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ABSTRACT: 0-age. wa,,U.e.ye. and yellow peAc.h popu.la.tioM a;t Sp-<.Ju.t Lake. we.11.e.. .camp.led 
w..in.9 .o.tan.claJu:uze.d .tow n.e.t ha.ult:. 6 0'1. 9 we..e..k.ltj in;t.eAva.-l6 c.omme..ncin9 in May, 19 7 3 
and 1914. 0-a.9e. waU.e,ye. and ye.,,Uow pu.c.h abu.ndanc.e. de.cte..Me..d .oignifil.c.a.n.tty be;twe.e.n 
1973 and 1974, with c.cuc.h me.an.6 06 Z.5 and .9 .la.1tva,.l walleye. and 116.6 and 33.0 
.la.It val, y e..U ow p eAc.h peA .tow • Bo .th .6 pe. cie...o we..11.e. 11.ando mly fu Wb u.te.d. E6 .:tuna.te.d 
c.onbu.bu.tion. ofi .6:toc.k,e.dwa,U,e,ye. fi!ttJ :to ye.M c..la.6.6 abu.ndanc.e. Wa.6 100% in 1973 and 
23% in 1974 ba.6e.d upon e.x.tMpo.la.tlon oo .otoc.ke..d wail.eye. la11.vae. ruve. on :the. Qill,6:t 
.6 ampun.9 date. a.nnua,.lly and :total po pu.la.:tlo n de.Mdy, and 81 % and 9 0 % a.nnu..a.Uy 
ba.6 e.d upo VL :the. .6 U'1.Viva..l O O .6.toc.ke.d wa,,U.e.ye. .6 a.c. oft!:! a.n.d n.a;tU11.ai, 1Le.p11.odu..c.tive. 
potential. Le.n.9.th-wugh:t 1te..la;tl0Mhip oolL wail.eye. wa..o Log7QW = -5.48 + 3.10 Log70L 
in. 19 7 3. Ca:tc.h data. we.Jz.e. in.6 u6 fiicie.n;t. :to c.ompu.:te. .the, 11.el.a.lio Mhip in 19 7 4. FOIL 
.la.Ji.val ye.Uow peAc.h, Jz.e..la.tioMhip6 weAe. Log7 0W = -5.94 + 3.67 Log70L 1-n 1973 a.nd 
Lo970W = -6.23 + 3.86 Lo970L in 1974. PJWduc,ti,on ofi lMva..l waLe.e.ye. Wa.6 2.0 gm/ha. in 
1973 a.nd <. 1 gm/ha in 1974. Ye.Uow peAc.h p!Loduc.tlon Wa.6 149.5 gm/ha. in 1973 a.nd 
7.9 gm/ha in 1974. 

·-. I • • 

Author: Di ck McWi l liams 1 July, 1974 
Fisheries Research Biologist 

Approved by: James Mayhew 
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STUVY OBJECTIVE 

To de.teJ!Jrl,{,ne the wtlque c.on.tJtJ...bu.,t-i.,on 06 na.tu.tutl p!tod.uc.tion a.nd -otoc.ked 
lMva.e. :t.o :the 0-age wall.e,ye popu1.ailon ,i,n Spvr.Lt Lake a.nd ,i,de,n;U0y the f,a.ct.oM 
wh,i,ch inf,fue.nc.e the abunda.nc.e. a.nd cli.J.dJubu.,t-i.,on, pJUJductlon, a.n.d .6Wtv,i,va.l 06 
e.mbJtijon,lc., Wt.val a.nd ju.veme wa.Ue.ye. a.nd yell.ow peJLch. 

JOB 1 OBJECTIVE 

To ck.te.Jr.mlne. the. nwnvuc.al a.bu.nda.nc.e., d,,u.,:t.Ju.,bu.,t-i.,on, -oMviva.f. and 1tep1todu.c.tion 
o O .lair.val, wa.Ue,ye. a.nd ye,,U,aw pe.hch in Sp,i,!u;t 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 abtmdance 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) fotmd 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 
abundance of 0-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 con tributeJ 11. 8% to year class strength. Jennings 
(11)70) 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 
com,Pletely successful. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 

Yello\v perch is the second most important sport fish species i.n total 
harvest statistics. Creel surveys conducted between 1956 and 1973 showe<l yellow 
perch harvest ranged from about 6,000 in 1961 to over 109,000 in 1971, a.veraging 
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 0-age walleye population and to determine the 
abundance, distribution, survival and production of 0-age walleye and yellow 
perch with emphasis on the interrelationship between these closely related fishes. 

DESCRIPTION SPIRIT LAKE 

PHYS I CAL CHARACTERISTICS 

Spirit Lake i s 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. 

Tot a l watershed area of Spirit Lake is about 13,500 ha (32,893 ac), including 
individua l 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 wi th much of the land intensively row cropped. 

CHEM I CAL 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 Se cchi disc, and temperature. 

There was little change in pH, either horizontally or vertically, throughout 
the study. In 1973 , pH values r anged from 8.5 to 8.6 with a mean of 8.5 (Table 1). 
The next year pll va lues va r ied from 8.5 to 8. 7, with a mean of 8.6. Analytical 
procedures for de t e rmining 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 range d f rom 188 mg/1-256 mg/1 in 1973 with a mean of 217 mg/1, with no 
apparent seasonal trend (Table 1). In 1974, alkalinity remained at 190 mg/1 
throughout t he sampling per iod, probably due to the improved technique for measuring 
the component. 
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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 8.5- 8. 7 

Total hardness (mg/1) 243 205 -256 227 220 -250 

Alkalinity (mg/1) 217 188 -256 190 

Dissolved oxygen (mg/1) 8.9 8.0- 10.1 8.9 7.6- 11. 2 

Temperature (OC) 17. 9 10.5- 24.0 17.8 12.0- 22.6 

Sec chi disc (m) 2.1 .9- 3.7 1.8 1.0- 4.6 

Total hardness values ranged from 205 mg/1-256 mg/1 in 1973, with a mean of 
243 mg/1. In 1974, hardness values ranged from 220 to 250 mg/1, with a mean of 
227 mg/1. Total hardness in 1973 during May and early June remained near 256 mg/1, 
subsequently dropping to 205-239 mg/1 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/1, with a mean of 
8.9 mg/1. In 1974, dissolved oxygen ranged from 7.6-11.2 mg/1 and had a mean of 
8. 9 mg/1. 

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 1 ack of plankton 
during early May in 1974. Measurements in late May and Jlllle showed plankton 
fairly ablllldant in both years. Overall mean Secchi disc readings averaged 2.1 m 
in 1973 and 1.8 min 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. In 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. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5 

METI-IODS AND PROCEDURES 

Sampling of 0-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 78 and 88 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 m3. 

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 = log10CXijk + 1) 

where Yijk was the log10 transformation of Xi·t + 1 and Xijk was the adjusted 
catch in the kth interval at the jth statioonJ1n the ith y~ar. 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 .OS level of probability. 
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F i gure 1. Locati on of sampl in g stations at Sp irit La ke. 
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The numerical density of 0-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 0-age walleye and yellow perch was computed by the function 
described by Ricker (see Chapman, 1968), 

P = GB 

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 th e equation 

G = 
loge(wtn+l) - loge (wtn) 

l'it 

where G was the instantaneous growth coefficient, wt +l ,._ras the mean weight in 
interval n + 1 and wtn was the mean weight in the pr~ceeding 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 

z = 
- ( 1 o ge 2 - loge 1 ) 

l'i t 

wher e loge2 and 1 are the transformed catch means and l'it the sample inter va l. 
Annual mortality (A) was computed in the usual fashion from a tab le of exp on en tial 
functions. Survival was estimated as the compliment of annual mortality, where 
S = 1 - A. 

Estimated contributions of stocked walleye to the 0-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 reproductive potential was estimated 
by multiplying the number of f ry hatched per m2 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 
an<l naturally produced laval walleye alike. 
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FINDINGS 

0-AGE WALLEYE ABUNVANCE ANV VISTRIBlffION 

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 fish in the third interval and 1. 8 fish in the fourth sampling interval 
(Tab le 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 ANV 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 5%. 

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 log10W = -5.48 + 3.10 log10L (r = .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 0-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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I Table 2. Gatch of 0-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. 

I 
I Sampling 

Year station Sampling interval 

I 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 

I 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 

I 
4 25.1 4.6 0 0 0 0 0 0 0 
5 11.4 9.1 6.8 0 0 0 0 0 0 
6 27. 3 0 0 0 0 0 0 0 0 
7A 9.1 0 0 0 0 0 0 0 0 

I 7B 0 9.1 15.9 9.1 0 0 0 0 0 
8A 41.0 0 0 0 0 0 0 0 0 
8B 13. 7 0 11.4 4.6 0 0 0 0 0 

I Mean 13.9 3.9 3.4 1.8 0 0 0 0 0 

I 1974 5/6- 5/13- 5/20- 5/27- 6/ 3- 6/10- 6/17- 6/24- 7 /1-
5/10 5/17 5/24 5/ 31 6/7 6/14 6/21 6/28 7/5 

I 1 6.8 0 0 0 0 0 0 0 0 
2 15.8 0 0 0 0 0 0 0 0 

I 
3 33.2 4.1 0 0 0 0 0 0 0 
4 7.2 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 

I 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 

I 8B 0 0 0 0 0 0 0 0 0 

Mean 8.0 . 4 0 0 0 0 0 0 0 

I 
I 
I 
I 
I 
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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 .01 

Interval 8 10.00 1. 25 

Year x interval 8 1.27 .16 

Residual 144 11. 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. 

1973 1974 

Sampling Mean total Sampling Mean total 

** 

** 

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

5/7 -5/11 8.8 7.6-10.1 30 5/6 -5/10 9.5 8.3-10.7 29 
5/14-5/18 9.2 8.5-10.0 9 5/13-5/17 9.4 1 
5/21-5/25 11. 3 10.8-11.5 7 5/20-5/24 a 

5/28-6/1 15.4 14.1-16.1 4 5/27-5/31 
a 

6/ 4 -6/8 a 6/ 3 -6/7 
a 

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

6/18-6/22 a 
6/17-6/21 

a 

6/25-6/29 a 6/24-6/28 
a 

7/2 -7/6 a 
7/1 -7/5 

a 

aNo larval walleye captured. 
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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. 

PROVUCTION OF 0-AGE WALLEYE 

Total production of 0-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 t he 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 STOCKEV WALLEYE LARVAE TO THE 0-AGE WALLEYE POPULATION 

During 1973, 18,000,000 walleye s ac fry (8,300/ha, 3,360/ac) were planted in 
Spirit Lake from 6 -9 May , with approximately equal daily distribution. The 
estimated numerical popul ation on 10 May, based on tow net samples, was 718 ± 426 
fry per ha (29 1 ± 175 fry per a c). On 10 May, by extrapolation, 6,475 ! 4,174 
stocked larvae per ha (2 , 621 t 1,690 per ac) survived, i ndicating 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 estimat es 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 popul a tion, although the wide confidence limits revealed 
stocked fry could compose f rom 13% to the entire year class abundance. Estimates 
based upon the natural reproduct j ve 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 ABUNVANCE ANV VISTRI BUTION 

The abundance of yellow perch decreased significantly (P < . 01), from 116. 6 
fish per tow in 19 73 to 23. 0 fish per tow in 19 74. Seasonally, catches of larval 
yellow perch de clined s i gnifi cantly (P < .01), but the catch curves were similar 
each year (Figure 3). In 19 73 , catch mean increas ed from 263 .1 larvae in early 
May to 405.3 per tow in the mid-May sampling interval, then declined sharply to 
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Table 5. Production of 0-age walleye at Spirit Lake, 1973-74. 

Mean Instantaneous Population Population Mean 
Sampling weight growth size biomass biomas s Production 
interval (g) coe ffi ci en t (N/ha) (kg) (kg) ( gms / ha) 

1973 
5/7 -5/11 .026 718 4.0 

,25 2.7 • 3 

5/14-5/17 . 033 201 1. 4 
. 71 2.0 . 7 

5/21-5/25 .06 7 176 2.6 
. 81 2.8 1.0 

r-' 
t,.l 

5/28-6/1 . 151 93 3.1 

6/4 -7/6 a 

Total production= 2.0 gms/ha 

1974 

5/6 -5/10 . 031 418 2.8 
.06 1. 4 < . 1 

5/13-5/17 . 032 21 . 2 

5/20- 7 /5 a 

Total production=< .1 gms/ha 

aOne 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 < • OS) 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 ANV 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 19 73 and 18% in 19 7 4. 

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; 

Log10W = a + Log10L 

where weight was in gms and length was in mm. The relationships were as follows: 

1973 LoglOW = -5.94 + 3.67 Log10 L (r = .99) 

1974 Log10W = -6.23 + 3,86 Log10L (r = .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 
1 ate May with mean total length of 26 . 2 and 26. 3 mm TL in the mid-Jtme sampling 
intervals. 

0-AGE YELLOW PERCH PROVUCTION 

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.S 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). 
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I 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 

I 
values in each cell are the mean of two simultaneous tows in 1974. 

I Sampling 
Year station Sampling interval 

I 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 

I 1 104.8 942.9 4.6 132 .1 0 0 13.7 0 0 
2 539. 8 488. 7 31.9 50.l 0 0 6.8 0 0 

I 
3 29.6 13.7 4.6 47. 8 0 15 7. 2 6.8 0 0 
4 241.4 293.8 0 4.6 0 9.1 0 0 0 
5 264.2 202.7 100.2 59.2 161.7 13.7 29.6 0 0 
6 11.4 628.6 0 27. 3 230.0 0 27.3 0 0 

I 7A 4.6 29.6 47.8 86.5 13.7 4.6 0 0 0 
78 107.0 858.6 248.2 252.8 25.0 0 0 0 15.9 
8A 521.6 0 453.2 159.4 4.6 0 0 0 0 

I 
88 806.2 594.4 926.9 330.2 95. 7 0 0 0 0 

Mean 263.1 405.3 181. 7 115. 0 53.1 21. 0 8.4 0 1.6 

I 
1974 5/6- 5/13- 5/20- 5/27- 6/3- 6/10- 6/17- 6/24- 7/1-

I 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 7/5 

1 118. 8 1.8 0 2.7 0 0 0 0 0 

I 
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 0 
4 117.1 23.2 0 0 0 0 2.2 0 0 
5 204.5 8.6 0 0 0 0 0 0 0 

I 6 350.3 2.3 5.1 0 0 0 0 0 0 
7A 15.5 2.3 2.6 0 0 0 0 0 0 
78 0 0 0 0 0 0 0 0 0 

I 
8A 26.9 15.9 0 0 0 0 0 0 0 
88 106.6 11. 8 0 0 0 0 0 0 0 

I 
Mean 197.4 7.8 1.0 . 8 0 0 . 2 . 2 0 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

17 

Table 7. Factorial analysis of variance of o~age yellow perch transformed catch 
data at Spirit Lake. 

Source of variation df ss MS 

Years 1 25.67 25.67 

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 . 32 

Total (corrected) 179 166.46 

* Significant at the 95% level. 

** Significant at the 99% level. 

Table 8. Mean total length and length range of 0-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 4.8- 7. 7 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 8.2-13.8 87 5/27-5/31 15.0 13.8-17.0 3 
6/4 -6/8 13.1 9.8-16.5 39 6/2 -6/7 a 

6/11-6/15 15.0 10.9-22.6 21 6/10-6/14 a 
6/18-6/22 14.8 11.1-29. 8 18 6/17-6/21 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 

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 (g) coefficient (N/ha) (kg) (kg) (grns/ha) 

5/7 -5/11 .0069 13,582 20.3 
- . 21 22.9 - 2.2 

5/14-5/18 .0056 20,923 25.4 
1. 28 32.6 19.6 

5/21-5/25 . 0202 9,380 41.1 
1. 26 66.2 38.5 

5/28-6/1 . 0710 S ,937 91. 4 I--' 

.68 88. 7 27.8 00 

6/4 -6/8 .1449 2,741 86.1 
.84 81. 2 31. 5 

6/11-6/1 5 . 3249 1,084 76.4 
. 09 53. 8 2.2 

6/18-6/22 . 3323 434 31. 2 
1.46 47.5 32. 0 

6/25-6/29 a 

7/2 -7/6 .6220 83 11. 4 

Total production= 149.4 grns/ha 

aNo 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) (grns /ha) 

5/6 -5/10 . 0053 10,190 11. 7 
1. 74 7.2 5,8 

5/13-5/17 . 0302 403 2.6 
.48 1.6 . 4 

5/20-5/24 .0488 52 . 5 
1. 94 1. 2 1. 1 

5/27-5/31 .2083 41 18.6 ...... 
t.O 

6/3 -6/7 a 

.68 1.8 . 6 

6/10-6/14 a 

6/17-6/21 l. 610 11 36.0 
. 09 3.8 . 2 

6/24-6/28 1. 761 10 39. 4 

7/1 -7/5 a 

Total production= 8.1 grns/ha 

aNo larval yellow perch captured. 
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The highest numerical population in 1973 was 20,923 N/ha in the mid-J une 
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 incr eas ed 
to 11. 4 kg. 

The maximum numerical popul ation 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 abtmdance. Findi ngs 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 popul ation 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 abtmdance 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 contribut i on 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) f ound 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. It 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, ~oude 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 lirnnetic 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. 

0-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 tmiformly 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 me.a.6Wl.e. the. abwidan.c.e., cLU:tJubutfon., u.t<.l)_zation. and c.ompetilJ...on. ,601r.. 
pla.n.k:ton.lc. ,6.i6h ,6ood oJi.ganb..m.6 by laJLval an.d po.6.t-lMval UJaUeye. an.d yellow 
pVt.ch. 

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 CT.adoc.vr.a (Vaphrua., Bo.6rru.n.a and Chydo/f.Ll.6) and two genera 
of Cope.poda (V.ia.ptomU6 or Cydop.6) 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 
1 1 E = 

rl + P1 

where r 1 was the relative occurrence of organisms expressed as a percentage in 
the stomach contents, and p1 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 Oto +1 and non-preferenece from Oto -1. 

FINDINGS 

ABUNVANCE ANV V1STR1BUTION OF VIAPTOMUS 

There was nonsignificant (P > .OS) change in the abundance of Viaptomw., 
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 Viaptomw., was not 
significant, although the significant (P < .OS) year-interval interaction revealed 
disperity in the catch of Viaptomw., 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 
Viaptomw., was approximately 14 days later in 1974. 

Analysis of variance in the catch of Viaptomw., 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 < .OS) 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, BA and BB, 
respectively. Viaptomw.i was equally distributed among shallow water stations. 

ABUNVANCE ANV VISTRIBUTION OF CYCLOPS 

Overall catch means of Cyc.lop~ were 6.0 N/1 in 1973 and 4.7 N/1 in 1974, 
with no significant difference in population density (P > .OS). Seasonal abundance 
of Cyc.lop.6 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 
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Table 11. Catch of V,i,a.ptomU6 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 13.5 0.2 4.2 14.2 5.8 36. 5 38.3 10.1 

2 8.4 13.8 4.0 6.0 16.9 18.2 32.3 30. 2 44.2 

3 26.6 17.8 1.5 7.3 13.6 22.3 45.7 14. 9 16.4 

4 20.1 11.0 25.5 18.4 2,4 21.5 25.4 19.9 12.0 

5 27.5 19.1 18.5 16.5 5.3 14.2 23.4 12.3 3.1 N 

°' 
6 19.7 18.0 6.2 20.1 9.6 10.1 24.5 10. 7 10.7 

7A 15.5 18. 5 5.3 4.6 2.0 16.2 24.1 26.5 19.S 

7B 17.2 27.8 20.0 18.4 19.0 24.9 23.9 48.0 27.6 

8A 16.5 13.8 13.2 11. 8 2.4 12.4 10.9 16.2 20.6 

8B 31. 0 29.8 20.0 30.2 6.6 24.0 22.3 16.9 6.1 

Mean 25.4 34,S 26.7 18.3 10.3 9.0 13.0 6.2 18. 9 



- - - - - - --- - - - - - .. - - - - -
Table 12 , Catch of Viaptomu.6 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 16.0 14.5 25.7 22.7 25,0 15.3 7. 7 3. 7 13. 7 

2 45.0 2.3 16. 7 38,3 9.3 12.3 2.3 13.3 27.0 

3 15.3 9.0 14. 7 20.3 7.3 20.0 2.3 6.3 13.7 

4 3.0 4.6 21. 0 7.0 13.0 21. 3 1.0 4. 7 25.3 

5 40.5 4.7 41.0 18.3 18.7 18.3 11.0 12.7 16. 7 N 
---l 

6 7.5 13.3 28.3 8.3 9.3 21. 3 19.7 14,7 15. 7 

7A 1. 3 7.3 26.3 34. 3 11.0 27.0 15.3 28.3 36.3 

7B 17.8 3.7 19.0 -39. 7 31.0 21.0 24.7 47.0 34.0 

8A . 8 2,3 17. 7 8.0 8.3 10.0 4.7 12. 7 17. 0 

8B 14.8 3.7 20.0 31.0 29.3 20.7 22.7 11.0 22.0 

Mean 11.4 4.1 18.7 28. 9 12.0 17. 0 6.4 5.0 5.4 
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Table 13. Factorial analysis of variance in the numerical catch of Viaptomu.o 
at Spirit Lake, 1973-74. 

Source of variation df ss MS 

Year 1 .040 .040 

** Station (9) (1. 788) (.199) 
Midwater vs shallow water 1 .156 .156 

Among midwater 3 1.412 .45o** 
Among shallow water 5 .220 .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 1 7. 456 

**significant at the 99% level. 

catch curves for both years revealed Cycl.op~ was most abt.mdant 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). In 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). 

Cyci.op!) 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. Cydop!) 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, 78, 8A and 8B. 
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Table 15 . Cat ch of Cydopo i n number per liter in standardized pl ankton s amples at Spiri t 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 9.0 8.8 4. 7 . 7 1.3 . 7 2.7 2. 7 2.0 

2 17. 8 4.4 6.7 7.0 --- 2.3 . 7 4.0 5.7 

3 4.3 7.0 10.0 1.0 1.0 3.3 --- 1.3 2.0 

4 1.5 6.5 7.0 • 7 1. 3 10.0 . 3 . 7 5.3 

5 17.3 5.7 13.3 3.7 1.0 . 7 1. 7 3.3 6.7 vi 
N 

6 4.8 3.3 10.0 3. 7 • 3 2.3 .1 3.7 3.3 

7A 5.8 2.3 6,3 9.7 1.0 4.3 1.0 2. 7 2.0 

7B 16.3 4.0 17.3 9.7 6.7 2.3 4.7 2.3 4.0 

8A 4.8 1. 7 10.3 2.7 1.0 . 3 . 3 1.3 2.0 

8B 12.5 6.7 15.0 9.0 6.7 3.7 3. 7 3.0 2.7 

Mean 9.4 5.0 10.1 4.8 2.0 3.0 1. 6 2.5 3.6 
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Table 16. Factorial analysis of variance in the numerical catch of Cyc.lopo 
at Spirit Lake, 1973-74. 

Source of variation df ss MS 

Year 1 .003 .003 

Station (9) (2,115) (.235)** 
Midwater vs shallow water 1 .491 .491** 

Among midwater 3 1.268 .423 
Among shallow water 5 .~6 .071 

Year x station 9 .466 .052 

** Interval 8 11.229 1.404 

Year x interval 8 2.647 .331** 

Residual 144 6.929 .048 

Total (corrected) 1~ 22.970 

** Significant at the 99% level. 

ABUNVANCE ANV VISTRIBUTION OF VAPHNIA 

Mean population density of Vaphn.la 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 Vaphnia occurred in May, with a peak 
mode of 34.S N/1 during the mid-month interval, decreasing steadily through the 
last half of May and first part of J1.IDe 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-Jlllle 
samples (Table 18). 

The analysis of variance in the catch of Vaphn.la among sampling stations 
revealed unequal horizontal and vertical distribution. Catch means between shal low 
water and midwater stations were significantly different at the 99% level with 
highest density in midwater stations (Table 19). Vaphnla. density was significantly 
hi gher 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 BA, 27.l N/1 at Station 78 and 
28 .2 N/1 at Station 88. Vaphn.la were lllliformily distributed among shallow water 
stations. 
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Table- 17. Catch of Va.phrua. in number p er liter i n s t andardiz ed plankton sampl es at Spiri t Lake, 1973. 

Sampling interva l 

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 1.5 10.1 

2 8.4 18.9 7.8 4.7 10.9 10.9 5.5 1. 3 12.5 

3 10.9 27.8 3.8 1.0 16.9 14 .9 6.8 2.0 5.0 

4 19.4 25.0 46.5 29.1 .2 9.5 18.2 2 .9 51.2 

5 37.8 22.8 45.8 6.6 2.4 5 .7 6.4 5.0 8.5 ~ 
u, 

6 29.7 27. 5 8.2 2 7. 8 6.6 6.4 6.4 .4 37.9 

7A 18.3 24.5 5.4 3.7 5.0 10.1 22.3 6.8 10.3 

7B 21. 9 58.3 50,4 35,0 29.l 17. 5 18.8 11.0 28.0 

8A 22.8 14. 3 31.5 15.1 2.4 .9 11. 8 12.9 18. 2 

8B 53.8 80.0 67.2 56 . 0 10.5 7.7 18.4 18. 2 7.2 

Mean 25.4 34.5 26.7 18,3 10.3 9.0 13.0 6.2 19.0 



~-----~------------
Table 18. Catch of Vaphn.ia in number per liter in standardi zed 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 15.8 1.8 19.0 19.0 3.3 5.7 9.0 3.0 .7 

2 22.8 2.5 14.9 59.3 3.0 9.0 1.0 8.7 9.7 

3 8.5 4.8 14,0 36.3 5.3 13.7 1.0 2.7 . 7 

4 1.8 10.5 13.0 6.3 5.3 41. 3 . 3 5.0 4.7 

5 9.0 2.3 24.0 11. 7 2.7 7.3 7.7 1.3 3. 7 ~ 

°' 
6 1.5 7.0 34.0 26.7 1.0 26.0 1.0 2.0 3.3 

7A 1.5 --- 10.7 38.0 8.0 18.7 4.3 2.0 6.7 

7B 23.0 6.0 28.7 48.0 48. 3 19.3 20.7 15.0 9.7 

SA 2.5 1. 7 5.3 5.3 6.0 3.3 2.7 2.0 s. 7 

8B 27. 5 4.3 23.3 38.0 37.0 25.2 16.0 8.3 8.7 

Mean 11. 4 4.1 18.7 28. 9 12,0 17. 0 6.4 5.0 5.4 
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Table 19. Factorial analysis of variance in the numerical catch of Vaphn.ia 
at Spirit Lake, 1973-74. 

Source of variation df ss MS 

Year 1 1.545 1. 545 ** 

Station (9) (5,689) ( .632)** 
Midwater vs shallow water 1 1. 564 1.564** 

Among midwater 3 3.995 1.332** 
Among shallow water 5 .130 .026 

Year station 9 . 700 .078 

Interval 8 4. 751 .594** 

Year x interval 8 5. 941 
l 

.743** 

Residual 144 14.320 .099 

Total ( corrected) 179 32.946 

** at the 99% Significant level. 

ABUNVANCE ANV VISTRIBUTION OF CHYVORUS 

The abundance of Chydohu.o 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 < .01) indicating numerical catch changed at 
varying times between years (Figure 7). Peak modes of Chydo~u.o 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). 

Chydo~u.o 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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Table 20. Catch of Chydo!W.6 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 . 2 

2 --- -- - --- 2.8 1.5 .6 .4 .4 . 2 

3 . 8 .5 . 3 1.5 --- .4 .9 .4 .4 

4 1.0 .5 . 3 1.8 --- 1.3 . 7 . 7 . 7 

5 .3 -- - .s .6 .2 . 9 . 2 1. 3 .4 vl 
\D 

6 .6 - -- --- 2.4 .4 3.9 . 2 .6 2.2 

7A .9 .5 .2 2.0 • 8 8.8 -- - . 7 .9 

7B 1.1 .5 . 3 1.1 . 8 7.3 .4 2.5 2.0 

8A . 3 . 3 . 6 .9 . 7 2,1 .4 1. 3 1.1 

8B . 3 1.0 .3 3.5 .9 2.3 1.5 2.9 1.5 

Mean . 5 .4 .3 1.8 . 7 2.9 .5 1.1 1.0 



- - - - - - - - - - - --- - - - - - -
Table 21. Catch of Chydo~U6 i n numb er per liter in standardi zed p lankton sampl es at Spirit Lake, 19 74. 

Sampling i nterval 

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 --- --- . 7 . 3 2.0 1.3 . 7 

2 --- --- - -- . 7 . 3 . 7 1. 3 --- . 3 

3 - -- --- --- • 3 --- --- --- . 3 

4 --- -- - --- --- 1.0 3.3 3.3 1.0 1.0 

s --- . 3 1.0 • 7 2.0 1.3 . 7 . 3 . 3 ~ 
0 

6 - -- --- -- - --- . 3 2.3 • 7 

7A --- --- 1.0 2.3 1.3 1.0 1.0 . 3 . 3 

78 - -- . 3 . 7 2.3 2.0 1. 3 1. 3 1. 7 

8A --- -- - 2.0 1.0 1.0 1.0 --- 1.0 

88 . 3 . 7 . 3 --- . 7 1.9 2.0 --- 1.0 

Mean < .1 .1 .6 . 8 1.1 1.4 1.1 . 4 .4 
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Table 22. Factorial analysis of variance in the numerical catch of Chydo~U6 
at Spirit Lake, 1973-74. 

Source of variation df ss MS 

Year 1 .238 .238** 

Station (9) (. 752) (. 084) ** 

Midwater vs shallow water 1 .476 . 4 76 ** 
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. 

ABUNVANCE ANV VISTRIBUTION OF BOSMINA 

Bo4min.a. abWldance decreased significantly (P < .01) between 1973 and 1974 
with catch means of 1.2 and .7 N/1. Seasonal distribution of Bo¢rru.na varied 
significantly (P < .01) with a significant year-interval interaction (P < .01) 
indicating catch periodicity also varied between years (Figure 8). The catch of 
804m[na in 1973 was bimodal, with peak abundances recorded in mid-May and in 
early July. No Bo-0rru.na were caught during the first sampling interval in 1973 
(Table 23). Mean catch decreased from 2 .1 N/1 in the second sampling interva 1 
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). 

Bo¢mlna 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. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a:: 
w 
t-

..J 

a:: 

5 

4 

w 3 
0.. 

a:: 
w 
en 
~ 
::> 2 z 
z 
<( 
w 
~ 

1 

42 

MAY JUNE 

Fig ure 8 . Seasonal dist ri b utj on of Bo.6mi..na at Spirit Lah- , 19 ~~--;-4 _ 

• 

JULY 



----------------- ---
Table 23. Catch of Bo4mlrut in number per liter in standardized plankton samples in 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 

l - - - . 3 --- . 7 . 4 --- . 8 . 7 2.4 

2 --- 6.2 .s .6 --- --- --- 1.1 6.4 

3 -- - 1.8 1. 3 • 3 --- 1.8 1.1 .7 5.3 

4 --- 3.3 • 8 • 7 --- . 8 2.2 3. 3 6.6 

5 --- --- . 3 - -- --- --- .9 .9 2.4 +>-
(.,.l 

6 --- . 5 --- .2 . 2 .2 . 2 --- 5.0 

7A --- 3.8 .2 - -- -- - 1.1 . 2 1.5 4.2 

7B -- - 1.5 2.0 . 2 --- .4 .4 3.0 2.3 

8A --- 1.3 .6 • 7 --- .4 --- 5.3 9.2 

8B --- 2.3 .3 . 4 .2 .4 1.1 1.5 4.4 

Mean --- 2.1 .6 .4 .1 .5 . 7 1.8 4.8 



- - - - - - - - - - - - - - - --- - -
Table 24. Catch of Bo~mlna 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 . 3 --- --- . 7 --- 1. 7 --- .3 • 3 

2 --- • 3 .3 1.0 --- 1.0 .3 2.3 

3 --- --- • 7 • 7 • 7 3.0 --- --- • 3 

4 --- --- --- --- .3 3.3 . 7 --- 1.7 

5 --- --- 1. 7 . 7 • 3 1.0 .3 1.0 . 7 ..,. ..,. 
6 • 3 --- • 3 -- - -- - 2.3 .3 . 3 . 3 

7A --- --- . 3 3.0 1.0 4.0 1.0 --- 1.7 

78 --- • 3 --- 2.3 1.0 2.7 . 7 1. 3 . 7 

8A . 3 --- . 3 .3 1.0 . 3 --- . 7 . 3 

88 .5 --- • 7 1.7 2.3 . 8 . 3 --- 1.0 

Mean .1 .1 .4 1.0 • 7 2.0 .4 .6 1.0 
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Table 25. Factorial analysis of variance in the numerical catch of Bo~mi.na 
at Spirit Lake, 1973-74. 

Source of variation df ss MS 

** Year 1 . 201 .201 

Station (9) (. 463) (.051) 

** Midwater vs shallow water 1 .14 7 .147 
Among midwater 3 .030 .010** 
Among shallow water 5 . 286 . 057 

Year x station 9 . 340 .039 

** 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 detennine 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 wall eye 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 fol.llld in this size range. 
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Table 26. Number, mean body length and range of 0-age walleye examined for 
stomach contents at Spirit Lake, 1973-74. 

Samplinf Number Mean length Range 
Year Interva of fish (mm) (mm) 

1973 5/7 -5/11 26 8.9 7.6-10.0 

5/14-5/18 9 9.3 8.7-10.4 

5/21-5/25 7 11.3 10.8-12.3 

5/28-6/1 4 15.0 14.0-15.9 

1974 5/6 -5/10 21 9.9 8.9-10.5 

5/1 3-5/1 7 1 9.8 

Viaptomu.6 was consumed by larval walleye during a single sampling interval 
each year. In 1973, V-la.ptomu.6 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 Viaptomu.6 was the only food 
organism found in larvae ranging from 8.9-10.5 mm TL (Table 28). 

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

Cyc.£.op-0 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 
Cycf.op-0 were selected by walleye with values of +.36, +,60 and +.31. 

Viaphrua. was absent in the diet of small larval walleye, but increased in 
importance as the size increased. In mid-May, Vaphvua contributed 9.1% of the 
total food consumed in walleye ranging from 10.8-12.3 mm TL. In late May 
Vaphvua contributed 87.5% to the food of walleye ranging from 14.0-15.9 mm TL. 
El ectivity indices show Vaphvua 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 +.SO. 

Chydo~w., and Bo~mi.na were not found in the stomach contents of larval 
walleye . 
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Table 27 . Number of stomachs examined and per cent composition of zooplankton in 0-age walleye at 
Spirit Lake, 1973-74. 

-

Number of Number of V.utp:tomU6 Cyclop1.i Va.phnia. 
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 1 100.0 
5/21-5/25 7 1 3 27.3 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 1 100. 0 
5/13-5/17 1 1 
5/20-7/5 a 

aNo larval walleye captured during the sampling interval. 

+>-
-...J 
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Table 29. Number, mean body length and range of 0-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 5.2 4.3- 5.7 
5/14-5/18 46 6.2 5.3- 7.1 
5/21-5/25 50 8.4 7. 3-10. 7 
5/28-6/1 83 11. 7 9.5-13.8 
6/4 -6/8 40 13.2 11. 1-16.5 
6/11-6/15 21 14.9 11.1-21. 8 
6/1 8-6/22 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 16.2 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 Via.ptomu.6 Cycl.op-6 Va.ph,u.a. Chydoll.U-6 Bo-617U:.na. 
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 71.4 
5/21-5/25 50 12 32 46.4 24 34.8 1 1.4 
5/28-6/1 83 7 102 82.3 8 6.5 9 7.3 
6/4 -6/8 40 10 46 39 ,6 8 6.9 41 35.3 6 5.2 
6/11-6/15 21 1 48 25,1 7 3.7 55 28.8 8 4.2 51 26. 7 
6/18-6/22 18 2 4 8,7 7 15,2 18 39. l 11 23.9 
6/25-6/29 a 

7/2 -7/6 3 0 7 6.1 98 86.0 

1974 
5/6 -5/10 44 41 
5/13-5/17 25 7 19 73.1 4 15.4 1 3.8 
5/20-5/24 5 0 7 77. 8 1 11.1 
5/27-5/31 2 0 3 23.1 3 23.1 1 7. 7 3 23.1 
6/ 3 -6/7 a 

6/10-6/14 a 

6/17-6/21 1 0 2 10.0 10 50.0 5 25.0 
6/24-6/28 1 0 4 17.4 3 13.0 14 60.9 1 4.3 
7/1 -7/5 a 

aNo larval yellow perch captured during the sampling interval . 

Ul 
0 
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The importance of Vaphru.a and Bo-0min,a, as food increased with greater body 
size. In 1973, Vaphru.a 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 Vaphru.a was fotmd 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. 

Bo-0mlna 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. 

ChydolUL6 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 Viaptomu.-6 showed larval yellow perch in the 6-10 mm TL 
range pr eferred Viaptomu.6 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 per ch larvae increased in size Viaptomu.6 were utilized 
at a lesser rate with indices of -.01, -.36 and -.63 in 1973 and -.25, - .68 and 
-.57 in 1974. 

No pr eference for Va.phru.a 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, Vaphnia was not preferred by smaller yellow 
perch (6. 7-12.0 mm TL range), but selected by larvae captured in late Jtme with 
indices of +,24 and +.49. 

Chydonu.6 was found in the stomach contents of yellow perch during a single 
sampling interval each year. Electivity indices showed ChydolUL6 was not selected 
in 1973 ( -.37) but the value was reversed to +,71 in 1974. 

Bo-0mlna were not found in larval yellow perch stomach contents until they 
attained 11 mm TL or l arger. Electivity indices revealed Bo-0mlna 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. In 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 Cop~poda, Viaptomu.6, 
or Cyctop-0 between 1973 and 1974; however, c.e..ado~eAa, Vaphru.a, Chydonu.6 and 
Bo-0mlna decrease significantly. Seasonal catches for all taxa, except Viaptomu.6 
was highly variable. Furthermore, high catches at one interval in a year did not 
mean it was abtmdant in the following year. Cyc£op6 and Vaphru.a populations were 
most abundant in May each year. Cydop-0 gradually declined through the remaining 
sampling intervals, while Vaphru.a had secondary modes in June each year. ChydotwJ.i 
populations were usually low. Chydo1UJ.J., was most abundant in mid-June each year 
with the lowest population density in early and mid-May. The population abundance 
of Bo¢mlna. was also low. Modes of Bo-0mina 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 Viap.to mu.6 Cyclap.6 Vaphn-La. Chyda1tu.6 

1973 5/7 -5/11 
5/14-5/18 +.48 
5/21-5/25 +. 31 +.41 -.95 
5/28-6/1 +.41 -.32 -.73 
6/4 -6/8 -.01 -.01 -.12 
6/11-6/15 -. 36 -.10 -.37 
6/18-6/22 -.63 +.61 -.05 
6/25-6/29 
7/2 -7/6 +.24 -.33 

1974 5/6 -5/10 
5/13-5/17 +.30 -.32 -. 73 
5/20-5/24 +.29 -.25 
5/27-5/31 -.25 +. 48 +. 71 
6/ 3 -6/7 
6/10-6/14 
6/17-6/21 -.68 +.24 
6/24-6/28 -.57 +.11 +.49 
7/1 -7/4 

Ba.6mina 

+.87 
+. 89 
+.37 

+.86 

+.87 
+.28 

V,i,aptamu.6 and Vaphnia showed unequal vertical distribution in midwater 
stations, with higher populations concentrated at the lower sampling depths. 
Cyclop-0, Chyda.lU.1.I, and Ba.6mina 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 Cyclap-0. 
Spykerman (1973), Houde (1967) and Preigel (1970) also fotmd Cyclap.6 to a 
preferred food of walleye larvae. Food preferences for walleye was apparently 
not related to zooplankton abtmdance since Vaphn-La. and Viaptamu.6 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 abundru1ce. 
Larval walleye apparently changed food preferences in late May, selecting Vaphnla., 
with a slight preference for V~a.ptomu.6, although they may have been ingested 
coincidentally along with Va.phnla. Cyc.lop.6 was absent from the stomach contents 
of the fish examined. Bo~m.lna. and Chydo~U6 were never utilized. Paulus (1969) 
found Bo~m.lna. 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.S 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 Cydop.6 
and V~a.ptomu.6. There was some competition for food between yellow perch and 
walleye for food, particularly Cyclop~. Chydofl.Ll6 was preferred by yellow perch 
in the 11.1-25.0 mm TL range, when there was a shift in food preferences to 
Cyci.op~. Va.pluua. and Bo~mlna were selected periodically, but with no definite 
trends evi dent. 

V~ptomu.6 and Va.phnla. were the most abundant zooplankton in Spirit Lake and 
were the most important organisms in the food composition of larval perch. 
V~ptomu.6 was a preferred food organism. Although Va.phnla were generally not a 
preferred food organism, it appears the ablUldance 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. 
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JOB 3 OBJECTIVE 

To de.te.Jr..mln.e. :the. ma.gnUude. and plU.mM!f c.a.u6 e. of, e.mblr.Jjo n,,i,c. moll.ta.llty -<-n. 
na.:twi.ai.,,f_, p~oduc.e.d will~ye. egg◊ ~n. Sp~t 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
detrit·us 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 f~ame was constructed of 12 mm (.5 inch) diameter steel 
rods, covered with screen wire of .001 guage with 36 meshes per cm2• 

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 w-1til 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 m2 along the west shoreline 
on each date. 

The percent of egg survival was derived by the equation 

ES= NEt/At x 100 
0max 
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where ES was egg survival in percnet, NEt was the number of viable eggs on the 
last sampling date, At was the total area sampled on the last sampling date, and 
Dmax was the maximum density of eggs per unit. 

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

No. eyed eggs 
Fry/area= ________ t __ 

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 .l eggs/m2 in 1973 and 27.l eggs/m2 in 
1974 (Table 32). Previous embryonic studies at Spirit Lake showed maximum egg 
density varied greatly, from 4.2 eggs/m2 in 1969 to 5,040 eggs/m2 in 1966 
(Jennings, 1969; and tmpublished 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 ~stimated number of fry hatched in 1973 was 2.9 fry/m2 , 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/m2 , averaging 1.67 fry/m2 over an 
8-year period. Johnson (1961) estimated fry production ranged from 9.9-49.1 
fry/m2 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 embr~onic survival also 
reflected the low estimated number of fry hatched perm. 
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Table 32. Estimated natural walleye larvae production and egg survival along the western shoreline of 

Spirit Lake. 

1964 a 1965a 1966a 1967a 1968a 1969a 1971 1972 1973 1974 

Maximum egg density 
per m2 quadrate 305.6 24.1 6,040.7 78.5 4.6 4.2 695.1 127.1 116.1 27.1 

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 17.56 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 m2 .22 6.56 2.04 .32 1. 61 .14 2.37 .11 2.90 1.08 

Estimated percent 
egg survival > .1 27.0 > .1 .43 34.4 3.3 2.5 12.5 2.5 4.0 

-
aJennings, 1969. 

u, 
00 
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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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STUVY OBJECTIVE 

To i.1-ivu.tigat.e. the. dynam<..C/2 of, p11,e,d.ato11,-p11,e.y !Le.la.,ti_on6hip.6 ..i..n. Ve.So.to Be.n.d 
by de..te.!Urt..i..ru.n.g popui.a,uon de.n6..i...ti<l6 a.nd othe,11, b-lologic.al. chaJLac..t~.tiC/2 o 6 
majon p11.e.dat.0'1.Jj 6,i/2h popula.tion6, the. 6ood c.on..6u.mp.tlan and .u..le.c..tiv..i...ty 06 ma.jolt 
p11.e.d.atoM , .the. inte.Mua.tiorthhip a.nd populatfon. abundan.c.e. 06 p11.e.dat.01t f,..i...6h on 
6011.age. f,..i...6h populailon6, an.d the. .6.tan.dlng c.Jt.op 06 majoll. .6pe.c...i..<l6. 

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, Iowa 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 suppleioontal fish stockings occurred in DeSoto Bend Lake since 1961 
to improve sport fish populations. Tuenty 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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Tabl e 1. Fish stockings at DeSoto Bend Lake from 1961-1971. 

1961 

1962 

Species 

Lm bass 

Lm bass 
Walleye 
Walleye 
W bass 
C catfish 

1963 

1964 

1965 

1966 

1969 

1970 

19 71 

1972 

Lm bass 
C catfish 
N pike 
Walleye 
Walleye 

Walleye 

Lm bass 

Walleye 
Walleye 

Bullhead 

Bullhead 
Y perch 

Bullhead 

N pike 
N pike 

Size 

Fingerling 

Finge r ling 
Fry 
Fingerling 
Adult 
Finge r ling 

Fingerling 
Fingerling 
Fry 
Fry 
Fingerling 

Fry 

Fingerling 

Fr y 
Fingerling 

Adul t 

Adult 
Finge r ling 

Adul t 

Fry 
Fingerling 

Number 

20,000 

160,000 
2,000,000 

44,000 
1,700 

80,000 

139,000 
53,000 
50,000 

3,000,000 
140,000 

4,000,000 

34,000 

750,000 
50,000 

9,000 

3,500 
20,000 

3,500 

100,000 
10,000 
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More effort was e>-.rpended 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 whi te 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 fanned 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 rmoff. 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 Jme 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 (SO 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 N = ~ where, 

N = estimated number in the population 
M = total number of fish marked in the sampling period 
C = total number of fish captured in the sampling period 
R = total number of fish recaptured in the sampling period. 

Confidence intervals for the 95% level were determined from the sample standard 
error: 
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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 cont~nts contained 
fish remains , body length measurements were made. 

Food preference was determined by the Ivlev procedure: 

where, 

r. = percent occurrence of the ith food item in the stomach 
1 

P· = percent occurrence of the same food item in the seine sample 
1 

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 ABUNVANCE OF MAJOR FISH SPECIES 

Relative abtmdance 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 (1'/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 > .1 . 7 > .1 
.1 

May 12.5 4.7 .4 2.2 > .1 7.5 2.5 
5.2 2,8 .9 2.0 .1 1. 3 .8 

June 1.0 > . l . 3 1.5 > .1 .5 .4 
2.0 • 8 > .1 2.5 . 3 2.3 .9 

July 8.5 . 3 1.5 . 2 5.5 1.0 3.3 .9 
31. 7 > .1 1.1 .1 10.5 . 3 . 3 1. 3 

August 47. 2 > . l 2.0 . 4 9.5 . 3 4.3 1.1 
42.5 . 7 3.8 • 2 6.5 1.0 2.7 

September 54.5 > .1 9,2 .2 1.5 . 7 1. 3 .3 
106.1 2.0 1.5 

Mean 28.6 .2 3.1 . 3 4.3 . 3 2.4 1.1 

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) i n DeSoto Bend Lake during 1974. 

May June July August September October 

B minnow . 8 .6 .8 .5 
R shiner 8.2 6.4 8.2 4.7 .3 . 2 1.4 2.6 1.3 .6 
B shiner .5 . 8 .3 
S shiner . 8 2.0 1.0 .5 .6 1.2 2.1 1.8 4.1 .4 .4 
F minnow 10.4 1.3 .1 .4 .1 
B buffalo 10.4 49. 8 156.4 145.7 70.2 .9 5.3 .6 
B crappie .1 .2 
W crappie • 1 .3 2.6 .2 
Bluegill 9.1 203.9 13.2 1.4 .8 . 7 .4 
Carp 2.8 13.6 29.1 2.7 9.2 .4 
Carpsucker 1.2 10.2 17.7 21.7 8.5 12.1 3.8 2.9 . 7 .4 
C catfish 1.0 C]\ 

F drum 1.5 .2 3.9 .1 00 

G shad .1 99. 8 166.2 302.7 96.4 7.9 43.3 35.6 
G sunfish . 7 1.2 .5 . 3 .1 .1 
Lm bass 2.7 2.3 4.9 1.9 2.0 1.0 1.2 
S buffalo .5 9.4 11.9 . 7 1.5 .4 
Y perch .9 . 7 2.2 .4 

Total/haul 20.1 60.5 180.1 183.4 237.9 390.6 369.5 130.4 19.5 48.1 38 . 4 

Total/fish 402 1,210 3,602 3,668 4, 758 7,812 7,390 2,608 390 962 768 
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caught in early June through late July. Catches ranged from 19. 5 fish/seine 
haul (F/SII) during the second to last period to 390.6 f-/SH during mid-July with 
a mean of 152.5 F/SH. Red shiner, Notltopi6 ltdhe.n..6i6, was the most abundant 
minnow (excluding carp) and was taken in 10 sample periods. The second most 
abundant minnow was the sand shiner, NotJwpi6 1.itJta.mi,n,el,l6, and was captured 
during 11 consecutive periods. Other minnows collected were: brassy minnow, 
HybognathU6 han.k.iMon.i; fathead minnow, P..lme.pha.leJ.i pn.ome.la;.,; bigmouth shiner , 
Nobt.op..i...6 doMa,li.,6; 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 pres ent in high numbers for 
two sampling periods, unlike other species which exhibited a single sharp peak 
in a single sampling period. 

Bluegill yow1g-of-the-year were the third most abundant fish in seine hauls 
and were collected from early July through early October. TI1ey 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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Fi gure 2. Abundance of bi.gmouth buffa lo, bluegill, carpsuckc r, and gizzard shad 
in seine hauls f rom DeSoto Bend during 1974. 
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PREVATOR FISH POPULATION VENSITY 

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 tm.marked fish. All fish captured were immediately placed in a 
live tank, body measurements taken, fin clipped and released. 

La.Jr.gemou.th Ba.6.6 - Populatfon E.6.:Uma.te. an.d Stan.ding Cit.op 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 t 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. 

Tab le 4. Numerical population estimate of largemouth bass in DeSoto Bend Lake 
durin g 1974. 

95% 
Number Number Number Population confidence 
caught marked recaptured estimate interval 

April 15 10 
May 50 44 
June 27 25 1 675a ± 649 
July 138 123 2 8 ,487a i: 5,908 
August 426 399 24 7,082 i: 1,361 
September 219 199 17 2,563 t 570 
October 212 204 8 5,406 t 1,837 

Combined 1,087 1,004 52 20,987 ± 2,765 

aPopulation 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 lbs). 
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 lbs/ac). 
Standing crop of largemouth bass in farm ponds and other impolllldments in Iowa 
are higher than DeSoto Bend, but usually species diversity is greatly reduced 
in these lakes. 

Channel Cat6-l6h - Popu£a.tion E.6.tlmate. and S.ta.ndlng CJwp 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 colle cted was 3 in any month. Total number captured ranged from 4 in 
October to 71 in Apri l. 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 ± 3,357 
June 49 47 1 2,303 a 

July 24 17 3 136 a 

August 45 39 2 877 :I: 590 
September 44 42 1 1,848 ± 1,805 
October 4 4 

Combined 298 275 8 10,243 :I: 3,520 

a95% 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 
(l.78 lbs) and ranged from 100-1,843 g (.22-4.06 lbs). 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 lbs/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 
tmmarked 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. 

CaJLp - Popu.la.ti,on E-0.tima:te and Stancli..ng Cnop Five htmdred 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 tmtil July. Because of the few recaptures, monthly estimates 
were biased. Estimates for August and September was based on 2 or fewer 
recaptures. The combined popul a tion 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 lbs). 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 
lbs/ac) during 1974. 

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

95% 
Number Number Number Population confidence 
~u~t marked recaptured estimate interval 

April 15 15 
May 94 94 
Jtme 47 47 
July 235 231 3 18,095 ± 10,314 
August 168 766 2 13,944 ± 9,760 
September 33 32 1 1,056 ± 1,024 
October 5 5 

Combined 597 590 6 58,705 + 23,482 -
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Buooa.lo - Popu..la.tlon E~tima.te and Standlng Cnop 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). 

Ca11.p~uc~e.Jt - Popula..uon E~timate and Standlng Cnop 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 lbs). 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 lbs/ac) at the .OS 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 ± 19,739 
May 104 46 2 2,392 ± 1,639 
June 58 57 1 3,306 ± 3,249 
July 111 102 9 1,258 ± 384 
August 177 173 3 10,207 ± 5,792 
September 60 56 3 1,120 ± 613 
October 7 7 

Combined 659 581 19 20,152 ± 4,481 

Fn~hwate.Jt V~wn - Popula,t,lon E~timate and Standlng Cnop 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 lbs). Total weight of freshwater drum age 1 and 
older was 4,808 kg (1,059 lbs) and would vary no more than± 2,108 kg(± 464 lbs). 
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 5 
May 12 11 
June 17 17 
July 121 110 
August 80 77 3 2,053 ± 1,140 
September 28 26 2 364 ± 239 
October 3 3 

Combined 266 249 5 13,247 ± 5,809 

BluegiU - Popu..ta.tion E~.t.una.:te and Standing Cnop 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 lbs). Total weight and numbers was 6,390 ± 1,075 kg (1,407 ± 237 lbs) 
of bluegill in the lake. Standing crop was estimated at 21.l kg/ha varying no 
more than± 3.5 kg/ha (3.1 lbs/ac). 

BlacR ~appie - Popu.ta.tlon E~Uma.:te and Standing Cnop 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 .OS sampling probability level. Mean weight of black 
crappie collected during 1974 was 142 g (.31 lbs). 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 lbs/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 123 113 
May 215 202 1 43,430 ± 43,222 
June 198 186 2 18,414 't 12,885 
July 428 411 7 25,129 -t 9,339 
August 572 558 12 26,598 -t 7,514 
September 245 234 11 5,212 't 1,499 
October 78 67 1 5,226 -t 5,154 

Combined 1,859 1,771 34 96,832 -t 16,295 

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. 7,262 
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Wfute Chappie - Popula.ti.on E-0.t.i..mcde and Standing Chop 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 lbs). 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 mar ked recaptured estimate interval 

April 70 60 
May 42 35 
June 22 20 
July 66 60 
August 91 86 5 1,565 :t 660 
September 46 40 
October 

Combined 337 301 5 20,287 ± 8,930 

FOOV CONSUMPTION !WV SELECTIVITY BY MAJOR PREVATOR FISH SPECIES 

La.tLgemou.th BM-0 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 
Jtme 10 7 2.9 
July 11 10 3.7 
August 10 10 24.8 
September 11 10 3.9 
October 10 7 7.6 

Seven species of fish were identified in largemouth bass stomachs (Table 13). 
Gizzard shad was the most cdmmonly 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. Cat-fib.,h 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 Jtme. 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 Sil very minnow 1 10 
Red shiner 2 20 

Jtm.e Sil very minnow 2 20 
Crappie 1 10 
Red shiner 1 10 
Unknown 3 30 

July Gizzard shad 16 71. 4 
Green sunfish 1 4.8 
Largemouth bass 1 4.8 
Unknown 3 14.3 

August Gizzard shad 15 62.5 
Bluegill 4 16.7 
Freshwater drum 1 4.2 
Unknown 4 16.7 

September Gizzard shad 10 83.3 
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 st,ornachs volume item occurrence 

collected collected (ml) (%) 

May 10 0 

June 10 1 10 Chi ronomi ds 10 

July 10 3 15 Bluegill 10 
Gizzard shad 10 
Chironomids 8 
Diptera larvae 2 

August 7 3 64.2 Bluegill 14.3 
Largemouth bass 14.3 
Chironomids 14.3 

September 8 4 47.S Chironomids 34.6 
Crayfish 10.1 

October 8 3 8.2 Chironomids 37.1 
Gizzard shad 12.2 

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. 

Sho4tno¢e Gall. 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 t 70.4 kg/ha (155 ± 63 
lbs/ac). Bluegill standing crop was only 21.l t 3.5 kg/ha (18.8 ± 43. 7 lbs/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 lbs/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 t 10.4 
lbs/ac)and 15.8 ! 6.9 kg/ha (14.1: 6.2 lbs/ac) to the standing crop, respectively. 
The three major centrarchids standing crop combined was 43.1 t 11.5 kg/ha (38.4 ± 
10.2 lbs/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 t 173.1 kg/ha 
(453.2 ± 154.6 lbs/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 ± 2, 765 563 37.1 + 5.1 -
C catfish 10 , 243 t 3,520 810 27. 3 t 9.4 
S gar 17,200 t 4,463 638 36.2 ± 9.3 
G shad 175,350 :!: 4,463 300 173.6 t 70.4 
Carp 58,705 t 23,482 631 122.0 t 48.9 
R carpsucker 20,152 t 4,481 788 52.4 t 11.6 
F drum 13,247 t 5,809 363 15.8 t 6.9 
Bluegill 96,832 ± 16,292 66 21.1 t 3.5 
B crappie 24,604 t 7,262 142 11.5 t 3.4 
w crappie 20,287 ± 8,930 157 10.5 t 4.6 

Total 507 .5 ±173.1 
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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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