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ABSTRACT

The effect of large scale exploitation of walleye Stizostedion vitreum

vitreum on the boreal percid community of Henderson Lake, northwestern
Ontario, was studied from 1979 to 1981. Investigations centered on the two
major predators in the community, the walleye and the northern pike Esox
lucius. Population estimates were done in 1979, 1980 and 1981, and the accur-
acy of Schnabel, Schumacher Eschmeyer and Peterson estimates were compared.
Previous to exploitation (1979-1980) both walleye and northern pike exhibit-
ed the lowest production and P[g ratios yet recorded for either species
(walleye 4-14 yrs, P=1.01 kg.ha_lyr_1 s P/E =0.137; northern pike 7-14 yrs,
P=0.716 kgha—lyr-l . P/ﬁ =0,086). Low production in both species was parti-
ally attributed to competition for major prey species, and the small size

of available prey items. Sticklebacks Pungitius pungitius, yellow perch

Perca flavescens, and mayfly subimagoes Ephemoptera sp. were the most import-

ant prey items in the lake. Long~term patterns of prey utilization by both
predators showed considerable annual variation. Abundant white sucker and
cyprinid species were not important in the diet of either walleye or northern
pike, and may represent a net energy loss to the production of these two
species.

In summer 1980, a total of 1332 walleye (5.43 kglhanl ) were removed by
trap and gill netting, exceéding the calculated potential yield (PYI) of 4,93
kg-ha_lyr—l. In the 1980-1981 season preduction of walleye decreased 357%
(4-14 yrs, P=0.651 kg-ha_lyr_l) and the P/E- ratio dropped to 0.118. The
size of the catchable population of walleve was maintained by increased

recruitment of 2,3 and 4 year old fish. These age groups showed significantly
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increased growth, and earlier maturity compared to fish of similar
ages in 1980. These changes may reflect compensatory growth responses due

to exploitation. No similar changes were seen in the northern pike population
or in walleye older than 4 years. Yellow perch increased in the diet of both
predators, but this could not be solely attributed to the removal of adult
walleye. The use of a mean age of the population index to indicate exploit-
ive stress in fish poﬁglations is discussed, and possible results of contin-

ued exploitation are considered,
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1, INTRODUCTION

The harmonic percid community (Ryder and Kerr 1978) consists of four co-

occurring basic compcnents; walleye, Stizostedion vitreum vitreum, northern

pike, Esox lucius, white sucker, Catostomus commersoni and yellow perch,

Perca flavescens. Each contribute to the persistence and continuing inte-

grity of the community through regular and definite patterns of competitive
interactions (Ryder and Kerr 1978). Community structure is thus not static
but a balance of the four species, and varies along climatic and trophic
clines (Adams and Olver: .1977, Kerr 1977, Ryder and Kerr 1978). Prey size
(Kerr and Ryder 1977), light intensity (Ali et al. 1977, Kerr and Ryder 1977,
Rvder 1977) and species temperature preferences (Hokanson 1977, MacLean and
Magnuson 1977) are considered important to the maintenance of this commun-
ity structure.

Boreal percid communities of mnorthern Ontario have been characterized as
having a low net production, high community stability and conservation of
biomass (Adams and Olver 1977, Kelso and Bagenal 1977). The complex species
interrelationships necessary to maintain community structure in the face
of inherent low productivity make such boreal percid communities extremely
susceptible to exploitive stress. Ostensibly commercial fishery exploitation
destabilizes such communities by disrupting their structural complexity and
the self-regulation thought to be inherent in percid community organization
(Adams and Olwer 1977, Spangler et al. 1977a).

- In this study therefore, I characterized the unexploited percid community
of Henderson Lake in terms of growth, production and biomass of its two major
community components, the walleye and the northern pike, and studied the

inter- and intraspecific relationships within the community through studies



of patterns of prey utilization by walleye and northern pike. I assessed
the relative importance of walleye and northern pike in shaping and main-
taining the structural complexity of the community, and attempted to deter-—
mine if either could be considered a keystone predator; whose abundance

and activities within the community were most responsible for the integrity
and persistance of the community structure (Paine 1969). Most importantly

I measured the initial effects of large scale removal of walleye on the

growth and production of walleye, and on the community as a whole,



2. MATERIALS AND METHODS

2.1 Study area

Henderson Lake, one of five restricted lakes in the Savanne Lake Research
Area is located approximately 135 km northwest of Thunder Bay (Figure 1).
Henderson Lake is a small (150.9 ha), relatively shallow lake (mean depth
2.5 m, maximum depth 5.25 .m). It is 3.0 km long with a maximum width of 1.0
km, Its major axis lies in a northeast southwest alignment. A small chain
of islands and shallows divides the lake into two major portions. The large
southern basin has a steeply sloping littoral zone and a broad flat floor.
The littoral area is composed of sand, gravel and cobble, while the floor
is very flocculent(Figure 2). The shallower northern basin contains num-
erous mud banks and rubble reefs (Figure 2). The prevailing wind is from
the west to southwest. The physical and chemical characteristics of Henderson
Lake are summarized in Table 1. The lower morphoedaphic index M.E.I.)
(Ryder 1965), and potential yield index (P.Y.I.)(Colby 1982) suggest that
Henderson Lake is less fertile than nearby Savanne Lake (Mosindy 1980,
Sandhu 1978).

Since 1969, this lake has been a provincial fish sanctuary, closed to
sport fishing. Previous to 1969, poor accessibility kept fishing pressure
low.

Fish species found in the lake include walleye, Stizostedion vitreum

vitreum; northern pike, Esox lucius; yellow perch, Perca flavescens;

white sucker, Catastomus commersonii; burbot, Lota lota; mimic shiner,

Notrop 1s .volucellus; black nosed shiner, Notrors. heterolepis; Iowa darter,
’ s € P :

Ethéstoma exile; and ninespine stickleback, Pungitius pungitius.




Figure 1. Map showing the location of Henderson Lake,.
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Figure 2. ‘A, Depth contour map of Henderson Lake. Depth contours are given

in meters.

.

B. Bottom type map of Henderson Lake. Categories are : ooze@
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Table 1. Major physical and chemical characteristics of
Henderson Lake.

Date recorded 14 May 1973 14 July 1980
Conductivity (mh)?! 38.0 49.0
Total dissolved solids (T.D.S.) 40.0 41.0
Hardness CaCO3 (mg/1l) 14.0 20.0
Turbidity (F.T.U.)? 2.0 0.75
pH3 7.2 7.5
Volume (m3) 3.63 x 10°

Morphoedaphic index (M.E.I.)" 16.4

Potential yield index (P.Y.TI.)

(kg ha~! yr~1)5 4.9

mh = Jkkmhos/cmz
F.T.U. = Formazine turbidity units
preserved sample

¥ (M.E.I.)

(T.D.S. / mean depth)

5 (P.Y.I.) 1.4(M.E.T.)0:45



2,2 Population estimates

In 1979, 1980 and 1981, mark and recapture estimates were made of walleye
and northern pike populations. In 1979 Schumacher Eschmeyer population
estimates (Ricker 1975) were begun 24 May and ended 30 June. All areas of the
lake were sampled by 1.82 m (6 ft) and 1.22 m (4 ft) standard Lake Erie design
trapnets (Mosindy 1980). A variety of lead lengths, 18.3 m (50 ft), 36.6 m
(100 ft) and 73.2 m (200 ft) were employed to allow the best set according
to water depth at each location. In 1980, Schumacher Eschmeyer estimates
were begun 1 May and continued until 25 May. An additional third trap net
size of 2.44 m (8 ft) was used. In 1981, a modified Schumacher Eschmeyer or
Schnabel (Ricker 1975) population estimate was used, in which recaptured fish,
identified by a second clip, were not considered recaptures upon subsequent
recapture. The population estimate began 21 May and ended 28 June. Trapnets
of all sizes; 1.22 m, 1.82 m, and 2.44 m were used,

All areas of the lake were sampled each year (Figure 3). Nets were fre-
quently moved either when catches diminished, or if the number of recap-
tures in the net began to increase,

In 1981, a Peterson estimate was carried out during the walleye removal
to check the results of the Schnabel population estimate. Walleye being
removed from the lake were checked for appropriate 1981 clips (Figure 4).
Recaptured pike, clipped in 1981, were again clipped by notching the dorsal
fin (Figure 4), released, and were not counted upon subsequent recapture.

In all three years a similar sampling and marking procedure was followed,
Trapnets were checked daily. Total length of each new fish was measured to
the nearest mm, and weight was determined to the nearest 10 g using a

Chattilion tube type sczle. Sex was determined on the basis of extruded



Figure 3. Locations of trapnet sets during population estimates, 1979-1981,
Henderson Lake. Numbers indicate trapnet locations referred to in

Sections 2.8 and 3.7.






Figure 4.

Illustration of key scale areas, location of floy ribbon tags,

vitreum vitreum, and northern pike Esox lucius, Henderson Lake.

Years refer to the year the fin or spine was clipped. Recapture
indicates the second fin clipped during Schnabel estimates, done

in 1981.
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gonadal products whenever possible. In 1981, the sexes of captured northern
pike were determined using the external urogenital method (Casselman 1974a).
Fish were checked for previous marks (in 1980 and 1981) and were appropriately
clipped (Figure 4). Spines clipped from walleye were retained for aging
purposes. Several scales were removed from the key scale area of each fish
(Figure 4) and stored in scale envelopes for aging. The fish were then re-
leased.

Processing of recaptured fish varied each year. In 1979, the recapture was
noted, and the fish released. In 1980, length and weight were measured, sex
and previous clips were noted before releasing the fish. In 1981, length was
measured, previous clips were noted, and the fish was then reclipped (Figure
4) before release.

All fish were immersed in a solution of malachite green previous to release
to reduce potential infection due to handling. Fish were released in the im-
mediate area of the net in which they were captured. Total numbers of marked

and recaptured fish are given in Appendix 1.

2.3 Age and growth

Northern pike and walleye were subsampled to determine age composition,
growth rates and sex ratios. The majority of fish used in age and growth
studies were collected within two weeks of the completion of population
estimates. Fish from feeding and removal samples were used to supplement
length intervals with small sample sizes.

Fish were captured using trapnets and standard test gill nets (Appendix
2). Length-weight measurements were taken following the procedure described
during population estimates. Sex and the stage of maturity of each fish were

determined by internal examination. A number of scales were removed from
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the key scale area of each fish (Figure 4) to be msed for aging. The same
spine in the dorsal series clipped to mark walleye during the population
estimate was removed and stored. In addition bony structures were removed
from a subsample of fish for use in aging. Walleye opercles, a wide:flat

bone of the opercular series and northern pike cliethra, a long flat bone
of the pectoral girdle were retained. These bones, cleaned of muscle and

connective tissue,- were stored with the scale samples.

Scales from each fish were mounted on a plastic acetate slide and pressed
by a hand roller to obtain scale impressions (Bagenal and Tesch 1978). They
were enlarged using an Eberbach scale reader, using a 32 mm lens at 30X
magnification. Attempts to read the scale impressions according to the crit-
eria of various authors (Frost and Kipling 1959, Casselman 1967, Bagenal and
Tesch 1978, Campbell and Babaluck 1979) proved inconclusive., Annuli on the
scales of both species were illdefined. I therefore decided not to use scales
to determine age of Henderson Lake fish,

Opercles and cliethra were prepared for reading by cleaning and drying. In
1980, bones were cleaned by soaking in hot but not boiling water and then
rubbing with a fine brush (Campbell and Babaiuck 1979). This was found to .
cause numerous surface scratches and clouding of the bone, making the annuli
indistinct. In 1981,bony structures were soaked in cold water for not less
than two weeks., After soaking, the flesh rotted off and could easily be re-
moved by %ubbing with a soft cloth. Since little or no damage resultéd, this
method was adopted.

Once cleaned, opercles and cliethra were examined under a low power dissecting
microscope against a black background (Casselman 1974b) under reflected light.

(Campbell and Babaluck 1979). The age of each fish could be determined by
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examining the patterns of translucent and opaque bands on the bony structure.
Translucent bands represent winter periods, and the broader opaque bands
represent the faster summer growth (Le Cren 1947, Casselman 1974.b, Bagenal
and Tesch 1978). A 107% alcohol solution was applied to the surface of the
bony structures to reduce the confusing effect of surface scratches. The
bands representing the first several years of growth were more apparent
after application of alcohol (Bagenal and Tesch 1978)..The end of a translu-
cent band and beginning of an opaque band was considered a true year mark
(Le Cren 1947, Casselman 1978). True annuli showed a distinct margin be-
tween the two bands, which extend . completely from anterior to posterior
portions of the cliethra, or completely across the blade of the opercle.
Pseudoannuli, or false year marks were common on both opercles and cliethra.
False annuli were less distinct and often did not extent the entire length
or width of the bone. False annuli often appeared within a summer growth
band and were distinguished by their abrupt change from an opaque zone to

a thin transparent zone followed by an opaque zone (Le Cren 1947).

Opercles and cliethra were measured to the nearest 0,0l mm using needle
tipped calipers., Cliethra were measured from the origin to where each true
annuli intersected the medial costa of the blade (Figure 5). Opercles were
measured from the origin (Le Cren 1947) to the point where each true annuli
intersected the edge of the blade (Figure 5).

Mean length at age was determined for both sexes, Data for back calculations
of growth wereobtained from all fish aged. Calculations of bony structure -
body growth relationships were determined by the method of Le Cren (1947).
The following formula was used to determine corrected back calculated growth:

F(X) = F(y) ::YB_(x)a'
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Figure 5. Diagram of a cliethra and an opercle, indicating the appearance
and location of the origin, true and pseudoannuli, and the

measurements used in aging northern pike Esox lucius and walleye

Stizostedion vitreum vitreum, respectively.
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where B(x) = length of aging structure at a particular age, F(x) = the cor-
responding length of fish, B(y) = final length of aging structure, F(y) =
final length of fish and a = the correction between assumed allometric growth
and the actual pattern of growth. Corrected back calculated lengths were used
to determine patterns of yearly growth. Absolute growth increments (Ricker
1975) were calculated for both males and females. Back calculated ages were
used to determine length at age (and age frequencies) for both species in
1979. The 1979 length frequencies were not subdivided by sex because of in-
sufficient sex ratio data.

Spines of walleye captured in 1980 were used to check ages based on oper-
cles. Spines of fish aged by opercles were mounted in acetate, sectioned
(Campbell and Babaluk 1979) and mounted on glass slides. They were examined
under a medium power microscope under transmitted light, and the growth
rings were counted. Ages obtained were compared to those determined using
opercles.

Total numbers of each age group were calculated according to Ketchen (1949).
The aged subsample was divided into 5 cm intervals, with the numbers of each
age group within an interval expressed as a percentage. This percentage was
applied to the number of fish within that interval, estimated during the pop-
ulation estimates.

Mean lengths for combined sexes and males of ages not represented in the
aging sample were estimated from mean growth increments and back calculated
lengths. Sex -ratios were determined from fish killed for age and growth
studies. Sex of killed fish was determined by internal examination. The sex

ratio obtained from the aged subsample was applied to the total population.
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2.4 Length-weight relationships
Length-weight relationships were determined for each species in 1979,
1980 and 1981. In 1980 and 1981, length-weight relationships were. also calcu-
lated for males and females separately.
Regression lines were determined using the formula :
log weight = log a + b log length
where log a represents the y intercept and b the regression coeffigient

(Ricker 1975).

2.5 Condition and effects of marking

During the 1981 removal, walleye and northern pike were examined to de-
termine the effects of marking and handling during the population estimates
in the two previous years. Fulton's condition index (Ricker 1975, Colby
et al. 1979) was used to compare fish which had been marked once, twice,
or which were unma¥ked.

Fish not previously marked, and assumed not to have been handled were
compared to fish which had been marked in either 1979 or 1980, and fish

that were marked both in 1979 and 1980.

2.6 Maturity

Male and female walleye removed from the lake during August of 1980 and
1981, and October 1981 were used to determine the mean age at maturity.
During the removal fish were examined and the condition of the gonads re-
corded. Ovaries were classed as mature if they showed well developed eggs,
and the fish appeared capable of spawning the next year. Maturing virgins
(Restevan 1960) were noted as having large reddish ovaries, but few , if

any , visible eggs. Male testes were classed as mature if they showed
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obvious development, Fish with undeveloped gonads were classed as immature.
The weighted mean percentage of maturity was calculated for each group
of each sex in both years., The mean age of maturity was calculated by the
regression method, and a corrected version of Abrosov's formula (Lysack 1980),
and the rate of maturity was determined.
Numbers of northern pike sampled were insufficient to determine a mean age
of maturity, or rate of maturity. The lengths of both mature and immature
females captured in spring 1980, and fall 1981 were compared to length at

age to estimate an age of maturity.

2.7 Fecundity

Walleye and northern pike were sampled at various times form 1979 to 1981
to determine total egg production and the relationship between body length,
weight and total fecundity. Fish were sampled using gillnets (Appendix 2)
during October 1979, March and April 1980, March 1981 and October 1981,
specifically for fecundity samples. In addition ovaries of mature females
caught in August 1980 were also kept., All fish captured were examined for
sex, gonadal condition and length and weight were measured. Ovaries were
removed from obviously mature females in springtime, or in an advanced
state of development in the fall, wrapped in cheese-cloth and individually
stored in 5% formalin,

Once the eggs had hardened in formalin, total number of eggs per female
was determined by the gravimetric method (Wolfert 1969, Bagenal and Braum
1978) . Excess surface moisture was removed and each ovary was weighed indiv-
idually. Three subsamples were taken from each left ovary at the anterior,
mid and posterior regions. Each subsample was weighed and the number of eggs

in each was counted. Egg counts from all three subsamples were combined
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to determine the mean number of eggs per gram. This figure was multiplied

by the total ovary weight to determine the total number of eggs per female,

2.8 Movements

Movements of fish in the lake were determined from recaptures of marked
and tagged fish. In June 1980, 16 walleye caught in the north end'of the lake
(Location 2, Figure 3) were marked by clipping the dorsal tip of the caudal
fin, and 39 walleye caught in the south basin (Location 3, Figure 3) were
marked by clipping the ventral tip of the caudal fin. Subsequent recaptures
of these fish were noted as to date and location within the lake.

In Aggust 1980, 162 northern pike were tagged with Floy ribbon tags. Fish
were anesthetized in a solution of tricaine methane sulphonate GHS-Zzg) and
quinaldine sulphate (60:20 mg/litre). Léngth, weight and marks were recorded
as described in Seétibn 2.2. Each numbered ribbon tag was affixed by passing
a black polypropyl&ne thread around the pterigiophore under the dorsal fin
(Figure 4) and tying the tag to this line. The end of the line was then fused
to the tag by heating to avoid tag loss. The fish were dipped in malachite
green and released.

All recaptured previously tagged pike were measured for length and weight,
and tag number, date and the location of capture were recorded before fish

were released.

2.9 Removal
Fish sampled for aging and growth, fish caught during fecundity studies,
and fish captured for feeding analysis, as well as fish taken from the lake

during controlled harvest efforts were included in the removal totals. In
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1980, controlled harvest began 1 August and ended 26 August. Trapnets and -
trapnet locations were similar to those employed during_the 1980 population
estimate (Figure 3). Northern pike and white sucker captured were released
alive. All walleye captured were killed by cervical dislocation. I measured
length and weight, and recorded all marks from previous population estimates,
Sex of each walleye was determined by internal examination of the gonads.

In 1981, remeval began immediately after the completion of the population
estimates (28 June) and continued until 20 August., During the first two
weeks, all fish caught were sampled for age and growth studies (Section 2.3).
Once a 107% stratified random subsample (Ketchen 1949) was achieved, white
suckers and northern pike were measured for length and weight, marks and/or
tags were noted and the fish was released. All walleye caught were killed

and sampled as they had been in 1980,

2,10 Biomass and production

Annual production and biomass were calculated for both walleye and northern
pike for the 1979-1980 and 1980-1981 season (Ricker 1975). Estimates for the
1979-1980 season were calculated using back caltulated lengths to determine
the 1979 age groups. Because of a lack of sex ratios for the 1979 data I was
not able to calculate a separate production estimate both for males and fe=
males. Separate production and biomass estimates were done for each sex in
1980-1981. Whenever possible observed weights were used in the calculatiomns,
but if necessary, missing weights were calculated from length-weight equations

(Section 2.3).

2.11 Feeding analysis
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Feeding studies were carried out from fall 1979 to fall 1981. Stomach
samples from the summers of 1980 and 1981 were supplemented with samples
from October 1979, March and April 1980, March 1981 and October 1981. A
total of 557 northern pike and 752 walleye stomachs were examined. Only
stomachs containing food were included in the calculations.

In 1980 sampling began 4 June. Four areas of the lake were chosen as
sampling sitesé (Figure 6), Each area was widely separated and had both dif-
ferent bottom types and orientation with respect to the prevailing wind.
Standard test mesh gill nets were set randomly within each area, during three
times of day; dawn, 0400-0800, midday, 1200-1700, and dusk, 2000-2400. Nets
were lifted after a maximum of four hours. Walleye and northern pike were
taken from the net, and immediately killed by cervical dislocation. Each fish
not immediately sampled had a 10% formalin solution introduced to the stomach
via a syringe and stomach tube to halt digestion. Fish were examined for marks,
length and weight were measured, and sex was determined by internal examina-
tion of the genads. The stomach was cut at the entrance of the esophagus to
the stomach, and at the pyloric valve, and preserved in a 10% formalin solu-
tion in an individual whirl-pak. Any regurgitated food items found in.the
throat and mouth were added to the sample.

In 1981, sampling began 29 June and ended 15 August. Methods were similar
to those described for 1980. Stomachs were also taken from fish caught for
fecundity samples in spring and fall 1979 to 1981. During these periods nets
were left iﬁ‘overnight to offset low catches.

Stomachs were opemed and contents blotted to remove excess moisture. When
possible food items were identified to species or genys . Unrecognizable

items were grouped as fish or invertebrate remains. Counts of recognizable
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Figure 6. Location of sampling areas used during feeding studies, 1980-1981,

Henderson Lake.
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food items were made. Total length of intact food items were mgasured. The
total volume of each food category in the stomach was determined volumetric-
ally (Hyslop 1980).

Frequency of occurrence and percentage of total volume (Hyslop 1980) were
calculated for each food item found in walleye and northern pike stomachs.
Comparisons were made with incidental feeding data gathered in 1969, 1977
and 1978 by the Fisheries Research Branch of the Ontario Ministry of Natural
Resources., Length frequencies of walleye and northern pike sampled for stom-
ach contents in 1980 and 1981 were divided into five and ten cm length inter-

vals, and frequency of occurrence of food items within each length interval

was determined.
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3. RESULTS

3.1 Population estimates

Walleye and northern pike populations were higher in 1980 than in 1981
(Table 2). Schnabel population estimates done in 1981 indicated that the
Schumacher Eschmeyer estimate was affected by the number of multiple re-—
captures (Table 3). Schnabel estimates for walleye and northern pike were
22% (264/1179) and 25% (262/1048) higher than the corresponding Schumacher
Eschmeyer estimates. Peterson population estimates for walleye were 17% (159/
1179) higher than the Schumacher Eschmeyer estimates, while Peterson esti-
mates of northern pike were 127% higher (127/1048). Estimated numbers of wall-
eye in 1979 were increased by 1.25 x to correct for sampling variability due
to seasonal variation in catchability of the fish,

L;ngth frequencies of walleye in 1979, 1980 and 1981 (Figure 7) all exhib-
ited a bimodal structure. Length frequencies of northern pike in all three
years (Figure 8) had a single pronounced peak. The truncated peak in 1979 was

due to limited sampling of northern pike 49-61 cm long.

3.2 Age and growth

Average length at age of walleye and northern pike are shown in Tables
4 and 5. Wilcoxon rank sum tests analyzed for significant differences be-
tween sexes within each year and within each sex between years of walleye
aged 2 to 8 years in 1980, and 2 to 9 years in 1981, Female walleye of ages
2,3,4,and 7 years were significantly (p<0.05) larger than males of the
same age in 1980. In 1981, 4 and 6 year old females were significantly .

(p <0.05) larger than similar aged males. Female walleye aged 2,3 and 4 years
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Table 2. Mean population estimates of walleye, Stizostedion
vitreum vitreum and northern pike, Esox lucius, in Hendersomn
Lake, 1979, 1980 and 1981.

Species

walleye 1979
1980
1981
1981
1981

northern pike 1979
1980
1981
1981

1981

Date

24 May

1 May
21 May
21 May

28 June

24 May

21 May

21 May

29 June

30

25

28

28

23

30

- 25

28

28

12

June
May

June
June

July

June
May

June
June

Aug.

957 Confidence

X Limits
12521 188
14611 292
11791 201
14432 267
13383 94
18631 224
22291 312
10481 291
13102 262
11753 188

1 schumacher Eschmeyer estimate

2 Schnabel estimate

3 Peterson estimate
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Figure 7.

vitreum vitreum populations, eXpressed as a percentage of the

total catch, 1979-1981, Henderson Lake.
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Figure 8.

Length frequency histograms of estimated northern pike Esox

lucius populations, expressed as a percentage of the total

catch, 1979-1981, Henderson Lake.
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Table 4. Mean length (cm) at age (yr) of male, female and
combined sexes of walleye, Stizostedion vitreum vitreum,
1979-1981, Henderson Lake. 1979 lengths are back-calculated
from 1980 data.

1979 - Length (cm)

Age Male Female Combined
2 21.9 £+ 1.8 (18)2
3 28.0 = 2.4 (22)
4 36.2 * 4.8 (33)
5 40.1 = 2.8 (14)
6 46.0 * 3.1 (12)
7 49.2 + 2,4 (7)
8 47.9 + 2.3 (3)
9 50.0 * 2.8 (4)
10 51.0 * 3.4 (&)
11 52.0 £ 2.7 (6)
12 51.0 = 4.6 (4)
13 54.7 (1)P

14 ——

15 49.9 + 2.3 (2)
16 _—

17 49.7 1nHe

8 Mean * S.D. (sample size)
b pack-calculated from female only

€ back-calculated from male only
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Table 4. Continued

1980 Length (cm)

Age Male Female Combined
2 22.2 + 0.8 (5) 22.4 + 3.1 (8) 22.3 + 2.2 (13)
3 29.4 + 1.1 (8) 30.2 * 1.4 (10) 29.8 * 1.3 (18)
4 34.2 + 2.4 (11) 35.5 + 2.1 (11) 34.9 + 2.2 (22)
5 40.8 + 5.8 (6) 39.5 + 3,2 (27) 39.7 + 3.7 (33)
6 43.4 + 1.9 (5) 44,0 + 1.4 (9) 43,8 * 1.6 (14)
7 45.2 + 1.7 (6) 47.3 * 1.5 (6) 46.3 * 1.2 (12)
8 51.0 * 4.2 (2) 50.4 * 0.5 (5) 50.5 * 3.1 (7)
9 47.5 + 0.8 (2) 51.0 (1) 51.0 £ 2.8 (3)

10 48.0 (1) 54,0 £ 1,0 (3) 52.5 + 3.6 (4)

11 49.5 * 0.8 (2) 54,5 % (2) 52.0 * 3.4 (4)

12 51.0 ) 55.6 * (5) 54.8 * 3.2 (6)

13 48.5 +* 0.8 (2) 54.0 % (2) 51.3 £ 3.7 (4)

14 -_— 56.0 (1) _—

15 —— _— -

16 50.0 (1) 49.0 (1) 49.5 * 0.7 (2)

17 —— —— ——

18 50.0 (1)
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Table 4. Continued

1981 Length (cm)

Age Male Female Combined

2 26.4 + 2.4 (6) 27.9 + 2.2 (4) 26.4 + 2.1 (14)4
3 31.9 + 2.3 (11) 31.5 = 2.0 (27) 31.6 + 2.1 (38)
4 35.0 = 2.2 (14) 35.3 = 1.1 (24) 35.3 = 1.9 (40)
5 39.0 * 6.6 (14) 38.1 + 3.1 (7) 38.7 = 4.9 (21)
6 41.6 * 1.7 (23) 43.0 = 3.3 (29) 42.4 * 2.8 (52)
7 44,9 + 5.1 (3) 45.2 * 4.4 (11) 45.1 * 4.5 (14)
8 47.0 = 2.2 (7) 48.5 + 2.7 (6) 47.7 = 2.5 (13)
9 49.7 = 0.7 (4) _— —

10 — 50.8 + 2.3 (3) -

11 49.2 + 4.7 (2) 54.0 (1) 51.6 * 5.3 (3)
12 49,0 1) 50.5 ¢)) 49.8 * 1.1 (2)

13 48.5 (1) 54.5 (1) 51.5 * 4.2 (2)
14 50.2 (1) 54.5 @B 52.4 + 3.0 (2)
15 50.5 (1) _— _—

16 -— —_— —

17 —_— _— -

d Fish of unknown

or immature sex included in calculations.
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Table 5. Mean length (cm) at age (yr) of male, female
combined sexes of northern pike, Esox lucius, 1979-1981
Henderson Lake.

and

>

1979 Length (cm) ‘

Age Male Female Combined
2 27.1 + 9.4 (9)2
3 38.0 + 4.0 (10)
4 47.3 + 2.8 (14)
5 52.4 + 2.8 (14)
6 54.4 + 1.8 (20)
7 57.2 + 1.6 (15)
8 58.9 + 2.8 (10)
9 60.7 + 1.2 (4)

10 61.2 + 2.6 (7)P

11 61.9 + 0.8 (6)P

12 67.1 (1)b

13 76.1 (1)b

14 66.0 (1€©

15 _—

16 e

17 81.0 (1)P

4 Mean * S.D. (sample size)
b back-calculated from females only

¢ back-calculated from males only
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Table 5. Continued

1980 Length (cm)

Age Male Female Combined
2 - 24.9 (1) e
3 38.3 £ 3.3 (5) 39.3 + 4.3 (&) 38.7 + 4.4 (9)
4 47.0 £ 3.6 (6) 45.6 £ 6.4 (4) 46 .4 * 4,1 (10)
5 49.8 * 2.7 (9) 51.2 + 1.3 (5) 50.3 * 2.3 (14)
6 54,5 + 1.7 (11) 53.9 * 3.5 (3) 54.1 + 2.9 (14)
7 55.8 * 1.4 (12) 57.1 + 2.1 (8) 56.3 + 2.1 (20)
8 58.2 * 1.3 (7) 59.2 £ 1.6 (8) 58.7 + 1.7 (15)
9 59.6 £ 2.7 (8) 63.2 + 0.5 (2) 60.3 + 2.7 (10)
10 60.8 + 0.3 (2) 62.7 + 0.7 (2)  6l.4 % 2.1 (&)

11 - 62.5 * 3.0 (7) —

12 — 63.7 £ 1.8 (6) -

13 —— 67.5 1) ——

14 —— 78.9 1) —

15 70.3 @D — -_—

16 — —— -

17 —_— — —_—

18 - 82.7 @D) —_—

19 — — —

20 —_— —— ——

21 —-— — ——

22 ——— 100.0 (1) —




Table 5. Continued

1981 Length (cm)
Age Male Female Combined
2 — S —
3 —_— 38.3 @B —
4 50.4 £ 1.9 (3) 46.9 = 3.1 (5) 47.8 + 3.3 (8)
5 52.3 £+ 5.0 (9) 52.5 £ 3.2 (&) 52.4 £ 4.5 (13)
6 56.9 *+ 3.6 (12) 57.4 * 4.6 (7) 57.1 + 3.8 (19)
7 57.7 £ 3.5 (7) 58.4 + 4.2 (8) 58.1 * 3.7 (15)
8 57.2 £ 2.7 (4) 58.8 £ 6.1 (4) 57.9 £ 4.5 (8)
9 58.6 £ 4.1 (6) 62.6 £ 6.9 (2) 59.5 £ 4.7 (8)
10 58.5 * 3.6 (2) 62.7 £ 1.6 (4) 61.3 £ 3.2 (6)
11 59.4 (D) 63.9 £+ 0.9 (3) 62.7 = 2.4 (4)
12 58.3 =+ 1.0 (2) 64.3 = 0.1 (2) 61.3 = 3.5 (2)
13 — 67.4 (1) —
14 - — —
15 ——— - —
16 —— — ——
17 —— - _—
18 - 82.7 (D —
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and 3 and 4 year old males were significantly (p<0.05) larger in 1981 than
in 1980. Male walleye of 5 years of age were significantly (p<0.05) smaller
in 1981:than 1980. Female walleye aged 6 to 8 years and 7 and 8 year old male
walleye were smaller, but not significantly smaller than fish of similar age
in 1980 (p =0.05).

Female and male northern pike did not differ significantly in 1980 (p>0.05).
In 1981 only 4 year old female northern pike were significantly larger than
males of similar age. Northern pike aged 4 to 7 years were longer in 1981 than
in 1980, but only 5 and 6 year old females were significantly (p <0.05) longer.
Male and female mnorthern pike of 8 years of age, and females 9 years old in
1981 were smaller, but not significantly smaller (p>0.05) in 1981 than in
1980.

In 1980 the opercecle-body growth relationship indicated that the opercles
grew faster than the body (a=0.85, r=0.976). In 1981 both grew at the same
rate (a=1.0, r=0.944). Northern pike cliethra grew slower than the body in
both 1980 and 1981 (1980; a=1.07, r=0.701: 198%; a=1.19, Y=0.743), Thus un-
corrected back calculated lengths would have overestimated walleye lengths
using 1980 data while underestimating lengths of pike back calculated from
1980 and 1981 data.

Relative growth increments for both species are shown in Table 6. No def-
inite trends between sexes could be determined.

Ages determined for 1980 walleye by spines and opercles showed significant
agreement (y=0.974, p<0.05). The mean age of the sample aged by opercles
and spines was respectively 5.74 years and 5.36 years (Figure 9).

The 1975 year class dominated the walleye population. It comprised 30% of

the total population in 1979, 32% in 1980 and 31% in 1981 (Figure 10). The
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Figure 9. Regression of the number of spine annuli against the number

of opercle annuli of walleye Stizostedion vitreum vitreum, 1981,

Henderson Lake. Numerals indicate the number of eoncurrent points.
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Figure 10,

Age frequency distribution of walleye Stizostedion vitreum

vitreum, expressed as a percentage of the total catch, 1979-

1981, Henderson Lake. Numbers above bars are the estimated

number of fish in each age group.
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Table 6. Relative growth increments of male, female and combined
sexes of walleye, Stizostedion vitréum vitreum, and northern pike,
Esox lucius, 1981, Henderson Lake.

Walleye Northern pike
Age -

Interval Male .Female Combined Male Female Combined
0-1 0.951 0.961
1-2 0.63 0.66 0.64 0.78 0.77 0.78
2-3 0.40 0.38 0.40 0.31 0.40 0.36
3-4 0.21 0.27 0.25 0.13 0.18 0.14
4-5 0.11 0.14 0.13 0.07 0.06 0.07
5-6 0.06 0.09 0.07 0.05 0.03 0.04
6-7 0.04 0.05 0.05 0.03 0.04 0.04
7-8 0.03 0.03 0.03 0.03 0.02 0.04
8-9 0.02 0.04 0,03 0,02 0,02 0.02
9-10 0,02 0.03 0.02 0.02 "0.62 0.02

10-11 0.03 0.02 0.02 0.03 0.02 0.02
11-12 0.02 0.03 0.02 0.02 0.01 0.01
12-13 0.01 0.02 0.02 0.01 0.01 0.01
13-14 0.01 0.02 0.03

14-15 0.02

15-16 0.03

16-17 0.01

! based on hatch sizes from Carlander (1969)
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1973 year class constituted 277 of the northern pike population in 1979.
and 19% in 1980 (Figure 11). It was replaced in 1981 by the 1975 year class
which subsequently made up 237 of the population (Figure 11). Mean weighted
age of the walleye population was 6.6 years in 1979 and 1980, decreasing to
5.8 years in 1981. Mean weighted age of the northern pike population increased
from 6.4 in 1979, to 6.7 in 1980 and 7.1 in 1981.

Numbers of male and female walleye in 1980 were nearly qual, while females
were more abundant in 1981 (Table 7). Though males dominated the northern
pike population each year, the percentage of males in the population did in-

crease from 1980 to 1981 (Table 8).

3.3 Length~weight relationships

Walleye showed significant increases in weight at length, and in rate of
increase in weight with length from 1978 to 1980 (Table 9). Length-weight
relationships determined for 1981 walleye did not differ significantly from
those in 1980. Males were significantly heavier at length and increased with
weight faster than females in 1980, but no differences were found between sexes
in 1981 (Appendix 3).

Length-weight relationships of northern pike in 1979 were significantly *
higher than length-weight relationships in 1978, 1980 and 1981 (Table 10).
Males in 1981 were significantly heavier at length and increased weight faster
with length than males in 1980, and females in 1980 and 1981, No significant

differences were found between sexes in 1980 (Appendix 3).

3.4 Effects of marking

Analysis of covariance indicated no significant difference (p >0.05) be-



Figure 11.

Age frequency distribution of northern pike Esox lucius,

expressed as a percentage of the total catch, 1979-1981,
Henderson Lake. Numbers above the bars are the estimated

number of fish in each age group.

38



PERCENT OF TOTAL CATCH

20

20

20

1979

s

ﬁﬁﬁﬁ%ﬂqﬁ.;&

1980

ﬁlﬁglﬁlﬁahs,ﬁ_gg.

?ZJ

ﬁ.@ﬂ,lﬁ
2 4

5]

lang.

AGE, years



Table 7. Sex ratios of walleye, Stizostedion vitreum vitreum
aged 2--18 years, 1980-1981, Henderson Lake.

1980 1981
Total Total
Age Number 7% Male 7% Female Number 7% Male 7% Female
2 6 67 33 35 31 69
3 76 59 41 135 39 61
4 168 60 40 276 42 58
5 496 52 48 186 47 53
6 203 46 54 439 47 53
7 281 48 52 97 39 61
8 79 57 43 96 33 67
9 39 54 46 40 40 60
10 40 55 45 38 34 66
11 45 47 53 2 50 50
12 58 38 62 2 0 100
13 24 54 46 26 38 62
14 13 87 18 33 67
15 13 87 1 0 100
16 24 54 46
17 —
18 11 55 45
weighted 51.2 48.8 42.3 57.7

mean




Table 8. Sex ratios of northern pike, Esox lucius, aged
2 -15 years, 1980-1981, Henderson Lake.

1980 1981
Total Total

Age Number % Male 7 Female’ Number 7% Male 7 Female
2 5 60 40 5 100 0

3 291 70 30 20 45 55

4 223 73 27 94 48 52

5 224 80 20 211 74 26

6 299 84 16 304 67 33

7 412 86 14 224 67 33

8 328 75 25 107 60 40

9 136 62 38 131 56 44
10 60 47 53 66 50 50
11 100 60 40 75 55 45
12 88 42 58 73 40 60
13 14 21 79 14 0 100
14 6 17 83

15 14 29 71
weighted 73.5 26.5 61.2 38.8

mean




Table 9.

and combined sexes of walleye, Stizostedion vitreum vitreum,
1978-1981, Henderson Lake.
Yy = logyg weight, X

Length-weight relationship equations of male, female

logyp length.

Length (cm), weight (gm),

Year

1978
1979

1980

1981

Sex

combined
combined
combined
male
female
combined
male

female

| 0w A S N s =

‘Equation

2.471x - 1.178
2.974x - 2.019
3.159x - 2.284
3.322x - 2.545
3.047x - 2.104
3.189x - 2.184
3,199x - 2.239
3.137x - 2.129

Correlation Sample

‘Coefficient Size
0.891 158
0.992 159
0.975 246
0.980 95
0.963 151
0.963 337
0.942 148
0.980 189
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Table 10.

Henderson Lake.

X = logjg length.

= logjg weight,

Length-weight relationship equations of male, female
and combined sexes of northern pike, Esox luc¢ius, 1978-1981,
Length (cm), weight (gm), Yy

Year

1978
1979

1980

1981

Sex

combined
combined
combined
male
female
combined
male

female

K AN T N

Equation

1.735x — 0.72871

3.086X
2.633x
2.611x
2.759%
2.335x
2.915%

2.197x

1

-

1

2.385

1.577

1.530

1.812

1.014

2.017

0.780

Correlation Sample

‘Coefficient Size
0.700 184
0.970 120
0.945 178
0.963 104
0.950 74
0.918 127
0.923 71
0.917 56

42
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tween groups of differently marked fish in either walleye or northern pike
(Table 11). No significant change in condition with length (p >0.05) occurred

in either species.

3.5 Maturity

Both male and female walleye matured at younger ages in 1981 than in 1980.
Females were fully mature by 8 years of age in both 1980 and 1981 (Table 12).
All males were mature at 8 years of age in 1980 and at 7 years of age in
1981 (Table 13). The mean age of the catchable population decreased from 6.6
to 5.8 years during the same period (Table 14).

The mean age of maturity of both male and female walleye varied depending
upon the method of analysis used. Regression analysis produced values much
higher than the corrected Abrosov's formula (Table 14). It appeared that small
sample sizes in younger age groups seriously affected the regression method.
Both methods indicated a decrease in the mean age. of both sexes of walleye
from 1980 to 1981 while the female rate of maturity (slope of the regression
line) was not significantly different (p >0.05) between 1980 and 1981, males
matured significantly faster (p<0.05) in 1980.

Seventy-five percent of male northern pike 5 to 6 years old (50-55 cm) cap-
tured in January to April 1980 were mature. Few females smaller than 55 cm

were captured. Those larger than 55 cm (6 years old) were all mature.

3.6 Fecundity
Total numbers of walleye eggs correlated significantly with both total length
(r=0.85) and weight (¥=0.57). Similar results were found for northern pike

using both length (r=0.74) and weight (r=0.77).



Table 11. Average condition factor of walleye, Stizostedion
vitreum vitreum, and northern pike, Esox lucius, 1981, Henderson

Lake. condition factor (k) = (W/L')x 10’5

Species

Walleye

Northern pike

Years marked

‘Condition (X % S.D.)

Number of
fish examined

unmarked
1979
1980

1979 and 1980

unmarked
1979
1980

1979 and 1980

0.956
0.961
0.968

0.957

0.629
0.607
0.601

0.595

+

1+

1+

I+

I+

1+

1+

I+

0.131
0.081
0.131

0.126

0.235
0.069
0.051

0.047

239

20

30

19

112

23

30

17
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Table 12. Percentage maturity at age of female walleye,
Stizostedion vitreum vitréum, aged 2 -10 years, 1980-1981,
Henderson Lake,

% Mature

Age 1980 1981
2 0 19.0
3 0 20.8
4 35.6 66.9
5 49.8 64.4
6 9.1 95.9
7 99.6 98.1
8 100.0 100.0
9 100.0 100.0
10 100.0 100.0
Number 253 362

examined




Table 13. Percentage maturity at age of male walleye,
Stizostedion vitreum vitreum, aged 2 - 10 years, 1980-1981,
Henderson Lake.

% Mature

Age 1980 1981

2 0 0
3 0 10.5
4 11.9 36.9
5 70.6 77.7
6 99.0 96.4
7 99.2 100.0
8 100.0 100.0
9 100.0 100.0

10 100.0 =

Numbex 342 330

examined
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Table 14. Mean age at maturity, mean age of the population, and
rate of maturity of male, female and combined sexes of walleye,
Stizostedion vitreum vitreum, 1980-1981, Henderson Lake.

Mean age at maturity (yrs)

Mean age of Regression Modified Rate of

Year Sex .the population ‘method Abrosov maturity
1980 male 6.6 7.0 5.2 0.200
female 6.7 6.7 5.2 0.163
combined 6.6 6.8 5.2 ——

1981 male 5.7 6.3 4.8 0.238
female 5.8 6.4 4.4 0.158

combined 5.8 6.4 4.6 —_—
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The rate of increase in fécundity,aindicated.by the slope of the log-
length/ log-total egg regression, was not significantly higher in 1981 than
in 1980 (p>0.05, t=-4,127"2). The intercepts were not significantly dif-
ferent (p>0.05, t=0.02). Both the rate of increase of fecundity, and fecun-
dity at initial maturity (intercept) were not significantly different for
northern pike between the two years (slope t=0.808, intercept t=-0.502, p>
0.05). Total numbers of eggs and length of walleye and northern pike are shown

in Figures 12 and 13.

3.7 Movements

In 1981, 63-(39%) of the 162 northern pike tagged in 1980 were recaptured
at least once. Sixty-two perceat (39/63) of all fish recaptured were taken
in the same end (north or south end) of the lake in which originally tagged
in 1980. The majority (17/21, 81%) of fish caught more than once came from
or near the same net throughout the season. Four fish initially tagged in the
north end of the lake moved to the south (Table 15).

In 1980, 56% (28/55) of caudally clipped walleye tagged in June were re-
captured during July and August 1980. Walleye clipped in the north end of
the lake tended to move to the south (7/9, 88%), while walleye originally

caught in the south end tended to remain there (12/19, 63%) .

3.8 Removal

Walleye yield in 1980 was 5.43 kg—hét A total of 1332 walleye weighing an
average of 0.614 kg were removed from Henderson Lake in 1980 (Figure 14).
Northern pike yield in 1980 was 1.67 kg—hél'and consisted of 226 fish aver-

aging 1.116 kg each (Figure 15).
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Figure 12. Scattergram of total numbers of eggs against total length of

walleye Stizostedion vitreum vitreum, Henderson Lake; @ , 1979;

@, 1980; a , 1981.
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Figure 13, Scattergram of total numbers of eggs against total length of

northern pike Esox lucius, Henderson Lake; @ , 1980; A , 1981.
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Figure 1l4. Length frequency distribution of walleye Stizostedion vitreum

vitreum, removed from Henderson Lake, 1980 and 1981, expressed

as a percentage of the total catch.
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Figure 15,

Length frequency distribution of northern pike Esox lucius.

removed from Henderson Lake, 1980 and 1981, expressed as a

percentage of total catch.
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=1
Total walleye yield in 1981 was 5.7 kg-ha. A total of 1115 walleye, av-
eraging 0.77 kg each were removed. Northern pike yield was 2.17‘kg—hét and

was composed of 262 fish averaging 1.22 kg each.

3.9 Annual production and biomass
Total annual production of walleye aged 4-14 in Henderson Lake was 1.01

kg-ha =1 in 1979-1980 (Table 6) and 0.651 kg-ha ) in 1980-1981. In 1980-1981

males and females produced 0.197 kg-ha“l (30%) (Table 17) and 0.455 kg—ha_1
(70%) (Table 18) respectively. Total mean biomass of walleye was 1109.9 (7.37
kg-ha 1) in 1979-1980 and 832.7 (5.53 kg~ha ') in 1980-1981. Males accounted
for 408.4 kg (49%) while females formed 424.3 kg (51%) of the total biomass
in 1980-1981.

Instantaneous mortality rates (Z) of the walleye population increased from
an average of 0.312 in 1979-1980 to 0.520 in 1980-1981, an increase of 67%;
Z-values being highest in the 6 to 9 year age groups, particularily in 1980-
i981. Instantaneous growth rates (G) of walleye were highest in the abun-
dant 6 to 8 year olds, while low or negative in older fish. Average growth
rates did not vary between years,being 0.094 in 1979-1980 and 0.091 in 1980-
1981.

P/§-ratios of the walleye population decreased from 0.137 in 1979-1980. to
0.118 in 1980-1981. Males in 1980-1981 had a lower ?/ﬁ ratio than females.
P/ B ratios were highest in younger age groups, and showed an irregular de-
crease with age.

Northern pike aged 6-14 had an annual production of 0.716 kg—ham1 in 1979-

1980 (Table 19). Northern pike aged 6-13 years had an annual production of

1.004 kg—ha'_l in 1980-1981; 0.482 kg—han1 (48%) produced by males (Table 20),
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and O.522_kg—h,:-1“l by females (52%) (Table 21). Total mean biomass of northern
pike was 1237.0 kg (8;21vkg—ha_1) in 1979-1980, and 1298.8 kg (8.62 kg—ha_l)
in 1980-1981 of which 434.0 kg (347%) was formed of males and 864.8 kg (66%)
by females.

Instantaneous mortality .of northern pike was extremely variable with age,
both within each production estimate, and between the production estimates
in 1979-1980 and 1980-1981. No definite increase or decrease with age could
be determined. Instantaneous growth rates were highest among the youngest
age group in each year. These values decreased with age in all production
estimates. However G values dim the 1979-1980 and female 1980-1981 production
estimates decreased only until the 10-11 year age-group, and then increased.

PﬁE ratios of the northern pike population increased from 0.086 in 1979-
1980 to 0.116 in 1980-1981. Male p/g ratios were higher than those of fe-

males. Variation of the PﬁE ratios with age was similar to the variation in

growth with age.

3.10 Feeding analysis

The walleye diet in 1980 and 1981 (Figure:16) was dominated by sticklebaktks
in both years. They made up 507 of the total stomach volume and constituted
the most important identif able food item during all months of the two year
feeding study: (Appendix 4). Mayfly sub-imagoes were an important component
of the diet in 1980, particularily in April, May and June, but were insignif-
icant in the total volume of the 1981 diet. Yellow perch made up more than
10% of the total volume in July, August and October of 1981.

Northern pike diets were more varied than those of walleye, Yellow perch,
sticklebacks, white sucker and walleye each composed greater than 0% of

total food volume in 1980 (Figure 16). Yellow perch and sticklebacks were
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Figure 16.
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Percentage of total food volume of major food catagories from

the stomachs of walleye Stizostedion vitreum vitreum (1980, N=

297; 1981, N=256), and northern pike Esox lucius (1980, N=241;

1981, N=164):-., Categories for fdod types are:~§¥ﬁ Perca

flavescens; (::) Pungitius pungitius; mmw Ephemeroptera subimagoes;

Orconectes virilijs; ® ® other invertebrates;
\ \ .o

.;'large fish

species; small fish species; =i

fish remains; . insect

remains.
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found in northern pike stomachs in all months of the 1980 feeding study
(Appendix 4). Mayfly sub-imagoes made up small portions of the diet in all
months of the study. Crayfish were the most important invertebrate food item
in 1980, and were present in June, July and August samples. In 1981 yellow
perch dominated the diet and constituted 647 of the total volume. Yellow
perch were present in northern pike stomachs in all months of the 1981 feed-
ing study (Appendix 4). Sticklebacks accounted for 8% of the total food vol-
ume, followed closely by white sucker (7%), and walleye (7%). Crayfish were
the most important invertebrate food item (47 total volume) and occurred in
June, July and August, similar to 1980 (Figure 16).

‘Frequency of occurrence of food items from 1969 to 1981 (Figure 17) indicate
that the primary prey of walleye were sticklebacks, yellow perch and mayfly
sub—imagoes. Hirudinea occurred in small numbers in all years. The overall
ratio of fish to invertebrate prey items was 2.85:1 (74%/26%), but this ratio
varied from year to year. The most frequent prey items in northern pike stom-
achs were sticklebacks, yellow perch and crayfish (Figure 17). Mayfly sub-
imagoes, Hirudinea and dragonfly nymphs occurred in moderate numbers in 1978
and 1980. Large fish such as walleye, white sucker, burbot, and northern pike
were infrequent prey items. The overall ratio of fish to invertebrate prey
items was 1.78:1 (687%/327%), but as for the walleye this ratio varied from year
to year. The ratio of fish to invertebrate prey was similar in northern pike
and walleye stomachs within each year of the study. Fish prey items were more
important to walleye than to northern pike in each year (Table 22),

Type of prey selected did not vary with total length of walleye., In 1980
and 1981 yellow perch, sticklebacks, and mayfly subimageos were the most

frequent food items in all length intervals of walleye (Figure 18).



Figure 17.
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Percentage frequency of occurrence of major food catagories in

the diet of walleye Stizostedion vitreum vitreum (1969, N=12; 1977,

N=32; 1978, N=47; 1980, N=2§7; 1981, N=265) and northern pike

Esox lucius (1977, N=18; 1978, N=35; 1980, N=241; 1981, N=164).

Categories for food types are: ﬁfﬂPerca flavescens;<::)Pungitius

/.

\ =
pungitius; $FEphemeroptera subimagoes§§§ Orconectes viriles;

s @ .
- e other invertebrates; '

large fish species; & small fish

species; % fish remains;.insect remains.
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Table 22. Ratio of frequency of occurrence of fish to inverte-
brate prey items in walleye, Stizostedion vitreum vitreum, and
northern pike, Esox lucius stomachs, 1977-1981, Henderson Lake.

% Frequency of Occurrence

Year Species fish invertebrates Ratio
1977 walleye 46 54 1 :1.17
northern pike 37 63 1 t 1.7
1978 walleye 67 33 2.03:1
northern pike 61 39 1.56:1
1980 walleye 75 25 3 : 1
northern pike 58 42 1.3 :1
1981 walleye 93 7 13.3 1
northern pike 91 9 10.1 :1
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Figure 18. Percentage frequency of occurrence of major food catagories in

the diet of walleye Stizostedion vitreum vitreum of given lengths

(1980, N=290; 1981, N=260), Henderson Lake. Categories of food

i

types are:ffl Perca flavescens; (::)Pung;tius pungitius;

large fish species;

Ephemeroptera Subimagoes; : fish remains;
. . ) . . .
’ insect remailns j;, . other invertebrates., * indicates no

samples in length interval.
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In 1980 and 1981 northern pike diets did vary with total length (Figure
19). Smaller fish (0-49 cm) ate sticklebacks and yellow perch most frequently.
Iowa darters were present only in northern pike less than 45 cm in length.
Larger individuals (greater than 50 cm) ate large prey items such as wall-
eye, northern pike, white sucker and burbot. Crayfish occurred only in the
stomachs of northern pike greater than 50 cm.

No_significant relationship was found between mean length of prey items
and total length of predator for either walleye (R=0,015, p >0.05) or nor-
thern pike (R=0,06, p >0.05). Prey length was relatively constant for wall-
eye of all lengths (Figure 20). 1In walleye stomachs 917 (58/64) of all
measured prey items had a mean length of less than 5 cm. Maximum prey length
in northern pike stomachs somewhat increased with predator length (Figure
20). The mean length of 75% (65/86¢) of all measured prey items was less than

5 cm and only 3 food items were longer than 15 cm.



Figure 19.
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Percentage frequency of occurrence of major food catagories in

the diet of northern pike Esox lucius of given lengths (1980,

N=164; 1981, N=240), Henderson Lake. Categories of food types

ére:ffffPerca flavescens;<::) Pungitius pungitius; Q&h\'Ephemeroptera

e

subimagoes; & large fish species;

- fish remains; ‘ insect

3 . . . ‘ L4 . -
remains ;““W Orconectes viril#s; e« o« other invertebrates,

*indicates no samples in length interval..
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Figure 20. Mean length of prey items in stomachs of walleye Stizostedion

vitreum vitreum (N=64) and northern pike Esox lucius (N=86) of

given lengths, 1980 and 1981 samples combined, Henderson Lake.
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4, DISCUSSION

4.1 Population estimates

Several differences were noted between estimated populations of walleye
and northern pike duting the three years. These were due to seasonal var-
iation in the behavior of each,f;sh, the type of population estimate carried
out and effeets of large scale removal of walleye., The 1980 population esti-
mates were determined during spawning, while 1979 and 1981 estimates were
carried out on post—spawning populations. Ricker (1975) warned of variation
in the catchability of a fish stock due to physiological and behavioral dif-
ferences at different times of the season. Spawning behavior increases the
localized dénsity of walleye (Colby et al. 1979), increasing the numbers
of individuals vulnerable to sampling gear., The same is true for northern pike
(Casselman 1978).

In unexploited percid populations mortality, though variable, is generally
low (Kelso and Bagenal 1977). Annual mortality between the adjusted 1979 and
the 1980 populations in Henderson Lake was 30%, well within the range of mort-
ality of other unexploited percid populations ( Kelso and Bagenal 1977, Colby
et al. 1979).

Schnabel population estimates indicated that the 1981 Schumacher Eshmeyer
estimates under estimated the populations of walleye and northern pike, due
to some fish being recaptured more than once. Multiple recaptures appear to
be a serious problem in estimating fish populations in small lakes, particu-
larily when concerned with more sedéntary species such as northern pike. The
1979 and 1980 Schumacher Eschmeyer estimates of walleye and northern pike pop-

ulations may have been similarily biased.
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Construction of length frequency histograms of walleye and northern pike
reflect trap selectivity as well as size of vulnerable fish, While the 1léft
sides of the length frequency histograms (Figures 7 and 8) reflect the
selectivity of the trap net, which in turn influences the minimum size of
fish captured, right sides of the histograms reflect the length,frequencies
of the populations (Nikolskii 1965). Length frequency histograms of walleye
in all 3 years of the study showed a peak in numbers of larger fish in the
population (Figure 7). This peak resulted from both irregular recruitment
and dominance of older age groups common to walleye populations in northern
habitats (Kelso and Bagenal 1977).

:uExploitation of walleye noticably affected the length frequency of the pop-
ulation. The peak in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>