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ABSTRACT 

!,;a:.ava.l waUeye and yeUow perch populati.ons in Spirit Lake , IA ., we1°e 
sampled using standardized tow net hauls in 9 weekly inte1°vals during May 
July., 19?3- ?5. Annual catch means were 2.6, .9 and 1.?. larval walleye and 
11?, 23 and 81 larval yellow perch per tow, respectively. The annual maximv.m 
larval. yeUow perch density probably var-Zed Z.ess than indicated. -Seasonal. 
catch of both fish species was unimodal., characterized by systematic decZ.ines 
in Z.a:rval abundance after the modal density. Both fish species were randomly 
distributed. Annual survival ranged from 5-51% for walleye and 18- 46% for 
yell.ow perch. Estimates of the contribution of stocked walleye fry t o the 
larval. population each yea1° were 81%, 90% and 85% . Estimates by an aZ.ternate 
method 1°anged from about 23% to nearly 100%. Thi:f. base of the larval. waZ.Z.eye 
popuZ.ation was formed by stocked fry , with natu;y,al. reproduction additionaUy 
strengthening year class abwidance; with survival the determining factor in 
establ.ishing year cl.ass strengths of both waUeye and yeUow perch . No 
sigrl'i,ficant correlations were found between the abundance or survival. of l.arval 
waUeye or yeUow pe1"ch a:nd six wate1° qual.ity parameters . Interspecific 
corrrpetition for zoopZ.ankton food between Z.arval walleye and yellow perch did 
not influence survival or growth of eithe1° species . Two genera of Copepoda 
(Diaptomus and CyZ.cops) and three genera of CZ.adocera (Daphnia , Chydorus and 
Bosmina) were identified and enumerated. The abundance and distribution of 
aU gene1"a., except Bosmina, was highly variabZ.e . Diaptomus and Daphnia were 
codominant genera, nearZ.y twice as abv.ndant as Cycl.ops and nearZ.y 15 times 
more abundant than C'nydorus or Bosmina . Cycl.ops , Diaptomus and Daphnia were 
conswned by both fish species with yellow perch utiZ.izing Chydoru~ and Bosmina. 
Cyclops and Diaptomus were generaZ.Z.y utiZ.ized by smaZ.Z.er Z.arvae and Daphnia by 
Z.a1°ger larvae (waUeye 15 mm TL or greater; yeZ.Zow perch 11 mm TL or greater) . 



":el.lo, pe~c.::. 2 :-i ~ r1:22-l.:.. ·:>7e a~2 ::-.a j ::~ S?cr:: ~i.s:-: .s;,cc i c.s 3..i.1 Spi:-it Lake 
:.1sually ranking second and third in the numerical -:.,arvest. Only black 
bullhead are caught in greater numbers, ranking first in 22 of the 28 years 
(J.946-73) surveys were conducted. A 1975 telephone survey o f Iowa anglers 
revealed the catch by resident fi shermen in the Northwest District, who 
caught one or more fish , was r..:omprised of 14% yellow perch and 4% walleye. 
However, 3% of the respondents sought yellow perch and 32% sought walleye 
(Fishing in Iowa, A Survey of Iowa Anglers; May 1976). In comparison, an 
interview-type survey c onducted during 1972-73 showed nearly 12% of the fish 
caught at Spirit Lake were perch and 3% walleye , with slightly over 3% of the 
contacted angler s preferr ing perch and 7% walleye (McWilliams 1973) . 

Previous research at Spirit Lake has been, for the most par t, devoted 
t o adul t walleye populations, and walleye fry stocking rates. Numerical 
estimates indicated the adult population fluctua.ted widely, from about 
27,000 (Moen 196 1) to nearly 80,000 (Jennings 1965). The fishery for walleye 
likewise varied considerably ranging from approximately 5,500 in 1969 to 
over 42,000 in 1960. 

Although yellow perch usually ranked second in the catch, little 
information has been compiled about their life history. The only previous 
study was a n age and growth assessment by Jennings (1970) . Catch statistics 
compiled during annual surveys showed harvests ranged from approximately 
6 ,000 in 1961 to 109,000 in 1971. Yellow perch ranked as the principal 
specie s in 6 of the 28 years surveyed; however , this was usually due to a 
significant decrease in the bullhead harvest rathern than from an incre in 
the perch harvest. 

Both hatchery propagated walleye sac-fry (larvae) and f i ngerlings 
(juveniles) have been released in Spirit Lake to increase year class abundance, 
while the population density of yellow perch is wholly dependent upon natural 
reproduction. Intensive evaluations of walleye fingerling plantings by Rose 
(1959) and Jennings (1970a) disclosed the contribution to year class 
abundance ranged from < 1% to nearly 13%. The magnitude of t he contribution 
was partially dependent upon stocking density although other factors, such 
as fingerling survival, were also important. 

Hatchery produced larvae from wild trapped walleye stocks in Spirit 
Lake and East and West Okoboji Lakes have been planted in Spirit Lake over 
several decades to maintain the fishery . Stocking density has varied widely 
from about 1,380 sac-fry/ha (560/ac) in 1964 and 1965 to over 8 ,300 sac-fry/ha 
(3 , 300/ ac) in 196 7 and 1969-73 were stocked. An· early assessment of the 
program by Rose (1955) showed fingerling walleye populations were lower when 
no fry were stocked when compared to years with stocking indicat ing fry 
plantings contributed to year class abundances. However, Rose (ibid) 
reported a decline in the white bass abundance during this period, and noted 
the possibility of a depensatory relationship between the predacious bass and 
stocked walleye larvae survival. The relationship was never resolved because 
the whit e bass popula tion continued to decline and has since remained at 
relatively low density levels . 
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.1_;i-c,j-i•speciric r-or11°et1 t 1on be t ween fish spec-i es has been poorly defi ed 
.:..t-'::..1.:_" ;,ake, part icularly for those exhibi t ing close systematic elatio.1-

c~ irs and en ri r0nme~t 2! ~eq0i rements like yellow perch and walleye . The 
ooJectives of this studv wer e to refine t~e ~reviaus knowledge on the contri
o:it10:1 of stocked walleye fry to t he larval population density by examining 
survival from embryonic development through l arval stages , and to define 
the leve l of competition between the l arva l stages of these members of the 
Perc idae family by determinat ion of the food requirements for larval fishes. 
An associated objective was to identify the environmental factors influencing 
abundance and survival of stocked and naturally produced walleye and yellow 
perch . 

DESCRIPTION OF SPIRIT LAKE 

Spiri t Lak e is the largest natural lake in Iowa with a surface area of 
2,168 ha (5,300 ac). It is located in Dickinson County, and forms part of 
a chain of lakes along the Iowa-Minnesota border. The lake is bowl-shaped 
with a gradually sloping basin. Maximum depth is 7. 3 m (24 ft) and mean 
depth 5 . 2 m (17 ft). Rocky shoa ls lie along much of the eastern, northern 
and wesc:ern shore lines, with several prominent rock reefs. Extensive mud 
flat s commence at a depth of a.bout 6 m (20 ft). 

The watershed contains about 18,000 ha (44,460 ac) which includes 
adjacent watersheds of adjoining lakes that drain into Spirit Lake (Bachmann 
and J ones 1974) . The terrain is flat to gently rolling and intensively 
row-cropped. 

Four chemical and two physical parameters were measured weekly concurrent 
with fish sampling. Those components monitored were pH, hardness, alkalinity, 
dissolved oxygen (DO) , water temperature a1:d water clarity. 

During the study, pH changed slightly, with annual means of 8 . 5, 8.6 and 
8. 7 (Table 1). In 1973, hardness and alkalinity water samples were analyzed 
with a Hach Model AL-30 VR kit, and later with a Hach Colormetric kit, 
Model DR-EL. Average total hardness was 243 mg/1 in 1973, 227 mg/1 in 1974 
and 217 mg/1 in 1975, with the decrease between the first two years attributed 
to t he procedure change . Total hardness in 1973 was highest in May and early 
June, then declined through the remainder of the sampling period . However, 
there were no apparent seasonal trends during the last two years . Tota l 
alkalinity averaged 217 mg/1 in 1973, 190 mg/1 in 1974 and 194 mg/1 in 1975. 
There were no seasonal trends in alkalinity concentrations. 

Dissolved oxygen was always adequate to maintain aquatic life . Annual 
means ranged from 8. 9 mg/ 1 in 1973 and 1974 to 9-. 9 mg/ 1 in 1975. The minimum 
and maxi mum DO values were 7.2 mg/ 1 and 13.0 mg/1, with the h,ighest dissolved 
oxygen concentrat ions usually measured during May. 

_Water clarity in Spirit Lake was primarily a reflection of the plankton 
density rather than turbidity. Secchi disc reading between 1973 and 1975 showed 
decreas ing clarity with annual means of 2.1 m, 1.8 m and 1.5 m, respectively. 
Water clarity was highest during May, with maximum readings of 3.7 m, 4 . 6 m 
a~d 2 -1 m from 1973-75, respecitvely, followed by general l y decreasing values, 
Wlth maa . ' - surements generally < 2 m after the second week in June annually . 

---------------
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T8blE 1 Concentrat:i .:::.ns of six water oua~itv ca.ra.meter~ a! Snir:it I.a ke from -·' 
1973-75. 

Total Alkalinity Dissolved Temperature Secchi 
pH hardness oxygen disc 

(mg/ Q,) (mg/£) (mg/Q,) (OC) ( rn) 

1973 
Mean 8.5 243 217 8.9 17.9 2.1 
Range 8.5-8. 6 205-256 188-256 8 . 0-10.1 10.5-24.0 . 9- 3 .7 

1974 
Hean 8 .6 227 190 8.9 17 .8 1.8 
Range 8 .5-8. 7 220-250 a 7.6 - 11.2 12.0-22.6 1. 0-4. 6 

1975 
Mean 8.7 217 194 9.9 17.9 1.5 
Range 8 .5-9.3 215-235 180-225 7.2-13.0 11. 5-_25. 6 .9-2.4 

aValues were 190 mg/L 

• 
Fish larvae samples were collected with a conically shaped tow net, 

approximately 3 m (9.8 ft) long, constructed of . 79 mm ( .03 in) nylon mesh 
attached to a .75 m (2.4 ft) diameter metal ring. Surface samples were 
collected by towing the net about 12.1 m (40 ft) directly behind an outboard 
powered boat. A stabilizing weigh t a ttached to the towing bridle hung below 
and behind the ring perimeter. Subsurface samples were collected by attaching 
the towing br idle to a support pipe fixed on the

1 

boat gunwale. 

I 

Larval walleye and yellow perch popula tions were sampled in nine weekly 
intervals, commencing the first week in May each: year. Standardized tows 
were made at eight sampling stations located in lvaried habitats. Six sampling 
stations were located in shallow water a long th~ shoreline and designated 
Stations 1- 6 (Figure 1). Two midwater stations ,I Stations 7 (A and B) and 
8 (A and B), were sampled at the surface and at ;a depth of 3.1 m (10 ft). 

Each t ow lasted five minutes with the tow ~ength measured by attaching 
a General Oceanics Digital Flowmeter (Model 2030) to the center of the bridle. 
The number of larval fish was adjusted to a standard tow net haul of 1,000 m3

• 

Fish were preserved in 10% buffered formalin for later identification 
and sorting. After sorting, larval fish were p~eserved in 4% buffered formalin. 
Identification of walleye and yellow perch larvae was based on taxonomic keys 
by Nay and Gasaway (1967), Norden (1961), Nelsod (1968), Mansueti (1964) and 
Fi sh (1932). After identification larvae were individually measured in body 
l ength, weighed in aggregate and several preserved for examination of stomach 
contents. 

Sources of variation in the numerical catch data of eath species were 
~etermined by least squares analysis of variance from transformed catch data 
in a fixed effects model. Catch i n number per standardized net haul were 
transformed by the functi on 
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Figur-e 1. Locat ion o f t he eight tow net sbmpling stations in 
Spirit Lake. 



A 3/4 meter diameter tow net was used to sample~ larval fish populations . 

Lar val fish were collected in this type net bucket for emptying . 
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year. Transfo 1natior, was necessary to achieve :iormality in the 
distribution among residuals. The second order interaction was derived as 
the er r o r mean square and assumed to conta in the unbiased e stimates of error 
for the transformed data afte r deviations due to t he main effects and first 
order interac t ions were accounte d for in the total variance. All tes ts of 
s i gnificance were made at the .05 level of probability or g r eat~r. 

Numerical population estima t es were de r ived di r ec tly from the catch means 
and the nGrnber of t ows containing 1,000 m3 requ i red to strain the entire 
volume of Spirit Lake. Volumetric stratificatio n of the lake volume into 
sampling f raction s for deriving numerica l es timat e s was unneces s a r y since 
larval walleye and yellow perch were evenly distribu ted in all habitats. 

Instantaneous mortality was computed to determine the cont r ibut ion of 
stocked fry t o yea r class abundance and was estaimted a s the geometric change 
in the density of larval fish from numerical catch in successive sampling 
inervals. Annual mortality was determined from a table of exponential functions 
and survival estimated as the compliment of annual mortality. 

Wal l eye embryo surv ival and natural reproduction estimates were made each 
year since 1964, except 1970 (Jennings 1969; McWilliams 1975) . Walleye egg 
samples were collected at seven sampling stations containing three subsamples 
at each station. During this study , 17.56 m2 ,of substrate were sampled on each 
date with the numbe r of samples dependent upon the length of the incubation and 
spawning season. 

Walleye eggs were collected in a .9 m x .9 m x .9 m (3 ft x 3 ft x 3 ft) 
frame constructed of 1.6 mm screen wire. The sampling quadrant was placed in 
water from 25 to 75 cm deep (10-30 in) and carefully settled into the substra te 
t o prevent eggs from entering or being extruded during collection . A 15 . 2 cm 
(6 i n) diameter rubber plunger was used to loosen eggs from the substrate. 

I 

Curren t produced by the vigorous vertical movements of the plunger brought 
eggs to the surface where they were skimmed and jpreserved in 10% buffered 
formalin for sorting, identification and countilg. 

Egg survival in percent values was derived 1from the equation 

ES X 100 

i 
where ES was percent egg survival, NEt was the / umber of viable eggs on the 

l ast sampling date; At the total area sampled o~ the last sampling date and 

D h · d · f 2 t e maximum ensity o eggs perm . 
~ax / 

The number of walleye pr~duced was estimated from the number of eyed eggs 
on the last sampling date divided by the total area sampled on that date, 
assuming all eyed eggs hatched. I 
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T'.le ,::-n~~,--;-::,.,ric--1 0f c::or:l:ed walley 0 sr1c - fry c-t rh':' larv2l walleye 
popula t ion was estimated by two methods . First, a ratio vTaE: de rived between 
the n umb er cf sto:::ke- walleye larvae surviving on the. }a.st stocking date to 
che number or s.:.uci.<.ed wal l eye larvae sc.1rvi,ing plt1s the estlmated number o[ 
naturally produced. lar·;ae surviving on that date. Natu ral reproduction i as 
derived by multiplying the estimated number of fry hatched per m2 by the area 
within the 3 .1 m (10 ft) contours (292 ha, 720 ac, , whi ch was considered the 
maximum area used by spawning walleye. Second, as the ratio of the estimated 
number of stocked fry surviving on the first sampling date to the estimated 
numerical density of the larval fish population on that date; where the number 
of s urviving stocked larvae was determined by extrapolating the numers stocked 
daily using estimated instantaneous mortality . Est imated contribution in 
succeeding interval s was assumed constant since fac tors influencing survival 
would act alike on both stocked and naturally produced walleye larvae. 

Zooplankton population densi ty was established by co llecting 8-liters 
of water wi th a 2-liter Kemmerer water bottle and strained through a 
plankton net . These concentrated samples were preserved in 10% buffered 
formalin for identification and enumeration. 

In 1973, plankton samples were concentrated to 6-15 ml. Four, 1-ml 
aliquots of the concentrated sample we re placed in a Sedgwick-Rafter counting 
cell and the zooplankt on i dentified and enumerated. The mean number of 
zooplankton per ml was then ext rapolated to obtain the density of zooplankton 
per liter (N/X-). Plankton samples in 1974 and r975 were concent rated to 
exactly 8 ml. Four, 1-ml aliquots were counted

1
in 1974 and three 1- ml aliquots 

in 19 75, and the density estimated as before. Zooplankton were identified 
to genus with keys by Pennack (1953) and Eddy and Hodson (1950). 

Analytical treatment of the numerica l catch data followed the same 
procedures used for larval fish. Variation in the c atch due to non-random 
distribut ion was examined by orthogonal contrasts. All tests of significance 
were made at the . 05 level of probability or gr~ater. 

i 
Utilization of zooplankton for food was dete rmined by direct examination 

of larval walleye and yellow perch stomach cont1~n ts during each sampling interval. 
Larvae of both speci e s were washed and rinsed t hree times before dissection to 
flush off ~dhering organisms. The alimentary tract was carefully teased from 
the body and the contents examined and identified. The Ivlev (1961) electivity 
index was used to determin e food selectivity . Index values may range from 
- 1 to +l , with selection f or a taxa e xpressed by positive vlaues and non
preference by negative va lues. 

ABONDA..NCE, DISTRIBUTION AND SURVIVAL ot LARVAL WALLEYE 

i 
I • 

Annual catch means of larval walleye per s ~:andardized tow net haul w_ere 
2 . 6 in 1973 , .9 in 1974 and 1.7 in 1975 (Table 2). Analysis of varaiance 
disclosed highly significant differences among t he annual means; however, 
examination of the stocking dates and catch dis t ribut i on made 'total acceptance 
of this analysis questionable . Spawning and brood stock collection in 1974 
occurred early when compared with other years, and walleye fry stocking was 
comple ted before sampling of the larval populations commenced . Thus, there 
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Table 2. Catch means of la r val walleye in standardized tow net hauls expressed 
in nmrioer per .L,000 m3 a Spirit Lak.s, l973-75. Catch v2.lues in 1974 
are t~e mea~ of two consecu tive tows. 

Sampling interval 

Annual May June July 
mean 

1973 2.6 13. 9 3.9 3.4 1.8 0 0 0 0 0 

1974 . 9 8.0 .4 0 0 0 0 0 0 0 

19 75 1.7 0 . 8 13.2 1.0 . 4 0 Q 0 0 

' is a h igh probabilty the maximum population density occurred before sampling 
began . If thi s postulation is correct, the maximum population density in 1974 
probably a pproached the 13-14 larvae per tow found in other years indicating 
a rather .stable initia l larval population density. 

Es t i mated maximum population density was 718 wa lleye l a rvae pe r ha (N/ha) 
( 291 l arvae / ac) in 19 73, 418 N/ha (169 N/ac)' in 1974 and 676 N/ha (273 N/ac) 
in 1975, with minimum density values of 93 N/ha (38 N/ac), 21 N/ha (8 N/ac) 
and 22 N/ha (9 N/ac ). Minimum population density estimate in 1973 was nearly 
f our times of the estimated density in 1974 and ll975, indicating the presence 
of significantly higher larval abun dance during early June in 1973. 

C c · · - h h d. . b . I . · 1 . 11 onLiguration or t e catc istri ution was simi ar in a years, except 
for temporal distribution (Figure 2) . Frequency distribution was unimodal 
with the peak density occurring in May. Walley~ larvae were not captured 
after the first week in June probably due to gear avoidance rather than low 
l a r val density. Noble (1971) found walleye lar~ae capable of avoiding capture 
in Mi ller high speed samplers starting a t about ilO mm TL with avoidance 
increasing rapidly as body size inc reased. Lar+ae greater than about 18 mm TL 
(.7 in) were not captured in Spirit Lake, with the exception of one larvae 
measuring 31 mm TL (1.2 in). Spykerman (1973) 41so reported difficulty in 
capturing l arger larvae, with only one larvae captured after the second week 
of J une in Clear Lake, IA. j 

Walleye larvae were evenly distributed in •pirit Lake. Catch means at 
i ndvidua l stations varied from Oto 4.6 larvae per tow in 1973, 0 to 4 . 1 
l arvae per tow in 1974 and Oto 4 . 2 larvae per tow in 1975 (Appendix A). 
Eschmeyer (1950) first suggested larval walleye were pelagic sbortly after 
hatchi ng, returning t o littoral zones after groi.Jing to approximately 25 mm TL 
(1 i n). Similar horizontal movement of larval J alleye ,was also found in 
severa l eastern and Midwestern lakes (Johnson 19,69: Spykerman 1973). Few 
l a r vae cap tured in Spirit Lake were longer than f 18 nm1 TL (. 7 in) partially 
negating any conclusion concerning the return ofi larvae to the littoral zones. 
Howeve r, examination o f the catch means by indiJ idual stations indicated a 
demersal larva l movement occurred in early and mid-May. In contrast to the 
even vertical dist r ibution of larval walleye in 

1

Spirit Lake, Noble (1972) 
and Spykerman (1973) reported higher walleye lar~al density in subsurface 
samples than in surface samples. Johnson (1969 )1 a lso reported higher 
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Figure 2. Mean numerical catch of walleye larvae in standard-
ized tow net samples in S~irit Lake,·1973-75. 
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-""'=~ ~a ~ions in s ~h s urface samples , but stated t he concent r a tion varied 
wi 3e1y ::rom lake to lake ani:i suggested. cur·oidi-c: · migiit b e: a. rr,aj o r ::2.o~c-:
influe~cin g distribution . 

r,1a.lleye larvae survival f or the nine week sampling period varied widely, 
with e stimates of 51% in 1973, 5% in 1974 and 19% in 1975. Survival during 
the first two weeks following modal oc currence was lower than in succeeding 
inte-:'.'vals with es timates of 28%, .5 % and 7% . In comparis on, Noble (1972a) 
also note d larval walleye survival was l ower during early season samples, 
Oneida Lake, NY, with estimates of about 5%. 

GROW':'H OF LARVAL WALLEYE 

Gr owth of larval walleye was similar each year , with the total length 
attained a t each sampling interval influenced primarily by spawning time 
rather than growth rat e . In years of early spawning, body lengths were 
greater in similar sampling intervals than years with later spawning . For 
example, in 1973 larvae captured in the sec_ond sampling interval averaged 
9 . 3 mm TL, while in 1975 larvae averaged 8.3 mm TL in this interval. By the 
thi rd sampling interval larvae averaged 11.3 mm TL in 1973 compared to 10 mm 
TL in 1975 . Comparative val ue s were not available fo r 1974 because larvae 
were captured only during the first two sampling intervals . Growth of Spirit 
Lake walleye larvae compared favorably with grqwth reported for walleye in 
Clear Lake , IA (Spykerman 1973); Lake Winnebago, WS (Priegel 1970); and the 
Little Cutfoot Lakes, MN (Johnson 1969). 

Length-weight relationships from 50 fish in 1973 and 30 fish in 1975 
were computed in the usual manner. Insufficient larvae were captured in 1974. 
The relationships are best described by the tra nsformed equations 

1973: Log10W 

1975: Log
10

w 

-5 .48 + 3.10 Log10TL 

-4.96 + 2 .53 Log
10

TL 

(r 

(r 

. 99) 

. 98) 

where W = weight in grams and TL = total length in mm. There was no signifi
cant difference between the regression coefficients at the 95% level. 

NATURAL REPRODUCTION OF WALLEYE 

Estimated natural reproduction of walleye was 2.9 fry/m 2 in 1973, 
1. 1 fry/m 2 in 1974 and 4.3 fry/m 2 in 1975 (Table 3). Natural reproduction 
from 1973-75 was similar to previous estimates at Spirit Lake (Jennings 1969; 
MdJilliams 1975), although considerably below reported natural reproduction 
at Lake Winnigigoshish, MN, on similar substrate which ranged from about 10 
to 49 fry/m 2 (Johnson 1961). · 

Maximum egg density fluctuated widely, with 116 eggs/m2
, 27 eggs/m2 and 

125 eggs/m2 from 1973-1975, respectively. Previous findings at Spirit Lake 
revealed maximum egg deposition ranged from 4 t o over 6,000 eggs/m2 



'T\1ble 3 . Estimated natural walleye fry production and egg survival along the wesLern shoreline u.E 
Spirit Lake. 

- --
1964a 1965a 1966a 1967a 1968a 1969a 1971 1972 1973 l 9 7tf .l:}/''> • 

- •--

Maximum egg dens ity 
per m2 300 24 6, 041 79 5 4 695 127 116 27 J ) ,-- . J 

Number of eggs 
collected on l ast 
sampling date 55 161 572 18 6 47 1,606 16 130 119 1J9 

Number of viable 
eggs on last 
sampling date 2 44 10 2 16 2 40 2 51 19 76 

Average number of 
fry per m2 . 2 6.6 2.0 . 3 1. 6 .1 2 .3 .1 2 .9 1. 1 !1. J 

Percent egg 
survival < .1 27 .0 < .1 . 4 34.4 3 .3 . 3 < .1 2. 5 4 . 0 3 . '.j 

aJennings, 1969. 
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(J e:i:1. ings 19 69 ; HcWilliams 1975) . Wide r a nges in naximum egg density at Lake 
.-. i ::.::.i :;,igocr;2.sri w2 s als o ~eported (.johnson 1961) , al t hough similar density was 
L~~o·tel ~~ b~:~ a l ke s . 

Embryon i c survival was estimated at 2. 5%, 4.0% and 3 .5% during the study 
period, considerably below previous estimates that aver age d 8% from 1964-72. 
By comparison, Johnson (1961) reported about 18% survival of walleye embryo 
at Lake Winnib igoshis h, MN. These data indicate embryo survival is a key 
factor in determining the extent of na tural production in Spirit Lake. 

CONTRIBUTION OF STOCKED WALLEYE SAC- FRY TO THE LARVAL WALLEYE POPULATION 

The estimaL ed contribution of stocked walleye fry to the larval walleye 
population by the first method was 81% in 1973, 90% in 19 74 and 85% in 1975 . 
By the second method the percent contribution ranged from nearly 100% in 1973 
to 23% in 1974. However, confidence intervals for the 1974 estimate showed 
the contribution might range from 12% to over 100%. In comparison , contribu
tions of stocked walleye larvae to year class abundance in West Blue Lake, 
l'Ianitoba, ranged from 43% to 100% (Ward and Clayton 1974). 

ABUNDANCE, DISTRIBUTION AND SURVIVAL OF LARVAL YELLOW PERCH 

Annual catch means of larval yellow perch in the tow net samples were 117 
in 1973, · 23 i n 1974 and 81 in 1975 (Table 4). Analysis of variance of the 
numerical catch revealed differences among the annual catch means were signifi
cant; however , examination of the ca t ch means indicated t otal acceptance of t he 
analysis was also questionable for the same reason as stated previously for 
walleye . 

Table 4. Catch mean of larval yellow perch in standardized tow net hauls 
expressed in number per 1,000 m3 at Spirit Lake, 1973 - 75 . Catch 
va lues in 1974 are the mean of two consecutive tows . 

Sampling interval 
Annual 

mean May June 

1973 117 263 405 182 ll5 53 21 8 0 

1974 23 197 8 1 1 0 0 1 1 
1975 81 0 59 636 27 3 1 1 1 

( 
l1aximum population density of yellow perch was estimated at 20,923 N/ha 

July 

2 

0 

0 

8 , 47 1 N/ac) i n 1973, 10,190 N/ha (4,126 N/ac) in 1974 and 32,519 N/ha 
(l~, 166 ,N/ac) in 1975. Minimum population density occurred during late June 
an ear2.y July each year, with estimates of 83 N/ha (34 N/ac) , 10 N/ha (4 N/ac) 
au<l 20 N/ha (8 N/ac) from 1973-75, respectively . 
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: _ .. figu r a ti on of cat c h curv~s betwe En 1973 and 1975 were s imilar with 
the e~ceotion of seasonal distributions (Fi gure 3) . Catch distribution was 
unirno .::a.l ea c h year with the max imum density occurring in ea r ly May. The 
limited number of larvae captured during late June and early July was probably 
due to net avoidance rather than t o low population dens ity . 

Larval yellow perch were uniformly distributed in Spirit La ke. Individual 
station catch means ranged· from Oto 927 larvae per tow in 1973, 0 t o 838 per 
tow in 1974 and Oto 2,115 per tow i n 1975 (App endix B). The spatial distri
bution of p erch larvae in Spirit Lake agreed close ly with the distribution 
reported in a bay at Oneida Lake , NY, where larval perch were uniformly 
distributed in the upper 3.7 m of water (Noble 1972). However, in contrast 
Noble (1968) reported in the open lake perch fry tend ed to concentrate in the 
upper 1 .5 m o f water. 

Estimated survival of ye llow perch larvae during the nine week sampling 
period was 46% in 1973, 18% in 1974 and 23% in 1975. 

GROWTH OF LARVAL YELLOW PERCH 

Body length o f yellow perch was also influenced more by the time of • spawning than by growth. Larval length in the second sampling interval was 
5 . 8 m.~ TL in 1973, 9.1 mm TL in 1974 and 6.2 mm TL in 1975, with differences 
in total body leng ths existing throughout May and June. 

Length-weight relationships were computed from. 398 fish in 1973, 129 
larvae in 19 74 and 105 larvae in 1975. Regression coefficients were computed 
using no rmal procedures and are best described by the equations 

1973: Log10w = -5.94 + 3. 6 7 Log10TL (r . 99) 

1974: Log
10

W -6.23 + 3.86 Log10TL (r . 99) 

1975: Log
10

w = -5.66 + 3.48 Log10TL (r . 99) 

with weighting and total lengths in mm. Differences between the regression 
coef ficients were not significantly different at the 95% level. 

ABUNDANCE AND DISTRIBUTION OF ZOOPLANKTON 

Zooplankton populations were sampled in conjunction with larval fish 
sampling to determine their abundance and distribution; and t o ascertain food 
preference and u tilization of selected zooplankton tax a by }arval walleye and 
Yell~w perch. Two genera of Copepoda (Dicrptomus and Cycfops ) and three genera 
of c~adocepa (Daphnia, Chydorus and Bosmina) were identified and enumerated . 

. "Diaptomu.s and Daphnia were the codominant genera i n all 
twice as b d . 

B . a un ant as CyZcops and nearly 15 times as abundant 
or osnn,·--a, An . 
v . " · nual abundance of all genera , exceut Bosm1.-na, 
ariable . Cyclops and Daphnia were most abundant. in May and 

years, about 
as Chydorus 
was highly 
during the early 
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F igure 3. Mean numerical catch of yellow perch larvae in 
standardized tow net samples in Spir it Lake, 197 3-
1975. 



part of J·s:: e , wi t!-1 !:l->e peak n merical dens i t y o f Diaptornus and Bosr::ina 
occurring at varying intervals, and the peak density of Chydor us usually 
occurring during mid-June. 

ABUNDANCE AND DISTRIBUTION OF COPEPODA 

Annual catch means of Diaptomus we re 17.4 N/ £ in 1973, 16.9 N/ £ in 
1974 and 8.4 N/ l in 1975 (Table 5). Differences between the catch means were 
highly significant (P < .01), with the 1975 abundance significan tly l ower 
than in 1973 or 1974. The seasonal numerical abundance of Diaptomus was 
highly variable. Catch distribution was dissimilar between years with no 
apparent ove rall. seasonal abundance trends (Figure 4). The 1973 catch 
distribution was trimodal with the modal density in early and late May and 
late June with the maximum density in late June (26.9 N/£). The catch 
distribution in 1974 was polymodal with the maximum .denstiy (23.0 N/ £) 
oc~urring during the last week in May. The 1975 catch distribution was 
unimodal, with the peak density occurring in late May (19.4 N/ £). 

Table 5. Catch mean and standard deviation of zooplankton taxa in Spirit Lake, 
1973-75. 

Diaptomus Cyclops •Daphnia Chydorus Bosmina 

1973 17.4 ± 9.9 6.0 ± 7.1 18.0 ± 16.6 1.0 ± 1.3 1.2 ± 1. 8 

1974 16.9 ± 10.9 4. 7 ± 4.3 12 .1 ± 12.8 .6 ± . 8 . 7 ± . 9 

1975 8.4 ± 6.2 10.4 ± 10.5 16.2 ± 14.9 . 6 ± . 6 1.1 ± 1. 2 

Diaptomus were evenly distributed horizontally, but significantly 
higher catches occurred at the deeper strata (Table 6) . Catch means were 
24.1 N/£ f or Stations 7B and 8B, compared with 13.7 N/£ for Stations 7A and 
BA. Catch of Diaptomus for individual stations ranged from .2 N/£ in 1973 
t o 47.0 N/£ in 1974 (Appendix C). 

Cyclops ranked third in abundance among the five taxa, with catch means 
of 6.0 N/£, 4. 7 N/£ and 10.4 N/£ in 1973-75, respectively. Analysis of 
variance revealed highly significant differences between catch means, with 
the abundance in 1975 significantly higher than in other years. Seasonal 
distribution of the Cy lcops catch showed peak abundance occurred during May. 
Maximum concentrations were 18.8 N/ £ in 1973, 10.1 N/£ in 1974 and 27.6 N/ £ 
in 1975. Population density within succeeding intervals were < 7 N/£ except 
in 1975, with the density during May 14.6 N/£, 14.9 N/£ and 15.2 N/ £ before 
declining in June to less than 7 N/£. Configuration of ·catch curves were 
similar after peak ·density occurred, with the population density usually 
decreas ing through the first part of June and remaining relatively low through 
late June and early July (Figure 5) . 
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Table 6. Partitioned factorial analysis of variance due to sampling s t ation effect in the numerical 
catch of zooplankton at Spirit Lake, 1973-75. 

Source of variation df Diaptomus Cyclops Daphnia Chydorus Bosrm:na 

Station (9) * ** .~* ~'(* NS 

Midwater vs shallow 
water stations 1 NS *,t.c *ic '~* NS 

Among midwater stations (3) 
Surface vs subsurface 1 ** ** ** NS NS 
Station 7 vs Station 8 1 NS NS NS NS NS 
Interaction with depth 1 NS NS NS NS NS 

Among shallow water stations (5) NS NS NS NS NS 

.~ 
Significant at the 95% level. 

** Significant at the 99% level. 

/.'. 'if' -~ 

t-' 
--.J 
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Cyel:.:7-:-s wcr.? une:1~1ally diE"tribut::,d in Spirit Lake both horizontally ana 
vc r tic- ·_ll_, . CyZ.cops were most a bundant a t mi dwater sta t ions . Catch means 
were 7.6 N/£ fo z Stat ions 7 and 8 and 6.6 N/i for St ations 1-6. C1/~lons 
were mo re abundan t at 3 . 1 m (10 ft) th.s.~1 a t tl:.e s 1rface, with ove r~ll 'catch 
means of 9.4 N/£ for Stations 7B and 8B and 5 .8 N/£ for Stations 7A and 8A. 

ABUNDANCE AlvD DISTRIBUTION OF CLADOCERA 

Annual catch means of Daphnia were 18.0 N/ £ , 12.1 N/£ and 16.2 N/ £ in 
1973-75, respectively. Catch of Daphnia at i ndividual sampling stations 
varied widely ranging up to 80.0 N/£ in 1973 (Appendix E). Differences 
among catch means were highly significant. The seasonal peak density always 
occurred during May. Maximum counts were 34.5 N/£ in 1973, 28.9 N/£ in 1974 
and 36. 1 N/£ in 1975. Although the abundance of Daphnia decreased in June, 
a secondary mode occurred with catch means of 13.0 N/£, 17.0 N/ £ and 12.2 N/£ 
in 1973-75, respectively. Configuration of the catch distributions were 
quite similar, except for temporal differences (Figure 6). All catch curves 
were bimodal, with the highest density occurring the second or fourth weeks 
in V..ay followed by rapid decreases in abundance , with secondary modes occurring 
between mid- and late June. 

The spatial dis tribution of Daphnia was highly variable. Daphnia were 
signi f icantly more abundant in midwater with catch means of 18.7 N/.Q, for 
Stations 7 and 8 and 13. 7 N/ £ fer Stations 1-e. Daphnia were also more 
abundant at 3.1 rn (10 ft) than at the surface with a catch means of 12.0 N/£ 
at the surface sampling stations and 25.4 N/£ at the subsurface stations. 

Chydori~ ranked lowest in abundance with catch means of 1.0 N/£, .6 N/£ 
and .6 N/Q, in 1973-75. Seasonally, the numerical abundance of Chydorus 
remained at relatively low density each year during May with the average 
catch usually< 1 N/£ (Figure 7). Population abundance increased in June to 
a maximum density of 2.9 N/£ in 1973 and 1.4 N/£ in 1974, but remained below 
1 N/£ in 1975. Configuration of seasonal catch distributions in 1974 and 
1975 were. similar except. during the second week of June·. The 1973 catch 
distribution revealed rap id changes occurred in the population density 
throughout the sampling period , although modes in 1973 and 1974 occurred 
during the same sampling interval. 

C1aydorus were evenly distributed vertically, but no t horizontally with 
higher concentrations in midwater. Overall catch means were 1.0 N/.Q, for 
Stations 7 and 8 and .6 N/£ for Stations 1-6. Concentrations at individual 
stations were low in all years, ranging up to a maximum catch of 8.8 N/t 
(Appendix F). 

Bosmina were also low in abundance. Annual catch means were 1 . 2 N/£, 
.7 N/.Q, and 1.1 N/£ in 1973-75, respectively. Numerical density of Bosmina 
rarely exceeded 2 N/£ in any year, although in 1973, the maximum density was 
4.8 N/£ in early July. Catch distribution, although basically bimodal · each 
Year, were dissimilar temporally (Figure 8). Modes occurred between early May 
and early June, with secondary modes occurring between mid-June and early July, 
except in 1973 when the reverse occurred with t he greatest concentration in 
early July. 
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Bosmina was the only genus t hat was equally distributed in all habitats. 
Catcl-LE.s a t individual sampling stations showed Bosmina present in onl y 
limited :;.umbers throughout Spirit Lake, ranging up t o a maximum ca t ch of 
9. 2 N/9- in 19 73 (Appendix G) . 

ZOOPLANKTON UTILIZATION AND FOOD PREFERENCE OF LARVAL 
WALLEYE AND YELLOW PERCH 

Competition for food between larval walleye and yellow perch was 
determined by examining zooplankton utilization and food preferences. 
Alimenta r y tracts were examined to ascertain the number and genera of 
zooplankton ingested. 

Ninety-seven walleye larvae alimentary tracts were examined from fish 
ranging fr om 8 to 31 mm TL. During the first two seasons (1973-74) larvae 
< 10 mm TL contained at least some yolk material and had not commenced 
feeding with only 3 of 52 examined containing ident ifiable food organisms. 
In contrast, larvae in 1975 began feeding actively at approximately 9 mm TL 
although some larvae up to 10 mm TL did contain some yolk material. In 
comparison, Spykennan (1973) found walleye actively feeding at about 9 mm TL . 
Hohn ( 1966) and Paulus (1969) found l arvae commenced feeding on diatoms at 
about 6 mm TL, with zo oplankton becoming common '. in the diet after walleye 
larvae in Oneida Lake, NY, commenced feeding on iooplankton at about 7 mm TL. 
Norden (paper presented at the 34th Midwest Fish and Wildlife Conference, 
19 72 by Carroll Norden) found stocked walleye sac-fry did not begin to feed 
ac tively until five t o seven days after stocking at approximately 9 mm .TL. 
During 1973, none of the stocked walleye would have reached this transitional 
s ta ge during the first sampling interval. Stocked larvae in 1974 would have 
reached the transitional stage by the first sampling interval, although only 
one larvae contained any food organisms, and in 1975 not all stocked larvae 
would have reached the transitional stage until after the third sampling 
interval. 

Diaptomus~ Cyclops and Daphnia were most utilized by larvae after 
feeding commenced. Diaptomus and Cyclops were primar i l y utilized by small 
larvae, with decreased utilization as body size increased, while Daphnia .were 
pr imarily utilized by larger larval walleye, with increasing utilization as 
body size increased. 

Diaptomus were found in the diet of larval walleye during only one 
sampling interval each year, in larvae ranging from 9- 12 mm TL (Table 7). 
Diaptomus c onstituted 27.3%, 100. 0% and 11 . 8% of the food organisms ingested 
although the contribution in 1974 (100%) i s cons idered biased, since only one 
larvae contained discernable food items. Electivity indices revealed a slight 
overall preference for Diaptomus with indices of + . 06, +.40 ·and - . 35 in 1973-
75, respectively (Table 8). 

Cyclops was a primary food of smaller larvae. In 1973 and 1975, Cyclops 
comprised over 27% of the food ingested in each sampling interval that they 
•~ere consumed, with larvae ranging from 8 - 12 mm TL. No Cyclops were utilized 
~; 19 74. Cyclops decreased in importance as body size increased, from 50-100% 
0 the food ingested by larvae 8- 10 - mm TL to 27.3% of the food consumed by 



Table 7,. Number of stomachs examined , body length range and percent composition of zooplankt:on in 
l arva l walleye in Spirit Lake, 1973-75. 

Size Diaptomus Cyclops Daphnia 
r ange Stomachs Empty 
(mm) examined stomachs N % N % N % 

1973 8-10 26 . 25 1 so.a 
9-10 9 8 1 100.0 

11-12 7 1 3 27.3 3 27 .3 1 9 .1 
14-16 4 1 7 87.5 

1974 9-11 21 20 1 100.0 
10 1 1 

a 

1975 a N 

8 1 1 -I> 

9-11 26 4 4 11. 8 11 32.3 5 14.7 
18 1 1 50.0 
31 1 1 33 .3 

a 

aNo larval walleye captured during the sampling interval~ 
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. Table 8 . Electivity of zooplankton for food by larval walleye a t Spirit Lake, 
1973- 75. 

Size 
range Diaptomus Cyclops Daphnia 
(mm) 

1973 8-10 Early May +.36 

9-10 Mid-May +.60 

11-12 Late May +.06 +.31 -. 73 
14-16 +. so 

1974 9-11 Mid- May +.40 

1975 9-11 _t.-f..id-May -.35 -.12 -. 30 

18 La te May +.02 

31 Early May -.18 

larvae, 11-12 mm TL. Despite the decrease , Cyclops were highly preferred as 
food in 1973, with indices of +31 to +.60, but were not preferred ~n 1975 with 
an indice of -.12, although larvae were approximately the same size in both 
years. 

Daphnia were generally absent in the diet of walleye larvae 11 mm TL or 
less, but increased in numerical abundance as larval size increased. Among 
larvae from 9-12 mm TL, Da:phnia constituted 9.1% and 14.7% of the food consumed. 
Howeve r , for larvae 12 mm TL or greater, Daphnia contributed 87.5% of the diet 
in 1973 and 50.0% and 33.3% in 1975. No Daphnia were consumed in 1974. 
Despite the importance of Daphnia in the diet, particularly among the larger 
larvae, they were preferred only by larvae ranging from about 14- 18 mm TL, with 
indices of +.50 and +.02. A major change in the diet of walleye occurred in 
1975, with fish, primarily yellow perch, a major food item in larvae > 9.5 mm 
TL. Results of the change may also be partially responsible for the decrease 
in preferences shown by larvae walleye for zooplankton in 1975. 

Diaptomus and Cyclops were preferred food items of larval walleye at 
Clear Lake, IA, although Daphnia was the most numerous organism consumed, and 
the most important genus in the diet (Spykerman 1973). Houde (1967) and 
Priegel (1970) found walleye larvae preferred Cyclops, but not Diaptomus . In 
contrast, Smith and Moyle (1943) reported rotifers were the major food of 
Walleye in rearing ponds with larvae ranging from about 6-9 mm- TL, with 
Diaptomus an d Cyclops becoming dominant in the diet of larvae 9 mm TL or 
greater. In agreement, Johnson (1969) also found rotifers were consumed by 
Walleye lar vae in the Little Cutfoot Lakes, MN. 

The alimentary tracts of 464 larval yellow perch were examined in fish 
ranging from 4-43 mm TL. Larval perch 6 mm TL or less in 1973 had not 
commenced feeding with only 4 of 66 containing food. Similarly , larvae 7 mm 
TL or smaller in 1974 or 1975 did not forage with only 3 of 44 in 1974 and 
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ncn e of the 44 examined in 1975 containing fo od organisms. In cont r ast , 
•Siefert (197 2) reported larval yellow perch in Park Lake and Greenwood Lake, 

MN fe d actively at about 6 mm TL . 

All five zooplankton taxa were utilized for food by larval yellow perch, 
with Diaptomus and Cyclops generally most important as food in small larvae 
and Daphnia, Chydorus and Botimina more important in the diet of larger larvae . 

Diaptomus were consumed by larval perch of all sizes, except in 1973 and 
1975 when larvae 37 mm TL or larger contained no Diaptomus (Table 9). 
Dia;ptomus comprised between 12.5% and 82.3% of the food or larvae ranging from 
7-22 mm TL. Diaptomus generally decreased in importance comprising between 
8. 7% and 17.4% of the food in larvae from about 12-30 mm TL. Electivity indices 
revealed Diaptomus was preferred by larvae ranging from 7-13 mm TL, with · 
positive indices ranging from +.29 in 1974 to +.41 in 1973 (Table 10). Larvae 
ranging from about 13-30 mm TL did not prefer Diaptomus with indices ranging 
from -.01 to -.68. In contrast, during 1975 larvae from 7-9 mm TL did not 
prefer Diaptomus, while larvae ranging from 8-26 mm TL showed positive 
preferences for Diaptomim with indices of +.16 and +.29, before becoming a 
non-se l ected foo d organism again. 

Cylcops were a l so a major food s ource for smaller yel low perch, but 
decreased in importance as body size increased. Cyclops constituted between 
34.8% and 71 . 4% of the food in larvae ranging from 5-11 mm TL in _l973 and 1975, 
then decreased, compris ing generally less than 15:2% of the food ingested by 
larvae larger than 11 mm TL. There was little change in the percent composition 
of Cyclops in the diet of larvae in 1974, comrpising between 11.1% and 23.1% 
of the food organism, little evidence indicated a preference for this taxa. 
In 1973 and 1975, larvae rang_ing from about 5-13 mm TL preferred Cyclops with 
pos itive indices from +.01 to +.48. However, similar sized larvae in 1974 
i ndicated no preference. Similarly, larvae in 1973 and 1975, ranging from 
approximately 10-22 mm TL, did not select Cyclops , but in 1974 the index was 
+.48 indicating a definate preference for Cyclops . Cyclops was also preferred 
by larvae greater .than about 25 mm TL, with positive values from +.11 to +.61, 
although no Cyclops were consumed by similar sized larvae in 1975. 

Daphnia became increasingly important as a food source as larvae size 
increased. In larvae ranging from 7-13 mm TL, Daphnia comprised between 
1.4-3.8% of the organisms ingested. In larvae ranging from 25-43 mm TL they 
comprised between 50.0-80.0% of the diet. Electivity indices showed despite 
the importance of Daphnia in the diet, it was not a preferred food organism. 
No preference fo r Da;phnia were shown in either 1974 or 1975 until perch were 
abou t 26 mm TL, when index values ranged from +.17 to +.49. In contrast, 
larvae in 1973 indicated continual non-selection of Daphnia with indices 
ranging from - . 01 to -.95. 

Chydor-us made up only a minor portion of the larval perch diet comprising 
between 2.9-7. 7%. The feeding chronology showed no trends fqr larvae ranging 
between 11-27 mm TL between 1973 and 1975. There were also no preferences 
indicated between years among perch of similar sizes . 

Bosmina were absent from the diet o f small larval perch, but were important 
for larvae 11 mm TL or larger. Bosmina comprised up t o 26.7% of the food in 
larvae ranging from 11-26 mm TL, with occurrence increasing as body size 
increased. Bosmina were _also absent from the diet of larvae greater than 



Table 9. Numb e r of stoma chs examined, body length range a nd pe r cent composition of zoop l a.nkt on i n larval. 
ye llow perch at Spirit Lake, 1973- 75. 

Size Stomachs Empty Diaptomus Cyclops Daphnia Chydorus Bosmina, 
range examined . stomachs 
(mm) N % N % N % N % N % 

1973 
May 4- 6 20 20 

5- 7 46 40 5 71.4 
7-11 50 12 32 46.4 24 34.8 1 1.4 

10-14 83 7 102 82.3 8 6.5 9 7.3 

June 11-17 40 10 46 39.6 8 6.9 41 35.3 6 5.2 
11-22 21 1 48 25.1 7 3. 7 55 28.8 8 4.2 51 26.7 
11-30 18 2 4 8.7 7 15.2 18 39.1 11 23.9 

a 
N 

July 37-43 3 0 7 6.1 98 86.0 -...J 

1974 
May 5- 8 44 41 

7-12 25 7 19 73.1 4 15.4 1 3.8 
8-11 5 0 7 77.8 1 11.1 

16-17 2 0 3 23.1 3 • 23 .1 1 7. 7 3 23. 1 

June a 
a 

26 1 0 2 10.0 10 50.0 5 25.0 
26 1 0 4 17 .4 3 13.0 14 60.9 1 4. 3 

1975 
May a 

5- 7 44 44 
7- 9 25 16 2 12.5 11 68.7 
8-13 27 2 27 24.5 45 40.9 4 3.6 1 . 9 

June 11-13 3 0 2 40.0 1 20.0 1 20.0 1 20.0 
19-26 3 0 15 32.6 6 13.1 16 34.8 1 2 . 2 
25-28 2 0 4 11.4 25 71.4 1 2.9 

38 1 0 5 55.6 

July a 
-

aNo larval yellow perch captured during the sampling period. 
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Table 10 . Electivity fo r zooplankt on for food by larval yellow per ch at 
Spirit Lake, 1973-75. 

Size 
range Diaptomus Cyclops Daphnia Chydorus Bosmina 
(mm) 

1973 
May 4- 6 

5- 7 +.48 
7-11 +.31 +.41 -.95 

10-14 +.41 -.32 -. 73 

June 11-17 -.01 -.01 -.12 
11-22 -.36 -.10 -.01 -.37 
11-30 -.63 +.61 -.OS 

a 

July 37-43 +.24 - .33 

1974 
:tvf..ay 5- 8 

7-12 +.30 -.32 -.73 
8-11 +.29 -.25 

16-17 -.25 +.48 • -- +. 71 

June a 
a 
26 -.68 +.24 

July 26 -.57 +.11 +.49 
a 

19 75 
May a . 

5- 7 
7- 9 -.32 +.24 
8-13 +.16 +.22 -.86 

June 11-13 +.22 +.01 -.41 
19-26 +.29 -.01 -.25 
25-28 -.44 +.29 +.04 

38 +.17 

July a 

aNo larval yellow perch captured during the sampling interval. 

27 mm TL. Electivity indices showed Box,nina was preferred for food in all 
instances, with indices of +.37 to +.89 in 1973; +.28 to +.87 in 1974; and 
+.04 to+. 76 in 1975. 

+. 87 
+.89 
+. 37 

+.86 

+.87 

+.28 

+.62 

+. 76 
+.04 

In agreement with these findings larval perch in the Red Lakes, MN fed 
upon a . variety of zooplankton genera (Pycha and Smith 1954), including the 
five genera utilized by larvae in Spirit Lake. In comparison, Siefert (1972) 
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reported larval perch in Park Lake, MN , utilized Copepoda. naup l ii after the 
comrnence;nent o f fee ding, with Bosmina the dominant foo d i tem in l a rva e 11 mm 
TL o r gr~ater. However , in contrast, Siefe rt (1972) also reported larva l 
per ch in Greenwood Lake, MN, commenced fee ding upon r otifers, and to a 
l esser extent upon Copoeoda. naup l i i , with Cyclopoid copepoda. becoming the 
dominant food item as larval size increased. As with larval walleye, larval 
yellow perch have reported utilized a variety of food organisms, indicating 
food preference probably plays only a minor role in determining total food 
utilization. 

ACCOMPLISHMENTS, NEEDS AND IMPLICATIONS 

Previous investigations in Spirit Lake as well as other natural lakes in 
Iowa and other states have clearly documented the significant impact of 
walleye sac-fry plantings on the numerical density of larval walleye popula
t i ons (Rose 1955; Carlander et al. 1960; Forney 1975; Payne 1975; and others). 
However, in most instances the exact contribution of the stocked fry remained 
unknown, primarily because of the difficulty in defining the separate effects 
of t he s tocked and naturally produced fry on larval populations. 

Findings in Sp i rit Lake, based on the ratio, of stocked density of walleye 
sac-f ry and natural reproduction, showed stocked larvae contributed from 81% 
t o 90% of the larval population from 1973-75. Secondary estimates, based on 
the survival curves of stocked fry in relation to larval densities in Spirit 
Lake on the first sampling date annually were also high, ranging from 23% to 
100%. However, the low estimate, 23%, had extremely wide confidence intervals 
with estimates ranging up to 100%, also. 

The magnitude of the contribution of stocked walleye fry was further 
clarified by examination of the estimated total natural reproduction of larvae, 
based upon the density and survival of walleye eggs in Spirit Lake. Natural 
production was an estiamted 8.5 million larvae in 1973, 3.2 million in 1974 
and 12.6 million in 1975. In comparison the number of stocked fry was nearly 
twice thenatural production in 1973 and 1975 and about six-fold the 1974 
production. The implications from these findings seems contrary to the 
original intent of the supplemental walleye fry stocking program, with the 
larval walleye population ba9e in Spirit Lake formed by stocked fry, and 
fluctuations in year class abundance due to variations in the magnitude of 
natural reproduction. 

Despite the nearly constant stocking density of walleye sac-fry during 
the three year study period, the annual catch of larval walleye in the net 
tows were significantly different with means varying from .9 to 2 . 7 larvae 
per tow. Total acceptance of the analysis is questionable since the maximum 
density of larval walleye in 1974 might have occurred prior·to the initial 
sampling. If this were true, the peak population density in 1974 was probably 
similar to other years (13-14 larvae per tow) revealing the initial population 
density was relatively static, with eventual year class abundance primarily 
dependent upon survival. If this postulation is true, it also provides 
additional evidence reflecting the magnitude of the contribution of stocked 
fry to the larval population. 
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Annual cat ch means of larval yellow perch a lso varied significantly, from 
23 larvae per tow in 1974 to 117 larvae per tow in 19 73 . However, similar to 
the analysis of the walleye catch data, t otal acceptance of the analysis is 
questionalbe, and the probabi lity that the maximum density in 1974 was s i milar 
to either 1973 or 1975 is high. If t his were ture , year class abundance would 
probab l y be more dependent on larval survival than initial population density. 
Larvae density in late June and early July also indicated survival was a major 
factor in determining year class abundance, with the density in 1973 from 
4 to 8 times the larval density in 1974 or 1975, even though the highest 
initial larval density was recorded in 1975. 

The postulation that stocked walleye fry form the base of the larval 
population suggests the abundance might be altered for fisheries management 
purposes by manipulating the numbers stocked. However, wide fluctuations in 
larval survival, from 5% in 1974 to 50% in 1973, revealed an obvious lack in 
the predictability of the stocking density to the eyentual population abundance. 
In years of high survival , population density may be markedly increased by 
increased stocking, but during years of high mortality little increase might 
be expected . For example, if the survival were 50%, as fo und in 1973, the 
larval population could have been doubled by increasing the stocking density 
two-fold. In contras t , in 1974, with' an annual survival of 5%, the stocking 
density would have to have been 20 times the number stocked to achieve a 
two- fold increase in the larval population . Even if survival were comparable 
to . 1975, with about 20% survival, to double the larval population density would 
require a five-fold increase in stocking densi'l:y. Cost benefits in the latter 
examples would be prohibitive at this time. 

Payne (1975) reported a significant positive correlation between the 
number of walleye sac-fry stocked and eventual year class abundance in Clear 
Lake, IA. He suggested stocking 24,000-36,000 sac-fry per ha (10,000- 15,000 
pe r ac) would result in a larval density which would approach the maximum 
level of abundance of what might be expected for Clear Lake, a lake similar t o 
Spirit Lake. These stocking densities are from three to five times the 
current stocking rates in Spirit Lake, and at this time unob tainable on an 
annual bas.is. 

No significant correlations were found between water quality and the annual 
or seasonal abundance or survival of either larval walleye or yellow perch. 
Lack of any association indicated factors other than those measured or a 
combination of factors influenced survival and consequently larval density. 
However, the findings indicated a strong positive association between the 
length of the spawning season and larval abundance. The association between 
the spawning season length and walleye larval abundance was also noted at 
Lake Winnibigoshish, MN by Johnson (1961). Shorter spawning seasons resulting 
in higher survival are usually devoid of periods of precipitous declines in 
water temperatures following spring storms or intense cold fronts. The 
adverse effect of cold weather on walleye spawning was also reported by 
Derback (1947), with a poor hatch of walleye after cessat~on of spawning 
activity due to the onset of cold weather. Since factors influencing walleye 
fry survival are identical for both stocked and naturally produced fry, larval 
abundances could be manipulat ed to the greatest degree following the shorter 
spawning seasons , other factors constant, by adjusting stocking density. 

Natural production in Spirit Lake between 1973-75 ranged from 1.1 to 
1 ~tn':,"" · · 1 . . S . . L k b t arvae per square simi ar to prveious estimates at pirit a e, u 
3 to 20 times below the natural production in Lake Winnibigoshish, MN 

----- ----------=------------ -

4.3 
from 
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(Johnson 1961). Maximum egg despositions at Spirit Lake and at Lake 
Winnibigoshish, MN varied widely, indicating natural pr oduction in Spirit 
Lake has the potential of producing an adequate year class of walleye. However , 
emb r yon ic sur viva l averaged less than 4% in the three year period (bel ow t he 
average 8% from 1964-72), and considerably below the approximately 17% survival 
in Lake Winnibigoshish, MN (J ohnson 1961). Embryonic survival appears to be a 
paramount factor in the development of natural larval populations, although the 
identity and overall effects of factors influencing success or failure are not 
understood. 

Egg survival was associated with several factors in Lake Winnibigoshish, 
MN. Among them were wave action and substrate type. Johnson (1961) reported 
about a 50% decrease in the number of walleye eggs af ter high winds, and 
reported substantial numbers of dead eggs entangled in clumps of filamentous 
algae f ollowing another period of wave action. In Lake Winnebago, WS, sub
stantial numbers of eggs were f ound in windrows after moderate wind and wave 
a ct i on (Priegel 1970). Limited observations at Spirit Lake revealed walleye 
eggs on the shore following spring storms, indicating at times wave action is 
an impor tan t factor in egg survival. Substrate type was also associated with 
egg survival in Lake Winnibigoshish, MN (Johnson 1961), with survival best on 
clean rubble-gravel substrates, intermediate on firm clean sand and poorest on 
a soft de t ritus muck bottom. Based on these criteria the primary walleye 
spawning area in Spirit Lake should provide good habitat, in terms of sub
strate size and composition, however, de t ri tus materials a re present in most 
areas and may degrade these areas into poorer habitat tha n would be expected, 
and be reflected in the poor embryonic survival in Spirit Lake. 

Johnson (1961) found a dramatic improvement in egg survival and production 
of walleye larvae after improving_ one spawning area by the addition of clean 
suitable sized rock and rubble, indicating a possibility of increasing the 
overall natural reproduction by the maintenance or improvement of walleye 
s pavming sites. The areas in Spirit Lake falling into the rubble-gravel sub
strate classification as previously mentioned have detritus materials throughout. 
Addition of clean rubble-gravel to these areas and/or to other areas may increase 
egg survival and consequently larval production. There is a need to investigate 
this alternative and to define the increase in production which would be 
reasonably expected by habitat manipulation versus the economic feasibility, if 
it is desirable to significantly increase larval populations in Spirit Lake . 

Interspecific competition for zooplankton food between walleye and yellow 
perch larvae did not influence survival or growth of either species, although 
both species consumed identical taxa during the same time periods each year. 
The primary genera consumed by both species were Cyclops, Diaptomus and Daphnia. 
Cyclops and Diaptomus were utilized as feeding activity commenced. Larval 
yel low perch commenced feeding at a smaller size (6 - 7 mm TL) than walleye 
(9-10 mm TL) , with no discernable impact on the numerical densities of the 
zooplankton populations observed. Cyclops and Diaptomus became less important 
in the diets of larvae as body size increased, while Daphnia became more 
important (walleye, 15 mm TL or greater; yellow perch, 11 mm TL or greater). 
In the larger sized fish Daphnia increased in importance, comprising a maximum 
of 87.5% of the food or larval walleye and 86.0% of the food items of larval 
perch. Daphnia size was probably important in precluding its selection as food 
by the smaller larvae. Further evidence supporting this postulation is 
recognized in that Daphnia was not selected as a food item until perch larvae 
were about 17 mm TL or greater, and walleye larvae selected Daphnia only after 
reaching approximately 14 mm TL . Houde (1967) also not ed the probability that 
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s e lection of food or ganis ms wa s dependen t upon p r ey size as well as t he s i z e 
o f larval walleye in Oneida Lake , NY . Walleye larvae in Spirit Lake in 1973 
utilized other fish larva e during only sampling interval, a nd no l a r vae were 
c onsumed by walleye larvae in 1974. In contrast, during 1975, fis h la r vae 
were consumed by larval walleye 9.5 mm TL or great er, and comprised a major 
portion of the diet, although the reasons for the change in f ood habits between 
years are unknown. In comparison, larval walleye in Oneida Lake, NY, as small 
as 9.0 mm TL were also found to feed actively upon larval perch (Houde, 1967). 
Competition for food between larval walleye and yellow perch is prevalent in 
Spirit Lake, but the abundanc:e of all zooplankton taxa utilized is so great 
the level of competition is unimportant for the survival of either species. 
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~ APPENDIX 

· Table A. Larval walleye cat ch i n standardized tow net samples expressed in 
number per 1,000 m3 at Spirit Lake, 1973- 75. Catch values in 1974 
are the mean of two consecutive tows. 

Sampling Sampling interval 
station 

1973 5/7- 5/14- 5/21- 5/2 8- 6/4- 6/11- 6/18- 6/25- 7/2 -
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6 

1 0 6.8 0 4.6 0 0 0 0 0 
2 6.8 9.0 0 0 0 0 0 0 0 
3 4.6 0 0 0 0 0 0 0 0 
4 25.1 4.6 0 0 0 0 0 0 0 
5 11.4 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 
7B 0 9.1 15.9 9.1 0 0 0 0 0 
BA 41.0 0 0 0 0 0 0 0 0 

·8B 13.7 0 11. 4 4.6 0 0 0 0 0 

Mean 13.9 3.9 3.4 1.8 0 0 0 0 0 

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

1 6.8 0 0 0 0 0 0 0 0 
2 15.8 0 0 0 0 0 O · 0 0 
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 o· 
6 0 0 0 0 0 0 0 0 0 
7A 0 0 0 0 0 0 0 0 0 
7B 0 0 0 0 0 0 0 0 0 
8A 0 0 0 0 0 0 0 0 0 
BB 0 0 0 0 0 0 0 0 · o 

Mean 8.0 .4 0 0 0 0 0 0 0 

1975 5/5-'- 5/12- 5/19- 5/26- 6/2- 6/9- 6/16 6/23- 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 0 0 0 0 0 0 0 0 0 
2 0 0 8.6 0 4.5 0 0 0 0 
3 0 0 4.6 0 0 0 0 0 0 
4 0 4.0 9.0 0 0 0 0 0 0 
5 0 0 30.2 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 
7A 0 0 13.5 0 0 0 0 0 0 
7B 0 0 27.2 0 0 0 0 0 0 
8A 0 4.0 29.4 4.6 0 0 0 0 0 
8B 0 0 9.8 5.0 0 0 0 0 0 

Mean 0 • 8 13.2 1.0 .4 0 0 0 0 
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Table B. Cat ch of larval yellow pe r ch in tow net samples expressed in numbers 
per 1,000 m3 a t Spir i t Lake , 1973-75 . Catch values i n 1974 are the 
mean of t wo consecut i ve t ows. 

Sampling Sampling interval 
station 

1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/ 25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/ 29 7/ 6 

1 104.8 942.9 4.6 132.1 0 0 13. 7 0 0 
2 539.8 488.7 31. 9 50.1 0 0 6.8 0 0 
3 29 . 6 13. 7 4.6 47.8 0 157.2 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 
7A 4.6 29.6 47.8 86.5 13 . 7 4.6 0 0 0 
7B 107.0 858 . 6 248 . 2 252.8 25.0 25;0 0 0 15.9 
8A 521.6 0 453.2 159.4 4.6 0 0 0 0 
8B 806.2 594.4 926.9 330.2 95. 7 0 0 0 0 

Mean 263.1 405.3 181.7 ll5.0 53.1 21. 0 8.4 0 1. 6 

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

1 ll.8.8 1.8 0 2. 7 0 0 0 0 0 
2 197. 2 4.6 2.6 5.0 0 0 0 0 -0 
3 837.7 7.8 0 0 0 0 0 2.0 0 
4 ll7.l 23.2 0 0 0 0 2. 2 0 0 
5 204.5 8.6 0 0 0 0 0 0 0 
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 
7B 0 0 0 0 0 0 0 0 0 
8A 26.9 15.9 0 0 0 0 0 0 0 
SB 106.6 11.8 0 0 0 0 0 0 0 

Mean 197. 4 7.8 1.0 . 8 0 0 . 2 . 2 0 

1975 5/5- 5/12- 5/19- 5/26- 6/2- 6/9- 6/16- 6/23- 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 0 17.4 281. 8 4.7 0 0 0 0 0 
2 - 0 20.8 12.9 18.4 0 0 4.2 4.1 0 
3 0 41. 5 13.9 65.2 17.3 9.4 0 0 0 
4 0 299.5 357.1 67.1 4 . 1 4.4 0 O· 0 
5 0 144.2 798 . 9 4.6 0 0 0 0 0 
6 0 4.6 278.2 28.6 0 0 0 0 0 
7A 0 12.2 437.5 36.4 0 0 0 0 0 
7B 0 24.4 756.2 37. 9 0 0 0 0 0 
8A 0 12.1 2, ll4 6 0 0 0 4.2 0 0 
8B 0 14.9 1,304.4 10 . 0 5.2 0 0 0 0 

Mean 0 59.2 635.6 27.3 2.7 1.4 . 8 .4 0 
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Table C. Diaptomus catch expressed in number per l iter in standardized plankton 
samples in Spirit Lake, 1973-75 . 

Sampling Sampling interval 
station 

1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6 

1 11. 6 13.5 . 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 2 7. 5 19.l 18.5 16.5 5.3 14.2 i 3.4 12 .3 3.1 
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 19.5 
7B 17.2 27.8 20.0 18.4 19.0 24.9 23.9 48 .0 27.6 
SA 16.5 13.8 13 .2 11.8 2.4 12.4 10.9 16.2 20.6 
SB 31.0 29.8 20.0 30.2 6.6 24.0 22.3 16.9 6.1 

Mean 19.4 18.3 11.4 13.8 9.2 17.0 26.9 23 .4 17.0 

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 

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. (j 18.3 18.7 18.3 11.0 12.7 16.7 
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 
SA .8 2.3 17.7 8.0 8.3 10.0 4.7 12.7 17.0 
SB 14.8 3.7 20.0 31.0 29.3 20. 7 22.7 11.0 22:0 

Mean 16.2 6.5 23.0 · 22. 8 16.2 18. 7 11.1 15.4 22;1 

1975 5/5- 5/12 5/19- 5/26- 6/2- 6/9- 6/16- 6/23-:. 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 1. 3 5.7 25.7 33.3 12.3 6.0 10.7 7.0 9.3 
2 1.0 3.0 8.0 11. 7 14.3 2.3 12.3 3.7 4.0 
3 2.3 8.3 7.0 5.3 7.0 5.0 5.3 4.0 7.3 
4 4.3 8.7 11. 7 24.3 3.3 5.0 2.3 6.7 5.7 
5 2.3 10.3 11. 0 20.7 8.7 2.7 9.0 8.7 3.3 
6 8.0 7.7 5.0 13. 7 1.7 6'.0 11. 7 4~0 3.3 
7A 2.7 10.0 4.3 22.0 10.0 10.3 4.0 3.3 3. 7 
7B 8.0 14.3 6.0 17.3 11. 0 3.7 4 .7 2 .7 2.0 
SA 4.7 8.0 10. 7 28.3 8.7 3.0 1. 7 11. 3 5.3 
SB 21.0 9.7 11. 7 17.3 10.0 4.7 2.7 12.0 7.3 

Mean 5.6 8.6 10.1 19.4 9;3 4.9 6.4 6.3 5.1 
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Tab le D. Cyclops catch exp ressed i n numb er per l i ter in s t anda rdized plankton 
s amples a t Spirit Lake, 197 3-75 . 

Sampling Sa mpling interva l 
station 

1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/ 2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6 / 29 7/6 

1 3.1 11.0 . 8 1.5 5.5 . 3 . 9 . 9 . 2 
2 3.3 23.4 3.0 2.3 1.5 1.1 1. 3 3.1 1. 3 
3 18.4 21.0 .8 1.0 2.4 3.3 3.8 . 4 . 9 
4 14.7 12.3 10.5 7.2 . 7 2.3 6.6 .4 2.4 
5 23.1 15.9 18.5 3.8 0 . 7 3.1 .4 .4 
6 17.8 18.8 2.0 5.0 . 9 1.1 1.5 1.1 1.5 
7A 13.1 12.5 2.1 3.1 . 4 1.1 1.5 2.0 2.4 
7B 10.1 25.0 8.4 6.8 5.5 2.4 2.6 4.8 5.0 
8A 14 .0 17.8 10.7 4.6 . 2 .·8 1. 3 ' 1.1 l'.1 
8B 22.5 30.5 10.1 14.7 2.0 1. 3 3.3 1. 3 1.1 

Mean 14.1 18.8 6.7 5.G 1.9 1. 4 2.6 1. 6 1. 6 

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 

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 0 2.3 . 7 4.0 5.7 
3 4.3 7.0 10.0 1.0 1.0 3.3 0 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 
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 

1975 5/5- 5/12- 5/19- 5/26- 6/2- 6/9- 6/16- 6/z"3:.. 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 24.0 7. 7 21.3 34.7 2.0 3.3 6.3 4.0 1.0 
2 14.0 2.7 12.3 12.7 3.3 1.0 5.0 1.0 2.0 
3 17.0 19.3 13.3 10.7 5.3 2.0 4.0 1.3 1.0 
4 27 .0 19.3 16. 7 15.0 5.3 6.3 . 7 2.0 3.7 
5 24.7 15.3 18.0 16.7 6.0 . 4. 3 7.3 .5.3 2.3 
6 76.0 6.3 10.3 s. 7 5.3 3.0 12.3 5.0 3.7 
7A 24,0' 11.0 13. 3 9.7 9.0 3.0 6.7 2.3 1. 7 
7B 26.7 25.0 14.0 14.7 9.0 4.7 4.0 .3 1.3 
8A 16.7 13. 7 10. 7 13. 7 13.0 4.3 2.3 5.0 2.3 
8B 26.0 26.0 18. 7 18.7 11. 6 3.6 2.7 4.3 8.0 

Mean 27.6 14.6 14.9 15.2 7.0 3.6 5.1 3.0 2.7 
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Table E. Daphnia catch expressed in number per liter in standardized plankton 
samples i n Spirit Lake , 1973- 75. 

Sampling Sampling interval 
station 

1973 5/7- 5/14- 5/21- 5/28- 6/4- 6/11- 6/18- 6/25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6 

1 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 
6 29 . 7 27 .5 8.2 27 . 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 29.1 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 

1974 5/6- 5/13- 5/20- 5 / 27- 6/3- 6/10- 6/17- 6/24- 7/ 1-
5/iO 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 0 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 
8A 2 . 5 1.7 5.3 5 . 3 6.0 3 . 3 2 . 7 2 . 0 5 . 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 

1975 5/5- 5/12- 5/19- 5/26- 6/2- 6/9 - 6/16- 6/23- 6/30 -
5/ 9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 6 . 3 5.3 46.3 62. 7 16 . 7 3. 7 26 . 7 4 . 0 5 . 3 
2 2 . 7 2.3 19.3 69 . 3 6 . 3 1.7 16.7 4 . 0 3 . 3 
3 19.0 9 .0 20 . 3 35.0 31. 3 5.0 5 . 3 1.7 3 . 3 
4 11. 3 9.3 14.7 32 . 7 29 . 7 7. 3 3.0 6 . 3 2.0 
5 1. 7 6.3 18 . 7 18 . 7 37 . 7 1. 7 19.3 11.3 2.3 
6 1.7 5 . 7 24 . 7 20 . 3 54 . 7 4 . 7 11. 7 4 . 0 2 . 3 
7A 5.0 11.3 16.7 29 . 0 39 . 3 3 . 3 8 . 0 11.3 2.0 
7B 18.7 23.3 21. 7 42 . 0 23 . 7 12.3 8 . 7 9 . 3 4.0 
8A 10.3 11 . 7 44 . 0 18 .0 25. 7 9.3 3.3 34.3 3. 0 
8B 20.3 11. 7 43.7 33 . 0 37 . 7 15.7 5 . 3 36.3 8 . 3 

Mean 9 . 7 9.6 27. 0 36 . 1 30.3 6.5 10 . 8 12.2 3 . 6 
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Table F. Chydorus catch expressed in number per liter in standardized plankton 
samples in Spirit Lake, 1973-75. 

Sampling Sampling interval 
station 

1973 5/7- 5/14- 5/21- 5/28- .6 /4- 6/11- 6/18- 6/25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6/29 7/6 

1 0 . 8 0 .9 1.8 1.0 0 . 2 . 2 
2 0 0 0 2 . 8 1.5 . 6 . 4 .4 . 2 
3 . 8 . 5 . 3 1.5 0 . 4 .9 .4 .4 
4 1.0 . 5 • 3 1.8 0 1. 3 . 7 . 7 . 7 
5 . 3 0 .5 .6 .2 . 9 . 2 1. 3 .4 
6 . 6 0 0 2 . 4 . 4 3 .9 . 2 . 6 2 . 2 
7A . 9 .5 . 2 2.0 . 8 8.8 0 . 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 

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 

1 0 0 . 7 . 3 2 .. 0 1.3 . 7 0 0 
2 0 0 0 . 7 . 3 . 7 1.3 0 . 3 
3 0 0 0 . 3 0 0 0 . 3 0 
4 0 0 0 0 1.0 3 . 3 3.3 1.0 1.0 
5 0 . 3 1.0 . 7 2.0 1. 3 . 7 . 3 . 3 
6 0 0 0 0 . 3 2 . 3 . 7 0 0 
7A 0 0 1.0 2 .3 1.3 1.0 1.0 . 3 . 3 
7B 0 .3 . 7 2.3 2.0 1.3 1. 3 1.7 0 
8A 0 0 2.0 1.0 1.0 1.0 0 0 1.0 
8B .3 . 7 . 3 0 . 7 1.9 2.0 0 1.0 

Mean < .1 .1 . 6 • 8 1.1 1. 4 1.1 . 3 . 4 

1975 5/5- 5/12- 5/19- 5/26- 6/2- 6/9- 6/16- 6/23- 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/27 7/4 

1 0 . 3 2.3 1.0 1.0 1.0 . 7 0 0 
2 0 . 3 . 7 . 7 .3 0 1.0 .3 . 7 
3 0 1.0 . 7 0 2.7 0 0 . 3 . 3 
4 0 . 7 . 3 1.0 0 1.0 0 . 7 . 3 
5 0 0 . 7 . 7 1. 3 . . 7 1.0 . 7 0 
6 1.0 0 . 7 . 3 1. 3 . 3 . 3 . 3 0 
7A . 7 . 7 . 3 0 . 3 . 7 0 . 7 0 
7B . 7 1.3 . 7 2.0 1.0 0 1. 7 0 . 3 
8A . 7 . 3 1.7 0 . 7 0 2 .3 0 0 
8B 2.0 0 . 7 1.3 .3 . 7 1. 7 . 7 0 

Mean .5 .5 . 9 . 7 . 9 . 4 . 9 . 4 . 2 
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Table G. Bosmina catch expressed in number per liter in standardized plankton 
samples in Spirit Lake, 1973 - 75. · 

Sampling 
Sampling interval station 

1973 5/7- 5/14- 5/21- 5/28 - 6/4- 6/11- 6/18- 6/25- 7/2-
5/11 5/18 5/25 6/1 6/8 6/15 6/22 6 /29 7/6 

1 0 . 3 0 . 7 .4 0 . 8 . 7 2 . 4 
2 0 6.2 . 5 . 6 0 0 0 1.1 6.4 
3 0 1.8 1. 3 . 3 0 1.8 1.1 . 7 5.3 
4 0 3.3 . 8 . 7 0 .8 2.2 3.3 6 . 6 
5 0 0 . 3 0 0 0 .9 . 9 2.4 
6 0 .5 0 .2 . 2 .2 . 2 0 5.0 
7A 0 3.8 .2 0 0 1.1 .2 1.5 4 .2 
7B 0 1.5 2.0 . 2 0 . 4 .4 3.0 2 . 3 
SA 0 1.3 . 6 . 7 0 .4 0 5.3 . 9.2 
SB 0 2.3 . 3 . 4 .2 . 4 1.1 1.5 4.4 

Mean 0 2.1 . 6 .4 .1 . 5 . 7 1.8 4.8 

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 

1 . 3 0 0 . 7 0 1. 7 0 .3 . 3 
2 0 . . 3 . 3 1.0 0 1.0 .3 2.3 0 
3 0 0 . 7 . 7 . 7 3.0 0 0 . 3 
4 0 0 0 0 .3 3.3 . 7 0 1. 7 
5 0 0 1.7 . 7 . 3 1.0 .3 1.0 . 7 
6 . 3 0 . 3 0 0 2.3 . 3 . 3 . 3 
7A 0 0 . 3 3.0 1.0 4.0 1.0 0 1. 7 
7B 0 . 3 0 2.3 1.0 2.7 . 7 1.3 . 7 . 
8A . 3 0 .3 . 3 1.0 . 3 0 . 7 . 3 
8B . 5 0 . 7 1.7 2.3 . 8 .3 0 1.0 

Mean .1 .1 .4 1.0 . 7 2.0 .4 .6 . 7 

1975 5/5- 5/12- 5/19- 5/26- 6/2- 6/9- 6/16 - 6/23- 6/30-
5/9 5/16 5/23 5/30 6/6 6/13 6/20 6/2 7 7/4 

1 .3 . 7 3 . 0 6.3 . 3 0 1.0 0 2.0 
2 0 .3 1. 3 2 . 7 0 0 2 . 3 .3 1. 7 
3 0 2.7 2 . 0 0 2.0 0 0 .3 1. 3 
4 . 3 1.3 2.0 1.0 2 . 0 0 . 3 0 1. 7 
5 1.0 1.0 1.3 . 7 . 7 . 3 . 7 . 7 1.0 
6 0 .3 3 . 7 2 . 0 1.7 0 . 7 1.0 0 
7A 0 1. 7 1. 7 2 . 3 1.0 0 . 3 0 0 
7B 0 2 . 7 1.7 2 . 7 . 7 . 3 . 7 . 7 0 
SA . 3 1.0 2.7 1.7 1.0 . 3 . 7 0 . 7 
8B . 3 . 3 2 . 7 1. 3 1.0 . 3 1.0 5.7 1. 3 

Mean • 2 1. 2 2.2 2 . 1 1.0 .1 . 8 .9 1.0 
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