughout the fall as tenperatures declined (Table 1,
Figure 1). Conbined standardi zed CPEs for these 2 | akes are
presented in Figure 2 (Pattern 3).

Wth the exception of Dunbbell (|ake class 5), Upper Sa-
kat ah (| ake class 41) and Sylvan | akes (| ake class 25), all
| akes surveyed at tenperatures bel ow 10°C showed sone decline in
catch rates (Table 1). However, the CPE val ues observed on
Dumbbel | and Syl van | akes were very |low at all tenperatures sam
pled. O the 20 | akes sanpled, only Upper Sakatah had a high
CPE and an increase in CPE at a tenperature |ess than 10°C
(Table 1). Pooling the standardized CPEs for all |akes showed
an overall relationship between age-0 wall eye CPE and water tem
perature to be quadratic, with a peak in CPE at 18.6°C, and CPEs
declining above and below this tenperature (Figure 3).

Mean | ength of sanpl ed wall eyes increased throughout the
sanpling season (Table 1). Willeyes fromthe first sanpling
date on nost |akes were significantly smaller than wall eyes from
| ater sanples (Table 1). Forney (1976) found that age-0 wall -
eyes in Oneida Lake, New York, continued to grow in Septenber,
but very little gromh occurred after October 1. |In our study
| akes, only Upper Sakatah Lake had a significant increase in
mean length in October. Significant growh either was not ob-

served in the other | akes, or catch rates were too |ow at the



| oner water tenperatures to make any inferences concerning
grow h in Cctober.

VWhile gromh may have accounted for sonme of the observed
increase in nean length as the fall progressed, size-related
nortality could al so have been a factor (Larscheid 1995; Johnson
et al. 1996). Predation by other species, e.g., northern pike
Esox lucius, and cannibalismare nost intense on smaller nmenbers
of the age-0 cohort (Chevalier 1973). |If this was the case on
our study | akes, it could have caused the nmean | ength of sanpled
age-0 wal l eyes to increase even if significant growth did not
occur.

In addition, predation may have been the cause for declin-
ing CPEs in several of the | akes, as individuals were renoved
bet ween sanpling efforts. However, increases in CPEs observed
in several of the |akes at internediate tenperatures (Table 1,
Figure 1) suggest that tenperature does have at |east sone ef-
fect on catch rates in age-0 wall eye.

When pl anni ng age-0 wal | eye assessnents, nanagers nust tar-
get the tine period when individuals are nost likely to be vul -
nerable to the capture gear. The fish nmust be inshore and | arge
enough to be effectively sanpled (Coble 1992). In Mnnesota, by
| at e August, age-0 wal | eyes are both | arge enough and can be
present in shallow water. Qur data suggest that by |ate Cctober

or early Novenber, age-0 walleyes are no |longer as vulnerable to



el ectrofishing, though sone exceptions were noted. The age-0
wal | eyes may have left the shallows to find preferred water tem
peratures, to follow prey species, or to avoid predators. W
did not collect other species or adult walleyes during el ec-
trofishing in order to concentrate on collecting all juvenile
wal | eyes. However, when catch rates of age-0 walleyes were the
| onest, nore adult wall eyes and northern pi ke were observed in

t he shal | ow water habitat.

Qur data suggest that water tenperature directly affected
the catch rates for age-0 walleyes during the fall 1996. |de-
ally, age-0 walleye assessnents shoul d be conducted over the
range of fall water tenperatures. However, fishery nmanagers re-
sponsible for nultiple | akes often do not have this luxury, and
must make deci sions based on few, generally one, sanples. W
reconmmend that managers set sanpling schedul es that target water
t enperatures between 10 and 20°C. \We believe that anong-I|ake
conparisons are not as inportant to managers as anobng-year com
parisons within | akes. W therefore recomend that managers set
sanpling schedules so that a | ake is sanpled around the sane wa-
ter tenperature each year. Wthin-|ake conparisons for |ong-
termtrend data wll be nmuch nore reliable, even if the particu-
| ar | ake is sanpled at either tenperature extrene.

Sanpl es collected early in the fall would allow managers to

identify |akes with [arge nunbers of naturally-produced or fry-



st ocki ng- produced wal | eye fingerlings, and target expensive and
limted advanced-fall fingerlings to | akes wi thout substanti al
nunbers of age-0 wall eye already present. Nunerous studies have
denonstrated that wall eye or sauger Stizostedi on canadense fin-
gerling stockings are nmuch nore successful if an age-0 year
class is not already present (LaJeone et al. 1992; Larscheid
1995; Hei di nger and Brooks 1998). If no supplenental fingerling
stocking is planned, sanpling should be conducted toward the
cool er end of our recommended tenperature range when growth is
conpl eted. Previous studies have suggested that age-0 wal | eyes
need to reach a certain critical size to have the highest rate
of survival over their first winter (Forney 1976; Madenjian et
al. 1991). Forney (1976) suggested that this critical size is
175 mmin Oneida Lake, New York. |If the bulk of the age-0 co-
hort exceeded this total length by the end of the grow ng sea-
son, the duration of their exposure to canni balismwould be re-
duced, and recruitment would be relatively high (Forney 1976).

If first year growh was slower, age-0 walleyes woul d be exposed
to canni balismby ol der walleyes for |onger periods of tine.
Bot h Forney (1976) and Madenjian et al. (1991) attributed over-
W nter size-selected nortality of age-0 walleyes to cannibalism
In MIle Lacs Lake, M nnesota, year classes with the |argest
nmean | engths typically led to strong year classes, while the

year classes with the shortest nmean | engths were typically weak.



The 1988 year class averaged 160 mmgoing into the first w nter,
and an exceptional year class occurred, while the 1985 year
class, 93 mmat the end of the fall, was essentially non-

exi stent in subsequent years (R Bruesewitz, M nnesota Depart-
ment of Natural Resources, personal communication). Qur data
suggest that the nean length of age-0 walleyes in M nnesota does
not change after the end of Septenber, either because of a ces-
sation of gromh or smaller nenbers of the cohort having been

| ost to predation. Managers interested in the nean |ength en-
tering the first winter should concentrate sanpling efforts to-
wards the end of Septenber and into Cctober, but still prior to

t he water tenperature dropping bel ow 10°C
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Table 1. Summary statistics of nightly electrofishing for age-0 wall eye col -
lected fromstudy | akes during fall 1996. Age 0 indicates the total nunber
(N) of age-0 walleye sanpled each night. The nean catch-per-effort (hour)
(CPE) for age-0 walleye by sanpling station, with the standard error in pa-
rentheses. Mean length is reported in nm with the standard error in paren-
theses. Letters follow ng nean | ength denote results of Bonferroni conpari -
sons after significant analysis of variance results; neans with different

letters were significant at o = 0.05

Lake Dat e Tenmp Age O CPE( SE) Mean
(Lake cl ass) (°O (N) | ength (SE)
Dunbbel | Lake 5 Sep 22 14 6.0(4.4) 127(2)
(Lake class 5% 15 Sep 18 11 4.9(3.4) 130(3)

30 Sep 12 12 5.6(5.1) 129(3)

15 Cct 8 14 6.5(5.9) 140(5)
W | son Lake 2 Sep 21 9 2.8(2.8) 104(4)
(Lake class 5) 16 Sep 18 19 8.8(3.2) 105(4)

1 Cct 12 3 1.5(0.7) 99(9)

16 Cct 9 1 0.4(0. 4) 114(0)
W ndy Lake 4 Sep 23 33 16. 0(4. 2) 130(2) z
(Lake class 5) 18 Sep 18 24 11.0(2. 4) 140(3) vy

29 Sep 12 18 9.2(2.6) 145(3) vy

14 Cct 8 8 4.0(1.5) 147(4) vy
Wi t ef ace 25 Aug 23 72 38.7(9.5) 119(1) =z
Reservoir 11 Sep 20 116 54.4(16.4) 130(1) vy
(Lake class 16°) 22 Sep 16 158 83.2(17.0) 132(1) vy

6 Cct 11 86 48.1(8. 4) 137(1) x

27 Cct 7 38 26.8(8.9) 140(2) x
Wld Rice Lake 27 Aug 23 1 0. 3(0.2) 97(0)
(Lake class 16) 10 Sep 21 3 1.9(1.3) 135(2)

24 Sep 15 6 4.1(2.4) 129(6)

7 Cct 10 3 1.2(0.8) 122(6)
Fourni |l e Lake 3 Sep 24 36 21.6(6.1) 114(2) z
(Lake class 16) 17 Sep 18 28 17.9(6.0) 127(3) vy

2 Cct 10 34 23.0(5.3) 127(2) vy

13 Cct 8 20 10. 1( 1. 6) 119(4) zy
Bi g Cor nor ant 26 Aug 22 41 20.5(10.3) 140(2) =z
(Lake class 22° 16 Sep 19 3 3.0(1.2) 152(6) vy

24 Sep 16 30 16. 2( 6. 6) 154(3) vy

15 Cct 13 10 6.0(3.5) 159(5) vy

22 Cct 9 3 3. 3(0.6) 132(21) z
White Earth 29 Aug 23 22 12.8(4.3) 134(2) z
(Lake class 22) 17 Sep 18 30 21.4(4.7) 143(3) vy

9 Cct 12 9 8.4(4.1) 125(5) z

23 Oct 8 0 0. 0(0. 0)
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Jenni e 28 Aug 25 539 447.7(72.5) 163(1) z
(Lake class 41) 17 Sep 19 604 604.0(33.1) 176(1) vy
24 Sep 17 833 833.0(115.2) 180(1) x

3 Cct 13 565 565.0(13.5) 184(1) x

22 Cxct 8 133 133.0(23.9) 186(2) x

7 Nov 3 19 19.0(4.9) 195(4) x

Washi ngt on 27 Aug 24 19 14.1(3. 2) 148(3) =z
(Lake class 41) 16 Sep 19 11 8.7(2.6) 171(5) vy
23 Sep 16 32 25.1(4. 4) 177(3) vy

2 Cct 13 44 34.1(8.8) 184(3) vy

21 Cct 9 7 5.8(2.8) 180(4) vy

6 Nov 3 6 4.8(2.6) 163(5) z

After Schupp (1992),

2 and P Lake classes 5 and 16 are softwater |akes in northeastern M nnesot a.
¢ 9 and © Lake classes 22, 25, and 27 are hardwater |akes in central and
west ern M nnesot a.

" Lake class 41 indicates shallow, eutrophic |akes in southern M nnesot a.




Figure 1. Electrofishing catch-per-hour (CPE) of age-0 wall eyes
during fall 1996 on 18 | akes representing 6 different M nnesota
| ake cl asses.
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Figure 2. Standardized catch rates (catch-per-hour, CPE) of
age-0 wal | eyes verses tenperature for | akes sanpled during fal
1996. Catch rates were standardi zed by taking the nunber of
age-0 wal | eyes sanpl ed each night, dividing it by the total num
ber of age-0 wall eye sanpl ed throughout the study for each | ake,
and nmultiplying by 100 to give a percentage for each night’s
sanple. Pattern 1 |akes include Anelia, Big Wl f, and W ndy
Lakes. Pattern 2 |akes include Bass, Bem dji, Jennie, Spider,
Washi ngton, Wiite Earth, Wi teface, WId R ce, and WIson Lakes.
Pattern 3 | akes were Cannon and Upper Sakatah Lakes.
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Figure 3. Standardized catch rates (catch-per-hour, CPE) of
age-0 wal | eyes verses tenperature for all |akes sanpled during
fall 1996. Catch rates were standardi zed by taking the nunber
of age-0 wal | eye sanpl ed each night, dividing it by the total
nunber of age-0 wal |l eye sanpl ed throughout the study for each
| ake, and multiplying by 100 to give a percentage for each

ni ght’s sanpl e.
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