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Abstract 

 Life history variations of ectotherms are dependent on environmental factors. 

Environmental factors may vary over latitudinal and ecological gradients.  Organisms may be 

able to adapt to environmental variation to maintain a level of performance across gradients or 

they may be constrained to follow the environmental trend.  By comparing the physical 

characteristics of different populations from varying latitudes the influence of the environment 

can then be assessed.   

 There are two major hypotheses that explain the observed differences among these 

populations.  Theory 1 states that as latitude increases, growth rate decreases.  Theory 2 states 

that within the organism’s distribution there is a theoretical ideal niche.  To test these life 

history theories, I used lake trout, Salvelinus namaycush, as a model for ectotherms.  Length-

at-age of different populations from varying latitudes were compared.  The differences 

exhibited were correlated to characteristics of the environments. It was proposed there would 

be significant physical variation among the populations and the variation would correlate with 

climate.  The results indicate growth variation of lake trout across latitudes is independent of 

climate, but is correlated to lake size.  The size of the lake appears to influence the growth 

potential of the species.  
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Introduction 

 Organisms rely on their environment for essential resources such as shelter, food and 

water (Campbell et al. 1999), so a change in the environment may cause life history changes 

(Stearns 2002).  This phenomenon is particularly pronounced in ectothermic organisms where 

metabolism is driven by ambient temperature and other environmental factors.  Environmental 

variation, such as increased temperature and decreased precipitation patterns will influence the 

evolution of key fitness-related traits of ectothermic organisms such as growth rates (McDonald 

et al. 1996) and age at maturity (Evans et al. 1991).   

 Ectotherms have a great deal of inter-population variation due to their dependence on 

the ambient temperature.  Clinal variation is variation in features of individuals in a population 

that parallels a gradient in the environment (Campbell et al. 1999) and is noted within numerous 

ectothermic species (Palo et al. 2003; Carlson and Parsons 1997).  Fish, amphibians, squamate 

reptiles and mammals often show positive phenotypic clines of body size with latitude (Bernardo 

and Reagan-Wallin 2002). One explanation for clinal variation is that temperature is the key 

extrinsic variable that explains ectotherm life history patterns (Van Voorhies 1996).  A second 

explanation is that clinal variation is influenced by other selective factors, such as, species-

specific predation and resource availability (Bernardo and Reagan-Wallin 2002).  A study of the 

frog, Rana temporaria, concluded natural selection favours faster developing genotypes at high 

latitudes as compared to low latitudes (Palo et al. 2003).  There are many variables that cause 

clinal variations.  By monitoring the pattern of a life history trait such as growth and comparing 

the patterns to influential external factors, correlations may be found.    
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Factors affecting Growth 

Growth is one of the most studied biological features in fish, as it is a good indicator for the 

health of both individuals and populations.  Growth is defined as the change in size over time 

and is correlated to a positive balance in metabolism (Moyle 2004).  Fish may sacrifice somatic 

growth when under environmental stress such as unfavourable temperature change, low prey 

availability or high population abundance (Ferreri and Taylor 1996).   Growth is controlled by 

both internal and external factors.  Internal factors include growth hormones and steroid 

secretions.  These internal factors are influenced by external environmental factors such as water 

temperature, level of dissolved oxygen and the amount and quality of food ingested (Moyle 

2004).  The conversion of excess energy consumption into biomass gain constitutes growth.  

Healthy fish usually demonstrate significant growth rates under ideal environmental conditions 

and decreased growth rates under unfavourable environmental conditions.   

Environmental factors affecting Growth 

As previously mentioned there are numerous environmental factors that affect growth rates.  

Environmental factors such as average temperature and precipitation vary over numerous 

gradients.  Latitude is a gradient over which temperature can be monitored.  The typical pattern 

in the Northern hemisphere is, as latitude increases, average environmental temperatures 

decrease and growing seasons are shorter (Phillips 1990).    

  Cool ambient temperatures and shorter growing seasons result in retarded growth rates 

(Evans et al.1991).  Organisms may adapt at higher latitudes by being smaller at maturity as they 

have fewer optimal days for growth.  Alternatively, organisms could delay maturity until an 
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appropriate size is reached.   The role of environmental factors can be assessed by comparing 

theories of the life history traits of different populations from varying latitudes.  

Theories of life history traits and climate   

Two theories explain the distribution of inter-population variation in life history traits.  The 

first theory states as latitude increases, growth rates decrease.  This phenomenon occurs because 

at higher latitudes the climate is cooler producing a shorter growth season (Phillips 1990).   

  The second theory states that within an organism’s distribution there is an ideal niche 

beyond which peripheral populations are less well adapted.  This theory is a consequence of 

allopatric speciation (Mayr 1963), where species evolve in isolated populations and become well 

adapted to certain habitats.  As species gain access to other habitats they extend their distribution 

where possible.  However, the species remain best adapted to the habitat of origin.  Most 

northern freshwater fish are thought to have evolved in cooler environments and expanded their 

distribution when opportunity arose.  In these new environments, the fish remained best adapted 

to their environment of origin (Pielou 1991). 
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Objectives of the study 

The ecological niche of lake trout, Salvelinus namaycush, is not well understood and little is 

known about the diversity and adaptive variation of inland lake trout populations (Ferreri and 

Taylor 1996).  These gaps in knowledge hinder management and conservation potential.   

The objective of this study was to examine inter-population variation in lake trout and to 

assess the effects of environmental change and lake size variation on lake trout morphology.    

Lake trout is a good model species for testing the effects of climate variation over a latitudinal 

gradient as it has a wide distribution across North America (Scott and Crossman 1973). In 

addition, it is known to be temperature sensitive (Evans et al. 1991) and long-lived (Schram and 

Fabrizio 1998).  The secondary objective was to determine which of the two aforementioned 

theories on life history variation best applies to lake trout.  

In addition to latitude there are other confounding factors that may influence lake trout 

growth.  The available habitat (Luecke et al. 1999), and the quality and abundance of prey 

(Pazzia et al. 2002; Elrod et al.1996) are believed to be influential factors of lake trout growth.  

The effect of these factors can be assessed by comparing growth rates of lake trout in varying 

habitat sizes.  Larger habitats typically have more complex food webs and more biomass per 

trophic level, allowing the habitat to support more and larger top predators (Luecke et al. 1999).  

 In summary, the literature suggests there should be a significant difference among the 

populations with respect to their size-at-age.  Lake trout are predicted to be best adapted to an 

environment that falls in the middle of their distribution and less adapted to more peripheral 

environments.  Temperature is predicted to have more influence on lake trout growth than lake 

size.   
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Materials and Methods  

To test which of the two aforementioned theories on life history variation is true for lake 

trout, the age to length relationship of lake trout for six locations (11 lakes) was compared: Great 

Bear Lake (650 49’ 59.88” N/ 1200 44’ 59.99” W), Great Slave Lake (620 49’ 59.88” N/ 1130 49’ 

59.87” W), The Experimental Cropping of Lakes (ECOL) (600 40’ to 600 45’N/ 1140 5’ to 1140 

15’ W), Peter Lake (630 to 630 30’ N/ 920 30’ to 930 W), The Experimental Lakes Area (ELA) 

(490 30’-490 45’N/ 930 30’-940 00’W) and Lake Superior (480 1’ 0.00” N/ 860 59’ 59.99” W) 

(Appendix A). 

The six locations extended across a latitudinal gradient of 20 degrees.  Large lakes and small 

lakes were selected in northern and southern regions.  Large lakes were classified as those having 

a surface area greater than 20,000 km2; small lakes were classified as those having a surface area 

less than 60km2.  A single additional small lake was used for further comparison. Its surface size 

of 153.8 km2 is greater than that of the small lakes but significantly smaller than that of the large 

lakes and will be considered a moderately sized lake (Table 1).    

The size-at-age of the different lake trout populations was compared.  The size-at-age was 

correlated to the growth season length (days) and average ambient temperature (0C) within the 

different environments.  This correlation was used to test whether growing season length and/or 

temperature influenced lake trout growth.  In addition the size-at-age of different lake trout 

populations was pooled according to lake size and compared by size, to test whether habitat size 

influenced lake trout growth. 
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Study Sites 

Great Bear Lake 

Great Bear Lake is situated 250km south of the Arctic Ocean in the Northwest Territories. It 

is the largest lake within Canadian borders and the largest mass of cold freshwater in the world.  

It is an isothermal, unstratified lake (MacDonald et al. 2004) (Table 1). 

The Great Bear Lake region is marked by short cool summers and long, cold winters.  The 

mean annual air temperature is -90C.  The mean summer air temperature is 80C and the mean 

winter air temperature is -25.50C. 

ECOL 

The ECOL site is located in the North West Territories.  These lakes were used in the 1970’s 

and 1980’s for an experimental fishing study designed to examine whitefish, Coregonus 

clupeaformis, stocks’ response to exploitation. They are all very similar in their physical and 

chemical characteristics. These lakes all stratify during the summer months, usually within a 

month and a half after ice break-up (Healey and Woodall 1973) (Table 1). 

The ECOL region has a mean annual air temperature of -70C.  The mean summer air 

temperature is 110C and the mean winter air temperature is -250C.   

Great Slave Lake 

Great Slave Lake is located in the North West Territories.  It is the deepest lake in North 

America and a site of lake trout sport fishing tourism.  Great Slave Lake does stratify during the 

summer months (Evans 1997) (Table 1). 

The Great Slave Lake region has a mean annual air temperature of -60C.  The mean summer 

air temperature is 11.50C and the mean winter air temperature is -250C.  



 7

 

Peter Lake 

Peter Lake is located in Nunavut.  It is utilized occasionally by locals from Rankin Inlet for 

subsistence fishing.  Not much is known about Peter Lake as its remote location limits research 

access (Kidd et al.1998) (Table1). 

The Peter Lake region has a mean annual air temperature of -9.50C.  The mean summer air 

temperature is 60C and the mean winter air temperature is -240C. 

ELA 

ELA is situated in northwest Ontario.  It is a preserve of small, pristine lakes which have 

been set aside for experimental research and monitoring purposes (Mills et al. 2002).  Biological 

information was collected from lake trout populations from three different control lakes: 382, 

260 and 224.  All of these lakes stratify in the summer months (Table 1). 

The ELA region has a mean annual air temperature of 1.50C.  The mean summer air 

temperature is 150C.  The mean winter air temperature is -130C. 

Lake Superior 

Lake Superior is located on the Ontario and United States border.  It is the largest lake in the 

world, containing about 10% of the world’s surface freshwater, which is more than half of the 

water volume (11,920 km3) in the Laurentian Great Lakes system.  Lake Superior is also the 

deepest of the Laurentian Great Lakes.  Over the summer months Lake Superior stratifies (Gray 

et al. 1994).  Over half of the lake is ice covered during the winter (Phillips 1990)  (Table 1).   

The region of Lake Superior has a mean air temperature of 1.50C.  The mean summer air 

temperature is 140C and the mean winter air temperature is -130C. 
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Table 1: Environmental and physical characteristics of the 11 study lakes.  

Lake Surface 
area (km2) 

Elevation 
(m) 

Average 
depth 
(m) 

Maximum 
depth 
(m) 

Secchi 
range 
(m) 

surface water 
(0C)*1 

deep water  
(0C)*2 

Lake 
Characteristic 

O2 
   (mg.L-1)*3 

Great Bear 
Lake a 31,000km2 156 m 72 m 446 m 10–30m 4 – 6 0C 4 – 6 0C Oligotrophic 12-14  

ECOL: 
Drygeese b 54.7 km2 150-200 m 14.5 m 34.5 m 5.5–9 m 5 – 17 0C 3.2 – 6.5 0C Oligotrophic ~8 

ECOL: 
Alexie b 42.0 km2 150-200 m 11.7 m 32 m 5.5–9 m 5 – 20 0C 3.2 – 6.5 0C Oligotrophic ~8 

ECOL: 
Baptiste b 36.5 km2 150-200 m 11.7 m 32 m 5.5–9 m 5 – 20 0C 3.2 – 6.5 0C Oligotrophic ~8 

ECOL: 
Chitty b 30.5 km2 150-200 m 6.9 m 20 m 5.5–9 m 5 – 20 0C 3.2 – 6.5 0C Oligotrophic ~8  

Great Slave 
Lakec 28,568km2 156 m ~250 m 614 m ~10-20m 10-20 0C 0.5-2.1 0C Oligotrophic 9.71-13.2 

Peter Laked 153.8 km2 100-200 m 23.5 m ~40-50 m ~10-30m 5-15 0C 4 – 6 0C Oligotrophic ~ >10 

ELA: 
382e 3.7 km2 360 m ~8 m 13 m 3 m 10-20 0C 4 – 8 0C Oligotrophic ~1.81-9.43 

average: 7.52 
ELA: 
260 e 3.4 km2 360 m ~10 m 14 m 4.9 m 10-20 0C 4 – 8 0C Oligotrophic ~5.75-11.47 

average: 7.07 
ELA: 
224 e 2.6 km2 360 m ~16m  27 m 7 m 10-20 0C 4 – 8 0C Oligotrophic    ~6.0-12.08 

average: 6.75 
Lake 

Superiorf 82, 100 km2 183 m 147 m 406 m 8.5-9.8 7-14.5 0C 4 – 6 0C Oligotrophic ~8.1-14.9 
average:  11.72 

*1 Average surface water temperature during summer months 

*2 Average deep water temperature during summer months 

*3 Average free oxygen concentration  

a. (MacDonald et al. 2004) b. (Healey and Woodall 1973) c. (Evans 1997) d. (Kidd et al. 1998)  e. (Mills et al. 2002; Cleugh and Hauser 1970; correspondence 
with Dr. S. Page DFO) f. (Gray et al. 1994).
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Study Species 

 Lake Trout have a wide distribution across North America (Scott and Crossman 1973).  

They are cold adapted, temperature-sensitive (Edsall and Cleland 2000) and long-lived (Schram 

and Fabrizio 1998).  Their temperature sensitivity results in life history shifts in response to 

temperature variation.  They have a mean life span of 25 years, with an estimated maximum life 

span of 42 years in Lake Superior and an estimated maximum life span of 70 years in arctic lakes 

(Schram and Fabrizio 1998). Long lived organisms react minimally to annual changes in their 

environment.  They adapt to long term changes making them good monitors of long term 

environmental variation.    

 The distribution of lake trout suggests the species arose in proglacial lakes and 

dispersed into glaciated North America from two directions as the ice melted.  One group came 

from the south east and the other group from Beringia (Pielou, 1991). 

Lake trout are opportunistic feeders.  Their diet ranges from plankton and small insects to 

fish and small mammals.  Lake trout tend to either be piscivorus or plantivorus (Vander Zanden 

et al. 2000).  Lake trout never travel more then 24 km from their spawning grounds (Rodger, 

1991).  The local nature of lake trout makes them good models for monitoring environmental 

change. 
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Habitat preferences 

Lake trout prefer cold, deep, low productivity lakes with high concentrations of dissolved 

oxygen (Ferreri and Taylor 1996). The optimal temperature for growth for age-0 lake trout is 

12.50C.  Adult lake trout avoid water temperatures of 160C or higher. Their preferred 

temperature is 10.0-10.90C (Edsall and Cleland 2000).  Lake trout cannot survive in water with 

oxygen concentrations less than 4.2 mgL-1 (Evans et al. 1991).  Their preferred oxygen 

concentration range is more than 6.0 mgL-1 (Dillon et al. 2003).  If oxygen concentrations are 

reduced slightly from preferred conditions, feeding and somatic growth are restricted (Evans et 

al. 1991).  The four aforementioned factors of preferred lake trout habitat are all correlated.  As 

depth of a lake increases, temperature decreases, so too does the light penetration which 

decreases lake productivity.  The concentration of oxygen increases with decreasing temperature 

and depth, to a certain undefined threshold (Pielou 1998).  This indicates that lake trout are 

adapted to several habitat factors.  
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Collection of Biological Data 

 The data for Great Bear Lake, ECOL, Great Slave Lake, ELA and Lake Superior was 

collected from reports, data bases and publications (Appendix B).  Peter Lake samples were 

processed as part of this study.   

Field Collection Methods Peter Lake 

To obtain fish samples, nets were set for periods of 12 to 24 hours.  Netting was conducted 

using leaded gillnets, set from the shoreline perpendicularly out towards the lake centre. Nets 

were 25 and 30 meters in length, and followed the lake bottom.  The nets were multimesh and 

followed this pattern: 1) 140mm stretch mesh (25 m); 2) 133mm stretch mesh (25m); 3) 114mm 

stretch mesh (25 m); 4) 102mm – 89mm – 76mm (3x10m); 5) 63.5mm – 51mm – 38mm 

(3x10m); 6)102mm – 89mm – 76mm – 63.5mm – 51mm – 38mm (6x10).    

Laboratory Methods Peter Lake 

Each sample was processed for length, weight and age as well as other biological 

information.  Fish were aged from fin ray sections.  This aging technique was chosen to keep the 

aging method consistent among the different studies.  The method used is as follows: one 

pectoral fin per fish was clipped close to the pectoral girdle.  The fins were air dried and then 

epoxyed in ice cube trays.  The epoxy was allowed to set for 7 days then the fins were sectioned.  

Five sections were cut starting at the base of the fin.  Each section was 0.9 mm thick.  The 

sections were fixed onto microscope slides.  The fin ages were determined by counting the dark 

concentric rings from the centre outward to the edge of the fin.  Each ring was considered one 

growing season, one year.  Fin aging and sectioning followed the method outlined by Mills and 

Chalanchuk (2004).  Fish size was determined from fork length (mm).  Round weight was taken 

to the nearest gram (g). 
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Statistical analysis 

A one-way analysis of variance (Sokal and Rohlf 1995) was used to compare fish lengths of 

the different lakes, to measure if there were growth differences among the populations.  Tukey’s 

pairwise comparison was conducted (Sokal and Rohlf 1995) to analyze which populations were 

significantly different.  To be certain the differences in fish length were not due to different age 

class distributions a one-way analysis of variance was conducted to compare fish ages of the 

different lakes.  To add more confidence to the statistical results, a general linear model was 

conducted comparing length of the fish factoring latitude and lake size; this was done using 

MiniTab software (Neter et al. 1983).   Pearson’s correlation coefficient (r) was determined for 

both lake trout growth and lake size and for lake trout growth and latitude.   
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Results 

The results will be outlined in the following order: among population variation of fish 

length; among population variation of fish length factoring latitude and lake size; among 

population variation of fish age; comparison of growth rates among the populations by latitude 

and lake size; and, comparison of temperature and growth season differences across the 

latitudinal gradient.  

 The one-way ANOVA of fish length factoring lake shows there is a significant difference 

p = <0.001 (Table 2).   There is inter-population variability in fish length.   

Tukey’s pairwise comparison (Table 3) shows mean length between the following 

populations are not significantly different: ELA 224 and ELA 382; ELA 224 and ELA 260; 

ECOL A and ELA 382; ECOL A and ELA 224; ECOL B and ELA 260; ECOL C and ELA 382; 

ECOL C and ECOL A; ECOL D and ELA 382; ECOL D and ELA 224; ECOL D and ECOL A; 

ECOL D and ECOL C; Lake Superior and Great Bear Lake.  All other pairwise comparisons are 

significantly different. 

The mean fish length of northern lakes (ECOL A-D, Great Bear Lake, Great Slave Lake 

and Peter Lake) is 461.1mm (Table 4). The mean fish length of the southern lakes (ELA 382, 

260, 224 and Lake Superior) is 448.9mm. The mean fish length for northern lakes is 1.03 X 

greater than southern lakes.  The mean fish length of large lakes (Great Bear Lake, Lake Superior 

and Great Slave Lake) is 619.4mm.  The mean fish length of small lakes (ELA 382, 260, 224 and 

ECOL A-D) is 381.7mm. The mean fish length of the moderate sized lake (Peter Lake) is 

493.2mm.  The mean average fish length for large lakes is 1.62 X greater than smaller lakes and 
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1.26 X greater than the moderate lake.  The biological data suggests there may be a significant 

difference between mean lengths of fish from different sized lakes, but no significant difference 

between mean lengths of fish from different latitudinal positions.   
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Table 2:One-Way Analysis of Variance:  Fish Length by lake.  The average fish length 
from each population was compared to the average fish length from every other 
population.  Alpha = 0.05. 

 

Source 
Degrees of 
 freedom 

Sum of 
squares 

Mean square
Variance  
ratio (F) p value 

Lake 10 78801680 7880168 689.75 <0.001 

Error 15004 171416496 11425   

Total 15014 250218176    
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Table 3: Tukey’s pairwise comparison of the mean fork length.  The average fish length 
from each population was compared individually to every other population.  The 
individual pairwise comparisons were classified as significantly or not significantly 
different.  Family wise Alpha = 0.05. 

 

 ELA 382 ELA 260 ELA 224 GBL ECOL A ECOL B ECOL C ECOL D GSL PL SL 

ELA 382 X           

ELA 260 S X          

ELA 224 *NS *NS X         

GBL S S S X        

ECOL A *NS S *NS S X       

ECOL B S *NS S S S X      

ECOL C *NS S S S *NS S X     

ECOL D *NS S *NS S *NS S *NS X    

GSL S S S S S S S S X   

PL S S S S S S S S S X  

SL S S S S *NS S S S S S X 

* NS :  No significant difference between mean fork length of the two populations 

S: Significant difference between mean fork length of the two populations 

 Family error rate = 0.0500 

Individual error rate = 0.00129 

Critical value = 4.55 
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Table 4: Average fish length for each lake population including the sample size 
and standard deviation of fish length.    

 

Lake Sample size Mean (mm) Standard Deviation (mm) 

ELA 382* 432 366.1 36.1 

ELA 260* 292 413.7 56.2 

ELA 224* 269 384.6 33.6 

GBL 380 630.7 121.8 

ECOL A 184 373.6 142.5 

ECOL B 175 432.6 118.0 

ECOL C 61 333.3 157.8 

ECOL D 159 368.2 158.1 

GSL 7215 596.4 125.8 

PL 160 493.2 152.9 

SL* 5688 631.1 78.0 

   * Southern lakes  
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A one-way ANOVA of fin age factoring lake (Table 5) indicates there is a significant 

difference among the mean ages in the different populations (p = <0.001).   

Tukey’s pairwise comparison (Table 6) shows mean fin age among the following populations 

are not significantly different: ELA 224 and ELA 382; ELA 224 and ELA 260; ECOL B and 

ELA 260; ECOL C and ECOL A; ECOL D and ECOL A; ECOL D and ECOL C; Peter Lake 

and Great Slave Lake; Lake Superior and ECOL A.    

The mean fish age of northern lakes and southern lakes are both 11.8 years. The mean age of 

fish in large lakes is 14.1 years (Table 7).  The mean age of fish in small lakes is 10.4 years.  The 

mean age of fish in the moderate sized lake is 15.0 years.   Fish in large lakes have a mean age 

that is 1.36 X greater than small lakes.  The moderate lake had a mean fish age greater than small 

and larger lakes by 1.44 X and 1.06 X respectively. 

An ANOVA of the general linear model for age class 10 factoring lake size and lake latitude 

(Table 8) shows there is a significant difference between the mean fish length of populations 

from different sized lakes (p = 0.001).  However, there is no significant difference between the 

mean fish length of populations from lakes at varying latitudes (p = 0.213).   
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Table 5: One-Way Analysis of Variance: fin age by lake.  The average fish age from each 
population was compared to the average fish age from every other population.  Alpha = 
0.05. 

 

Source 
Degrees of 
 freedom 

Sum of  
squares 

Mean square
Variance  
ratio (F) P value 

Lake 10 145514.1 14551.4 659.04 <0.001 

Error 15004 331282.9 22.1   

Total 15014 476797.0    
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Table 6: Tukey’s pairwise comparison of the mean fish ages of each lake population.  The 
average fish age from each population was compared individually to every other 
population.  The individual pairwise comparisons were classified as significantly or not 
significantly different.  Family wise Alpha = 0.05. 

 

 ELA 382 ELA 260 ELA 224 GBL ECOL A ECOL B ECOL C ECOL D GSL PL SL 

ELA 382 X           

ELA 260 S X          

ELA 224 *NS *NS X         

GBL S S S X        

ECOL A S S S` S X       

ECOL B S *NS S S S X      

ECOL C S S S S *NS S X     

ECOL D S S S S *NS S *NS X    

GSL S S S S S S S S X   

PL S S S S S S S S *NS X  

SL S S S S *NS S S S S S X 

* NS :  No significant difference between mean fin age of the two populations.   

S: Significant difference between mean fin age of the two populations. 

   Family error rate = 0.0500 

Individual error rate = 0.00129 

Critical value = 4.55 
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Table 7: Average fish age for each lake population including the sample size and 
standard deviation of fish age.    

 

Lake Sample size Mean (years) Standard  Deviation (years) 

ELA 382* 432 13.019 4.713 

ELA 260* 292 11.740 4.358 

ELA 224* 269 12.848 5.054 

GBL 380 16.897 8.069 

ECOL A 184 8.788 5.564 

ECOL B 175 11.246 5.452 

ECOL C 61 7.197 5.281 

ECOL D 159 7.723 4.690 

GSL 7215 15.858 5.530 

PL 160 15.000 7.217 

SL* 5688 9.507 2.646 

  * Southern lakes 
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The bar charts of average fish length at varying age classes (Figure 1) shows the mean length 

(mm) of large lakes is higher than the mean length (mm) of small lakes.  On average the 

difference is 200mm.  

The graph of the quadratic regression lines grouped according to latitude (Figure 2) indicates 

there is no relationship between growth and lake latitudinal position.   However, the graph 

indicates that southern lakes have more variation in growth rates than northern lakes.  

The graph of the quadratic regression lines grouped according to lake size (Figure 3) 

indicates there is a relationship between the growth rates and lake size and shows, larger lakes 

have faster growth rates than smaller lakes.  

 The average number of days the ambient temperature is above 00C and 100C over a 

latitudinal gradient (Figure 4) shows there is variation in ambient temperature over the latitudinal 

gradient. In the north the number of days per year above 00C is 181, as compared to 255.5 days 

per year in the south.  In the north the number of days per year above 100C is 130.2, as compared 

to 180.2 days per year in the south.   

In summary the results show there is inter-population variation in fish length and fish age 

among the study sites.  There is variation in the temperature and the length of growth seasons 

across the latitudinal positions of the study sites.  The variation among the populations is not 

significantly correlated with latitudinal position.   The results shows that the average size of fish 

is influenced more by lake size than by latitude.  
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Table 8: General linear model: Analysis of Variance of fork length at age class 10          
factoring lake size and lake latitude.  The mean fish lengths of the individual 
populations were compared to every other population factoring in the lake size.  The 
mean fish lengths of the individual populations were compared to every other 
population factoring latitudinal position.  The results are reported by p=value.  Alpha 
0.05. 

 

Source df Seq SS Adj SS Adj Ms
Variance ratio 
        (F)  P 

Lake size 1 8677003 8107566 8107566 1945.02 <0.001 

Lake latitude 1 6467 6467 6467 1.55 0.213 

Error 1310 5460554 5460554 4168   

Total 1312 14144024     
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Figure 1:  Average fish length of individual populations at varying age classes. 

 GBL: Great Bear Lake; GSL: Great Slave Lake; SL: Lake Superior; PL: Peter Lake; ECOL A: Alexie; 
ECOL B: Baptiste; ECOL C: Chitty*; ECOL D: Drygeese; ELA 382; ELA 260 and ELA 224. 

     *There were no fish at age class 10 and 15 for ECOL C  
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Figure 2: Quadratic linear regression of lake trout growth for individual lakes grouped according to latitude.   

▲ Southern lakes ○ Northern lakes
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Figure 3: Quadratic linear regression of lake trout growth for individual lakes grouped according to lake size. 

--- Large lakes; □ Moderate lake; ○Small lakes.
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Figure 4: Average number of days yearly where ambient temperatures were above 
00C and 100C for regions across a latitudinal gradient, compiled average over thirty 
years 1973-2003. 

 



 28

 

Discussion 

The first hypothesis that there would be inter-population variation among the mean fish 

length for the different lake trout populations is supported.  These results are consistent with 

other studies (Vander Zanden et al. 2000).  Other cold freshwater species also exhibit inter-

population variation (Tallman 1997).  This variation is a result of individual niche adaptations to 

individual habitat variation.  

The hypothesis that lake trout growth would change over a latitudinal gradient is not 

supported.  No evidence correlates lake trout growth rates with ambient temperature or growing 

season length.  Pearson’s correlation factor between fish length and latitudinal position is 0.231.  

No difference in the rate of growth between northern and southern populations of lake trout is 

observed, as was found by Healey (1975).  Lake trout are habitat-specific and tend to prefer 

temperatures that are cooler.  Other salmonids are also temperature sensitive and prefer cooler 

water.  The lake whitefish has an optimal growth rate at 18.10C (Edsall 1999) with lethal 

temperatures of 26.70C (Edsall and Rottiers 1976).     The temperature selectivity of lake trout 

may be a limiting factor in its distribution rather then an influencing factor on growth. The 

distribution of lake trout does not extend far south where water temperatures exceed their 

tolerance. 

The hypothesis that lake trout growth is independent of lake size is not supported.  The 

results show a strong correlation (r = 0.658) between the growth rate of lake trout and size of the 

lake.  Smaller lakes with surface areas less than 60 km2 have significantly but not statistically 

significant slower growth rates compared to larger lakes.  At age class 15, lake trout from smaller 

lakes are 200 mm shorter than lake trout of the same age in big lakes (Figure 1).  These results 
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are consistent with the results of Shuter et al. (1998) who reported that lake trout populations 

from large lakes exhibit maximum size and growth rates.  Shuter et al. (1998) studied lakes 

which varied in size; and noted lake trout length increased with increasing lake size (Appendix 

C).  Benoît and Power (1981) also reported that lake trout growth varied with lake size.  As lake 

volume changes so too does ecosystem composition (Shuter et al. 1998).  Many confounding 

factors change with lake size: dissolved oxygen, food web dynamics and habitat availability 

(Pielou 1998).  For this study, the water temperature and dissolved oxygen are not considered 

influential factors because they were similar for each lake.   However, the food web dynamics for 

each of the study lakes is not known and may be an influential factor of lake trout growth.  

Further studies on the effects of each of these factors are needed to better understand the 

ecological niche of lake trout. 

From this study it cannot be stated which of the two aforementioned theories explaining 

distribution of inter-population variation in life history traits is true for lake trout.   The results 

showed that lake trout do not follow the first theory which states that as latitude increases, 

growth rates decrease.   As previously mentioned, southern lake trout populations do not grow 

faster than northern populations.  Evidence from this study does not support the second theory 

either, which states that within an organism’s distribution there is an ideal niche beyond which 

peripheral populations are less well adapted.  The results demonstrated that lake trout are better 

adapted to large lakes compared to small lakes.  However this does not represent a central niche 

but rather an ideal niche.   

In summary, this study supports previous findings that there is inter-population variation 

among lake trout.  The variation among the populations does not correlate to temperature and 

growth season differences across the latitudinal gradient. The variation among the populations 
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does correlate to lake size; large lakes optimize growth compared to small lakes.  Insufficient 

evidence is available to state with confidence that lake trout have a central niche to which they 

are best adapted.  However, the statement that southern lake trout populations do not grow faster 

than northern populations can be stated confidently.  

This study is a broad over-view of inter-population variation in Canadian lake trout lakes 

and assessed the direction of the variation. Future studies on the variation of lake trout 

populations according to lake size are necessary.   Presently there is little research comparing 

dynamic differences of lake composition such as dissolved oxygen concentration, food-web 

dynamics and habitat availability between lakes of varying size.  Lake trout are primarily a 

Canadian species and are commercially fished (Mills et al. 2002).  It is surprising that there is 

still more to learn about the ecological necessities and inter-population variation of lake trout.  

With more known about lake trout ecology, better management and conservation plans can be 

developed and implemented. 
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Conclusions 

1. Lake trout growth rates vary among populations. 

2. Lake trout growth is not correlated to latitudinal change.   

3. Southern populations of lake trout do not grow faster than northern populations. 

4. Lake trout growth and lake size are positively correlated; larger lakes produce faster 

growing fish 
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Appendix A: Map of Canada illustrating study sites 

1: Great Bear Lake 2: ECOL 3: Great Slave Lake 4: Peter Lake 5: ELA 6: Lake Superior 
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Study Site Data provided by 

Great Bear Lake Howland, K.  Department of Fisheries and Oceans, Winnipeg. 
howlandk@dfo-mpo.gc.ca 

Tallman, R. Department of Fisheries and Oceans, Winnipeg. 
tallmanr@dfo-mpo.gc.ca 

Great Slave Lake Tallman, R. Department of Fisheries and Oceans, Winnipeg. 
tallmanr@dfo-mpo.gc.ca 

ECOL Tallman, R. Department of Fisheries and Oceans, Winnipeg. 
tallmanr@dfo-mpo.gc.ca 

ELA Mills, K. Department of Fisheries and Oceans, Winnipeg. 
millsk@dfo-mpo.gc.ca 

Lake Superior Sitlar, S. Marquette Fisheries Research Station, Michigan 
sitars@michigan.gov  

 

Appendix B: List of data sources including contact information 
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Appendix C: The mean length (mm) of lake trout in lakes of varying size Shuter et al. (1998).  The raw data of average 
fish lengths presented in the report by Shuter et al. (1998) was graphed with lake surface area on the X-axis and the mean 
fish lengths (mm) on the y-axis. 
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