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ABSTRACT

Important aspects of the life history and population dymna—
mics of the northern pike, Esox lucius, in Savanne Lake, Ontario
were studied during 1977 and 1978. Feeding relationships invol-

ving northern pike and walleyes, Stizostedion vitreum vitreum,

and the initial impact of an open water sport fishery on these
unexploited populations were also examined.

Schumacher-Bschmeyer spring population estimates of 2,621
and 2,508 for 1977 and 1978, respectively, represented the mature
northern pike population (ages 4-14 and greater than 45 cm in
length) most vulnerable to the sampling gear. Adult northern
pike did not appear to establish home ranges but moved throughout
the lake during the year. A sex ratio of 1.19 females to every
male was observed, Females were heavier than males at a given
length and grew more rapidly at most ages. Fecundity estimates
of 9,675 eggs per unit body-weight (kg) and an average of 20,081
eggs per mature pike were low for this species. Growth rates of
Savanne Lake northern pike were slightly below average growth
rates in Ontario and Minnesota waters and probably reflect the
chemical characteristics of this lake, as well as the high den-
sity of piscivores relative to available food. Total mean bio-
mass andtannual production for age—-groups 4-12 were estimated at
8.69 kg’ha‘l and 2.76 kg'ha"l 'yr‘l, respectively, for the 1977-
78 period. Low annual production was attributed to slow growth,
low annual mortality, and the dominance of older age-groups in
this unexploited population.

Relative abundance and seasonal availability determined the
incidence of prey consumed by adult northern pike and walleyes.
Yellow perch (Perca flavescens), especially juveniles (60~110 ram
in length), and shallow water ciscos (Coregonus artedii) predo-

minated in observed annual diets of both species. Invertebrates,
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notably mayfly nymphs (Ephemeridae) and crayfish (Orconectes
virilis), were of seasonal importance. Prey size was not a
critical factor in determining predation, since the majority
of examined northern pike and walleyes were capable of con-
suming far larger prey than were actually found in their sto-
machs,

Northern pike appeared more vulnerable to angling than
walleyes and comprised the greater portion of total angling
yield for the open water study period. Catch per unit efforts
of 0,88 fish per man-hour and 1.12 kg per man-hour for northern
pike and 0.66 fish per man-hour and 0.48 kg per man-hour for
walleye resulted from minimal angling pressure (1.24 hours per
ha). Angling catches consisted primarily of northern pike,
50-70 cm in length and 5-7 years old, and walleyes, 4O-50 cm
in length and 6~10 years old, representing dominant age and

size classes in the mature populations.
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INTRODUCTION

Most studies of northern pike, Esox lucius (Linnaeus),

concern populations subjected to intensive recreational or commercial
fishing in addition to pressures resulting from a variety of other
humaniactivities; Very little information exists concerning unperturbed
populations and their response to exploitation.” This study defines
the role of northern:pike as a majof predator in the relatively
unexploited fish community of Savanne Lake, Ontario, with regards

to its life history, population dynamics, pr;duction, and seasonal
food habits. A previous study of walleye production and population
dynamics in Savanne Lake (Sandhu 1979) combined with the present
analysis of the food habits of pike and walleyes, has allowed a
comparison of the community and trophic status of these species. The
initial impact of a sport fishery on both populations is also assessed
in order to provide insights for the management of northern pike and

walleye stocks in boreal lakes.
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Lake Description

Savanne Lake is located approximately 128 km northwest of
Thunder Bay, Ontario (Lat. 48° 49° 30", Long. 90° 06' 00"). Game
fish populations were exploited by a sport fishery until 1969,
whereupon the lake was designated a provincial fish sanctuary by
the Ontario Ministry of Natugal Resources for the purpose of a long
term study of controlled walleye exploitation and percid community
dynamics.

Savanne, a relatively shallow lake (2.5 m mean depth and 4.27 m
maximum depth), is of intermediate size, 364.29 ha (Fig. 1). Its
important physical (Table 1) and chemical (Table 2) characteristics
were previously described by Sandﬁﬁ (1979). Adequate oxygen levels
are found throughout the water column in late winter and midsummer
(Table 2).

This homothermous lake is characterized by very low water
temperatures during the early winter following ice cover formation
in late November (Appendix 1, Table 1). At this time, temperatures
of 3.0°C were recorded at maximum lake depths (4.25m). Water tempera-
tures had increased to 4.0°C>in these locations by early March 1978.
Similar warming of deeper waters over winter in Finnish boreal lakes
(Nissinen 1972) has been attributed to the gradual transfer of stored
heat from bottom sediments to water layers above. The warming of
sediments in shallow areas due to the increased incidence and pene-~
tration of solar radiation during late winter may also result in
the horizontal movement of warm, denser water from the shallows into

deeper lake basins.



A variety of aquatic plants, zooplankton, and invertebrates
have been found in Savanne Lake (Appendix 2, Table 1).
‘The fish fauna consists of the following species: walleye,

Stizostedion vitreum vitreum (Mitchill); northern pike, Esox lucius

Linnaeus; yellow perch Perca flavescens (Mitchill); shallow water

cisco, Coregonus artedii Lesueur; white sucker, Catostomus commersoni

(Lacépede) ; burbot, Lota lota (Linnaeus); trout—perch, Percopsis

omiscomaycus (Walbaum); mimic shiner, Notropis volucellus (Cope);

blacknose shiner, Notropis heterolepis Eigenmann and Eigenmann;

johnny darter, Etheostoma nigrum Rafinesque; and Iowa dater,

Etheostoma exile (Girard).




Figure 1. Map of Savanne Lake showing depth contours
(depth interval = 1 m), northern pike spawning grounds,
and areas favoured for young-of-the year northern pike

development .
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Table 1. Physical features of Savanne Lake (Sandhu 1979): T D S = Total dissolved solids; M E I = Morpho-
edaphic Index {Ryder 1965); P Y E = Potential yield estimate.

Area Volume Mean depth (B)  Maximum depth T DS, wer & m«%mﬁp
(hectares) (cu.metres) (metres) (metres) (mg- 1)  (metric) (kgeha v yr )
360,29 9.37 x Hom 2.57 Le27 65 25.29 6.22

a/ =TDSw= 65 =
b/ PYE=1.237 VWE I
= 1.237 /25.29

- 6.22 kg ha s yrt
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Table 2 . Selected chemical characteristics of water samples

taken from Savanne Lake, Ontario at various times (Sandhu 1979).

——— o

| cmm— s

Item May 14/73 April 15/75 March 31/77
pﬂy 7.19/ S 6.4 S 7.5

M 6.5 M 7.2

B 6.5 B 6.L
0, (Mg/l)P/ - S 12.3 S 12.0

B 5.3 B 2.2
Temp. (°c)1’/ 8.39/ S 0.0 S 1.1

M 202 M 3'3

B 3.8 B L.l

3/ Test performed on preserved sample,
E/ Tests performed in the field.
2/ S = Surface (0.0 m); M = Middle (2.0 m); B « Bottom (4.0 m).

Q/ Mean of values recorded at surface, middle and bottom depths.



METHODS AND MATERIALS

Population Assessment

Mark and recapture population estimates (Schumacher and
Eschmeyer 1943) of mature northern pike in Savanne Lake were carried
out in the spring of 1977 and 1978. Both 1.22 metre (four foot) and
1.83 metre (six foot) trap mnets of the standard Lake Erie design
(Sandhu 1979) were used for sampling fish. Leads of 15.2 metres
(fifty feet), 30.5 metres (one hundred feet), and 60.9 metres (two
hundred feet) were employed with both sizes of trap net, as dictated
by the water depth at net set locations. In 1977 and 1978, 49 and
32 net sets were made in 14 and 8 locations, respectively (Fig. 2).

A variety of habitats in addition to known spawning areas were
sampled. Nets were moved frequently when catches decreased or when
the ratio of marked to unmarked fish in the catch exceeded twenty
percent. Trap netting began two days after ice-out, on April 26,
1977 and on the day of ice-out May 7, 1978. Population estimates
were comple;ed by May 31 in both years. Trap nets were checked
each morning after having fished a minimum of twenty hours. Northern
pike were anaesthetized in a solution of MS-222 (Tricaine methane-
sulfonate) and Quinaldine sulfate (60:20 mg./litre) to facilitate
handling and to reduce injury to the fish. ¥For each northern pike,
total length was measured to the nearest millimeter and weight
was recorded to the nearest 5 grams using a Chantillon tube-type
spring sééle. Total length refers to the measured distance from
the tip of a fish's snout to the end of the its longest caudal

rays when squeezed to an extreme position (Ricker 1975). Sex was



Figure 2. Map of Savanne Lake showing lake sectors and

spring trap net locations in 1977 and 1978.
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determined both on the basis of -extruded gonadal products and exter-
nally by the urogenital method (Casselman 1974a). Fish were examined
for previous fin clips and tags. Several scales were removed from
the key scale sample area on the left side of the body for age
determination. This area, which includes the rows of scales immedi-
ately above, below, and on the lateral line, is located on the mid-
lateral region directly above the anterior insertion of the pelvic
fin (Casselman 1978). Different marks were used to identify captured
northern pike in both years. The posterior upper portion of the caudal
fin was clipped in 1977 and the posterior lower portion of the caudal
fin was clipped in 1978. 1In addition, fish captured in 1977 were
tagged with numbered disc-type tags (Floy tag FTF 69). These were
affixed under the anteriormost part of the pterigiophore, underlying
the dorsal fin with monofilament line of 2.7 kg test using a 6.0 cm
suturing needle. 1In 1978, tubular "spaghetti" tags (Floy tag FT-4)
were affixed in the same anterior position under the dorsal fin with
10 kg test polypropylene line (White and Beamish 1972). The two
types of tags were coloured yellow, green, red and blue, identifying
the area in which the northern pike were tagged (Fig. 2). Although
tag loss was noted, clipped caudal fins made these fish easily
recognizable. If the fish already possessed a tag from a previous
vear, the tag was removed and its number recorded. The fish was
retagged after its lengtg was measured and scale samples were taken.
Only the—ﬁag numbér was recorded for fish recaptured in the same
year. All northern pike were released at the site of the trap. A

total of 825 and 785 pike were marked, and a total of 166 and 146
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fish were recaptured respectiveiy, in the spring of 1977 and 1978.

Sampling to determine the. overall age and size structure of the
northern pike population in Savanne Lake was conducted several times
between 1976 and 1978. Test gill nets of various lengths and mesh
compositions (Appendix 3, Table 1) sampled a full range of habitats
during the open water season. All captured northern pike were retained
and examined. Stomach contents were collected. Sex was determined

by internal examination and scales and cleithra taken.

Age and Growth Determination

Northern pike from Savanne Lake were sub-sampled to determine
age composition, growth, annual production, and the body-cleithrum
relationship. A ten percent stratified subsample of the northern
pike were aged (Ketchen 1949). Scales and cleithra were collected
from May 1977 to May 1978, in conjunction with the feeding study.
Additional small fish were sampled by trap netting, gill netting, and
beach seining during this period.

Scales from each fish were mounted on plastic acetate slides
and pressed by a hand roller to obtain scale impressions (Nesbit 1934).
These slide impressions were read on anEberbach scale projector using
a 32 mm lens at 40X magnification. Northern pike were aged by counting
the annuli visible on the slide impression according to criteria des-
cribed by several authors (Williams 1955; Frost and Kipling 1959;
Wainio 1966; Casselman 1967). Distances (in mm) from the focus to
each completed annulus and to the scale edge along the anteriormost
radius (Fig. 3) were used to determine the relationship between
total body length and the total anterior scale radius.

The left cleithrum, a flat bone from the pectoral girdle, was
also removed from each fish (Casselman 1974). Cleithra were cleaned
with hot water and a fine brush. They were examined with the aid of
a dissecting microscope at 4X magnification against a dark background
in reflected light. Ages of northern pike were determined by inter-

preting the zonation of translucent and opaque bands on the inner

side of the cleithrum blade (Fig. 4). Translucent areas are inversely
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Figure 3. Diagram of a northern pike scale, showing

terminology used to identify salient features and regions.
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Figure 4. Diagram of the medial surface of a northern
pike cleithrum showing various regions and terminology
used to describe basic features. In addition, various

cleithral measurements are depicted.
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related to the rate of calcified tissue growth (Casselman 1974b)
and therefore, act as defihitiye cheeks in the overall growth pattern.v
Annuli or year marks are associated with the most’ prominent translu-

cent 20nes Which_can be ttéCed”around the blade, from the anterior

to the most posterior regions.: Pseudoannuli or. false year markq are, oo

less distinct in comparison and do not usually circumscribe the‘
entire blade, especially into- the posterior areas._ They are .found
Just inside the true annuli with which ‘they converge towards the
middle regions of_the surface. Growth, following the appearance of
a pseudoannulus, is dispropottionatelyygreater i@”the'aeterior then
ingthe’posterior regions of the blade. Anpulus‘fermation‘is complete:
when'both the cleithrum and body resume gro&th in the spfing'at water
temperatures exceeding 7. 5 C (Casselman 1978). |
Measurements (to the nearest 0.1 mm) of tﬁe anterior cleithral

radii (the linear distance from the origin tokthe points where the
trensluCeet'annuli intefsectfthe.medial.eoste'of:the blade) were made
»uSing'e needle-tipted dial caliper (Fig. 4). AThis:faciiitated the
assessment of back-calculated growth. . The total anterior‘eleithrai
radius (the linear distance from the origin to the point where the
anteriormost tip of the blade intersects the medial costa) was used
to calculate a body lengthecleithrum relationéhip (CasSelmen 1978).
The location of the origin on the cleithrum can be determined on the
baSié_othfansluceﬁt,streaks and various striae which radiate out :
from this point (Fig. 4).

“iﬁata,for calculationtof~year1y-growth inCrémehts;ﬂBOdy length—

cleithrum te;at{onship,eback-ealculatee lengths, and the lehgth-weight



relationship were obtained from 125 female and 116 male nofthern pike.
In addition, lengths were back-calculated from scale measurements of
40 fish in this sample, collected in late April and May. Calculations
were performed on an IBM 360 computer using a program entitled FISHMAP
(Teleki and Martin 1977) which assumes an isometric growth pattern in
fish and a resulting linear relationship between total fish length
and scale diameter. Casselman (1978) demonstrated that both scales
and cleithra of northern pike grow at different rates when compared
to body growth. In order to substitute scale with cleithral measure-
ments in the present FISHMAP‘calculations,’afdiredt linear relation
was used, pending refinement of a more accurate model that would
better reflect cleithrqm and body growth rates (J. M. Casselma;, pers.
comm. ).

The age structure of mature pike was based on age assessment
of the stratified subsample, divided into ten centimeter length inter-
vals over the entire length range. fhe'number of fish belonging to a
specific age group within a sample interval was expressed as a per-
centage of the total number sampled in that interval (Ketchen 1949).
These percentages, applied to length-frequency distributions of
northern pike vulnerable to trap netﬁing during the 1977 and 1978 spring

estimates (Fig.6 ), gave the age structure of the population.

Fecundity

Materials for a fecundity study were obtained during the spring

seasons in 1978 and 1979 from 1.22 metre and 1.83 metre nets set on



known spawning grounds. Mature fish were sampled in 10 cm size
intervals over a range of 40 to 100 cm total length. Fish were judged
ripe if the ventral abdominal region was fully distended and if eggs
had not yet begun to "run" upon the external application of pressure.
Eggs, removed from the opened body cavity, were pooled with materials
collected from fish of similar size and preserved in a buffered ten
percent formalin solution. Total length, weight, and previous tag
history were recorded for each fish. Both scales and cleithra were
also retained. Samples were washed in distilled water and sieved
through fine mesh cheese cloth to separate eggs from extraneous
materials. A subsample of 5 percent of eacﬁ sample's
total egg volume was measured by water displacement. and eggs were
counted. Total egg numbers were calculated from a volumetric deter-
mination (Medford and MacKay 1978). Fecundity was expressed as the
mean egg count per unit body-weight (the total number of eggs from
all sampled fish divided by the total weight of all fish sampled)

and the mean egg count per mature female (the total number of eggs
from all fish sampled divided by the total number of fish in the

sample).

Early Development

Young-of-the year northern pike were collected weekly from June
1 to August 31 in 1977 and 1978. Fish were caught using fine mesh
hand dip nets, ap 18.3 m (sixty foot) long bag seine, and plexi-glass

larval fish traps (Casselman and Harvey 1973). The total length of

each fish was measured to the nearest millimeter and its weight was
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recorded to the nearest 0.5 grams. Stomach contents were analysed
using a d%ssecting microscope and appropriate taxonomic keys.

During these intervals, shoreline and backwater areas of Savanne
Lake were examined for habitats favouring early northern pike develop-
ment. This assessment was highly subjective in nature since unusually
high lake levels, thick shoreline vegetation and the inherent seden-
tary behaviour of these larval:fish made quantitative sampling
difficult. Visual counts of young-of-thée year northern pike were
made within measured shoreline distances. The physical character of
each sampling area was described, noting shoreline structure, tvpe
of substrate and macrophyte growth present. Both inshore water
temperatures and prevailing atmospheric conditions (e.g. light conditions)

were also recorded.

Feeding Study

Specimens of northern pike (208) and walleyes (254) were examined
for food habits. This sample represents less than ten percent of each
population and so minimizes the exploitive effect on the fish community.
Both species were sampled during a one to two week period at the end
of each month from June 1977 to May 1978 and again in December 1978.
Each month's sample reflected the length frequency distributions of
‘both walleye (Sandhu 1979) and northern pike populations (Figs. 5 and
6). All small pike (less than 40 cm) and walleyes (less than 30 cm)
were retained for aging and feeding studies.

Fish were caught from May to October by angling (See Exploita-

tion, Methods and Materials). Poor angling success during the
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Figure 5. The length-frequency distribution of walleyes
in Savanne Lake, Ont. vulnerable to trap nets in the spring
of 1976 (Sandhu 1979).
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Figure 6. Length-frequency distributions of northern pike

in Savanne Lake vulnerable to 1.22 and 1.83 m trap nets in the
springs of 1977 and 1978, 1.22 m trap nets in the spring of
1977, and gill nets in 1976 and 1978.
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iced-over period (late November to April) resulted in the collection
of monthly samples by gill netting. Graduated monofilament gill
nets, 45.7 m in length and composed of five panels (9.15 m by 1.83 m)
of various mesh sizes (25, 36, 67 and 114 mm stretched), were set
beneath the ice with the aid of a creeping ice jigger (Appendix 4,
Fig. 1). Nets set at mid-day were lifted the following morning after
having fished for a minimum of twenty hours. The full'range of lake
habitats and depths were sampléa during each month.

Captured fish which fulfilled sample length requirements, were
weighed, examined for previous tags and marks, and sexed. Scales
were taken from walleyes and both scales and cleithra were retained
from northern pike. The entire digestive tract of each fish was
removed, wrapped in cheese cloth, labelled, and preserved in a
buffered ten percent formalin solution (Lagler 1956).

The intestinal tract was examined separately for the presence
of undigested food. Intestinal contents of northern pike longer
than 20 cm were usually too digested to be identifiable. Total
stomach contents were determined volumetricaliy (Ball 1948).

While invertebrates were counted and identified only to the generic
level, fishes were determined to species. Because of digestion, some
food items could only be identified as fish or invertebrate remains.
Positive identification based on the presence of distinctive
morphological structures (e.g. type of scales, skeletal structure,
shape and number of gastric caeca) was aided by comparison with

preserved specimens and taxonomic keys: Volumes of larger food items
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were determined separately, while very small organisms were measured
collectively. Maximum body lengths and maximum body depths of each
item were measured to the nearest mm. These measurements were
approximated in cases of advanced digestion by comparison with similar
items found in a less digested state.

The stomach contents were recorded as the percentage of northern
pike and walleyes containing each food item Lfrequency of occurrence,
(Frost 1954) and as the percentage of total volume occupied by
each food item (Wolfert and Miller 1978). All percentages were based
only on fish containingvfood‘in their stomachs (L. D. Johnson 1969).

No allowance was made for possible tegurgitation of stomach
contents. Both Frost (1954) and Lawler (1965) noted that pike did
not appear to regurgitate their stomach contents as readily as other
species (e.g. walleye) when enmeshed in gill nets. Since the number
of gill netted walleyes represented a small percentage of total fish
sampled; regurgitation of stomach contents was not considered signi-
ficant. All retained fish were immediately dispatched by cervical

dislocation.

Exploitation

Both northern pike and walleyes were angled to provide samples
for the feeding study and to assess the initial impact of exploitation
on the community. Angling occurred from June 1977 to May 1978 during
the last two weeks. of each month: A variety of lures, plugs, and

worm baited spinners were used in the open water season (May to



October). Hand lines baited with live minnows and jigs were fished
through holes in the ice during winter (November to April). The
shallow, homothermous nature of Savanne Lake insured that both
species were equally vulnerable at ahy one instance to the gear
employed. During each month, a full range of lake habitats and
lake depths were fished. Angliaglfhfoughout the open water season
was restricted to daylight’hoﬁrs bétween dawn and dusk, but during
winter, lines were fished for gwentysfour hours. Detailed creel
census forms recorded the number of anglers in each party, the time
of day,‘the~tota1 number of hours angled, methods emp;oyed, and:
geographic locations fished_in'the’lake (e.g. off the southwest
corner of Red Island). Each fish in the catch was identified and
its total length was measured to the'nearesé-millimetét. Also noted
were water depths and temperatures (surface and bottom) in the
locations fished, and prevailing aCmosphéric conditions at the time
of angling. The majority of fish caught were subsequently released
at the capture site but a number were retained for‘sto@ach analysis.
Scales and/or cleithra were obtained from these fish. All fish
caught were either weighed or weights were estimated from the length-
weight relationships for walleye (Sandhu 1979) and northern pike

(present study).
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LIFE HISTORY

Spawning

Northern pike spawning was observed at ice-out on April 24, 1977
and on May 7, 1978 at water temperatures of 4.5 to 6.0°C. Spawning
activity peaked at beach temperatures of 8.4°C in 1977 and 6.8°C
in 1978 (Appendix 1, Table 2). The temperature range for spawning
of this species is 4.0 to 14.4°C (Toner and Lawler 1969).

The major spawning area was located along the shore and outlet
at the northeast end of the’lake. Less extensive areas along the
east and southwest shores were also utilized (Fig. 1). As commonly
reported (Toner and Lawler 1969), spawning occurred on fleooded, marshy,
shoreline areas over submerged aquatic and terrestrial vegetation, in
less than 0.5 m of water. Greatest activity was noted on sunny days
between 1200 and 1700 hours EST.

Males dominated the spawning population. The overall ratio of
males to females varied from 1.4:1 to 1.5:1 in 1977 and 1978, res-
pectiveiy. Males predominated during the early and late stages of
the spawning run (Table 3). During peak periods of spawning activity,
equal numbers of males and females were identified on spawning areas.
The maximum proportion of females on the spawning grounds peaked at
58 percent on April 27, 1977 and 57 percent on May 13, 1978. Rawson
(1932) reported males and females to be about equal in numbers during
spawning, but Clark (1950) stated that while males predominated in

the early portion of the run, females became more numerous with time.
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Table 3 . Numbers of spawning northern pike in the daily trap net catch, percentage identified to sex and
male/female ratios in Savanne Lake, Ontario in the springs of 1977 and 1978.

Date Total catch  Males  Females % Female % Sexed  Male to female ratio
77 ppria 27 101 37 52 5841, 88,0 0.7:1
28 71 N 26 38.8 94,0 1.6:1
29 86 39 39 50.0 91.0 1:1
30 52 2l 23 48,9 90.0 1.1:1
May 1 54 29 17 40,0 85.0 1.7:1
2 53 30 12 28.6 79.0 2.5:1
3 33 22 5 18.5 82.0 belsl
L 30 22 1 a3 77.0 22,0:1
5 23 7 1 12.5 35.0 T.0:1
1978 yay 8 90 60 20, 28,6 93.0 2.5:1
9 67 %0 25 38.5 97.0 l.6:1
10 136 82 53 39.3 99.0 1.6:1
1 128 63 63 50,0 98.0 1:1
12 58 26 26 50.0 90,0 1:1
13 15 6 8 57.0 93.0 0.8:1
1 68 35 8 18.6 63.0 Lelisl
15 58 25 10 28,5 60,0 2.5:1
16 Th 32 7 17.9 53.0 Leb2l

Pﬂ mﬂ Pm 2 11,8 WOOO Te mnH




Fecundity

The average number of eggs per unit body-weight (kg) for the
sampled northern pike population was estimated at 9,675 per kg, with
a range of 7,500 to 10,540 per kg (Table 4). Mature females produced
an average of 20,081 eggs. The number of ova per unit body-weight
did not increase significantly (p)0.05, t-test) with age and weight
of fish examined, as previously noted.by Healey (1956) and Frost and
Kipling- (1967). However, .the largest females sampled were the most fecund.
Although considerable variation exists in the number of eggs
produced by this species within local populations and throughout
their distributional range (Berg 1962), fecundity estimates for
Savanne Lake northern pike are low when compared to reported values.
Carbine (1944) observed mean egg counts for northern pike in Houghton
Lake, Michigan, of 7,691 to 97,273 per mature fish. Scott and Crossman
(1973) cite egg counts of 19,800 per kg body-weight and 32,000 per
mature female as average for this species. Walleyes also exhibit a

very low fecundity in Savanne Lake (P. J. Colby unpublished data).

Early Development

The temporal sequence of early northern pike development in
Savanne Lake closely parallels that described by several authors
(Carbine £942; Wurtz 1945; Frost and Kipling 1967). Free-swimming
fry, 20-23 mm long, weré first observed along shoreline areas on )
May 26, 1977 and ‘on june 8, 1978 approximately four weeks after

spring break-up and after commencement of northern pike spawning.

Toner and Lawler (1969). report that development from fertilized egg
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Table 4 ., Fecundity estimate for northern pike in Savanne Lake, Ont.

presented as the calculated mean egg number (x) per unit body-weight
(kg) ¥ standard deviation (S.D.). Number of fish sampled for each size

interval is designated as (N).

M

-
stana

Size Mean Weight Total
interval age Average Total number _

(em) N (yr) (g) (g) of eggs x * g.p,
LO - 4L9.9 8 Ly 680.0 5,440.0 4,0,800 7,500 % 3,245
50 - 59.9 10 5.6 926.0 9,260,0 90,000 9,720 £ 1,304
60 - 69.9 7 7.0 1,548.0 10,835.0 93,000 8,583 % 2,100
70 - 79.9 7 8.3 2,387.0 16,710.0 152,061 9,100 * 1,603
80 - 89.9 5 9.2 3,493.0 17,465.0 178,140 10,200 ¥ 3,200
90 - 99.9 5  10.2 5,492.0 27,1,60.0 289,428 10,540 * 4,102
Totals 42 87,170.0 843,429
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to the free-swimming stage takes three to four weeks. Upon resorption
of the yolk sac, fry may remain in spawning areas for one to two. weeks
before moving into the main bodies of lakes (Hunt and Carbine 1951;
Franklin and Smith 1963).

During late spring and summer seasons in 1977 and 1978, young-of-
the year northern pike were found along shallow sand and rocky beach
areas of Savanne Lake, protected by overhanging shoreline vegetation

and offshore beds of emergent macrophytes such as Phragmites communis

and Equisetum fluviatile (Fig. 1). Very few fry were observed in the

marshy, soft-bottomed areas favoured by spawning adults, although

they were found along hard-bottomed shorelines adjacent to such areas.
In the early season, young-of-the year were observed alone, hovering
within a few centimetres of the water surface, or beneath shoreline
vegetation and debris. Their presence and general activity was more
pronounced on sunny, calm days than.under cioudy, agitated conditions.
As the summer progressed, their behaviour became more secretive and
they were found in slightly deeper water and among offshore macro-
phyte beds within these nursery areas.

Rapid growth of young-of-the year northern pike followed from the
early free-swimming stage (20 mm) in late May and early June until
late August (Table 5). The average length of fry increased at a rate of
1.3 mm per day in 1977 and 1.7 mm per day in 1978. Although the
1978 spawning season was delayed two weeks over the previous year,
fish achieved the same approximate size (130-140 mm) by the end of

each summer. A similar growth rate was observed for young-of-the
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Table 5 . Seasonal stomach contents of age-0 northern pike in relation to their growth in Savanne

Lake during 1977 and 1978.

Sample Average Average
Date , length weight Stomach contents
size
(mm) (8)
1977
May 26 4 23.0 0.08 Copepods (Cyclops sp.); cladocera (Daphnia sp.)
31 6 40.0 0.25 YOY white suckers, walleye, n. pike; Chironominae
June 2 4 45.0 0.40 YOY white suckers, walleye; Chironominae
10 3 56.0 1.00 YOY white suckers and yellow perch
17 4 65.0 1.40 YOY white suckers and yellow perch
29 3 82.0 2.20 YOY yellow perch; Ephemeridae nymph
July 6 2 90.0 4.50 YOY white suckers and yellow perch
8 1 106.0 6.40 stomach empty
15 2 100.0 7.50 YOY yellow perch
30 1 110.0 13.00 YOY yellow perch; adult darter
August 18 2 130.0 16.00 YOY yellow perch
1978
June 4 3 20.0 0.05 Copepods; cladocerans
8 6 26.0 0.09 Copepods; Chironominae; Simuliidae .
16 3 36.0 0.23 YOY white suckers and walleye; Chironominae
23 4 51.0 0.70 YOY white suckers and walleye
29 2 75.0 1.60 YOY white suckers and adult darters
July 14 2 80.0 2,50 YOY yellow perch; Ephemeridae.nymph
21 2 85.0 3.85 YOY yellow perch; Notonectidae
August 4 2 110.0 6.50 YOY yellow perch
13 1 140.0 18.00 YOY yellow perch
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year northern pike in Houghton Lake, Michigan (Carbine 1942).

Entomostraca, primarily copepods (e.g. Cyclops biscuspidatus

thomasi) and cladocera (e.g. Daphnia sp.) formed the greatest
portion of stomach contents from northern pike fry, 20 to 30 mm

long. Larval fish (Perca flavescens and Catostomus commersoni)

were the most common items in both beach seines and in examined

stomachs of larval pike over 30 mm (Table 5). Walleye fry, adult

darters (Etheostoma Biggum and Etheostoma exile), larval insects
(Chironominae, Tabanidae, Simuliidae, Notonectidae, Ephemeridae),
and northern pilke fry were also found. Insect larvae ogcurred in
sampled fry over 25 mm but they were never of dietary importance.
Hunt and Carbine (1951) stressed the prevalence of insect larvae,
especially Chironominae, in the diet of northern pike (25-50 mm)
in Houghton Lake, Michigan. The observed patternfof feeding in
Savanne Lake was similar to that described for young-of-the year
pike in Lake Windermere (Frost 1954). There, Entomostraca formed
the major portion of the diet until fish attained a length of

35 mm, when perch fry (Perca fluviatilis) became important.

Toner and Lawler (1969) listed a number of important predators
of young pike. Of these, yellow perch, dragonfly and damselfly
nymphs, dytiscid beetles, and loons were sighted at some time along
shoreline nursery areas. Cannibalism among young-of-the year

northern pike was reported by Hunt and Carbine (1951) and does occur
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in Savanne Lake (Table 5). Cannibalism involving yearling and
older pike is probably significant since these fish actively feed
in littoral areas favoured by fry. Young-of-the year were found

in stomachs of several adult northern pike and walleyes.

Movements

Adult northern pike moved throughout Savanne Lake during the
year with the greatest movements occurring in the spring during
spawning. In the spring of 1977, a total of 388 fish were tagged
in the yellow sector, 242 in the blue sector, 123 in the‘red,seCtor,
apd 72 in the green sector of the lake (Fig. 2). These fish were
recaptured in the following spring with 1.22 m and 1.83mtrap nets
set in the same locations where spawning fish had been previously
tagged. Of recaptured fish, 79 percent of the yellow tagged and 50
percent of the blue tagged fish were caught in the yellow sector,
while 67 percent of the red tagged and 52 percent of the green
tagged recaptures were caught in the red sector (Table 6). The
importance of the north end marshes and outlet, and to a lesser
extent the shallow southeast bay as major spawnihg grounds was
evidenced by the seasonal concentration and yearly movement of
adult fish into these areas. After spawning, fish dispersed
throughout the lake. Several northern pike, previously tagged in
the yellow sector at the far northeast end, were recaptured within
24 hours at the extreme southwest corner of Savanne Lake, a distance

of 4.0 km. Similarly, fish tagged in the red sector, were recaptured
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Table 6 . Number of northern pike tagged in the various sectors of
Savanne Lake, spring 1977 and the percentage recaptured by sector in
the spring, 1978 with trap nets.

Number of
, Number tagged fish .
Sector tagged recaptured Red Green Yellow Blue

Site of recapture (%)

Red 123 39 66.6 2.6 25.6 5,2

Green 72 27 52.0 0.0 26.0 22,0
Yellow 388 72 11.0 0.0 79.0 10.0
Blue 242 20 25.0 0.0 50.0 .25.0

Totals 825 158
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in yellow and green sectors within a few days of release.

Apart from widespread movements in the spring to preferred
spawning grounds (Rawson 1932; Carbine 1942), adult northern pike
are reported to be fairly sedentary and almost territorial, estab-
lishing themselves in areas that provide adequate cover and food
(Wistrom et al. 1957; Buss 1961; Scott and Crossman 1973). Both
Malinin (1969, 1970) and Makowecki (1973) state that northern pike
have an established home range and restrict their movements to an
area several hundred metres at maximum. Diana et al. (1977)
monitored the movements of northern pike in a shallow moderate
sized lake in central Alberta using ultrasonic transmitters, which
were implanted in the fishes' stomachs. They found that pike did
not establish well-defined home ranges, and most daily movements
were less than 1000 m. Similar movement patterns are suspected for
northern pike in Savanne Lake. In the course of monthly sampling
during 1977 and 1978, previously tagged northern pike were recap-
tured at consecutive intervals from different parts of this lake
(Table 7). These recapture locations were sufficiently distant to
indicate that these pike did not restrict their movements to a

defined home réhge but mOved‘throughout the lake during the year.
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Table 7,

Lake, Ont., June 1977-May 1978.

Consecutive recaptures of tagged adult northern pike, caught by angling in Savanne

Ta ber
Yellow 441
Yellow 443
Yellow 839
Yellow 435
Yellow 465
Yellow 931
Red 081
Red 988
Green 460
Green 483
Blue 208
Blue 027

Tagged Recapture

Date ation= Date Location Date Location
26/0L/77  Yellow #1 23/09/77  Green shore 11/05/78  Red shore
26/0L/77  Yellow #1 23/09/77  Red-green pt. 22/10/77  Red island
10/05/77  Yellow #11 25/08/77  Red-green pt. 21/10/77  Red island
26/0L/77  Yellow #1 28/09/77  Red island  17/05/78  Blue %mw\
27/0L/77  Yellow #2 23/06/77  Blue island 23/09/77  Red-green pt.
17/05/77  Yellow #11 21/07/77  Yellow pt.  21/10/77  Yellow pt.
10/05/77  Red #8 23/09/77  Red-green pt. 11/05/78  Yellow ﬁw\
05/05/77  Red #8 23/10/77  Green shore 11/05/78  Yellow #1
1,/05/77  Green #5 23/09/77  Red-green pt. 18/05/78  Yellow shore
12/05/77  Green #5 30/10/77  Red-green pt. 12/05/78  Blue &w\
10/05/77  Blue #7 21/07/77  Yellow pt.  21/10/77  Red island
16/05/77  Blue #12 22/07/77  Green shore 22/12/77  Blue island

b/ Trap net locations (1978) designated in Figure 2.

.m_\ Trap net locations (1977) designated in Figure 2.



DYNAMICS OF THE POPULATION

Population Structure

Population estimates —— Schumacher-Bschmeyer (1943)
population estimates (Appendix 5, Tables 1 gnd 2) were made in the
springs of 1977 and 1978. The estimated populations of 2,621 and
2,508 (Table 8) represent mature fish moét vulnerable to the 1.83
m and 1.22 m trap nets employed. In both years, estimates leveled
off by the 1l4th day of sampling, with a standard error of 11.0 percent for
1977 and 7.7 percent for 1978. Population estimates with maximum
standard errors of 10-15 percent are considered reliable (Schumacher
and Eschmeyer 1943). The 1977 spring estimate was terminated on
May 12 (Appendix 5, Table 1). Rates of recaptures (greater than 20
percent) in succeeding days, led to an underestimation of population
size, according to the criteria for this method of population estimate
(Schumacher and Eschmeyer 1943).

Analysis of length-frequency data on fish trap netted in the
spring of 1977, revealed that northern pike, 40-49.9 cm total length,
were more fully represented in catches from 1.22 m trap nets than
from 1.83 m nets. Fish of this size comprised 26.8 percent of total
catch from 1.22 m trap nets (Fig. 6) as compared to 20.5 percent
of catch from 1.83 m nets and 22.2 percent of total combined catch
from both types of nets (Fig. 6). This 4.6 percent increase was
applied to the estimaﬁed:population size for 1977 and thus, increased
the estimate by 121 individuals to 2,742 total.

Size composition — Northern pike, 50-59.9 cm long, predominated in



Table 8 . Spring population estimates (Schumacher - Eschmeyer),
standard error of the estimates, and confidence limits for Savanne
Lake northern pike captured with trap nets, 1977 and 1978.

e — o
e — P

Population Standard 95%
Year estimates error confidence limits
1977 2621 289 % 659
271,22
+

‘1978 2508 194 = 403

EY Total is adjusted ﬁo 1.22 m trap net catch ratio.
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the total catch. This size class comprised 44 percent of>spring trap
net catches (Fig. 6), 40 percent of angling catches in 1977 and 1978
(Fig. 22), and 37.8 percent of the combined gill net catches from 1976
to 1978 (Fig. 6). Fish greater than 60 cm total length made up 36,

40 and 37 percent of the spring trap net, angling,and gill net catches
respectively. Fish less than 50 cm total length, comprised only 20-27
percent of the total catch for each of the sampling methods.

Yearly spawning success, resulting in the formation of dominant
age and size classes, is reflected in population data. Length-
frequency distributions,vbased on spring trap net catches for 1977
and 1978 (Fig, 6), represent that portion of the spawning population
(greater than 45 cm total length) most vulnerable to 1.22 m and 1.83 m
trap nets. Sandhu (1979) found similar trap net selectivity for
walleyes larger than 30 cm in Savanne Lake. Several attempts were
»made to assess the actual population structure. Gill nets of various
lengths and constructions (Appendix 3, Table 1) were used to sample
all the important lake habitats in June 1976, June 1978, and again in
September 1978. The length-frequency distribution of gill netted pike
(Fig. 6) was similar to those for spring trap netted (Fig. 6) and
angler-caught fish for the 1977-78 seasons (Fig. 22). Only fish

greater than 45-50 cm total length were well represented. Strong

recruitment of size classes greater than 50 cm to the sampling
gear continued throughout the study. Apparently, smaller fish were

not fully vulnerable to this gear.

Age composition —— Age composition was determined by subsampling
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235 fish from the total caught in 1977 and 1978. The resulting

age class structure, weighted mean lengths and mean ages reflect

only the mature population vulnerable to sampling in each study

year (Tables 9 and 10). Individual fish in the subsample were aged
by examination of both scales and cleithra. Cleithra ﬁrovided a

more reliable structure for estimating aées of all sizes of pike
especially older fish, since true annulus formation on cleithra

could be more accurately determined than on scales. Age determin-
ation, based on scale samples, agreed closely with those from cleithra
up to age 8. The presence of false checks in the formation of annuli
on scales from fish of age 8 and older may have resulted in an over-
estimation of true age (Fig. 7). Casselman (1975a) reported that

scales from muskellunge (Esox masquinongy)older than age 10 in the

upper St. Lawrence River had fewer annuli present than in cleithra,
and their use underestimated ages of older fish.

In Savanne Lake, age composition of the northern pike population
showed stable recruitment, the presence of strong year classes, and -
the dominance of older age-groups (Tables 9 and 10). Ages 4, 5,

6 and 7, predominated in catches and comprised 82.4 percent and

77.6 percent of estimated populations in 1977 and 1978, respectively.
Age 4 fish probably were not fully represented in the total catch

for the 1978 spring estimate. In that year, mostly large (1.83 m)
trap nets were used in éampling which restricted the catch to

fish greater thaﬂ 45 cm long. The difference in weighted mean lengths

and mean ages in 1977 and 1978 (Tables 9 and 10), demonstrate the
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Figure 7. The relationship between the mumber of points

interpreted as annuli on scales and on cleithra of
54 northern pike collected in Savanne Lake, Ont., 1977-78,

Numbers indicate points representing more than one individual.
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Table 9 . Age structure and respective mean lengths, and weighted
mean age and length of the estimated northern pike population vulnerable
to sampling gear in Savanne Lake, 1977.

. .

% of Mean length

Age Number estimated population (cm)

2 15 0.55 | 28.1

3 7 2.83 36.4

4 51,6 19.93 L5.4

5 802 29.2l, 51.1

6 S5L2 19.80 57.1

7 368 13 .46 63.7

8 185" 6.77 73.2

9 95 3.6 80.7

10 66 2.43 88.6

11 L4 1.62 92.6

12 2 0.07 96,0
Mean 5.75 Mean 56.4

age length
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Table 10 . Age structure and réspective mean length, and weighted
mean age and length of the estimated northern pike population vulnerable
to sampling gear in Savanne Lake, 1978.
Wm

% of Mean length

Age Number estimated population (cm)
2 5 0.02 26.8
3 55 2.20 36.3
L 293 11.67 L .6

5 510 20.37 51.6
6 753 30.04 57.7
7 390 15.59 63.3
8 286 11.43 70.5

9 114 k.57 78.9
10 62 2.49 87.2
11 22 0.89 92.9
12 18 0.73 96.5

Mean 6.2 / Mean 58.6

age length




~40-

selectivity for larger, older fish in 1978. The dominant age-group
in the two years of study was the 1972 year class. It contributed

29 percent to the 1977 catch at age 5 and 30 percent to the 1978
catch at age 6 (Fig. 8). As commonly reported (Scott and Crossman
1973), females predominated in older age-groups. The oldest male
sampled was age 10 and 89 cm in length. The oldest fish aged was a
14 year old female, 102 cm in length. Northern pike attain a maximum
age of 10 years in Lake Erie (Clark and Steinbach 1959) and Lake
Ontario (Wolfert and Miller 1978), 15 years in the lower Saskatchewan
River (Rawson 1932), 17 years in northern Wisconsin (Bennett 1962),
and 24 to 26 years in arctic lakes of northern Canada (Miller and
Kennedy 1948). However, these fish were aged by the scale method and
their reported ages may be overestimates.

Sex ratio — A ratio of 1.19 females for every male was determined
from a subsample of 235 northern pike captured by angling and gill
nets from May 1977 to May 1978. Of 226 fish sexed, 45.6 percent
were males, and 54.4 percent were females (Table 11). Toner and
Lawler (1969) reported a similar composition (46.2 percent males and
53.8 percent females) for 5,320 fish from Irish lakes. Casselman
(1975b) estimated sex ratios of 1.11 to 1.15 females for every male
in Ontario populations. In Savanne Lake, males predominated among
smaller fish, representing 64.4 percent of fish less than 50 cm
total length. Females predominated among larger fish, comprising

-77.8 percent of fish over 60 tm and 100 percent of those over 90 cm.

Females live longer and achieve a greater maximum size than males



Figure 8. The relative year—class abundance of Savanne
Lake northern pike during 1977 and 1978, based on. spring

population estimates. Values above bars are ages.
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Table 11 . Relative size and number of northern pike identified to
sex of a 235 fish subsample caught by angling and gill nets from May
1977 - May 1978 in Savanne Lake, Ontario.

Size

in%i;gal Si?ﬁie Males Females Unidentified
0 - 29.9 5 0 0 5
30 - 39.9 30 20 6 4
LO - 49.9 L5 27 18 0
50 - 59.9 83 LO 43 0
60 - 69.9 40 12 28 0
70 - 79.9 15 2 13 0
80 - 89.9 10 2 8 0
> 90 L 0 7 0

Totals 235 103 123 9




over the whole northern pike range (Scott and Crossman 1973).

Sex ratios of 1.4 and 1.5 males for every female were observed
on spawning grounds in 1977 and 1978, respectively. These fail to
reflect the true composition of the population since males @atured
earlier and were present in greater numbers at this time (Table 12).
Annual fluctuations in sex ratio do occur (Toner and Lawler 1969)
and can result from variations in the growth and strength of different
year classes, affecting their differential recruitment to the sampling
gear (Kipling and Frost 1970). In several other Ontario populations,
ratio estimages were strongly biased by sampling methods used and by
the season of capture (Casselman 1975b). The sexes had biannual peaks
of availability related to their activity, males being more active
and available to capture during the spring and autumn, while females
predominated in summer and winter.

Age at maturity — Most males were mature at age 3 and an average
total length of 36.3 cm. Most females were mature at age 4 and an
average total length of 44.3 cm. The smallest spawning male observed
was 31.4 cm long and age 3, while the smallest spawning female was
39.0 cm in length and age 3.

Age and size at maturity of northern pike varies with latitude.
This corresponds to a general decrease in growth rate and an increase
in longevity for populations as one proceeds northwards (Scottland
Crossman 1973). Frost and Kipling (1967) found that length rather
than age determined when pike first spawned. Miller and Kennedy
(1948) reported 5 to 6 years at first maturity for slow growing popu-

lations in Great Bear Lake. In southern Canada and the northern



Table 12. Sex ratios, relative size, and numbers of northern pike identified to sex which were vulnerable
to trap nets during spring runs in 1977 and 1978 in Savanne Lake.

N : A
S

»aﬁwwwww Sample 1977 Sample 1978
(cm) size Male Female size Male Female

0 - 29.9 0 0 0 0] 0] 0
30 - 39.9 6 6 0 5 b 1
LO - 49.9 121 82 39 85 72 13
50 - 5949 210 130 80 250 165 85
60 - 69.9 62 21 L1 164 79 85
70 - 79.9 14 5 9 32 7 25
80 - 89.9 12 5 7 20 7 13
> 90 3 o 3 _s _o _s
Totals 128 24,9 179 561 334 227

Male/female ratio = 1., ¢ 1 Male/female ratio = 1.5 : 1
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United States, females mature at 2 to 4 years and males at 2 to 3

years of age (Buss 1961).

Length-Weight Relationshib

The length-weight relationship (sexes combined) of Savanne Lake
northern pike, based on measurements of 235 fish sampled in 1977 and
1978, is as follows:

(1) Log W = -5.1321 + 2.9611 (Log L)

where: W = weight in gm,
L = total length in mm,
r=0.985.

Length-weight relationships for females (2) and males (3)

respectively are:

(2) Log W -5.477 + 3.0739 (Log L)
where: r = 0.986.

(3) Log W 5.0487 + 2.9313 (Log L)
where: r = (0.988.

Significant differences were found between intercepts of the
length-weight relations of males and females (Covariance, P<.05).
Hence, females were heavier than males at a given length. Similar
differences were noted for northern pike in Lake Erie (Brown and
Clark 1965) and Lake Windermere (Johnson 1966).

Good agreement exists between the observed data and the
calculated length-weight relationship (Fig. 9). The length-weight
relationship for Savanne Lake northern pike is similar to values

from other waters (Table 13).
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Figure 9. The length-weight relationship for Savanne Lake
northern pike, 1977-1978, using calculated data (open circles)

and observed data (closed circles).
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Table 13 . Length-weight relationships for northern pike from various waters.

Location

Reference

Formula

Savanne Lake, Ontario

Lake Erie, Ohio

Lake Ontario, New York
Lac Waswanipi, Quebec
Lake of the Woods, Minnesota

Lake Windermere, England

Lake osowsv Scotland

Present study

Brown and Clark (1965)

Wolfert and Miller (1978)
Magnin (1964)
nwnwmmamn.npw»NV

Johnson (1966)-

Munro (1957)

Units:

FL = fork length

Log
Log
Log

Log
Log

Log
Log
Log

Log
Log

Log

W
W
W

-5.132
-5.447
-5.048

-4.579
-5.285
-4.951
-6.208

-5.866

=5.406

+
+
+

wt(W) = g 3 TL

(um)

2.961

3.074
2.931

2.902
2.779

3.035

2.926

3.066

3.271
3.176

.

’

3.077

= total length (mm) ;

SL
Log
Log
Log

Log
Log

Log
Log
Log

Log
Log

Log

standard length (mm)
TL (Sexes combined)

TL (Females)

TL (Males)

TL (Females)
TL (Males)

TL (Sexes combined)
FL (Sexes combined)
SL (Sexes. combined)

FL (Females)
FL (Males)

TL (Sexes combined)
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Calculated Growth

The largest growth increments in lengthyere attained by both
sexes of northern pike during their first year of life (Table 14).
Growth continued rapidly until age 4 by which timg, both sexes were
mature. Although yearly length increments declined overall with
increasing age, weight increased with age following sexual maturity
(Table 15). Females at all ages were larger than males and grew more
rapidly, except at ages 2 and 10,jwhen mean length increments were
similar (Tables 14 and 16). The more rapid growth of female northern
pike in various waters, especially in northern areas of their dis-
tribution, has been established (Scott and Crossman 1973). Exceptions
to this pattern were noted by Miller and Kennedy (1948), Balon (1965)
and Mann (1976), who found no difference in growth rates between sexes.
Healey (1956) reported that growth rates were similar in young fish
but females grew more rapidly: than males as age increased.

Overall, northern pike in Savanne Lake are slightly below the
growth average for Ontario (Devitt 1958) and Minnesota (Kuehn 1949)
waters (Table 17) but grow considerably faster than northern pike
in Waskesiu Lake, Saskatchewan (Rawson 1932). Average calculated
lengths at age one are comparable to those for northern pike in Lake
Ontario (Wolfert and Miller 1978), Wisconsin (Van Engel 1940) and
Ontario inland lakes (Devitt 1958). Considerable latitudinal
variation in growth occurs over the entire range of northern pike
distribution in North America and results from differences in the

length of growing seasons, water temperatures and food availability
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Table 14

. Comparison of mean calculated lengths, observed mean lengths, and aomb.mwOSew increments in cm

for male, female, and combined samples of northern pike from Savanne Lake in 1977-78. Sample size appears in parenthesi

Ages in years
1 2 3 4 5 6 7 8 9 10 1 12 13 U
A, Combined males and females (235)
Mean cleithral calculated 1 2 2o 35.1.<42.2 48,9 55,1 62,0 69.3 78,2 85.1 mw.& 92.6
Mean scale calculated lengths®®/ 18.1° 35.5 L45.0 53.7 60.6 66.7 73.9 78.5 8,.0 89.1 93.5
Mean observed length 19.8 28.1 36.4 A45.4 51.0 57.1 63.7 73.2 80.7 88.6 92.6 96.3 101.6 102.
Mean mmosﬁw Msouwamn&W\ 2L 107 6.7 55 L9 LS L2 LS 3.5 2.3 1.7
B. Females (125)
Mean cleithral calculated length® 25.6 6.4 43.7 50.3 56.1 63.2 70.2 78.9 86.5 90.1 92.6
Mean observed length 22.4 28.9 36. L5.5 5l.h 57.3 646 T34 82,9 89.4 92.6 96.3 101.6 102.
Mean growth wnonmsosam\ 25.6 10.7 7.0 5.7 5.1 5.0 ko kb 3.6 2.3 1.6
C. Males (110) |
Mean cleithral calculated Hm:maum\ 22,7 33.5 40.5 47.1 52,9 58.9 65.2 T4.2 T8.0 83.9
Mean observed length 19.1 27.6 3643 45.3 50.7 56.7 60.7 71.5 76.3 83.9
Mean growth »boamambﬁm\ 22,7 10.8 6.5 5.2 hue 43 2.9 34 2.9 2.4

a/ Represents weighted means.
b/ Number of fish = 40.



Table 15. Mean observed weights (grams) of 200 male, 250 female, and combined sample of northern pike at
various ages from Savanne Lake in 1977-78.

Mean weight increments are given for the combined sample,

=

Ages in years

1 2 3 4 5 6 7 8 9 10 11 12
Mean observed weight of females 59 137 266 529 786 1074 1548 2291 uu& 4207  L486 5230
Mean observed weight of males L3 127 285 546 757 1053 1286 2080 2512 3317
Mean observed weight combined L6 131 282 S5uM TR 1071 85 2235 2992 3938  LL86 5230
Mean weight increment k6 85 151 262 227 300 LM, 750 757  9h6 548 Tuk
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Table 16 o Calculated total iengths (cm) at the end oI each year ol lile based on cleithral measurements of
male (M) and female (F) northern pike of various age-groups from Savanne Lake in 1977-78.

Year of life

Number of
Age-group Sex - fish 1 2 3 L 5 6 7 8 9 10 11
1 M 12 19.1
F 0 -
2 M mw 20,0 27.6
F L 2.4 28,9
3 M 25, 22.2 30,5 3643
F 13 23,5 31.1  36.4
4 M 30 23.2  3L4e3 401 4543
F 15 26,7  35.3 404 4545
5 M 18 23.3 35,9  LR.5 L6.9 50.6
F 28 25,7  37.1  43.3  47.7 5Ll
6 M 1, 23.4 35,9  L3.8 L9.5 53.4 5647
F 20 255 37.9 LheT 49.7  53.7 57.3
7 M 5 25¢2 373 Lhe2 50,1 543 58,8 60,7
F 19 263 37.6  Lb. 53.5 58,2  6l.6 64.6
8 M I 19.5 31.1 39.2 AT7.4 54.8 63.2 67.2 71.5
F 11 27.5 L40.2  L47.8 549 6Ll 66,6 69.9 3.4
9 M 3 2001 34e2  Lheb 5l 6045  67.5 L6 ThsO . 76.3
: F L 25.6 3844 L7.4  SLhe3 62,6 70.1  76., 80.2 82,9
10 M 2 20,6 3Lk Lhe5 51,7 61.8  68.5 72.8  77.1  8L.5 83.9
F 6 242  35.1  Lhed 52,0 61.2  7L.2 78,0 8L.6 87.5 89.4
11 M 0 - - - - - - - - - -
F 5 25.5 36,9 L6l 5hL.2 62.8  70.7 77.8 83.2 88,1 90.9  92.6
Weighted means M 110 22,7 33.5 40.5 A47.1 52,9 58,9 65.1 T4.2 78.0 83.9

F 125 25.6 3L 13.7 50.3  56.1  £3.2 70.2  78.9 86.5 90.1  92.6

a Represents immature fish.
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Table 17. Mean total lengihs {cm) of northern pike from various locations.

BT

wmm_a.m of m,aot.&: ooavwmwma

Location and reference 1 2 3 L 5 6 7 8 9 10 11 12
‘Lake Ontario 24,3 50.6 65.2 7T1.8 75.4 77.7 7T8.8 80.7
(Wolfert and Miller 1978) .
Lake Erie 29.0 44.7 53.9 60.0 64L.8 67.1 72.7 76.5 179.2 83.3
(Clark and Steinbach 1959)
Wisconsin lakes 25., 45.7 58,4 68.6 76.5 83.8 91.4 96.5 101l.6 111.8
(Van Engel 1940)
Minnesota lakes 19.8 33.6 45.0 53.6 61.5 68.1 73.7 79.0 8L.1 89.2
(Kuehn 1949)
Ontario lakes 23, 36.0 43.9 52.8 58.7 65.8 72.9 80.3 86.. 89., 90.9 97.0
(Devitt 1958)
Georgian Bay, Ont. 39.5 52,7 62,2 68.7 T3.1 8L.5 87.0 89.5 - 103.5
(Wainio 1966)
Waskesiu Lake, Sask. 16.0 24,.8 36.0 L43.2 L49.5 50.3 55.0 61.0 66.5 715 75.5 79.0
(Rawson 1932)
Great Bear Lake, N.W,T. 9.5 14,6 21,5 28,3 35.6 L40.5 Lb.b6 54,5 61.0 67.0 T70.0 72.7
(Miller and Kennedy 1948)
Savanne Lake, Ont. 24,3 35,1 42,2 49.0 55.1 62,0 69.3 78.2 85.1 89.6 92.6

(Present study)
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(Scott and Crossman 1973). Sandhu (1979) attributed the slow growth
of walleyes in Savanne Lake to chemical characteristics of lakes in
this region of the Canadian Shield (R.A. Ryder, pers. comm.) and

to the high density of walleyes relative to available food. Similay
factors may also limit growth of northern pike in this lake.

Both scales and cleithra from sampled northern pike were examined
but cleithra were more suited:to calculation of the body-calcified
tissue relationship. A comparison of cleithrum and scale measurements
with length of fish (Fig. 10) shows that the body-cleithrum relation-
ship is linear over the entire size range of fish examined, while the
body-scale relationship is curvilinear. This indicates an increasing
allometry in growth patterns of scales when compared to the body
length of larger individuals. A curvilinear body-scale relationship
was also found in several other studies of northern pike (Miller and
Kennedy 1948; Oliva 1956; Frost and Kipling 1959; Casselman 1978;
Harrison 1978). The determination of a linear body-cleithrum relation-
ship in the present study agrees with similar findings for northern
pike (Casselman 1974b and 1978) although slight curviiinearity in
this relation has also been noted (Casselman and Harvey 1975). While
growth of the cleithra and scales relative to that of the body follow
similar seasonal patterns, growth rates of cleithra more closely
parallel linear body growth throughout the entire annual cycle
(Casselman 1978).

Ideally, the body=cleithrum relationship should be constructed

from samples collected at the cessation of growth when the annulus



Figure 10. Scatter diagram of total fish length (cm) plotted
against total anterior cleithral radius (cm) and total
anterior scale radius (cm) for northern pike in Savanne Lake,
Ont., May 1977-May 1978. Total anterior cleithral ;adial
measurements are given at 10X magnification while total

anterior scale radial measurements appear at 4OX magnification.



Total Anterior Radial Measurements (cm)

80

60

40

20

T

° Body-cleithrum N=68

* Body-scale N=68

1 1 1 ] 1 1 i 1

20 A_O 60 80
Total Body Length (cm)




55~

forms. Sampling time in the seasonal growth cycle is known to

greatly affect the body-calcified tissue relationship (Casselman
1978). The greatest discrepancies between growth as estimated from
cleithra and actual body growth occur in samples taken during the
rapid growth period, especially in younger, more rapidly growing
menbers of the population. In an extensive study of the seasonal
dynamics of calcified tissue growth and its relation to body growth
in two Ontario northern pike populations, Casselman (1978) observed
that both scales and cleithra grew significantly faster than the
body during the season of most rapid growth (midspring to midsummer).
These calcified tissues grew slower than the body during decreasing
and slow body growth in late summer and auiumn. Linear growth of
the body, scales and cleithra virtually ceased from winter until
midspring. To balance the seasonal effects of positive and negative
allometric growth in cleithra sampled durihg the present study, a
body-cleithrum relationship was determined from equal numbers of
cleithra collected monthly. In addition, cleithra sampled prior to
and during spawning in May 1977 and 1978 were emphasized in the
calculations.

A linear regression of total body length (TL) against anterior
cleithral radialllength (CL) for 235 northern pike produced an
overall body-~cleithrum relationship as follows:

TL = 10.33 CL + 32.92; r = 0.992
where body length and cleithrum length are in millimeters. Similar

regressions, based on data from 110 male and 125 female pike in the



sample, produced body-cleithrum relationships of

10.70 CL- + 15.71 where r = 0.992 for males,
10.15 CL + 43.77 where r = 0.991 for females

TL
TL

The total body length at each annulus (TLi) was back-calculated from
the proportional relationship (Whitney and Carlander 1956)
a cL
TLi = (TL-y) (CLi) + vy

where CL; = anterior cleithral radial length (mm) from the origin to

i
annulus "i" and y=intercept of the regression line on the y-axis.
Total body lengths at each annulus were also back-calculated from
scale measurements of 40 fish in the sample using this same relation-
ship.

Correlation coefficients (r) for each of the calculated body-
cleithrum relations are significant (P<0.05) and indicate a high
degree of linearity in these relationships. Positive intercept
values (e.g. 32.92 mm) in the calculated expressions are
higher than the range of similar values (9.5 - 20.6 mm) reported by
Casselman (1975c) for northern pike. These may have resulted from
minor handling damage to the anterior tip of examined cleithra but
more likely reflect the lack of small fish in the sample, especially
females.

The mean lengths at various ages calculated from scale measure-
ments are significantly larger (P£0.05) than those from cleithral
measurements (Table 14). This difference is atributed to a greater
allometry in growth between scales and body length than between

cleithra and body length, even though scale measurements were obtained
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during the period of minimal growth, just prior to annulus formation
in the spring.

The mean calculated lengths from both scales and cleithra are
greater than mean observed length at most ages (Table 14). Evidently,
an increase in calculated lengths of younger fish from successively
older age groups exists (Tables 16 and 18). This "reversed" Lee's
phenomenon (Lee 1912) accounts for higher mean values of calculated
length than those of observed length. It most likely results from
the paucity of small specimens and the dominance of older, larger
fish, especially faster—growing and longer-lived females, in the
sample from which lengths were back-calculated (Ricker 1975). This
difference may also reflect a change in growing conditions incurred
in the return of an exploitéd population to an unexploited state in
which growth -is slower. Lee's phenomenon is reported in growth
studies on exploited northern pike populations based on examination
of opercular bones (Frost and Kipling 1959) and scales (Van Engel
1940; Wolfert and Miller 1978). Frost and Kipling (1959) attributed
this condition to gill net selection of slower-growing age-groups

in the population.

Annual Production and Biomass

Total mean biomass of the mature northern pike population, ages

4 to 12 years, was estimated at 8.69 kg ° ha'-l for 1977-78. Annuzl

production for the same period was 2.76 kg ha-l yr ~. The

P/B ratio (turpover ratio of biomass) was calculated at 0.276.



-58—

Figure 11. The age~length relationship for Savanne Lake
northern pike, 1977- 1978, using total cleithral calculated
length (solid line) and total observed length (broken line)

in cm,
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Table 18 . Calculated total lsngins {cm) at the end of each year of life based on scale measurements of
both male and female northern piks of various age-groups from Savanne Lake in May 1977 and 1978.

Year of life

Number of
Age-group Tish 1 2 3 L 5 6 7 g 9 10 1

1 0

2 3 18.8 28.0

3 6 13.2  29.9 35.2

A 5 20,9 31.8 38.5 A4l

5 6 18.2 32,6 42,5 A47.5  51.7

6 7 18.2 35.4 48.1 54,2 . 56.8 59.5

7 3 2.4 Lhd 569 60.5 667 68,5 70.9

8 5 20,1  42.8 51.6  58.7 65.2 69.0 Ti.5 Th.b

9 2 16.6 404  53.3 62,9 68,8 4.9 7T8.6 8l.8 82.6

10 2 16.1 33.8 48. 60.6 67.2 TL.8 6. 81,0 83.9 86,0

11 1 12,6 41.0 52.2 60.8 69.4, Th.S5 8l.5 86.1 87.1  9L.0 93.5
Weighted means L0

18.1 35.5 454 53.7 606 66,7 73.9 78.5 B84.0 89.1  93.5
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Dominant age and size classes, represented by age-groups 5, 6 and
7, contributed 66:percent of ‘annual production and 50 percent of
the estimated biomass (Table 19). The greatest contribution to
annual production was made by the 1970 year class (ages 7-8), which
also had the highest instantaneous growth rate (0.409) for the
period. With this exception, mean biomass, production and respec-
tive P/B ratios decreased with increasing age (Table 19). Sandhu
(1979) stated that in a small unexploited system like Savanne Lake,
older fish are likely to utilize limited food resources for main-
tenance and maturation, rather than somatic growth.

The estimated northern pike population (ages 4-12) is character-,
ized by slow growth, low annual mortality and the dominance of older
age classes which account for low observed production, biomass and

P/B ratios. Both annual production (2.76 kg ° ha_1 : yf-l) and
estimated total mean biomass (8.69 kg 'hafl) are low but within the
range of similar values from exploited populations (Table 20).

. -1

Carlander (1955) reported an average standing crop of 9.55 kg ° 'ha

for northern pike in fifty-nine North American lakes. Production

values for this species range from 0.75 kg ° h.al-1 ' yr—l for a

Czechoslovakian reservoir (Holcik 1972) to 14.2 kg ° ha.l : yr_l
for Lake Windermere, England (Kipling and Frost 1970). Although
the overall P/B ratio (0.276) for Savanne Lake northern pike is

within the expected range for fish species from mesotrophic lakes,

it is lower than turnover ratios calculated for exploited northern
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Table 19 . Annual production and bicmass of northern pike in Savanne Lake, 1977-78. Survival rate (5);

total mortality rate (A); instantaneous rate ow.sowdmpwww (z); instantaneous rate of growth (6); weight

change factor (K); initial biomass (Wo); mean biomass of stock (W); annual production (P); annual turnover
ratio (P/B). Values for Wo, W, P are in kg, unless otherwise specified.

L

Age~group S Aw (1-S) 2Ze-Ilng G K= (G-2) Wo ] P GW P/B
L -5 0.934 0.066 0.068 0349 + oymmw 297.02 34295 119.69 0.347
5~6 0.939 0.061 0.063 0.329 4 0.266 618.3L4 708.38 233.06 0.327
6 -7 0.719 0.281 0329 0.327 - 0,002 580,48 579.90 189,63 0.327
7«8 0.777 0.223 0.252 0.409 + 0,157 546448 591.71 242,01 0.408
8 -9 0.616 ,o.wmk 0.485 06292 - 04199 L13.46. 374492 109.48 0.290
9 - 10 0.652 0.348 0.428 - 04275 - 0.153 284,24, 263,56 72.48 0.27),

H.o - H.P Oouww OQQW.N Hos@ OOHUO bd 00@@0 Nm@.@uv H&og Nu-u @P OOH.NH

11 - 12 0.409 0.591 0.894 0.128 0,766 197.40 Huﬂowo 17.65 0.118

Totals ) 3165,.76 1005. 64

Totals in kg- ha ™t 2,69 2,76
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Table 20 . BEstimated biomass (B) in rm.:me. production (P) in rm.wmaw.%wawmﬁg annual. turnover ratios
Nw\mV of northern pike from various waters.
Location Reference Age B P m\m
Savanne L., Ont. Present Study 4=-12 8.69 2.76 0.276
'Minnesota game fish lakes, Minn. Moyle et al. (1948) 342 9.0 - -
Minnesota coarse fish lakes, Mimn. Moyle et al. (1948) 3 6.1 - -
North American game fish lakes Carlander (1955) - 9.55 - -
Escanaba L., Wisc. Kempinger and Carline (1978) 242 1.9-9.9 - -
ws 4.7-10.1 - -
Murphy Flowage, Wisc. Snow (1978) 242 17.5 - -
Reservoir, Iowa Carlander (1955) oem\ 22.h - -
Vistula River, Poland Backiel (1971) 1-9 1.8-2.4 1.5 0.7
Reservoir, Czechoslovakia Holcik (1972) - - 0.75 0.32
Lake Windermere, England Kipling and Frost (1970) m+m\ m.mm\ U.2 0.65-0.71
Lake Choin, Scotland Munro (1957) O+ 5.4 - -
‘Piliea River, Poland Penczak et al, (1976) 0=5 9,2 10.6 1,18
a/ = fish of specified age and older in the population.
b/ = fish of specified age and older during the period 1959-1964.
¢/ = fish of specified age and older during the period 1965-1972.

d/ Represents the mean value.
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pike from similar environments (Table 20). Turnover ratios for
northern pike from other waters range from 0.32 in a Czechoslovakian
reservoir (Holeik 1972) to 1.18 in the Pilica River, Poland (Penczak
1976). Crisp et al. (1975) stated that low P/B ratios were appar-
ently due to slow growth, especially within populations having
higher proportions of older fish, as is the case in unexploited
Savanne Lake.

Annual production and biomass were calculated from age,
mortality and g;owth data based on the sequential spring population
estimates of 1977 and 1978, using the Ricker (1975) method similarly
employed by Sandhu (1979) in estimating annual production:and bio-
mass for walleye in Savanne Lake. Initial biomass (Wo) and instan-
taneous rate of growth (G) were calculated from mean weights of fish

(ages 4-12) as observed in the 1977 spring trap net catch.
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FEEDING RELATIONSHIPS

A total of 208 northern pike and 254 walleye stomachs, sampled
monthly from June 1977 to May 1978, were examined. Winter samples
were taken at bimonthly intervals (e.g. January-February; February-
March; March-April) due to unfavourable ice conditions in late No-
vember and April . In addition,the November-December sample
represents the first week of December 1978 since the catch from the
same period of the previous year was negligible.‘

Equal numbers of fish were not caught throughout the calendar
year. While open water monthly samples (May to October) reflect
observed population numbers and size structures, winter samples are
based on much smaller catches of fish, especially walleyes. Poor
catches of..both species during ice-cover likely resulted from reduced
movement and feeding activity of fish at low water temperatures.

Data represent the food habits of mature northern pike and walleyes,
greater than 35 cm in length. Although angling and gill nets selected
against smaller fish of both species, no seasonal differences were
seen in the sex and size compositibn of the catch during spring,
summer and fall months, irrespective of method of capture. However,
larger female northern pike dominated winter gill net samples.
Casselman (1975b) also reported more female than male pike in angling
and gill net catches during summer and winter months.

The use of stomach samples probably underestimates the presence
of annelids, fish and amphibians, and overestimates crustaceans ‘and

most insects (Alexander and Gowing 1976). Oligochaetes are evacuated



65—

much faster than fish in trout stomachs (Alexander and Gowing

1976) while the evacuation rates of insects and crustaceans are
slower due to the presence of indigestible chitin in their
exoskeletons. Small chitinous items (e.g. insect larvae) are
gastrically removed at the same rate as digestible organic materials
(Kionka and Windell 1972). Differences in evacuation rates had
little observable impact on stomach samples from Savanne Lake fish,
since invertebrates, except for mayfly nymphs, do not form a major
component of the overall diet of both species (Tables 21 and 22).
Differenceg in evacuation rates may account for the general absence
of annelids (e.g. leeches) in examined stomachs and the high inci-
dence of ephemeropteran larvae during certain periods.

A quantitative assessment of food habits of northern pike and
walleyes could not be made due to a lack of'knowledge concerning
digestive rates for these species. Information on these rates
would have permitted the estimation of daily food rations and allowed
for a more accurate interpretation of observed food volumes. Diges-
tive rates and daily rations are reported for both the walleye
(Swenson and Smith 1973) and northern pike (Johnson 1966; Seaborg
and Moyle 1964; Diana 1979). However, these studies lack an accurate,
valid method of estimating fish consumption rates in the field. The
present study provides at least, a qualitative assessment of seasonal

food habits of northern pike and walleyes.
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General Food Habits

Fish predominated in the observed diet of both species, occur-
ring in 80.5 percent of feeding northern pike and 76.6 percent of
feeding walleyes (Tables 21 and 22). Identified and unidentified
fish contributed 94.5 percent and 90.6 percent of the total food
volumes consumed by northern pike and walleyes, respectively (Tables
23 and 24). Apparently, northern pike fed more heavily on fish
(P £0.5) and on a greater diversity of identifiable fish prey than

did walleyes. Yellow perch (Perca flavescens) were the principal

prey of both species, followed by unidentified fish remains

(larval and otherwise), and shallow water ciscos (Coregonus artedii).

‘All three items were more prevalent in walleyes than in northern
pike. Burbot (Lota lota), northern pike, white suckers (Catostomus

commersoni ), and trout-perch (Percopsis omiscomaycus) were found in

examined stomachs of both species but appeared to be more important
in the diet of northern pike than of walleyes. The contributions of
burbot and walleyes, expressed as percentages of the total food
volume consumed by northern pike (Table 23), are exaggerated since
they represent‘voiumes occupied by single large fish. Both walleyes

and darters (Eﬁheoétoma nigrum and E. exile) were identified only in

northern pike stomachs,

Invertebrates occurred in 19.5 percent of northern pike and
23.4 percent of walleyes examined‘(Tables 21 and 22). Invertebrates
comprised a slightly greater portion of the total food volume of

walleyes (9.4%) than in northern pike stomachs 1 5.5% (Tables 23 and
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Table 21. Percentage frequeacy occurrence of specific food items consumed monthly by northern pike, caught by angling and gill nmets in

Savanne Lake, Ont. from June 1977 to May 1978 and including November-December 1973.

Numbers appear in parenthesis.

All percentages are based on fish containing food.

Nov.-

we oy hmes s s T T Ieo ek, e
Sample Size 20 26 31 27 22 11 11 10 17’ 13

% of fish with food 65.0 57.7 41.9 -29.6 36.3 36.3 72.7 100.0 64.7 57.6

Yellow perch 69.2(9) 73.3(11)  56.2(6)  25.0(2) 12.5(1) 50.0(2) 25.0(2) 20.0(2) 18.2(2) 31.6(6) 39.4
Ciscos 0 0 7.7(1)  37.5(3) 37.5(3) 25.0(1) 12.5(1) 10.0(1)  9.0(1)  5.3(1) 11.0
Burbot 0 6.6(1) 0 0 25.0(2)  25.0(1) 12.5(1) 0 ] 5.3(1) 5.5
Walleyes 7.7(1)  13.3(2) 7.7(1) 0. 12.5(1) 0 0 0 0 10.5(2) 6.4
White suckers ) 6.6(1) 0 0 0 0 12.5¢1) [ () 0 1.8
Northern pike 0 0 7.7(Q1) 0 12.5(1) 0 0 10.0(1) 0 0 2.8
Trout-perch 2 o ) 0 12.5¢1) 0 0 20.0(2) 0 47.L(9) 1i.0
Darters 0 0 4] 0 0 0 0 20.0(2) 0 0 1.8
Unidentified fish remains 15.L(2) 0 15.4(2)  25.0(2) 0 0 25.0(2)  10.0(1)  9.0(1)  10.5(2) 1.0
Unidentified larval fisn  15.4(2) 13.3(2) ] 25.0(2) 0. 0 0 0 0 0 5.5
Mayfly nymphs 0 0 15.4(2) 0 12.5¢1) 0 12.5(1)  60.0(6)  81.8(9) 0 17.4
Mayfly adults 0 0 0 0 0 0 0 0 0 0 0.0
Crayfish 7.7(1) - 6.6(1) 7.7(1)  12.5(1) 9 0 0 10.0¢1) 0 0 4.6
lavertebrate remains 7.7(1) 0 7.7(1) 0 0 0 0 0 ] 0 1.8




-68-

Table 22. Percentage frequency occurrence of specific food items consumed monthly by walleyead,caught by angling and gill nets in
Savanne Lake, Ont. from June 1977 to May 1978 and including November-December 1978.
food. XNumbers appear in pareanthesis.

All percentages are based on fish containiag

dee s sen o BT Imo Mean o, Ao

Sample size 40 54 16 30 30 5 ! 2 3 47

% of fish with food 57.5. 50.0 $2.7 53.3 56.7 60.0 0 100.0 55.6 42.6

Yellow perch’ 30.4(7)  51.9Q14) 42.1(8) 62.5(10) 76.5(13) 33.3(1) 0 50.0(1)  40.0(2)  45.0(9) 49.2
Ciacos 4.3(1) 0 21.1¢8) . - 31.2(5)  11.8(2)  33.3{1) 0 50.0(1) 40.0(2) 10.0(2) 13.6
Burbot 0 0 0 6.3(1) 5.9(1) [ 0 ] 0 10.0(2) 3.0
Walleyes 0 0 0 0 0 0 0 0 0 0 0.0
White suckers 0 0 0 6.3(1) 0 0 0 0 0 0 0.8
Northern pike 0 3.7() 5.3(1) 0 0 0 0 0 0 0 1.5
Trout-perch 0 0 0 0 0 0 0 0 ) 5.0(1) c.3
Darters 0 4] 0 0 0 0 0 0 0 1] 0.0
Unidentiffed fish remains 30.4(7) 30.0(8)  21.1(4) 12.5(2)  11.8(2) 0 0 0 0 10.0¢2) 18.9
Unidentified larval fish 13.0(3) 18.5(5) 15.8(3) 0 0 0 0 0 0 0 8.3
Mayfly nymphs 4.3(1)  14.8(s) o 0 0 33.3(1) 0 9 20.0(1)  50.0(10) 12.9
Mayfly adults 17.4(4) B 0 0 0 ) 0 5 ‘0 o 3.0
Crayfish 0 7.45(2) 0 “12.5(2) 0 0 0 0 n 5.0(1) 3.3
Invertebrate remains 26.0(6). 11.1(3) 0 6.3(1) 0 0 0 0 0 9.8

15.0(3)
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Table 23. Percentage of total monthly food volumes for specific food items consumed by northern pike, caught by angling and gill nets i{n Savanne Lake,
Individual volumes (ml) are expressed in parenthesis.

Ont. from June 1977 to May 1978 and including November-December 1978.

A T S O T -

No. of fish with food 13 15 13 8 8 4 8 10 1 19

Total food volume (ml) 92.5 74.0 107.2 26.9 351.1 564.0 155.1 81.7 88.4 451.5

Yellow perch 58.9(55)  70.0(52) 41.5(45) 34.5(9)  3.1(11y  1.2(7) 5.9(9)  23.8(19) 17.8(16)  26.3(110) 16.8
Ciscos 0 0 20.3(22)  29.0(8) 38.3(135)  0.5(3) 1.3(2) 13431 L) 11.7(53) 11.9
Burbot 0 1.4(1) o 0 17.1(60)  98.4(535)  59.9(93) ) 0 6.2(30) 16.4
Valleyes 16.2(15)  16.0(12).  B8.4(9) 0 35.8(126) 0 0 0 0 31.5(142) 15.3
White suckers 0 5.4(4) 0 0 0 0 30.4(47) 0 0 0 2.6
Northern pike 0 0 8.4(9) 0 2.3(8) 0 0 17.4(16) 0 0 1.6
Trout-perch 0 0 0 0 3.1(11) 0 0 15.9(13) 0 26.7(112) 5.7
Darters 0 0 0 0 0 0 ) 3.73) 0 0 .2
Unidentified fish remains  15.8(15) 0 15.9017)  9.7(3) 0 0 1.9¢3) L2l S.(5) 1.2(5) 2.4
Unidentified larval fish  2.7(3) 5.8(4) 0 7.3(2) 0 0 0 0 0 0 0.8
Mayfly mymphs 0 0 1.9¢2) 0 0.3(1) 0 0.6(1)  20.4(17) 76.0(67) 0 4.5
Mayfly adults 0 0 0 0 ) ) 0 ) 0 0 0.0
Crayfish 5.4(5) 1.4(1) 3.4¢6)  19.5(5) 0 0 0 LRI 0 0 0.9
Invertebrate remains 1.0(1) [4] 0.2(1) 0 0 [4] o 1.0(1) 7] 0 0.1
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Table 2. Percentage of total monthly food volumes for specific food items consumed by walleyes, caught by angling and gill nets in Savanne Lake, Ont.

from June 1977 to May 1978 and iacluding November-December: 1978. . Individual volumes are expressed in. parenthesis.

dmemyowwe Sen o TS meo e, deawedl

No. of fish with food 23 27 19 16 17 3 0 2 S 20

Total food volume (ml) _.u.u.m 143.3 180.3 220.3 208.8 42.8 0 4.5. 23 279.6

Yellow perch 28.2(38) 59.7(86) 48.9(88) 48.7(107) . 78.8(165) 42.9(18) 0 17.8(4) 71.0(17) 58.1(162) 55.3
Ciscos 27.0(36) 0 29.4(53) 31.8(70) 9.4(20) 50.7(22) 0 22.2(1) 16.8(4) 17.3(48) 20.5
Burbot 0 0 0 4.8(11) 5.1(11) [ 0 0 9 10.0(28) 3.9
Walleyes 0 0 0 0 0 0 [V ] 1] 0 0.0
White suckers 0 0 Q 1.8(4) 0 0 [¢] 0 0 0 0.3
Northern pike 0 1.5(2) 8.9(16) 0 0 0 0 0 0 0 1.5
Trout-perch 0 0 0 0 0 0 0 0 o] 2.7(8) 0.6
Darters 0 0 0 0 0 0 0 0 9 0 9.0
Unidentified fish remains 7.5(10) —mbwawmv we.w:o,v 7.0(15) 6.8(19)- 0 0 0 9 1.1 7.5
Unidentified larval fish  5.3(6)  3.2(5)  2.3(4) 0 0 0 0 0 0 0 1.2
Mayfly mymphs 0.8(1) 6.3(9) 0 0 0 6.4(3) 0 0 12.2(3) 9.2(26) 3.3
Mayfly adults 10.6(14) (] 0 0 0 0 0 b} 0 [ i.1
Crayfish 0 2.1(3) 0 5.0¢11) 0 0 0 0 2 c.:nV 1.3
Invertebrate remaias 21.6(28).  9.1(13) G 0.9(2) 0 0 0 0 0 6.8(2) 3.7
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24)]. Walleyes also fed on a greater diversity of invertebrates
than northern pike. Mayfly nymphs of the families Ephemeridae
(Hexagenia sp. and Ephemera sp. ), Heptageniidae (Stenonema sp.)
and Baetidae (Caenis sp.) commonly occurred in the stomachs of
both fish. Mayfly nymphs (especially Ephemeridae and Baetidae),
observed in greater numbers, represented a slightly larger portion
of the total food volume of northern pike than of walleyes. Cray-

fish (Orcomnectes virilis), both young-of-the year and adults,

appeared to be more important in the walleye diet. Leeches
(Glossiphoniidae and Erpobdellidae) and back swimmers (Notonectidae),
though present, were insignificant to the total observed diet of
both species. A variety of other invertebrates including adult and
sub-imago mayflies, dragonfly nymphs (Odonata) and pupal midges
(Chironomidae) were found only in walleye stomachs.

Adult northern pike are generally described as carnivorous.
Although fish comprise over 90 percent of the seasonal diet (Scott
and Crossman 1973; Toner and Lawler 1969), adults do feed on a
variety of available vertebrates including frogs, salamanders, mice
muskrats, and ducklings. The importamnce of invertebrate foods,
especially micro-crustaceans and insect larvae, in the early diet
of young-of-the year northern pike is well documented (Hunt and
Carbine 1951; Frost 1954) but invertebrates sometimes contribute
significantly to the adult diet (Mongeau 1955; Munro 1957). Car-

lander"(1955) reported some cannibalism among adults, but
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preﬁation by adults on young-of-the year and subadult northern
pike is probably more common (Hunt and Carbine 1951; Franklin
and Smith 1963).

Adult and juvenile walleyes are largely piscivorous, feeding
on various prey"fishes (Colby et al. 1979) and utilizing any
readily available species (Scott and Crossman 1973). Invertebrates,
especially mayfly nymphs and amphipods, are important in the diets
of young-of-the year, juveniles, and adults during the late spring
and early summer in many lakes. Where prey fishes are scarce or
absent, adult walleyes may rely entirely on invertebrates (Colby
et al. 1979). Other items such as crayfish, frogs, snails, sala-
manders, and small mammals have also been found in walleye stomachs
(Scott and Crossman 1973). Cannibalism is reported to be extreme
amoung young-of-the year in hatcheries (Titcomb 1921) and in nature
(Scott and Crossman 1973), if prey of suitable size are not avail-
able. Adults are known to feed occasionally on juveniles (Ryder
1977). Chevalier (1973) and Forney (1976) found that cannibalism
by adults on youngof-the year in Oneida Lake, New York was a deci-
sive factor in the determination of walleye year class strength
in years when larval yellow perch, the major walleye prey, were

scai‘ce.

Seasonal Food Habits

Definite seasonal changes occured in the diets of both northern
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pike and walleyes, although annual variation in the intensity of
feeding was not clearly evident (Tables 21 and 22).

Both predators fed predominantly on yellow perch, especially
juveniles [ 60-110mm in length (Fig. 12) ]. Though found in fish
sampled from all months, juvenile perch were most numerous in spring
and summer samples. Their reduced occurrence in stomachs during winter
reflects the smaller number of predators sampled at this time (Fig. 12).
Juveniles formed the pr;ncipal food of walleyes caught during post-
spawning feeding activity in late May and during the period from late
July to October. They predominated in thé observed pike diet in late
June and July, but were also important during late May. The high spring
and summer incidence of juvenile perch in both northern pike and walleyeg
corresponds co'tﬁeir reported presence at this time in the shallows
(Falk 1971). Both juvenile and adult perch are known to school in open
water during the day while at dusk, schools disperse and fish move
inshore, becoming inactive and demersal (Hasler and Villemonte 1953;
Falk 1971; Engel and Magnuson 1976). ‘Théy are. vulnerable to northern
pike predation during daylight hours when both species are active in
shallow areas. Yellow perch, because of their diurnal activity pattern,
are probably protected from daytime predation by walleyes, which are
normally crepuscular or nocturnal feeders (Scott and Crossman 1973).
Ali et al. (1977) proposed that the classic predator-prey relationship
of walleye and yellow perch is based. on the photoreceptor and visual
pigment differences between the two species. Walleyes make feeding

movements onto shallow, rocky shoals and littoral areas at night
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Figure 12, The percentage frequency occurrence of young-
of-the year (unshaded), juvenile (shaded), and adult
yellow perch (striped) observed in adult northern pike
and walleye stomachs, sampled by angling and gill nets
fram Savanne Lake, Ont,, 1977-78.
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(Carlander‘and Cleary 1949). These movements are inversely proportional
_to ambient'subsurféée'illuminations (Ali et al. 1977). Adult and sub-
adult'walleyes‘arefnegatively phototactic because they possess a tapetum
lucidum in the retina'of:the eye (Moore 1944;>Scherer 1976). Since
yellow perch lack édch mérphological adaptations to low intensity light,
they are restricted primarily to daylight conditions, although they
are reportéd to eihibit a bimodal feeding pattern which peaks during
twilight hours of dawn and dusk (Hasler and Villemonte 1953; Ali et al.
1977). The presence of both species on rocky shoals and shallows during
twilight, p1aces vellow ﬁerch at a visual disadvantage and leaves them
more vulneféble to walleye predation (Ali et ai. 1977; Ryder 1977).
Juvenile perch are also vulnerable at this time to predation by northern
pike, which are active inilittoral areas duringltwilight hours (Lawler
1969; Malinin 1969; J. M. Casselman, unpublished data). Since pike are
visual feeders but lack retinal adaptations to lower light intensities,
they are probably not as efficient predators as walleyes during early
morning and late evening periods. Both walleyes (Forney 1966; F. H.
Johnson 1969) and yellow perch (Ferguson 1958; Brazo 1973), move into
deeper,'warmer waters in the fall and winter, as do northern pike. The
occurrence of juveéile‘perch in the fall and winter diets of Savanne
Lake northern pike and walleyes confirms their continued association at
this time (Fig. 12).

Young-of-the year yellow perch (less than 60 mm long), despite
their importance in the northern pike and walleye diet during summer,

fall and winter seasons, occurred less frequently than juveniles in
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most months (Fig. 12). Possibly the smaller sized young-of-the year
perch are more readily digested than larger juveniles and the full
magnitude of their contribution may be somewhat‘underestimated. During
most fall and winter samples, young—of-fhe year and juveniles occurred
in similar numbers in stomachs of both northern pike and walleyes

(Fig. 12). Colby et al. (1979) reported that young-of-the year, when
available, are the primary prey of adult and subadult walleyes in north
and central regions of their North American distribution. Young-of-the
year perch are also a principal food of adult northern pike during
summer and fall in North American (Lawlér 1965; Seaborg and Moyle 1964;
L.D. Johnson 1969; Diana 1979) and European waters (Allen 1939; Frost
1954). Perch fry, approximatly 25 mm in length, were first observed in’
northern pike and walleyes from Savanne Lake in late June. Swenson
(1977) and Kelso and Ward (1977) found that young-of-the year were
especially vulnerable to walleye predation at this time, since they were
active at night near the surface of open water. Young-of-the year perch
move into littoral areas in midsummer (mid-July to early August),
corresponding to their development of a typical "barred" colour pattern
of adults (Echo 1954; Kelso and Ward 1977). Inshore movements of perch
fry probably account for their high incidence in Savanne Lake northern
pike in late August (Fig. 12). Perch fry were the major food of
walleyes in West Blue Lake, Manitoba (Kelso and Ward 1977) and Lake of
the Woods, Minnesota (Swenson 1977) during August and September, althocugh
they were less abundant in open waters at night and appeared to be in

closer association with the substrate and submerged macrophyte beds.
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Adult yellow perch (larger than 110 mm in length) were a minor
component in the observed diet of both northern pike and walleyes
(Fig. 12). Sampling with various fishing gear throughout this study
indicated the presence of few adults in the overall yellow perch
population. Both northern pike and walleyes fed upon adult perch'during
late May. Spawning perch were captured in the shallows with trap nets
at tﬁis time. The incidence of adult perch in walleye stomachs in late
October suggests the asséciation.of both species in deeper waters during
the fall.

The seasonal incidence of shallow water ciscos in northern pike and
walleyes (Tables 21 and 22) coincides with their presence throughout
Savanne Lake during fall, winter and spring seasons, as evidenced in
experimental'gill net catches. Ciscos were most important in the diet
of both species during late summer and fall, although they also occurred
in stomachs examined during the winter and spring. Shallow water ciscos
are known to seek the cooler, well oxygenated waters of lakes in summer,
moving into deeper offshore areas as late spring inshore temperatures
increase (Scott and Crossman 1973). Such movement may account for the
absence of ciscos in the diet of northern pike in late June and July,
and in walleyes during July (Tables 21 and 22). As littoral waters
cool in late August and September, they return to shallower areas
(Fry 1937). Walleyes in Savanne Lake do not appear to utilize ciscos
as they do in deeper lakes during summer. Rawson (1957) found that
walleyes in Lac la Ronge, Saskatchewan,followed ciscos, their principal

food, into deeper waters with the onset of warmer inshore temperatures.
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Ciscos remain a primary food of walleyes during summer months in
Shebandowan Lake (Ryder and Kerr 1978) and Lac des Mille Lacs, Ont.
(R. Hamilton, pers. comm.).

Burbot, which form a minor component of the fish community in
Savanne Lake, were of seasonal importance, primarily as juveniles and
adults, in the diet of both northern pike and walleyes (Tables 21 and
22). They were fed upon by northern pike from October to February
and also in May. They occurred in walleyes in late September,IOCtober
and May. Like ciscos, adult burbot prefer cool water (less than 18.30C)
and are usually found in the hypolimnion of lakes during summer (Scott
and Crossman 1973). Cooler inshore temperatures in fall, winter and
early spring allow burbot greater range of movement in Savanne Lake and
increase their chance of contact with both northern pike and walleyes.
Young-of-the year burbot are known to be abundant and nocturnally active
in the shallows (0.5-4 m) during summer months (Ryder and Varmo 1978).
Although they were generally absent in northern pike and walleye from
Savanne Lake at this time, burbot fry occurred frequently in northern
pike sampled during July and August from nearby Henderson and Dexter
Lakes (P.J. Colby, unpublished data).

Trout-perch formed a major source of food for post-spawning
northern pike in late May, although they also contributed to the
northern pike diet in October and March (Table 21). During late May
and early June, spawning concentrations of trout-perch were observed
at night in shallow waters (less than 1.0 m) at the mouths of small

tributaries, the northeast outlet,and along sandy beach areas of
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Savanne Lake. Trout-perch, which likely possess a retinal tapetum
lucidum (Ryder and Kerr 1978), move into deeper waters (Scotf‘and
Crossman 1973) or to shelter in the shallows as daylight increases

at dawn (Ryder and Kerr 1978). They become most vulnerable to northern
pike predation during these twilight movements. Lawler (1965) found
trout-perch to be the primary food of northern pike in Heming Lake,
Manitoba,especially during May and June. They are a principal food

of walleyes in Lake Winnebago, Wisconsin (Priegel 1969) and the Red
Lakes, Minnesota (Magnuson and Smith 1963) but are of minor importance
in most other waters (Colby et al. 1979). The only incidence of troug-
perch in the Savanne Lake walleye diet was in late May when two specimens
were identified in walleye stomachs.

White suckers, despite their abundance as adults and young-of-the
year, were not important contributors to the diet of northern pike and
walleyes. Young-of-the year suckers schooled in littoral areas during
early summer and probably constituted an unknown portion of the unidenti-
fied larval fish observed in predator stomachs at this time (Tables 21
and 22). Most studies have indicated that adult white suckers are not
an important preyrof northern pike and walleyes.

Adult northern pike fed upon young-of-the year and subadult pike
in late August, October and February to March. Lawler (1965) noted
an increase in the occurrence of northern pike in stomachs of adult
fish during the period from October to midwinter. Cannibalism during
fall and winter reflects the greater vulnerability of young pike to

adult predation following their movement from protected, weedy areas
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of summer habitation to deeper warmer waters in the fall. L.D. Johnson
(1969) found a higher incidence of young pike in stomachs of adults
during summer months;iﬁ Murphy Flowége, Wisconsin. Cannibalism in
‘Lake Windermere, England was found to be minimal with little seasonal
variation in its intensity (Frost 1954). Young pike were only identi-
fied in walleyestomachs during summer months when they were relatively
abundant in littoral areas frequented by feeding walleyes.

Walleyes and darters (Etheostoma nigrum and E. exile) occurred

in northern pike stomachs only. Walleyes contributed to the northern
pike diet most frequently during spring and summer months but were
absent during winter (Table 21). Young-of-the year walleyes were fed
upon in late June, July and August, when they actively schooled in
shallow waters during daylight. Both adult and subadult walleyes were
vulnerable to pike predation in spring months during feeding and post-
spawning movements. Darters were identified in pike stomachs in the
February-March sample only.

Mayfly nymphs and crayfish were the dominant invertebrates fed
upon by northern pike (Table 21). Mayfly nymphs, while absent in late
June and July samples, were present in pike during late August, October
and January to February. They were most prevalent during late winter
samples in February-March, and March-April, occurring in 60 percent
and 81.8 percent of pike stomachs examined and comprising, 20.4 percent
and 76 percent of totél'food volumes, respectively (Table 23). This
high incidence of Ephemeropteran nymphs, primarily burrowing mayflies

(Hexagenia sp. and Ephemera sp.), in the adult northern pike diet at
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this time is unusual and unique. A review of available literature
failed to show a similar occurrence for other studied localities. The
greatest occurrence was hoted from medium-sized and large northern
pike captured in deeper waters (3.0-4.25 m) by gill nets. Ciscos,
walleyes, white suckers and yellow perch were also caught in' these
same areas and were of suitable size to be considered as food items
for pike. Northern‘pike sampled during late June and July in nearby
Henderson Lake, and during August in Argon Lake, Ontario, contained
substantial numbers of mayfly nymphs (P.J. Colby unpublished data).
Both Lawler (1965) and Frost (1954) reported that mayfly nymphs were
minor contributors in observed diets of adult northern pike. Lawler
(1965) found them in approximately equal frequencies in fish from
summer and winter months, while Frost (1954) observed the highest
incidence of Ephemeropteran nymphs in pike stomachs in May. Crayfish
were observed in the Savanne Lake northern pike diet during late June
to late September and again in the February-March sample. Their
incidence in pike stomachs during summer and early fall corresponds
to yearly peaks in their abundance in littoral areas frequented by
feeding pike.

Invertebrates were important in the observed walleye diet during
late May, June and July, occurring in 70, 47.7 and 33.3 percent of
all stomachs containing food, respectively. Invertebrates appeared
to decrease in importance as the summer progressed, signalling a
seasonal shift in walleye feeding from invertebrates to more abundantly

available fishes (e.g. yellow perch), Mayfly sub-imagoes, primarily
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Hexagenia sp., were a major diet component in late May. Their observed
emergence as adults in late June, coincides with the incidence of adult
and emergent forms in walleye stomachs at this time. Adult mayflies
were absent in walleyes during the remainder of the study period.
Mayfly nymphs also occurred in walleyes caught in November-December,
and March-April samples. Eschmeyer (1950) and Priegel (1965) noted
that invertebrate foods became important. in the winter diet of walleyes
when the availability of prey fish was limited. Young-of-the year
crayfish were identified in Savanne Lake walleyes during late July

and September. ' Adult crayfish were found in stomachs in May when

walleyes fed heavily on the benthos.

Predator - Prey Relationships

Type of food -- Although dominant food items were present in most
or all sizes of feeding northern pike and walleyes'examined, important
differences in the frequency of their occurrence were noted (Tables 23
and 26).

Yellow perch were found most frequently in small and medium-sized
northern pike (25-60 cm long) but were much less evident in larger
fish (Table 25). Yellow perch constituted the only food item observed
in small pike less than 30 cm in length. Trout-perch, ciscos, burbot,
and walleyes occurred in all sizes of northern pike longer than 30 cm.
Ciscos, burbot, and walleyes increased in occurrence as the size of
pike increased, reaching their highest incidence in fish-exceeding 60 cm.
Trout-perch were consumed by pike greater than 30'cm. Ngrthern pike

were found only in stomachs of adults greater than 45 cm in length.
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Table 25, Percentage frequency occurrence of specific food items im

relation to relatiﬁe size of 109 northern pike, caught by angling and
gill nets in Savanne Lake, Ontario, 1977 to 1978. Fish with empty
stomachs exeluded.

Food Species 0-29.9 30-44.9 4L5-59.9 60 and Over
Yellow perch 100.0 533  57.1 28.6
Ciscos 0 6.6 5.4 25.8
Burtot o] 6.6 5.4 8.6
Walleyes o 6.6 5.4 8.6
White suckers (0] o] 3.6 0
Northern Pike 0 0 3.6 2.9
Darters (o] 6.6 0] 2.9
Trout-perch 0 13.3 10.7 14.3
Unidentified fish remains o} 26.7 12.5 14.3
Unidentified larval fish 0 13.3 7.2 8.6
Mayfly nymphs 0 13.3 1.4 25.8
Crayfish 0 0 3.6 8.6
Invertebrate remains 0 6.6 3.6 0

Sample Size 3 15 56 35
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Table 26. Percentage frequency occurrence of specific food items in relation to relative size of 132 walleyes,
caught by angling and gill nets in Savanne Lake, Ontario, 1977 to 1978. Fish with empty stomachs excluded.

Length interval (cm)

Food Species 0=~ 249 25-29.9 30-349 35-39.9 4O -4k 45 -49.9 50 and Over
Yellow perch 33.3 33.3 60.0 68.0 55,5 58.3 50.0
Ciscos 0 0 0 0 15.5 20.8 50.0
Burbot 0 0 0 0 6.7 4.2 0
White suckers 0 0 0 0 2.2 0 0
Northern Pike 0 0 0 0 2.2 4.2 0
Trout-perch 0 0 0 4,0 0o 0 0
Unidentified fish remains 0 20.0 L40.0 8.0 17.8 20.8 16.7
Unidentified larval fish 16,7 20.0 L0.0 20.0 13.3 8.3 16.7
Mayfly nymphs 33.3 0 0 8.0 17.8 20.8 0
Mayfly adults 0 0 0 4,0 2.2 8.3 0
Crayfish 16.7 0 0 0 8.9 0 0
Invertebrate remains 0 33.3 20.0 4,0 1.1 12.5 16.7

Sample Size 6 10 10 25 45 2 12
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Unidentified fish remains (both larval and otherwise) occurred most
frequently in stomachs of pike, within a size range of 30-45 cm, and
decreased in incidence with increasing fish size. Mayfly nymphs,
while absent in pike smaller than 30 cm, increased in occurrence with
increasing predator size, reaching their greatest incidence in fish
longer than 60 cm. Contrary to these results, both Frost (1954) and
Lawler (1965) found the highest incidence of mayfly nymphs in stomachs
of small and medium-sized pike. Nymphs were generally absent in fish
larger than 60 cm. Crayfish were observed in Savanne Lake northern
pike greater than 45 cm in length and appeared more frequently in
larger fish. Invertebrate remains (unspecified) were represented
in stomachs of pike, 30-60 cm, but were absent in smaller and larger
specimens.

Yellow perch occurred in all size groups of walleyes examined
but were most prevalent in fish longer than 30 cm (Table 26). Cisces
were found only in walleyes greater than 40 cm in length. Their
occurrence increased with increasing fish size, especially in walleyes
50 cm and longer. Burbot, white suckers, and northern pike were also
found in stomachs of medium and larger-sized fish (40-50 cm long).
Unidentified fish were present in all sizes of walleyes, but were most
prevalent in those 30-35 ¢m in length. Mayfly nymphs occurred in
stomachs of the smallest size group and in the 35-50 cm size group.
Their incidence increased in fish up to 50 cm. Walleyes, 35-50 cm
also fed on both adult and emergent mayflies. Crayfish occurred in

fish smaller than 25 cm and of moderate size (40-45 cm). Invertebrates
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remains were found in all sizes of walleyes longer than 25 cm, especially
in smaller fish (25-35 cm).

The occurrence of prominent food items in stomachs of 109 northern
pike (greater than 23 cm in length) and 132 walleyes (larger than 15 cm)
was expressed as a percentage frequency based on the total number of

feeding fish in a given size group (Tables 25 and 26).

Size of food items --- Although large food items were usually
found in large fish of both species, most northern pike and walleyes
were capable of consuming far larger prey than were normally found in
their stomachs (Tables 27 and 28; Fig. 13). Small prey, less than
35 mm long, accounted for over half of the observed totals (Fig. 13).
Despite the similar size distribution of prey items in both predators,
important differences were found in the lengtﬁ of prey consumed by
each species (P€0.05, t-test). Though smaller prey (20-35 mm in length)
predominated in both northern pike and walleye stoméchs, they were more
important in the pike diet. These small items, corresponding to
observed lengthsfof larval fishes and mayfly nymphs, were especially
prevalent in northern pike larger than 45 cm and in walleyes larger
than 40 cm in length (Tables 27 and 28). Walleyes consumed a signi-
ficantly greater number of prey under 20 mm than did northern pike
(Fig. 13). A significantly greater number of medium-sized prey
(50-110 mm in length) were also found in walleye stomachs. These
were identified as juvenile or subadult fishes, primarily yellow perch

and ciscos. Prey items larger than 170 mm and identified as adult



Table 27. The relatfonship between total length of 109 northern pike and length of prey items found in their stomachs. Pike
were sampled by angling and gill nets from Savanne Lake, Ont., 1977-78. Occurrence of. prey is expressed as a percentage while
numbers appear in parenthesis.

Length of prey (mm)

HMMu”owmnm”” 0- 20- 35~ 50-  65-  80-  95- 110~  125-  140-  155-  170- 185~ 200~  over ww.
19.9  34.9 49.9 64.9 79.9 94.9 109.9 126.9 139.9 154.9 169.9 184.9 199.9 214.9 215
pike (cm) . prey
0-29.9 0 500 50.0 O 0 0 0 0 0 0 ) 0 0 0 ) 2
. Q)
30 - 44.9  13.6 13.6 13.6 18.2 9.1 18.2 13.6 0 0 0 0 0 0 0 ) 22
3) (3) (3) (4) Q) (4) (3)
45 - 59.9 1.1 60.2 6.9 7.5 6.5 10.8 3.2 1.6 0 6.5 0.5 0.5 0.5 0 9 186
@ a1 a3) a8 a2 o (6 3 ) W )
60 and over 0  55.1 15.3 8.2 5.1 3.1 1.0 2.0 1.0 41 1.0 0 0 2.0 2.0 98
8 (5 @ (5 Q) ) @) ) ) (1) @ @
Totals 5170 32 26 19 27 10 5 1 5 2 1 1 2 2 308

Mean percent

Sceurréace 1.6 .,mm.~ 10.4 8.4 6.2 3.8 3.2 1.6 0.3 1.6 0.7 0.3 0.3 0.7 0.7
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Table 28.

The relationship between total length of 132 walleyes and
.sampled by angling and gill nets from Savanne Lake, Ont., 1977-78,
appear in parenthesis.

length of prey items found in their stomachs.
Occurrence of prey is expressed as a percentage while numbers

Walleyes were

Total length

Length of prey (mm)

ot i iongt 0- 20- 35- 50~ 65~ 80~  95-  110- 125~  140-  155-  170- 185~  200-  over ”m.
¥ 19.9  34.9 49.9 4.9 79.9 94.9 109.9 124.9 139.9<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>