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STUDY OBJECTIVE

To detenmine the uiique contribution of natwwal production and stocked
Larvae to the 0-age walleye population in Spinit Lake and Ldentify the factons
which ingluence the abundance and distribution, production, and survival of
embryonic, Larval and fuvenile walleye and yellow perch.

JOB 1 OBJECTIVE

To determine the numerical abundance, distribution, swwival and reproduction
04 Larval walleye and yellow perch in Spirnit Lake.

INTRODUCTION AND STUDY BACKGROUND

Walleye and yellow perch are important sport fish species in Spirit Lake
ranking third and second in harvest surveys. Maintenance of a productive walleye
and yellow perch fishery, which has intense angler pressure, is dependent upon
continual development and eventual recruitment of year classes into the fishery.
In turn, year class abundance is dependent upon the extent and magnitude of
natural production and/or supplemental stockings of larval and juvenile fishes,
and survival through critical life stages.

Previous walleye studies at Spirit Lake have for the most part concentrated
on adult populations. Population estimates were made in 1947, 1954, 1961-63 and
1967-72. Numerical estimates showed the adult walleye population fluctuated
widely, ranging from 27,645 (Moen, 1961) to nearly 80,000 in 1973 (Jennings,
1965). Exploitation of the walleye sport fishery ranged from 11% in 1954 to 50%
in 1963, averaging nearly 29% annually. Walleye catch ranged from 5,674 in 1969
to over 42,000 in 1960, with nearly 23,000 harvested annually from 1956 through
1973,

Annual stockings of larval walleye have been conducted for several decades
at Spirit Lake, although the unique contribution of these larvae to the 0-age
population was never ascertained. Rose (1954) found that years when no larval
walleye were stocked, from 1944 to 1948, there was a paucity of fingerling walleye
compared to years when approximately 7,500 larvae/ha (3,000 per acre) were stocked,
indicating larval walleye plantings directly affected year class abundance.
However, during the same period Rose found a dramatic decrease in the white bass
population, and the effect of the declining predacious bass on the survival and
abupdance of 0O-age walleye could not be determined.

In addition to the annual sac fry stockings, fingerling walleye have been
stocked periodically in Spirit Lake. Rose (1959) evaluated a 1956 fingerling
stocking and found they contributed 11.8% to year class strength. Jennings
(1970) reported fingerling walleye stocked from 1964 through 1967 comprised 3.2%,
12.9%, 1.3% and .7% of their respective year classes. The stocking of fingerling
walleye to supplement natural reproduction in Spirit Lake was not considered
completely successful.



Yellow perch is the second most important sport fish species in total
harvest statistics. Creel surveys conducted between 1956 and 1973 showed yellow
perch harvest ranged from about 6,000 in 1961 to over 109,000 in 1971, averaging
nearly 45,000 yearly. Annual population surveys indicated high abundances of
young perch occurred in 1954, 1956, 1968 and 1969. Harvest records showed above
average catches of perch were recorded in 1958, 1959, 1962, 1963, 1969, 1970 and
1971, roughly corresponding to the peak population survey numbers, indicating
direct association between year class abundance and harvest.

The overall objective of this study was to determine the unique contribution
of stocked larval walleye to the O-age walleye population and to determine the
abundance, distribution, survival and production of 0O-age walleye and yellow
perch with emphasis on the interrelationship between these closely related fishes.

DESCRIPTION SPIRIT LAKE

PHYSTCAL CHARACTERISTICS

Spirit Lake is a shallow, eutrophic lake located in Dickinson County. It
is the largest natural lake in Iowa encompassing a surface area of 2,168 ha
(5,280 ac) with a maximum depth of 7.3 m (24 ft) and a mean depth of 5.2 m (17 ft).
The basin is bowl-shaped, with gradually sloping sides, and at a depth of
approximately 6 m (20 ft) has extensive muck flats. Rocky shoals line much of
the eastern, northern and western shores, and there are several prominent rock
reefs. The lake is homothermous, with dissolved oxygen adequate to support
aquatic life at all depths.

Total watershed area of Spirit Lake is about 13,500 ha (32,893 ac), including
individual watersheds of lakes draining into Spirit Lake, in addition to 3,500 ha
(8,523 ac) in lakes and marshes. The surrounding topography is flat or gently
rolling with much of the land intensively row cropped.

CHEMICAL PARAMETERS

Chemical parameters were measured at weekly intervals in conjunction with the
sampling of 0-age fish populations. Six parameters were monitored; pH, alkalinity,
hardness, dissolved oxygen, water clarity using a Secchi disc, and temperature.

There was little change in pH, either horizontally or vertically, throughout
the study. In 1973, pH values ranged from 8.5 to 8.6 with a mean of 8.5 (Table 1).
The next year pll values varied from 8.5 to 8.7, with a mean of 8.6. Analytical
procedures for determining hardness, and alkalinity were changed between years to
obtain more accurate and precise readings. The first year sample was processed
with a Hach Model AL-30VR and the second year with a Hach Colorimetric kit. Total
alkalinity ranged from 188 mg/1-256 mg/l in 1973 with a mean of 217 mg/l, with no
apparent seasonal trend (Table 1). In 1974, alkalinity remained at 190 mg/l
throughout the sampling period, probably due to the improved technique for measuring
the component.



Table 1. Chemical characteristics for six water quality parameters based on
weekly samples from Spirit Lake, 1973-1974.

1973 1974

Parameter Mean Range Mean Range
pll 8.5 8.5- 8.6 8.6 85— Ba?
Total hardness (mg/1) 243 205 -256 227 220 =250
Alkalinity (mg/1) 217 188 -256 190
Dissolved oxygen (mg/l) 8.9 8.0- 10.1 8.9 7.6~ 11,2
Temperature (°C) 1g7asle) 10.5- 24.0 17.8 12.0- 22.6
Secchi disc (m) 2l WO BT i3 1.0- 4.6

Total hardness values ranged from 205 mg/1-256 mg/l in 1973, with a mean of
243 mg/l. 1In 1974, hardness values ranged from 220 to 250 mg/l, with a mean of
227 mg/1. Total hardness in 1973 during May and early June remained near 256 mg/l,
subsequently dropping to 205-239 mg/l1 in late June and early July. During 1974,
hardness values did not show a similar seasonal decrease.

Dissolved oxygen was always adequate to maintain aquatic life throughout
Spirit Lake. In 1973, dissolved oxygen ranged from 8.0-10.1 mg/l, with a mean of
8.9 mg/l. 1In 1974, dissolved oxygen ranged from 7.6-11.2 mg/l and had a mean of
8.9 mg/l.

Secchi disc measurements in Spirit Lake reflected mostly changes in plankton
abundance, since silt turbidity was not a problem. Measurements in 1973 showed
heavy presence of plankton early in May, in contrast to a lack of plankton
during early May in 1974. Measurements in late May and June showed plankton
fairly abundant in both years. Overall mean Secchi disc readings averaged 2.1 m
in 1973 and 1.8 m in 1974.

Temperature profiles showed homothermic characteristics in Spirit Lake with
little or no differences found between surface and subsurface readings. The mean
temperature in 1973 was 17.9°C with a range of 10.5-24.0°C from early May through
mid-July. 1In 1974 the mean temperature was 17.8°C with a range of 12.0-22.6°C
in the same time period. The large divergence occurred in early May between
years, with the temperatures in 1974 much higher in early spring.



METHODS AND PROCEDURES

Sampling of O-age fish populations was conducted in 9 weekly intervals
commencing on the week of 7 May, 1973 and 6 May, 1974, at 8 stations. Sampling
stations were located in a variety of habitats, (Figure 1) including shallow
water and midwater areas. Six stations were located in shallow water and
designated Stations 1-6. Two midwater stations were sampled at the surface and
at a depth of 3.1 m (10 ft) and designated Stations 7A and 8A for the surface
tows and 7B and 8B for deep water tows.

The tow net was conically-shaped, approximately 3 m long (9.8 ft) constructed
of .79 mm (.03 inches) nylon mesh. A .75 m (2.4 ft) diameter metal ring was used
to maintain the opening and provide rigid support for the towing bridle.

Surface samples were collected by towing the net about 12 m (40 ft) directly
behind the boat. A weight attached to one of the towing bridle chains hung below
and behind the ring perimeter and maintained net stability and proper depth. Sub-
surface samples were collected by attaching the towing bridle to a stand pipe
fixed at the side of the boat at 3.1 m depth (10 ft).

Tows were 5 minutes in duration. Length of each tow was measured using a
General Oceanics Digital Flowmeter (Model 2030) attached to the towing bridle with
the flowmeter centered in the net. The volume of water strained during each tow
was adjusted to 1,000 m.

Samples were immediately preserved in 10% buffered formalin for later sorting.
After sorting the larval fish were preserved in 4% buffered formalin. Identifica-
tion of larval walleye and yellow perch was based on taxonimic keys by May and
Gasaway (1967), Norden (1961), Nelson (1968), Mansueti (1964) and Fish (1932).
After identification, walleye and yellow perch larvae were individually measured
for body length and weighed in aggregate.

Catch per standardized net haul were transformed by the function
Yijk = logjo(Xy5% + 1)

where Y;iy was the logjp transformation of X;., + 1 and X;:, was the adjusted
.1 h s -th el ‘th 1%k >
catch in”"the kth interval at the j statioon”in the ith year. Transformation

was necessary to achieve uniform variance among residuals.

Sources of variation in the numerical catch data of each species were
determined by factorial analysis of variance of the transformed catch data in a
fixed effects model. The station-interval and year-station-interval interactions
were pooled to derive the error mean square sinxe neither interaction was of
practical use in the analysis. Residual mean squares were unbiased estimates of
error for the transformed data after deviations due to the main effects and inter-
actions were accounted for in the total variance. All tests of significance were
at the .05 level of probability.



Fiigure 1.

Location of sampling stations at Spirit Lake.



The numerical density of O-age walleye and yellow perch was derived for
each sampling interval for use in production estimates by volumetric extrapolation.
The mean number of larval fish caught per sampling interval was multiplied by the
number of tows containing 1,000 m3 required to strain the entire lake volume.
Volumetric stratification of Spirit Lake into sampling fractions was unnecessary
in deriving numerical estimates because 0-age fish were distributed uniformly.

Production of O-age walleye and yellow perch was computed by the function
described by Ricker (see Chapman, 1968),

where P, represented total production, G equalled instantaneous growth and B
mean biomass.

Mean biomass was computed as the mean body weight of the 0-age fish popula-
tions at the same sampling intervals.

Instantaneous growth was computed as the geometric change in body weight
between sampling intervals from the equation

loge(wtn+l) - 1oge(wtn)
At

where G was the instantaneous growth coefficient, wt ,; was the mean weight in
interval n + 1 and wt, was the mean weight in the preceedlng interval.

Instantaneous mortality was computed from the geometric change in 0-age fish
density from the peak numerical catch and each following interval by the function

_ -(loge2 - logel)
At

where log,2 and 1 are the transformed catch means and At the sample interval.
Annual mortality (A) was computed in the usual fashion from a table of exponential
functions. Survival was estimated as the compliment of annual mortality, where
Sh=rd LA,

Estimated contributions of stocked walleye to the O-age walleye populations
were measured by two methods. First, the contribution was determined as the
percent of surviving stocked larvae to the estimated numerical population on the
first sampling date. Second, the contribution was derived as a percent of stocked
sac fry to the estimated survival of stocked fry plus naturally produced walleye
larvae on the last day of stocking. Natural reproduct1ve potential was estimated
by multiplying the number of fry hatched per m? by 292 ha (720 ac), the area within
the 3.1 m (10 ft) contours. Percent estimates of the contribution in succeeding
intervals were constant, since factors influencing mortality would act on stocked
and naturally produced laval walleye alike.



FINDINGS

0-AGE WALLEYE ABUNDANCE AND DISTRIBUTION

Abundance of 0-age walleye in the net tows decreased significantly between
1973 and 1974. Overall catch mean was 2,5 larvae per standardized tow haul in
1973 and .9 per tow in 1974. Seasonally, maximum catches of walleye larvae
occurred during the first sampling interval both years and thereafter
systematically decreased (Figure 2). The highest catch mean per tow net haul in
1973 was 13.9 fish per haul, decreasing to 3.9 fish in the next interval, followed
by 3.4 fishin the third interval and 1.8 fish in the fourth sampling interval
(Table 2).

In 1974, a similar decrease in catch occurred between the first and second
sampling intervals, from 8.0 larvae in the first sampling interval to .4 larvae
in the following interval (Table 2). No larval walleye were captured after the
second sampling interval.

Walleye larvae were uniformly distributed throughout Spirit Lake both years
(Table 3). Lack of significant variation precluded dividing the lake into volu-
metric fractions for computation of population density. Density of larval fish
populations was computed directly from the mean catch in each sampling interval.

0-AGE WALLEYE SURVIVAL AND MORTALITY

The instantaneous mortality in 1973 was estimated at .68 and in 1974 it was
2.99. Annual mortality was 49% and 95% for these seasons, respectively. Survival
of walleye larvae was 51% and 55%.

Mortality during thefirst two sampling intervals was higher than other
periods. In 1973 it was 72% and 94.9% in 1974. Noble (1972) found mortality of
95% and 96% among Oneida Lake walleye larvae for a two week period. Larval
walleye at Oneida Lake were slightly larger ranging from 10-18 mm TL with larvae
at Spirit Lake ranging from 9-15 mm TL during the two week period.

0-AGE WALLEYE GROWTH

Total length of larval walleye was measured from 50 fish in 1973 and 30 fish
in 1974. Weekly mean body length in 1973 was 8.8, 9.2, 11.3 and 15.4 mm TL from
early through late May (Table 4). The length-weight relationship for larval
walleye in 1973 was logjgW = -5.48 + 3.10 logjpl (» = .99).

Total length of larval walleye in 1974 was 9.5 and 9.4 mm TL in the first two
sampling intervals. Catch data were insufficient for computation of the length-
weight relationship.

Growth of larval walleye during 1973 compared favorably with growth of 0O-age
walleye in the Little Cutfoot Sioux Lakes, Minnesota (Johnson, 1969) and in
Oneida Lake, New York (Forney, 1966). Growth of Spirit Lake larval walleye also
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Table 2. Catch of O-age walleye in standardized .75 meter tow net hauls
expressed in number per 1,000 m3 at Spirit Lake, 1973-74. Catch
values in each cell are the mean of two simultaneous tows in 1974.
Sampling
Year station Sampling interval
1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6
1 0 6.8 0 4.6 0 0 0 0 0
2 6.8 9.0 0 0 0 0 0 0 0
3 4.6 0 0 0 0 0 0 0 0
4 25,1 4.6 0 0 0 0 0 0 0
5 11.4 91 6.8 0 0 0 0 0 0
6 2753 0 0 0 0 0 0 0 0
7A 1 0 0 0 0 0 0 0 0
7B 0 9.1 1549 9.1 0 0 0 0 0
8A 41.0 0 0 0 0 0 0 0 0
8B 10574 0 1L 4 4.6 0 0 0 0 0
Mean 13,9 509 3.4 1.8 0 0 0 0 0
1974 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-
5/10 B /1 5/24 5/31 6/7 6/14 6/21 6/28 7/5
11, 6.8 0 0 0 0 0 0 0 0
2 15.8 0 0 0 0 0 0 0 0
<5 33,2 4.1 0 0 0 0 0 0 0
4 Tod 0 0 0 0 0 0 0 0
5 16.9 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7A 0 0 0 0 0 0 0 0 0
7B 0 0 0 0 0 0 0 0 0
8A 0 0 0 0 0 0 0 0 0
8B 0 0 0 0 0 0 0 0 0
Me an 8.0 .4 0 0 0 0 0 0 0




Table 3. Factorial analysis of variance in the numberical catch of 0-age walleye
in Spirit Lake, 1973-74,

Source of variation df SS MS
Year 1 .97 97**
Station 9 48 05
Year x station 9 .87 SEHL
Interval 8 10.00 152877
Year x interval 8 1527 16
Residual 144 1. 80 .08
Total (corrected) 179 25.40

*

*Significant at the 99% level.

Table 4. Mean total length and length range of 0-age walleye in Spirit Lake,

1973-74.

LTS

Sampling Mean total

1974

Sampling Mean total

interval length Range Number interval length Range Number
(mm) (mm) (mm) (mm)

577 +S)u1 8.8 Ee1h. ) 0 5/6 -5/10 9.5 8is1007 29

5/14-5/18 9.2" . 8.510,0 9 5/13-5/17 9.4, 1

5/21%5/95 . ‘1173 - 10,8511.5 g 5/20-5/24 b

5/28-6/1 164 14, 1-161 4 5/27-5/31

6/4 -6/8 o 6/3 -6/7 Z

6/11-6/15 i 6/10-6/14 a

6/18-6/22 o 6/17-6/21

6/25-6/29 . 6/24-6/28 &

7/2 -7/6 o 7/1 .~ 775 -

a
No larval walleye captured.



compares closely with that at Clear Lake, Iowa for the first three weeks of May
(Spykerman, 1973). However, larval walleye growth at Spirit Lake was considerably
less than was found at Clear Lake during later May.

PRODUCTION OF 0-AGE WALLEYE

Total production of 0O-age walleye in 1973 was 2.0 gms per hectare (gms/ha),
decreasing to < .1 gms/ha in 1974. Production by sampling interval in creased
systematically from .3 gms/ha to 1.0 gms/ha in the first year (Table 5). In 1974,
walleye larvae were captured during the first two sampling intervals, with total
production of the two sampling intervals < .1 gms/ha.

The highest population density of larval walleye in 1973 was 718 per hectare
(N/ha) (291 N/ac) in early May. Population density declining systematically to a
minimum of 93 N/ha (38 N/ac) in the late May sampling interval. Maximum numerical
density in 1974 was 418 N/ha (169 N/ac) in the early May sampling interval and
decreased to 21 N/ha (8.0 N/ac) in the next period.

The total standing crop in 1973 decreased from 4 kg in the second sampling
interval to 1.4 kg in mid-May followed by a steady increase thereafter. The total
standing crop in 1974 paralleled the decrease in numerical density, declining
from 2.8 kg in the first sampling interval to .2 kg in mid-May.

CONTRIBUTION OF STOCKED WALLEYE LARVAE TO THE 0-AGE WALLEYE POPULATION

During 1973, 18,000,000 walleye sac fry (8,300/ha, 3,360/ac) were planted in
Spirit Lake from 6-9 May, with approximately equal daily distribution. The
estimated numerical population on 10 May, based on tow net samples, was 718 + 426
fry per ha (291 + 175 fry per ac). On 10 May, by extrapolation, 6,475 + 4,174
stocked larvae per ha (2,621 + 1,690 per ac) survived, indicating the entire year
class was stocked fish. Natural reproductive potential in 1973 was 8,468,000
(3,906 fry per ha, 1,581 per ac), of which 1,559 per ha (631 per ac) survived on
10 May. Based on these estimates stocked fry contributed 81% of the year class
strength.

Nearly 9,225 larval walleye per ha (3,735 per ac) were stocked between 30
April and 3 May, 1974, with equal numbers released daily. The 0-age walleye
population on 10 May was 418 + 353 per ha (169 + 142 per ac) of which 97 per ha
(39 per ac) was estimated to be stocked fry. By division, stocked larvae comprised
23% of the 0-age walleye population, although the wide confidence limits revealed
stocked fry could compose from 13% to the entire year class abundance. Estimates
based upon the natural reproductive potential in 1974 revealed stocked fry composed
90% of the year class strength, with an estimated survival of 279 naturally pro-
duced fry/ha (113 fry/ac) and 2,761 stocked fry per ha (1,118 fry per ac) on the
last stocking date.

0-AGE YELLOW PERCH ABUNDANCE AND DISTRIBUTION

The abundance of yellow perch decreased significantly (P < .01), from 116.6
fish per tow in 1973 to 23.0 fish per tow in 1974. Seasonally, catches of larval
yellow perch declined significantly (P < .01), but the catch curves were similar
each year (Figure 3). In 1973, catch mean increased from 263.1 larvae in early
May to 405.3 per tow in the mid-May sampling interval, then declined sharply to



Table 5. Production of O-age walleye at Spirit Lake, 1973-74,

Mean Instantaneous Population Population Mean
Sampling weight growth size biomass biomass Production
interval (2) coefficient (N/ha) (kg) (kg) (gms/ha)
1973
5/7 -5/11 .026 718 4.0
«25 2.7 .5
5/14-5/17 033 201 1.4
T 2.0 5
5/21-5/25 067 176 256
.81 2.8 1.0
—
(O3]
5/28-6/1 SLS1 93 Sel
6/4 -7/6 -
Total production = 2.0 gms/ha
1974
5/6 -5/10 051 418 2,8
.06 1.4 il
5/13-5/17 .032 21 ‘2
5/20-7/5 s

Total production = < .1 gms/ha

30ne or fewer larval walleye captured.
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181.7 fish per haul in late May. The systematic decrease continued through the
remaining sampling intervals (Table 6). Highest catch success in 1974 occurred
during the early May sampling interval, 197.4 larvae per tow, then decreased
sharply to 7.8 larval per tow net haul in the next period and continued decreasing
to .8 larvae per tow in late May (Table 6). No larval yellow perch were captured
during the first two periods in June and in early July, and only .2 larvae each
were captured in mid- and late June intervals. The significant (P < .05) year-
interval interaction showed high or low catch success in one interval during one
year did not mean similar catches in the next year.

Yellow perch larvae were uniformly distributed throughout Spirit Lake, in
both the horizontal and vertical attitudes (Table 7). High or low catches at a
sampling station in one year did not mean it was always the same in the successive
year.
0-AGE YELLOW PERCH SURVIVAL AND MORTALITY
In 1973, instantaneous mortality was .77 and in 1974 it was 1.69. Annual
mortality was 54% and 82%, respectively. Survival, the complement of annual
mortality, was 46% in 1973 and 18% in 1974,
GROWTH OF 0~-AGE YELLOW PERCH
Over the two seasons 527 larval yellow perch were measured for body length
and weighed. The total in 1973 was 398 and 129 in 1974. Length-weight relation-
ships for yellow perch were computed using linear regression;
LogioW = a + Logy L
where weight was in gms and length was in mm. The relationships were as follows:
1973 - LogyoW = -5.94 + 3.67 Log, L (r = .99)

1974 - LoglOW -6.23 + 3.86 Log;gL (x = .99)

Mean total length from early May through late June, 1973 was 5.4, 5.8, 8.3,
11.4, 13.1, 15.0 and 14,8 mm TL and 39.7 mm TL in the last period (Table 8).
Size of captured perch during May, 1974 was greater than in 1973 reflecting earlier
spawning. Mean total length was 6.1, 9.1, 9.5 and 15.0 mm TL in early May through
late May with mean total length of 26.2 and 26.3 mm TL in the mid-June sampling
intervals.

0-AGE YELLOW PERCH PRODUCTION

Total production of yellow perch was 149.4 gms/ha in 1973 and 8.1 gms/ha in
1974. Production for individual periods ranged up to a maximum of 38.5 gms/ha in
mid-June (Table 9). In 1974, production ranged from .2 gms/ha in the last part
of June to 5.8 gms/ha between the first and second sampling intervals (Table 10).



16

Table 6. Catch of 0-age yellow perch in .75 standardized meter tow net hauls
expressed as number per 1,000 m3 at Spirit Lake, 1973-74. Catch
values in each cell are the mean of two simultaneous tows in 1974.
Sampling
Year station Sampling interval
1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-
S{11 5/41:8% -5/ 25 G AL 6/8 6/15 6/22 6/29 7/6
1 104.8 942.9 446 Usavt 0 0 13,7 0 0
2 5398 488.7 * 31, 50.1 0 0 6.8 0 0
3 2956, 157 4.6 47, 8 0 154752 6.8 0 0
4 241.4 293.8 0 4.6 0 9.1 0 0 0
5 264 .2 20257 w1002 B2l ol 7 18 29.6 0 0
6 11,45 62856 0 27.3-.230.0 0 2745 0 0
7A 4.6 29.6 47.8 86.5 11557 4.6 0 0 0
7B 107,90 .858:6+ 248528525238 = 2550 =0 0 0 15.9
8A 521.6 0 45582 15904 41061 120 0 0 0
8B 806.2¢ "594 ;41926193302 9547 0 0 0 0
Mean 263.1 405.3 18L.7 115.0  55.1 °21.0 8.4 0 1.6
1974 5/6-~ 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-
SII0. .« BAT 5/24" i5)3L " 61715618 6121 T6/28 | TN
1 118.8 1.8 0 25 7 0 0 0 0 0
2 197.2 4.6 2.6 5.0 0 0 0 0 0
3 837.7 7.8 0 0 0 0 0 2.0 Ll
4 160 e 2352 0 0 0 0 242 0 0
5 204.5 8.6 0 0 0 0 0 0 0
6 350.3 253 ! 0 0 0 0 0 0
7A 555 2 2.6 0 0 0 0 0 0
7B 0 0 0 0 0 0 0 0 0
8A 26.9  '15.9 0 0 0 0 0 0 0
8B 106.6 11.8 0 0 0 0 0 0 0
Mean 197.4 78 Vi) 8 0 0 N e 0
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Table 7. Factorial analysis of variance of 0O-age yellow perch transformed catch

data at Spirit Lake.

Source of variation df S5 MS
Years 1 25.67 25567
Station 9 2::52 28
Year x station 9 5.85 65
Interval 8 70.27 8.78" "
Year x interval 8 15.52 1.94""
Residual 144 46.64 s52
Total (corrected) 179 166.46

*Significant at the 95% level.

* %

Significant at the 99% level.

{

Table 8. Mean total length and length range of 0O-age yellow perch in Spirit

Lake, 1973-74.

1973 1974

Sampling Mean total Sampling Mean total
interval length Range Number interval length Range Number

(mm) (mm) (mm) (mm)
5/7 -5/11 5.4 4,5- 6.6 81 5/6 -5/10 6.1 B T 87
5/14-5/18 5.8 4.,9- 6.7 80 5/13-5/17 9.1 6.7-12.0 32
5/21-5/25 8.3 6.0~ 9.6 59 5/20-5/24 9.5 - 8.0-10.7 5
5/28-6/1 11.4 "7 8,2-13.8 87 5/27-5/31 15,07 13.8:17.0 3
6/4 -6/8 13.1 99 8.06.5 39 6/2 -6/7 B
6/11-6/15 1550 i10.9=226 21 6/10-6/14 a
6/18-6/22 14.8 '1141-29.8 18 6/17-6721 26. 2 1
6/23-6/29 a 6/24-6/28 26.3 1
7/2 -7/6 39.7 37.0-43.0 3 7/1 -7/6 #

a
No larval yellow perch captured.



Table 9. Production of 0-age yellow perch at Spirit Lake, 1973.

Mean Instantaneous Population Population Mean
Sampling weight growth size biomass biomass Production
interval (2) coefficient (N/ha) (kg) (kg) (gms/ha)
5/T <5/11 .0069 13,582 20,3
- .21 22.9 =~ 2.2
5/14-5/18 .0056 20,923 25.4
1528 32.6 19,6
5/21-5/25 .0202 9,380 41.1
1.26 66.2 38.5
5/28-6/1 .0710 5,937 91.4 —
.68 88.7 27.8 “
6/4 -6/8 . 1449 2,741 86.1
.84 8152 L0 s
6/11-6/15 . 3249 1,084 76.4
09 53.8 2.2
6/18-6/22 22323 434 Sl
1.46 47.5 52,0
6/25-6/29 >
7/2 -7/6 .6220 83 11.4

Total production = 149.4 gms/ha

3No larval yellow perch captured.



Table 10. Production of 0-age yellow perch at Spirit Lake, 1974,

Mean Instantaneous Population Population Mean
Sampling weight growth size biomass biomass Production
interval (g) coefficient (N/ha) (kg) (kg) (gms /ha)
5/6 -5/10 .0053 10,190 31 i
1.74 P 5.8
5/13-5/17 .0302 403 2.6
.48 1.6 .4
5/20-5/24 .0488 52 )
1.94 1252 151
5/27-5/31 .2083 41 18.6 E
6/3 -6/7 P
.68 1.8 43
6/10-6/14 =
6/17-6/21 1.610 L 36.0
.09 38 w2
6/24-6/28 L. 761 10 39.4
7/1 -7/5 *

Total production = 8.1 gms/ha

3No larval yellow perch captured.
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The highest numerical population in 1973 was 20,923 N/ha in the mid-June
sampling interval. Standing crop increased steadily during May, from 20.3 kg
to 91.4 kg, decreased until the last sampling interval when standing crop increased
to 11.4 kg.

The maximum numerical population in 1974 was 10,190 N/ha in the first sampling
interval. Population size decreased systematically to 10 N/ha in the late June
sampling interval. Standing crop decreased from 11.7 kg in the first sampling
interval, to .5 kg in mid-June sampling interval, then increased systematically
to 39.4 kg in the late June period.

DISCUSSION OF FINDINGS

Stocking of larval walleye to supplement natural reproduction in Spirit Lake
has been conducted for several decades. Rose (1955), Carlander, et al. (1960)
and Forney (1975) found fry stockings significantly increased population densities
and year class abundance. Findings in this study revealed contributions of stocked
fry to year class abundance were 100% in 1973 and 23% in 1974, based upon extra-
polation of stocked fry to population density. In 1974, sampling of the 0-age
fish populations commenced nearly a week after the last stocking date, with larval
walleye captured during the first two sampling intervals. The catch curve based
upon the two week period may represent only the tail portion of the entire catch
curve. Estimates of the contribution of stocked fry to year class abundance in
1974 would therefore be biased, particularly if high mortality occurred, as
suspected, prior to commencement of sampling., Estimates of the contribution of
stocked walleye larvae to year class abundance utilizing natural reproductive
potential were 81% in 1973 and 90% in 1974. In both years the number of walleye
fry stocked was over twice the estimated reproductive potential.

Estimates of the contribution of stocked walleye fry to year class abundance
for both years were over 80%, indicating fry stocking in Spirit Lake formed the
year class base, with natural reproduction additionally strengthening year class
abundance, which seems contrary to the original intent of these plantings. In this
management regimen it is quite conceivable that the population density of walleye
could be altered by merely changing the fry stocking density, except the main
problem of stocking density remains unknown. In comparison, Ward and Clayton
(1974) found the contribution of walleye fry significantly increased year class
abundance in West Blue Lake, Manitoba, with estimates of 43% and 100%.

Production of larval walleye was nearly 100 times greater in 1973 than in
1974, with production of 0-age yellow perch nearly 20 times greater in 1973 than
1974. 1t was apparent from estimated standing crops and growth, production of
walleye and yellow perch was generally influenced more by body weight than by
numerical density.

Larval walleye were uniformally distributed throughout Spirit Lake. In
contrast, Houde and Forney (1970) found walleye pro-larvae tended to drift
passively with prevailing currents, then tended to concentrate in littoral zones.
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Johnson (1969) also observed walleye larvae in limmnetic zones shortly after
hatching, returning to littoral zones after reaching 30-40 mm TL. Catch data
from Spirit Lake showed few larvae were captured after reaching 16 mm TL,
partially negating any conclusion concerning the movement of the larger walleye
larvae.

O-age yellow perch abundance also decreased significantly between 1973 and
1974 also reflecting higher mortality and lower production. Yellow perch larvae
were randomly distributed both horizontally and vertically in Spirit Lake. In
contrast Noble (1972a) found yellow perch varied in horizontal distribution, with
more fry found inshore than offshore, but were fairly uniformly vertically
distributed.

RECOMMENDATIONS

Sampling of the 0-age fish populations should continue using the same
procedures during 1975.
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JOB 2 OBJECTIVE

To measure the abundance, distriibution, utilization and competition for
pkagztonic §ish good onganisms by Larval and post-Larval walleye and yellow
pu .

INTRODUCTION AND STUDY BACKGROUND

One of the primary requirements for survival and development of year class
abundance of fish is an adequate food supply. During early life stages the
primary food of walleye and yellow perch are planktonic organisms, particularly
zooplankton. For survival of larval fishes, zooplankton must be available and
vulnerable. Marr (1956) suggested the lack of available fish food organisms, or
other factors, may cause catastrophic mortality during critical periods in the
early life history of fishes.

Three genera of CLadocera (Daphnia, Bosmina and Chydorus) and two genera
of Copepoda (Diaptomus or Cyclops) were evaluated at Spirit Lake to determine
their abundance, distribution, utilization and selectivity as food by 0-age
yellow perch and walleye.

METHODS AND PROCEDURES

Plankton samples were collected using a 2-liter Kemmerer water bottle with
a total of 8 liters of water strained through a size 000 plankton net and
preserved in 10% formalin for identification and enumeration.

In 1973, plankton samples were concentrated to 8 ml, but ranged from 6 to
15 ml. Four, 1 ml aliquots were placed in a Sedgewick-Rafter counting cell and
the total number of zooplankton identified and enumerated. The mean number per
ml was computed and extrapolated to obtain the total number of organisms per
liter. Plankton samples in 1974 were concentrated to exactly 8 ml. Four, 1 ml
aliquots were counted. The mean number of zooplankton per ml was estimated as
number of organisms per liter (N/1). Zooplankton were identified to genus with
keys by Pennack (1953) and Eddy and Hodson (1950).

Treatment of numerical catch data for each zooplankton genus followed the
same procedures as used for catch data of 0-age fish. Variation in the catch
attributable to non-random distribution of individual zooplankton genera was
examined by linear comparisons. All tests of significance were made at the 95%
level or higher.

Zooplankton utilization and selectivity by 0-age walleye and yellow perch
was determined by examination of stomach contents. Sub-samples of walleye and
yellow perch larvae from each sampling interval were preserved in 4% formalin
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after sorting and identification. Larvae of both species were washed and rinsed
three times before dissection to flush off any organisms adhering to the body.

The alimentary tract was teased away from the body and examined under a dissecting
microscope.

An electivity index described by Ivlev (1961) was used to determine feeding
selectivity. The indices, E, was calculated by

r -p
IR

i b

where r; was the relative occurrence of organisms expressed as a percentage in
the stomach contents, and p; was the percent occurrence of the organisms in the
samples. Values of E may range between + 1, where selection of a taxa was
expressed by index values from 0 to +1 and non-preferenece from 0 to -1.

FINDINGS

ABUNDANCE AND DISTRIBUTION OF DIAPTOMUS

There was nonsignificant (P > .05) change in the abundance of Diaptomus
between years. Annual catch means were 17.4 N/1 in 1973 (Table 11) and 16.9 N/1
in 1974 (Table 12). Change in the seasonal abundance of Diapfomus was not
significant, although the significant (P < .05) year-interval interaction revealed
disperity in the catch of Diapfomus at different intervals each year. The peak
mode in numerical abundance in 1973 was 34.5 N/1 occurring in mid-May followed by
a gradual decrease to 9.0 N/1 in mid-June, then fluctuating through the last
sampling interval (Figure 4). Numerical abundance in 1974 declined from 11.4 N/1
to 4.1 N/1 between the first and second sampling intervals then increased to the
peak mode of 28.9 N/1 in late May, followed by declining catches to 5.0 N/1 and
5.4 N/1 in the last two intervals. The peak mode in the numerical abundance of
Diaptomus was approximately 14 days later in 1974.

Analysis of variance in the catch of Diaptomus among sampling stations
revealed a highly significant (P < .01) difference in the vertical distribution
(Table 13). Catch means were significantly greater at Stations 7B and 8B than
at the surface. There was also significant (P < .05) horizontal variation among
midwater stations with greater numbers found at Station 7 than Station 8. Catch
means were 17.7, 25.8, 11.1, and 20.1 N/1 at Stations 7A, 7B, 8A and 8B,
respectively. ODiapfomus was equally distributed among shallow water stations.

ABUNDANCE AND DISTRIBUTION OF CYCLOPS

Overall catch means of Cyclops were 6.0 N/1 in 1973 and 4.7 N/1 in 1974,
with no significant difference in population density (P > .05). Seasonal abundance
of Cyclops was highly variable with significant differences among intervals
(P < .01). The highly significant F-values for the year-interval interaction
indicated population density changed at different intervals of each year. Seasonal



Table 11, Catch of Diapfomus in number per liter in standardized plankton samples at Spirit Lake, 1973.

Sampling interval

Sampling 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-

station 5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6
1 11.6 1315 02 4.2 14.2 5.8 36.5 38.3 10.1
2 8.4 158 4.0 6.0 16:9 18.2 32.3 30.2 44.2
3 26.6 V78 155 73 13.6 2245 45,7 14.9 16.4
+ 20.1 1150 25,5 18.4 2.4 2155 25.4 199 1250
5 2705 1ol 1835 16.5 S 3o 14,2 23.4 123 5.0l &
6 19,7 18.0 6.2 2031 9.6 10.1 24.5 10.7 10.7
7A 150 1845 S5itd 4.6 2.0 1642 24.1 26,5 1935
7B 172 27.8 20.0 18.4 19.0 24.9 280 48.0 2746
8A 16.5 158 152 11.8 2.4 12.4 1029 162 20.6
8B 31.0 29,8 20.0 30,2 6.6 24.0 2245 1629 ol

Mean 25.4 34.5 26.7 1855 10.:3 9.0 13.0 6.2 1859




Table 12, Catch of Diapfomus in number per liter in standardized plankton samples at Spirit Lake, 1974,

Sampling interval

Sampling 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-

station 5/10 5717 5/24 57 31 6/7 6/14 6/21 6/28 7/5
1 L6210 14.5 25. 7 2251 25410 IS5 T f St 15557
2 45.0 2.3 16,7 58:.5 943 125 s 12355 2750
3 1553 9.0 14.7 20.3 78 20.0 e 6:3 1.3:%
4 3.0 4.6 21.0 7.0 135.0 2ilRs ) 4.7 25,5
5 40.5 4.7 41.0 1’8525 18.7 183 11510 127 167 5
6 T 15515 28.3 8.3 953 21535 19 14,7 1547
7A 1.3 7.3 2635 34,3 11710 270 1525 28.3 506, 3
7B 178 3.7 1940 3907 S50 2140 24.7 47.0 34.0
8A .8 255 kg 8.0 8.3 10.0 4,7 12, 7 1570
8B 14.8 & 20.0 31,0 29:3 20.7 22.7 1150 22.0

Mean 11.4 4.1 35,7 2839 12.0 1.7.0 6.4 5.0 5.4
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Table 13. Factorial analysis of variance in the numerical catch of Diaptomus
at Spirit Lake, 1973-74,

Source of variation df S8 MS
Year 1 . 040 . 040
Station (9) (1.788) (.199) ™"
Midwater vs shallow water 1 156 < I'56

Among midwater 3 1.412 .450™*

Among shallow water 5 2220 .044
Year x station 9 .748 .083
Interval 8 1.007 126
Year X interval 8 4.389 .549**
Residual 144 9.492 .066
Total (corrected) 179 17.456

**Significant at the 99% level.

catch curves for both years revealed Cyclops was most abundant during May, and
decreased during June and the first part of July (Figure 5). In 1973, the catch
was unimodal increasing from 14.1 N/1 in early May to 18.8 N/1 in the following
interval, then decreasing sharply to 6.7 N/1 by late May and gradually declining
thereafter (Table 14). 1In 1974, the catch curve was bimodal with 9.4 N/1 during
the first sampling interval, decreasing to 5.0 N/1 in the second sampling inter-
val, increasing slightly to 10.0 N/1 in the third interval, and finally declining
and maintaining approximately 2.5 N/1 during June and the first part of July
(Table 15).

Cyclops was unequally distributed both horizontally and vertically in Spirit
Lake. Catch means of shallow water stations were significantly (P < .01) lower
than midwater station means (Table 16) with catch means at deep strata
significantly higher (P < .01) than surface catch means. Cyclops were equally
distributed among the shallow water stations. Catch means were 3.1, 4.9, 4.5,
5.0, 6.6 and 4.5 N/1 for Stations 1-6, and 4.1, 7.7, 4.2 and 8.3 N/1 for Stations
7A, 7B, 8A and 8B.
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Table 15. Catch of Cyclops in number per liter in standardized plankton samples at Spirit Lake, 1974,

Sampling interval

Sampling 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-

station 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 715
1 9,0 8.8 4.7 7 1.3 7 237 20t 2.0
2 178 4.4 6.7 7.0 ——- A ol 4.0 ST
3 4.3 740 10.0 1.0 1.0 3.3 --- 155 2.0
4 1.5 6.5 7.0 a7, 1.3 10.0 S b 5.5
5 17:3 Sl 135S 3.7 1.0 o7 16557 3543 (5 T o
6 4.8 343 10.0 3l oD 255 il 347 3.5
7A 5.8 2,3 s ST 1.0 4.3 1,0 2l 250
7B 16.35 4.0 1795 9.7 657 Pt 4,7 2.3 4.0
8A 4.8 1N 10.3 2.7 1.0 S D 1.5 200
8B 12.5 67 15.0 90 6.7 3l &l 3.0 2.7

Mean 9.4 5.0 10.1 4.8 2.0 550 1736 255 5.6
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Table 16. Factorial analysis of variance in the numerical catch of Cyclops
at Spirit Lake, 1973-74,

Source of variation df SS MS
Year 1 .003 .003
Station (9) (2.115) (2353
Midwater vs shallow water 1 .491 491, ,

Among midwater 3 1.268 .423

Among shallow water 5 . 356 <071
Year x station 9 .466 +052
Interval 8 11.229 1.404"
Year x interval 8 2,647 % f B
Residual 144 6.929 .048
Total (corrected) 179 22.970

* %
Significant at the 99% level.

ABUNDANCE AND DISTRIBUTION OF DAPHNIA

Mean population density of Daphnia decreased significantly (P < .01) from
18.0 N/1 in 1973 to 12.1 N/1 in 1974, Seasonal abundance also varied significantly
(P < .01) both within years and between years (Figure 6). Catch means in 1973
showed the highest population density of Daphnia occurred in May, with a peak
mode of 34.5 N/1 during the mid-month interval, decreasing steadily through the
last half of May and first part of June to 9.0 N/1 in the mid-June sampling inter-
val then fluctuating slightly during the last three sampling intervals (Table 17).
During 1974, catch mean decreased from 11.4 N/1 in early May to the lowest mean of
4.1 N/1 in the second sampling interval. Catch increased steadily reaching a peak
of 28.9 N/1 in late May samples, with a smaller peak of 17.0 N/1 in the mid-June
samples (Table 18).

The analysis of variance in the catch of Daphnia among sampling stations
revealed unequal horizontal and vertical distribution. Catch means between shallow
water and midwater stations were significantly different at the 99% level with
highest density in midwater stations (Table 19). Daphnia density was significantly
higher at deeper strata than in surface samples. Catch mean for midwater stations
were 10.9 N/1 at Station 7A, 9.1 N/1 at Station 8A, 27.1 N/1 at Station 7B and
28.2 N/1 at Station 8B. Daphnia were uniformily distributed among shallow water
stations.
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Table 17. Catch of Daphnia in number per liter in standardized plankton samples at Spirit Lake, 1973.

Sampling interval

Sampling 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-

station 5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6
1 30.6 46.3 2 3.7 18.8 6.8 15.1 155 101
2 8.4 18.9 7.8 4.7 10.9 10.9 5.5 1.3 125
3 109 278 5.8 1.0 16.9 14.9 6.8 2.0 5.0
4 19.4 25,0 46.5 29.1 £ 9.5 182 2.9 ol 2
5 37.8 2208 45.8 6.6 2.4 57 6.4 5.0 8.5 o
6 297 21735 B.2 2748 6.6 6.4 6.4 4 579
7A 1823 24.5 5.4 3:7 5.0 EOSL 2245 6.8 LSS
7B 21.9 585 50.4 35.0 29.1 B7.5 18.8 1.0 28.0
8A 2248 14.3 Skan e 2.4 «9 11;8 12.9 18.2
8B 53.8 80.0. 67.2 56.0 10,5 Tt 18.4 18.2 T2

Mean 25.4 34.5 26.7 18,3 103 9.0 13.0 6.2 1920




Table 18. Catch of Daphnia in number per liter in standardized plankton samples at Spirit Lake, 1974.
Sampling interval

Sampling 5/6- 5/13- 5/20- 5/27- 6/3- 6/10~ 6/17- 6/24- 7/1-
station 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 275

1 1548 1.8 19.0 19.0 3.5 5.7 9. 3.0 /.

2 2258 2.5 14.9 593 3.0 9.0 il 8.7 9.7

3 8.5 4.8 14,0 3643 S 1 357 0% 2T el

4 1.8 18,5 1:3:.0 6.3 5.0 41.3 5.0 4,7

5 9.0 25 24.0 18 e 2T 03 Ve 13 Sh

6 15 7.0 34.0 2647 1.0 2640 il 2.0 3.3

7A 155 -—- 107 38.0 8.0 1847 4. 2510 6.7

7B 25.0 6.0 28,7 48.0 48.3 19.3 20. 15,0 9l

8A 205 A Siard D3 6.0 Se0 2 2.0 557

8B 2745 4.3 28.3 38.0 37.0 2542 164 ‘8.3 Bt
Mean 11.4 4.1 1877 28.9 12.0 170 6. 5.0 5.4
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Table 19. Factorial analysis of variance in the numerical catch of Daphnia
at Spirit Lake, 1973-74.

Source of variation df SS MS
Year 1 1.545 1.545%**
Station (9) (5.689) N ek
Midwater vs shallow water 1 1.564 i 564>

Among midwater 3 3.995 1:8352%"

Among shallow water 5 150 .026
Year station 9 . 700 .078
Interval 8 4.751 .594**
Year x interval 8 5.941 ST 3hE
Residual 144 14,320 .099
Total (corrected) 179 32,946

**Significant at the 99% level.

ABUNDANCE AND DISTRIBUTION OF CHYDORUS

The abundance of Chydorus decreased significantly (P < .01) from 1973 to
1974. Overall catch mean was 1.0 N/1 in 1973 and .6 N/1 in 1974. Variation in
the catch attributable to sampling interval and the year-interval interaction
were both highly significant (P < .0l1) indicating numerical catch changed at
varying times between years (Figure 7). Peak modes of Chydorus in 1973 occurred
in late May, and mid- to late June, with means of 1.8 N/1 in the late May sampling
interval, 2.9 N/1 in the mid-June sampling interval and 1.1 N/1 in the late June
sampling intervals (Table 20). In 1974, the catch curves was unimodal, with peak
abundance occurring in early June. Mean catch increased steadily from .3 N/1 in
the first sampling interval to 1.1 N/1 in the early June sampling interval, then
decreased steadily to .4 N/1 in the last two sampling intervals (Table 21).

Chydonus were equally distributed vertically in the midwater samples, but
unequally distributed horizontally in shallow water stations. Station catch means
for midwater stations were 1.2, 1.4, .76, and 1.2 N/1 for Stations 7A, 7B, 8A and
8B, respectively (Table 22). Testing by orthogonal contrasts showed the catch
mean of Station 3, .3 N/1, was significantly (P < .01) lower than the other five
shallow water stations. Catch means were .6, .5, .9, .6, and .8 N/1 for other
sampling stations.
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Figure 7. Seasonal distribution of Chydoaus at Spirit Lake, 1973-74.



Table 20. Catch of Chydoauws in number per liter in standardized plankton samples at Spirit Lake, 1973.
Sampling interval

Sampling 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-
station 5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6
1 -—- .8 === 9 1.8 1.0 -—- 2 2z

2 -—- -—- -—- 2.8 1s5 6 4 .4 2

3 .8 D s 155 - 4 9 .4 4

4 1.0 s oD 1.8 - I3 7 i 7

5 S --- D .6 2 9 s 2 qus 4

6 .6 --- —== 2.4 .4 329 2 O 222

7A <9 <5 02 239 .8 8.8 -—- o 9

7B gl «5 ] 15 .8 75 4 2D 2.0

8A 5 ! o6 29 ol 24l 4 103 1

8B <3 a0 4 S5 9 25 155 2.9 %S
Mean .5 4 e 1758 7 29 5 1nsl 1580

6¢



Table 21. Catch of Chydoius in number per liter in standardized plankton samples at Spirit Lake, 1974.
Sampling interval

Sampling 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-
station 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 7/5

1 --- --- w? 3 2.0 153 v 7 -—- N

2 --- --- --- % o3 o .5 e -

3 --- --- -—- .9 - - -— . B

4 - - --- --- 1.0 B3 5.3 1.0 150

5 --- 3 1.0 o7 2.0 13 N7 4 3 3

6 B2 s ikt i .3 25 o S e

7A --- -—- 1.0 2.3 ) . 1.0 1.0 3 .

7B --- 3 7 2.3 20 1.3 153 1 e

8A -—- - 2.0 1.0 1.0 1:0 --- 1.0

8B “a 7 P --- .7 1:9 2.0 e 1.0

Mean < ik 1 .6 .8 1.1 1.4 151 4 .4

oy
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Table 22. Factorial analysis of variance in the numerical catch of Chydorus
at Spirit Lake, 1973-74,

Source of variation df SS MS
Year 1 .238 288"
Station 9) (.752) (.084)**
Midwater vs shallow water 1 .476 476"
Among midwater 3 .088 .029
Among shallow water 5 .188 ; .038
Year x station 9 <235 026
Interval 8 1.809 226"
Year x interval 8 .656 : .082*"
Residual 144 2,981 021
Total (corrected) 179 6.672

**Significant at the 99% level.

ABUNDANCE AND DISTRIBUTION OF BOSMINA

Bosmina abundance decreased significantly (P < .01) between 1973 and 1974
with catch means of 1.2 and .7 N/1. Seasonal distribution of Bosmina varied
significantly (P < .01) with a significant year-interval interaction (P < .01)
indicating catch periodicity also varied between years (Figure 8). The catch of
Bosmina in 1973 was bimodal, with peak abundances recorded in mid-May and in
early July. No Bosmina were caught during the first sampling interval in 1973
(Table 23). Mean catch decreased from 2.1 N/1 in the second sampling interval
to .1 N/1 in the early June sampling interval, followed by increasing numbers to
4,8 N/1 in the last sampling interval. Seasonal catch means in 1974 showed modes
in mid-May, early June and the first part of July. Catch means generally
increased from .1 N/1 in early May to 1.0 N/1 in the late May sampling interval.
A second mode appeared in mid-June with 2.0 N/1 followed by a decrease and a
gradual increase to 1.0 N/1 in the last sampling interval (Table 24).

Bosmina showed significant variation in horizontal distribution at the 99%
level among shallow water stations (Table 25). The mean catch at Station 4 was
significantly higher than the other stations. Station means for the six stations
were .5, 1.1, 1.0, 1.3, .6 and .6 N/1, respectively.
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Table 23. Catch of Bosmina in number per liter in standardized plankton samples in Spirit Lake, 1973,

Sampling interval

Sampling 5470 5/14- 3/21- 5/28- 6/4- 6/11- 6/18- 6/25- T2

station 5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6
1 ki 3 = %, .4 e 8 7 2.4
2 L T 5,2 5 .6 L it it " 6.4
3 o, 1.8 ¥l 3 o 1.8 La &7 5.3
4 s 3.3 ‘B ‘7 b .8 2:2 %3 6.6
5 £ S 3 Sy S e .9 9 2.4
6 whs .5 S .2 i2 2 2 g 5.0
7A o 2.8 ) -k e 141 e 1.5 4.2
7B Bl 18 2.0 2 Lol .4 .4 3.0 2.3
8A AT 135 .6 47 (e .4 S 5.3 9.2
8B b= 2.3 3 .4 e .4 % | 1.5 4.4

¢y




Table 24. Catch of Bosmi{na in number per liter in standardized plankton samples at Spirit Lake, 1974.
Sampling interval

Sampling 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-
station 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 7/5

- 3 - -—-- a7 --- L7 -— =0 .3

2 --- P . 1.0 - 1.0 «3 2.3 e

3 -—- --- al o o 3.0 = sl .

4 el i ik =N 3 3.3 q Shu 17

5 --- --- 17 ol «3 1.0 . 1.0 o

6 o3 -—- % --- - 2.5 P o o3

7A --- -— . a0 1.0 4.0 1.0 2 15

7B --- o3 --- 2.3 1.0 227 «7 1.3 a

8A 3 --- i o3 1.0 o - g7 .5

8B S5 - =7 1.7 2.8 .8 o e 1.0

Mean o3 o .4 1.0 'y 2.0 .4 .6 1.0

144
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Table 25. Factorial analysis of variance in the numerical catch of Bosmina
at Spirit Lake, 1973-74.

Source of variation df SS MS
* %
Year i +201 <201
Station (9) (.463) CH051)
* %
Midwater vs shallow water 1 . 147 s 147
Among midwater 3 .030 010,
Among shallow water 5 .286 L057
Year x station 9 . 340 .039
N
Interval 8 2. 810 - 351
* %
Year x interval 8 2.726 . 341
Residual 144 3.316 .023
Total (corrected) 179 9.866 <055

**Significant at the 99% level.

ZOOPLANKTON UTILIZATION BY 0-AGE WALLEYE

Stomach contents of 0-age walleye were examined to determine utilization of
zooplankton for food and to determine food preference. Findings of stomach
examinations were grouped by sampling interval.

A total of 46 stomachs were examined in 1973 and 22 in 1974. Mean length
of 0-age walleye examined in 1973 were 8.9, 9.3, 11.3 and 15.0 mm TL in the
first four sampling intervals (Table 26). Mean lengths in 1974 were 9.9 and 9.8
mm TL in the first two intervals and ranged from 8.9 to 10.5 mm TL.

Walleye larvae with a body length of < 10 mm in 1973 had most or part of
the yolk material present, and only 2 fish consumed zooplankton. Larval walleye
in 1974 were similar with only 1 of 22 larvae examined containing zooplankton.
No other food organisms were found in this size range.
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Table 26. Number, mean body length and range of 0O-age walleye examined for
stomach contents at Spirit Lake, 1973-74.

Samplin Number Mean length Range
Year Interva of fish (mm) (mm)
1973 5/7 -5/11 26 B 7.6-10.0
5/14-5/18 9 9,3 8.7-10.4
5/21-5/25 7 1153 10.8-12.3
5/28-6/1 4 15,90 14.0-15.9
1974 5/6 -5/10 21 9.9 8.9-10.5
5/13-5/17 1 958 -—-

Diaptomus was consumed by larval walleye during a single sampling interval
each year. In 1973, Diaptomus were found in stomach contents during the late
May sampling interval, contributing 27.3% of the food consumed for the 10.8-
12.3 mm TL range (Table 27). The following year Diapfomus was the only food
organism found in larvae ranging from 8.9-10.5 mm TL (Table 28).

Electivity indices for Diapfomus in 1973 show only a slight preference.
The index was +.40 in 1974, but only 1 or 22 larvae examined consumed food

organisms.

Cyclops was the most important food items during the first two sampling
intervals in May, 1973 contributing 50-100% of the total walleye stomach contents
in the 7.6-10.4 mm TL range. None were found in 1974. Electivity indices showed
Cyclops were selected by walleye with values of +.36, +.60 and +.3l.

Diaphnia was absent in the diet of small larval walleye, but increased in
importance as the size increased. In mid-May, Daphnia contributed 9.1% of the
total food consumed in walleye ranging from 10.8-12.3 mm TL. In late May
Daphnia contributed 87.5% to the food of walleye ranging from 14.0-15.9 mm TL.
Electivity indices show Daphnia was not preferred in the 10,8-12.3 mm TL range,
but was selected by walleye in the 14.0-15.9 mm TL range with an index of +.50.

Chydorus and Bosmina were not found in the stomach contents of larval
walleye.



Table 27. Number of stomachs examined and percent composition of zooplankton in O-age walleye at
Spirit Lake, 1973-74.

Number of Number of Diaptomus Cyclops Daphnia

Sampling stomachs empty
interval examined stomachs N % N % N %
1973

5/7 -5/11 26 25 1 50.0

5/14-5/18 9 8 it 100.0

5/21-5/25 7 1 3 273 3 27:3 1 9.1

5/28-6/1 4 1 7 87.5

6/4 -7/6 a
1974

5/6 -5/10 21 20 E 100.0

5/13-5/17 1 1

5/20-7/5 4

3No larval walleye captured during the sampling interval.

Ly
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Table 29. Number, mean body length and range of 0O-age yellow perch examined
for stomach contents at Spirit Lake, 1973-74.
Sampling Number Mean length Range
Year interval of fish (mm) (mm)
1973 5/7 -5/11 20 B2 4,3- 5.7
5/14-5/18 46 6.2 P S OF |
5/21-5/25 50 8.4 7.3-10.7
5/28-6/1 83 1157 9.5-13.8
6/4 -6/8 40 155 0 11.1-16.5
6/11-6/15 21 14,9 11.1-21.8
6/18-6/22 18 14.8 11.2-29.8
6/25-6/29 --
7/2 -7/6 3 39,7 37.0-43.0
1974 5/6 -5/10 44 6.0 5.0- 7.7
5/13-5/17 25 9.2 6.7-12.0
5/20-5/24 5 9.5 8.0-10.7
5/27-5/31 2 l6.2 15.5-17.0
6/3 -6/7 --
6/10-6/14 --
6/17-6/21 1 26.2
6/24-6/28 1 26.3
7/1 -7/5 --




Table 30. Number of stomachs examined and percent composition of zooplankton in 0-age yellow perch at
Spirit Lake, 1973-74.

Number of Number of Diajptomus Cyclops Daphnia Chydorus Bosmina

Sampling stomachs empty
interval examined stomachs N % N % N % N % N %
1973
5/7 -5/11 20 20
5/14-5/18 46 40 5 714
5/21-5/25 50 12 2 46,4 24 34,8 1 154
5/28-6/1 83 7 102 82.3 8 655 9 JESS
6/4 -6/8 40 10 46 39.6 8 6.9 41 3505 6 552
6/11-6/15 21 1 48 250 7 3 7 55 28.8 8 452 51 26.7
6/18-6/22 18 2 4 87 7 552 18 39.1 i 23.9
6/25-6/29 . i
702 =76 3 0 74 Gl 98 86.0 S
1974
5/6 -5/10 44 41
5/13-5/17 29 7 19 73l 4 154 1 3.8
5/20-5/24 5 0 7 778 1 kel
5/27-5/31 2 0 3 2801 3 231 ik Foid 3 2300
6/3 -6/7 .
6/10-6/14 *
6/17-6/21 il 0 2 10.0 10 5050 5 5 ()
6/24-6/28 1 0 4 I 3 13.0 14 60.9 1 4.3
T/ =715 a

aNo larval yellow perch captured during the sampling interval.
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The importance of Daphnia and Bosmina as food increased with greater body
size. In 1973, Daphnia comprised only 1.4% in fish ranging from 7.3-10.7 mm TL
and increased to 86% in perch ranging from 37.0-43.0 mm TL. A similar change in
the importance of Daphnia was found in 1974, with a 3.8% occurrence in larval
yellow perch ranging from 6.7-12 mm TL to 60.9% in yellow perch about 26 mm TL.

Bosmina comprised 26.7% of the food organisms in larval perch in the 11.1-
21.8 mm TL range and 23.9% in larvae in the 11,1-29.8 mm TL range in 1973. In
1974, 25% occurred in mid-June at a body length of 20.2 mm TL and 23.1% in
larval perch ranging from 15.5-17.0 mm TL.

Chydonus were found in the stomachs of larval yellow perch during only one
sampling interval in 1973, and made up 4.2% of the organisms.

Electivity indices for Diaptomus showed larval yellow perch in the 6-10 mm TL
range preferred Diapfomus with indices of +.31 and +.41 for two sampling intervals
in late May, 1973 (Table 31), and +.30 and +.29 for two sampling intervals in
late May, 1974. As yellow perch larvae increased in size Diapfomus were utilized
at a lesser rate with indices of -.01, -.36 and -.63 in 1973 and -.25, -.68 and
= 557 AN 1974,

No preference for Daphnia was shown by yellow perch in 1973, with indices
ranging from -.95 for perch in the 7.3-10.7 mm TL range to -.05 for larvae in
the 11.2-29.8 mm TL range. In 1974, Daphnia was not preferred by smaller yellow
perch (6.7-12.0 mm TL range), but selected by larvae captured in late June with
indices of +.24 and +.49.

Chydonus was found in the stomach contents of yellow perch during a single
sampling interval each year. Electivity indices showed Chydonus was not selected
in 1973 (-.37) but the value was reversed to +.71 in 1974.

Bosmina were not found in larval yellow perch stomach contents until they
attained 11 mm TL or larger. Electivity indices revealed Bosmina was selected
by perch and were the most preferred food item. In 1973, indices were +.87,
+.89 and +.37 in June with yellow perch ranging from 11.1-29.8 mm TL. 1In 1974,
indices were +.86, +.87 and +.26 for perch ranging from 15.5-26.3 mm TL.

DISCUSSION OF FINDINGS

There were no significant changes in the abundance of Copepoda, Diaptomus,
or Cyclops between 1973 and 1974; however, Cladocera, Daphnia, Chydorus and
Bosmina decrease significantly. Seasonal catches for all taxa, except Diapfomus
was highly variable. Furthermore, high catches at one interval in a year did not
mean it was abundant in the following year. Cyclops and Daphnia populations were
most abundant in May each year. Cyclops gradually declined through the remaining
sampling intervals, while Daphnia had secondary modes in June each year. Chydoaus
populations were usually low. Chydorus was most abundant in mid-June each year
with the lowest population density in early and mid-May. The population abundance
of Bosmina was also low. Modes of Bosmina were irregular, peaking in mid-May in
1973 and mid-June in 1974, with increasing populations in both years during the
later sampling intervals.
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Table 31. Electivity indices for zooplankton of 0-age yellow perch at
Spirit Lake, 1973-74.

Sampling
Year interval Diaptomus Cyclops Daphnia Chydorus Bosmina

1973 5/7 -5/11

5/14-5/18 +.48
5/21-5/25 +.31 +.41 -.95
5/28-6/1 +.41 AR . 7%
6/4 -6/8 ) v 01 . +.87
6/11-6/15 -.36 AT w37 +.89
6/18-6/22 -.63 +.61 =:08 +.57
6/25-6/29
7/2 -7/6 +.24 3

1974 5/6 -5/10
5/13-5/17 +.30 . =3 73
5/20-5/24 +.29 35
5/27-5/31 3,08 +.48 +.71 +.86
6/3 -6/7
6/10-6/14
6/17-6/21 -.68 +.24 +.87
6/24-6/28 -~ B¥ #.11 +.49 +.28
711 =744

Diaptomus and Daphnia showed unequal vertical distribution in midwater
stations, with higher populations concentrated at the lower sampling depths.
Cyclops , Chydorus and Bosmina were equally distributed vertically. Horizontal
distribution was quite variable for all genera, with generally higher populations
at midwater,

Walleye larvae 10 mm TL or less did not consume zooplankton with only 3
of 36 larvae examined having discernible food organisms in stomach contents. In
all cases, larval walleye in this size range had yolk material remaining.
Spykerman (1973) found a similar situation at Clear Lake, Iowa. Tills and Norden
(1968) found stocked walleye larvae did not start to feed actively until 5 to 7
days after stocking. During 1973, none of the stocked walleye fry would have
reached this transitional period during the first sampling interval, and some,
not by the second sampling date. In 1974, stocked walleye fry would have been
at the end of the transitional period by the first sampling date. After commence-
ment of feeding, food utilization indicated a strong preference for Cyclops.
Spykerman (1973), Houde (1967) and Preigel (1970) also found Cyclops to a
preferred food of walleye larvae. Food preferences for walleye was apparently
not related to zooplankton abundance since Daphnia and Diaptomus were the most
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abundant zooplankton in early May each year. It is doubtful if walleye larvae
exert enough influence on these populations to significantly lower abundance.
Larval walleye apparently changed food preferences in late May, selecting Daphnia,
with a slight preference for Diaptomus, although they may have been ingested
coincidentally along with Daphnia. Cyclops was absent from the stomach contents
of the fish examined. Bosmina and Chydorus were never utilized. Paulus (1969)
found Bosmina utilized by Lake Erie walleye larvae,

Yellow perch larvae approximately 6 mm TL or less did not feed actively,
with only 9 larvae of 110 examined in this size range containing food organisms.
Yellow perch ranging from 4.3-6.5 mm TL, and including all larvae with no food
organisms, contained varying amounts of yolk material.

Active feeding started when larval yellow perch were around 7 mm TL. After
feeding commenced, perch between 5.3-13 mm TL showed preferences for Cyclops
and Diapfomus. There was some competition for food between yellow perch and
walleye for food, particularly Cyclops. Chydorus was preferred by yellow perch
in the 11.1-25.0 mm TL range, when there was a shift in food preferences to
Cyclops. Daphnia and Bosmina were selected periodically, but with no definite
trends evident.

Diaptomus and Daphnia were the most abundant zooplankton in Spirit Lake and
were the most important organisms in the food composition of larval perch.
Diaptomus was a preferred food organism. Although Daphnia were generally not a
preferred food organism, it appears the abundance of this taxa makes it an
important item in the diet of yellow perch larvae.

RECOMMENDATIONS

Sampling of the plankton populations should be continued using the same
procedures in 1975. Computations of the number of zooplankton per liter will be
changed to examining 3 ml per sample instead of 4 ml.

LITERATURE CITED

Eddy, S. and A. Hodson. 1961. Toxonomic keys to the common animals of the
North Central states. Burgess Publishing Co., Minneapolis, Minnesota.
I62vp.

Houde, E. 1967. Food of pelagic young of the walleye, Stizostedion vitreum
vitheum, in Oneida Lake, New York. Trans. Am. Fish. Soc. 96(1):17-24.

Ivlev, Y. 1961. Experimental ecology of feeding of fishes. Yale Univ. Press,
New Haven, Conn. 302 p.

Marr, J. 1956. The "critical period" in the early life history of marine
fishes., J. Cons. Int. Explor. Mer. 21(2):160-170.



54

Paulus, R. 1969. Walleye food habits in Lake Erie. Ohio Dept. of Nat. Res.
Ohio Fish Monogr. No. 2, 45 p.

Pennak, R. 1953. Freshwater invertebrates of the United States. The Ronald
Press Co., New York. 769 p.

Priegel, G. 1970. Reproduction and early life history of the walleye in the
Lake Winnebago Region. Wisc. Dept. of Nat. Res., Tech. Bull. 45, 105 p.

Spykerman, V. 1973. Food habits, growth, and distribution of larval walleye
in Clear Lake, Iowa. M.S. Thesis, Iowa State University.



55

ANNUAL PERFORMANCE REPORT

RESEARCH PROJECT SEGMENT

STATE : ITowa STUDY TITLE: O0-Age Production and Survival in
STUDY NO. : 101-3 Spirit Lake

JOB NO. : 3 JOB TITLE: Natural reproduction of walleye
Period Covered: May, 1973 through July, 1974

ABSTRACT: Walleye egg samples were collected at various intervals during the
spring each year, with the number of c.o&ec/agm dependent upon spawning activity
and Length of incubation. A total of 17.56 m* of substrate was sampled on each
date. Samples were collected in areas containing good to prime habx/ta,t fonr
walleye Apawmng Maximum necorded egg density was 116.1 eggs/m? in 1973 and
4.2 eggs/m? in 1974, with embryo survival of 2.5% <n 1973 and 4.0% in 1974,
Estimated number of §ry hatched per mé was 2.9 in 1973 and 1.1 in 1974,

Author: Dick McWilliams Date Prepared: 1 July, 1974
Fisheries Research Biologist

Approved by: James Mayhew
Fisheries Research Supervisor



T I T T N N S W EE G S Ey aw .

56

JOB 3 OBJECTIVE

To determine the magnitude and primarny cause of embryonic mortality in
naturally produced walleye eggs in Spidt Lake.

INTRODUCTION AND BACKGROUND

Primary factors in the development of year class abundance of walleye are
egg deposition, fertility and survival of the embryo to hatching time. Egg
deposition is obviously dependent on the number of mature spawners as well as
habitat spawning requirements and the extent of suitable habitat within a lake
or stream. Walleye prefer a rock-rubble substrate for spawning activities, in
water from 25 to 76 cm (10-30 inches) deep (Harlan and Speaker, 1956; Johnson,
1961; and others).

Johnson (1961), Harlan and Speaker (1956) found walleye utilize many types
of substrate for spawning activities, with embryo survival directly related to
substrate type. Johnson (1961) found walleye egg survival was best on gravel-
rubble substrates, fair on firm, clean sand substrates and poor on soft muck-
detritus bottom. Based on these criteria, much of the western shoreline of
Spirit Lake was classified as rock-rubble, although plant detritus was present in
some areas. Observations of spring gill netting operations indicated the shore-
line was preferred by walleye for spawning.

METHODS AND PROCEDURES

Egg samples were collected using a .9 x .9 m (3 ft x 3 ft) square quadrate,
.9 m (3 ft) deep. The frame was constructed of 12 mm (.5 inch) diameter steel
rods, covered with screen wire of .00l guage with 36 meshes per cm”.

The quadrate was placed in water from 25-75 cm deep (10-30 inches) and worked
carefully into the bottom to prevent eggs from entering or extruded under the frame
during collection. A 15.2 cm (6 inches) diameter rubber plunger was used to loosen
eggs from the substrate. Current produced by vigorous vertical movements of the
plunger brought eggs and debris to the surface where they were skimmed off. The
process was repeated until no eggs were collected in two consecutive attempts.

The samples were preserved in 10% formalin for sorting and identification.

Seven stations were sampled on each date, with three subsamples collected at
each station. Total substrate area sampled was 17.56 m? along the west shoreline
on each date.

The percent of egg survival was derived by the equation

NE, /A
s=_t tx100

Dma.x
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where ES was egg survival in percnet, NE; was the number of viable eggs on the
last sampling date, Ay was the total area sampled on the last sampling date, and
Dpax Was the maximum density of eggs per unmit,

Estimates of the number of walleye fry produced was derived as the

No. eyed eggst

Fry/area =
total area sampledt

product of the number of eyed eggs on the last sampling date and the total area
sampled on the last date.

FINDINGS

Maximum recorded egg density was 116.1 eggs/m2 in 1973 and 27.1 eggs/m? in
1974 (Table 32). Previous embryonic studies at Spirit Lake showed maximum egg
density varied greatly, from 4.2 eggs/m? in 1969 to 5,040 eggs/m? in 1966
(Jennings, 1969; and unpublished data) ,with the maximum density in 1966 about
10 times greater than any other density. In comparison, Johnson (1961) found
maximum egg density of 64.6 eggs/m2 on the rock-rubble-gravel substrates at Lake
Winnibigoshish, Minn., which compares favorably with the density found in Spirit
Lake.

Embryonic survival at Spirit Lake in 1973 was an estimated 2.5% and 4.0%
the next year. Jennings (1969) reported walleye embryo survival varied from .1%
in 1966 to 34.4% in 1968, averaging nearly 10% annually, considerably higher
than 1973 and 1974. Embryonic survival on similar substrate types in Lake
Winnibigoshish, Minn. was also considerably higher than Spirit Lake, with estimates
of 17.5-17.9% (Johnson, 1961).

The Sstimated number of fry hatched in 1973 was 2.9 fry/mz, declining to
1.1 fry/m“ in 1974. These compare favorably with previous estimates at Spirit
Lake which ranged from .11 fry/m2 to 6.56 fry/m?, averaging 1.67 fry/m2 over an
8-year period. Johnson (1961) estimated fry production ranged from 9.9-49.1
fry/m? at Lake Winnibigoshish, Minn., with both estimates considerably higher than

Spirit Lake.

DISCUSSION OF FINDINGS

Maximum egg density recorded in 1973-74 were similar to previous years at
Spirit Lake. Egg fertility ranged between 2.5-42% and averaged 22.2% (Moen, 1950).
Previous findings indicated good potential exists for natural reproduction at
Spirit Lake. However, embryo survival of walleye in 1973 and 1974 was from
6-7.5% below the previous 8-year average. The low embryonic survival also
reflected the low estimated number of fry hatched per m<.



Table 32. Estimated natural walleye larvae production and egg survival along the western shoreline of

Spirit Lake.

19642 19652 1966 19672 1968% 19692 1971 1972 1973 1974

Maximum egg density

per m2 quadrate 305.6 24.1 6,040.7 78.5 4.6 4.2 695.1 127.1 11651 2751
Total area in m2

sampled on last

sampling date 13.48 6.69 5.02 5.86 10.04 14,22 17.56 17,56 1756 17.56
Total number of eggs

collected on last

sampling date 55 161 572 18 6 47 1,606 16 130 119
Total number of

viable eggs on last

sampling date 2 44 10 2 16 2 40 2 51 19
Estimated number of

fry per me 22 6.56 21,104 232 1.61 <14 22357 Ll 2.90 1.08
Estimated percent

egg survival >l 27.0 P .43 34.4 53 2.5 1255 2.5 4.0

aJennings, 1969.

8S
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Johnson (1961) found water temperatures had a direct influence on embryo
survival, with the best survival during years of warmer water and thereby shorter
incubation periods. Preigel (1970) found water temperatures did not have
noticeable effect on walleye embryo survival. Both studies indicated walleye egg
survival was poor when the eggs came into contact with soft detritus materials.
Both factors exist in Spirit Lake along the west shoreline and might be influencing
embryo survival and natural production of walleye.

RECOMMENDATIONS

Egg collections should be continued using the same procedures.
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STUDY OBJECTIVE

To dinvestigate the dynamics of predaton-prey relationships in DeSoto Bend
by determining population densities and other biolLogical characternistics of
mafjorn predatory gish populations, the good consumption and selectivity of mafor
predatons, the internelationship and population abundance of predator ish on
forage $ish populations, and the standing crop of majorn species.

INTRODUCTION

DeSoto Bend Lake is one of the most popular oxbow lakes in western Iowa
because of its close proximity to metropolitan areas, public accessibility and
highly developed recreation facilities. Fishing is one of the most important
type of recreation at DeSoto Bend Lake with approximately 20,000 fisherman hours
of use recorded during a fishery survey from April-September in 1973.

Three agencies, lowa Conservation Commission, Nebraska Game and Parks
Commission, and Bureau of Sport Fisheries and Wildlife, mutually agreed to manage
the fishery in DeSoto Bend Lake. Most of the management emphasis consisted of
population inventories, sport fishery surveys, and fish stockings in an attempt
to establish a sport fishery.

Past fishery surveys and inventories disclosed different results ranging from
good to poor sport fish populations. In 1961, a Bureau of Sport Fisheries and
Wildlife survey revealed the presence of 11 fish species with largemouth bass,
channel catfish, and balck crappie most numerous. A survey in 1962 by Iowa
revealed 15 fish species with carp, buffalo, gizzard shad, carpsucker, and gar
dominating the fish population. An inter-agency inventory in 1963, discosled 23
fish species with bluegill, carp, crappie, largemouth bass, and gizzard shad most
numerous. A 1965 survey by Iowa indicated the most numerous fish species were
gizzard shad, carp, buffalo, largemouth bass, carpsucker, crappie, and bluegill.
The Fisheries Division of Nebraska Game and Parks Commission in 1966 stated carp
and crappie were the only species of fish caught by fishermen and recommended
chemical complete renovation because rough fish population would probably increase.
A 1968 survey revealed large populations of carp and gizzard shad and small
numbers of channel catfish and largemouth bass. By 1970, the three conservation
agencies confirmed the density of undesirable fishes exceeded an acceptable level
for a sport fishery and agree to total chemical renovation for October, 1971.
Channel catfish was the only game fish species in significant number, but they
were not important in the sport fishery. Lack of coordination among agencies and
lack of funds caused postponement of the renovation project. To date no additional
consideration of renovation has been proposed by any inter-agency member of the
management group.

Several supplemental fish stockings occurred in DeSoto Bend Lake since 1961
to improve sport fish populations. Twenty thousand largemouth bass fingerlings
were stocked in 1961, while in the following year, 160,000 largemouth bass finger-
lings were planted (Table 1). No additional largemouth bass were stocked until
1965 when 34,500 fingerlings were added.
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Table 1. Fish stockings at DeSoto Bend Lake from 1961-1971.

Species Size Number
1961

Lm bass Fingerling 20,000
1962

Lm bass Fingerling 160,000

Walleye Fry 2,000,000

Walleye Fingerling 44,000

W bass Adult JERTAR0,

C catfish Fingerling 80,000
1963

Lm bass Fingerling 139,000

C catfish Fingerling 53,000

N pike Fry 50,000

Walleye Fry 3,000,000

Walleye Fingerling 140,000
1964

Walleye Fry 4,000,000
1965

Lm bass Fingerling 34,000
1966

Walleye Fry 750,000

Walleye Fingerling 50,000
1969

Bullhead Adult 9,000
1970

Bullhead Adult 3,500

Y perch Fingerling 20,000
1971

Bullhead Adult 3,500
1972

N pike Fry 100,000

N pike Fingerling 10,000
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More effort was expended attempting to build a walleye fishery. During 1962,
2 million walleye fry and 44,000 walleye fingerlings were added to DeSoto Bend
Lake. Three million walleye fry were stocked in 1963 and 4 million in 1964. An
additional 140,000 walleye fingerling were introduced in 1963. Again during 1966,
750,000 walleye fry and 50,000 walleye fingerling were stocked.

Five additional fish species were added to DeSoto Bend Lake. In 1962, 80,000
channel catfish fingerlings and 1,700 adult white bass were stocked. An additional
53,000 channel catfish fingerling were placed in the lake during 1963. Northern
pike were stocked in 1963 and 1972, with 50,000 fry being added in 1963 and 100,000
fry and 10,000 fingerling stocked in 1972. Nine thousand adult bullheads were
introduced in 1969 and 3,500 adult bullheads stocked in 1970 and 1971. One
stocking of 20,000 yellow perch fingerling was made in 1970.

All of the available historical data on the fishery at DeSoto Bend Lake
indicated channel catfish and largemouth bass were the most prevalent predatory
species. The primary objective of this study was to make an intensive survey of
the dynamics of the predator-prey relationship in DeSoto Bend Lake. Supportive
objectives were to estimate population densities and other biological character-
istics of major predators, to determine food habits and selectivity of these
predators and to estimate the standing crop of other species including carp,
smallmouth and bigmouth buffalo, carpsucker, freshwater drum, and centrarchids.

DESCRIPTION OF DESOTO BEND LAKE

DeSoto Bend Lake is a 310 ha (770 ac) man-made oxbow located 9.7 km (6 miles)
west of Missouri Valley, Iowa. It is located in DeSoto Bend National Wildlife
Refuge which is managed for migratory waterfowl as a feeding and nesting area.

The lake was formed in 1959 when a bend of the Missouri River was separated from
the main river channel by two earth and rock levees. Inlet and outlet structures
connecting the lake with the Missouri River allow partial control of the lake
water level.

DeSoto Bend Lake is a long, 12.1 km (7.5 miles) narrow horseshoe shaped lake.
It has a mean width of 247 m (752 ft) with a 411 m (1,252 ft) maximum width.
Maximum depth at 301.6 m MSL is 10.6 m (39 ft) and mean depth of 3.6 m (10 ft).
Bottom slope is quite steep ranging from 3.8% to 48.5% with a mean slope of 4.1%.
Thermal stratification usually occurs at a depth of 1-2 m (3-6 ft) intermittantly
throughout the summer (Huggins, 1968).

The lake receives limited surface runoff water from Rand's Ditch, Young's
Ditch and Coulthard's Ditch (Figure 1). Surface runoff is mostly from tillable
land. Sedimentary turbidity was low except for a belt up to 15 m (49 ft) adjacent
to shore. This area of increased turbidity is caused from wave action from wind
and boating. Increased turbidity occurred periodically from plankton blooms and
after periods of extreme runoff. Rooted aquatic vegetation was abundant from May
through June forming a continuous aquatic macrophyte community around the entire
shoreline extending 10-20 m (33-66 ft) outward. After June this vegetation belt
was partially destroyed from the shear forces of wave action and from the increased
turbidity of wave action.
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Lake water levels fluctuated greatly through the years causing surface
area and volume of the lake to change accordingly. In 1973, during May through
September the mean surface area was 315 ha (778 ac) while in 1974, during the same
period mean surface area was 303 ha (748 ac) at 301.3 m MSL. This decrease in
volume can be attributed to the lack of precipitation in surrounding areas and
abnormally low Missouri River water level during 1974.

Thirty-one fish species inhabit DeSoto Bend Lake comprised mostly of species
indigenous to the Missouri River. Carp, carpsucker, gizzard shad, freshwater drum
and gar comprise the major part of fish standing stock in the lake. Channel cat-
fish, bigmouth and smallmouth buffalo populations were quite low. The most
abundant sport fish species are largemouth bass, bluegill, black crappie and white
crappie.

METHODS AND PROCEDURES

Fish sampling was conducted for one entire week, at biweekly intervals from
15 April to 30 October each year. Subsequent periods were denoted by month and
week. Sampling gear consisted of frame-trap nets, electroshocker, seine, and
gill nets. The frame nets had 15.24 m (50 ft) leads with .61 x 1.22 m (2 x 4 ft)
frames ahead of a hooped net .61 m (2 ft) diameter and 2.44 m (8 ft) long. A
winged throat was formed by the frames and two additional throats were located
in the hoop net section. Webbing of 19 mm (3/4 in) bar measure covered the entire
net. Frame nets were set with leads perpendicular to shore in water depth
sufficient to cover the entire net. The electroshocker consisted of a boat
outfitted with a 240 volt alternating current generator with the cylindrical
electrodes suspended 2.44 m (8 ft) in front of the boat. Each electrode, 13 mm
(1/2 in) in diameter and 1.83 m (6 ft) in length, was located in a row at 1.60 m
(5.5 ft) intervals. The boat was slowly driven parallel to the shoreline with one
person attempting to retrieve all stunned fish sufficiently large to stay in a
dip net with 19 mm (3/4 in) bar measure webbing. A seine with 6.3 mm (1/4 in)
bar measure web and measuring 15.24 m (50 ft) long by 1.22 m (4 ft) deep was used
for all seine hauls. Each seine haul consisted of pulling the seine parallel to
shoreline for 15.24 m (50 ft) and then pulling the deep end up to shore. Gill
nets were used each spring until warm water temperatures caused excessive mortality
to fish in the nets. Each gill net measuring 45.72 m (150 ft) long and 1.83 m
(6 ft) deep consisted of five 9.14 m (30 ft) panels each with mesh sizes of 13 mm
(1/2 in), 19 mm (3/4 in), 25 mm (1 in), 32 mm (1 1/4 in), and 38 mm (1 1/2 in) bar
measure.

Population estimates were conducted simultaneously with other study portions
using the Peterson equation J - %E_ where,

estimated number in the population

total number of fish marked in the sampling period
total number of fish captured in the sampling period
total number of fish recaptured in the sampling period.

J0 X 2

Confidence intervals for the 95% level were determined from the sample standard
error:
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<ﬁ \ [(N-M) (N-C) >
MC(N-1)

where the equation components were the same as before.

Largemouth bass, channel catfish, freshwater drum, and shortnose gar were
collected for stomach content analysis from randomly chosen samples during all
periods of the year. Only fish collected with the electroshocker were used for
stomach analysis to minimize regurgitation of contents. All fish collected for
stomach content analysis were immediately refrigerated for later laboratory
examination. Volumetric measurements of stomach contents were made immediately

upon removal and individual diet items were identified. If the contents contained

fish remains, body length measurements were made.

Food preference was determined by the Ivlev procedure:

g TRtk
TRy
where,
r, = percent occurrence of the ith food item in the stomach
P; = percent occurrence of the same food item in the seine sample
E = electivity index.

Values of food electivity ranged from -1.0 to +1.0 where +1.0 indicated absolute
selection for the food item and a -1.0 indicated the food item was ingested, but
not selected. One seine haul was taken daily from four individual permanent
sampling stations each sampling period. All contents were preserved in 10%
formaldehyde for later laboratory analysis.

Relative abundance data was collected simultaneously with other aspects of
the study and estimated directly from catch effort data using fyke net, electro-
shocker and seine catches.

FINDINGS

RELATIVE ABUNDANCE OF MAJOR FISH SPECIES

Relative abundance of largemouth bass, channel catfish, freshwater drum and
shortnose gar was determined directly from catch effort statistics collected bi-
weekly from 22 April to 12 October, 1974. Catch rates were determined from
permanent sampling stations for electroshocker and fyke net. Catch success
increased from period 3 through period 11 for all species (Table 2). Electro-
shocker success F/HR (fish/stocking hour) was higher than netting succes F/ND
(fish/net day). Catches of largemouth bass/hour ranged from 1.0 in period 5 to
106.1 in the last period with a mean of 28.2 F/HR. Largemouth bass were less
vulnerable to fyke netting than any other species.
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Table 2. Catch rates from electroshocker (F/HR) and fyke net (F/ND) samples for
largemouth bass, channel catfish, freshwater drum, and shortnose gar
in DeSoto Bend Lake during 1974.

Largemouth Channel Freshwater Shortnose
bass catfish drum gar

Shocker Net Shocker Net Shocker Net Shocker Net

April 2l W >l
R
May 1255 4.7 4 2.2 > Al TS 2.5
5.2 2.8 9 2.0 ol RS 8
June 10 ik o Hieo zahdl 5 4
20 8 el 255 = 23 «9
July 8.5 e 3 1.5 .2 5.5 1.0 Sis -
Sl 7ol e 1o 1 10.5 =5 3 153
August 2o TRl 2.0 .4 9.5 3 4,3 sl
42.5 7 3.8 2 6.5 1.0 Uy 7
September Sdothr =l 0.2 2 145 5l 1.3 3
106.1 20 15
Mean 28.6 o2 Sl =3 4.3 s 2.4 T

Channel catfish were captured with both devices, but higher catch success
was obtained with the electroshocker. Catch rates of channel catfish collected
with an electroshocker ranged from no fish in the second period to 9.2 F/HR during
the last period with a mean of 2.5 F/HR. ' Freshwater drum were more vulnerable to
shocking than channel catfish with an average of 3.9 F/HR.

Shortnose gar were most easily collected with electroshocking (1.98 F/HR) than
fyke netting (1.0 F/ND). Highest catch success occurred from periods 8-10.

According to the sample index, largemouth bass were the most abundant species
followed by shortnose gar, freshwater drum, and channel catfish. This is the exact
order found in the population estimates.

Seine haul data were used to determine relative abundance of forage fish
species. Eighteen fish species were collected in total seine samples of 35,570
fish (Table 3). Few fish were caught during early and late periods with most



Table 3.

Seining success in number per seine haul (F/SH) in DeSoto Bend Lake during 1974.
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caught in early June through late July. Catches ranged from 19.5 fish/seine
haul (F/SH) during the second to last period to 390.6 F/SH during mid-July with
a mean of 152.5 F/SH. Red shiner, Notropis Lutrensis, was the most abundant
minnow (excluding carp) and was taken in 10 sample periods. The second most
abundant minnow was the sand shiner, Notropdis sthamineus, and was captured
during 11 consecutive periods. Other minnows collected were: brassy minnow,
Hybognathus hankinsoni; fathead minnow, Pimephales promelas; bigmouth shiner,
Notropis dornsalis; and carp.

The most numerous species captured in seine hauls was young-of-the-year
gizzard shad. They were found during eight sampling periods ranging from
.1 F/SH in mid-June, to 302.7 F/SH during late July. Bigmouth buffalo young-of-
the-year were the second most abundant species being collected in eight periods.
They were most abundant in June and ranged from 156.4 F/SH in early June to
.6 F/SH in mid-August. Third most numerous species was bluegill ranging from
.4 F/SH to 203.9 F/SH with a mean of 32.7 F/SH for the seven periods in which
they were collected. The only other fish species taken in significant numbers
was river carpsucker, occurring in samples from ten periods and ranging from
.4 F/SH during the last periods to 21.7 F/SH in early July with a mean of
7.9 F/SH.

Largemouth bass young reached maximum numbers during the same period as
young gizzard shad. They appeared in seine samples on 1 July, increased to a
peak of 4.9 F/SH on 29 July, and slowly declined to 1.0 F/SH in mid-September.

Maximum abundance of young fish occurs on different dates for each species.
Gizzard shad numbers did not peak until late July, while bigmouth buffalo
numbers were highest in early June (Figure 2). Gizzard shad occurred in seine
hauls from mid-June until early October, reaching 99.8 F/SH in early July, 166.2
F/SH in mid-July, and peaking at 302.7 F/SH by late July. Numbers of age 0
gizzard shad declined to a low of 7.90 F/SH in late September, and increased to
35-40 F/SH for the remaining two periods.

Bigmouth buffalo young-of-the-year first appeared in seine hauls in early
May, and reached a maximum of 156.4 F/SH in early June. In the next sampling
period their numbers declined to 145.6 F/SH followed by a sharp decline to .9
F/SH in mid-July. No young bigmouth buffalo were seined after mid-August.
Young bigmouth buffalo collected by seining were present in high numbers for
two sampling periods, unlike other species which exhibited a single sharp peak
in a single sampling period.

Bluegill young-of-the-year were the third most abundant fish in seine hauls
and were collected from early July through early October, They were collected
in low numbers at first and peaked at 203.9 F/SH during mid-July, and declined
to 13.2 F/SH during the next period. From late August through early October they
were present in low numbers, ranging from .4-1.4 F/SH.

Young river carpsucker were not numerous in seine hauls but were collected
from late May through the last sampling period. Their numbers were highest
(21.7 F/SH) in early July samples and declined slowly to .4 F/SH in early
October.
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Figure 2. Abundance of bigmouth buffalo, bluegill, carpsucker, and gizzard shad
in seine hauls from DeSoto Bend during 1974.
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PREDATOR FISH POPULATION DENSITY

Population estimates were conducted simultaneously with food habit, age
and growth and relative abundance studies. Estimates were started on 23 April
and continued through 9 October.

Validity of fish population estimates rely upon certain assumptions of which
Ricker (1958) lists six. All criteria were met in this study except the assump-
tion dealing with recruitment. Recruitment was minimized by fin clipping only
fish age 1 and older. Marked fish did not appear to suffer increased mortality
compared with unmarked fish. All fish captured were immediately placed in a
live tank, body measurements taken, fin clipped and released.

Largemouth Bass -~ Population Estimate and Standing Crop One thousand and
eighty-seven largemouth bass were captured during 1974, of which 1,004 were
marked and 52 recaptured (Table 4). Most of the fish were captured after 1 July,
with the greatest number captured in August. Individual month estimates ranged
from 675 + 649 in June to 7,082 + 1,361 in August. No estimates were made in
April and May because no fin clipped fish were recaptured. Estimates for June
are biased downward by about 37% since the hypothesis stated by Robson and
Regier (1964) that MC = N would result in a bias of this magnitude. To eliminate
meaningful bias in the population estimate MC must = 4N or more.

Table 4. Numerical population estimate of largemouth bass in DeSoto Bend Lake
during 1974,

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 15 10
May 50 44
June 27 25 1 675% + 649
July 138 123 2 8,4872 + 5,908
August 426 399 24 7,082 £ 1,361
September 219 199 17 2,563 + 570
October 212 204 8 5,406 + 1,837
Combined 1,087 1,004 : 52 20,987 + 2,765

aP0pulation estimate biased due to small number of recaptures.
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The numbers of fish captured, fin clipped and recaptured plus the time
involved, made the combined population estimate a more reliable estimate. The
1974 largemouth bass combined estimate was 20,987, which at the 95% sampling
level would vary between 23,752 and 18,222. Estimated population density at
normal water level was 66 per ha (60 per ac) and would vary no more than 9 per
ha (8 per ac).

Standing crop was determined as the product of mean weight of bass and the
population estimate. Mean weight of marked largemouth bass was 563 g (1.24 1bs).
Using this value and the combined population estimate, standing crop of large-
mouth bass in DeSoto Bend was estimated at 37.1 + 5.1 kg/ha (33.1 + 4.6 1lbs/ac).
Standing crop of largemouth bass in farm ponds and other impoundments in Iowa
are higher than DeSoto Bend, but usually species diversity is greatly reduced
in these lakes.

Channel Catgish - Population Estimate and Standing Crop Two hundred
ninety-eight channel catfish were collected, of which 275 were fin clipped and
8 recaptured (Table 5). No recaptures were collected until May, and the largest
number collected was 3 in any month. Total number captured ranged from 4 in
October to 71 in April. Individual month estimates ranged from 136 + 66 in July
to 3,416 + 3,357 in May. Monthly channel catfish estimates are biased downward
from 2 to 37% because of few recaptures. Combined population estimates for 1974
was 10,243 + 3,520. This appeared to be the most reliable estimate because the
number of fish caught, marked, and recaptured are greater than monthly findings.
Estimated population density was 33.8 per ha (30.2 per ac) and would fluctuate
no more than 11.6 (10.4) at the 95% level.

Table 5. Numerical population estimate of channel catfish in DeSoto Bend Lake
during 1974.

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 71 70
May 61 56 1 3,416 £ 5, S5
June 49 47 1 2,303 =
July 24 17 3 136 2
August 45 39 2 877 % 590
September 44 42 1 1,848 o Lol
October 4 4
Combined 298 275 8 10,243 £ 30520

a : :
95% confidence intervals were not computed.
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Standing crop of channel catfish was determined using the identical pro-
cedures for largemouth bass. Mean weight of channel catfish captured was 810 g
(1.78 1bs) and ranged from 100-1,843 g (.22-4.06 1bs). Assuming the combined
estimate of 10,243 + 3,520 was reliable, standing crop of channel catfish in
DeSoto Bend during 1974 was estimated at 27.4 + 9.4 kg/ha (24.5 + 8.4 1lbs/ac).

ESTIMATED STANDING CROP OF MAJOR FISH SPECIES

Numerical estimates of carp, smallmouth and bigmouth buffalo, river carp-
sucker, freshwater drum, shortnose gar, black and white crappie, and bluegill
were conducted simultaneously with estimates for major predatory species.
Estimates were initiated in late April and continued through early October.

Similar procedures to estimate standing crops were used in this study portion
and the previous study segment. Recruitment was minimized by marking only fish
age 1 and older. Marked fish did not appear to incur increased mortality over
unmarked fish through observations of dead fish by personnel from state-federal
agencies. All fish captured were immediately placed in a live tank, body
measurements taken, fin clipped and released.

Canp - Population Estimate and Standing Crop Five hundred ninety-seven
carp were captured during 1974, of which 590 were fin clipped and six recaptured
(Table 6). A majority of the carp were collected during July and August with no
recaptures collected until July. Because of the few recaptures, monthly estimates
were biased. Estimates for August and September was based on 2 or fewer
recaptures. The combined population estimate, which was considered the most
accurate, was 58,706 + 23,482 yielding a carp population density of 189 + 75 per
ha (169 + 70 per ac). Mean body weight of carp collected during 1974 was 631 g
(1.39 1bs). Using the estimated numerical population densities and mean weight,
the standing crop of carp in DeSoto Bend Lake was 119 * 47 kg/ha (106 + 42
1bs/ac) during 1974.

Table 6. Numerical population estimates of carp in DeSoto Bend Lake during 1974.

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 15 15
May 94 94
June 47 47
July 235 231 3 18,095 + 10,314
August 168 766 2 13,944 + 9,760
September 33 32 1 1,056 =4 ]t 024
October 5 5
Combined 597 590 6 58,705 + 23,482
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Buffalo - Population Estimate and Standing Crop Numerical population
estimates of smallmouth and bigmouth buffalo were attempted during 1974, but
no marked fish were recaptured for either species. A total of 33 smallmouth
buffalo and 19 bigmouth buffalo were collected and fin clipped. Fourteen small-
mouth buffalo were captured during August, 6 in October, and during the other
months of sampling the number captured ranged from 1 to 4. A majority of the
bigmouth buffalo were collected in July (7 fish) and in October (9 fish).

Carnpsuckern - Population Estimate and Standing Chrop River carpsucker
were collected and fin clipped to determine the numerical population. Six
hundred fifty-nine river carpsuckers were captured, 581 marked and 19 recaptured
during 1974 (Table 7). Individual monthly population estimates ranged from
1,120 + 613 in September to 19,880 + 19,739 in April. Nine of the 19 recaptures
were collected in June, with fewer recaptures taken in other months. The
combined population estimate was 20,152 + 4,481 river carpsuckers. Mean weight
of river carpsucker was 788 g (1.74 1lbs). Standing crop of river carpsucker was
estimated at 52.4 kg/ha (46.8 lbs/ac) and would vary no more than + 11.6 kg/ha
(10.4 1bs/ac) at the .05 sampling probability level.

Table 7. Numerical population estimates of river carpsucker in DeSoto Bend Lake
during 1974.

95%

Number Number Number Population confidence

caught marked recaptured estimate interval
April 142 140 1 19,880 10 739
May 104 46 2 25392 L 655
June 58 57 1 3,306 + 3,249
July il 102 ) 1,258 + 384
August 277 175 3 10,207 % 5,798
September 60 56 3 15,120 £3 613
October 7 7
Combined 659 581 19 205152 t 4,481

Freshwatern Drnum - Population Estimate and Standing Crop Freshwater drum
population estimates were made simultaneously with other species. Number of
fish captured each month ranged from three in October to 121 during July
(Table 8). Five recaptures were collected from 249 marked fish from a sample of
266 freshwater drum captured. Two of the recaptures were collected in September
while the remaining three were collected the previous month. An estimate of
13,247 + 5,809 freshwater drum was made for the lake during 1974. Mean weight
of drum collected was 363 g (.80 1lbs). Total weight of freshwater drum age 1 and
older was 4,808 kg (1,059 1lbs) and would vary no more than + 2,108 kg (+ 464 1bs).
Estimated standing crop was 15.8 + 6.9 kg/ha (14.1 + 6.2 lbs/ac during 1974,
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Table 8. Numerical population estimates of freshwater drum in DeSoto Bend Lake
during 1974.

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 5 S
May 12 11
June 17 17
July 121 110
August 80 i 3 2,053 + 1,140
September 28 26 2 364 + 239
October 3 3
Combined 266 249 5 13,247 +. 55808

Bluegill - Population Estimate and Standing Crop More bluegill were
collected to determine population estimates than any other species. Marked fish
were recaptured in all sampling periods except April (Table 9). Bluegills
captured monthly ranged from 78 in October to 572 during August. Individual
sampling period population estimates ranged from 5,212 + 1,499 for September to
43,430 + 43,222 in May. The total number of bluegill collected was 1,859, of
which 1,771 were fin clipped and 34 recaptured. The combined numerical estimate
of bluegill in DeSoto Bend Lake was 96,832 and would fluctuate no more than
+ 16,295 at the 95% level. Mean weight of bluegill in the lake during 1974 was
66 g (.15 1bs). Total weight and numbers was 6,390 + 1,075 kg (1,407 + 237 1bs)
of bluegill in the lake. Standing crop was estimated at 21.1 kg/ha varying no
more than + 3.5 kg/ha (3.1 lbs/ac).

BLack Crappie - Population Estimate and Standing Crop Five hundred
thirty-seven black crappie were captured, of which 504 were marked and 11
recaptured (Table 10). A majority of the black crappie, 64%, were collected in
July and August; while all recaptures were collected in July, August, and
September. Individual period numerical population estimates ranged from 1,026 +
561 to 10,614 + 4,644. The combined population estimate was 24,604 and would vary
no more than + 7,262 at the .05 sampling probability level. Mean weight of black
crappie collected during 1974 was 142 g (.31 1lbs). Using these statistics,
standing crop of black crappie in DeSoto Bend Lake was estimated at 11.5 + 3.4
kg/ha (10.3 + 3.0 1lbs/ac).
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Table 9. Numerical population estimates of bluegill in DeSoto Bend Lake during

1974.
95%

Number Number Number Population confidence

caught marked recaptured estimate interval
April 125 113
May 215 202 1 43,430 + 43,222
June 198 186 2 18,414 + 12,885
July 428 411 7 25,129 + 19,339
August 572 558 12 26,598 e
September 245 234 11 55212 +° 1,499
October 78 67 1 5,226 + 5,154
Combined 1,859 A 34 96,832 + 165,295

Table 10. Numerical population estimate of black crappie in DeSoto Bend Lake

during 1974,

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 65 65
May 53 43
June - 13 13
July 108 103 3 3,708 + 2,080
August 238 223 5 10,614 + 4,644
September 57 54 3 1,026 £ 561
October 3 3
Combined 537 504 11 24,604 t 75262
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White Crappie - Population Estimate and Standing Crop White crappie were
nearly as numerous as black crappie; 337 were collected, 301 marked and 5
recaptured (Table 11). Numbers of white crappie collected each month, excluding
October, ranged from 22 in June to 91 during August, the only period in which
recaptures appeared in the sample. The combined numerical population estimate
for white crappie in DeSoto Bend Lake was 20,287 + 8,930. Mean weight was 157 g
(.35 1lbs). Using the mean weight and the numerical population estimate, standing
crop of white crappie, age 1 and older, was 10.5 kg/ha (9.4 lbs/ac) and would
vary no more than + 4.6 kg/ha (4.1 lbs/ac).

Table 11. Numerical population estimates of white crappie in DeSoto Bend Lake
during 1974.

95%
Number Number Number Population confidence
caught marked recaptured estimate interval
April 70 60
May 42 35
June 22 20
July 66 60
August 91 86 5 1,565 + 660
September 46 40
October
Combined 337 301 5 20,287 + 8,930
FOOD CONSUMPTION AND SELECTIVITY BY MAJOR PREDATOR FISH SPECIES
Lahgémouth Bass First food of largemouth bass are small zooplankton and

as body size increases insects become most important in the diet and later in life
bass consume small fishes. Fish are important in the diet of adult largemouth
bass and constitute as much as 60% or more of the total stomach content volume
(Couey, 1935). Crayfish are important food and make up a substantial part of the
diet. A wide variety of foods are consumed by bass and in some areas gizzard shad
is an important food source (Dendy, 1946).

Stomach examination of 62 largemouth bass in DeSoto Bend Lake showed 47
contained measurable contents. Early season examinations in May indicated 30%
of the fish collected had ingested food items (Table 12). About 90% of the fish
collected during July, August, and September contained stomachs with measurable
contents. Mean stomach volume was 7.4 ml, ranging from 2.0 ml in May to 24.8 ml
in August. The large value in August was the result of 3 large stomach samples,
one containing a volume of 100 ml. Mean content volume increased throughout the
summer with volumes of 2.0 ml in May to 7.6 ml in October.
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Table 12. Number and mean volume of stomachs collected from largemouth bass in
DeSoto Bend Lake during 1974.

Number of fish Number of stomachs Mean volume

collected collected (ml)
May 10 3 2.0
June 10 7 2.9
July 11 10 357
August 10 10 24.8
September 11 10 Sed
October 10 7 7.6

Seven species of fish were identified in largemouth bass stomachs (Table 13).
Gizzard shad was the most commonly eaten species followed by bluegill, silvery
minnow, red shiner, green sunfish and freshwater drum. Minnows were found in
largemouth bass stomachs only during May and June with gizzard shad becoming
common in July and continuing through October. Gizzard shad were found in 63%
of the stomachs collected during August and 83% of stomachs collected during
September. Green sunfish, largemouth bass and freshwater drum were not commonly
ingested, being found in about 4% of the stomachs. Prey availability was the
main reason minnows were found only in early season stomach samples. Seine haul
data showed only minnows and an occasional centrarchid during May and June, but
young-of-the-year gizzard shad were first collected in July and remained the
most abundant species in all following seine hauls.

Food preference based on Ivlev's electivity index showed freshwater drum was
the most preferred food species, with a value of +1.0. All other food species
had indices of +.004 to +.65. The electivity index for gizzard shad was +.28 in
July, +.19 in August, +.005 in September and +.004 in October. Although gizzard
shad were the most abundant species ingested by largemouth bass, they were
preferred less as food items as summer progressed.

Channel Catfish Channel catfish were mainly omnivorous eating both plant
and animal products. A large part of the natural diet of channel catfish is
insects and larvae (Bailey and Harrison, 1948). This species is not a selective
feeder, but takes advantage of available food.

Fifty-three channel catfish were collected for stomach analysis and 14 (25%)
contained food (Table 14). Catfish collected in May and June had lower stomach
contents than those collected later in the summer. One stomach with measurable
contents was collected from 20 catfish during May and June. Thirty-nine percent
of the catfish collected from July through October contained food items. Catfish
collected in September appeared to eat more frequently because measurable contents
were found in 50% of the fish.
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Table 13. Food items found in the stomach contents of largemouth bass in
DeSoto Bend Lake during 1974.

Food item Number Frequency of occurrence
(%)
May Silvery minnow 1 10
Red shiner 2 20
June Silvery minnow 2 20
Crappie 1 10
Red shiner il 10
Unknown 3 30
July Gizzard shad 16 T
Green sunfish i 4.8
Largemouth bass 1 4.8
Unknown 3 14,35
August Gizzard shad 15 6255
Bluegill 4 1657
Freshwater drum 1 442
Unknown 4 Y07
September Gizzard shad 10 83543
Unknown 1 8.3
October Gizzard shad 8 66.7
Unknown 1 8.3
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Table 14, Number, mean volume, and contents of stomachs collected from channel
catfish in DeSoto Bend Lake during 1974.

Number of Number of Mean Food Frequency of
fish stomachs volume item occurrence
collected collected (ml) (%)
May 10 0
June 10 1 10 Chironomids 10
July 10 5 1S Bluegill 10
Gizzard shad 10
Chironomids 8
Diptera larvae 2
August 7 3 64.2 Bluegill 14.3
Largemouth bass 14.3
Chironomids 145
September 8 4 47.5 Chironomids 34.6
Crayfish 10
October 8 3 8.2 Chironomids ST
Gizzard shad 1252

Mean stomach volume of catfish collected during all periods was 28.8 ml,
ranging from 8.2 ml in September to 64.2 ml in August. Mean content volume was
low the first three months, increased in late summer and decreased the last
period. Chironomids were the most numerous item in stomachs, being found in
eight of 14 stomachs containing food. Bluegill and gizzard shad were each found
in two stomachs. Other contents found were Diptera larvae and crayfish.

Food preferences of catfish based on the electivity index showed bluegill
preferred over gizzard shad with values of +.33 compared to values of -.34 for
shad during July.

Shorntnose Gar Forty-eight shortnose gar were collected during 1974 for
stomach analysis, but all stomachs were empty upon examination. This species
apparently has a very rapid digestion rate, and refrigeration does not sufficiently
slow body functions, which results in the stomach contents completely digested by
examination.
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DISCUSSION OF FINDINGS

The most numerous fish species in DeSoto Bend Lake in 1974 was gizzard
shad followed by bluegill, carp, black crappie, largemouth bass, white crappie,
river carpsucker, shortnose gar, freshwater drum, and channel catfish (Table 15).
Gizzard shad had the greatest standing crop, 173.6 + 70.4 kg/ha (155 + 63
lbs/ac). Bluegill standing crop was only 21.1 + 3.5 kg/ha (18.8 + 43.7 1bs/ac)
despite being second in abundance. Second most dominant species by standing crop
was carp with 122 + 48.9 kg/ha (108.9 + 43.7 1lbs/ac). The two major predators,
largemouth bass and channel catfish, had standing crops ranging from 37.1 + 5.1
kg/ha (33.1 + 4.6 lbs/ac) and 27.3 + 9.4 kg/ha (24.4 + 8.4 lbs/ac), respectively.
River carpsucker and freshwater drum contributed 52.4 + 11.6 kg/ha (46.8 + 10.4
lbs/ac)and 15.8 + 6.9 kg/ha (14.1 + 6.2 1lbs/ac) to the standing crop, respectively.
The three major centrarchids standing crop combined was 43.1 + 11.5 kg/ha (38.4 +
10.2 1bs/ac). Bluegill standing crop was about twice as great as black crappie
although they were nearly 4 times as numerous. Black crappie and white crappie
have nearly the same number of individuals and differ only slightly in standing
crop. The ten species contribute a combined total of 507.5 + 173.1 kg/ha
(453.2 + 154.6 1lbs/ac).

Table 15. Population estimate, mean weight, and standing crop of major fish
fish species in DeSoto Bend Lake in 1974.

Population 95% Mean Standing 95%
Species estimate confidence weight crop confidence
interval (g) kg/ha interval
Lm bass 20,987 + 2765 563 371 = e85
C catfish 10,243 + 3,520 810 A + 00
S gar 17,200 + 4,463 638 3642 SO 55
G shad 175,350 + 4,463 300 17526 + 70.4
Carp 58,705 + 23,482 631 122.0 + 48.9
R carpsucker 205152 + 4,481 788 52.4 £01156
F drum 13,247 * 515809 363 1528 £ 600
Bluegill 96,832 + 16,292 66 21,1 £ 35
B crappie 24,604 + 7,262 142 11.5 + 3.4
W crappie 20,287 e 8,930 157 10.5 + 4.6
Total 5075 + 175501
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Results of standing crop estimates showed the most dominant species was
gizzard shad followed by carp, river carpsucker, largemouth bass, shortnose gar,
channel catfish, bluegill, freshwater drum, black crappie, and white crappie.

Carp have a higher estimated crop than the combined three major predators,
largemouth bass, channel catfish, and shortnose gar. The five species that
comprise the bulk of the sport fishery, bass, catfish, bluegill, black crappie,
and white crappie have a combined standing crop of 109 kg/ha (97.3 lbs/ac), while
the other five major species made up nearly 400 kg/ha (357 lbs/ac) of the standing
crop. Removal of carp might increase the standing crop of more desirable species,
but it would be difficult to crop enough to cause major shifts in the population
structure. It is highly doubtful a commercial fishery would attract fishermen
because of the small, non-marketable size of food fish.

Channel catfish were considered a major fish predator, but the findings
showed 25% contained stomachs with measurable contents, while 75% of largemouth
bass contained food items. Minnows and small fish were found in 74% of largemouth
bass stomachs, while fish were found in 28% of channel catfish stomachs. Catfish
fed more heavily on chironomids than fish.

Shortnose gar were thought to be a major predator, but all stomachs examined
were empty from 48 specimens. The lack of measurable stomach contents may be
caused by extremely rapid digestion by shortnose gar or refrigeration may not
slow metabolic processes enough to halt digestion. They could perhaps be
regurgitating stomach contents when captured by electroshocking, but this was not
observed. If they feed heavily at night, contents would probably remain to some
extent until the following day, and all shortnose gar were collected during
daylight. If they fed in late afternoon and had rapid digestion rates, perhaps
the stomachs could be empty when the fish were captured.

Most of the forage after July was young gizzard shad. Minnows were most
numerous in earlier seine hauls. Young gizzard shad are less preferred by
largeouth bass as the season progressed, but they are the most numerous species
ingested by this predator. Bluegill were preferred over gizzard shad during
July, but this could be misleading because of the high numbers of young gizzard
shad present in July seine hauls.

RECOMMENDATIONS

The study should be continued for one additional season to further define
the problems of predator-prey dynamics in DeSoto Bend Lake before a comprehensive
experimental program for fishery management can be initiated.
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