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ABSTRACT 

The life history and population dynamics of the northern pike 

(Esox lucius) within Squeers Lake, Ontario were studied in order 

to provide information on pike found within oligotrophic lakes. 

Results clearly demonstrate the Squeers Lake northern pike 

population is relatively stable but small in size, has a very low 

production rate, exhibits rapid growth, an early age of maturity 

and an intermediate life span. The low availability of spawning 

(and to a lesser extent nursery) habitat apparently regulates 

population size. The rapid growth may be the result of abundant 

food, lack of serious competition for food resources and presence 

of favourable environmental conditions. Epilimnetic summer 

temperatures 16-21°C) within the main lake basin were very near 

optimal for "adult" pike (ie 18-20°C, Casselman, 1978), whereas 

summer temperatures within the Western Arm (which formed the main 

spawning and nursery area within the lake) were near optimum for 

young-of-the-year and yearling pike (ie 26°C, Hokansen ^ ^ 1973). 

To assess accuracy in age and growth assessment for the 

Squeers Lake northern pike population, the validity of using scales 

and cleithra was examined. The high percent frequency of 

agreement, low index of average error (Beamish and Fournier 1981) 

and index of precision (Chang 1982) indicate both scales and 

cleithra are equally suitable tissues for assigning age structure 

to Squeers Lake northern pike provided that marks interpreted as 

annuli are in fact annually formed. An examination of the accuracy 

of age estimates through the use of partly known aged fish (via 
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tetracycline labelling and mark-recapture methods) confirmed that 

the checks identified on both aging tissues were in fact annuli. 

Cleithra, were, however, more accurate for northern pike > age 10. 

Therefore, when age estimates are required without killing the 

fish, the use of scales can be recommended provided that the 

population is relatively fast growing and precision levels between 

the two tissues do not exceed 5%. 

In order to further determine what factors may influence 

northern pike growth and population size, the influences of lake 

morphometry and chemistry on 14 northwestern Ontario populations 

(including Squeers Lake) were investigated. Northern pike 

populations found within deep-oligotrophic lakes exhibited low 

population densities, a superior growth rate, piscivory and were 

spawning and nursery habitat limited. Northern pike populations 

from meso-eutrophic lakes had much greater population densities, 

exhibited much poorer growth rates, were generally opportunistic 

predators and appeared to be food limited. Northern pike from 

mesotrophic and shallow-oligotrophic lakes exhibited intermediate 

population size and growth rates with the maximal individual size 

of fish from these populations approaching that of northern pike 

from deep-oligotrophic lakes. With the increased acceptance of 

individual lake management, a number of management alternatives are 

proposed. 
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GENERAL INTRODUCTION 

Northern pike (Esox lucius) exhibit a holarctic distribution. 

Their natural habitat range varies from ultra-oligotrophic to 

brackish water (Inskip 1982). Typically northern pike are found 

within shallow mesotrophic to meso-eutrophic lakes and quiet rivers 

(Scott and Crossman 1973). This species, extensively sought after 

by both commercial and sport fishermen throughout its natural 

range, has been extensively studied. This is made readily apparent 

by the number of studies listed within the recent northern pike 

bibliography by Crossman and Casselman (1987) . General information 

on the dynamics of northwestern Ontario northern pike populations 

is lacking, however, especially on populations found within the 

oligotrophic lakes in this region. There are only 2 northwestern 

Ontario lake studies which provide information on northern pike 

population dynamics and production (Savanne Lake: Mosindy 1980; and 

Henderson Lake: Nunan 1982, Reid 1985, Wisenden 1988). In 

addition, there are a number of unpublished Ontario Ministry of 

Natural Resources (OMNR) District creel and netting program reports 

which provide additional information on growth and population size 

(eg Donetz 1982, Pelligrini 1984, Laine 1986). 

In addition to northern pike, other fish species which 

commonly occur within oligotrophic lakes include lake trout 

fSalvelinus namaycush), lake whitefish (Cpregpnus clupeaformis\, 

lake herring (Coreaonus artedii), white sucker (Catostomus 

commersoni), longnose sucker (Catostomus catostomus), and to a 
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lesser extent walleye (Stizostedion yitreum) and smallmouth bass 

(Micropterus dglomieui). However, little is known of northern pike 

biology within such systems. Studies to date have been limited to 

Lake Huron (Wainio 1966), far north Canadian and Alaskan lakes 

(Miller and Kennedy 1948, Falk and Dahlke 1974, Falk and Gillman 

1975, Chihuly 1980), Lake Windermere (Kipling 1983) and most 

recently an oligotrophic lake in Norway (Vollestad ^ al 1986). 

Except for work by Chihuly (1980), however, these studies 

concentrate primarily on the growth rates (as determined by mean 

length at ages) of these populations. They provide little or no 

information on stock size, food habits or spatial resource 

partitioning with other species present within these water bodies. 

Scfueers Lake, Ontario (48°31'W, 90°33'N) is a small (384.4 

ha), oligotrophic lake which contains lake trout, white sucker and 

northern pike. This type of fish association is found in 10% of 

all surveyed lakes in northwestern Ontario (Johnson ^ ^ 1977). 

Such lakes, therefore, form an important component of the area's 

fishery resource. The lake itself became subject to heavy fishing 

pressures in 1978 when a forestry access road was _ put into the 

area. In one weekend in February 1979, 100% of the lake's total 

potential harvest of lake trout, as predicted by the morphoedaphic 

index (Ryder 1965, OMNR 1983) was harvested. Therefore, the lake 

was declared a sanctuairy lake (Ryan and Ball 1985). Presently, the 

lake is the focus of an experimental lottery winter lake trout 

sport fishery. Ball (1988) presented a detailed examination of the 

lake trout population within the lake, estimated its capacity for 
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fish production, and reported the results of the first 2 years of 

the experimental fishery carried out on the lake between 1985-1986. 

The present study examined the northern pike population 

present within Squeers Lake. It described the demography of the 

population and determined the level of interaction between northern 

pike and lake trout. The thesis itself has been written as three 

discrete chapters. Although all the material presented is 

interrelated, each Chapter deals with a specific topic warranting 

separate analysis. Chapter 1, the prinicipal component of the 

thesis, provides a detailed examination of the basic ecology of a 

northern pike population found within a small, oligotrophic, 

northwestern Ontario lake. Chapter 2 delves into detail on the 

processes carried out in order to verify and validate the ages 

assigned to northern pike sampled from Squeers Lake. Finally, 

Chapter 3 examines the population characteristics of northern pike 

from 14 northwestern Ontario lakes so as to determine the influence 

of lake morphometry and/or water chemistry on northern pike 

population size and growth. Some sections within each of the 

chapters may provide greater descriptive detail than may have been 

required, particularly within the methods sections. This approach 

was taken however, in an attempt to meet the mandate requested by 

the OMNR for the present project. 
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BIOLOGY OF A NORTHERN PIKE POPULATION WITHIN A SMALL NORTHWESTERN 
ONTARIO OLIGOTROPHIC LAKE 

INTRODUCTION 

The northern pike ~ (Es^x luc ius) ranks as an important game and 

commercial fish species throughout its holarctic distribution. 

Therefore, a considerable ntimber of studies have examined its life 

history, population dynamics and management. Many of these studies 

are summarized within the synopses by Toner and Lawler (1969), 

Machniak (1975), Hess and Heartwell (1978) and Raat (1988). 

Except for the extensive studies on northern pike from Lake 

Windermere, England (Kipling 1983, LeCren 1987), there is little 

information available on the dynamics of indigenous populations 

within oligotrophic lakes, particularly within the boreal portions 

of the northern pike's range where most of the well established 

fisheries for this species exist. When northern pike occur within 

glacial oligotrophic lakes, they have been noted to prefer the 

littoral zone and shallow bays where this species is the main 

predator (Ryder 1972, Toivonen 1972). Some data are available for 

Ontario (ie Lake HuroniWainio 1966), however, most studies have 

focussed on northern pike populations from subarctic and arctic 

Canadian (Miller and Kennedy 1947, Falk and Dahlke 1974, Falk and 

Gillman 1975), Alaskan (Chihuly 1980) and more recently Norwegian 

(Vollestad et ^ 1986) oligotrophic lakes. This general lack of 

data reflects earlier research emphasis on mesotrophic-eutrophic 
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habitat areas considered more conducive to supporting optimal 

northern pike fisheries. 

The unknown importance of northern pike within oligotrophic 

lakes increases the need for information on their life history and 

population dynamics. Piscivores structure aquatic ecosystems, both 

directly through predation upon prey populations and indirectly 

through modififying energy flow and nutrient cycling at lower 

trophic levels (Carpenter ^ ^ 1985). It has been demonstrated 

that northern pike, a top level predator within mesotrophic and 

eutrophic lakes (Lawler 1965, Mann 1982, Diana 1979, Bregazzi and 

Kennedy 1980, Mosindy 1980, Nunan 1982), are apparently important 

in structuring fish assemblages at least within small, boreal lakes 

(Robinson and Tonn 1989) . Northern pike act as both competitor and 

predator to native European salmonids (Larsen 1966, Fitzmaurice 

1983, Kipling 1983, Mann 1985, Larsson 1985). However, the 

interaction of northern pike with lake trout in the oligotrophic 

lakes of North America remains relatively unknown. This study 

therefore, provides information on the population dynamics, 

production and utilization of habitat and food resources by an 

unexploited northern pike population found in a small, northwestern 

Ontario oligotrophic lake. It also provides initial information 

on the level of interaction between a piscivorous northern pike and 

a polyphagous lake trout population. 

STUDY AREA 

Squeers Lake, Ontario (48°31'W, 90°33'N) is a 384.4 hectare 

lake located approximately 100 kilometres west-north-west of 
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Thunder Bay, Ontario (Figure 1.1). The lake is composed of a 

central basin and an elongated western arm (Figure 1.1). The 

western arm is nearly physically separated. However, there is a 

continuous interchange of littoral zone fish species between these 

two water bodies, therefore they are considered as one lake. The 

main basin with a mean and maximum depth of 11.5 and 33 metres 

respectively, is oligotrophic and develops a strong thermocline by 

mid-June. The eutrophic western arm, however, remains isothermal 

during the open-water period with water temperatures generally 

reflecting average daily air temperatures. A more detailed 

description of the lake's morphometric and chemical characteristics 

are presented in Appendix A. 

Most of the littoral zone's bottom (ie area with depths <6.2m, 

making up approximately 28% of the main lake basin) is covered by 

sand, cobble or large rock. Aquatic vegetation is restricted to 

a few isolated pockets of submergent vegetation located within 

sheltered bays of the main basin. The substrate within the western 

arm of the lake, however, consists of mud and decaying vegetative 

matter, and supports areas of abundant emergent and siibmergent 

macrophytes. 

The large fish species present within Squeers Lake include 

the lake trout ISalvelinus namavcush), white sucker (Catostomus 

commersoni) and northern pike. Other fish species present within 

the lake include yellow perch (Perea flavescens), burbot (Lota 

lota), Iowa darter fEtheostoma exile), blacknose shiner (Notropis 

heterolepis), longnose dace (Rhinicthvs cataractae), ninespine 

stickleback (Punaitius punoitius), northern redbelly dace 
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Figure 1.1. Map showing the location and bathymetry of Squeers 
Lake, Ontario (48°31' W, 90°33' N) . Depth contours are in meters. 
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(Chrosoraus eos), lake chub (Couesius plximbeus), slimy sculpin 

(Cottus coonatus) and deepwater sculpin (Mvoxocephalus 

quadricornis). 

This lake trout sanctuary lake was the subject of a joint 

study between the Quetico-Mille Lacs Fisheries Assessment Unit 

(QMLFAU) of the Ontario Ministry of Natural Resources (O^R) and 

Lakehead University. Prior to this study, Squeers Lake has been 

subject to both an intensive fish community study under the 

auspices of the QMLFAU (Laine 1984, Ryan and Ball 1985) and a 

detailed examination of its lake trout population (Ball 1988). 

METHODS 

The primary open-water sampling program was carried out in 

1985. It was divided into three separate activities: i) a spring 

mark and recapture program to estimate the population of mature, 

spawning individuals, ii) a monthly index netting program in order 

to characterize the seasonal changes in diet and distribution and 

iii) a monthly sampling of the young-of-the-year (YOY) northern 

pike population present within Squeers Lake. Additional 

information on the northern pike population within Squeers Lake was 

also available from initial netting and tagging programs carried 

out by the OMNR in 1982 (QMLFAU unpublished data) and by the author 

in 1984. 

Spring Population Estimates 

Schumacher-Eschmeyer (S-E) mark and recapture estimates 

(Ricker 1975) of northern pike and white sucker populations were 

obtained the spring of 1982,1984 and 1985. Netting began at ice- 
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out during 1985. In 1982 and 1984, however, netting did not begin 

until May 16 and May 13 respectively. In all 3 years, population 

estimates were completed by mid-June. 

Trapnets of 1.22m and 1.83m in size (with 30.5m leads) were 

set in areas of potential northern pike movement throughout the 

lake. These nets were checked daily, and moved if low catches 

occurred for two consecutive days, or if current recaptures within 

a given catch reached 20%. Additional fish captured within index 

gillnets (described below) and by angling (when time allowed) 

provided a valuable supplement to catches during these periods, and 

were included within the spring population estimates. 

Results in 1982 and 1984 indicated spawning took place only 

within the western arm. Therefore, in 1985 prior to ice-out, a 

38mm monofilament gillnet panel was periodically placed within the 

channel separating the two lake basins (ie March 23 and 30, April 

18,19 and 24) in order to monitor early movements. A 1.22m trapnet 

was also set in a weir-like fashion (i^ with its lead removed and 

wings fastened directly to shore) within the channel immediately 

after ice-out. This trapnet documented the spawning migrations of 

both northern pike and white sucker populations into the western 

arm. The narrowness, depth and short length of the channel 

connecting the two lake basins precluded the use of two oppositely 

set traps to determine fish movement between basins. Therefore, 

only unidirectional movement was monitored. The net was set within 

the channel such that fish moving from the main lake basin were 

trapped prior to entering the western arm. This trapnet did not 

impede the return of spawned out fish. This is evidenced by 
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subsequent recapture in the main basin of fish released within the 

western arm while the net was still in place. Except for the May 

10-12 period, this net was checked daily from May 2-21. 

During population estimates, captured northern pike were 

anaesthetized with tricaine methane sulfonate (MS 222), tagged with 

a serially numbered disc tag, attoinistered an accessory clip (ie 

1982:severed left pectoral; 1984:caudal fin punch; 1985:severed 

upper caudal lobe), sampled, and allowed to recover within a 

holding trap prior to release. White suckers were given a fin clip 

only (similar to those administered to northern pike) during the 

population estimates. For each fish, fork and total length (in 

mm), weight (in g), sex (as determined by external examination if 

possible), a scale sample for age determination and previous 

capture information (as determined by the presence of tags and/or 

clips) were taken. In 1982 and 1984, a subsample of northern pike 

caught were also given an intraperitoneal injection of 0.5 cc 

Oxytetracycline per kilogram body weight (Weber and Ridgeway 1962) 

for age validation purposes (see Chapter 2). 

Monthly Index Netting Program 

During the 1985 open^-water season a monthly index netting 

program was carried out. This permitted: i) calculation of 

independent seasonal population estimates using the modified 

Petersen mark-recapture method (Ricker 1975) in order to verify 

the spring S-E population estimates, ii) determination of seasonal 

depth distributions through comparisons of seasonal catch-per-unit- 

effort (CUE, expressed as the number of fish/ 100m of net/ 24 hour 

period) data by depth of gear, iii) determination of movement 
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within the lake on the basis of tag recaptures, iv) procurement of 

stomach samples for feeding analysis, v) procurement of scale and 

cleithral samples for age verification and validation and vi) 

acquisition of maturity data and fecundity information. No winter 

netting activity was attempted due to the disjunct distribution of 

northern pike within the lake and to prevent a high incidental 

catch of lake trout. 

Preliminary gillnet surveys in late June, 1982 and 1984 

provided initial information on the depth distribution and overall 

age and size structure of the various fish populations within 

Squeers Lake following thermocline formation in mid-summer. 

Multifilament or monofilament nets consisting of 3-9 panels (with 

mesh sizes varying from 12.5-125 mm) separated by 3m spacing lines 

in order to prevent net leading were set overnight in randomly 

chosen locations throughout all depths of the lake. In order to 

obtain initial seasonal distribution and feeding information, 

additional netting (using trap and gill-net locations previously 

identified in the spring) also took place in late August and 

September,1984. 

The 1985 monthly index netting program (utilizing both trap 

and gill nets) was modified on the basis of the 1982 and 1984 

results. Thus in 1985, netting effort was concentrated at depths 

< 10 meters over the full range of habitats present within the 

littoral zone of the lake. Very small numbers of northern pike 

were caught at depths greater than 10 meters. Therefore this depth 

limit was chosen to reduce any potential mortality resulting from 

sudden pressure changes, particularly for any incidentally netted 
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fish species. The actual type, amount and location of effort 

varied, depending on physical conditions and sizes of fish catches. 

Unlike 1982 and 1984, gillnets in 1985 were set perpendicular to 

the shore in order to determine depths occupied by northern pike. 

Due to the generally narrow width of the lake's littoral areas, 

both the 3m spacing lines as well as 3 panels were removed from the 

gillnets used. The 10.2,11.4 and 12.7mm panels were omitted due 

to the relative ineffectiveness in sampling northern pike. 

The actual number of index sites were reduced over the course 

of the 1985 field season due to a lack of time and manpower. Sites 

which were continually fished were those locations resulting in the 

highest yield of northern pike. These locations were not randomly 

chosen. 

In 1985 netting mortalities were minimized by checking each 

gill-net location at least 4 times daily (with lift intervals of 

4 hours or less), and releasing all live fish encountered. A 

monthly svibsample of 10-15 fish (including any net mortalities, 

with approximately 2-3 fish per 10 cm interval) were examined. 

Due to this small sample size, the data was examined on a seasonal 

rather than monthly basis. The open-water period was divided into 

three seasons corresponding to the presence of summer thermal 

stratification: ie spring (April 29-June 14, summer (June 15- 

September 15) and fall (September 15-November 6). All gillnetted 

northern pike caught in 1982 and 1984 were killed. 

In addition to length and weight measurements and scale 

samples, killed fish also provided cleithra, stomach samples, and 

sex information. Ovaries were collected from all females sampled 
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in September to November, as well as fish harvested during a 

concurrent controlled experimental winter lake trout fishery. 

Stomachs and ovaries preserved in 10% and 5% formalin respectively, 

were stored in whirlpacs for later analysis. 

Young-of-the-vear Collections 

Young-of-the-year northern pike were collected during the 

first week of each month from June 3 to November 6,1985. Fish were 

caught at index netting sites using a variety of gear. Plexiglass 

larval fish traps (Casselman and Harvey 1975), small mesh (25-38mm 

stretched mesh) gillnet attached to the monthly index gillnets and 

seining provided most of the samples. Plexiglass traps were set 

at all potential northern pike spawning locations. Up to 5 

locations representative of habitat types present within the 

western arm were sampled with a small-mesh (6mm stretched mesh) 

18.3m X 1.8m bag seine (used in an encircling manner and 

encompassing an area of 26 m^) . Additional gear used included 

1.22m fyke nets, and a fine mesh dipnet. 

Additional information on density of aquatic vegetation and 

fish distribution within the Western Arm were obtained by 

underwater transects. Underwater observations were made on 3 

occasions over the spring and early summer period using a wet suit, 

mask and snorkel. The diver moved slowly along predetermined 

transects which included the entire shoreline perimeter. When fish 

were encountered, the species, approximate number, and habitat 

association were noted. 

Data Analysis 

Due to the small number of fish actually killed for the 



present study, scales were the primary tissue used to age fish for 

the purposes of any age-related analysis. The use of scales for 

aging the northern pike population within Sgueers Lake was 

validated by the multiple recapture of the same fish over 

successive time periods and the recapture of fish which had 

previously been marked with oxytetracycline in 1982 and 1984. 

There was close agreement between ages assigned from scales and 

cleithra (ie 92% total agreement) when the two tissues were 

compared. Where disagreement occurred, the cleithral age was 

considered to be the correct measurement of chronological age 

(further details on the aging and validation techniques used within 

this study can be found within Chapter 2). 

The 1984 and 1985 spring samples provided length frequency 

distributions, age composition and growth information (as assessed 

by plotting empirical mean length and mean weight at age) for that 

proportion of the population vulnerable to the gear. The 

information was also used to calculate the annual production for 

age groups 3-7 (Ricker 1975). 

Sex ratios and state of maturity were determined from the 

gross examination of gonads. Lysack's (1980) modification of the 

Abrosov (1969) equation was used to determine the mean weighted 

age and length at the onset of first maturation for both males and 

females in the population. Fecundity of female northern pike 

caught in the fall of 1982, 1984 and 1985 was determined by the 

gravimetric method (Kipling and Frost 1969). Excess moisture was 

removed from both ovaries via towel drying. The eggs were then 

scraped from the connective membrane and weighed to a precision of 
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.OOlg. Three siibsamples from the anterior, mid-section and 

posterior regions of each ovary representing at least 5% of the 

overall ovary weight were counted to determine the mean number of 

eggs/gram. From this value, the total number of eggs per female 

was determined. Fecundity was regressed on fork length, weight 

and age using the least squares method (Sokal and Rohlf 1981). Due 

to the small sample sizes between years, the samples were combined. 

This may create an inherent bias should fecundity have been 

affected by differing environmental factors between the 3 years 

from which the samples were collected. However, the sample sizes 

collected from each year were too small (due to the small size of 

the mature population) to warrant separate analysis. 

Stomach contents from 81 y-o-y and 180 > age one northern 

pike were examined. This included a subsample of 15 fish for which 

gastric lavage was attempted in September, 1984 and May, 1985 using 

the system developed by Crossman and Hamilton (1978). This method 

was discontinued as fish taken from gillnets did not revive well 

after gillnetting and gastric lavage (particularly when increasing 

water temperatures were encountered). Trapnetted fish were not 

used in any of the diet analyses since netted northern pike often 

ingest other fish entrapped in such gear. Stomachs containing food 

items from all collections were examined in the laboratory. Items 

were identified to "lowest" possible taxon, counted, measured, 

weighed and expressed as a percentage of occurence and volumetric 

displacement (Hyslop 1980) on a seasonal and size specific (ie 

every 100 mm intesrval >200mm) basis. Partially digested fish were 

identified from anatomical features, meristic characteristics and 
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scale shape. However, any doubtful fish were listed as unknown 

fish remains. The index of relative importance (IRI)(Pinkas et ^ 

1971) was used to determine the contribution of prey items to the 

diet of fish. This reduced at least some of the biases caused by 

infrequently caught large items or more frequently caught, small 

items which contributed little to the overall diet (Wallace 1981, 

Wallace and Ramsey 1983). The index was calculated as: IRI=(N+V) 

X FO 

where: N= the nmuerical percentage of a given food type 

V= the volumetric percentage of a given food type 

and F0= the percentage frequency of occurence of a food type 

within stomachs containing food items. 

Diet indices were used to compare diet overlap between the 

different size categories of northern pike and lake trout collected 

by Ball (1988). No single measure of diet is adequate for the 

actual representation of prey item importance (Wallace 1981). 

However, in the cibsence of resource-availability data, the Schoener 

index provides the most appropriate measure of diet overlap 

(Hulbert 1978, Wallace 1981, Wallace and Ramsey 1983). The 

Schoener (1970) index was calculated as: 

S = 1 - 0.5 (':J[ Pxi-Pyi[), where 

n= the number of food items 

Pxi= the proportion of a prey item in species x 

and Pyi= the proportion of a prey item in species y. 

Data sets were tested for normality by using the Wilk-Shapiro 

test for sample sizes < 50, or the Kolmogrov-Smirnov test for 

sample sizes > 50. The parametric student's t-test with unpooled 
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variances or the nonpararaetric Mann-Whitney U test were used for 

comparative purposes. All other statistical tests used are 

mentioned directly within the text. 

RESULTS 

Population Estimates   

The spring population estimates as calculated in 1982, 1984 

and 1985 indicate that the population of northern pike > age 3 is 

small but stable. It ranged from a low of 206 fish in 1982 to a 

high of 270 fish in 1984 (Table 1.1). All population estimates 

calculated within the present study apply only to fish > 3 years 

of age at the time of initial marking. Although 1 and 2 year old 

fish were caught each year, the low number of subsequent recaptures 

indicated these age classes were not veiry vulnerable to the gear. 

The 1 and 2 year old northern pike collected during monthly 

sampling further decreased the number of marked fish from these two 

age groups. 

In general, the spring S-E population estimates agreed with 

seasonal Petersen estimates calculated from subsequently netted 

fish (Table 1.1). However, in 1982 Petersen estimates calculated 

exceeded the S-E estimate by more than 150%. Population size 

deviated by less than 5% between the 1984 estimates and 17% between 

the 1985 estimates. The calculated 1985 Petersen population 

estimates were also within 10% of the virtual population size (ie 

168 fish > age 3) as determined by the number of fish handled at 

least once during 1985. 

The above population estimates were calculated assuming no 
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Table 1.1. Spring population estimates (N) as deteirmined by the 
Schumacher-Eschraeyer (S-E) and modified Petersen estimates (Ricker 
1975), and catch summaries depicting the number of pike which were 
marked (M), caught (C) and recaptured (R) during each of the 1982, 
1984 and 1985 spring, summer and fall sampling intervals on Squeers 
Lake, Ontario. 

H N 95% C.L. 

75 82 
86 

118 

8 206 
13 472 
17 502 

143-384 
297-958 
333-913 

105 135 
168 
24 
34 

27 
69 
9 

15 

270 
256 
265 
232 

208-385 
205-329 
155-662 
150-442 

156 257 
42 
38 

101 220 
36 183 
32 186 

193-257 
136-269 
136-281 

1982 Population Estimate 
S-E (1982 Spring,^3yr) 
Petersen (1984 Spring,>5yr) 
Petersen (1985 Spring,>6yr) 

1984 Population Estimate 
S-E (1984 Spring,^3yr) 
Petersen (1985 Spring,>4yr) 
Petersen (1985 Summer,>4yr) 
Petersen (1985 Fall,>4yr) 

1985 Population Estimates 
S-E (1985 Spring,>3yr) 
Petersen (1985 Summer,>3yr) 
Petersen (1985 Fall,>3yr) 



19 
emigration or immigration within the Squeers Lake. Mortality due 

to the stress of handling was also discounted. If gillnets are 

used as the capture gear, mortality of marked fish can be a 

problem. However, the high recapture ratio of individual fish 

following three years of multiple handling lent confidence that 

handling did not introduce additional mortality. Short-term 

holding experiments in which visibly stressed northern pike were 

held for 4-24 hours within pens also indicated that netting and 

tagging negligibly effected fish survival. All 7 of the dead fish 

found within the western arm during or soon after tagging (of which 

4 had been tagged within this time period) were spent fish, whereas 

fish at the time of tagging were generally ripe or running. 

Reproductive effort was likely the crucial factor influencing the 

mortality of these individuals (although additional tagging stress 

may compound this problem). 

By using only the appropriate age groups for each population 

estimate, the effect of recruitment as a potential bias was 

removed. Similarly, tag losses were minimal (ie 2.0% within the 

same year, 3.1% after one year), and any fish suffering tag loss 

could be identified by its accessory clip. Therefore, this factor 

was not taken into account in any of the population estimates. 

Production Estimates 

The total mean northern pike biomass was 656.8 kg, or 1.71 

kg/ha, whereas the total annual production of northern pike aged 

3-9 within Squeers Lake was 104.2 kg or 0.27 kg/ha in 1984-1985 

(Appendix Table B.l). The overall P/B ratio (the turnover ratio 

of biomass) of 0.16, generally decreased with fish age from 0.33 
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for age 3 fish to 0.08 for age 7 fish, and was negative for age 8 

and 9 fish. Older age groups (ie ages 8-9 and 9-10) included 

within the production estimate exhibited negative instantaneous 

growth rate values. This indicates a net loss in weight within a 

given year class. Since the sex of a large ntimber of fish could 

not be determined accurately, no effort was made to estimate 

separate male or female production levels. 

Sampling obviously affected the annual production estimate 

for the Squeers Lake northern pike population. The average annual 

mortality rate (A) for age groups 3 to 9 was calculated to be 0.39 

between 1984 and 1985. Approximately 37% of the total mortality 

could be accounted for by sampling. Sampling mortality for the age 

6 and 7 year classes represented 100% of the reduction in the 

estimated niimbers of these two age groups between 1984 and 1985. 

This would create an adverse effect on the production estimate for 

these two year classes. Sampling mortality also explained 16-26% 

of the mortality between years for the age 3-5 age groups within 

the production estimate, but did not account for any of the 

mortality for age 8 and 9 fish. 

Population Characteristics 

Squeers Lake northern pike exhibited a unimodal length 

frequency distribution (Figure 1.2). Lengths varied from 260-1110 

mm FL, and the majority of fish ranged from 550-750 mm FL. There 

were no significant differences in the mean lengths of fish (ie 

700.2+120.4mm FL, 664.2+147.7mm FL, and 678.7+ 178.0mm FL in 1982, 

1984 and 1985 respectively) caught during the spring sampling 

programs between 1982 and 1985 nor 1984 and 1985. However, the 
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Figure 1.2. Length frequency distributions for northern pike from 
Squeers Lake, Ontario during spring sampling carried out in A) 
1982, B) 1984 and C) 1985. 
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mean size of the fish sampled were significantly larger in 1982 

than 1984 (p<.05, student-t test). The mean length of females 

sampled were significantly greater than the males in all 3 sample 

years (p<.05, student-t test). 

Length-weight relationships were calculated by least square 

linear regression methods (Sokal and Rohlf 1981) for the 1982, 198^ 

and 1985 spring caught northern pike within Squeers Lake (Table 

1.2) . Natural logarithmic transformation of the data gave the best 

linear fit. Although there were no significant differences in the 

slopes of the regression lines, there were significant differences 

between elevations (Appendix Table B.2). Females were 

significantly heavier than males at a given length and no males 

greater than 860 mm were sampled from the population. There were 

also significant differences between years. However, there was no 

trend with respect to increases or decreases in weight at a 

constant length between years (analysis of covariance P<.001, 

Appendix Table B.2). Seasonal comparisons of scimples collected 

during 1985 also demonstrated that heavier fish were caught in the 

fall (analysis of covariance, P<.001). No attempt was made to 

distinguish between the male or female components during these 

sampling intervals due to the live release of the majority of 

sampled fish. 

Although population size was relatively stable, there were 

some variations in year class strength (eg the weak 1980 and 1983 

year classes, ie ages 1 and 4 in 1984, ages 2 and 5 in 1985, Figure 

1.3) . Age 3-8 fish dominated in 1984 and 1985 respectively, with 

no clearly dominant age class. The mean age in 1985, however, was 
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Table 1.2. Length-weight relationships calculated for the male 
(M), female (F) and overall (C) population of pike sampled from 
Squeers Lake, Ontario during 1982,1984 and 1985. 

YEAR SEASON SEX N SLOPE Y-INTERCEPT R^ F-VALUE SIGNIF. 

Untransformed 
1982 Spring M 28 11.949 

F 45 13.947 
C 94 12.876 

-548.734 
-6613.279 
-5934.078 

0.941 
0.892 
0.882 

411.004 
355.459 
685.571 

0.0001 
0.0001 
0.0001 

1984 Spring M 
F 
C 

47 
41 

127 

9.480 
11.478 
11.060 

-3957.100 
-4890.336 
-4781.113 

0.890 
0.857 
0.862 

363.929 
234.200 
780.343 

0.0001 
0.0001 
0.0001 

1985 Spring 

1985 Fall 

M 
F 
C 

84 
54 

187 

8.225 
12.250 
10.519 

-3023.678 
-5300.687 
-4275.856 

0.810 
0.852 
0.839 

350.071 
298.801 
961.712 

Transformed (natural log) 
1982 Spring 

1984 Spring 

1985 Spring 

1985 Fall 

M 
F 
C 

M 
F 
C 

M 
F 
C 

28 
45 
94 

47 
41 

127 

84 
54 

187 

43 

3.138 
3.104 
3.116 

2.873 
2.801 
2.887 

2.796 
3.133 
3.013 

3.113 

•12.627 
-12.391 
■12.778 

•10.973 
•10.455 
■11.052 

•10.454 
■12.673 
■11.871 

0.954 538.340 
0.979 2033.618 
0.982 5194.246 

0.926 559.005 
0.975 1545.767 
0.968 3787.989 

0.917 
0.980 

906.833 
2539.730 

0.985 12550.201 

0.0001 
0.0001 
0.0001 

43 10.713 -4573.223 0.912 426.783 0.0001 

0.0001 
0.0001 
0.0001 

0.0001 
0.0001 
0.0001 

0.0001 
0.0001 
0.0001 

-12.482 0.976 1689.882 0.0001 
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Figure 1.3. Age frequency distributions for northern pike from 
Squeers Lake, Ontario during spring sampling carried out in A) 
1982, B) 1984 and C) 1985. 
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significantly greater (ie 5.4±2.6yrs) than in 1984 (ie 

4.7+2.2yrs;p<.05, Mann-Whitney U test) despite the considerably 

greater number of age 1 fish caught in 1985. In 1982, the fish 

caught exhibited a unimodal age distribution with a dominant age 

4 year class, and mean age at 5.1+2.1 years. No significant 

differences occurred between the mean age of males or females 

within all 3 years (P<.05, Mann-Whitney U test). 

Sgneers Lake northern pike exhibit early maturity. Males 

exhibit a mean age of onset of maturity at 2.4 years whereas 

females exhibit a mean age of onset of maturity of 3.1. All males 

and females had matured by age 3 and age 5 respectively. 

Insufficent numbers of fish were sampled to determine mean size at 

maturity. Obseirvations of live-released and sacrificed fish 

disclosed the first males were mature by 450 mm FL with all being 

mature by 500 mm FL, whereas females first mature by 480 mm FL with 

all being mature by 550 mm FL. This maturation pattern precluded 

the use of regression techniques (Lysack 1980) and the Probit 

Method (Ritchie 1984). 

The ratio of males:females increased slightly between 1984 

and 1985. The sex ratios were 1.16:1 and 1.33:1 for males:females 

during the 1984 spring population estimate and summer gillnetting, 

respectively. In 1985, however, these ratios increased to 1.53:1 

and 1.89:1 respectively. Sex ratios were not determined for spring 

1982 since the majority of the fish handled were already spent. 

The average fecundity was estimated to be 19422 (+ 5080, 1 

S.D.) eggs per kg body weight for the females sampled during the 

three year period. Absolute fecundity estimates varied from 37486 
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eggs for an age 6, 668 non FL female to 164113 eggs for an age 8, 

931 mm FL female. Fecundity was linearly related to total weight 

and fork length of the female (Table 1.3) but only marginally 

correlated to age (r^=0.449. Table 1.3). Natural logarithmic 

transformations did not appreciably improve the correlation. 

The average length at age of northern pike caught in 1982, 

1984 and 1985, and between sexes as demonstrated by fish caught in 

1985 are shown in Table 1.4 and Figure 1.4, respectively. The 

growth rate was rapid. Fish reached a mean length of 600 mm FL by 

age 3 and 800 mm FL by age 8. Except for the mean length for age 

5 fish between 1982 and 1985, there were no significant differences 

in mean length by age class between years (Mann-Whitney U test, 

p<0.05). However, after age 2 (with the onset of maturity) males 

grow significantly slower than females of the same age (Mann- 

Whitney U test, P<.05). 

Diet Tknalvsis 

A total of 63% of the 180 stomachs examined from fish > age 

1 contained food items. Due to small sample sizes, the overall 

diet composition was excimined within 4 seasonal periods: spring 

(April 29 - May 31), early summer (June 1 - July 31), late summer 

(August 1 - September 15) and fall (September 16 - November 8). 

To allow for a sufficent sample size while detecting size and 

seasonal differences, northern pike were grouped into 3 size 

categories: small (300-499 mm FL), medium (500-699 mm FL) and large 

{> 700 mm FL), and divided into 2 time periods: the stratified 

(June 15-September 15) and unstratified (ice-out-June 14, and 

September 16-ice formation) portions of the open-water season. 
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Table 1.3. Relationship between fecundity (F) and i) fork length 
(FL), ii) total weight (W) and iii) age (A) of a subsample (n=16) 
of northern pike collected from Squeers Lake, Ontario in 1982, 1984 
and 1985. 

Parcimeter Intercept Slope R"' Test F Signif. 
Ratio Level 

Fork Length 
log Fork length 

Weight 
Log Weight 

Age 

•126525.66 
-4.87 

1386.95 
4.81 

260.30 
2.41 

18.31 
0.77 

-6208.89 13200.85 

0.635 
0.665 

0.787 
0.729 

0.449 

24.424 
27.799 

47.954 
34.906 

11.400 

0.001 
0.001 

0.001 
0.001 

0.005 
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Table 1.4. Mean fork length at age (mm) for the male, female and 
overall components of the northern pike population from Sgueers 
Lake, Ontario sampled during spring 1982, 1984 and 1985. Sample 
sizes appear within parentheses. 

Age 
M 

1982 
M 

1984 
M 

1985 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

559 
(1) 
620 
(8) 
645 

(10) 
718 
(2) 
688 
(2) 
780 
(3) 
752 
(1) 

315 
(1) 

590 
(3) 
669 
(16) 
778 

(12) 
834 
(5) 
803 
(4) 

932 
(3) 
986 
(1) 

293 
(2) 

592 
(10) 
658 
(33) 
717 
(23) 
783 
(8) 
785 
(7) 
793 
(4) 
869 
(5) 
986 
(1) 

476 
(7) 
569 
(7) 
601 
(3) 
643 

(12) 
668 
(11) 
750 
(6) 
767 
(2) 
787 
(1) 

283 
(3) 
495 
(4) 
620 
(9) 
661 
(4) 
708 
(4) 
777 
(7) 
863 
(8) 
950 
(4) 

276 
(5) 
491 
(15) 
597 
(25) 
633 

(10) 
667 
(26) 
709 

(22) 
822 
(18) 
878 
(9) 
899 
(3) 

282 
(4) 
472 
(2) 
559 
(10) 
614 
(9) 
653 
(3) 
660 

(16) 
686 
(16) 
741 
(14) 
796 
(4) 
821 
(3) 
807 
(2) 

308 
(5) 
456 
(1) 
624 
(8) 
683 

(10) 
731 
(2) 
753 
(6) 
823 

(11) 
970 
(9) 

1103 
(3) 

310 
(20) 
485 
(5) 
589 
(24) 
657 
(30) 
694 
(7) 
697 

(28) 
770 

(34) 
847 
(27) 
832 
(5) 
821 
(3) 
985 
(5) 
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Figure 1.4. Growth curves depicting the mean length at age (cm) 
for the male, female and overall components of the northern pike 
population from Sgueers Lake, Ontario sampled during spring,1985. 
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Although the size groups were chosen arbitrarily, they generally 

correspond to the sub-adult, mature adult and large adult 

components of the northern pike population. 

a) Diet Composition 

Northern pike > age 1 within Sgueers Lake are piscivorous. 

While aquatic macroinvertebrates Jie mayfly and dragonfly nymphs, 

crayfish and leeches) occurred within 14% of the stomachs, they 

account for only 0.6% of the total prey volxime. Due to their 

infrequent occurrence, all invertebrates were combined into one 

prey category for ease of analysis and graphic presentation. 

Similarly, small fish (ie blacknose shiner, Iowa darter, nine-spine 

stickleback, slimy sculpin and lake chub) were rarely encountered. 

Therefore, they were grouped into a small fish category despite 

differences in their behavioural activity and habitat requirements. 

Although most fish species were present, yellow perch and 

white sucker accounted for more than 50% of the encountered prey 

items (Table 1.5). However, there were seasonal differences. 

Yellow perch were important (as determined by the IRI) during 

spring and early summer. In contrast, white sucker were most 

important during late summer and fall (Table 1.5). Small fishes 

formed an important secondary component during spring, whereas 

burbot and lake trout were utilized during fall. Only 3 (1 y-o-y 

and 2 age 1) northern pike were encountered within the stomachs 

examined suggesting cannibalism is probably minimal. 

b) Diet in Relation to Size 

Generally, the range of sizes of prey consumed increased 

proportionately with predator size (Figure 1.5). Although the 
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Table 1.5. A comparison of the Index of Relative Importance (IRI) 
food values of various prey items encountered within the stomachs 
of pike sampled from Squeers Lake, Ontario during the unstratified, 
stratified and overall open-water periods of 1982, 1984 and 1985. 

Food Item Open-water Season 
Unstratified Stratified Overall 

Yellow Perch 
White Sucker 
Lake Trout 
Burbot 
Small Fish 
Invertebrates 
Pike 

800 
1376 
768 
456 
728 
60 

2288 
2496 

30 
225 
456 
192 
77 

1892 
2345 
205 
327 
586 
134 
20 
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Figure 1.5. The relationship between the length of northern pike 
(nun) and the length of prey items (mm) encountered within pike 
stomachs sampled from Squeers Lake, Ontario during 1982, 1984 and 
1985. 
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linear relationship between prey:predator length was statistically 

significant (ie Y=0.195X-4.133, P<.0001), the level of variation 

between prey;predator size makes this relationship questionable 

given the very weak coefficent of determination (R^=.252). The 

prey:predator length ratio for the overall population was 

0.189+.116 (S.D.) with minimvun and maximum values of 0.016 and 

0.529. Thus Squeers Lake northern pike selected a broad variety 

of prey sizes. 

Yellow perch < 100 mm FL and white sucker <150 mm FL were 

heavily preyed upon by 300-499 mm FL northern pike (Appendix Table 

B.3). Small fish species and burbot <150 mm TL were also 

seasonally important during the unstratified open-water season 

(Table 1.6). 

Yellow perch between 50-150 mm FL were clearly the dominant 

prey item for northern pike between 500-699 mm FL, regardless of 

season (Table 1.6, Appendix Table B.3). The small fish group 

formed the next most important prey group during the stratified 

open-water season whereas burbot were the next most important prey 

item during the unstratified open-water season. White sucker, lake 

trout and aquatic macroinvertebrates made minor contributions to 

the diet of this size group. 

White sucker between 150-400 mm FL were most frequently 

encountered in the stomachs of northern pike > 700mm FL (Table 1.6, 

Appendix Table B.3). Yellow perch and lake trout were the next 

most important prey items for these northern pike. Yellow perch 

>50 mm FL was the second most important prey item during the 

stratified open-water period. At this time, lake trout and prey 
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Table 1.6. A comparison of the Index of Relative Importance (IRI) 
food values of various prey items encountered within the stomachs 
of pike A) 300-499 mm, B) 500-699 mm and >i 700 ram long (fork 
length) sampled within Squeers Lake, Ontario during—the 
unstratified (ie), stratified (ie) and overall open-water seasons 
of 1982, 1984 and 1985. 

Food Item Open-Water Season 
Unstratified Stratified Overall 

A) Pike 300-499 mm 
Yellow Perch 
White Sucker 
Lake Trout 
Burbot 
Small Fish 
Invertebrates 
Pike 

540 
1020 

1480 
3250 

4392 
3850 

434 
609 
139 

2500 
2760 

663 
875 
54 

B) Pike 500-699 mm 
Yellow Perch 
White Sucker 
Lake Trout 
Burbot 
Small Fish 
Invertebrates 
Pike 

3397 
109 
420 

2100 
140 

2166 
323 
336 
442 
1188 
360 
125 

2418 
238 
392 

1066 
774 
175 
52 

C) Pike > 700mm 
Yellow Perch 
White Sucker 
Lake Trout 
Burbot 
Small Fish 
Invertebrates 
Pike 

168 
4300 
3268 

312 

1440 
5220 

73 

154 
153 

788 
4982 
472 
26 

235 
57 
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items from the small fish community were totally cibsent from the 

diet. During the unstratified open-water season, lake trout formed 

the second most important prey item. Yellow perch and aquatic 

macro invertebrates made up the rest of the diet at this time (Table 

1.6) . 

Seasonal Movements and Depth Distribution   

Adult movement during the open-water season was greatest 

during spring spawning. In all 3 years northern pike spawned only 

in the western arm. The importance of the western arm is reflected 

by the fact that i) 69% of the fish initially tagged in the spring 

of 1985 were caught in the trapnet set in the channel separating 

the 2 lake basins, and ii) a further 17% of the initially tagged 

fish were caught within the western basin itself despite netting 

effort throughout the lake. 

The monitoring of fish movement into the western arm was 

initiated on an intermittent basis on March 23, 1985 and began in 

earnest on April 29 (the day of ice-out on the main lake basin). 

The gillnet initially set within the channel indicated that 

individual males begin to enter the western arm by mid-April, 

before ice-out. The main spawning run occurred between May 2-8, 

when 79% of the mature fish actually entered the western arm for 

the first time in 1985 (note: 48 mature pike, representing 22% of 

the estimated mature population within Sgueers Lake were captured 

within the channel net location on May 2) . The movement of 

northern pike into the western arm was primarily at night, with 

very few fish observed within the channel trapnet prior to dusk. 

Spawning was observed within the shallow areas supporting emergent 
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vegetation (primarily Equisetum spp and Carex spp) as early as May 

1. Water temperatures had warmed rapidly within the western arm, 

and mid-day readings as high as 15 C were recorded by May 1 within 

the sheltered shallow areas directly beside the shore. Water 

temperatures within the main basin itself were only 5 C at this 

time. Spawning habitat was extremely limited, even within the 

western arm where <500 m of the shoreline actually supported 

emergent vegetation. Courtship activity was observed within this 

intermittent fringe of vegetation and on detrital matter 

immediately bordering this area. 

Netting suggested that males generally stayed within the 

spawning area longer than females. Although the ratio of 

females :males captured within the gear remained relatively constant 

with the onset of the main spawning run, few females were 

recaptured on a regular basis. A number of males, however, were 

recaptured up to 3 times within the western arm over the two week 

spawning period. 

Following spawning, northern pike rapidly disperse throughout 

the lake from the western arm. Visual observations revealed that 

by May 10 northern pike had re-entered the main lake from the 

western arm (primarily during the evening). By May 8, gillnet 

catches within the main lake basin caught increased numbers of fish 

initially tagged within the western arm. Snorkel transects carried 

out within the western aimi on May 20 revealed only 4 "adult" 

northern pike along the basin's perimeter. By June 13 when the 

transects were repeated, only y-o-y were observed. These 

observations were further supported by the netting results within 
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the western arm of the lake. Combined trapnet and gillnet catches 

from this area decreased to between 1-15 individuals (including y- 

o-y's) for the remainder of the scimpling year. Hence this portion 

of the lake is primarily a spawning area for mature northern pike, 

and serves only as a transitory feeding area. 

Despite attempts at netting all habitat types about the 

lake's perimeter, no specific concentration areas of mature 

northern pike were found. Most of the young-of-the-year and 

yearling northern pike captured within gillnets set within the main 

basin were caught within the small, protected bays along the 

southernmost shoreline at depths < 3 m, often associated with the 

small areas supporting submerged vegetation. Areas such as the 

large rock shelf within the southeast end of the lake, the area 

adjacent to the inflow from the western arm and the lake trout 

spawning shoals all exhibited seasonal importance with respect to 

larger numbers caught at one location (ie >5). However, solitary 

fish comprised the majority of the catches. 

Tagged fish were rarely caught at the same location upon 

siibsequent recapture suggesting that the majority of northern pike 

within Sgueers Lake did not establish a home range. Of 103 

siibsequent recaptures which occurred after May 15 (the date 

established for the present study as near or at the end of 

spawning), 75% were at different locations indicating individual 

northern pike were not confined to any defined area. However, two 

of the 20 fish recaptured twice, and 2 of the 6 fish recaptured 3 

times within the same year were caught at the tagging site. 

Therefore, a number of individuals may have an affinity to a given 
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Figure 1.6. Seasonal vertical distribution of northern pike caught 
within index gillnets set within Squeers Lake, Ontario during the 
1982, 1984 and 1985 open-water seasons. (Note: on the basis of 
1982 and 1984 results, 1985 netting efforts were limited to depths 
< 10 m) 
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Table 1.7. Catch per unit effort (expressed as the number of 
fish/24 hours/100m of net) and amount of effort (E, expressed as 
the number of hours/15.24m of net fished/month) for northern pike 
(NP), lake trout (LT) and white sucker (WS) caught within gillnets 
set within Squeers Lake, Ontario at depths < 10 metres during the 
1985 open-water season. 

Depth 
(M) 

0.0-0.9 
1.0- 1.9 
2.0- 2.9 
3.0- 3.9 
4.0- 4.9 
5.0- 5.9 
6.0- 6.9 
7.0- 7.9 
8.0- 8.9 
9.0- 9.9 

May June 

154.0 
178.3 
201.3 
133.0 
86.5 
42.8 
42.8 
22.0 
22.0 
22.0 

LT 
2.1 

21.2 
13.2 
18.4 
49.5 
1.8 

14.3 

HS 
59.7 
27.6 
44.5 
27.2 
22.2 
1.8 

14.3 

NP 
8.3 
9.6 
6.3 
2.4 

E 
183.0 
183.0 
136.0 
114.3 
67.5 
22.8 
22.8 

LT 
2.6 
8.6 
4.9 
6.9 
2.3 

6.9 

WS 
13.8 
28.9 
35.7 
87.5 
54.8 
34.6 
13.8 

NP 
3.4 
6.9 
5.4 
2.7 
1.2 

6.9 

July August 

0.0-0.9 
1.0- 1.9 
2.0- 2.9 
3.0- 3.9 
4.0- 4.9 
5.0- 5.9 
6.0- 6.9 
7.0- 7.9 
8.0- 8.9 
9.0- 9.9 

E 
158.5 
158.5 
136.3 
89.5 
89.5 
43.0 
43.0 
43.0 
19.8 
19.8 

LT 

3.7 

15.9 

WS 
78.9 

NP 
5.0 

106.9 20.0 
90.6 
59.3 
39.6 
69.6 
54.9 
62.3 
39.9 
47.8 

1.2 

E 
134.0 
134.0 
111.8 
88.0 
68.8 
45.0 
45.0 
45.0 

LT WS 
21.1 
35.4 
9.6 

12.5 

7.0 
21.0 
31.5 

NP 
2.4 
0.8 
1.0 
1.8 
5.7 

September October 

0.0-0.9 
1.0- 1.9 
2.0- 2.9 
3.0- 3.9 
4.0- 4.9 
5.0- 5.9 
6.0- 6.9 
7.0- 7.9 
8.0- 8.9 
9.0- 9.9 

E 
109.5 
109.5 
88.5 
65.0 
43.5 
43.5 
43.5 
59.8 
59.8 
77.5 

LT 

0.9 

2.6 
4.0 
3.0 

WS 
8.2 

21.6 
6.2 
3.6 

NP 
2.9 
8.2 
1.4 
4.8 

3.6 
10.5 
13.2 13.2 
16.3 4.1 

12U5 
121.5 
97.0 
90.5 
70.8 
45.0 
46.3 
46.3 

LT 
18.7 
21.4 
25.8 
17.9 
20.0 
49.0 
20.4 
57.9 

WS 

1.7 
5.2 
2.3 
4.5 
7.0 

NP 
13.0 
2.6 
6.5 
4.0 
1.1 

3.4 
3.4 

November 

0.0-0.9 
1.0- 1.9 
2.0- 2.9 
3.0- 3.9 
4.0- 4.9 

E 
70.5 
70.5 
50.0 
30.0 
27.0 

LT 
8.9 

13.4 
12.0 
3.7 
1.7 

WS 
4.5 
11.8 
1.6 

NP 
4.5 
2.9 
5.7 
1.6 
9.9 
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area. 

Netting suggests that northern pike generally moved 

alongshore. Northern pike were rarely caught at distances > 30 

meters from shore (unless associated with one of the outlying reefs 

or rock shelfs located within the lake) or at depths > 7m (Figure 

1.6, Table 1.7). The majority of northern pike captured within 

gillnets were caught at depths between 2-6m (often at the point of 

the net located at a sharp drop off). The seasonal distribution 

of northern pike within the water column remained the same. 

Numbers do increase within the first meter during the late summer 

and fall periods (Figure 1.6). However, this generally reflected 

the increased susceptiblity of y-o-y to gillnets at this time of 

year. 

Activity of adult northern pike within Squeers Lake was 

crepuscular. Gillnet cateheancreased sharply with the onset of 

dusk, decreased slightly overnight and at dawn and noticeably 

decreased during daylight. Only 21% of the northern pike caught 

within gillnets set during 1984 and 1985 were captured between 

08:00-18:00 hours (Figure 1.7, Table 1.8). 

Young-o f-the-Year 

a) Distribution of Y-O-Y During the Open-water Season 

Monitoring of young-of-the-year was initiated June 3,1985, 

approximately 20-30 days post-spawning, and continued until 

November 6,1985. Despite the use of a variety of gear (including 

.6m and 1.2m fyke nets, seines, plexiglass traps and fine mesh 

gillnets) throughout the lake's littoral area, y-o-y northern pike 

were not caught within the main basin until early to mid-August in 
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Figure 1.7. Diel activity of northern pike caught by index 
gillnets set within Squeers Lake, Ontario over four daily periods 
during the 1982, 1984 and 1985 open-water field seasons. (Note: the 
numbers above each bar depict actual sample size). 
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Table 1.8. Variation in the catch-per-unit-effort (expressed as the 
number of northern pike (NP), lake trout (LT), and white sucker (WS) 
during four daily periods over monthly sampling carried out on Squeers 
Lake, Ontario during the 1985 open-water season. 

Month TIME 

08:00-12:00 12:00-18:00 18:00-22:00 22:00-08:00 
LT WS NP LT WS NP LT WS NP LT WS NP 

May 0.44 0.04 0.17 0.07 0.08 0.08 1.19 2.41 0.38 1.04 1.73 0.11 

June 0.16 0.22 0.14 0.18 0.40 0.04 0.20 2.46 0.64 0.18 2.66 0.27 

July 0.00 0.22 0.18 0.00 0.46 0.18 0.05 2.36 0.06 0.05 6.23 0.21 

August 0.00 0.40 0.00 0.00 0.04 0.04 0.00 3.25 0.40 0.00 1.15 0.10 

September 0.04 0.04 0.17 0.04 0.08 0.00 0.00 2.51 0.68 0.22 1.36 0.50 

October 0.00 0.00 0.15 0.05 0.00 0.16 2.63 0.63 0.59 1.07 0.17 0.42 

November 0.00 0.00 0.23 1.18 0.21 0.63 0.83 0.12 0.45 0.05 0.00 0.20 
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both 1984 and 1985. This further suggests that the western arm 

provides the only major spawning and nursery area within Squeers 

Lake. 

Shoreline and underwater transects disclosed y-o-y northern 

pike were associated with the narrow, intermittent fringe of 

emergent vegetation, or areas protected by overhanging shoreline 

vegetation (primarily leatherleaf, Chaemaedaphne calyculata) found 

along the shoreline of the western arm during the late spring - 

early summer period (ie June 3 - July 10) . Submergent vegetation 

was sparse to non-existent during these sample intervals. The 

aquatic macrophytes present (primarily Potamaoeten spp.) had a 

height of approximately 10-15 cm by mid-June and .25-.5m in early 

July. y-O-Y northern pike at this time could only be collected by 

using dipnets or plexiglass traps set approximately 2m from shore 

(Tcible 1.9). Seine catches within the central basin area of the 

western arm were low consisting primarily of yellow perch <50 mm 

or pelagic white sucker larvae (Table 1.10). 

The annual dispersal of young-of-the-year northern pike toward 

the main lake basin begins by mid-June. Age 0+ pike were captured 

within plexiglass traps set within the channel area separating the 

two lake basins as early as June 13. Observed fry movement was 

greatest during daylight, with twice as many being caught during 

the afternoon vs morning lifts in June and July (Table 1.11). 

Submergent macrophytes were abundant by early August, and were 

found throughout approximately 30% of the basin. Thick beds of 

Utricularia spp. found within the shallow (<.5m) westernmost 

portion of the basin apparently provided poor fish habitat. Seine 
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Table 1.9. Average number of pike young-of-the-year (YOY) and 
other associated small fish species caught within morning (M) and 
evening (E) lifts of Casselman traps (Casselman and Harvey 1973) 
set within the Western Arm of Squeers Lake, Ontario during the 1985 
open-water season. 

Species 
June 
M E 

July 
Sample Month 

M 
August 
M I 

Sept 
M I 

Oct 
M E 

Pike y-o-y 
Blacknose Shiner 

<40 mm 
40-60 mm 
>60 mm 

Yellow Perch 
<50 mm 
50-100 mm 
>100 mm 

White Sucker 
<150 mm 
^150 mm 

Longnose Dace 
Burbot y-o-y 
Iowa Darter 
Nine-spine 

Stickleback 
Number of Trap 

Locations: 

11 

20 
408 

2 

6 
2 
2 

27 
1 

13 

20 
58 
2 

7 

4 

7 
181 

28 
1 

7 

1 

8 1 

2 117 
7 

1 

6 62 346 

65 
15 

35 
29 

4 
2 
1 
6 

3 180 
1 7 

1 
4 

- 1 

1 - 

10 
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catches from these areas (ie sites 1 and 2) were considerably lower 

than the other areas sampled within the basin (Table 1.10). Beds 

of Potamaoeton spp. were located throughout the central portions 

of the western arm. 

Age 0 and 1 northern pike fully utilize the Western basin. 

Eve^ seine sweep made during August within this basin contained 

at least one individual per haul. However, numbers of fry captured 

with the plexiglass traps drastically fell by August suggesting 

that y-o-y northern pike were no longer as closely associated with 

the immediate shoreline and/or were as vulnerable to capture by 

this gear. 

Young-of-the-year northern pike were vulnerable to the 25mm 

and 38nua index net meshes by early August. Young-of-the-year pike 

were caught along the entire length of the net set across the width 

of the Western Arm, indicating that they utilize all depths 

available within this basin. Gillnets set in the main basin also 

caught the first y-o-y at this time. The y-o-y captured within the 

main basin remained within shallower water areas (ie <3m), usually 

at distances <25m from shore. 

By early September, the submergent vegetation had began to 

die. A decreased catch of y-o-y occurred within the Western Arm 

at this time. No y-o-y were captured within the plexiglass traps, 

and seine catches of northern pike fry had dropped sharply. 

However, large numbers of y-o-y yellow perch and blacknose shiner 

were captured within both gears at this time (Tables 1.9 and 1.10). 

Young-of-the-year northern pike continued to be captured within 

both lake basins throughout the remaining open-water sampling 
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Table 1.10. Summary of the number of fish caught by species at various seine locations 
within the Western Ann of Squeers Lake, Ontario during monthly 1985 summer netting 
activities. 

June  July  August September  
Sample Site: 12312312345123456 
Species- — _ 

Northern Pike 
y-o-y ______ I_2311---~- 

_lyr. ______ 

Blacknose Shiner 
4 cm ----- 54 215 2 350 200 100 14 4 67 34 208 - 

4- 6 cm -2-6 34 6 - - - 40 - 
6 cm _______ - - - - ------ 

Yellow Perch 
5 cm 13 2 7 9 55 - 28 32 10 - 3 153 14 149 217 374 68 

5- 10 cm - - - 3 28 - 8 16 10 15 13 11 7 27 33 - 34 
10 cm ---122- - ____ 14 13 - -6 

White Sucker 
y-o-y __72--- - ____ ______ 
15 cm _______ _i__ !_____ 

Iowa Darter __2--- - ____ ______ 
Burbot _______ 2-- - ______ 
Longnose Dace _______ ____ __524 7 
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Table 1.11. Average number of pike young-of-the-year and other 
associated small fish species caught within morning (M) and evening 
(E) lifts of Casselman traps set within the channel area separating 
the two lake basins of Sgueers Lake, Ontario during the 1985 open- 
water season. 

Species 
June 
M 

July 
Sample Month 

M 
August 
M 1 

Sept 
M I 

Oct 
M E 

Pike y-o-y 
Blacknose Shiner 

<40 mm 
40-60 mm 
>60 mm 

Yellow Perch 
<50 mm 
50-99 mm 
> 100 mm 

White Sucker 
< 150 mm 
> 150 mm 

Longnose Dace 
Burbot 
Iowa Darter 
Slimy Sculpin 
Lake Chub 
Nine-spine 
Stickleback 

45 
59 

20 
8 
2 

5 
32 
4 
4 

62 96 4 
15 213 143 
- 7 - 

68 
6 

1 
1 

396 
41 
3 

10 
7 

82 
4 
2 

58 
1 

2 
4 
1 
3 

58 
27 

89 
4 

161 
4 

6 
4 

21 

10 
1 

- 716 
7 

65 50 
2 

1 
2 

29 

- 67 
1 

- 1 

1 - 
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period (September - November), primarily within the sheltered 

bays along the southern shore of the lake, 

b) Y-O-Y Growth and Dietary Changes 

Y-O-Y northern pike grow rapidly within Squeers Lake (Figure 

1.8). Y-O-Y exhibited an average rate of increase of 2.5mm/day 

between early June to early September. This rapid growth is 

accompanied by a rapid change in diet such that y-o-y are 

essentially piscivorous by early July, approximately 50 days post- 

spawning (Figure 1.9). 

Age 0 northern pike collected approximately 20-30 days post- 

spawning, exhibit a mean fork length (±S.D.) and weight (+S.D.) of 

56.4+8.2 mm and 0.91+0.21 grams. At this time, the principal prey 

item were cladocerans (consisting primarily of Polyphemus 

pediculus\ which comprised 89% of the food items encountered. 

However, amphipods (Hvallela azteca) and larval fish fry (primarily 

white sucker, Iowa darter and blacknose shiner) were already 

present, although in low nvimbers within the diet of larger 

individuals (i^ within 59% and 24% of the stomachs sampled 

respectively). 

By early July, y-o-y northern pike exhibited a mean fork 

length and weight of 117.8+8.9 mm and 13.3+2.8g respectively. 

Although epibenthic invertebrates present within the diet in June 

were still present, fish (strictly y-o-y blacknose shiner) were 

found in most of the stomachs (ie 82%) containing food items. 

Mean fork lengths and weights were 207.7+2.7 mm 65.8+22.Og 

respectively by early August. By this time y-o-y northern pike 

were essentially piscivorous, feeding on the various components of 
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Figure 1.8. Mean monthly changes in the fork length (cm) and 
weight (g) of young-of-the-year northern pike sampled from Squeers 
Lake, Ontario during the 1985 field season. 
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the small fish community present within the western basin. Only 

rarely is there an inclusion of invertebrate prey items (primarily 

Hvallela azteca). The size of the prey consumed increased such 

that items up to 100 mm FL were being utilized by late-August. 

By early September, y-o-y northern pike have nearly reached 

their maximum length (Figure 1.8). However, y-o-y continue to 

increase in weight during fall. This is clearly shown by a 30% 

increase in mean weight between early September and early November 

(ie from 112.6+18.0 g to 166.0+35.3 g) despite a mean increase of 

only 30.2 mm in fork length during this same time. 

Abundance and Distribution of the White Sucker and Lake Trout 

Populations 

Population estimates and gillnet CUE results show white sucker 

and lake trout to be the most dominant species within Squeers Lake 

in terms of both numbers and biomass. 

a) White Sucker 

The spring, 1985 white sucker S-E population estimate was 

calculated to be 1457 fish >300 mm FL (95% C.L.=1220-1786). 

Gillnet results over the 1985 open-water period indicate that there 

were even greater numbers of suckers <300 mm FL. However, this 

size range could not be included within the population estimates 

due to their low vulnerability to this gear. 

The potential for the mixing of fish populations between 

Squeers and Watershed Lake (the next lake downstream) was noted in 

late May, 1985. Despite the presence of an old beaver dam, 

spawning suckers from Watershed Lake utilize the Squeers Lake 

outflow stream and actually enter and congregate within the outflow 
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Figure 1.9. Monthly dietary changes exhibited by young-of-the-year 
northern pike sampled from Squeers Lake, Ontario during the 1985 
field season. 
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bay of Squeers Lake. The possibility of the movement of other fish 

species between the two lakes was not examined, but should be 

considered, particularly if the beaver dam was removed. 

White suckers, which were caught in nearly equal numbers at 

all depths < 10m (Table 1.7), exhibited crepuscular and nocturnal 

activity patterns during sampling (Table 1.8). Very few suckers 

>300mm, however, were caught within the gillnets set at depths < 

10m during the 1985 summer stratified season (Table 1.12). This 

absence of larger suckers within these nets suggest the "adult" 

component of the population apparently inhabit the profundal area 

of the lake avoiding the shallow littoral areas during summer, 

b) Lake Trout 

The seasonal and vertical distribution of lake trout within 

the first 10 m of the Squeers Lake water column related directly 

to temperature. No fish were ever found in water temperatures 

exceeding 18 C. CUE data indicate that trout were found to occupy 

the shallow water strata only during the spring and fall sauapling 

periods (Table 1.8). During this time, trout were captured at all 

depths and at all locations excepting the western arm. Netting 

shows that of the three major species, lake trout is the most 

active during daylight (Table 1.9). 

There were approximately 7010 lake trout > 360mm (C.L,=5733- 

7746) in 1985 within Squeers Lake (Ball 1988). Lake trout found 

at depths < 10m during the spring prior to thermal stratification 

in 1982 and 1984 are larger than trout occupying depths >10m. 

However, even these exhibited a mean fork length of only 358mm 

(range=100-550mm), characteristic of a stunted population (Ball 
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Table 1.12. Monthly length distributions (by 100 ram length 
increments) of white sucker caught within index gillnets set within 
Squeers Lake, Ontario during the 1985 field season. Note: all 
netting effort was limited to depths < 10 m. 

Month 
100-199 

Length Intervals 
200-299 300-399 400-499 > 500 

May 46 
June 90 
July 168 
August 21 
September 6 
October / 1 
November 

23 
69 

138 
37 
14 
1 

16 
26 
14 
15 
10 
2 

58 
22 
28 
3 
8 

16 
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1988). 

DISCUSSION 

Population Estimate Variablitv 

Although population estimates approximate actual population 

size, choosing the most accurate estimate is difficult. There 

are a niimber of problems inherent in the use of any population 

estimates (Cormack 1968, Ricker 1975, Seber 1982). In a comparison 

of 4 population estimate techniques for a small brook trout 

fSalvelinus fontinalis ^ population, Havey ^ ^ (1981) found 

population estimates derived by different methods difficult to 

compare when the confidence intervals include the point estimate 

of each estimate employed (Table 1.1). In the present study, the 

1984 and 1985 S-E and point Petersen population estimate series 

reflect the Squeers northern pike population size. However, the 

1982 S-E estimate is likely too low whereas the 1982 Petersen 

estimate series is likely too high. 

The situation within the present study closely parallel 

problems encountered by Havey et ^ (1981) in that the errors 

between population estimates are exacerbated by the field 

techniques used within the studies rather than any fault inherent 

within the methods used. Petersen estimates theoretically should 

be more accurate provided that there is no recruitment, emigration, 

immigration or excess mortality of tagged fish since they allow a 

greater time interval for mixing of marked vs uiunarked fish and 

reduce the potential of "trap-happy" fish. However, there is an 

inherent problem with this type of estimate if there is an active 
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segregation of the fish population between sampling intervals, or 

before initial tagging actually begins. Northern pike have a 

quite disparate distribution within Squeers Lake. Individual 

northern pike were found throughout the lake at depths <10 meters 

(Figure 1.6). A true representation of the size of at least the 

mature portion of the population therefore would require a tagging 

series during the main spawning run. A majority of the northern 

pike tagging was carried out in one specific area of the lake in 

all 3 years of sampling (ie within the western ainn which is the 

only area utilized for spawning by the mature population). 

Provided that this area was the only spawning area availcd>le, 

random dispersal throughout the lake would follow. However, in 

1982 initial sampling occurred after the main portion of the mature 

population had spawned and left the area. Such a small population 

could not be accurately sampled once it had dispersed throughout 

the lake's littoral zone. The steep-sided nature of the lake's 

basin further compounded the problem by limiting the use of 

trapnets to the southern and eastern shores after northern pike had 

dispersed from the spawning area. Despite a similar amount of 

netting effort between 1982 and 1984, the numbers of fish actually 

marked and recaptured in 1982 was very low. This alone would lead 

to an underestimate by the S-E method simply because of the low 

numbers of fish actually handled in 1982, especially if any 

recaptured fish were "trap-happy" or exhibited a home range 

distribution as suggested for northern pike by Malinin (1969, cited 

in Diana et ^ 1977). The overestimate of the 1982 population 

estimates by the Petersen method would occur due to the capture of 
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a greater proportion of the mature fish within the population on 

or near the spawning areas where they were more vulnerable to 

capture in 1984 and 1985. 

Therefore, although netting partly explains the imbalance 

between the estimates of population size, the disparate 

distribution of mature northern pike within deep, oligotrophic 

lakes obstructs attempts to determine population size, despite 

intensive netting effort. Either method would estimate the mature 

portions of such small populations provided that the initial mark- 

recapture period precedes the principal spawning period. If 

economics and logistics permit only one sampling period, then 

minimally the S-E estimate should be carried out. A second year's 

population estimate should be initiated however, in order i) to 

obtain a Petersen estimate as an independent check of the previous 

spring's S-E estimate and ii) to produce a second year's S-E 

estimate which would provide the minimiim information required for 

an initial calculation of an annual production estimate of a given 

population. 

Population Dynamics 

a) Life Cycle and Possible Mechanisms Regulating Population Size 

The mean age at the onset of maturity for the Squeers Lake 

population is similar to the mean age at maturity reported for 

other northwestern Ontario populations and appears "typical" for 

northern pike populations (Mosindy 1980, Donetz 1982, Reid 1985 

and references cited therein). Northern pike mature as early as 

age 1 within southern extremes, and conversely, as late as age 5 

within the northernmost part of its range. 
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Fecundity estimates for Squeers Lake northern pike are higher 

than previously reported for northwestern Ontario populations, but 

are apparently slightly below average when compared to that of 

other populations throughout its range. Table 1.13 expresses 

eggs/gram total body weight for a number of populations. Changes 

in northern pike fecundity appear to be a density dependent, 

stress-mediated physiological response (Kipling and Frost 1969, 

Bagenal 1973, Craig and Kipling 1983). This may account for 

differences between the northwestern Ontario populations. However, 

reasons for the low fecundity rates in northwestern Ontario 

compared to other area populations could not be appraised. 

The spawning pattern of Squeers Lake northern pike is typical 

of other populations. Many populations undergo a migration out of 

the main lake into alternate spawning areas with or following ice- 

out (Carbine 1942; Carbine and Applegate 1948; Franklin and Smith 

1963; Priegel and Krohn 1975; Koshinsky 1979; Gravel and Dube 

1979). Present results agree with previous studies which report 

that males are first to enter spawning areas. The sex ratios of 

1 female to 1.16 males in 1984 and 1.56 males in 1985 appear 

"typical" for northern pike populations, and fit well within the 

reported extreme ranges of 1.2:1 (Casselman 1975) and 1:3 (Carbine 

1942). Water temperatures encountered during the present study 

(Appendix Table A. 3) were well within the range of 5-17 C 

considered critical for spawning (Clark 1950; Fabricius and 

Gustaffson 1958; Franklin and Smith 1963; Priegel and Krohn 1975; 

Dumont ^ ^ 1979; Sukhanova 1979). 

Before northern pike can successfully spawn, vegetation. 
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Table 1.13. Comparison of fecundity estimates (expressed as the 
number of eggs per gram overall body weight) for various 
populations of northern pike. 

Lake eggs/gram Reference 

Squeers L., Ontario 

Henderson L., Ontario 

Savanne L., Ontario 

Lac la Ronge, 
Saskatchewan 

Houghton Lake, Michigan 

Lake George, Minnesota 
(1963) 

Minnesota Average 

Windermere, England 

Siljon, Sweden 

19.42 

14.59 

9.68 

25.29 

23.50 

28.83 

23.00 

27.3-31.9 

13.2 

present study 

Nunan (1982) 

Mosindy (1980) 

Koshinsky (1979) 

Carbine (1944) 

Franklin and Smith 

Carlander (1969) 

Frost and Kipling 
(1969) 

Lindroth (1946, cited 
in Frost and Kipling 1969) 
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preferably flooded terrestrial grasses or emergent aquatic 

vegetation are required to support their phytophilous eggs (Carbine 

1941; Fabricius and Gustaffson 1958; Forney 1968; Ilyina and 

Gordeyev 1970: McCarraher and Thomas 1972; Priegel and Krohn 1975; 

Dumont ^ 1979). The paucity of emergent vegetation and total 

lack of submergent vegetation at the time of spawning, however, 

limits the actual area and type of habitat which can be utilized 

by the Squeers Lake spawning population. The potential area of 

spawning substrate within the western arm (including areas of 

overhanging leatherleaf which may be partially submerged at times 

of high water) varies between 700 and 1400 square meters depending 

on water levels. Since northern pike are a broadcast spawner 

(Fabricius and Gustaffson 1958), there may be insufficent 

vegetation for all the adhesive eggs produced. Eggs deposited on 

the vegetal remains from the previous year or soft silt may remain 

viable and hatch (Clark 1950; Frost and Kipling 1967). However, 

the present study did not investigate egg viablity or hatching 

success. 

The northern pike population is small but relatively stable 

(with annual estimates varying between 0.53-0.70 fish/ha). Forage 

is apparently adequate as indicated by a high growth rate for all 

length and age groups. The reproductive potential is also high 

with respect to the size of the mature population (with a 

population fecundity of approximately 5,647,257 eggs per annum, 

based on the 1985 spawning population). The size of the Squeers 

Lake population is therefore affected by a low recruitment into 

the mature portion of the population. This high mortality rate 
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between egg deposition and recruitment is likely due to the lack 

of spawning habitat and to a lesser extent nursery habitat. A very 

strong link has been established between the presence of vegetation 

and juvenille northern pike survival (Grimm 1981a,1983; Holland and 

Huston 1984,1985). 

High egg deposition within a limited spawning area could 

result in an initial level of severe competition between newly 

hatched fry for both attachment locations and food resources. This 

would result in a high mortality and low growth rate (Fabricius and 

Gustaffson 1958). Density-dependent mortality of northern pike fry 

due to cannibalism may also potentially regulate nvunbers at high 

fry densities (Kipling and Frost 1970, Craig and Kipling 1983, 

Giles et ^ 1986, Wright and Giles 1987). Mortality rates from egg 

deposition to the fry emigration stage (approximately 30 days post- 

hatching) has been reported to be as high as 85-99.93% due to 

variations in habitat and climatic conditions (Carbine 1941, 

Franklin and Smith 1963, Forney 1968). Age 0 northernpike sampled 

within 20 days postspawning had grown rapidly, had full stomachs 

and exhibited no indication of cannibalism. This suggests that the 

key factors limiting pike numbers may occur prior to exogenous 

feeding. 

Hassler (1970) demonstrated egg mortality rates approaching 

100% if water temperatures either suddenly drop below 10 C or are 

prolonged at temperatures near 5 C. This could explain low egg 

survival in a water body such as the Western Arm of Squeers Lake 

which exhibits variable water temperatures which are directly 

proportional to changing air temperatures (Appendix A). Cold 
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spring water temperatures may also inhibit macrophyte growth 

thereby further reducing attachment sites and increasing crowding, 

Hassler (1970) demonstrated that siltation of eggs also resulted 

in high egg mortality (ie up to 97%), although once fry had hatched 

it was no longer important. Monten (1948, cited in Kipling and 

Frost 1970) gave mortality rates of 99.4% between the total number 

of eggs laid to fry (15-21mm), 99.1% between eggs laid to fry 9- 

13mm long (corresponding to the alevin stage which is still 

dependent on endogenous food sources), 78.1% between eggs hatched 

to fry 9-13mm long and 28.6% between fry 9-13mm to 15-21mm long. 

If the probability of survival to age 2 (ie 0.00002) observed in 

Windermere Lake from 1944 to 1980 (Craig and Kipling 1983) is 

applied to the 1985 Squeers Lake egg potential estimate, the 

resulting number of 113 age 2 fish is reasonably close to the 

actual number observed within this population. 

Fluctuating environmental conditions may be responsible for 

the annual variation in recruitment, although these factors were 

not examined. For a number of northern pike populations, 

fluctuating water levels or temperatures, particularly those caused 

by sudden cold snaps, heavy winds and rains, or the lack of 

inundated vegetation have delayed or totally inhibited spawning 

activities for a given year (Clark 1950; Fabricius and Gustaffson 

1958; June 1970,1974,1977; Koshinsky 1979). Low water levels 

within Squeers Lake could also conceivably separate the two lake 

basins. Water levels never exceeded 40 cm within the shallowest 

portion of the channel connecting the two basins at the time of 

spring melt, and a depth of only 5 cm was recorded during late 
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August-November, 1985 despite "normal" precipitation levels for 

1985. If the basins separated, this could either i) isolate the 

only spawning area within the lake during a spring drought or ii) 

if flow stopped after spawning, this would isolate age 0 and 1 fish 

within the western arm. In addition to increased conspecific 

competition for potentially limited resources (both habitat and 

food), y-o-y would not be able to migrate into the main basin. 

Hence, northern pike trapped within the western arm may also be 

faced with a winterkill situation. Oxygen levels within this basin 

(Appendix A) have reached potential winterkill conditions 

(Patriarche and Merna 1970, Casselman and Hamrey 1975). All of 

these factors could adversely affect recruitment in low water 

years. 

b) Growth and Production 

Normally, northern pike growth should decrease with increasing 

latitude due to the strong relationship between temperature and 

growth (Miller and Kennedy 1948, Scott and Crossman 1973). 

However, the growth rate of Squeers Lake northern pike, a mid-range 

population, compares quite favourably with the more southerly 

populations such as those sampled from Murphy Flowage, Wisconsin 

or Lake Oahe, South and North Dakota (Figure 1.10). Because of 

exceptional growth during the first 3 years, the average calculated 

lengths at age attained by this population compares favourably with 

other North American populations, and greatly exceeds growth 

reported for sub-arctic (Miller and Kennedy 1948) and arctic 

oligotrophic lake populations (^ Lake Aleknagik, Alaska: Figure 

1.10). 
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Figure 1.10. Comparisons in the mean length at age of northern 
pike from various populations found throughout its North American 
range. 
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Sgueers Lake pike grow rapidly compared to the average 

reported for Ontario lakes (OMNR 1983), particularly in 

northwestern Ontario. Figure 1.11 displays the growth curves for 

5 northwestern Ontario pike populations. These comparisons reveal 

some intriguing differences between the growth of populations from 

lakes of varying trophic level. The populations from low 

productivity lakes (Sgueers and Greenwater Lakes), grew more 

rapidly than northern pike from mesotrophic (Eagle Lake: Chevalier 

1975) and meso-eutrophic lakes (Henderson Lake; Nunan 1982; Savanne 

LaketMosindy 1980). 

The length at age of fish from Greenwater Lake (a 3060.2 ha 

oligotrophic lake), was nearly identical to that exhibited by 

Sgueers Lake fish (Figure 1.11). Purtheirmore, up to age 8, both 

of these populations grew more rapidly than populations from 

northwestern Ontario mesotrophic and meso-eutrophic water bodies. 

These observed differences in growth rates between lakes of varying 

trophic levels likely reflect the more abundant food source of an 

appropriate size found in oligotrophic lakes. This would promote 

good growth provided the population is of limited size. Mosindy 

(1980), Nunan (1982) and Reid (1985) all showed that no size- 

selective predation occurred within the more abundant northern pike 

populations found within meso-eutrophic Savanne (7.2 fish/ha) and 

Henderson (12.3 fish/ha) Lakes. These northern pike prey mainly 

on small food items, particularly yellow perch and aguatic 

macroinvertebrates. Few prey items >100 mm are consumed. In 

Sgueers and Greenwater Lake small prey items are consumed when 

encountered (Chapter 3), but the most important food items within 
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Figure 1.11. Comparisons in the mean length at various ages of 
five northwestern Ontario northern pike populations. 
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the diet of northern pike >650 mm FL consists of larger prey items, 

(primarily white sucker and lake trout seasonally within Squeers 

Lake, white sucker and coregonids within Greenwater Lake). Since 

these northern pike utilize larger prey items and live within 

optimal summer temperatures (see below), they are able to grow 

faster in oligotrophic lakes. 

Fish production estimates reflect both growth and biomass 

(Chapman 1978). The biomass, production and P/B ratios calculated 

for Squeers Lake pike are very low (Table 1.14). Only the 

Henderson Lake northern pike population prior to an experimental 

walleye pulse fishery (initiated in 1980) had a slightly lower P/B 

ratio. Fish in this lake exhibited very slow growth and the 

population was dominated by old fish (Nunan 1982). These 

production estimates, however, do not take into consideration the 

potential production of younger age classes. Clearly, age 0+ and 

1+ fish within Squeers Lake were the most abundant year classes as 

made evident by the virtual number removed over the course of the 

1985 open-water season. However, there was no accurate means of 

actually quantifying the numbers of these two age-classes. 

Similarly, the effects of sampling undoubtably affected our 

production estimates, particularly in the older age groups. The 

level of sampling in 1984 would clearly put in place a potential 

bias on the production and population structure of a small 

"unexploited" population, despite later attempts to minimize 

sampling mortality. 

The high growth rates achieved by the older age groups in 

Squeers Lake (particularly for the female component of the 
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Table 1.14. Production estimates for various populations of 
northern pike cited within the literature. Data Sources: Squeers 
Lake-present study; Henderson Lake-Nunan 1982; Savanne Lake-Mosindy 
1980; Lake Windermere-Kipling and Frost 1970; River Stour and River 
Frome-Mann 1980; Alinen Mustajarvi-Rask and Arvola 1985; Lake 
Warniak-Ciepielewski 1973. 

Lake Age Number/ Biomass Production P/B 
Classes hectare (kg) (kg) 

Squeers L., Ont. 3-7 0.6 1.33 0.23 0.084 

Henderson L., Ont. 6-14 14.8 8.20 0.72 0.086 

Savanne L., Ont. 4-12 7.5 8.69 2.76 0.318 

Windermere, England >2 33.6 5.49 3.77 0.687 

River Stour, England 1-10 61.0 45.80 26.10 0.570 

River Frome, England 0-10 159.0 68.60 51.50 0.750 

Alinen Mustajarvi, - 20.0 6.90 2.60 0.400 
Finland 

Lake Warniak, Poland 2-9 33.0 22.30 13.80 0.620 
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population) resulted in a relatively constant level of mean biomass 

and production for ages 3-7, with some fluctuation on the basis of 

year-class strength. This continued increase in somatic growth 

rates of the population even after reaching reproductive maturation 

suggests that feeding conditions are optimal. They must be high 

in order to meet the metabolic demands and the diversion of energy 

toward the development of reproductive products in this population. 

The high rate of mortality exhibited by northern pike > age 

8 (independent of known sampling influences) suggest that these 

fish rarely live for more than 10 years within Sgueers Lake. This 

population therefore exhibits an intermediate life span when 

compared to the reported range for other populations, 

c) Feeding Behaviour and Conspecific Interaction 

Northern pike are characterized as opportunistic predators 

feeding on whatever invertebrate or vertebrate prey item is most 

available (Scott and Crossman 1973). Within Squeers Lake, northern 

pike are piscivorous by the end of their first year (Figure 1.9), 

with the size and type of prey taken varying with the age and size 

of the fish (Table 1.6). However, all size groups consumed a wide 

size variety of prey sizes (Figure 1.5, Table 1;6). 

Northern pike have been generally characterized as a sedentary 

fish (Ivanova 1969, Nursall 1973, Diana 1980). Radiotelemetry work 

(Diana ^ ^ 1977, Diana 1980, Chapman and Mackay 1984) 

demonstrated northern pike move < 1000 m, primarily during 

daylight. However, the development of home ranges apparently 

depends on the population being examined. Malinin (1969, cited in 

Diana et aj^ 1977), Makowecki (1973) and Nunan (1982) suggest home 
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range development within their populations whereas Moen and Henegar 

(1971), Diana et ^ (1977), Diana (1980), Mosindy (1980), Chapman 

and Mackay (1984) and the present study failed to demonstrate any 

such pattern. The pattern of northern pike movement as determined 

by netting effort and tag recaptures within Sc[ueers Lake strongly 

supports the telemetry work by Diana ^ ^ (1977) and Chapman and 

Mackay (1984). They demonstrated northern pike moved randomly at 

depths of 2-6m, usually around the edge of the lake. Furthermore, 

Diana et ^ (1977) demonstrated northern pike may revisit some 

areas several times. This could account within the present study 

for those few fish showing little displacement as determined by net 

recapture. 

Although northern pike do not possess visual adaptations to 

low light conditions such as the tapetum lucidum in walleye (Ali 

et al 1977), northern pike in Squeers Lake are generally 

crepuscular (Figure 1.7). CUE results demonstrated that northern 

pike locomotor activity increased to a maximal level at dusk but 

decreased considerably by daylight the following day. Similar 

behavioural patterns have been exhibited by northern pike 

populations studied by Lawler (1969), Casselman (1978), Mackay and 

Craig (1983) and Trimble (1988). Net avoidance may cause some of 

the observed differences in the diel catches during periods of high 

light intensity (Diana 1980). However, this increased crepuscular 

activity within Squeers Lake may also correspond with an increase 

in feeding activity. 

Due to the small population size, the diel feeding pattern of 

northern pike within Squeers Lake could not be quantified. 
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However, the crepuscular activity exhibited by this population 

corresponds with a period of peak movement (and therefore 

vulnerabilty to predation) of white sucker and yellow perch (Emery 

1973, Engel and Magnuson 1976, Ritchie 1984, Trimble 1988). 

Additional information supporting this twilight feeding hypothesis 

is the seasonal presence of burbot within the northern pike's diet, 

which has been demonstrated to be strictly nocturnal with respect 

to its movement activities (Hackney 1973, Scott and Crossman 1973). 

The development of such a behavioural pattern would capitalize on 

the increased chance of encountering preferred prey items when most 

vulnereible. 

Presently there are two foraging models in use to predict 

selection or predator preference. Hodgson and Kitchell (1987) 

succinctly summarized them as follows: 

i) Functional Response Hypothesis: Prey appear in the diets 

of a predator in proportion to their encounter. Diet breadth 

remains unchanged or increases slightly as relative prey 

availability increases, and 

ii) Optimal Foraging Hypothesis: The abundance of low-ranked 

prey in the diet is inversely proportional to that of more highly 

ranked prey. Diet breadth decreases with increases in relative 

prey availability because the presence of low ranked prey in the 

diet depends on the relative abundance of more highly ranked prey. 

Diet breadth decreases as relative prey availablity increases. 

In Sgueers Lake, northern pike alter their diet to fully 

exploit the entire availcible food base. Despite previous studies 

suggesting that northern pike consiune prey items 1/4-1/3 of their 
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overall size (Nursall 1973), the present study strongly supports 

Banks' (1970) contention that the overall size of the northern pike 

only sets an upper limit on the prey size consumed. The wide range 

in prey items and sizes utilized even though "optimal-sized" prey 

are abundant nullifies the underlying concepts of the optimal 

foraging hypothesis supported by Werner and Hall (1974), Werner and 

Gilliam (1984) and Hart and Connellan (1984). O'Brien ^ ^ (1986) 

while working on the zooplanktivorous white crappie (Pomoxis 

annularis), pointed out that since search time had already been 

expended to locate a prey item, the predator would have to expend 

further energy to reposition itself after the initial run should 

it fail to pursue the prey. This seems energetically advantageous 

not only for the planktivorous fish species worked on by O'Brien 

et ai (1986), but for all ambush-type predators to always pursue 

and attack a located prey item. Hart and Hamrin (1988) 

demonstrated northern pike actually chose prey from the smaller 

size categories when multiple sized prey items are offered. The 

reason for this is that northern pike can easily accelerate to 

catch smaller prey items more readily than larger prey, given that 

both prey items are being pursued under similar conditions. Hart 

and Hamrin (1988) state the expected niimber caught is thus a 

function of the rate at which prey are encountered and the 

probability of capture. The large varicibility in size and type of 

prey items consumed by northern pike within Squeers Lake (Figure 

1.5, Table 1.6) reflects substantial opportunism and strongly 

support these view points. The northern pike within Squeers Lake 

also take multiple prey items. This further enforces the 
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suggestion that it is more advantageous for individuals to consiime 

any and all prey items encountered. 

The above arguments do not discount the importance of large 

prey items within the diet. The occurence of infrequent large prey 

items within the diet apparently provide a greater net benefit to 

an individual (Diana 1979, 1987). Nunan (1982) believed it was the 

absence of large prey items that limited northern pike growth 

within nearby Henderson Lake. Furthermore, adult northern pike 

changed their behavioural pattern such that they became 

crepuscular, thus coinciding their primary movements with the 

period of most active movement by their principal prey items (white 

sucker and yellow perch). This suggests that selective adjustment 

can occur. These results strongly support Hodgson and Kitchell's 

(1987) conclusion for largemouth bass another ambush-type predator, 

that "the rules for prey choice are more complex than those based 

on encounter frequency, yet not so rigorous as those based on prey 

switching and strict optimization". Therefore, northern pike 

within Squeers Lake may have modified their behaviour to correspond 

with the movement of their "preferred" food item, but will still 

feed on any prey item encountered. 

Heterogeneous temperature regimes produced habitat segregation 

between age and size classes in the the Squeers Lake population. 

This may be an adaptation or response to limit competition for food 

or cannibalism (Schoener 1974, Keast 1978, Brandt 1980, Hamrin 

1986). Due to the small populations size, the sub-adult and adult 

portions of the northern pike population can spatially segregate 

within Squeers Lake. The present study supported previously 
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demonstrated ontogenetic changes in temperature preferences. 

Larger fish generally occupy greater depths (and therefore cooler 

temperatures) than smaller fish (Ferguson 1958; Hokansen ^ ^ 

1973; Casselman 1978; McCauley and Huggins 1979). Northern pike 

y-o-y have a distinctly higher thermal optimum for growth (ie 26 

C, Hokanson ^ ^ 1972) than do adults (ie 18-20 C: Casselman 

1978). The greatest numbers of y-o-y captured throughout the 

season remained within the western arm where water temperatures as 

high as 25.5 C were recorded. Adult northern pike, however, were 

rarely present within the western arm of the lake after spawning. 

These fish were most frequently caught at depths of 2-6m within the 

main lake basin, where water temperatures varied from 16-21 C 

during the summer period. Therefore, by staying within the main 

basin and deeper water, adult northern pike within Squeers Lake 

avoid any thermal stress conditions and actually occupy areas of 

optimal temperatures for metabolic activity throughout the summer 

months. Similarly, the utilization of the western arm by age 0 and 

1 northern pike ensures these age classes remain within an 

environment which i) is near thermal optima, ii) contains 

apparently large prey populations of near optimal size, and iii) 

reduces the impact of potential conspecific competition and 

predation by being spatially separated from the adult component of 

the population. 

Once y-o-y northern pike enter the main lake basin, their 

survival becomes extremely dependent on their foraging capacity. 

Initial studies have indicated that small fishes (including yellow 

perch) are abundant but concentrated within the small embayment and 
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sandy areas of the lake (Laine 1984; present study). This 

distributional pattern could reflect gear selectivity. However, 

if the gear accurately depicts the true distribution, y-o-y are 

forced to prey on rarely encountered forage until they find areas 

of concentrated food items. Northern pike are able to survive long 

periods of starvation (Ince and Thorpe 1975). Therefore, locating 

these forage areas is within the physiological capacity of y-o-y 

northern pike. Since the sheltered embayments are concentrated 

along the southeastern shoreline, this in part may explain why y- 

o-y were not caught in the sampling gear until August. 

Species Interactions 

The Squeers Lake lake trout - white sucker - northern pike 

fish assemblage is considered "typical" of 10% of all surveyed 

lakes in northwestern Ontario (Johnson ^ ^ 1977). On the basis 

of depth distribution (as determined by gillnet CUE expressed by 

depth of capture), there is a strong overlap in the habitat 

occupied by these three species during the fall and mid-spring 

period (Table 1.8). This study shows that northern pike 

concentrate at depths between 2-6m, lake trout frequent these areas 

but only when the lake is not thermally stratified, and white 

sucker are equally distributed on the bottom throughout the lake. 

All 3 species are most active during dusk and night. 

Lake trout were caught in depths of less than 0.5m at all 

sampling locations besides the western arm during the spring and 

fall (Table 1.8). This suggests lake trout and northern pike in 

Squeers Lake undergo considerable spatial overlap within the 

littoral zone, at least when the lake is unstratified. 
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Lake trout and northern pike also do compete at some level 

for the same food supply. However, differences in food preference 

and areal distribution of the two species likely minimize direct 

competition. Lake trout inhabiting shallow areas (be <10m) fed 

primarily on fishes, concentrating on yellow perch and the other 

small fish species (Ball 1988). A comparison of Schooner's (1970) 

dietary indices for both species, however, indicates low diet 

overlap between lake trout occupying the uppeimiost 10m of the water 

column and the 3 size categories of northern pike examinined. 

Values varied between 0-0.12 when all dietary items were 

considered, and increased to only 0.07-0.43 when comparisons were 

limited to the piscivorous component of this polyphagous trout 

population. The largest overlap occurred between the 300-499 mm 

FL northern pike and piscivorous trout component of the 2 

populations due primarily to the importance of the "small fish" 

component to the diet of both these fishes. 

An ambush predator like the northern pike (Moody et ^ 1983) 

is capable of utilizing prey items up to 50% of its own size that 

it encounters because of its larger size (reflecting its rapid 

growth rate) and its large mouth-gape size (Keast 1978) . Depending 

on the size of the fish, this would make all but the largest 

component of the white sucker and lake trout populations available 

as prey items. 

Lake trout, on the basis of its much smaller overall size and 

more limited mouth-gape, should be considered to be a cruising 

predator which is thermally isolated from the lake's littoral zone 

during its most productive period. The very large population size 
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of this species within Squeers Lake has generally forced lake trout 

to forage on small prey of less than optimal size (Ball 1988). 

Previous studies have clearly shown that fish require food of 

increasingly larger size in order to continue their indeterminate 

growth (Kerr 1971). The high level of intraspecific competition 

demonstrated by this species, particularly during siimmer, as well 

as absence of a suitable pelagic forage fish species has resulted 

in a high consumption of microinvertebrates, which are apparently 

an energetically inferior food source at least to lake trout (Kerr 

and Martin 1970, Konkle and Sprules 1986, Ball 1988). The low 

growth rate in Squeers Lake fish suggests the lake trout's net 

energy intake was insufficent to meet its increased foraging 

demands and maintenance requirements, therefore limiting its 

overall mean size. 

Therefore, although these two species do share the same 

microhabitat areas during this time period and to a lesser extent 

the same food resources, the differences in foraging behaviour, 

mouth-gape size, and overall size of the fish reduces competitive 

pressure between these two species. Furthermore, although there 

is a dietary overlap, the diet breadth is wide for both species 

and does not usually include the same fish prey species. This 

suggests there is little or no competition between these two 

piscine predators. However, the extremely slow growth of the 

Squeers Lake trout population may actually increase its potential 

as a prey item for northern pike. 

Despite examining 588 stomachs. Ball (1988) found no evidence 

of lake trout predation on northern pike. Lake trout, however. 
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apparently form an important seasonal component of the diet of 

northern pike >700 mm FL such that it accounted for 38% and 53% of 

the total number and volume of food items encountered within 

stomachs during the unstratified portion of the year. If 38% of 

the diet of northern pike during the unstratified period is truely 

made up of lake trout at this time, and northern pike have a 1.7%- 

3% daily requirement during the winter months for maintenance as 

reported by Bevelheimer ^ ^ (1985) and Johnson (1966) 

respectively, the northern pike population within Squeers Lake 

could consume between 461.7-814.8 kg or 923-1630 lake trout as 

determined using the mean size of lake trout identified from 

stomachs containing these food items (Note: these daily requirement 

values represent the lowest and highest maintenance values found 

within the available literature for winter conditions). Although 

these levels may be construed to be a large amount of lake trout 

biomass removal, it still represents less than 14-23% of the 

estimated population size of lake trout >360mm FL present within 

the lake. Furthermore, the largest lake trout observed within a 

northern pike's stomach was only 350mm FL, indicating that the 

northern pike's predation pressure is acting only on the portion 

of the trout population which was not yet vulnerable to the gear 

in use for assessing lake trout population size. Similarly, 

although an estimated 753.3--1072.2 kg or 2283-3216 white sucker 

were estimated to have been consumed over the fall-spring period, 

few fish greater than 300mm FL were eaten. This proportion of the 

population which was fed upon was not included within the 

population estimate. This suggests that due to large population 



sizes, northern pike predation pressure had minimal effects on the 

lake trout and white sucker populations. 

Studies of co-heibiting populations of lake trout and northern 

pike examined to date (Great Slave Lake: Rawson 1951; Keller Lake: 

Johnson 1972; Cold Lake: Roberts 1975; Lac la Ronge: Koshinsky 

1979) have demonstrated that there was some dietary overlap. 

However, the northern pike's limited depth distribution around 

these lakes' periphery minimized the interaction between the two 

fish species. There was also no evidence of northern pike 

predation on the lake trout populations themselves within these 

lakes. However, this was readily explained by the relatively large 

mean size of lake trout found within the shallower portions of 

these lakes, and the distribution of smaller lake trout in the 

deeper offshore areas. Similar results were also found for 

northern pike populations which were found to co-habit with lake 

trout in northwestern Ontario lakes which also contained cisco and 

whitefish (Chapter 3, Laine 1986; QMLFAU, unpubl. data). The above 

results suggest that within lakes which contain cisco and/or 

whitefish, the predatory effort of northern pike on lake trout is 

limited due to the abundance of these slower, more suitably sized 

prey items. Due to their co-utilization of these pelagic fish 

species, lake trout also reach a larger maximal size, thus further 

reducing their potential as a prey item. Polyphagous lake trout 

populations are siibject to seasonal predation by pike, however. 

This viewpoint is supported by Paterson (1968) who dociunented that 

polyphagous lake trout in Swan Lake, Alberta were eaten by northern 

pike, although the actual level of predation was not recorded. It 
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would appear however, the sizes of such lake trout populations are 

large enough to counter-balance any predatory effects exerted by 

northern pike. 

The role and interaction between northern pike and the other 

fish species present in Sgueers Lake is less clearly understood. 

The importance (at least on a seasonal basis) of white sucker, 

yellow perch and burbot are clearly indicated by the presence of 

these species within the northern pike's diet. However, the actual 

level of interaction between these species were not measured within 

the present study. Since it is primarily a benthivorous predator, 

there is little evidence large white sucker directly competes with 

northern pike. Similarly, although yellow perch and burbot are the 

only other potentially piscivorous species present within Squeers 

Lake, their lake distributional pattern and relatively small size 

(ie yellow perch are < 200 mm and burbot are < 400 mm) restrict the 

type and size of prey they consume. Therefore, no direct 

competition is suspected to occur between these species and 

northern pike >500 mm FL. 

The interactions between y-o-y northern pike, age 0 and 1 

burbot and all size classes of yellow perch which coinhabit the 

same microhabitat areas within the western arm, however, are 

unclear. Potential diet overlap among coinhabiting, age 0 

zooplanktivorous fish species are probably influenced by a 

multiplicity of factors including the temporal similarity of mouth 

gapes, feeding modes, shifts to non-zooplanktivorous foods among 

fish species and the characteristics of the zooplankton community 

itself (Michaletz ^ al 1987). Zooplankton and aquatic macro- 
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invertebrates are the primary dietary component of similar sized 

yellow perch (Ritchie 1985, Trimble 1988) and burbot (Ryder and 

Kerr 1978) populations within nearby lakes. They are also the most 

important dietary component of age 0 northern pike from the point 

of first exogenous feeding until they switch to a piscivorous diet 

in early to mid-July. However, the apparent "full" nature and 

rapid growth rate exhibited by the y-o-y northern pike examined 

within the present study suggests that there are minimal 

competitive interactions between these species of the fish 

community. 
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THE VALIDITY OF USING SCALES AND CLEITHRA TO AGE A NORTHERN PIKE 
rEsox lucius) POPULATION FROM A SMALL, OLIGOTROPHIC LAKE 

INTRODUCTION 

Scales have traditionally been used to age northern pike 

(Williams 1955, Wainio 1966). However, a number of problems are 

inherent in the use of scales as the principal aging tissue.” 

Evidence presented by Frost and Kipling (1959), Casselman (1974, 

1978), Harrison and Hadley (1979) and Chihuly (1980) using other 

bony tissues suggested that scale ages often underestimated the age 

composition of northern pike following post-maturational decreases 

in growth, and may therefore affect estimates of growth, population 

structure, age at maturity and mortality. Since bony tissues 

preserve calcium which is often resorbed from scales, they provide 

a more valid aging tissue (Simkiss 1974). Casselman (1978, 1979) 

showed cleithra are much more accurate than scales for aging 

esocids. However, their use necessitates killing the fish. 

Assessment of the demography of northern pike within Sgueers 

Lake entails the accurate determination of the population's age 

composition. The small size of this population necescitated that 

few fish be killed. Therefore most age data were obtained from 

scales collected from live fish. Initially, scale and cleithrum 

ages from all sampled fish were compared in order to determine 

whether the same nvunber of annuli were formed on both aging 

tissues. Such a comparison does not validate an age assessment, 

but simply provides a measure of agreement. It does however, 

provide some indication of the confidence to be placed in the 
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interpretations (Beamish and McFarlane 1983,1987; Casselman 1983). 

Beamish and McFarlane (1983) encouraged that assigned ages be 

validated so as to prove accuracy. They emphasized the importance 

of accurate age assessment in understanding life-history traits. 

Validation is considered successful only when the growth zones 

considered to be annuli are demonstrated to form annually for all 

age groups in a population either through the use of mark-recapture 

studies, or through the capture of known-age fish from the 

population (Beamish and McFarlane 1983, 1987). To ensure that 

zones identified as annuli on both aging tissues actually formed 

once a year, this study examined partially known aged fish from: 

i) a mark-recapture program and ii) a subsample of northern pike 

injected with oxytetracycline (OTC) during initial tagging in order 

to establish a "time" mark. OTC binds with proteins in the blood 

and is incorporated only in newly forming and mineralizing bone and 

cartilage (Frost et al 1961, cited in McFarlane and Beamish 1987). 

The use of such mark-recapture techniques and the placing of a 

spatial and temporal orientation mark in calcified tissue (such as 

through the use of OTC) not only provides the scientific basis 

recjuired for age and growth assessment, but also reference material 

for improving subsequent interpretations (Casselman, 1983) . 

MATERIALS AND METHODS 

Northern pike were sampled on Squeers Lake during 1982 by a 

Ministry of Natural Resources field crew and in 1984 and 1985 by 

the author. The majority of samples were taken from northern pike 
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captured during spring population estimates over the three years 

of sampling. At that time, fish were anesthetized with MS 222, 

sampled, tagged with an individually numbered oval Floy tag, given 

an accessory clip, and released. Sampling included the 

determination of sex by external means if possible, a fo^k length, 

total length and weight measurement, and a scale sample from above 

the lateral line, just anterior to the dorsal fin, on the left side 

of the fish. Scale samples were taken from the right side of the 

fish upon subsequent recapture. A portion of the fish captured in 

1982 (n=44) and 1984 (n=75) were also given an intraperitoneal 

injection of 0.5 cc oxytetracycline (brand name Liquimycin) per 

kilogram of body weight in order to produce a "time" mark on bony 

tissues (Weber and Ridgeway 1962, Kobayashi ^ ^ 1964). 

Additionally, cleithra and previous tagging history was 

recorded from all northern pike sacrificed during subsequent 

monthly index gillnetting (a more detailed description of the 

netting activities carried out for this study is available in 

Chapter 1) . Sacrificed fish were representative of all size 

classes (and hopefully all age groups) within the population. The 

index netting program also included a sample of 77 young-of-the- 

year and 52 yearling northern pike which were used to 

identify and locate the first annulus. Of the 125 northern pike 

over age two which were fully sampled, a total of 44 (35%) had been 

injected with OTC. 

Ages for all northern pike sampled were determined by 

counting the ntimber of annuli visible on scale impressions made on 

cellulose acetate slides by a hand operated roller. Annuli were 
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assigned following the criteria outlined by Williams (1955), Frost 

and Kipling (1959), Wainio (1966) and Casselman (1967). The scale 

impressions were read on a microfiche reader at 24-33X 

magnification. The locations of each year increment were marked 

on a paper slip, and the time of year that annulus formation (as 

determined by the presence of "plus" growth following the outer- 

most annulus) occurred was noted. From the scale samples of all 

recaptured northern pike examined, the number of interpreted annuli 

at the time of release and at recapture for each fish were compared 

in order to determine if only one of the interpreted annuli was 

formed annually. 

The cleithra from all northern pike sacrificed for the present 

study were viewed under a magnifying lamp (at a magnification of 

4X) against a black background. Annuli were assigned following the 

criteria outlined by Casselman (1979). All cleithra collected 

during the present study were also examined under a dissecting 

microscope at 6X using an ultraviolet light source for the presence 

of OTC marks. The location of the OTC label on the "marked" 

cleithrum with respect to the outside edge was noted, and the 

number of apparent annuli outside the mark was recorded. To ensure 

unbiased reading and that the mark identified as an OTC label was 

not due to natural flourescence, all cleithra were examined under 

ultraviolet light in order of collection. Any doubtful marks 

present on any of the cleithra were not considered to be an OTC 

label. 

Precision of interpretation between tissues from the same 

individual fish and two readers was calculated initially by 
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determining the percentage level of disagreement. However, percent 

agreement assesses only whether ages assessed by one method equals 

that of the other method. It does not quantify the magnitude of 

differences (Mills and Beamish 1980), nor account for the number 

of age classess within the population (Beamish and Fournier 1981). 

Therefore two alternative indices were also calculated to determine 

the reproducibility of the ages assigned between tissues and agers. 

Beamish and Fournier (1981) and Chang (1982) alternatively proposed 

the use of the average percent error (APE) and of the coefficent 

of variation (CV) and an index of precision (D) respectively, ie. 

APE = 1/R Z.lXij-Xjl/j *100 

CV = 1/R Z, Standard Deviation/Xj *100 

D = CV/^/R 

where R = the number of times the sample was aged 

Xij = the ith age determination of the jth fish 

and Xj = the average age calculated for the jth fish. 

These measurements are not age independent and provide a 

statistical basis to evaluate the reproducibility of age estimates 

between tissues and/or agers. 

RESULTS 

Comparison of Scale and Cleithra Ages 

Generally, both scales and cleithra from Squeers Lake northern 

pike exhibited a readily identifiable pattern of growth zones. 

Only a low level of disagreement occurred between the ages assigned 

to scales and cleithra from the same individual by the principal 

ager for this study. There was 92% total agreement and 99% 



agreement within +1 year between the ages assigned to the two 

tissues (Table 2.1). Disagreements between the two tissues 

occurred as early as age 4 (Appendix Table C.l). However there was 

a very high level of precison between the two aging structures as 

demonstrated by the very low values of the mean average percentage 

error, coefficent of variation and index of precision (Table 2.1). 

Whenever disagreements occured, cleithral ages were generally older 

than scale ages. 

A definite difference was evident with respect to aging fish 

of different sexes. There was 100% agreement between the scale 

and cleithral ages in females. However, some aging difficulties 

were encountered with the scales and to a lesser extent with 

cleithra collected from males, particularly those over 8 years of 

age. Annuli of male fish became more crowded at the edge and had 

a much greater incidence of pseudo-annuli, particularly on the 

cleithra. 

Ages assigned to a subsample of 60 fish by a second reader 

produced an overall lower percentage agreement (72%) between the 

two tissues. However, the mean APE, V or D values did not exceed 

3%, which reflects that the precision level was still high (Table 

2.1) . 

Comparisons of Ages Assigned to Scales and Cleithra by Two Readers 

Comparing the ages assigned by two readers to the same 

structure, cleithra gave the best results with 88% total agreement. 

However, both scale and cleithral ages had 93% and 97-98% agreement 

within + one year and + two years respectively, and the mean values 

for APE, V and D were all < 3% (indicating a high level of 
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Table 2.1. Percent frequencies of agreement, mean index of average 
error (APE), coefficent of variation (V) and index of precision (D) 
for northern pike ages from samples collected from Squeers Lake, 
Ontario, as determined from scales (Sc) and cleithra (Cl) by two 
readers. 

Reader Structure N % Agreement   APE V D 
100 ±lyr +2yr +3yr (%) (%) (%) 

1 Sc:Cl 155 92 99 100 

2 Sc:Cl 57 72 89 97 100 

1 and 2 Sc 113 78 93 97 100 

Cl 61 88 93 98 100 

0.56 0.80 0.57 

2.51 3.86 2.73 

1.78 2.51 1.73 

1.15 1.20 0.85 1 and 2 
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agreement between the two readers for either aging tissue)(Table 

2.1). Overall, the principal ager (Reader 1) assigned older ages 

to the same tissue relative to the second reader (Appendix Table 

C.2). The major discrepancy came in determining whether plus 

growth had yet begun within a given growing season. However, no 

problem occurred with respect to the location of the first annulus. 

Time of Annulus Formation 

The major aging problems in this study dealt with the presence 

or absence of plus growth on the outside edge of the scale from 

samples collected during May to July (Note: for purposes of the 

present paper, plus growth was defined to occur when a minimum of 

1-3 circuli were present after the outermost annulus). Therefore, 

the time of annulus formation for Squeers Lake northern pike was 

determined by examining scales and cleithra collected during April 

to September. This information was supplemented by the multiple 

recapture of tagged fish over the course of the same year. 

The time of annulus formation varied with both age and the 

type of aging tissue used. No new growth was evident at the outer 

edge of either tissue until mid-May to early June, when fish formed 

the first to third annuli (Tables 2.2-2.3). Older age groups, 

however, did not begin to display annulus formation until mid- to 

late June, and annulus formation was not fully complete on either 

aging tissue until mid- to late July. At this time, some 

difficulty occurred in interpreting the edge of the aging 

structure, particularly with older, slower growing males. In 

several instances it could not be determined if the narrow band of 

translucent material on the outside edge had been formed previously 
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Table 2.2. Time of annulus formation as determined by the presence 
of new growth following the outermost annuli on scales collected 
from northern pike Scunpled from Squeers Lake, Ontario during 1982, 
1984 and 1985. The numerator represents the number of fish s^pled 
during a given time period showing plus growth whereas the 
denominator represents the actual number of a given age group 
sampled. 

Scale May June July August 
Age(years) 1-10 11-20 21-31 1-10 11-20 21-30 1-10 1-10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0/5 

0/18 

0/23 

0/7 

0/20 

0/34 

0/24 

0/5 

0/2 

0/5 

0/1 

3/4 

0/4 

2/23 

3/30 

4/29 

0/25 

0/17 

0/11 

0/4 

0/2 

4/4 

1/3 

0/5 

0/3 

0/1 

0/3 

0/2 

0/1 

0/2 

8/8 

4/5 

3/9 

1/4 

2/8 

0/7 

0/4 

0/3 

0/1 

3/3 

9/10 

5/12 

3/6 

4/12 

1/9 

0/5 

0/1 

0/1 

0/1 

0/1 

2/2 

2/3 

1/9 

0/3 

0/1 

0/1 

5/5 

1/1 

7/9 

4/5 

6/10 0/2 

0/1 1/5 

0/1 

0/1 

6/6 

3/3 

0/1 

1/1 

1/1 
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Table 2.3. Time of annulus formation as determined by the presence 
of new growth following the outermost annuli evident oh cTeithra 
collected from northern pike Scunpled from Squeers Lake, Ontario 
during 1982, 1984 and 1985. The numerator represents the ntimber 
of fish sampled during a given time period showing plus growth 
whereas the denominator represents the actual number of a given age 
group sampled. 

Cleithra 
Age (years) 

May 1- 
May 20 

May 20- 
June 10 

June 
10-20 

July 
1-10 

August 
1-10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0/5 

0/1 

0/1 

0/1 

0/1 

0/1 

0/3 

7/8 

1/2 

0/3 

0/2 

0/2 

0/1 

0/6 

0/3 

4/4 

1/2 

1/3 

2/5 

4/9 

1/4 

0/4 

0/1 

0/1 

5/5 

0/1 

4/4 

1/2 

0/1 

0/2 

0/1 

3/3 

3/3 

1/1 

0/1 
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or within a given calendar year. In all cases, annulus formation 

on scales preceded such development on cleithra. 

Validation bv Mark-Recapture 

Comparing age at release with age at recapture of tagged fish 

indicated that either scales or cleithra are valid for aging 

Squeers Lake northern pike to at least age 12 (Table 2.4, Appendix 

Table C.3). Scale annuli agreed with the known-age of the fish 

90.5% of the time. Of those misaged, 84% (16) were underaged by 

one year. There was 100% agreement between assigned cleithra age 

and expected age. When growth between the time of initial spring 

tagging and time of recapture was compared, 16 fish (8 males, 2 

females and 6 of unknown sex) showed fewer annuli than expected, 

8 exhibited less than 1 cm of growth while 13 exhibited less than 

2 cm of growth over a period varying from 4 months to 2 years. 

Validation Through the Use of Oxytetracycline Established Marks 

Of the 44 and 75 fish tagged and injected with OTC in 1982 

and 1984 respectively, a total of 44 (37%) (including 2-1982 and 1- 

1984 tag losses) were recaptured over the 1982, 1984 and 1985 

sampling periods. This ratio is similar to that used in previous 

studies which have utilized OTC labels on bony tissues (Beamish ^ 

al 1983, McFarlane and Beamish 1987). It suggests that the 

procedure used did not increase the mortality rate of 

oxytetracycline injected fish, a concern raised by McFarlane and 

Beamish (1987). Seventy-five percent of this sample exhibited an 

OTC mark on the cleithra. The mark was clearly visible on the 

majority of the samples as a bright yellow band under ultraviolet 

light, particularly on the anterior third portion of the cleithra. 
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Table 2.4. Comparison of the expected and actual number of annuli 
formed on scales collected from recaptured northern pike initially 
tagged in Squeers Lake, Ontario during 1982, 1984 and 1985. (Note: 
the underlined values are the number of northern pike which formed 
the expected number of annuli over the given time of release before 
recapture) 

Nuanber of Annuli 
formed 

Number of years after taoaina 
0 12 3 

-1 

0 

1 

2 

3 

8 

87 4 

67 

1 

2 

10 

2* 

2 

7 

♦sample nximber represents the same fish which was caught twice 
during the 1985 tagging season. 
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Some fish exhibited a very wide tetracycline mark. This 

overflourescence was caused by bone growth being more than just 

unidimensional (Brothers 1983). 

The cleithral age from fish recaptured one to three years 

after initial release had correspondingly increased by one to three 

years at recapture (Table 2.5). Scale ages for 30 of the 33 

samples also agreed with cleithral ages assigned. The fork lengths 

of two mature males showed fewer annuli than expected on scales. 

These fish had increased by less than 1 cm over one and three years 

respectively. The third sample being an apparent tag loss had no 

initial fork length information available. 

DISCUSSION 

The high percent frequency of agreement and low index of 

average error and index of precision between aging tissues and 

between agers (Table 2.1) indicates both scales and cleithra seem 

equally suitable tissues for assigning age structure to Squeers 

Lake northern pike provided that marks interpreted as annuli are 

in fact annually formed. Some disagreement occurred in assigned 

ages given by the two readers for both aging tissues. However 35% 

and 66% of the +1 year disagreement between scales and cleithra 

respectively was accounted for by the presence/absence of plus 

growth. This type of disagreement underlines the importance of 

using a coding system such as the one developed by Casselman (1983) 

which describes both the number of annuli present, and the 

condition of the outside edge of the scale following the last 
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Table 2.5. Comparison of the expected and actual number of newly 
formed annuli following the oxytetracycline label on cleithra from 
northern pike recovered from Squeers Lake, Ontario one month to 
three years following initial capture and the intraperitoneal 
injection of 0.5 cc/kilogram oxytetracycline. 

Number of annuli Number of annuli expected Age groups 
formed 0123 represented 

0 7 _ _ _ 3_7 

1 > 20 - - 3-8 

2 _ _ 1 _ 6 

3 5 7-11 
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annulus and of documenting the time of annulus formation for all 

age groups within a given population. The results follow a general 

trend for most fish species such that when differences between 

aging tissues occurs, scale ages are generally lower than 

corresponding ages determined from an alternate bony tissue. 

The present study strongly supports previous findings that 

the time of annulus formation depends on age and occurs earlier in 

young, sexually immature fish (Casselman, 1967, 1978). Casselman 

(1967) believed that for immature northern pike, temperature was 

the most important factor controlling linear growth and annulus 

formation. However, in mature northern pike, Casselman (1967) 

believed that annulus formation represented a combination of; a 

cessation in growth related to decreasing water temperature; the 

accumulation of reproductive products; and an interruption in the 

resumption of growth in the spring due to spawning. 

The problems associated with not validating age determinations 

have been discussed by Beamish and McFarlane (1983, 1987), Brothers 

(1983) and Casselman (1983). However, despite the number of 

studies examining the age and growth of northern pike, only two 

have actually validated their aging techniques either through the 

use of mark-recapture or OTC marking methods (Frost and Kipling 

1959, Casselman 1978). The results from the present mark-recapture 

and OTC marking experiments confirm that the checks identified on 

both aging tissues within the present study were in fact annuli. 

Upon recovery of these fish and examination of the scales and/or 

cleithrum, i) the nximber of expected zones had formed beyond the 

previously identified age or ii) the niimber of zones following the 



96 

OTC mark equalled the number of years at liberty in most cases. 

Particularly interesting were fish which showed fewer annuli than 

expected on scales and exhibited little or no growth over the 

period of time of initial tagging and subsequent recapture. The 

scope of the present study did not permit us to determine whether 

this lack of growth was due to continuous handling (some of these 

fish were handled up to four times within the time frame of the 

study) or the nearly complete cessation of growth by these 

individuals. The majority of these fish were older mature males 

(ie. 11 of 13). 

In the future, any study assessing ages of northern pike 

populations in northern Ontario should include a combination of 

both scales and cleithra for age assignment. The present study 

has demonstrated the validity of using either scales or cleithra 

to assign ages to northern pike, at least within Scjueers Lake. The 

results also suggest that, provided the precision level between the 

two tissues in estimating ages are high, scales will provide a much 

quicker method of age assessment while also allowing for the live 

release of the sampled fish. Ricker (1975) and Powers (1983) both 

feel a 10% precision level is acceptable. However, they were 

dealing with marine fisheries having species with 20 or more age 

classes. When examining populations of shorter lived species such 

as northern pike, which rarely have more than 10 major age classes, 

a 5% precision level should be used. A maximum mean APE, CV, or 

D level of 5% would ensure a 95% chance that an individual fish 

could be assigned the same age, regardless of tissues used or agers 

involved. This would ensure a method that is both consistently 
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repeatable and practical (Prince ^ ^ 1985) . A mark-recapture or 

OTC labelling program should be considered if the precision level 

exceeds 5%. This would ensure that the age structure for the 

sampled portion of the population is validated. The ease of 

analysis of this additional data collected from any ongoing mark- 

recapture progrcua would quickly validate the population's age 

structure. 

Therefore if there is a high precision level between validated 

scales and cleithra, scales can be used as the principle aging 

tissue for northern pike (although any study using a combination 

of the two tissues would be superior to studies using only scales) . 

This would permit live release thereby lowering the impact on the 

examined population while still ensuring a high degree of accuracy 

in age determination. 
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CHAPTER THREE 
THE POTENTIAL ROLE OF LAKE MORPHOMETRY AND WATER CHEMISTRY ON THE 
REGULATION OF POPULATION SIZE AND GROWTH OF NORTHERN PIKE FROM 14 
NORTHWESTERN ONTARIO LAKES 

INTRODUCTION 

Northern pike (Espx lucius) have been extensively studied 

throughout its holarctic distribution. Tolerant of a wide range 

of environmental conditions, northern pike achieve maximum 

abundance in large, shallow mesotrophic lakes (Scott and Crossman 

1974, Inskip 1982). Northern pike are solitary ( Scott and 

Crossman 1973, Diana et ^ 1977, Diana 1980, Chapman and Mackay 

1984) and opportunistic in their feeding habits (Lawler 1965, Scott 

and Crossman 1973, Mann 1982). 

Despite the large number of northern pike populations and 

their importance as the second most frequently caught and kept game 

fish in northwestern Ontario (Dentry ^ ^ 1980, Bedi and Clifford 

1980), this species has not received much attention from 

researchers. Exceptions are studies by; i) Mosindy on the northern 

pike population present within Savanne Lake (1980) ii) Donetz 

(1982) who synthesized the information on populations from Lake of 

the Woods prior to 1982, iii) Nunan (1982), Reid (1986) and 

Wisenden (1988) who examined the northern pike population within 

Henderson Lake as part of the community response to walleye 

(Stizostedion vitreum) removal via a pulse fishery and iv) the 

author, who examined northern pike within Squeers Lake (Chapter 1, 

this study). Initial comparisons made of growth rates between pike 

populations from 5 northwestern Ontario lakes of vairying physico- 

chemical properties suggested northern pike grew more rapidly in 
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oligotrophia rather than in the more "typical" mesotrophic lakes 

(Chapter 1). However, as stated within Chapter 1, there is little 

information available on northern pike populations from 

oligotrophia lakes. 

An understanding of the factors which influence northern pike 

growth and population size have practical management applications. 

Therefore the objectives of this study were i) to determine the 

population characteristics (ie abundance, age and size structure, 

growth, age at maturity and survival) for populations from 6 

northwestern Ontario oligotrophia lakes, ii) to compare these to 

8 populations found within mesotrophic and meso-eutrophic lakes and 

iii) offer suggestions for managing the northwestern Ontario 

northern pike sport fishery. 

STUDY AREA 

Fourteen northwestern Ontario lakes located within the 

Precambrian Shield area, were chosen for study. In order to 

dec^^ase latitudinal or longitudinal differences, the lakes were 

chosen with regard to the existence of northern pike with the lake, 

and their relatively close proximity to one another (Table 3.1). 

Ontario Ministry of Natural Resources' (OMNR) Quetico-Mille Lacs 

Fisheries Assessment Unit (QMLFAU) and Walleye Research Unit (WRU) 

provided information on the northern pike populations, lake 

morphometry and water chemistry for each lake. The lakes chosen 

include: three lakes which have been the subject of research for 

MSc. theses at Lakeheahead University (ie Mosindy 1980, Nunan 1982, 

Chapter 1 of the present study); three lakes subjected to internal 

OMNR reports (Mosindy 1982, Laine 1984, 1986, 1987, Ritchie 1987) 



ble 3.1. Selected physical and chemical characteristics of lA northwestern Ontario lakes from which northern pike were collected. 

OSSIFICATION/ 
LAKE NAME 

LAT LONG SURFACE 
AREA (HA) 

VOLUME 
(M xio”) 

DEPTH (M) 
MAX MEAN 

PERCENT 
LITTORAL 

TOTAL PHOSPHOROUS 
(ug/1) 

CHLOROPHYLL a SECCHI 
(ug/1) (M) 

ME I 

■igotrophlc 
reenwater 

Lttle Gull 
•ttit 
Lckerel 
queers 

A8°34' 
A9°05' 
A8°57’ 
A8°37’ 

A8°31' 

90°26’ 
91°36' 
92°16' 

91°19* 
90°33' 

3060.2 
325. A 
1197.1 

6058.8 
38A.A 

538.6 
36.8 

126.9 
1072.A 

AA.O 

59.1 
36.3 
25.0 
80.A 

36.1 

17.6 
11.3 
10.6 
17.7 

11.5 

29 
30 
27 
32 

32 

7 
6 

12 
A 

5 

2.2 
2.2 
3.3 
1.3 

1.1 

5.A 

5.8 

2.8 
A.O 
7.0 

2.5 
2.A 
2.8 
1.2 
2. A 

jsotrophic 

>rnadlne 
rooked Pine 
1C des Mille Lacs 

Lobe 

A9°06' 
A8°A7’ 

A8°50' 

A8°A3’ 

92°18’ 
91°0A’ 

90 26’ 
91°20' 

383.7 
160A.0 

2A101.0 

317.0 

34.5 
98.3 

1638.9 
7.8 

19.0 
17.A 

24.A 

19.5 

9.0 
6.1 
6.8 
6.A 

42 
49 

58 
60 

10 
10 
23 
10 

2.5 
2.5 

A.l 
2.5 

3.3 
A.A 

1.8 
3.6 

2, A 

5.7 
4.8 

3.7 

2so-eutrophic 
inderson 
:e 

jskeg 
avanne 
niitefish 

A8°A8' 

A8°51' 
A9°00’ 
A8°A9’ 
A8°13' 

90°17' 

90°05' 
90°02’ 
90°06' 
90°00' 

158.0 

111.9 
3473.3 
36A.3 

3015.0 

3.6 
1.8 

163.2 
9.A 

60.3 

5.3 
3,0 

12.0 
A.3 
6.A 

2.A 
1.6 
A,7 
2.6 
2.0 

100 
100 
66 

100 
99 

15 

29 
15 
50 
27 

6.1 
11.3 
A.7 
8.1 
3.6 

2.5 
1,0 
2.6 
1.5 
1.5 

16.6 

A3.8 
9.1 

25.3 
33.0 
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and eight lakes for which the collected data has received only 

cursory examination (P.A. Ryan, QMLFAU unpublished data. Dr. P.J. 

Colby, WRU unpublished data). 

Since the terms oligotrophic, mesotrophic and eutrophic do 

not have a definite or universally acceptable scale of reference, 

this has resulted in some confusion in their use (Vollenweider et 

al 1974, Forsberg and Ryding 1980). Table 3.2 therefore lists the 

parameters and ranges used in establishing lake trophic status for 

purposes of the present study. On the basis of the mean seasonal 

physical and chemical parameters listed in Table 3.1, the lakes 

were divided into three categories: i) deep oligotrophic, ii) 

shallow oligotrophic or mesotrophic and iii) meso-eutrophic. 

The presence/absence of a thermocline may also be used to 

separate lakes. The five deep, oligotrophic lakes exhibit a well 

developed thermocline between 9-12 m during the mid- to late 

summer. In the remaining nine lakes however, a thermocline was 

either non-existent or difficult to discern. Svunmer winds 

periodically mix these lakes and prevent any long-term chemical or 

thermal stratification. This therefore allows a continual 

recirculation of nutrients within an apparently oligotrophic lake 

such as Bernadine Lake. This allows it to support large areas of 

aquatic vegetation and contain a "typical" boreal coolwater percid 

rather than a coldwater salmonid community. 

A partial listing of the fish fauna present within the study 

lakes is presented in Table 3.3. Other fish species may also be 

present since the small fish communities have not yet been 

completely examined within several of the lakes. 
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Table 3.2. Criteria summarized from the literature to determine 
study lake trophic status. 

CRITERIA TROPHIC CLASS 
OLIGO- MESO- 
TROPHIC TROPHIC 

REFERENCE 
EUTROPHIC 

Total-P 
(ug/1) 

<15 15-25 >25 Forsberg and Ryding 1980 
<10 10-18.5 >18.5 Dillon and Rigler 1975 
<12 12-24 >24 Carlson 1977 
<10 10-20 >20 Wetzel 1975 

Chlorophyll a 
(ug/1) 

<3 3-7 >7 Forsberg and Ryding 1980 
<2 2-5 >5 Dillon and Rigler 1975 
<2.5 2.5-6.5 >6.5 Carlson 1977 
<4.3 4.3-8.8 >8.8 Dobson et al 1974 

Secchi Depth 
(m) 

>4 
>5 
>4 

2.5-4 
3-5 
2-4 

<2.5 Forsberg and Ryding 1980 
<3 Dillon and Rigler 1975 
<2 Carlson 1977 

Morphoedaphic 
Index 

0.8-5.9 6.0-7.3 7.4-50 Adams and Olver 1977 
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Table 3.3. Fish species dociunented to occur within Greenwater (1)» 
Little Gull (2), Pettit (3), Pickerel (4), Squeers (5), Bernadine 
(6), Crooked Pine (7), Lac des Mille Lacs (8), Niobe (9), Henderson 
^0), Ice (11), Muskeg (12), Savanne (13) and White fish (14) Lakes, 
northwestern Ontario. 

Fish Species 8 10 11 12 13 14 

Northern Pike 
Lake Trout 
Lake Whitefish 
Cisco 
Walleye 
Smallmouth Bass 
Yellow Perch 
White Sucker 
Longnose Sucker 
Shorthead Redhorse 

Sucker 
Burbot 
Iowa Darter 
Johnny Darter 
Log Perch 
Trout-Perch 
Lake Chub 
Pearl Dace 
Fathead Minnow 
Bluntnose Minnow 
Mimic Shiner 
Spottail Shiner 
Common Shiner 
Blacknose Shiner 
Emerald Shiner 
Golden Shiner 
Blaclcnose Dace 
Longnose Dace 
Finescale Dace 
Northern Redbelly 

Dace 
Sculpin iCottus sp) 
Deepwater 

Sculpin 
Nine-spine 

Stickleback 
Pumpkinseed 
Green Sunfish 
Central Mudminnow 
Smelt 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ + 
+ 

+ + + 
+ + + 
- - + 
+ - + 
+ - + 
- + - 
+ - - 

+ + - 
+ + + 
+ - + 
- + - 
+ + + 

+ 
+ 
+ 

- - + 

+ 
+ 

+ 

+ 

- + 
+ 

+ + 
- + 

+ 

+ - 

+ - 

+ + 
+ 

+ - 

+ 
.+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

- + + - 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+- 

+ 
+ 
+ 
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Fishing pressure on these northern pike populations varies 

from unexploited to highly exploited. Four lakes receive sufficent 

pressure to have yields which are near or exceed their theoretical 

potential as calculated through the use of the morphoedaphic index 

(Ryder 1965, Ont. Min. Nat. Res. 1983). Table 3.4 lists estimated 

fishing effort levels and harvest as available. Althoughtvairying 

levels of fishing pressure introduces an unaccountable variable, 

its inclusion does reflect the potential growth response to 

exploitation by these populations. Therefore, these lakes provide 

at least some indication of the maximal ranges in the growth 

potential which may be possible for populations within the 3 

different lake types. 

METHODS 

Spring Schumacher-Eschmeyer (S-E) popuation estimates (Ricker 

1975) were calculated for seven fish populations employing 

primarily 1.2m, 1.8m and 2.4m trapnets. The low niunber of 

recaptures prevented the calculation of an S-E population estimate 

on two additional lakes which had tagging programs. Therefore, 

population estimates were determined through the use of the 

modified Petersen estimate (Ricker 1975) for northern pike caught 

during the subsequent year subsequent netting activities or by 

anglers as reported within creel data. The population estimates 

were computed only for fish > 400 mm FL in order to reduce any gear 

selective bias. 

Northern pike data were also obtained from mid-summer gillnet 

surveys carried out on 11 of the study lakes. Nets used included 

both white multifilament and green monofilament nets consisting of 
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Table 3.4. Estimated fishing effort (expressed as rod-hours per 
hectare), harvest, potential yield and the relative yield index 
(RYI:0nt. Min. Nat. Res. 1983) for 14 northwestern Ontario pike 
populations. 

Lake Estimated Estimated Potential RYI 
Effort Harvest Yield (%) 
(R-H/ha) (kg/ha) (kg/ha). 

Source of 
Est'd Effort 
and Harvest 

Greenwater a 
Little Gull 0.9 
Pettit 3.0 
Pickerel a 
Squeers b 
Bernadine 3.4 
Crooked Pine 10.0 
Henderson b 
Ice b 
Lac des Mille Lacs 14.9 
Niobe 2.3 
Savanne b 
Muskeg a 
Whitefish ? 

0.36 
0.25 

0.31 
0.9 

0.9 
0.12 

1.40 

- OMNR 1988 
0.4 90 Laine 1987 
0.55 46 OMNR 1988 

- OMNR 1988 

0.53 58 Ritchie 1987 
0.75 120 OMNR 1988 

0.50 180 OMNR 1988 
1.24 10 OMNR 1988 

- OMNR 1988 
1.64 85 OMNR 1988 

a: no available data, fishing effort believed low 
b: unexploited (sanctuary lake) 
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3-10 15.2m panels (2.5,3.8/5.1,6.4,7.6/8.9/10.1,11.4 and 12.7mm 

stretched mesh). These were separated by 3m spacing lines in 

order to prevent the leading of fish from one panel to another. 

These studies provided northern pike catch per unit effort (CUE, 

expressed as the number of fish/lOOm of net/24 hr period) data. 

Live released northern pike were anesthetized with tricaine- 

methane sulfonate (MS-222), measured, weighed, tagged with an 

individually numbered disc tag, and sexed externally if possible. 

A scale sample was also taken prior to release. In addition to 

the aforementioned information, cleithra were collected as a 

supporting aging tissue and state of sexual maturity data were 

recorded from northern pike collected within gillnets. Diet 

information was also available from stomachs collected from a 

number of the lakes examined. 

Trapnet CUE data were not used because of seasonal differences 

in the vulnerability of mnorthern pike to this gear type. 

Trapnetting success increases during spring when spawning northern 

pike concentrate within shallow areas compared to the remaining 

months when fish scatter throughout the lake. The selective nature 

of this gear for mature northern pike > 400mm FL also limits the 

value of CUE information. 

Comparisons between populations were complicated by i) sample 

sizes, ii) sex-ratio differences, iii) presence of sexually 

dimorphic growth rates, iv) accuracy of aging (particularly for 

populations not aged with a bony tissue), v) seasonal distribution 

of sampling effort and vi) varying levels of exploitation between 

the various populations. Attempts to rectify these problems were 
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made to ensure consistency within the data comparisons. 

Twelve of the fourteen northern pike populations were aged by 

the scale method as these fish underwent live release after 

sampling. The scale method was validated for the Squeers Lake 

northern pike < age 10 by using oxytetracycline and mark-recapture 

methods (Chapter 2). Scale ages were verified with cleithral ages 

whenever this tissue was available. Cleithral ages are more 

accurate then scale ages (Casselman 1978, Chapter 2). Therefore 

assigned cleithral ages were used to resolve any discrepancies 

between the two tissues. The Savanne Lake and Henderson Lake 

populations were aged by cleithra (Mosindy 1980, Nunan 1982). 

Problems were encountered in aging the slow growing 

populations. There was evidence of non-formation of annuli and/or 

scale resorption (as determined by irregular scale edges and the 

merging of scale annuli on the scale edges) once fish reached near 

asymptotic size. There were also some problems in discerning the 

first annulus on both aging tissues for these populations. 

Length frequency histograms were used to describe the length 

frequency of the portion of the populations which were vulnerable 

to the gear in use. Proportional Stock Density (PSD) and the 

Relative Stock Density of northern pike > 750 mm FL (RSD-75) 

values, as described by Anderson and Weithman (1978) and Gabelhouse 

(1984) were used to describe the percentage of quality-sized fish 

within each of the populations sampled. Minimum stock, quality, 

preferred, memorable and trophy lengths that have been assigned to 

northern pike in the literature are 350, 530, 710, 860 and 1120mm 

TL respectively (Gabelhouse 1984). It must be noted that the RSD- 
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X value assigned for the present study is slightly less than the 

860 mm TL assigned by Gabelhouse (1984) as the "memorable" size 

caught. 

As a result of seasonal variation in samples from the various 

lakes, the mean length at age data for each population were 

cal<^lated from lengths back-calculated (using the package 

developed by Frie 1982) to the time of last annulus. On the basis 

of arguments presented by Carlander (1983), a standard intercept 

value of rectilinear body-scale regressions using the Fraser-Lee 

method for calculating growth from scales was determined for the 

examined northwestern Ontario northern pike populations. The 

standard a value (121 mm) was calculated from the eight northern 

pike populations which demonstrated a coefficent of variation (r2) 

value > 0.75 for their rectilinear body-scale regressions. 

Fitting age and growth data for each lake to a von Bertalanffy 

growth curve produced good fits for only seven lakes. Therefore, 

empirical age and growth data were used to construct growth curves 

for each population. For general comparisons, mean length at age 

curves were truncated to include only those age groups which had 

> 5 samples per calendar year in order to decrease the possibility 

of an aberrant growth curve. Due to the relatively small sample 

sizes for most age groups, comparisons were not made between sexes. 

Lysack's (1980) modification of Abrosov's (1969) formula was 

used to determine the mean weighted age and size at maturity for 

each population. The reproductive life span of the average 

northern pike was determined by subtracting the mean weighted age 

at the onset of maturity from the mean age of the catch. To ensure 
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the time of sampling caused no bias with respect to the first age 

at maturity, an additional calendar year was added to the age of 

all fish sampled between June and December. Survival estimates 

were estimated by catch curve analysis (Robson and Chapman 1961) 

using the age frequency distribution of each population. 

In addition to the detailed examination of the feeding habits 

of northern pike populations from Savanne Lake (Mosindy 1980), 

Henderson Lake (Nunan 1982, Reid 1985, Trimble 1988) and Squeers 

Lake (Chapter 1), field identification of stomach contents for pike 

sampled from seven of the remaining eleven lakes were also 

available. These data (which when expressed as the frec[uency of 

occurrence of prey items present) allowed a preliminary examination 

of the differences and similarities in diets between lakes and lake 

type. 

RESULTS 

Relative Abundance and Population Estimates 

The relative abundance of northern pike was clearly highest 

in meso-eutrophic lakes and lowest within the oligotrophic lakes 

(Table 3.5). The majority of northern pike sampled were caught 

within the littoral zones, particularly within the oligotrophic 

lakes. The numbers caught within the summer-set gillnets increased 

substantially at all depths with increasing lake trophic level to 

a point such that CUE was nearly constant at all depths within the 

meso-eutrophic lakes. 

The greatest density of northern pike occurred within meso- 

eutrophic lakes. Population levels of northern pike > 400 mm FL 



Table 3.5. Catch-per-unlt-effort (CUE), expressed as the number of fish caught per 100m of gillnet per 24 hour 
period by depth strata, and population estimates (N) expressed on a number per hectare basis for 14 northwestern 
Ontario northern pike populations, N/A depicts the absence of information with respect to either gillnet CUE or 
population estimate data. 

LAKE CUE 
0-6.5m 6.5-13.0m 13m overall 

POPULATION ESTIMATE 
N 95% C.L. Data Source 

Oligotrophlc 
Greenwater 
Little Gull 

Pettit 
Pickerel 

Squeers 

Average: 

1.07 
1.14 

1.66 
2.11 
3.02 

1.80 

0.24 
2.08 

0.49 
0.39 
0.33 
0.71 

0.02 
0.19 

0.00 
0.00 
0.14 

0.07 

0.36 
1.20 
0.70 
0.53 
1.01 
0.76 

N/A 
0.87 
0.64 
N/A 
0.57 

0.69 

0.43-1.90 

0.24-1.61 

0.50-0.67 

QMLFAU, unpublished 
Laine, 1986 

OMNR, 1988 
QMLFAU, unpublished 
present study 

Mesotrophic 
Bernadine 5.50 5.26 4.72 5.31 4.30 2.87-6.76 
Crooked Pine 4.22 2.60 1.50 1.50 0.80 0.40-2.91 
Lac des Mille Lacs 3.73 1.91 0.00 2.94 N/A 
Niobe 2.9b 0.62 0.00 1.76 3.30 1.78-10.57 

Average: 4.10 2.60 1.56 3.41 2.80 

Ritchie, 1987 
OMNR, 1988 
QMLFAU, unpublished 
OMNR, 1988 

Meso-eutrophic 
Henderson 
Ice 
Savanne 
Muskeg 
Whitefish 

Average: 

N/A 
N/A 
N/A 

16.33 
11.15 
13.74 

N/A 
N/A 
N/A 

13.43 
5.52 
9.48 

N/A 
N/A 
N/A 

; N/A 
N/A 
N/A 

15.03 
8.97 
12.00 

7.41 
9.00 
6.88 
N/A 
N/A 
7.76 

6.79-8.15 
7.69-10.85 

5.78-7.99 

Nunan, 1982 
Colby, unpublished 
Mosindy, 1980 
QMLFAU, unpublished 
QMLFAU, unpublished 
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for the nine lakes this information was available (expressed on a 

per-unit area basis) increased substantially between each lake 

type, such that numbers increased from an average of 0.7/ha in 

oligotrophic lakes to 2.8/ha in mesotrophic lakes, and 7.8/ha 

within the meso-eutrophic lakes sampled (Table 3.5). The 

population estimates for Crooked Pine and Niobe Lakes were of low 

precision as the size of the catch and/or the nximber of subsequent 

recaptures were low upon resampling. 

Size Structure 

The size stucture of the populations determined by the length 

frequency histograms, PSD and RSD-75 varied markedly within the 14 

study lakes (Figure 3.1a-c, Table 3.6). The overall population 

length frequency distributions were generally unimodal. Although 

all populations examined had a mean length between 480-656 ram FL 

(Tcd>le 3.6), few fish greater than 600 mm FL were present within 

the meso-eutrophic and small mesotrophic lakes. Populations from 

the oligotrophic and large, mesotrophic lakes clearly contained the 

greatest proportion of large sized individuals (Figure 3.1, Table 

3.6). Similarly, although PSD values varied from 0.364-0.914 

within the lake data set, RSD-75 values for the oligotrophic and 

large mesotrophic lakes averaged 11.6% (with the lowest value of 

6.7% occurring in oligotrophic Pettit Lake). In the small 

mesotrophic and meso-eutrophic lakes this value averaged 2.9% 

(range:0-10), with only the Savanne Lake population exceeding an 

RSD-75 value of >5% (Table 3.6). 

Age and Growth 

All 14 northern pike populations exhibited similar unimodal 
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Figure 3.1a. Fork length frequency distributions of northern pike 
from 5 oligotrophic northwestern Ontario lakes. 
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Figure 3.1b. Fork length frequency distributions of northern pike 
from 4 mesotrophic northwestern Ontario lakes. 
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Figure 3.1c. Fork length frequency distributions of northern pike 
from 3 meso-eutrophic northwestern Ontario lakes. 
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Table 3.6. Mean fork length, the Proportional Stock Density (PSD), 
Relative Stock Density of fish >750 mm, mean age and size of the 
onset of maturity (as calculated by the modified Abrasov's(1969)“ 
method (Lysack 1980)) for the con±)ined (C), male (M) and female (F) 
portions, and annual mortality rate (A) values for 14 northern pike 
populations sampled in northwestern Ontario. N/A indicates that 
no calculations were possible because of insufficent data 
available. 

Lake Population Parameter 
Mean PSD RSD Mean 
length -75 Age 
(mm) (%) (%) (yr) 

Mean Age Mean Size A Age 
at Mat(yr) at Mat (mm) Grps 
C M F M F (%) 

01igotrophic 
Greenwater 
Little Gull 
Pettit 
Pickerel 
Squeers 

Mesotrophic 
Bernadine 
Crooked Pine 
LDML* 
Niobe 

495 62 13 3.2 3.1 2.6 3.3 
592 57 10 4.1 3.4 2.7 3.7 
605 91 7 4.0 N/A N/A N/A 
623 83 10 6.3 N/A N/A N/A 
656 78 22 5.5 2.8 2.4 3.1 

518 60 0.5 5.2 N/A N/A 3.5 
597 83 9 6.2 3.3 2.5 3.7 
549 53 10 4.3 3.3 3.1 3.6 
480 37 2 4.3 N/A 3.1 4.2 

Meso-eutrophic 
Henderson 499 22 
Ice 501 70 
Muskeg 494 53 
Savanne 586 80 
Whitefish 491 36 

429 562 31 2-10 
N/A 523 36 3-10 
N/A N/A 43 5-8 
N/A N/A 41 6-11 
425 529 44 5-9 

N/A 420 55 5-9 
350 468 36 5-11 
403 440 33 2-11 
385 458 39 3-9 

0 4.3 3.8 3.9 3.8 N/A 
0.2 5.0 N/A N/A N/A N/A 
0 6.2 4.1 4.6 3.9 469 

10 5.9 N/A N/A N/A 363 
3 3.6 2.9 2.6 3.2 358 

N/A 37 5-10 
N/A 51 5-9 
473 25 3-12 
443 44 5-10 
453 47 4-10 

®Lac des Mille Lacs 
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age distributions, with the majority of each population comprised 

primarily of fish between the ages of 2-8. Mean ages of the 

populations varied from 3.2 to 6.27 years, with little or no 

apparent influence due to lake type. All of the populations were 

dominated by younger fish (Figure 3.2a-c), however fish up to age 

14 were caught. The general absence of age 1 and 2 fish reflects 

gear selectivity towards larger, mature fish. 

Growth differences were apparent in these 14 populations. 

Apparently growth progressively increases for populations from the 

meso-eutrophic to mesotrophic to oligotrophic lakes, although there 

were several exceptions. The slower growth of northern pike in 

meso-eutrophic and to a lesser extent in mesotrophic lakes was 

accompanied by a greater variation in the size of individuals. 

The average length at age for the 5 populations from deep, 

stratified oligotrophic lakes was significantly greater than for 

the populations from meso-eutrophic and mesotrophic lakes (Mann- 

Whitney U test, p<0.05. Figure 3.3). However, a considerable 

variation in mean length at age was exhibited even within the 

oligotrophic lake set. Generally, each of these populations grew 

rapidly up to age 4 (Figure 3.4a). Following this age ( which 

roughly corresponds to the age at which 100% of the individuals 

reach sexual maturity), the growth rate decreases but there is a 

continuous addition of somatic tissue as evidenced by increases in 

length. The Pickerel Lake population provided the exception in 

that initial growth rates were significantly less than those of the 

other northern pike populations up to age 4 (Mann-Whitney U test, 

p<0.05). Following this point however, mean length at age 
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Figure 3.2a. Age distributions of northern pike 
oligotrophia northwestern Ontario lakes. 
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Figure 3.2c. Age distributions of northern pike from 3 meso 
eutrophic northwestern Ontario lakes. 
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Figure 3.3. Comparison of the mean growth rates for northern pike 
populations from northwestern Ontario oligotrophia, mesotrophic and 
meso-eutrophic lakes. Error bars depict + one standard deviation. 
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generally equalled that of the other oligotrophic populations. 

Although the populations from mesotrophic lakes appear larger 

in size at specific ages than meso-eutrophic populations, there was 

no significant differences (Mann-Whitney U test, p<0.05) in the 

mean size at age between these two lake types (Figure 3.3). Two 

patterns of growth appears to occur within northwestern Ontario 

mesotrophic lakes (Figure 3.4b). Fish from the two larger lakes 

(ie > 1000 ha) continued to increase in size after age six. Their 

mean length by age eight nearly approaches lengths recorded for 

populations sampled from oligotrophic lakes. Fish from small, 

mesotrophic and meso-eutrophic lakes (Figure 3.4c), however, 

approach an asymptotic mean size at or near 600 mm FL. These 

latter populations consist primarily of small northern pike from 

many age groups with only a few individual fish larger than 600 mm 

FL present. The Savanne Lake population sampled by Mosindy (1980) 

was the apparent exception. This population exhibited a slow, 

constant growth rate throughout all age groups sampled, with no 

evidence of a growth decrease (Figure 3.4c). 

Mean Age at Maturity 

Small sample sizes for the younger age groups seriously 

affected the estimates of mean age and size at onset of maturity 

for a number of the populations (Appendix D.l). Typically, males 

matured at a younger age and smaller size than females (Table 3.6). 

The earliest obsejrved age at first maturity for both male and 

female components was age two (Appendix D.l). The oldest maturing 

population was from an unexploited meso-eutrophic water body (ie 

Muskeg Lake), where neither males nor females reach 100% maturity 
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Figure 3.4a. Comparison of the empirical mean fork length at age 
for northern pike from 5 oligotrophic northwestern Ontario lakes. 
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Figure 3.4b. Comparison of the empirical mean fork length at age 
for northern pike from 4 mesotrophic northwestern Ontario lakes. 
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Figure 3.4c. Comparison of the empirical mean fork length at age 
for northern pike from 5 meso-eutrophic northwestern Ontario lakes. 
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until age 8. 

Populations from meso-eutrophic lakes (and to a lesser extent 

from mesotrophic lakes) mature at a slightly smaller size but 

generally older age than northern pike from oligotrophia lakes 

(Table 3.6). Hence, even though growth rates were much slower in 

the mesotrophic and meso-eutrophic lakes, the age at maturity was 

similar. 

Total Annual Mortality 

For most of the northern pike populations, total annual 

mortality (A) equalled or exceeded 35% (Table 3.6). Total annual 

mortality ranged from 25% for ages 3-12 in Muskeg Lake to 55% for 

ages 5-9 in Bernadine Lake. Although fish up to age 14 were 

encountered within a number of the populations, a high rate of 

natural mortality apparently occurs after age 7 (Figure 3.2a-c). 

Diet 

Northern pike in oligotrophia lakes are primarily piscivorous, 

but very opportunistic with respect to prey fish species selected 

(Figure 3.5). Within the three lakes examined, the fish prey 

species consiomed generally reflected the species diversity present 

within each of the water bodies. Northern pike from Squeers Lake, 

a headwater lake with a relatively simple fish community, consumed 

primarily yellow perch and white sucker. Greenwater Lake northern 

pike concentrated on the two coregonine species present, whereas 

the diet of Pickerel Lake's northern pike consisted primarily of 

yellow perch and other game fish (i^ walleye and smallmouth bass) 

found inhabiting the littoral zone. 

Mesotrophic and meso-eutrophic populations generally fed on 
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Figure 3.5. Percent frequency of occurance of food items 
identified in stomachs of northern pike from A) oligotrophic, B) 
mesotrophic, C) meso-eutrophic and D) overall samples by lake type 
from 9 populations examined" within northwestern Ontario. Data 
Sources: Savanne Lake: Mosindy (1980); Henderson Lake: Nunan 
(1982); Squeers Lake: Chapter 1; Pickerel, Greenwater, Lac des 
Mille Lacs, Niobe, Bernadine and Muskeg Lakes: QMLFAU (unpubl. 
data). 
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similar food items (Figure 3.5). Yellow perch was the predominant 

food item (Figure 3.5). However, aquatic macroinvertebrates 

(primarily mayfly, stonefly and dragonfly larvae) were second in 

importance. Cisco were of major importance (particularly for 

northern pike >500 mm FL) in all lakes where found (Mosindy 1980, 

QMLFAU, unpubl. data).     

DISCUSSION 

The productivity of a lake is based largely on climate and 

its nutrient supply. However, the manner in which nutrients enter 

the food web depends upon many other factors including solar 

radiation, exposure to wind, and shape and size of the lake basin 

(Beeton and Edmondson 1972). The littoral zone with its associated 

vegetation is the most important area of fish production within 

most north temperate lakes. These areas are particularly important 

to northern pike. Other factors being equal, fish production 

within shallow lakes with large littoral zones is much higher than 

in deep lakes with small littoral areas (Hanson and Legget 

1982,1986). However, a greater level of production is not always 

reflected by an increase in growth. Previous studies have shown 

that poor growth rates occur within eutrophic lakes where northern 

pike are the primary or only predator present (Holcik 1968, Snow 

and Beard 1972, Bregazzi and Kennedy 1980). It is also clearly 

illustrated by comparing the mean size at age of northern pike 

populations from mesotrophic and meso-eutrophic lakes when compared 

to populations from oligotrophic lakes. The data suggest that both 

the pattern of resource use and thermal conditions directly affect 
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the age-specific growth rate of these different populations. 

Deep oligotrophic lakes provide much better summer thermal 

conditions than non-thermally stratified lakes, especially in hot 

summers where water temperatures exceed 25 C. Northern pike grew 

rapidly in the stratified oligotrophic lakes which have both 

optimal epilimnial temperatures (ie between 18-21 C, Casselman 

1978) throughout the summer ( ^ Appendix Figure A2), and abundant 

forage fish species present. 

northern pike growth within three unstratified Michigan lakes 

may have been inhibited by sub-optimal thermal conditions during 

the summer months (Diana 1983). This view was supported further 

by Headrick's (1985, cited in Diana 1987) work in Ohio reservoirs 

and Diana's (1987) computer simulations with respect to growth 

within stratified vs unstratified lakes. Headrick (1985, cited in 

Diana 1987) demonstrated that populations in the southernmost areas 

of the northern pike's range took refuge from warm temperatures in 

the metalimnion of we11-oxygenated lakes. 

Lakes too shallow to stratify or lacking oxygen in the 

metalimnion force northern pike to remain at temperatures well 

above optimum (Headrick 1985). This leads to reduced ingestion., 

increased metabolic costs and reduced or even negative growth. 

Lawler (1965) reported activity of northern pike in Heming Lake 

became reduced and feeding nearly stopped when maximum water 

temperatures occurred in July. Therefore, a shorter life span and 

poorer growth in northern pike could be the result of higher 

maintenance costs brought about by high temperatures (Bregazzi and 

Kennedy 1980). Northern pike (especially older age groups) found 



129 

within such lakes are thus subjected to an additional stress 

affecting growth during their supposedly "prime" growing season. 

Therefore, upon reaching a certain maximum size (which generally 

coincides with the mean size of onset of maturity), the energy 

required for routine metabolism and the production of reproductive 

products probably equal or exceed what can be procured and 

converted into available nutrients. Thus no surplus energy is 

available for growth (Webb 1978). 

Northern pike density apparently affects the population's 

growth rate. The majority (ie 78%) of the 14 populations grew 

rapidly up to and including age 2 (Figure 3.4). However, by age 

4, while oligotrophic lake populations continue to grow rapidly, 

meso-eutrophic and to a lesser extent, mesotrophic lake populations 

enter a period of near growth cessation. As fish grow, the upper 

size range of prey consiuned normally also increases. If larger 

prey are not available, or not utilized, the growth rate normally 

decreases. Slower growth of older northern pike age groups (ie > 

age 2) rarely resulted in increased cannibalism. However, a high 

level of intraspecific competition for food items within a given 

hcibitat could lead to decreased-or even a cessation of -growth. 

Dietary intake in such cases meet only maintenance and reproductive 

energy requirements. These problems are further compounded when 

a number of year-classes of similar size overlap. Within the 

shallower non-stratified lakes this could result in heavy 

conspecific competition due to the much higher northern pike 

densities. 

Results presented in Chapter 1 supported by shoreline 
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inspection of the other deep oligotrophia lakes suggest lack of 

spawning habitat and to a lesser extent nursery habitat influences 

abundance levels within oligotrophia lakes. The shoreline and 

littoral zone of the 5 oligotrophic lakes consist primarily of 

bedrock, boulder, rubble or sand. Generally less than 1% of these 

shorelines support aquatic vegetation, particularly during the 

critical spawning period. Therefore, for northern pike within 

oligotrophic lakes it is the presence of vegetation which is 

required for both reproduction as well as for cover and attachment 

sites by those newly hatched y-o-y which survive to the point of 

exogenous feeding. 

Mesotrophic and meso-eutrophic lakes however, are shallower, 

warmer and have a preponderantly mud-silt bottom, which supports 

large areas (up to 70% in lakes such as Whitefish Lake) of emergent 

and/or subraergent vegetation. This greater abundance of vegetation 

provides sufficent suiteible spawning substrate and cover. This 

ensures the survival of high densities of y-o-y northern pike 

regardless of adult densities. This has been demonstrated for 

northern pike fry, particularly within heavily vegetated stocking 

ponds. Grimm (1981a, 1981b, 1983) demonstrated that the abundance 

of vegetation and not the number of northern pike >50 cm was the 

limiting factor controlling the biomass of age 0+ northern pike. 

This has also been shown for largemouth bass (Micropterus 

salmqides), another ambush-type predator noted to inhabit vegetated 

areas. Young-of-the-year largemouth bass survival was best at 

levels of 20-36% aquatic macrophyte cover (Reynolds and Babb 1978, 

Durocher ^ ^ 1984, Wiley ^ ^ 1984). 
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The presence of excessive vegetation within a water body, 

however, may create a major problem to be faced by a foraging fish. 

Increased structural complexity due to increased macrophyte 

abundance may provide at least partial protection for prey species 

from predation and increase energy expenditure required by the 

predator to capture a given prey item (Cooper and Crowder 1979, 

Heck and Thoman 1981, Savino and Stein 1982, Crowder and Cooper 

1982, and references cited therein). The numbers and types of 

prey items used by northern pike from oligotrophic lakes suggested 

no quantitative or qualitative restriction on their diet. However, 

mesotrophic and meso-eutrophic lake populations are apparently 

strongly influenced by availablity of larger prey which are 

necessary for continued growth. Diana (1981, 1987) demonstrated 

the importance to northern pike of the rare inclusion of large 

sized prey. Therefore the very low contribution of fish to the 

diets of northern pike in meso-eutrophic and mesotrophic lakes, 

particularly those < 500 mm indicate these populations to be food 

limited. The dogma of optimal foraging suggests larger sized food 

items would be advantageous for northern pike > 300 mm. However, 

as Mosindy (1980), Nunan (1982), Reid (1985) and Trimble (1988) 

have demonstrated for the populations within Savanne and Henderson 

Lakes, the diets of these fish are nearly devoid of larger-sized 

prey items despite the presence of suitably-sized fish (ie 100-300 

mm) within these lakes. 

Evidence suggests a potential "bottleneck" constraining growth 

occurs since these northern pike, according to optimal foraging, 

are inefficently feeding on smaller prey items such as aquatic 
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macroinvertebrates and small yellow perch rather than the larger 

prey present within these lakes. The low growth rates of northern 

pike which feed on small mean prey size are due to the high cost 

of capturing each gram of food eaten (Hart and Connelan 1984). 

Therefore, the evidence obtained thus far supports the concept that 

northern pike are truely opportunistic predators. Although 

northern pike will prey on larger items when they are encountered 

(which therefore results in greater net benefit to the individual), 

it is the consumption of the small prey items which are more often 

encountered that ensures the suirw^ival of this fish. 

Such a bottleneck does not necessarily constrain year-class 

strength. Being the top level predator within a majority of the 

systems examined, these northern pike populations are subject only 

to conspecific predation effects. However, the field data suggests 

only a low level of cannibalism occurs. Thus decreased foraging 

success for larger food items and increased conspecific competition 

apparently act concurrently so as to depress growth to such a point 

that upon reaching maturation, northern pike meet only their energy 

requirements for basic maintenance and reproduction. 

Lake size and other community components cannot be discounted 

and also appear to influence growth rates, particularly for younger 

fish where competition might be greatest. Northern pike within 

Pickerel Lake, an oligotrophic lake with a diverse fish fauna 

sharing the epilimnetic portions of the lake, showed slower initial 

growth rates up to age 5 (mean length 626 mm FL). However, after 

age 5, growth rates increased substantially and equalled those of 

northern pike from oligotrophic lakes with simple fish communities 
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(Figure 3.4) . Overall lake size is another factor which may affect 

growth within Pickerel Lake. Although only 32% of the lake is 

littoral zone, embayment and riverine fluvial areas existing within 

the lake form large localized mesotrophic conditions within the 

lake. These growth rates could be therefore more reflective of 

mesotrophic rather than strictly oligotrophic habitats.   

Another factor influencing growth differences within several 

of these lakes may be the constant cropping of a fish stock. 

Angling generally removes the larger, faster growing individuals, 

which generally leads to the selection for females (Clady ^ ^ 

1975, Barisov 1978, Otto 1979, Goedde and Coble 1981). As a 

result, there would be decreased growth and possibly lower 

mortality rates. The constant cropping of the larger individuals 

in each age group would allow in overlap in size at age and could 

account for the length and age frequency distributions exhibited 

by the populations in Whitefish and Bernadine Lakes. Although all 

mesotrophic study lakes have moderate to heavy fishing pressure 

which could remove larger individuals in the smaller lakes (Table 

3.4), the larger size of Lac des Mille Lacs and Crooked Pine Lake 

make at least some of their larger fish less vulnerable to anglers. 

This is reflected by the presence of larger fish as depicted by 

their length frequency distributions (Figure 3.1b) and RSD-75 

values which equal those of the oligotrophic lakes examined (Table 

3.6) . 

In Bernadine Lake another factor is the apparent heavy 

exploitation of walleye (Ritchie 1985). A decrease in competition 

from another top predator such as the walleye could result in 
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either increased growth, or increased density which could result 

in a stunting response (Aim 1946, Regier 1977, Nikolskii 1969). 

The Bernadine Lake population resembles that of experimentally 

harvested Henderson Lake (Nunan 1982, Reid and Momot 1985, Wisenden 

1988). In Henderson Lake, northern pike increased in numbers in 

response to decreased competition with walleye (^isenden 1988). 

Northern pike growth within Bernadine Lake may also be reduced due 

to a high level of handling. Creel data indicate 80% of the 

catchable sized northern pike were caught and released at least 

once over one open-water season. 

Some problems can result from comparisons made between 

generally unexploited oligotrophia and highly exploited mesotrophic 

and meso-eutrophic populations. For example, growth differences 

between fish in meso-eutrophic Whitefish and Muskeg Lake suggest 

that there is strong growth compensation due to exploitation within 

Whitefish Lake. While not providing a clearcut demonstration of 

the behaviour of this species under exploitation, the data 

nevertheless suggest that growth rates increase when the fish 

community is perturbed by exploitation or removal of a competing 

predator (Wisenden 1988). This response as well as a high 

fecundity rate allow exploited northern pike populations to 

compensate for increased fishing mortality. Furthermore, the 

minimum age of maturity appears to decrease to age 2 in both males 

and females. These effective compensatory mechanisms are somewhat 

offset however by the greater vulnerability of larger fish to 

capture. 

There are still several elements of the hypotheses presented 
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which require further testing. Two of the most paramount questions 

that have remained unanswered at least within the present study 

include i) the foraging behaviour of northern pike within meso- 

eutrophic lakes and how it is affected by the increased 

heterogeneity of the surrounding environment within this type of 

lake, and ii) the mortality factor regulating the actual number of 

young-of-the-year produced within oligotrophic lakes. However, the 

present study does reflect the variability of northern pike growth 

within northwestern Ontario. Fish characteristically display a 

considerable intraspecific range of growth rates manifested 

according to different conditions of food, space, population size, 

competition or environmental conditions (Weatherly and Rogers 

1978). Northern pike growth rates are apparently greater within 

deep, oligotrophic lakes largely due to i) reduced density 

resulting in decreased intraspecific competition and consequently 

increased food availability and ii) more optimal environmental 

conditions conducive to northern pike growth. It is the shallower, 

meso-eutrophic lakes, however, which yield the greater amount in 

terms of actual population density and yearly production. 

The use of the scale method (such as within the present study) 

has been shown to result in non-random ageing errors biased toward 

more younger ages particularly for slow growing populations 

(Beamish and Harvey 1969, Power 1978, Mills and Beamish 1980, 

Beamish and Fournier 1983). This would actually lead to an 

underestimate of the differences in the growth rates between 

populations. Therefore once validated ages become available for 

each population, actual growth differences will likely be greater 
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than presently reported for populations from the different lake 

types. 

Management Considerations 

Although the pike is often less highly regarded by local 

northwestern Ontario residents than other sport fish species such 

as walleye, lake trout or smallmouth bass, due to their importance 

to non-resident anglers, they are the second most harvested sport 

fish in Ontario (OMNR 1980). The sport fish yield (0.12-1.4 kg/ha) 

for the seven study lakes for which there was fishing pressure 

information clearly demonstrates the highest yield coming from 

meso-eutrophic Whitefish Lake (Table 3.3). 

Angling harvest technologies have greatly improved. 

Techniques now employ trolling motors, depth sounders, downriggers, 

and temperature/oxygen meters. Furthermore, increased knowledge 

of the biology of the sport fish sought by the fisherman make fish 

far more vulnerable. Management agencies have attempted to counter 

this by increasing the control over exploitation through 

regulations such as maximum, minimum or slot size management, 

shortening seasons, decreasing limits, catch and release fishing 

and alternative angling techniques such as lighter tackle, barbless 

hooks and flies only (Colby 1984, Novinger 1984, Brousseau and 

Armstrong 1987, Larkin 1988). In order to protect the northwestern 

Ontario northern pike fishing resource, recommendations are 

necessary if we are to prevent major problems. For example, 

according to the calculated relative yield based on the 

morphoedaphic index (OMNR, 1983), a niimber of the study populations 

are presently overharvested (Table 3.4). 
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Local knowledge has led to specific lakes being considered 

for "trophy" lake status. However, such an assessment has 

generally lacked any biological background for such a designation. 

The suitability of these choices are dependent on the ability of 

individual fish within these populations to reach a large overall 

size. Data from the present study should help to determine which 

lake types may be best suited for development as a trophy northern 

pike fishery. 

The development of a trophy fishery requires the presence of 

sufficent numbers of large sized northern pike. Populations found 

within oligotrophia lakes often have a large proportion of their 

population consisting of large sized individuals (Table 3.6). 

However, the relatively low overall population sizes present within 

such oligotrophia lakes requires that harvest levels of large fish 

be kept low. In addition the amount of fishing pressure that can 

be sustained while retaining such lakes as a trophy fisheiry is 

unknown. The majority of the oligotrophia lakes examined in this 

study are essentially unexploited (Table 3.4). Therefore, trophy 

fishing within oligotrophia lakes may realistically have to be 

restricted to fly-in lakes where fishing effort is already 

constrained by accessibility. 

The two large mesotrophic lakes examined on the other hand 

can still produce a good number of "trophy" sized northern pike 

(Table 3.6) despite heavy fishing pressure (Table 3.4) by 

northwestern Ontario standards. Therefore it would appear the best 

candidate northwestern Ontario lakes that can be effectively 

managed for a trophy fishery are the large (ie >1000 ha) 
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oligotrophia and mesotrophic lakes. 

It is important not to impose a minimal size limit since this 

may adversely affect the population. The arbitrary imposition of 

minimum size limits may cause unfavourable changes in population 

density and age structure. Research has shown that angling can 

quickly alter northern pike growth and mortality rates, adversely 

effect the angling pressure and thereby reduce the utilization of 

the resource (Snow and Beard 1972, Kempinger and Carline 1978, 

Dunning ^ ^ 1982) . Such management regulations actually result 

in a questionable conservation practice if full utilization of the 

available resource is being sought (Snow and Beard 1972). Any 

potential resulting benefits therefore must be weighed to determine 

if a proposed angling regulation invoked to preserve a fish stock 

may actually be self-defeating. 

If the potential to develop a trophy fishery exists, the 

present study suggests a trophy size category of 800 mm TL (750 mm 

FL) be established (Note; The differences between fork length and 

total length within this discussion have been rounded off to the 

nearest 5 cm interval. Although this is not totally accurate, it 

was done for greater ease in i) presenting management implications 

and ii) future enforcement). Furthermore, daily possession should 

be limited one fish >800 mm TL/day. To protect such a fishery, the 

elimination of the spring angling season should also be considered. 

This would protect spawners that are extremely vulnerable to 

angling at this time. For example, in Squeers Lake a total angling 

effort of 23.8-28 rod-hrs/spring (ie 0.06-0.07 rod-hrs/ha) captured 

15% of the population and 15-18% of the entire biomass of mature 
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northern pike in the lake. This high angler vulnerability of 

northwestern Ontario northern pike populations was also clearly 

shown by Mosindy et ^ (1987) who demonstrated that with only 1.24 

rod-hrs/ha over the entire year, they effectively removed 50% of 

the total annual production of 2.76 kg/ha. 

Within oligotrophic lakes (as demonstrated by the Squeers Lake 

population in Chapter 1), northern pike clearly exhibit sexually 

dimorphic growth rates favouring females. As a result any trophy- 

type fishery would be selective toward females. Therefore 

implementation of a protective slot limit of 700-800 mm TL (650- 

750 mm FL) should seriously be considered in order to protect the 

main portion of the mature female component of the population. 

This would allow each female 2-3 spawning opportunities while 

ensuring the fisherman that a trophy situation will be maintained 

through continued recruitment of larger fish. Alternatively, if 

this is considered impractical by putting in place too many 

restrictions and regulations, it is suggested a limit of one fish 

>700 mm TL such as is presently pending for the Northwest Region 

should be implemented. 

Finally, the present limit of six fish/day in all liklihood 

could be maintained for fish <700 mm TL. Fish of this size are 

believed to be more resilient to angling. It has generally only 

been the larger component of the population which faces the 

greatest possibility of being adversely affected by angling (Otto 

1979). By harvesting the more abundant younger year-classes the 

negative effect of minimiam size limits on the quality size of fish 

(Snow and Beard 1972, Kempinger and Carline 1978) could be avoided. 
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The adoption of the above recommendations would minimally 

effect the majority of the existing northern pike fisheries, 

particularly those within the small mesotrophic and meso-eutrophic 

lakes where the fish caught are generally <650mm FL (Figure 3.4), 

and where the most active northern pike fisheries presently occur 

(Table 3.4). These recommendations would also allow the 

development of additional management and marketing strategies to 

help realize the full potential of this sport fish in northwestern 

Ontario. 



141 

REFERENCES 

Abrosov, V.N. 1969. Determination of commercial turnover in 
natural bodies of water. Problems in Ichthyology 9:482-489. 

Adams, G.F. and C.H. Olver. 1977. Yield properties and structure 
of boreal percid communities in Ontario. Journal of the 
Fisheries Research Board of Canada 34:1613-1625. 

Ali, M.A., R.A. Ryder and M. Anctil. 1977. Photoreceptors and 
visual pigments as related to behaviural responses and 
preferred habitats of perches (Perea spp.) and pike perches 
(Stizostedion spp.). Journal of the Fisheries Research 
Board of Canada 34:1475-1480. 

Aim, G. 1946. Reasons for the occurrence of stunted fish 
populations. Institute of Freshwater Research Drottingholm 
Report 25. 

Anderson, R.O. and A.S. Weithman. 1978. The concept of balance 
for coolwater fish populations. Pages 371-381 in R.L. 
Kendall, ed. Selected Coolwater Fishes of North America. 
American Fisheries Society Special Publication 11, Washington, 
D.C. 

Bagenal, T.B. 1973. Fish fecundity and its relation with stock 
and recruitment. Conseil International pour 1'Exploration de 
la Her 64:186-198. 

Ball, H.E. 1988. The dynamics of a polyphagous lake trout, 
Salvelnus namaycush (Walbatun), population in a northwestern 
Ontario lake. MSc thesis. Lakehead University, Thunder Bay, 
Ontario. 

Banks, J.W. 1970. Observations on the fish population of 
Rothernemere, Cheshire. Field Studies 3:357-379. 

Beamish, R.J., G.A. McFarlane and D.E. Chilton. 1983. Use of 
oxytetracycline and other methods to validate a method of age 
determination for sablefish. Proceedings of the International 
Sablefish Symposimn. Alaska Sea Grant Report 83-3:95-116. 

Beamish, R.J. and G.A. McFarlane. 1983. The forgotten requirement 
for age validation in fisheries biology. Transactions of the 
American Fisheries Society 112:735-743. 

Beamish, R.J. and G.A. McFarlane. 1987. Current trends in age 
determination methodology. Pages 15-42 in R.C.Summerfelt and 
G.E.Hall,editors. Age and growth of fish. Iowa State 
University Press, Ames, Iowa. 

Bedi, N. and P. Clifford. 1980. Methodology and selected results 
for the 1980 surveys of Ontario's resident and non-resident 
sport fishermen. Ontario Ministry of Natural Resources, 



142 

Fisheries Branch. 

Beeton, A.M. and W.T. Edmondson. 1972. The eutrophication problem. 
Journal of the Fisheries Research Board of Canada 29:673-682. 

Borisov, V.M. 1978. The selective effect of fishing on the 
population structure of species with a long life cycle. 
Journal of Ichthyology 18:896-905. 

Brandt, S.B. 1980. Spatial segregation of adult and young-of-the- 
year alewives across a thermocline in Lake Michigan. 
Transactions of the American Fisheries Society 109:469-478. 

Bregazzi, P.R. and C.R. Kennedy. 1980. The biology of the pike, 
Esox lucius L., in a southern eutrophic lake. Journal of Fish 
Biology 17:91-112. 

Brothers, E.B. 1983. Summary of round table discussions on age 
validation. Pages 35-44 in L.D. Prince and L.M. Palos, 
editors. Proceedings of the International Workshop on age 
determination of oceanic pelagic fishes: tunas, billfishes, 
and sharks. United States National Marines Fisheries Service, 
NOAA Technical Report NMFS 8, Miami, Florida. 

Brousseau, C.S. and E.R. Armstrong. 1987. The role of size limits 
in walleye management. Fisheries 12:2-5. 

Carbine, W.F. 1941. Observations on the life history of the 
northern pike, Esox lucius, in Houghton Lake, Michigan. 
Transactions of the American Fisheries Society 71:149-164. 

Carbine, W.F. 1942. Egg production of the northern pike, Esox 
lucius L., and the percentage survival of eggs and young on 
the spawning grounds. Michigan Academy of Science, Arts and 
Letters 29:123-137. 

Carbine, W.F. and V.C. Applegate. 1948. The movement and growth 
of marked pike (Esox lucius L.) in Houghton Lake and the 
Muskegon River. Papers of the Michigan Academy of Science, 
Arts and Letters 32:215-238. 

Carlson, R.E. 1977. A trophic state index for lakes. Limnology 
and Oceanography 22:361-369. 

Carpenter, S.R., J.F. Kitchell and J.R. Hodgson. 1985. Cascading 
trophic interactions and lake productivity. BioScience 
35:634-639. 

Casselman, J.M. 1967. Age and growth of northern pike, Esox lucius 
Linnaeus, of the upper St. Lawrence River. M.Sc. thesis. 
University of Guelph, Guelph, Ontario. 

Casselman, J.M. 1974. Analysis of hard tissue of pike (Esox 
with special reference to age and growth. Pages 13-27 in T.B. 



143 

Bagenal, editor. The ageing of fish. Unwin Brothers Ltd., 
Surrey, England. 

Casselman, J.M. 1975. Sex ratios of northern pike, Esox lucius 
Linnaeus. Transactions of the American Fisheries Society 
104:60-63. 

Casselman, J.M. 1978. Calcified tissue and body growth of northern 
pike, Esox lucius Linnaeus. PhD Thesis. University of Toronto, 
Toronto, Ontario. 

Casselman,” J.M. 1978b. Effects of environmental factors on gtCMth, 
survival, activity and exploitation of northern pike. Pages 
114-128 in R.L. Kendall, ed. Selected coolwater fishes of 
North America. American Fisheries Society Special Publication 
No. 11, Washington, D.C. 

Casselman, J.M. 1979. The esocid cleithrum as an indicator 
calcified tissue. Pages 249-272 in J. Dube and Y. Gravel, 
editors. Proceedings of the 10th Warmwater Workshop. Special 
Publication of the Northeastern Division of the American 
Fisheries Society, Montreal, Quebec. 

Casselman, J.M. 1983. Age and growth assessment of fish from their 
calcified structures - techniques and tools. Pages 1-17 iji 
L.D. Prince and L.M. Palos, editors. Proceedings of the 
International Workshop on age determination of oceanic 
pelagic fishes; tunas, billfishes, and sharks. United States 
National Marine Fisheries Service, NOAA Technical Report NMFS 
8, Miami, Florida. 

Casselman, J.M. and H.H. Harvey. 1973. Fish traps of clear 
plastic. Progressive Fish-Culturist 35:218-220. 

Casselman, J.M. and H.H. Harvey. 1975. Selective fish mortality 
resulting from low winter oxygen. International Association 
of Theoretical and Applied Limnology Proceedings 19:2418-2429. 

Chang, W.Y.B. 1982. A statistical method for evaluating the 
reproducibility of age determination. Canadian Journal for 
Fisheries and Aquatic Sciences 39:1208-1210. 

Chapman, C.A. and W.C. Mackay. 1984. Versatility in habitat use 
by a top aquatic predator, Esox lucius L. Journal of Fish 
Biology 25:109-115. 

Chapman, D.W. 1978. Production in fish populations. Pages 5-25 in 
S.D. Gerking, ed. Ecology of freshwater fish production. 
Blackwell Scientific Publications, Oxford. 

Chevalier, J.R. 1975. Eagle Lake Project, Final Report. Ontario 
Ministry of Natural Resources, Dryden District. 

Chihuly, M.B. 1980. Biology of the northern pike, Esox lucius 



144 
Linnaeus, in the Wood River Lakes system of Alaska, with 
emphasis on Lake Aleknagik. University of Alaska, Fairbanks, 
Alaska. 

Ciepielewski, W. 1973. Experimentally increased fish stock in pond 
type Lake Warniak, III. Biomass and production of pike (Espx 
lucius L.). Eckologia Polska 21:445-461. 

Clady, M.D., D.E. Campbell and G.P. Cooper. 1975. Effects of 
trophy angling on unexploited populations of smallmouth bass. 
Pages 425-429. iji R.H. Stroud and H. Clepper, eds. Black bass 
biology and management. Sport Fishing Institute, Washington, 
D.C. 

Clark, C.F. 1950. Observations on the spawning habits of the 
northern pike, Esox lucius, in northwestern Ohio. Copeia 
1950:285-288. 

Colby, P.J. 1984. Appraising the status of fisheries: 
rehabilitation techniques. Pages 233-257 iji V.M. Cairns, P.V. 
Hodgson and J.O. Nriagu ed. Contaminant effects on fisheries. 
John Wiley and Sons, New York. 

Cooper, W.E. and L.B. Crowder. 1979. Patterns of predation in 
simple and complex environments. Pages 257-267 in R.H. Stroud 
and H. Clepper, eds. Predator-prey systems in fisheries 
management. Sport Fishing Institute, Washington, D.C. 

Cormack, R.M. 1968. The statistics of capture-recapture methods. 
Oceanography and Marine Biology Annual Review 6:455-506. 

Craig, J.F. and C. Kipling. 1983. Reproduction effort versus the 
environment; case histories of Windermere perch, Perea 
fluviatilis L. and pike Esox lucius L. Journal of Fish 
Biology 22:713-727. 

Crossman, E.J. and J.G. Hamilton. 1978. An apparatus for sampling 
gut contents of large, living fishes. Environmental Biology 
of Fishes 3:297-300. 

Crossman, E.J. and J.M. Casselman. 1987. An annotated 
bibliography of the pike, Esox lucius (Osteichthyes: 
Salmoniformes). Royal Ontario Museum, Totronto, Ontario. 

Crowder, L.B. and W.E. Cooper. 1982. Habitat structural complexity 
and the interaction between bluegills and their prey. Ecology 
63:1802-1813. 

□entry, W., P. Edwards and D. Gale. 1980. An analysis of non- 
resident sport fishing activity during 1978 in the West 
Patricia region of northwestern Ontario. Ontario Ministry of 
Natural Resources, West Patricia Land Use Plan, Fisheries 
Technical Report No. 12. 



145 

Diana, J.S. 1979. The feeding pattern and daily ration of a top 
carnivore, the northern pike (Esox lucius). Canadian Journal 
of Zoology 57:2121-2127. 

Diana, J.S. 1980. Diel activity pattern and swimming speeds of 
northern pike (Esox lucius^ in Lac Ste. Anne, Alberta. 
Canadian Journal of Fisheries and Aquatic Sciences 37:1454- 
1458. 

Diana, J.S. 1983. Growth, maturation and production of northern 
pike in three Michigan lakes. Transactions of the American 
Fisheries Society 112:38-46. 

Diana, J.S. 1987. Simulation of mechanisms causing stunting in 
northern pike populations. Transactions of the American 
Fisheries Society 116:612-617. 

Diana, J.S., W.C. Mackay and M. Ehrman. 1977. Movements and 
habitat preference of northern pike (Esox lucius) in Lac Ste. 
Anne, Alberta. Transactions of the American Fisheries Society 
106:560-565. 

Dillon, P.J. and F.H. Rigler. 1975. A simple method for predicting 
the capacity of a lake for development based on lake trophic 
status. Journal of the Fisheries Research Board of Canada 
32:1519-1531. 

Dobson, H.F.H., M. Gilbertson and P.G. Sly. 1974. A stunmary and 
comparison of nutrients and related water quality in Lakes 
Erie, Ontario, Huron and Superior. Journal of the Fisheries 
Research Board of Canada 32:1519-1531. 

Donetz, J.E. 1982. An evaluation of the current status of northern 
pike (Esox lucius) in Lake of the Woods, Ontario. Ontario 
Ministry of Natural Resources, Lake of the Woods - Rainy Lake 
Fisheries Assessment Unit Report 1982-03. 

Dumont, P., P.R. Fortin and H. Fournier. 1979. Certain aspects of 
the reproduction of upper Richelieu and Missisquoi Bay 
northern pike, Esox lucius L. -Pages 231-248 in J. Dube and 
Y. Gravel, eds. Proceedings of the 10th Warmwater Workshop. 
Special Publication NE Division of the American Fisheries 
Society, Montreal, Quebec. 

Dunning, D.J., Q. Ross and J. Gladden. 1982. Evaluation of minimum 
size limits for St. Lawrence River northern pike. North 
American Journal of Fisheries Management 2:171-175. 

Durocher, P.P., W.C. Provine and J.E. Kraai. 1984. Relationship 
between abundance of largemouth bass and submerged vegetation 
in Texas reservoirs. North American Journal of Fisheries 
Management 4:84-88. 

Eder, S. 1984. Effectiveness of an imposed slot limit of 12.0-14.9 



14 6 

inches on largemouth bass. North American Journal of 
Fisheries Management 4:469-478. 

Emery, A.R. 1973. Preliminary comparisons of day and night habits 
of freshwater fish in Ontario lakes. Journal of the Fisheries 
Research Board of Canada 30:761-774. 

Engel, S. and J.J. Magnuson. 1976. Vertical and horizontal 
distributions of coho salmon (Oncorhynchus kisutch), yellow 
perch (Perea flavescens^ and cisco (Cpregpnus artedii) in 
Pallette Lake, Wisconsin. Journal of the Fisheries Research 
Board of Canada 33:2710-2715. 

Fabricius, E. and K.-J. Gustafson. 1958. Some new observations on 
the spawning behaviour of the pike Esox lucius L. Report 
Institute of Freshwater Research Drottningholm 31:57-99. 

Falk, M.R. and L.W. Dahlke. 1974. Data on the lake and round 
whitefish, lake cisco, northern pike and Arctic grayling from 
Great Bear Lake, N.W.T. Canada Department of the Environment, 
Data Report CEN/D-74-1. 

Falk, M.R. and D.V. Gillman. 1975. Data on the lake and round 
whitefish, lake cisco, northern pike, Arctic grayling and 
longnose sucker from the east arm of Great Slave Lake, N.W.T., 
1971-1974. Canada Department of^the Environment, Data Report 
Series CEN/D-75-2. 

Ferguson, R.G. 1958. The preferred temperature of fish and their 
midsxunmer distribution in temperate lakes and streams. 
Journal of the Fisheries Research Board of Canada 15:607-624. 

Fitzroaurice, P. 1983. Some aspects of the biology and management 
of pike (Esox lucius) stocks in Irish fisheries. Journal of 
Life Science 4:161-173. 

Forney, J.L. 1968. Production of young northern pike in a 
regulated marsh. New York Fish and Game Journal 15:143-154. 

Forsbers^^g^^hd S.O. Ryding. 1980. Eutrophication parameters and 
trophic state indices in 30 Swedish waste-receiving lakes. 
Archiv fuer Hydrobiologie 80:189-207. 

Franklin, D.R. and L.L. Smith Jr. 1963. Early life history of the 
northern pike, Esox lucius L., with special reference to the 
factors influencing the numerical strength of year classes. 
Transactions of the American Fisheries Society 92:91-110. 

Frie, R.V. 1982. Measurement of fish scales and back-calculation 
of body lengths using a digitizing pad and microcomputer. 
Fisheries 7:5-8. 

Frost, H.M., A.R. Villaneuva, H. Roth and S. Stanisavljavic. 1961. 
Tetracycline bone labelling. Journal of New Drugs 1:206-216. 



147 

Frost, W.E. and C. Kipling. 1959. The determination of the age and 
growth of pike (Esox lucius L.) from scales and opercular 
bones. Conseil International pour 1'Exploration de la Mer 
24:314-341. 

Frost, W.E. and C. Kipling. 1967. A study of reproduction, early 
life, weight-length relationship and growth of pike, Esox 
lucius L., in Windermere. Journal of Animal Ecology 36:651- 
693. 

Gabelhouse, D.W. 1984. A length-categorization system to assess 
fish stocks. North American Journal of Fisheries Management 
4:273-285. 

Giles, N., R.M. Wright and M.E. Nord. 1986. Cannabalism in pike 
fry, Esox lucius L., some experiments with fry densities. 
Journal of Fish Biology 29:107-113. 

Goedde, L.E. and D.W. Coble. 1981. Effects of angling on a 
previously fished and an unfished warmwater fish community in 
two Wisconsin lakes. Transactions of the American Fisheries 
Society 110:594-603. 

Gravel, Y. and J. Dube. 1979. Plan de conservation du grand 
brochet, Esox lucius L., au lac Saint-Louis, Quebec. Pages 
27-59 in Dube and Y. Gravel, eds. Proceedings of the 10th 
Warmwater Workshop. Special Publication NE Division of the 
American Fisheries Society, Montreal, Quebec. 

Grimm, M.P. 1981a. The composition of northern pike (Esox lirniK^ 
populations in four shallow waters in the Netherlands, with 
special reference to factors influencing 0+ pike biomass. 
Fisheries Management 12:61-7 6. 

Grimm, M.P. 1981b. Intraspecific predation as a prinicpal factor 
controlling the biomass of northern pike (Esox lucius). 
Fisheries Management 12:77-79. 

Grimm, M.P. 1983. Regulation of biomasses of small (<41 cm) 
northern pike (Esox lucius L.) with special reference to the 
contribution of individuals stocked as fingerlings (4-6 cm). 
Fisheries Management 14:115-134. 

Hackney, P.A. 1973. Ecology of the burbot (Lota lota) with special 
reference to its role in the Lake Opeongo fish community. PhD 
thesis. University of Toronto, Toronto, Ontario. 

Hamrin, S.F. 1986. Vertical distribution and hcibitat partitioning 
between different size classes of vendace, Coregonus albula, 
in thermally stratified lakes. Canadian Journal of Fisheries 
and Aquatic Sciences 43:1617-1625. 

Hanson, J.M. and W.C. Leggett. 1982. Empirical prediction of fish 



biomass and yield. Canadian Journal of Fisheries and Aquatic 
Sciences 39:257-263. 

Hanson, J.M. and W.C. Leggett. 1986. Effect of competition between 
two freshwater fishes on prey consiunption and abundance. 
Canadian Journal of Fisheries and Aquatic Science 43:1363- 
1372. 

Harrison, E.J. and W.F. Hadley. 1979. A comparison of the use of 
cleithra and the use of scales for age and growth studies. 
Transactions of the American Fisheries Society 108:452-456. 

Hart, P.J. and B. Connellan. 1984. Cost of prey capture, growth 
rate and ration size in pike, Esox lucius L., as functions of 
prey weight. Journal of Fish Biology 25:279-292. 

Hart, P.J. and S.F. Hamrin. 1988. Pike as a selective predator. 
Effects of prey size, availablity, and pike jaw dimensions. 
Oikos 51:220-226. 

Hassler, T.J. 1970. Environmental influences on the early 
development and year-class strength of northern pike in lakes 
Oahe and Sharpe, South Dakota. Transactions of the American 
Fisheries Society 99:369-375. 

Havey, K.A., D.D. Locke and C.L. Smith. 1981. A comparison of 
four methods of estimating populations of hatchery-reared 
brook trout at Tomah Lake, Maine. North American Journal of 
Fisheries Management 1:186-192. 

Headrick, M.R. 1985. Bioenergetic constraints in habitat use by 
northern pike (Esox lucius) in Ohio reservoirs. PhD thesis. 
Ohio State University, Columbus. 

Heck, K.L. and T.A. Thoman. 1981. Experiments of predator-prey 
interactions in vegetated aquatic habitats. Journal of 
Experimental Marine Biology and Ecology 53:125-134. 

Hess, L. and C. Heartwell. 1979. Literature review of large 
esocids (muskellunge, northern pike, hybrid tiger 
muskellunge) . Pages 139-180 in J. Dube and and Y. Gravel, 
eds.. Proceedings of the 10th Warmwater Workshop. Special 
Publication NE Division of the American Fisheries Society. 
Montreal, Quebec. 

Hodgson, J.R. and J.F. Kitchell. 1987. Opportunistic foraging by 
largemouth bass (Micropterus salmoides^ . The American Midland 
Naturalist 118:323,-336. 

Hokanson, K.E.F., J.H. McCormick and B.R. Jones. 1973. Temperature 
requirements for embryos and larvae of the northern pike, Esox 
lucius (Linnaeus). Transactions of the American Fisheries 
Society 102:89-100. 



149 

Holcik, J. 1968. Life history of the pike-Esox lucius L. 1758, in 
the Klicava Reservoir. Vestnik Ceskoslovenske Spolecnosti 
Zoologicke 132:166-180. 

Holland, L.E. and M.L. Huston. 1984. Relationship of young-of-the- 
year northern pike to aquatic vegetation types in backwaters 
of the upper Mississippi River. North American Journal of 
Fisheries Management 4:514-522. 

Holland, L.E. and M.L. Huston. 1985. Distribution and food habits 
of the young-of-the-year fishes in a backwater lake of the 
Upjper Mississippi River. Journal of Freshwater Ecology 3:47- 
60. 

Hurlbert, S.H. 1979. The measurement of niche overlap and some 
relatives. Ecology 59:67-71. 

Hyslop, E.J. 1980. Stomach contents analysis: a review of methods 
and their applications. Journal of Fish Biology 17:411-429, 

Il'ina, L.K. and N.A. Gordeyev. 1970. Dynamics of the reproductive 
conditions of phytophilous fishes at different stages in 
reservoir formation. Journal of Icthylogy 10:282-285. 

Ince, B.W. and A. Thorpe. 1975. The effects of starvation and 
forcefeeding in the metabolism of the northern pike, Esgx 
lucius. Journal of Fish Biology 7:79-87. 

Inskip, P.D. 1982. Habitat suitability index models: northern 
pike. U.S. Fish and Wildlife Seirvice, FWS/OBS-82/10.17. 

Ivanova, M.N. 1969. The behaviour of predatory fish during 
feeding. Problems of Ichthyology 9:574-577. 

Johnson, L. 1966. Experimental determination of food consumption 
of pike, Esox lucius, for growth and maintenance. Journal of 
the Fisheries Research Board of Canada 23:1495-1505, 

Johnson, L. 1972. Keller Lake: characteristics of a culturally 
unstressed salmonid community. Journal of the Fisheries 
Research Board of Canada 29:731-740. 

Johnson, M.G., J.H. Leach, C.K. Minns and C.H. Olver. 1977. 
Limnological characteristics of Ontario lakes in relation to 
associations of walleye (Stizostedion vitreiim vitreum), 
northern pike (Esox lucius), lake trout (Salvelinus namavcush) 
and sraallmouth bass IMicropterus dolomieui). Journal of the 
Fisheries Research Board of Canada 34:1592-1601. 

June, F.C. 1970. Atresia and year-class abundance of northern 
pike, Esox lucius, in two Missouri River impoundments. Journal 
of the Fisheries Research Board of Canada 27:587- 591. 

June, F.C. 1971. The reproductive biology of northern pike, Esox 



150 

lucius. in Lake Oahe, an upper Missouri River storage 
reservoir. Pages 53-71 in G.E. Hall ed. Reservoir fisheries 
and limnology. American Fisheries Society Special Publication 
8. Washington, D.C. 

June, F.C. 1977. Reproductive patterns in 17 species of warmwater 
fishes in a Missouri River reseirvoir. Environmental Biology 
of Fishes 2:285-296. 

Keast, A. 1978. Trophic and spatial interrelationships in the fish 
species of an Ontario temperate lake. Environmental Biology 
of Fishes 3:7-31. 

Kempinger, J.J. and R.F. Carline. 1978. Dynamics of the northern 
pike populations and changes that occurred with a minimum size 
limit in Escanaba Lake, Wisconsin. Pages 382-389 in R.L. 
Kendall, ed. Selected Coolwater Fishes of North America. 
American Fisheries Society Special Publication 11. 
Washington, D.C. 

Kerr, S.R. 1971. A simulation model of lake trout growth. Journal 
of the Fisheries Research Board of Canada 28:815- 819. 

Kerr, S.R. and N.V. Martin. 1970. Trophic dynamics of lake trout 
production systems. Pages 365-376 in J.H. Steele, ed. 
Symposium on marine food chains. Oliver and Boyd, Edinburgh. 

Kipling, C. 1983. Changes in the population of pike (Esox lucius) 
in Windermere from 1944 to 1981. Journal of Animal Ecology 
52:989-999. 

Kipling, C. and W.E. Frost. 1969. Variations in the fecundity of 
pike Esox lucius L. in Windermere. Journal of Fish Biology 
1:221-237. 

Kipling, C. and W.E. Frost. 1970. A study of the mortality, 
population numbers, year class strengths, production and food 
cons\omption of pike, Esox lucius L., in Windermere from 1944 
to 1962. Journal of Animal Ecology 39:115-157. 

Kobayashi, S., R. Yuki and T. Furui. 1964. Calcification in fish 
and shellfish - I. Tetracycline labelling patterns in scale, 
centrum and otoliths in young goldfish. Bulletin of the 
Japanese Society Sci. Fish. 30:6-13. 

Konkle, B.R. and W.G.Sprules. 1986. Planktivory by stunted lake 
trout in an Ontario lake. Transactions of the American 
Fisheries Society 115:515-521. 

Koshinsky, G.D. 1979. Northern pike at Lac la Ronge. Saskatchewan 
Department of Tourism and Renewable Resources, Fisheries 
Laboratory Technical Report 79-80. 

Laine, A.O. 1984. Summary of field activities on Squeers Lake 



151 

1984. Ontario Ministry of Natural Resources, Quetico Mille 
Lacs Fisheries Assessment Unit Internal Report. 

Laine, A.O. 1986. Initial results of the 1986 index netting 
programs carried out on Little Gull Lake, Ontario. Ontario 
Ministry of Natural Resources, Quetico-Mille Lacs Fisheries 
Assessment Unit Progress Report 86-3. 

Laine, A.O. 1987. Preliminary creel analysis of the open-water 
fishery on Little Gull Lake, Ontario, 1986. Ontario Ministry 
of Natural Resources, Quetico-Mille Lacs Fisheries Assessment 
Unit Progress Report 87-1. 

Larkin, P.A. 1988. The future of fisheries management: managing 
the fisherman. Fisheries 13:3-9. 

Larsen, K. 1966. Studies on the biology of Danish stream fishes. 
I. The food of pike (Esgx lucius L.) in trout streams. 
Meddelelser fra Danmarks Fiskeri-og Havundersoleger, NY Ser, 
4:271-326. 

Larsson, P.-O. 1985. Predation on migrating smolt as a regulating 
factor in Baltic salmon, Salmo salar L., populations. Journal 
of Fish Biology 26:391-397. 

Lawler, G.H. 1965. The food of the pike Esox lucius in Heming 
Lake, Manitoba. Journal of the Fisheries Research Board of 
Canada 22:1357-1377. 

Lawler, G. H. 1969. Activity periods of some fishes in Heming 
Lake, Canada. Journal of the Fisheries Research Board of 
Canada 26:3266-3267. 

LeCren, E.D. 1987. Perch (Perea fluviatilis) and pike (Esox lucius) 
in Windermere from 1940 to 1985: studies in population 
dynamics. Canadian Journal of Fisheries and Aquatic Sciences 
44 (Suppl.2):216-228. 

Lysack, W. 1980. 1979 Lake Winnipeg fish stock assessment program. 
Manitoba Department of Natural Resources, Research Manuscript 
Report Nvunber 80-30. 

Machniak, K. 1975. The effects of hydroelectric development on 
the biology of northern fishes (reproduction and population 
dynamics). II. Northern pike Esox lucius (Linnaeus). 
Environment Canada, Fisheries and Marine Technical Report 528. 

Mackay, W.C. and J.F. Craig. 1983. A comparison of four systems 
for studying the activity of pike, Esox lucius L. and perch, 
Perea fluviatilis and P. flavescens (Mitchill). Proceedings 
of the 4th International Conference on Wildlife Biotelemetry. 
Halifax, pp 22-30. 

Makoweeki, R. 1973. The trophy pike, Esox lucius of Siebert Lake. 



152 

M.Sc. thesis. University of Alberta. Edmonton, Alberta. 

Malinin, L.K. 1969. Home range and homing instinct of fish. 
Zoologicheskii Zhurnal 48:381-391. (Fisheries Research Board 
of Canada Translation Series 2050). 

Mann, R.H.K. 1976. Observations on the age, growth, reproduction 
and food of the pike Esox lucius (L.) in two rivers in 
southern England. Journal of Fish Biology 8:179-197. 

Mann, R.H.K. 1980. The numbers and production of pike (Esox 
lucius) in two Dorset rivers. Journal of Animal Ecology 
49:899-915. 

Mann, R.H.K. 1982. The annual food consumption and prey 
preferences of pike (Esox lucius) in the River Frome, Dorset. 
Journal of Animal Ecology 51:81-95. 

Mann, R.H.K. 1985. A pike management strategy for a trout fishery. 
Journal of Fish Biology 27(Suppl. A):227-234. 

McCarraher, D.B. 1957. The natural propagation of northern pike in 
small drainable ponds. Progressive Fish Culturist 19:185-187. 

McCarraher, D.B. and R.E. Thomas. 1972. Ecological significance 
of vegetation to northern pike, Esox lucius. spawning. 
Transactions of the American Fisheries Society 101:560-563. 

McCauley, R.W. and N.W. Huggins. 1979. Ontogenetic and non-thermal 
seasonal effects on thermal preferenda of fish. American 
Zoologist 19:267-271. 

McFarlane, G.A. and R.J. Beamish. 1987. Selection of dosages of 
oxytetracycline for age validation studies. Canadian Journal 
of Fisheries and Aquatic Sciences 44:905-909. 

Michaletz, P.H., D.G. Unkenholz and C.C. Stone. 1987. Prey size 
selectivity and food partitioning among zooplanktivorous age- 
0 fishes in Lake Francis Case, South Dakota. The American 
Midland Naturalist 117:126-138. 

Miller, R.B. and W.A. Kennedy. 1948. Pike (Esox lucius) from four 
northern Canadian lakes. Journal of the Fisheries Research 
Board of Canada 8:190-199. 

Mills, K.H. and R.J. Beamish. 1980. Comparison of fin-ray and 
scale age determinations for lake whitefish (Coregonus 
clupeaformis) and their implications for estimates of growth 
and annual survival. Canadian Journal of Fisheries and Aquatic 
Sciences 37:534-544. 

Moen, T. and D. Henegar. 1971. Movement and recovery of tagged 
northern pike in Lake Oahe, North and South Dakota, 1964-1968. 
Pages 85-93 in G.E. Hall, ed. Reservoir fisheries and 



limnology. American Fisheries Special 
Washington, D.C. 

153 

Publication 8. 

Moody, R.C., J.M. Holland and R.A. Stein. 1983. Escape tactics 
used by bluegills and fathead minnows to avoid predation by 
tiger muskellunge. Environmental Biology of Fishes 8:61-65. 

Monten, E. 1948. Undersokningar ovar gaddynglets biologi soch 
nagra daimed sammanhangande problem. Sodia Sveriges Fiskeri 
forening 1:1-38. 

Mosindy, T. 1980. The ecology of northern pike, Esox lucius 
(Linnaeus), in Savanne Lake, Ontario. M. Sc. thesis. Lakehead 
University. Thunder Bay, Ontario. 

Mosindy, T. 1982. A preliminary examination of the fish community 
in Lac des Mille Lacs, Ontario 1981. Ontario Ministry of 
Natural Resources, Quetico-Mille Lacs Fisheries Assessment 
Unit Report 1982-2. 

Mosindy, T.E., W.T. Momot and P.J. Colby. 1987. Impact of angling 
on the production and yield of mature walleyes and northern 
pike in a small boreal lake in Ontario. North American 
Journal of Fisheries Management 7:493-501. 

Nikolskii, G.V. 1969. Fish population dynamics. Oliver and Boyd, 
Edinburgh, Scotland. 

Novinger, G.D. 1984. Observations on the use of size limits for 
black basses in large impoundments. Fisheries 9:2-6. 

Nunan, C.P. 1982. Initial effects on the exploitation of walleye 
Stizostedion vitreum vitreum (Mitchill) on the boreal percid 
community of Henderson Lake, northwestern Ontario. MSc. 
thesis. Lakehead University. Thunder Bay, Ontario. 

Nursall, J.R. 1973. Some behavioural interactions of spottail 
shiners fNotropis hudsonius), yellow perch (Perea flavescens) 
and northern pike (Esox lucius) . Journal of the Fisheries 
Research Board of Canada 30:1161-1178. 

O'Brien, W.J., B.I. Evans and G.L. Howick. 1986. A new view of 
the predation cycle of a planktivorous fish, white crappie 
fPomoxis annularis). Canadian Journal of Fisheries and 
Aquatic Sciences 43:1894-1899. 

Ontario Ministry of Natural Resources. 1983. The identification 
of overexploitation. Report of the SPOF (Strategic Plan for 
Ontario Fisheries) Working Group 15, Queen's Park, Toronto. 

Ontario Ministry of Natural Resources. 1988. Fisheries Assessmment 
Unit Lake Synopses. Fisheries Branch, Maple, Ontario. 

Otto, C. 1979. The effects on a pike (Esox lucius L.) population 



154 
of intensive fishing in a south Swedish lake. Journal of Fish 
Biology 15:461-468. 

Paterson, R.J. 1968. The lake trout (Salvelinus namavcush). of 
Swan Lake, Alberta. Alberta Department of Lands and Forests, 
Fish and Wildlife Division Technical Report. 

Patriarche, M.H. and J.W. Merna. 1970. A resume of the winterkill 
problem. Pages 7-17 in E. Schneberger ed. A symposium on the 
management of midwestern winterkill lakes. North Central 
Division, American Fisheries Society Special Publication. 

Pellegrini, M. 1984. 1982 stimmer creel census-Esnagi Lake. Ontario 
Ministry of Natural Resources, Wawa District. Internal Report. 

Pinkas, L., M.S. Oilphant and I.L.K. Iverson. 1971. Food habits fo 
albacore, bluefin tuna and bonito in Californian waters. 
California Fish and Game Journal 152:1-105. 

Power, G. 1978. Fish population structure in Arctic lakes. Journal 
of the Fisheries Research Board of Canada 35:53-59. 

Powers, J.E. 1983. Some statistical characteristics of aging data 
and their ramifications in population analysis of oceanic 
pelagic fishes. Pages 19-27 in E.D. Prince and L.M. Pulos, 
editors. Proceedings of the international workshop on age 
determination of oceanic pelagic fishes: tunas, billfishes, 
and sharks. United States National Marine Fisheries Service, 
NOAA Technical Report NMFS 8, Miami, Florida. 

Priegel, G.R. and D.C. Krohn. 1975. Characteristics of a northern 
pike spawning population. Wisconsin Department of Natural 
Resources Technical Bulletin 86. 

Prince, E.D.,D.W. Lee and J.C. Javech. 1985. Internal zonations in 
sections of vertebrae from Atlantic bluefin tuna, Thunnus 
thvnnus. and their potential use in age determination. 
Canadian Journal of Fisheries and Aquatic Sciences 42:938-946. 

Rask, M. and L. Arvola. 1985. The biomass and production of pike, 
perch and whitefish in two small lakes in southern Finland. 
Annales Zoologici Fennici 22:129-136. 

Rawson, D.S. 1951. Studies of the fish of Great Slave Lake. 
Journal of the Fisheries Research Board of Canada 8:207-240. 

Reid, D.M. 1985. Effects of the episodic removal scheme on a 
walleye Stizostedion vitreum vitreiun population. MSc thesis. 
Lakehead University, Thunder Bay, Ontario. 

Reid, D.M. and W.T. Momot. 1985. Evaluation of pulse fishing for 
the walleye, Stizostedion vitrevim vitreum, in Henderson Lake, 
Ontario. Journal of Fish Biology 27:235-251. 



155 

Regier, H. A. 1977. Fish communities and aquatic ecosystems. in 
J.A. Gulland, ed. Fish population dynamics. John Wiley and 
Sons, New York. 

Reynolds, J.B. and L.R. Babb. 1978. Structure and dynamics of 
largemouth bass populations. Pages 50-61 in G.D. Novinger 
and J.G. Dillard, eds. New approaches to the management of 
small impoundments. North Central Division Special 
Publication 5, American Fisheries Society, Bethesda, Maryland. 

Ricker, W.E. 1954. Stock and recruitment. Journal of the 
Fisheries Research Board of Canada 11:559-623. 

Ricker, W.E. 1975. Computation and interpretation of biological 
statisitcs of fish populations. Bulletin of the Fisheries 
Research Board of Canada. Bulletin No. 191. 

Ritchie, B.J. 1984. Comparison of the yellow perch, Perea 
flavescens (Mitchill) populations in Henderson Lake and 
Savanne Lake, Ontario. MSc thesis. Lakehead University. 
Thunder Bay, Ontario. 

Ritchie, B. 1987. Initial results from the 1985 integrated survey 
program on Bernadine Lake, Fort Frances District. Ontario 
Ministry of Natural Resources Quetico-Mille Lacs Fisheries 
Assessment Unit Project Report 87-2. 

Roberts, W.E. 1975. Food and space utilization by the piscivorous 
fishes of Cold Lake with emphasis on introduced coho salmon. 
MSc. thesis. University of Alberta, Edmonton, Alberta. 

Robinson, C.L.K., and W.M. Tonn. 1989. Influence of environmental 
factors and pise ivory in structuring fish assemblages of small 
Alberta lakes. Canadian Journal of Fisheries and Aquatic 
Sciences 46:81-89. 

Robson, D.S. and D.G. Chapman. 1961. Catch curves and mortality 
rates. Transactions of the American Fisheries Society 90:181- 
189. 

Ryan, P. and H. Ball. 1985. An initial summary of historical data 
and a progress report of Quetico-Mille Lacs F.A.U. Studies 
(1982-1984) of Squeers Lake. Ontario Ministry of Natural 
Resources Quetico-Mille Lacs Fisheries Assessment Unit Report 
1985-1. 

Ryder, R.A. 1965. A method for estimating the potential fish 
production of north temperate lakes. Transactions of the 
American Fisheries Society 94:214-218. 

Ryder, R.A. 1972. The limnology and fishes of oligotrophic glacial 
lakes in North America (about 1800 A.D.). Journal of the 
Fisheries Research Board of Canada 29:617-628. 



156 

Ryder, R.A. and S.R. Kerr. 1978. The adult walleye in the percid 
coinmunity-a niche definition based on feeding behaviour and 
food specificity. Pages 39-51 in R.L. Kendall, ed. Selected 
Coolwater Fishes of North America. American Fisheries Society 
Special Publication 11. Washington, D.C. 

Savino, J.F. and R.A. Stein. 1982. Predator-prey interaction 
between largemouth bass and bluegills as influenced by 
simulated, submerged vegetation. Transactions of the American 
Fisheries Society 111:255-266. 

Schoener, T.W. 1970. Non-synchronous spatial overlap of lizards 
in patchy habitats. Ecology 51:408-418. 

Schoener, T.W. 1974. Resource partitioning in ecological 
communities. Science 185:27-35. 

Scott, W.B. and E.J. Crossman. 1973. Freshwater fishes of Canada. 
Fisheries Research Board of Canada Bulletin 184, 966p. 

Seber, G.A.F. 1982. The estimation of animal abundance and related 
parameters. Griffin Publishing, London. 

Simkiss, K. 1974. Calcitun metabolism of fish in relation to ageing. 
Pages 1-12 in Ageing of fish. T.B. Bagenal, editor. Unwin 
Brothers Ltd., Surrey, England. 

Snow, H.E. and T.D. Beard. 1972. A ten-year study of native 
northern pike in Bucks Lake, Wisconsin, including evaluation 
of an 18.0 inch size limit. Wisconsin Department of Natural 
Resources Technical Bulletin 56. 

Sokal, R.R. and F.J. Rohlf. 1982. Biometry. W.H. Freeman, San 
Fransico, California. 

Sukhanova, G.I. 1979. The spawning and fecundity of the pike, 
Esox lucius, in Vilyuy Reservoir. Journal of Icthyology 
19:74-79. 

Toivonen, J. 1972. The fish fauna and limnology of large 
oligotrophic glacial lakes in Europe (about 1800 A.D.). 
Journal of the Fisheries Research Board of Canada 29:629-637. 

Toner, E.D. and G.H. Lawler. 1969. Synopsis of biological data on 
the pike, Esox lucius Linnaaeus 1758. Food and Agricultural 
Organization Fisheries Synopsis 30 (rev.l). 

Trimble, K.D. 1988. Ecology of forage fish following cessation of 
overharvest of walleye in an Ontario boreal percid community. 
MSc. thesis. Lakehead University, Thunder Bay, Ontario. 

Vollenweider, R.A., M. Munawar and P. Stadelmann. 1974. A 
comparative review of phytoplankton and primary production in 
the Laurentian Great Lakes. Journal of the Fisheries Research 



157 

Board of Canada 31:739-762. 

Vollestad, L.A., J. Skurdal and T. Qvenild. 1986. Habitat use, 
growth and feeding in pike (Esox lucius L.)in four Norwegian 
lakes. Archiv fur Hydrobiologie 108:107-117. 

Wainio, A. 1966. A study of pike (Esox lucius, Linnaeus) in two 
areas of Lake Huron. M.Sc. thesis. University of Toronto, 
Toronto, Ontario. 

Wallace, R.K. Jr. 1981. An assessment of diet-overlap indices. 
Transactions of the American Fisheries Society 110:72-76. 

Wallace, R.K. Jr. and J.S. Ramsay. 1983. Reliability in measuring 
diet overlap. Canadian Journal of Fisheries and Aquatic 
Science 40:347-351. 

Weatherly, A.H. and S.C. Rogers. 1978. Some aspects of age and 
growth. Pages 52-74 iji S.D. Gerking, ed. Ecology of 
freshwater fish production. Blackwell Scientific 
Publications. Oxford. 

Webb, P.W. 1978. Fast-start performance and body form in seven 
species of teleost fish. Journal of Experimental Biology 
74:211-226. 

Weber, D.D. and G.J. Ridgeway. 1962. The deposition of tetracycline 
drugs in bones and scales of fish and its possible use for 
marking. Progressive Fish Culturist 24:150- 155. 

Werner, E.E. and D.J. Hall. 1974. Optimal foraging and the size 
selection of prey by the bluegill sunfish (Lepomis 
macrochirus). Ecology 55:1042-1052. 

Werner, E.E. and J.F. Gilliam. 1984. The ontogenetic niche and 
species interactions in size structured populations. Annual 
Review of Ecological Systematics 15:393-425. 

Wetzel, R.J. 1975. Limnology, W.B. Saunders Co., Philadelphia. 

Wiley, M.J., R.W. Gordon, S.W. Waite and T. Powless. 1984. The 
relationship between aquatic macrophytes and sport fish 
production in Illinois ponds: a simple model. North American 
Journal of Fisheries Management 4:111-119. 

Williams, J.E. 1955. Determination of age from scales of northern 
pike (Esox lucius L.) . PhD thesis. Univeristy of Michigan. 
Ann Arbor, Michigan. 

Wisenden, B. 1988. Community effects of an experimental walleye 
(Stizostedion vitreum vitreum) pulse fisheiry in Henderson 
Lake, Ontario. MSc thesis. Lakehead University, Thunder Bay, 
Ontario. 



158 

Wolfert, D.F. and T.J. Miller. 1978. Age, growth and food of 
northern pike in eastern Lake Ontario. Transactions of the 
American Fisheries Society 107:696-702. 

Wright, R.M. and N. Giles. 1987. The survival, growth and diet of 
pike fry, Esox lucius L., stocked at different densities in 
experimental ponds. Journal of Fish Biology 30:617-629. 



159 

APPENDIX A: Physical and Chemical Characteristics for Squeers Lake 

INTRODUCTION 

Squeers Lake, Ontario (48°31'N,90°33'W) is a 384.4 hectare lake 

located approximately 100 kilometres west-northwest of Thunder Bay, 

Ontario (Figure A.l). Declared a lake trout sanctuary lake in 

February, 1979, it has since become the subject of intensive 

fisheries research by the Quetico-Mille Lacs Fisheries Assessment 

Unit (QMLFAU) of the Ontario Ministry of Natural Resources and 

Lakehead University. In an attempt to provide initial background 

information on Squeers Lake, the following section was prepared in 

order to present a general description of the study area, and a 

brief summairy of the physico-chemical characteristics of the lake 

itself. 

Description of the Lake and Watershed Area 

The Squeers Lake watershed, consists of a total drainage area 

(including lake surface area) of 1281.2 hectares, and is primarily 

underlain by poorly soluble granitic and syenitic rock (mainly 

hornblende granite and hornblende syenite). There are also bands 

of basic metavolcanic rock (consisting mainly of tuff, basic 

metasedimentary rock, and some gabbro) along the northwest and 

southeast shoreline (Ont. Dept. Mines, 1963). The topography of 

the drainage basin is generally low and gently rolling, with an 

overburden composed of a thin, discontinuous, sandy glacial till 

(Zoltai, 1965). 

The climate of the region is continental, with a mean annual 

temperature of l.loC (Environment Canada,Atikokan, Ontario). Mean 
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monthly temperatures vary from -18.4oC in January to 17.2oC in 

July. Prevailing winds for this region are from the west or 

northwest, although the wind strength and frequency from these 

directions do not greatly exceed that from other directions. 

Precipitation has a yearly mean of 724 mm, of which approximately 

30% falls as snow. Ice-cover in northwestern Ontario usually lasts 

from early November to early May. The maximum ice thickness 

recorded for Squeers Lake to date has been 57 cm. 

The immediate area surrounding Squeers Lake is uninhabited, 

and is dominated by vegetation typical of the boreal subclimax 

forests found within the Quetico section of the Great Lakes/ St. 

Lawrence forest region. Intermixed stands of poplar (Populus 

tremuloides and P. balsamifera), black spruce (Picea mariana), and 

balsam fir (Abies balsamae) are predominant in this area (Forest 

Resource Inventory Map No.485903). Other tree species identified 

to occur within the watershed in order of abundance include white 

birch (Betula papvrifera), jackpine (Pinus banksiana), white spruce 

(Picea olauca), eastern white cedar (Thuja occidentalis), white 

pine (Pinus strobus), black ash (Fraxinus nigra), and sugar maple 

(Acer saccharjuun) . 

MATERIALS AND METHODS 

Squeers Lake was initially surveyed by a M.N.R. Aquatic 

Habitat Survey crew in 1974 and a bathymetric chart was prepared 

according to the criteria outlined within the Aquatic Habitat 

Survey manual (Dodge et al,1984) at that time. Aquatic macrophyte 

and littoral substrate type was determined by shoreline cruises of 
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the lake's perimeter. 

Frequent limnological measurements were taken from open-water 

stations at the deepest part of the main basin and the western arm 

of the lake during 1984 and 1985. Water transparency was measured 

using a 20 cm secchi disc, and temperature/oxygen profiles were 

measured using a YSI Model 57 temperature-03^geiL_meter. In 1984/. 

water samples for chemical analyses were also collected on a 

monthly basis from May to August according to the criteria set by 

the QMLFAU, outlined in Laine (1983). All chemical analysis was 

performed by the Ontario Ministry of Environment according to the 

methods presented in "Outlines of Analytical Methods (1981). 

RESULTS AND DISCUSSION 

Lake Morphometry 

Squeers Lake is comprised of a central U-shaped basin and a 

westerly arm separated by a small, shallow channel (Figure A.l). 

The surface areas of the two lake basins are 384.4 and 7.0 

hectares, and the maximum depths are 33.6 and 1.75m respectively. 

Further morphometric characteristics of the two basins are shown 

in Table A.l. The narrow, littoral zone of the main basin slopes 

rapidly to deepwater. The shoreline substrate which consists 

primarily of rubble and boulder material (there are several sandy 

areas in the southern and western ends of the lake), providing an 

inadequate substrate for aquatic vegetative growth. Macrophytes 

were sparse within the main basin. There were no areas of emergent 

vegetation with submergent vegetation limited to the few small, 

sheltered bay areas of the lake (Figure A.l). The shallow western 
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arm, however, which has a substrate consisting primarily of mud and 

detritus, supports abundant macrophytes during the siunmer months. 

Temperature 

When sampling began in 1985, Squeers Lake was covered with 

0.57m of ice. At that time, water temperatures within both basins 

exhibited a zone of inverse stratification (Figure^ A2, Table A.2). 

The temperature turnover (ie. at 4oC) occurred immediately with 

ice-out. This occurred during the last week of April within the 

western arm, and during the first week of May within the main 

basin. Water temperatures gradually increased, until a marked 

stratification (ie. a 6oC difference from surface to bottom) had 

developed by late May within the main basin (Figure A.2). The 

summer thermocline remained well established between 10-14m until 

early September. During this time, epilimnetic water temperatures 

continued to increase, reaching a recorded maximum of 20.6oC in 

1985, and 23.0oC in 1984. Hypolimnetic waters, however, varied 

only by a 2.5oC difference, and bottom temperatures never exceeded 

6.OoC. 

The heating and cooling of the water column within the western 

arm during the open water period was considerably more erratic than 

that recorded for the lake's main basin. Water temperatures within 

the western arm warmed gradually after ice-out and became 

isothermal throughout the water column (Table A.2). However, 

temperature changes fluctuated on a day to day basis, reflecting 

changes in daily air temperatures. This was most evident for the 

temperatures recorded in early July, where water temperatures had 

dropped to 11.5oC, but reached 22.OoC two days later. Cool fall 
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air temperatures caused a rapidly cooled the western arm in 

September, with water temperatures at S.OoC just prior to freezeup. 

The limited temperature data available for the 1984 field 

season (which is presented in Figure A. 3 and Table A. 2) strongly 

support the obseirvations of temperature changes exhibited in 1985. 

The slightly warmer ^summer water temperatures within the western 

arm of the lake and within the epilimnion of the main basin may be 

accounted for by the more cooler, rainy conditions encountered 

during the 1985 field season. 

Oxygen 

The seasonal and vertical changes in dissolved oxygen 

concentrations for the main basin of Squeers Lake for the 1984 and 

1985 field seasons are presented in Figures A.2 and A. 3. Oxygen 

concentrations within the main basin underwent a slow gradual 

decrease corresponding with the gradual increase in water 

temperatures. The high oxygen values within the basin for most of 

the year is indicative of the lake's oligotrophic nature. 

Hypolimnetic oxygen levels did decrease to levels <5 mg/1 for a 

short period just prior to spring and fall turnover. However, 

oxygen concentrations never reached below 0.5 mg/1, the level at 

which redox-lcibile nutrients begin to be released from sediments 

(Mortimer, 1942). Low oxygen levels (which were of short duration) 

occured at a time when water temperatures did not restrict 

coldwater species to the hypolimnion, and therefore probably did 

not affect the fish community nor its distribution to any great 

extent. Similar decreases in hypolimnetic oxygen concentrations 

were noted within other oligotrophic lakes monitored by the QMLFAU 
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(Little Gull Lake (Laine, 1986),and Pettit Lake (QMLFAU,1986 field 

data)), and within the Experimental Lakes Area (Schindler, 1971), 

suggesting that this hypolimnetic depletion may be "typical" for 

oligotrophia lakes within this region. Schindler (1971) has 

suggested these oxygen conditions may be due to either incomplete 

vernal or autumnal mixing, or due to the influx of allochthonous 

material from the surrounding watershed, whereas Cornett and Rigler 

(1979) have suggested that it may be due to lake morphometry. 

The western arm of Squeers Lake appeared to undergo little or 

no stratification of oxygen levels during the 1984-1985 sampling 

periods. Oxygen levels never approached anoxic levels within the 

western arm, and remained near 100% saturation levels during the 

open water season. It would appear that the continual mixing of 

the water column during the open water period ensures oxygen levels 

remain high. The potential for winterkill situations does appear 

to exist for the western arm as oxygen levels of as low as 27% 

saturation levels were recorded in late March, 1985. Such low 

oxygen levels are near those reported to create winterkill 

situations for the species to inhabit the western arm (Patriarche 

and Merna, 1970; Casselman and Harvey, 1975) and may have been due 

to abnormally high snow and ice levels present over the 1984-1985 

winter period. Snow and ice levels similar to those present in 

March, 1985 have been reported to be sufficent to inhibit 

photosynthesis beneath the ice and create winterkill situations 

(Patriarche and Merna, 1970). 

Water Chemistry and Trophic Status 

The results of selected water chemistry samples examined from 
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Squeers Lake are shovm in Tables A. 3 and A.4. Little seasonal or 

interbasin difference occurred with respect to the majority of the 

water quality parameters examined within the present study. The 

pH, alkalinity and colour values were slightly higher within the 

western arm. However, this simply reflects the lower water volvime 

and the greater importance of allochthonous material entering the 

western basin of the lake from the surrounding watershed. 

Lakes within the Quetico/Atikokan area are extremely dilute 

with respect to major ion levels and poorly buffered (with CaC03 

as the major buffering system for these lakes) due to the 

underlying acid igneous bedrock (Kramer, 1979; Maki et al, 1980). 

The pH and alkalinity values for Squeers Lake (which indicate 

neutral to slightly alkaline conditions exist within the lake) are 

slightly higher than most of the lakes within the region. 

Metasediment ary and metavolcanic rock underlies much of the 

watershed, and these rock types have been demonstrated to contain 

a higher fraction of calcareous material than watersheds underlain 

strictly by igneous material (Coker and Shilts, 1979). This 

therefore increases the inherent buffering capacity within this 

lake. 

The main basin is oligotrophic with low nutrient levels, 

generally good oxygen conditions, and high secchi values. The 

lake's western arm which also had low nutrient levels (Table A.4), 

supports abundant aquatic macrophytic growth throughout most of the 

basin. Chlorophyl a levels reached levels are indicative of meso- 

eutrophy (Ontario Ministiry of the Environment, 1981b). The lack 

of temperature or oxygen stratification within the western arm 
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greatly enhanced the productivity of the basin. This is due to the 

fact temperature and oxygen are dominant regulators of nearly all 

physico-chemical cycling and consequently of all lake metabolism 

(Welch, 1974). Due to the shallow, polymictic nature of this 

basin, there is a continuous mixing of nutrients present and this 

allows them to remain available despite their low levels. It is 

therefore on this basis that the western arm of the lake may be 

classified as meso-eutrophic. 
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Appendix Table A.l. Selected morphometric characteristics for 
Squeers Lake, Ontario. 

West Arm Squeers Lake® 

Elevation (m) 
Lake Surface Area (ha) 7.02 
Lake Volume 39x10^ 
Maximum Depth (m) 1.75 
Mean Depth (m) 0.83 
Perimeter (IOT) 1.64 
Fetch (loti) 0.67 
Percent Littoral Zone 100 
Total Drainage Area 258.8 
Flushing Rate (years)* ** 0.06 

488 
384.4 

44x10® 
33.6 
11.5 
11.3 
2.65 

32 
1143.9 

9.26 

* Including the western arm 
** Calculated by the format outlined by Brunskill and Schindler 
(1971). Note; Evaporation and evapotranspiration maps from the 
Hydrological Atlas of Canada (1978) were used in the calculation 
of the lake flushing rate. Schindler ^ ^ (1976) have 
demonstrated that the use of such regional data to a local area 
can lead to inaccuracies within the calclulations. However, with 
the absence of accurate outflow and local evaporation and 
evapotranspiration rates, this data source was used in the present 
study. 
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Appendix Table A.2. Seasonal temperature (T in °C) and dissolved 
oxygen (D.O., in mg/1) readings from the Western Arm of Squeers 
Lake, Ontario during the 1984 and 1985 sampling seasons. 

Date  Depth  
0.5M 1. OM 1.5M snow ice 

  T D.O. T D.O. T D.O. cm cm 

1984 
May 15 7.2 

17 8.6 
20 7.0 
21 7.0 

June 2 19.5 
7 17.8 

15 17.2 
18 20.0 
21 23.8 

July 20 21.7 
24 23.8 

Aug 28 25.5 

1985 
March 13 0.8 

23 1.8 
April 17 4.2 

23 3.8 
May 1 12.2 

3 11.5 
6 12.5 
8 13.0 
9 15.0 

13 15.1 
15 12.5 
20 13.5 

June 5 15.0 
10 15.1 
13 15.2 

July 3 11.1 
5 22.5 
7 22.0 
8 20.0 

Aug 7 23.2 
10 21.0 

Sept 6 16.3 
Oct 2 5.9 

31 5.0 

10.9 7.1 10.9 
10.2 8.6 10.2 
11.4 7.0 11.4 
11.4 7.0 11.4 
8.5 19.5 8.5 
8.1 17.8 8.0 
9.0 17.2 9.0 
8.8 20.0 8.8 
8.2 23.2 8.2 
7.8 21.5 7.5 
7.2 23.2 7.2 
8.0 24.8 8.2 

3.8 1.2 4.6 
7.2 2.8 5.2 

10.4 4.2 9.4 
11.0 3.8 11.0 
10.6 12.2 10.6 
10.4 11.5 10.4 
11.0 12.2 11.2 
11.4 13.0 11.0 
9.1 14.5 9.8 
9.2 14.5 9.2 
9.1 12.5 9.1 
9.0 13.5 8.9 
8.9 14.9 8.8 
8.4 15.0 8.0 
9.0 15.0 9.0 
5.9 11.1 5.9 
8.3 22.2 8.4 
8.2 21.0 8.2 
7.8 20.0 7.8 
8.2 23.2 8.0 
8.4 21.0 8.4 
9.3 16.2 9.3 

11.1 5.9 11.1 
11.2 4.9 11.0 

7.0 10.8 
8.6 10.2 

19.5 8.5 

17.2 9.0 
20.0 8.8 
23.2 8.1 

23.2 7.1 

24 55 
3.3 5.5 0-3 57 
4.2 9.4 0 43 

6 
12.2 10.6 
11.5 10.4 
12.0 11.4 
13.0 10.8 
15.0 9.8 
14.3 9.4 
12.5 9.1 
13.0 7.0 
14.5 8.8 
15.0 8.6 

22.0 8.6 
21.3 8.0 

23.2 8.0 

16.1 9.3 
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Appendix Table A.3. Water chemistry for the main basin of Squeers 
Lake, Ontario during the 1984 sampling season (Note: all 
measurements are recorded as mg/1 unless noted otherwise). 

May 23 June 4 
Date 
June 18 July 25 Aug 29 

Secchi (m) 5.2 5.0 6.0 
Chlorophyll a * 1.0 1.6 

(ug/1) 
Turbidity 0.8 1.2 0.6 
(Formazin Units) 

Colour 12 14 8 
(Hazen Units) 

pH * 7.3 7.2 
Alkalinity-TFE * 14.6 14.2 

-TIP * 12.6 12.3 
Conductivity * 41 40 
Total Phosphorus 0.01 0.02 0.02 

6.0 
0.6 

0.5 

11 

7.4 
13.9 
12.0 

40 
0.02 

6.8 
* 

1.0 

13 

7.3 
14.1 
12.2 

44 
0.02 
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Appendix Table A.4. Water chemistry for the Western Arm of Squeers 
Lake, Ontario during the 1984 sampling season (Note: 
all measurements are recorded as mg/1 unless noted otherwise). 

May 23 June 4 
Date 
June 18 July 25 Aug 29 

Chlorophyll a 
(ug/1) 

Turbidity 
(Formazin Units 

Colour 
(Hazen Units) 

pH 
Alkalinity-TFE 

-TIP 
Conductivity 
Total Phosphorus 0.02 

0.8 

31 

* 

* 

* 

* 

3.1 

0.7 

29 

7.4 
19.6 
17.6 

54 
0.02 

4.1 

0.7 

32 

7.7 
20.1 
18.1 

54 
0.02 

1.2 

0.7 

11 

7.5 
21.1 
19.0 

54 
0.01 

0.7 

21 

7.4 
21.0 
19.1 

54 
0.01 
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Appendix Figure A.l. Bathymetric map and distribution of aquatic 
vegetation within Squeers Lake, Ontario. A represents areas where 
emergent species predominate; B represents areas where submergent 
and floating leaved species predominate. 
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Appendix Figure A. 2. Seasonal and vertical changes in A) 
temperature (in oC) and B) dissolved oxygen (in mg/1) within the 
main basin of Squeers Lake, Ontario during the 1985 sampling 
season. 
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Appendix Figure A. 3. Seasonal and vertical changes in A) 
temperature (in C) and B) dissolved oxygen (in mg/1) within the 
main basin of Sgueers Lake, Ontario during the 1984 sampling 
season. 
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Appendix Table B.l. Annual production and biomass for northern pike (Esox lucius) 
ages 3-9, collected from Squeers Lake, Ontario, 1984-1985. N=sample size, S=survival, 
A=annual mortality, Z=instantaneous mortality, G=instantaneous growth rate, K=weight 
gain factor, Wo=initial biomass, W=mean biomass, P=annual production, B=average biomass, 
P/B=turnover ratio of biomass. 

1984 1985 
Age N Age N 

K Wo W B P/B 

3 
4 
5 
6 
7 

8 

59 
24 
62 
52 
43 
21 

4 

5 
6 
7 
8 
9 

10 

40 
9 

38 

46 
36 

0.68 
0.38 
0.61 
0.89 
0.84 

0.39 0.325 -0.065 96.64 93.56 
0.97 0.294 -0.676 45.24 32.88 

0.160 -0.330 138.38 117.85 
0.342 0.222 133.07 148.98 
0.080 -0.090 191.82 183.42 

1.319 122.72 68.16 
0.57 0.43 0.56-0.222 -0.782 39.90 27.68 

0.32 
0.62 
0.39 
0.11 
0.16 

0.49 
0.12 
0.17 

0.33 0.67 1.11 -0.209 -! 

30.41 
9.67 

18. 
50. 
14. 
•14. 
-5, 

86 
95 
67 

25 
46 

93.66 
34.00 

118.93 
149.43 
182.83 
77.95 
29.08 

0.325 
0.284 
0.159 
0.341 
0.080 

■0.183 
•0.211 

104.17 656.80 0.159 

=0.27 =1.71 

kg/ha kg/ha 
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Appendix Table B.2. Results of covariance analysis of the length- 
weight relationships between sexes, sample years and seasons of 
pike sampled from Sgueers Lake, Ontario during the 1982, 1984 and 
1985 open-water season. All significance values are based on 
P<.001. 

Comparison  Slope  
F-value Signif. 

level 

 Elevation 
F-value Signif. 

level 

1982:1984 0.609 
1982:1985 0.006 
1984:1985 0.333 

1985 Male:1985 Female 0.060 

1985 Spring:1985 Fall 0.005 

0.436 0.576 0.4489 
0.939 283.622 0.0001 
0.564 112.021 0.0001 

0.807 54.062 0.0001 

0.944 218.72 0.0001 
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Appendix Table B.3. Diet comparisons of small (300-499 mm), medium 
(500-699 mm) and large sized (> 700 mm) northern pike, excluding 
young-of-the-year sampled during the unstratified (April 29-June 
15, September 15-November 6) and stratified (June 15-September 15) 
portions of the 1982, 1984 and 1985 open-water seasons on Squeers 
Lake, Ontario. 

Prey Item Unstratified 
300- 500- >700 
499 699 

Stratified 
300- 500- 
499 699 

>700 

Hexaaenia limbata 
Odonata 
Orconectes virilis 
Leech 
Ninespine Stickleback 
Slimy Sculpin 
Iowa Darter 
Lake Chub 
Blacknose Shiner 
Yellow Perch <50mm 

50-99mm 
>10Oram 

Burbot <150mm 
>150mm 

Northern Pike 
White Sucker <150mra 

>150mm 
Lake Trout 

3 
1 
2 

1 
1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

3 
1 
3 

4 
6 
4 

1 
1 

5 
2 

2 
1 
1 

2 
1 
2 
1 
1 

4 
2 
2 
2 
2 
1 
2 
1 

2 
2 
1 
1 
1 
1 
4 

Number of stomachs 
containing prey items: 10 7 8 

Number of empty stomachs: 1 12 17 
14 
10 

16 
12 

11 
18 



179 

Appendix Table C.l, Level of disagreement (expressed in years) 
between ages assigned to northern pike from Squeers Lake, Ontario 
during 1982, 1984 and 1985 by scales and cleithra as determined by 
two readers. 

Reader Level of 
Disagreement 

(years) 

Scale Age 
123456789 10 11 12 

-1 
0 

+1 
+2 

41 10 16 17 13 12 18 11 2 
-___221-1 
--------I 

1 
2 

2 
1 

0 
+1 
+2 
+3 

1 
7 
1 

3 
1 

1 
5 
1 
1 
1 

1 
6 
1 

- - 1 
1 
1 
2 

2 
1 

1 
1 
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Appendix Table C.2. Level of disagreement (expressed in years) 
between two readers for ages assigned to northern pike collected 
from Squeers Lake, Ontario during 1982, 1984 and 1985 as determined 
from A) scales and B) cleithra. 

Tissue Level of 
Disagreement 

(years) 

Ages as assigned bv principal aoer 
1 2 3 4 5 6 7 8 9 10 11 12 

Scales -3 
-2 
-1 
0 

+1 
+2 

----11-215 
6 5 8 12 10 14 11 12 7 1 

2 
2 
1 

1 
1 

Cleithra -2 
-1 
0 

+1 
6 568875323 1 

1 
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Appendix Table C. 3. A comparison of the estimated and actual 
number of years at liberty for each age group of northern pike 
tagged in Squeers Lake, Ontario during 1982, 1984 and 1985 as 
determined by the number of newly formed annuli on the scales of 
fish recaptured one month to three years afteer initial tagging. 

Number of additional N  Scale Aae at Time of Release  
annuli formed 12 34 5 6 7 8 9 10 11 12 

after 1-5 months 
-1 7 
0 87 

+1 
+2 _1 

95 
after 1 year 

0 4 
+1 67 
+2 _1 

72 
after 2 years 

+1 2 
+2 10 

12 
after 3 years 

+1 1 
+2 2 
+3 6 

9 

_ _ ^ 14 1—- - 

1 2 22 13 9 18 11 8 8 

1 

-----211- 

- - 10 19 6 12 13 5 2 

-----324- 

1 - - 

3 2 1 

1 1 

1 
1 

1 
1 
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Appendix D.l. The percent frequency of mature male (M) and female 
(F) northern pike by a) age and b) 5 cm length classes from 14 
northwestern Ontario lakes. 

Greenwater 
M F 

Little Gull 
M F 

Pettit Pickerel Squeers 
M F M F M F 

Age Class 
1 0 0 
2 46 17 
3 100 50 
4 100 100 
5 100 100 
6 100 100 
7 100 100 

>8 100 100 

Size Class 
25-29 0 0 
30-34 17 0 
35-39 25 0 
40-44 50 10 
45-49 100 30 
50-54 100 50 
55-59 100 50 
60-64 100 86 
65-69 100 100 
>70 - 100 
N 54 65 

0 
33 

100 
100 
100 
100 
100 
100 

N/A 

19 

0 
0 

73 
71 
91 

100 
100 

0 
0 
0 
0 

20 
100 
100 
85 

100 
100 

45 

N/A N/A 

N/A N/A 

0 
57 

100 
100 
100 
100 
100 
100 

0 
0 
0 

33 
67 

100 
100 
100 
100 

54 

0 
10 
90 
90 

100 
100 
100 
100 

0 
0 

17 
25 
50 
0 

100 
100 
100 

68 
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Table D.l. (continued) 

Bernadine 
M F 

C. Pine® 
M F 

LDML“ 
M 

Niobe Henderson® 
M F M F 

25 
58 

80 
91 
90 

Age Class N/A 
1 0000000 
2 50 50 0 33 0 100 0 
3 100 100 77 82 50 86 43 
4 55 100 83 87 92 100 88 
5 71 100 75 91 100 100 50 
6 75 100 100 100 100 100 100 
7 100 100 100 100 100 100 100 

>8 - 100 100 100 100 

Size Class N/A 
25-29 0 0 0 0 0 0 0 
30-34 0 50 0 0 0 100 0 
35-39 50 100 0 69 25 80 33 
40-44 100 100 67 92 62 100 25 
45-49 83 100 80 100 100 100 100 
50-54 89 100 67 91 88 100 75 
55-59 88 100 100 92 100 100 100 
60-64 100 100 100 100 100 - 100 
65-69 100 - 100 100 100 - 100 
>70 - 100 100 100 100 

16 
59 
77 
71 

100 
92 

100 100 
- 100 

N/A 

N 27 37 61 58 78 45 27 65 79 

® Crooked Pine 
Lac des Mille Lacs 

® data for 1983 taken from Reid (1985) 
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Table D.l. (continued) 

Ice Muskeg Savanne Whitefish 
MF MF MF MF 

Age Class 
1 
2 
3 
4 
5 
6 
7 

>8 

N/A 
0 0 
0 0 

33 60 
50 88 
70 67 
92 100 
92 93 

100 100 

N/A 
0 0 

83 14 
64 64 

100 100 
89 100 

100 100 
100 
100 

Size Class 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
>70 

N/A 
0 0 
0 0 
0 0 

36 44 
82 78 
95 85 

100 96 
- 100 
- 100 

N/A 
0 
0 

83 0 
58 57 
92 88 

100 100 
100 100 
100 100 
100 
100 

N 93 92 50 43 


