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ABSTRACT

-  l -

A study was undertaken to identify cutthroat trout strains indigenous to 

the Bow, Kootenay-Columbia and Waterton River systems in Banff, Kootenay 

and Waterton Lakes National Parks, respectively, and to identify which 

park waters within these river systems still contain native cutthroat 

populations. Cutthroat trout were collected during the spring of 1980 

from 10 lakes, 1 stream and 1 lake in Banff, Waterton Lakes and Kootenay 

National Parks, respectively. A sample from the Connor Lakes, British 

Columbia, was also analysed for comparative purposes. Morphological 

analyses were performed on 160 specimens, and tissue extracts from 246 

specimens were examined electrophoretically. The westslope cutthroat 

trout (Salmo cl arki lewisi) was judged to be the only cutthroat sub

species native to the study area. Of the 13 samples analysed, 10 were 

found to be pure S_. c_. lewisi, including the samples from Block Lake 

(Upper), Elk Lake, the Fish Lakes (3), Marvel Lake, Mystic Lake, Twin 

Lake (Lower), Floe Lake and the Connor Lakes. Pure Yellowstone cut

throat trout (Salmo clarki bouvieri) were found in Taylor Lake. West- 

slope x Yellowstone hybrids were found in Baker Lake and Sofa Creek. 

There was no evidence of introgression from rainbow trout (Salmo 

gairdneri) or any other species.
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SUMMARY

It is recognized that the genetic diversity inherent in native stocks is 

a valuable resource which allows local populations to successfully adapt 

to unique, local environmental conditions. This study, commissioned by 

Parks Canada, was designed to identify sources and characterize popula

tions of native cutthroat trout within the Bow, Kootenay-Columbia and 

Waterton River systems in Banff, Kootenay and Waterton Lakes National 
Parks, respectively.

We have concluded that the wests!ope cutthroat trout (Salmo clarki 

lewisi) is the only cutthroat subspecies native to the Bow, Kootenay- 

Columbia and Waterton River systems. This trout has been extirpated 

throughout much of this area by loss of habitat and by replacement by 

other non-native trouts which have been introduced beyond their ranges 

and have either out-competed or hybridized with the native form. There 

are, however, areas within these drainages where essentially pure native 

cutthroat trout are relatively common, particularly in undisturbed, high 
elevation areas.

Based on a review of the fish stocking records, together with pertinent 

Parks Canada file data and information provided by knowledgeable parks 

personnel, eleven lakes, one stream and one lake in Banff, Waterton 

Lakes and Kootenay National Parks, respectively, were selected as likely 

areas where pure native strains might possibly still exist. An addi

tional area, the Connor Lakes, British Columbia, was also studied for 
comparative purposes.

Most cutthroat trout specimens were collected during June 1980, as they 

concentrated in tributary streams during the spawning run. In Waterton 

Lakes National Park (Sofa Creek), fish were collected in May and July. 

No sample was collected from Hidden Lake, and it is suspected that this 

lake no longer supports a fish population. A combination of morpholo

gical characteristics and a biochemical procedure was selected as the
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best means to judge the purity of the samples. Morphological analyses 

of 160 specimens included: coloration and spotting characteristics, and 

counts of pyloric caeca, gill rakers, scales in the lateral series, 

scales above the lateral line and basibranchial teeth. An 

electrophoretic analysis of skeletal muscle, liver and eye extracts from 

246 specimens was also undertaken, and followed the methods described in 
Allendorf et.al.(1977).

Of the 13 samples analysed, 10 were found to be pure westslope cutthroat 

trout, including the samples from Block Lake (Upper), Elk Lake, the Fish 

Lakes (3), Marvel Lake, Mystic Lake, Twin Lake (Lower), Floe Lake and 

the Connor Lakes. Pure Yellowstone cutthroat trout (Salmo clarki 

bouvieri), a non-native subspec.ies, were found in Taylor Lake. West- 

slope x Yellowstone hybrids were found in Baker Lake and Sofa Creek.

In all samples except one, the results obtained from the morphological 

and biochemical analyses concurred. In the case of the Baker Lake 

sample, external morphological criteria were not adequate to detect the 

hybridization that was apparent in the electrophoretic analysis. In 

this sample, with 91% westslope isozymes and 9% Yellowstone isozymes, 

the effect of hybridization was not visually apparent, and the specimens 

appeared morphologically to be pure westslope cutthroat trout. In the 

Sofa Creek sample, with 80 % westslope isozymes and 20% Yellowstone 

isozymes, the effect of hybridization was detected in both the 
morphological and biochemical analyses.

The samples from Fish Lake (First),. Fish Lake (Second), Marvel Lake, 

Mystic Lake and Twin Lake (Lower) were totally monoroorphic at all 32 

gene loci examined, indicating that these are small and extremely iso

lated populations. Other samples showing polymorphism support this 

conclusion, as variation at each of three of the polymorphic loci was 

restricted to a single sample (Block Lake (Upper), Ldh-4; Elk Lake, 

Ck-1; Fish lake(Third), Ldh-3). The restricted distribution of these 

variant alleles combined with their high frequencies in some samples 

indicate that there is extremely little genetic exchange between these
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populations. The large allelic frequency differences between samples 
also indicates that these populations are probably native and not 
introduced from a common source.

There was no evidence of mtrogression from rainbow trout or other 
species in any of the samples.
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Recent reviews of the historical distribution of trouts of the genus 

Salmo native to western North America conclude that the only subspecies 

of cutthroat trout endemic to the Bow, Waterton and Kootenay-Columbia 

river systems in Canada is the westslope cutthroat trout (Salmo clarki 

Jlewlll) (Behnke, 1979; Roscoe, 1974). Another form, « ¡ J  

cutthroat trout (Salmo clarki alpestris), has been described from the 

upper Columbia River drainage near Revelstoke, British Columbia (Dymond, 

1931, as cited in Behnke, 1979). However, S.c. alpestris has not been 

generally accepted as a subspecies and most workers consider this form

to be a synonym of S.c. lewisi (Behnke, 1979; Carl et al., 1971* Quadri 
1959). “

All of the living forms of the genus Salmo are closely related geneti

cally, and few barriers (other than geographic) exist that would prevent 

hybridization and the exchange of genetic material. Most inland popula

tions of cutthroat trout have evolved in isolation from other trouts 

such as the rainbow trout (Salmo gairdneri). As a result, native cut

throat populations have not developed isolating mechanisms which would 

allow them to coexist with other trouts without hybridization. When 

species such as S. gairdneri are introduced into waters where cutthroat 

trout is the only native species, mass hybridization or hybrid "swarms" 

is often the result, and a lack of some degree of hybridization is rare 

(Behnke, 1979; Roscoe, 1974). For many years, there has been a steady 

decline in the range of S.c. lewisi throughout western North America. 

Habitat degradation has been a contributing factor, but the major causes 

of population decimation have been associated with the introduction of 

non-native species. Introduced exotic species such as brown trout 

■̂Sa^mo ,trutta) and brook trout (Salve!inus fontinalis) have successfully 
competed for habitat with S.c. lewisi. Salmo gairdneri and non-native 

cutthroat trouts have been introduced beyond their ranges, and the 

result of this has been the production of viable hybrids and increased 
loss of genetic integrity within native populations.
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The genet,c status of most populations of cutthroat trout n Banff 
Kootenay and Waterton Lakes National Parks is not known. It is known 

that widespread introductions of non-native trouts have occurred in the 

pas Historical stocking data for parks' waters show that during the 

e rly years of fish stocking, little discrimination was exercised in 

terms of species planted. Ward U974) reports that many fish were 
stocked 1n National Park waters before hatcheries existed.

Parks Canada recognites that the genetic diversity inherent in native

protect d * ”1thin ^  "ati°"al ParkS is a res°“'-« I*

protect thatma’n U ’ned enJ°ye<1, B  I  Char9ed R  the "a"da“  to protect that resource. This study was designed to analyse and identify

cutthroat trout strains within selected park waters, and to determine

which waters still contain the native strains that were indigenous to

the Bow, Kootenay-Columbia and Waterton River systems in Banff, Kootenay 
and Waterton Lakes National Parks. y

1.1 Origin of Stocks

Stocking information for Banff, Kootenay and Waterton Lakes National 

r s „  provided by Kilistoff et f a  (1973), Parks Canada file excerpts

B « k 9  Rawson H  H p 8  «d Ward (1974). These sources show that the main species planted in 

study waters has been the cutthroat trout, with only a few exceptions.

a n 7 t h f dhef f'Sh P,anted on'9inated fr01" stocks in the United States 
and the distinct possibility exists that some of these stocks were o f
non-native origin. This assumption is confirmed by Behnke (1979) who 
states that from 1905-1955 thp voiin -a. ’ *
C l a r k i  So „■ -1 ’ B M  cutthroat trout (Salmo

bouvjen) was the dominant form of cutthroat propagateT"^"

obt0’6^ 6^ ,n ^  U"ned States- U r 9e numbers of eggs were easily 
Obtained from Yellowstone Lake, and stocks originating from this area

were promoted above native stocks. Behnke (1979, also states that as 

individual states began developing their own propagation programs, they 

ften established brood stock lakes, most of which contained rainbow x 

Yellowstone cutthroat hybrids. Two major taxonomic groups of native 
rainbow trout have been described in western North
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America on the basis of biochemical genetic information (Allendorf and 

Utter, 1979) and morphological Characteristics (Schreck and Behnke, 

1971; Behnke, 1979): the coastal form, which is native to waters west 

of the Cascade Mountain Range, and the eastern form, which is native to 

both the Fraser and Columbia River basins east of this range. The 

overwhelming majority of present-day hatchery brood stocks have been 

derived from coastal stocks (Allendorf and Utter, 1979; Behnke and 

Needham, 1962; MacCrimmon, 1971, as cited in Al lendorf et al_., 1980). 

It is reasonable to assume, therefore, that any hybridization manifested 

by cutthroat trout in study area waters would likely be a result of past 

introductions of Yellowstone cutthroat trout, rainbow trout (coastal 
form), or hybrid mixtures of both forms.

1.2 Identification of Strains

Western trouts are closely related genetically and there is much overlap 

in diagnostic characteristics between species, subspecies and within 

populations (Behnke, 1979). Salmonid fishes are also notoriously labile 

in external morphology, and many studies have shown that environmental 

cues such as temperature changes can induce morphological changes, 

particularly during early stages of development (Barlow, 1961; Garside, 

1966, as cited in Schreck and Behnke, 1971). These generic traits have 

contributed to some disagreement on the recognition of species and 

subspecies of western Salmo, and on their interrelationships. There is 

general agreement, however, that certain meristic characters such as 

vertebra, gill rakers, pyloric caeca and pelvic fin rays are relatively 

stable under varying natural conditions, and validly reflect the 

genotype (Behnke, 1979; Gold et al_., 1979; Rourke and Wallace, 1978; 

Schreck and Behnke, 1971). Meristic characters have been used 

successfully to detect hybridization within Sal mo, such as rainbow trout 

influence on cutthoat trout (Behnke, 1965; Roscoe, 1974; Wernsman, 1973, 
as cited in Rourke and Wallace, 1978).

In recent years, the refinement of biochemical-genetic techniques has 

contributed greatly to our present understanding of the systematises and 

- genetics of Sal mo. Patterns and amounts of genetic variation or hybrid-
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ization between individuals and groups can now be quantified, by 

examining the gene products of many individual loci through the 

electrophoretic separation of proteins. The protein variants that are 

selected for genetic analysis reflect genetic differences that are 

unaffected by environmental cues. Therefore, this genetic basis for 

analysis of variation has major advantages over the morphological basis, 

which is usually affected by an unknown environmental component (Utter 

— *» 1976)* Gene duplication is extensive in salmonids, and this has 
resulted in a large number of electrophoretically detectable loci, 

making this group ideally suited for genetic analysis by electrophoretic 

techniques (Al lendorf et a K , 1977). Starch-gel electrophoresis has 

been successfully used to distinguish wests!ope cutthroat trout, rainbow 

trout and their hybrids (Reinitz, 1977). Reinitz (1977) has stated: 

the purity of a population of westslope cutthroat trout could be better 

judged by the use of both biochemical and morphological characters than 

by the use of either alone". Both techniques were chosen as a means of 

characterizing cutthroat trout populations in the study area.

•3 Study Area

The selection of particular areas where pure native strains might possi

bly still exist was based on a thorough review of the fish stocking 

history of Banff, Kootenay and Waterton Lakes National Parks, together 

with other pertinent file data and information provided by knowledgeable 

parks personnel. Waters where minimal or no stocking had occurred 

were selected for analysis of their cutthroat trout populations, and 

included eleven lakes, one stream and one lake in Banff, Waterton Lak.es 
and Kootenay National Parks, respectively (Figure 1).

Lakes studied in Banff National Park include Baker, Block (Upper), Elk, 

Fish (3), Hidden, Marvel, Mystic, Taylor and Twin (Lower) lakes (Figure 

2). Seven of the lakes are located within the Alpine Zone, with 

elevations extending to 2260 m above sea level (Hidden Lake). The 

remaining four (Taylor, Twin, Mystic and Marvel) are found within the 

Subalpine Forest Subzone at elevations as low as 1770 m above sea level 

(Marvel Lake). All are located within the Bow River drainage basin.
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I  K°0tenay Nationa> Park. Floe Lake was selected (F igu re  2) This lake  
is .ocated within the Alpine Zone at an elevation9

80 m An additional area, the Connor Lakes, British Columbia was 

so chosen for stud,. Although not located in a nationa, park (p’igur 

> the two Connor Lakes were included as they serve as an egg source

eggs I r i v e T r ’ 1  B  I  °"’y °"e B l  ° « a*’°" * » » )  when 
derived from an external source were planted here (R.A.H. Sparrow

per . comm.). Both m  ,„d the Connor Lakes are located within 1  
Kootenay River drainage basin.

in waterton Lakes National Park, Sofa Creek was selected for study 

(Figure 3). This stream originates near the Montana border between Sofa 
ountain and Vimy Ridge, and flows I  a northerly direction for 2 

meters before entering Lower Waterton Lake at an elevation of 

m. sofa creek is located within the Raterton River drainage
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2.0 MATERIALS AND METHODS

Cutthroat trout were collected during June 1980, as they concentrated in 

tributary streams during the spawning run. The exception was Sofa 

Creek, where fish were collected on May 13 and July 2, 1980. Fish were 

electroshocked in most cases, although some specimens were collected by 

angling or gill netting. Specimens were frozen and transported to 

Calgary for morphological examination.

2.1 Morphological Procedures

Coloration and spotting was observed from specimens in the laboratory, 

and from color photographs taken, in the field. Counts of pyloric caeca 

and scales (above and below the lateral line) followed procedures 

outlined in Hubbs and Lagler (1974). Scales in the lateral series were 

counted two rows above the lateral line starting with the first scale 

touching the pectoral girdle and including the last scale anterior to 

the distal end of the hypural complex, as determined by flexing the 

caudal fin. Gill rakers, including rudiments, were counted on both 

upper and lower limbs. Counts of basibranchial teeth were made using a 

staining technique suggested by R.J. Behnke (cited in Gold 1977). 

Tissue paper soaked in an alizarin-potassium hydroxide solution 

(described by Humason, 1967) was placed on the excised basibranchial 

plate of each specimen, and left overnight. Basibranchial dentition was 

then determined under a dissecting microscope, using a fine jet of air 

to remove excess tissue. The fork length of each specimen was 

determined by taking a straight line measurement from the most 

anteriorly projecting part of the head to the mid-line notch of the 

caudal fin.

Specimens measuring less than 150 mm fork length were not dissected but 

were kept whole for biochemical analysis. Morphological data, there

fore, were not compiled for these individuals.

2.2 Biochemical Procedures

Three separate tissues were excised from all individuals measuring 

greater than 150 mm fork length: skeletal muscle, liver and eye. These
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tissues were frozen immediately, and delivered to the genetics labora

tory at the University of Montana for electrophoretic analysis. Elec

trophoretic procedures followed the methods described in Allendorf 

£t.£l_.(1977). Extracts were prepared from muscle, liver and eye tissue, 

by placing equal amounts of tissue and water into 12 x 75 mm glass tubes 

and blending this mixture into a paste with a glass rod. This process 

breaks the cell membranes and releases the soluble enzymes contained in 

that tissue into the water. The samples were then centrifuged for five 

minutes at 1000 xg, and the supernatant was analysed. Extracts were 

absorbed by 4 x 6 mm filter paper wicks, which in turn were placed into 

cuts in starch gels, approximately 3 cm from the cathodal end. These 

gels were made using 37 grams of hydrolyzed potato starch in 275 ml of 

the appropriate buffer, and were prepared following the method of 

Kristjansson (1963). Buffer systems utilized in gel preparation are 

described by Ridgeway et.al_.(1970) and Clayton and Tretiak (1972). Two 

plastic containers of buffer solution were placed at opposite ends of 

each gel, and platinum electrodes were placed in the buffer and secured. 

Disposable, absorbant cloths served to conduct the electric current from 

the tray buffers to the appropriate ends of the gels. A wick containing 

a dye marker (diluted red food coloring) was placed at the end of each 

gel to determine the rate of protein migration. After ten to fifteen 

minutes of electrophoresis, the wicks were removed and the two sections 

of each gel were placed firmly together. An ice pack on a glass plate 

was placed on top of each gel and the appropriate voltage applied until 

the dye marker had migrated 3 to 8 cm from each cut (origin). In

preparation for staining, each gel was sliced horizontally into four or 

more sections, depending on gel thickness. This was done by

sequentially placing pairs of 1.5 mm plastic strips on two opposing 

sides of each gel, and then drawing monofilament sewing thread through 

the length of the gel. The slices were placed into individual staining 

trays with the side of the slice nearest the centre of the gel facing 

upward. The separated enzymes located on the gels were identified by 

their specific biochemical reactions, which were manifested by colored 

products forming visible bands where particular enzymes had been 

electrophoretically localized. A total of 10 enzymes encoded by 32 gene 

loci were analysed in all samples (Table 1). An explanation of the 

biochemical analysis is presented in Appendix D.
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Table 1. List of enzymes and number of loci examined.

Enzyme Abbreviation EC Number*
Number 

of loci 
examined

Aspartate aminotransferase Aat 2.6.1.1 2

Alchohol dehydrogenase Adh 1.1.1.1 1

Alpha-glycerophosphate dehydrogenase Agp 1.1.1.8 1

Creatine kinase Ck 2.7.3.2 3

Isocitrate dehydrogenase Idh 1.1.1.42 4

Lactate dehydrogenase Ldh 1.1.1.27 5

Mai ate dehydrogenase Mdh 1.1.1.34 4

Malic Enzyme Me 1.1.1.40 4

Phosphoglucoi somerase Pgi 5.3.1.9 3

Phosphoglucomutase Pgm 2.7.5.1 2

Sorbitol dehydrogenase Sdh 1.1.1.14 2

Superoxide dismutase Sod 1.15.1.1 1

32

* International Enzyme Commission classification number.
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3.0 RESULTS

3.1 Analysis of Morphological Characteristics

Yellowstone cutthroat trout, westslope cutthroat trout and rainbow trout 

are morphologically similar and there is considerable overlap in 

character values, particularly between the cutthroat forms. The fact 

that j-clarki is a polytypic species and displays morphological 

variability throughout its range has presented a problem to taxonomists 

for many years. Morphological characteristics are influenced by a number 

of factors, both genetic and environmental. Meristic characters are 

directly related to the number of body segments, which are mainly 

genetically controlled. However, the expression of meristic characters 

can be affected by environmental influences such as water temperature, 

which affect segmentation rate (Schrecfc, 1969, as cited in Roscoe,* 

1974). Certain characters, including gill rakers and pyloric caeca, are 

quite stable and show little variation due to environmental influence 

(Wernsman, 1973, as cited in Roscoe, 1974). Average gill raker and 

pyloric caeca! counts are generally higher for S.c. bouvieri than for

l5wis1- other characters, including scales and basibranchial 
teeth, are quite variable, and are influenced to a greater degree by 

environmental conditions (Wernsman, 1973, as cited in Roscoe, 1974). 

ia^mo 5:!ar*c1 lew*si and £•£• bouvieri cannot generally be distinguished 
on the basis of scale counts, as these counts are often similar between 

the subspecies. Average scale counts for $. gairdneri, however, are 

significantly lower than for cutthroat trouts (Roscoe, 1974). 

Basibranchial dentition is a diagnostic characteristic that is useful in 

differentiating rainbow and cutthroat trouts (Behnke, 1979, Roscoe, 

1974). Rainbow trout do not have basibranchial teeth, while cutthroat 

trout do. Behnke (1979) has stated that as a general rule, 

basibranchial teeth should occur in more than 9 0 of the specimens in a 

pure population of cutthroat trout. Salmo clarki bouvieri normally have 

significantly higher tooth counts than 1ewisi (Roscoe, 1974).
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Another factor that greatly influences the expression of morphological 

characteristics in Salmo is hybridization, which is generally manifested 

by a deviation from normal modes for meristic characters. In Salmo, 

hybrids do not express character values intermediate between those of 

the parents, particularly in the F2 generation or later. Investigators 

have found that chum salmon x pink salmon hybrids have pyloric caecal 

values higher than those found in either parent (Ivanhov, 1973, as cited 

in Roscoe, 1974). Often there is effective selection toward one of the 

parents, possibly due to the suppression of the action of certain genes 

in one of the parental forms through dominance by multiple genes in the 

other parent (Nyman, 1970). In cases of rainbow x cutthroat crosses, 

hybrids can be recognized by higher pyloric caecal and vertebral counts, 

lower scale counts, a reduction or lack of basibranchial teeth and 

erratic spotting patterns. In the case of westslope x Yellowstone 

crosses, hybrids will often have higher scale, gill raker and 

basibranchial tooth counts, and larger, rounder spots than is typical of 

S_.£. 1 ewi si.

Although meristic characteristics are often similar, spotting and body 

coloration patterns vary significantly between £.£. 1ewisi and S.£. 

bouvieri. Spotting characteristics are consistant throughout the range 

of each subspecies, and provide the only consistant means whereby the 

two forms can be distinguished morphologically. Spotting and color 

characteristics of £.£. 1ewisi are illustrated in Figure 4 and Photo 8. 

Spots are small, irregular in outline, and distributed most profusely in 

the caudal peduncle region. Spots extend forward to the head, most 

being above the lateral line. Body coloration is generally silvery with 

rose tints, but can be significantly affected by environmental condi

tions such as food type. Sal mo clarki 1ewisi does, however, have a 

genetic basis for developing yellow, orange, red, green or black hues. 

Spotting and color characteristics for £.£. bouvieri are illustrated in 

Figure 5 and Photo 12. Body spots are larger, more rounded in outline, 

more pronounced and fewer in number than those of S^£. 1 ewi si. Spots 

are concentrated on the caudal peduncle, and are sparsely and evenly 

distributed forward to the head, often extending below the lateral line. 

Salmo clarki bouvieri are generally yellowish-brown, silvery or brassy,

but can express red and purple hues as well. Spotting characteristics



Figuré 4. Spotting pattern of westslope cutthroat trout (Saltno clarkl lewisi) 
(Roscoe, 1974).
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Figure 5. Spotting pattern of Yellowstone cutthroat trout (Salmo clarki bouvieri). 
(Roscoe, 1974).
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of H  gairdneri are shown in Figure 6. Spotting is heavy both above and 
below the lateral line with small, irregular shaped spots. Sal mo 

gairdneri are often heavily spotted in anterior body regions, in 

contrast to S_.£. lewisi and £.£. bouvieri. Body coloration is generally 

silvery throughout, with a rose red band along the lateral line at some 
stage of the life cycle.

A summary of 7 morphological characteristics typical of S.£. lewisi, 

£.£. bouvieri and £. gairdneri is presented in Table 2. Meristic data 

compiled for the study samples have been summarized in Tables 3 to 8 and 

are presented in total in Appendix C.



Figure 6, Spotting pattern of rainbow trout (Salmo gairdneri) 
(Behnke, 1979), Techm

an Engineering Ltd.



Table 2. Morphological characteristics typical of westslope cutthroat trout, 
Yellowstone cutthroat trout and rainbow trout*.

Character

S.c_. 1 ewi si
westslope cutthroat trout 
Typical value Range

S.c. botivie n  gairdneri**
Yellowstone cutthroat trout rainbow trout
Typical value Range Typical value Range

Pyloric caeca!" 30-40 . 24-51 35-45 26-63 50-55 35-75

Gill rakers 18-19 16-24 19-20 17-23 18-20 16-24

Scales in lateral 
series 165-180 130-205 165-180 128-200 120-140 110-150

Scales above 
lateral line - 30-48 - 31-53 28.5 25-32

Basibranchial 
denti tion - 0-30 - 0-63 absent

Cutthroat mark strong strong absent

Lateral band weak or absent weak or absent strong

00

I

* Data presented in this table has been compiled from the following sources: Behnke, 1979; 
Gold, 1977; Roscoe, 1974; Schreck and Behnke, 1971,

** Salmo gairdneri does not include fine-scaled inland forms such as S^£. kamloops.

Techm
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Table 3. Comparison between samples for pyloric caeca

Sample
Sample
size

Mean number of 
pyloric caeca Range

Standard
deviation

Standard error 
of sample mean

o 39.7 31-45 4.08 1.33
Baker Lake
Block Lake (Upper) 24 37.3 31-47 4.08 0.83

Elk Lake 14 35.7 27-44 5.22 1.40

Fish Lake (First) 14 41.7 32-51 4.68 1.25

Fish Lake (Second) 12 43.75 38-52 4.59 1.33

Fish Lake (Third) 25 40.8 35-52 4.40 0.87

Marvel Lake 4 41.25 37-46 4.03 2.02

O 38 6 36-42 2.26 0.80
Mystic Lake o J  U  t  v

Taylor Lake 25 38.4 31-47 4.72 0.94

Twin Lake (Lower) - —

Floe Lake 4 30.0 23-34 5.23 2.61

Sofa Creek 1 34.0 - **

Connor Lakes 10 33.4 24-41 5.36 1.69

I
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Table 4. Comparison between samples for gill rakers

Sample
Sample Mean number of 
size gill rakers Range

Standard
deviation

Standard error 
of sample mean

Baker Lake 9 18.9 17-23 1.83 0.61
Block Lake (Upper) 24 18.5 16-21 1.22 0.25
Elk Lake 14 18.9 16-21 1.33 0.36
Fish Lake (First) 13 18.85 16-21 1.34 0.37
Fish Lake (Second) 12 18.9 18-21 0.90 0.26
Fish Lake (Third) 25 18.0 16-20 1.04 0.21
Marvel Lake 4 19.5 19-20 0.58 0.29
Mystic Lake 8 17.9 16-19 0.83 0.30
Taylor Lake 24 20.7 19-23 1.08 0.22
Twin Lake (Lower) 5 17.6 17-18 0.55 0.25
Floe Lake 4 16.5 12-18 3.0 1.50
Sofa Creek 1 18.0 - - -

Connor Lakes 10 19.1 18-21 0.88 0.28

5'
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Table 5. Comparison between samples for scales in the lateral series

Sample
Sample
size

Mean number of scales 
in the lateral series Range

Standard
deviation

Standard error 
of sample mean

Baker Lake 9 170.7 144-189 14.34 4.78
Block Lake (Upper) 23 171.0 150-187 10.25 2.14
Elk Lake 14 161.4 149-178 8.58 2.29
Fish Lake (First) 14 167.2 153-185 10.59 2.83
Fish Lake (Second) 12 161.75 147-180 11.45 3.31
Fish Lake (Third) 25 161.2 146-186 10.11 2.0
Marvel Lake 4 145.0 132-153 9.76 4.88
Mystic Lake 8 180.5 152-203 18.65 6.59
Taylor Lake 25 167.0 141-184 11.22 2.24
Twin Lake (Lower) 11 173.45 158-196 10.42 3.14
Floe Lake 4 186.0 172-200 12.14 6.07
Sofa Creek 1 141.0 m

Connor Lakes 10 171.0 157-186 8.03 2.54



Table 6. Comparison between samples for scales above the lateral line

Sample

Sample

size

Mean number of scales 

above the lateral line Range

Standard

deviation

Standard error 

of sample mean

Baker Lake 9 39.9 35-46 4.08 1.36

Block Lake (Upper) 23 34.2 26-38 2.95 0.60

Elk Lake 14 39.2 36-44 2.08 0.56

Fish Lake (First) 14 39.5 32-46 3.48 0.93

Fish Lake (Second) 12 40.9 36-46 3.12 0.90

Fish Lake (Third) 25 37.7 32-43 2.67 0.53

Marvel Lake 4 41.75 41-43 0.96 0.48

Mystic Lake 8 41.6 39-44 1.92 0.68

Taylor Lake 25 39.3 34-45 3.21 0.64

Twin Lake (Lower) 11 36.8 31-40 2.86 0.86

Floe Lake 4 35.0 31-38 3.56 1.78

Sofa Creek 1 35.0 - - -

Connor Lakes 10 36.4 29-43 4.20 1.33
«
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Table 7. Comparison between samples for scales below the lateral line

Sample

Sample

size

Mean number of scales 

below the lateral line Range

Standard

deviation

Standard error 

of sample mean

Baker Lake 9 32.7 27-38 3.74 1.25

Block Lake (Upper) 24 33.3 28-36 2.37 0.48

Elk Lake 13 31.5 29-35 1.81 0.50

Fish Lake (First) 14 34.7 31-40 2.58 0.69

Fish Lake (Second) 12 33.6 27-37 3.09 0.89

Fish Lake (Third) 25 39.4 29-39 2.52 0.50

Marvel Lake 4 33.5 27-39 5.0 2.50

Mystic Lake 8 34.5 25-38 4.14 1.46

Taylor Lake 25 33.7 28-42 3.30 0.66

Twin Lake (Lower) 11 36.4 33-40 2.58 0.78

Floe Lake 4 33.75 31-38 3.10 1.55

Sofa Creek 1 29.0 - - -

Connor Lakes 10 34.5 31-38 2.72 0.86

Techm
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Table 8. Comparison between samples for basibranchial teeth

Sampl e
Sample

size
Mean number of 

basibranchial teeth Range

Standard

deviation

Standard error 

of sample mean

Baker Lake 9 6.7 0-15 4.58 1.53
Block Lake (Upper) 23 8.5 2-39 8.07 1.68
Elk Lake 14 7.9 3-16 3.25 0.87
Fish Lake (First) 13 8.8 0-19 5.43 1.51
Fish Lake (Second) 12 10.6 0-27 8.14 2.35
Fish Lake (Third) 25 3.4 0-13 3.57 0.71
Marvel Lake 4 2.0 1-3 0.82 0.41
Mystic Lake 6 3.2 0-5 2.23 0.91
Taylor Lake 25 13.7 6-27 5.47 1.10
Twin Lake (Lower) 5

CM

r^
. 1-20 7.50 2.24

Floe Lake 4 8.5 3-20 - 7.85 3.93
Sofa Creek 1 18,0 •• ■» _

Connor Lakes 10 7,3 1-20 6.27 1.98
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3.1.1 Banff National Park 

Baker Lake

All specimens exhibited coldration and spotting characteristics typical 

of S_.c_. lewisi. Body coloration varied between sexes. Females were 

generally silvery throughout (Photo 1), while males exhibited copper 

brown tones which progressed to a deep rose color in ventral regions 

(Photo 2). Summaries of meristic characteristics of specimens from 

Baker Lake are presented in Tables 3-8. Meristic counts for all 

specimens are within the range of values reported for £.£. lewisi, as 

shown in Table 2. On the basis of the morphological analysis, all 

specimens should be classified as phenotypically pure S.c. lewisi.

Block Lake (Upper)

All specimens exhibited coloration and spotting characteristics typical 

■§.•£* lewisi (Photo 3). Body coloration varied between sexes. Females 

were generally silvery throughout, while males exhibited copper brown 

tones which progressed to a deep rose color in ventral regions 

(Photo 4). Means and ranges of meristic characters analysed are gener

ally within the range of values reported for £.£. 1ewisi, although 

exceptions were noted. A distinctive meristic characteristic of some 

specimens was a low number of scales above the lateral line. Two speci

mens had less scales above the lateral line (26 and 29) than has been 

reported for £.£. lewisi. The sample mean for this characteristic 

(34.2) was the lowest recorded in the study. In addition, one indivi

dual had 39 basibranehial teeth, which is higher than reported values 

for the subspecies. On the basis of the morphological analysis, all 

specimens should be classified as phenotypically pure S^£. 1 ewi si ♦
I

Elk Lake

All specimens exhibited coloration and spotting characteristics typical 

of S.£. lewisi. Body coloration was similar for both sexes. Specimens 

were generally silvery throughout, with light rose or golden shades in 

lateral and ventral regions (Photo 5). Means and ranges of meristic 

characters analysed are within the range of values reported for £.£. 

lewisi. On the basis of the morphological analysis, all specimens

should be classified as phenotypically pure £.£. lewisi.



Photo 1 -
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Photo 2 -

Female westslope x Yellowstone cutthroat trout 
hybrid from Baker Lake, Banff National Park, 
Alberta. With 91% westslope isozymes and 9% 
Yellowstone isozymes, the effect of hybridiza
tion is not yet apparent morphologically, and 
this speciman appears visually to be pure 
S.c. lewisi.

Male westslope x Yellowstone cutthroat trout 
hybrid from Baker Lake, Banff National park, 
Alberta. With 91% westslope isozymes and 9% 
Yellowstone isozymes, the effect of hybridiza
tion is not yet visually apparent, and this 
specimen appears morphologically to be pure 
S.c. lewisi.
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Photo 3 - Wests!ope cutthroat trout from Block Lake
(Upper), Banff National Park, Alberta.

Photo 4 - Hale westslope cutthroat trout from Block Lake
(Upper).
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Fish Lake (First)

All specimens exhibited coloration and spotting characteristics typical 

°f S.c. lewisi. Body coloration varied between sexes. Females were 

generally silvery throughout (Photo 6), while males exhibited copper 

brown and silver tones which progressed to rose hues in ventral regions 

(Photo 7). Meristic counts are within the range of values reported for 

S.c. lewisi. On the basis of the morphological analysis, all specimens 
should be classified as phenotypically pure £.£. lewisi.

Fish Lake (Second)

All specimens exhibited coloration and spotting characteristics typical 
of S.c. lewisi. Body coloration varied between sexes. Females were 

generally silvery throughout (Photo 8), while males exhibited copper 

brown and silver tones which progressed to rose hues in ventral regions. 

These specimens exhibited the highest mean number of pyloric caeca of 

all fish sampled in the study (43.75), which is higher than typical mean 

values reported for the subspecies. Only one individual, however, had 

more pyloric caeca (52) than has been reported for S.c. lewisi. Means 

and ranges of other meristic characters are within the typical range of 

values. On the basis of morphological analysis, all specimens should be 
classified as phenotypically pure S.c. lewisi.

Fish Lake (Third)

All specimens exhibited coloration and spotting characteristics typical 

■§.*£• lewisi. Body coloration varied between sexes (Photo 9).

Females were generally silvery throughout, while males exhibited rose 

hues in ventral regions. The sample mean for scales below the lateral 

line (39.4) was the lowest recorded of all samples studied. Meristic 

counts for most specimens are within the range of values reported for 

- -  -ew1si> althou9h some exceptions were noted. One individual had 
more pyloric caeca (52) than has been reported for the subspecies and 

seven specimens (28% of the sample) had no basibranchial teeth. On the 

basis of the morphological analysis, all specimens should be classified 
as phenotypically pure S.c. lewisi.
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Photo 5 - Wests!ope cutthroat trout from Elk Lake, Banff
National Park, Alberta.

Photo 6 Female wests!ope cutthroat trout from Fish Lake 
(First), Banff National Park, Alberta.
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- Male wests!ope cutthroat trout from Fish Lake 
(First).

Photo 7

- Female westslope cutthroat trout from Fish Lake 
(Second), Banff National Park, Alberta.

Photo 8
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Marvel Lake
All specimens exhibited coloration and spotting characteristics typical 

of S.c. lewisi (Photo 10). Body coloration varied between sexes. 

Females were generally silvery throughout, while males exhibited light 

brown tones which progressed to rose hues in ventral regions. Distinc

tive meristic characteristics of the fish analysed include a low number 

of scales in the lateral series (x = 145.0), a high number of scales 

above the lateral line (x * 41.75) and a low number of basibranchial 

teeth (x = 2.0). These mean values are the extreme for the study, 

but do represent sample data that are within the range of values report

ed for S.c. lewisi, as shown in Table 2. On the basis of the morpho

logical analysis, all specimens should be classified as phenotypically 

pure S.£. lewisi.

Mystic Lake
All specimens exhibited coloration and spotting characteristics typical 

of S.c. lewisi (Photo 11). Body coloration was similar between sexes. 

All fish were generally silvery throughout, although males expressed 

light brown hues in dorsal and lateral regions. Meristic counts are 

within the range of values reported for £.£. 1ewisi. On the basis of 
the morphological analysis, all specimens should be classified as pheno- 

typically pure £.£. lewisi.

Taylor Lake
Specimens collected from Taylor Lake were distinctly different from all 

other specimens collected (Photo 12). All specimens exhibited colora

tion and spotting characteristics typical of Yellowstone cutthroat trout 

(S.c. bouvieri). Body coloration varied between sexes. Females were 

generally silvery throughout, with light yellow hues in body and head 

regions. Males were generally copper brown or grey in dorsal and later

al regions. Bellies were white, with distinct yellow hues, and pre- 

opercle and opercle regions were distinctly coloreu in deep purple hues. 

This color was also evident in the pectoral, pelvic and anal fins of 

both sexes. Body spots were large, rounded and distinct, and were pre

dominantly concentrated posterior to the dorsal fin. Significant spot

ting was noted below the lateral line. Distinctive meristic character

istics of these fish included a high number of basibranchical teeth
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Photo - Wests!ope cutthroat trout from Fish Lake 
(Third), Banff National Park, Alberta.

Wests!ope cutthroat trout from Marvel 
Banff National Park, Alberta.

Lake,Photo 10
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Photo 12 - Yellowstone cutthroat trout from Taylor Lake 
Banff National Park, Alberta.
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(X = 13.7) and a high number of gill rakers (x = 19.9). Both 

values are higher than corresponding values of all other populations 

sampled in the study, and both values are typical of S.£. bouvieri. 

On the basis of the morphological analysis, all specimens should be 
classified as phenotypically pure £.£. bouvieri.

Twin Lake (Lower)

A H  specimens exhibited coloration and spotting characteristics typical 

of £•£• }ew~iS1 • Body coloration was similar for both sexes, being gen

erally a light gold in head and dorso-lateral regions, which progressed 

to an orange-rose hue in ventral regions (Photo 13). Spotting was dis

tinctive, in that most specimens had very little or no spotting anterior 

to the dorsal fin. Means and ranges of meriStic characters analysed are 

within the range of values reported for £.c. lewisi. On the basis of 

the morphological analysis, all specimens should be classified as pheno- 
typically pure £.£. lewisi.

Hidden Lake

Gill netting operations here were unsuccessful, and no fish were collec

ted. To our knowledge there have been no reports of angling success 

here within the last few years, and it is possible that Hidden Lake no 
longer supports a fish population.

3.1.2 Kootenay National Park

Floe Lake

All specimens exhibited coloration and spotting characteristics typical 

of £.£. lewisi. Body coloration was similar for both sexes, being 

generally silvery throughout, with rose hues in ventral regions 

(Photo 14). Distinctive meriStic characteristics the sample include a 

high 'number of scales in the lateral series (x = 186.0), a low 

number of gill rakers (x = 16.5) and a low number of pyloric caeca 

(x = 30.0). These mean values are the extreme for the study, but do 

represent sample data that are within the range of values reported for 

S.£. 1 ewisi. One exception is an extremely low gill raker count (12) 

for one speciman, which is lower than previously recorded values for the 

subspecies. On the basis of the morphological analysis, all specimens 

should be classified as phenotypically pure S.c. lewisi.



35
Techman Engineering Ltd.

Photo 13 - Westslope cutthroat trout from Twin Lake 
(Lower), Banff National Park, Alberta.

Photo 14 - Westslope cutthroat trout from Floe Lake, 
Kootenay National Park, British Columbia.
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3.1.3 Waterton.Lakes National Park 

Sofa Creek

With the exception of specimen SO-5, all specimens collected measured 

less than 150 mm fork length, and were not examined morphologically. A 

description of specimen SO-5 is provided here, and meristic data are 

•shown in tables 3-8. Body coloration was generally silvery in dorsal 

and anterior regions, which progressed to orange below the lateral line 

and on the preopercle and opercle. This fish appeared to be a hybrid, 

exhibiting spotting characteristics typical of $_.c. lewisi and S.c. 
bouvieri (Photo 15). However, typical of £.£. lewisi, few spots were 

present below the lateral line, particularly in the anterior region of 
the body.

3.1.4 Connor Lakes

All specimens exhibited coloration and spotting characteristics typical 

of S_.c_. lewisi. Body coloration varied between sexes. Females and 

males were both generally silvery throughout. Males, however, expressed 

a heavy grey or black coloration in dorsal regions, which progressed to 

silver and rose in lateral and ventral regions, respectively. Means and 

ranges of meristic characters examined are within the range of values 

reported for £.£. 1ewisi. On the basis of the morphological analysis, 

all specimens should be classified as phenotypically pure S_.£. lewisi.

Biochemical Analysis

Eight diagnostic loci differentiating £.£. 1ewisi, £.£. bouvieri and S. 

gairdneri were examined from muscle, liver and eye tissue samples 

(Table 9). Selected diagnostic loci are illustrated in Photos 16 - 19. 

Based on these loci, no evidence of introgression from £. gairdneri was 

found in any of the samples. However, specimens from Baker Lake, Taylor 

Lake and Sofa Creek contained isozymes characteristic of £.£. bouvieri 

(Tables 10-16). Taylor Lake was found to contain pure £.£. bouvieri, 

while Baker Lake and Sofa Creek contain £.£. lewisi x £,£. bouvieri 

hybrids. Specimens from the remaining study waters, including Block
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Photo 15 - Wests!ope x Yellowstone cutthroat trout hybrid 
from Sofa Creek, Waterton Lakes national Park, 
Alberta. With 80% westslope isozymes and 20% 
Yellowstone isozymes, the effect of hybridiza
tion can now be detected morphologically. The 
Yellowstone influence in this speciman is 
manifested in fewer spots that are larger and 
more rounded than is typical of the westslope 
subspecies.
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Lake (Upper), Elk Lake, the Fish Lakes (3), Marvel Lake, Mystic Lake, 
Twin Lake (Lower), Floe Lake and the Connor Lakes were found to be 

genotypically pure £.£. lewisi. Four loci were variable in samples of 

pure £.£. lewisi (Tables 17-20; Photos 17, 20-22). Results of the 

biochemical analysis are summarized in Table 21.
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Table 9. Diagnostic loci differentiating wests!ope cutthroat trout, 
Yellowstone cutthroat trout and rainbow trout.

Al 1 eli c Mobility*
Loci Rainbow Westslope Yel1owstone

Ck-2 100 84 84
Idh-1 100 100 -75
Idh-3,4 100,40 100,80 100,71

71,114 40
Me-1 100,80 88 100
Me-3 100 100 85
Me-4 100 100 110
Pgi-3 100 88 100
Sdh-2 100 44 100

* Numbers represent proportional electrophoretic mobility of alleles
commonly found in that group relative to the standard common allele
of rainbow trout.

SOURCE: F.W. Allendorf, unpublished data.
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Table 11. Genetic variation at the Idh-3 locus showing alleles 
characteristic of Yellowstone cutthroat trout.

Phenotypes: observed 
______ (expected)_____

Sample 86 86/71 ~7T Freq (86) F

Baker Lake 8
(7.1)

0
(1.8)

1
(0.1)

0.889 1.000

Taylor Lake 0 0 25 0.000 ■ -

Sofa Creek 4
(4.0)

1
(1.0)

0
(0.0)

0.900 0.000



42
Techman Engineering Ltd.

Table 12. Genetic variation at the Me-1 locus showing alleles 
characteristic of Yellowstone cutthroat trout.

Phenotypes: observed 
______ (expected)_____

Sample 88 88/100 1ÔÔ Freq (88) F

Baker Lake 8
(8.0)

0
(1.0)

1
(0.0)

0.944 0.000

Taylor Lake 0 0 25 0.000 -

Sofa Creek 7 0 0 1.000
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Table 13. Genetic variation.at the Me-3 locus showing alleles 
characteristic of Yellowstone cutthroat trout.

Phenotypes: observed —
(expected)

Samp! e____________1Ò0 10Ù/85 8S'______ Freq (100)________ F

Baker Lake 8
(8.0)

1
(1.0)

0
(0.0)

0.944

Taylor Lake 0 0 25 0.000

Sofa Creek 6
(5.1)

0
(1.8)

1
(0.1)

1.857 1.000
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Table 14. Genetic variation at the Me-4 locus showing alleles 
Characteristic of Yellowstone cutthroat trout.

Phenotypes:observed 
(expected)

Sampl e____________luu 100/n o  liQT_______Freg (100) F

Baker Lake 7
(7.1)

2
(1.8)

0
(0.1)

0.889 -0.063

Taylor Lake 0 0 25 0.000 -

Sofa Creek 2
(2.8)

5
(3.5)

0
(0.8)

0.643 -0.444
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Table 15. Genetic variation at the Pgi-3 locus showing alleles 
characteristic of Yellowstone cutthroat trout.

Phenotypes:observed 
(expected)_____

Samp!e 88 88/100

oor—
1 Freq (88) F

Baker Lake 7
(7.1)

2
(1.8)

0
(0.1)

0.889 -0.063

Taylor Lake 0 0 25 0.000 -

Sofa Creek 2
(1.2)

2
(3.7)

3
(2.1)

0.429 0.458
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Table 16. Genetic variation at the Sdh'locus showing alleles 
characteristic of Yellowstone cutthroat trout.

Phenotypes: observed 
(expected)

Samp! e____________ 4U 40/100 lOU~_______Freq (40)_________F

Baker Lake 

Taylor Lake

6
(6.1)

2
(1.9)

0
(0.1)

0.875

0 0 25 O.QQO

5
(5.1)

2
(1.8)

0
(0.1)

0.857Sofa Creek -0.083
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Table 17. Intraspecific genetic variation at the Ck-1 locus in
wests!ope cutthroat trout.

Phenotypes: observed 
(expected)

Sample____________100 100/115 lib Freq (100)________ F

Block Lake (Upper) 25 0 0 1.000 -

Elk Lake 1
(1.2)

11
(10.6)

23
(23.2)

0.186 -0.024

Fish Lake-1 14 0 0 1.000 -

Fish Lake-2 28 0 0 1.000 -

Fish Lake-3 25 . 0 0 1.000

Marvel Lake 25 0 0 1,000 -

Mystic Lake 25 0 0 1.000 -

Twin Lake (Lower) 14 0 0 1.000 -

Floe Lake 4 0 0 1.000 -

Connor Lakes 10 0 0 1.000 -
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Table 18. Intraspecific genetic variation at the Ldh-3 locus in
wests!ope cutthroat trout.

Phenotypes: observed 
(expected)

Sample__________ 100 100/33 3T Freg (1QO) F

Block Lake (Upper) 9 0 0 1.000 —

Elk Lake 35 0 0 1.000 -

Fish Lake-1 14 0 0 1.000

Fish Lake-2 28 0 0 1.000 -

Fish Lake-3 12
(13.6)

13
(9.8)

0
(1.6)

0.735 -0*334

Marvel Lake 25 0 o 1.000 -

Mystic Lake 25 0 0 1.000 -

Twin Lake (Lower) 14 0 0 1.000 -

Floe Lake 4 0 0 1.000 -

Connor Lakes 10 0 0 1.000 -
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Table 19. Intraspecific allelic variation at the Ldh-4 locus in
westslope cutthroat trout.

Phenotypes:observed 
______ (expected)_____

Sample 1ÛÔ 100/35 3? Freq (100) F

Block Lake (Upper) 24
(24.0)

1
(1.0)

0
(0.0)

0.980 0-000

Elk Lake 35 0 0 1.000 -

Fish Lake-1 14 0 0 1.000 -

Fish Lake-2 28 0 0 1.000 -

Fish Lake-3 25 0 0 1.000 -

Marvel Lake 25 0 0 1.000 -

Mystic Lake 25 0 0 1.000 -

Twin Lake (Lower) 14 0 0 1.000 - .

Floe Lake 4 0 0 1.000 1

Connor Lakes 10 0 0 1.000 -
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Table 20. Intraspecific allelic variation at the Pgm-2 locus in
westslope cutthroat trout.

Phenotypes: observed 
(expected)

Sampl e____________1QU 100/tib 5F_______ Freq (100)______  F

Block Lake (Upper) ■
(8.9)

8
(12.2)

6
(3.9)

0.600 0*347

Elk Lake 35 0 ‘ 0 1.000 -

Fish Lake-1 14 0 0 1.000 -

Fish Lake-2 28 0 0 1.000 -

Fish Lake-3 25 0 0 1.000 -

Marvel Lake 25 0 0 1.000 -

Mystic Lake 25 0 0 1.000 -

Twin Lake (Lower) 14 0 0 1.000 -

Floe Lake 1
(1.4)

3
(.2.1)

0
(0.4)

0.625 -0.400

Connor Lakes 4
(3.5)

4
(5.0)

2
(1.5)

0.600 0.208
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Table 21. Summary of the source of samples in the study area.

Sample N Source of isozymes

Baker Lake 9 Westslope (91%) and Yellowstone (9%)
Block Lake (Upper) 25 Westslope
Elk Lake 35 Westslope
Fish Lake-1 14 Westslope
Fish Lake-2 28 Westslope
Fish Lake-3 25 Westslope
Marvel Lake 25 Westslope
Mystic Lake 25 Westslope
Taylor Lake 25 Yellowstone
Twin Lake (Lower) 14 Westslope
Sofa Creek 7 Westslope (80%) and Yellowstone (20%)
Floe Lake 4 Westslope
Connor Lakes 10 Westslope
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Photo 16 - Interspecific differences at the
diagnostic Aat-1 locus. Each taxon 
ha, different electrophore*,:“: alleles .. 
at this locus:
a. Rainbow trout, Aat-l{100)-sample 1.
b. Yellowstone cutthroat trout, Aat-l(165)- 

samples 2 and 3.
c. Westslope cutthroat trout, Aat-1{200)- 

samples 4 and 5.
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115 7 88
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7 - Phenotypic variation at muscle loci Ck-1 and 
Ck-2. Samplesj6,7 and 8 show interspecific 
variation at^Ck-l^ that distinguishes rainbow 

, /-tfoIT^ Both westsiope (samp.e 7) and Yellow-'
- stone (sample 8) cutthroat trout have only two 

Ck isozymes (A and 6), while the rainbow trout 
(sample 6) has three isozymes (A, B, and C). 
Samples 1-5 and 9-15 show fish from Elk Lake 
with an allelic variant at the Ck-1 locus having 
the following genotypes:
a. Ck-l(100/100)-sample 3.
b. Ck-l(100/115)-samples 1, 2, 4 and 14.
c. Ck-1(115/115)-samples 5, 9-13 and 15.
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1 2 3 I

Photo 18 - Interspecific differences at the
diagnostic Idh-1 loc,/s that distinguish 
Yellowstone cutthroat trout:
a. Rainbow trout, Idh-1(lOO)-samplel.
b. Yellowstone cutthroat trout, Idh-lC-75)- 

sample 2.
c. Westslope cutthroat trout, Idh-1(100)- 

sample 3.
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origin
1 2 3 4 5 6 7 8 9 10 11

Photo 19 - Interspecific differences at the 
diagnostic Pgi-3 locus that distinguish 
westslope cutthroat trout:
a. Rainbow trout, Pgi-3(100}-samples 5 and 6.
d . Yellowstone cutthro't. trout, Pgi-3(10Q)- 

samples 9 and 10.
c. Westslope cutthroat trout, Pgi-3f88i- 

samples 1-4, 7, 8 and 11.
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Ldh-5
Ldh-4
Ldh-3

“ a

Photo 2U Intraspecific genetic variation in west- 
slope cutthroat trout at the Ldh-3 locus.
™ e i5.SjmP]es left of the arrow are from 
the third Fish Lake; those gel profiles 
right of fhe arrow show the isozyme pattern 
at this locus seen in samples from the 
other Fish Lakes (First and Second). The

tSr Z l e„^"°ted by ^  ,etter 1  is a rainbow trout having a variant allele at the Ldh-4 
locus.

Ldh-5

Ldh-4
Ldh-3

origin,.
1  M2 3 4 5 6 7  8 9  I0 J

Photo 21 - ,n argement °f the Ldh-3 variation in the 
third Fish Lake. Some individuals and their 
genotypes are as follows: 
a. Ldh-3(100/100)-samples 2, 6 and 8. 
k* ^^d'lO ^/,̂ ^)~sarnPles 1» 3-5, 7, 9
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Photo 22 - Intraspecific variation at the Pgm-2 locus in 
westslope cutthroat trout from Block (Upper), 
FloC-and the Connor Lakes. The three genotypes 
found are illustrated as follows:
a. Pgm-2(100/100) -samples 1, 2 and 3. -
b. Pgm-2(100/85)-samples 5, 6, 7 and 8.
c. Pgm-2(85/85)-samples 4 and 9.

J
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4.0 DISCUSSION

Of the 13 samples analysed, 10 were found to be pure S.c. lewisi. The 

populations from two sites - Baker Lake and Sofa Creek - are apparently 

random mating £.£. lewisi x S.c. bouvieri hybrid swarms. The relative 

contribution of each taxon was estimated using the eight diagnostic loci 

listed in Table 9. It was found that 91% of the alleles at these loci 

were characteristic of S.£. lewisi in the Baker Lake sample, while 80% 

of the alleles in the Sofa Creek sample were of £.£. lewisi origin. 

Both populations are predominantly derived from S.c. lewisi stocks that 

were influenced by hybridization with £.£. bouvieri several generations 

ago, as no FI specimens were found. Only Taylor Lake contains pure S.c. 
bouvieri.

The allelic variation found in the pure £.£. 1ewisi populations is 

especially significant. Five samples, including those from Fish Lake 

(First), Fish Lake (Second), Marvel Lake, Mystic Lake and Twin Lake 

(Lower) were totally monomorphic at all .32 loci (Table 1), indicating 

that these are small and extremely isolated populations. Those samples 

showing polymorphism support this conclusion, as variation at each of 

three of the polymorphic loci - Ck-1, Ldh-3 and Ldh-4 - was restricted 

to a single sample - Elk Lake, Fish Lake (Third) and Block Lake (Upper), 

respectively (Tables 17-19). The restricted distribution of these 

variant alleles combined with their high frequencies in some samples 

indicates that there is extremely little genetic exchange between these 

populations. Considering the close proximity of each of the three Fish 

Lakes, the genetic distinctiveness found between the lakes is especially 

interesting. The large allelic frequency differences between samples 

also indicates that these populations are probably native and have not 

been introduced from a common source. Possible exceptions are Block 

(Upper), Floe and the Connor Lakes. Samples from these lakes share a 

Pgm-2 polymorphism at almost identical frequencies (Table 20). This 

could be due to chance alone, or the result of a common source for all 

three populations. As was mentioned previously, there was no evidence 

of introgression from rainbow trout or other species in any of the 
samples.
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In all but one sample, the morphological analysis and the biochemical 

analysis concurred. In the case of the Baker Lake sample, external 

morphological criteria were not adequate to detect the hybridization 

that was apparent in the electrophoretic analysis, and specimens 

appeared morphologically to be pure £.£. lewisi. In the Sofa Creek 

sample, which was hybridized to a greater degree, hybridization was 
detected in both the morphological and biochemical analyses.

The external morphological characteristics analysed did not allow 

determination of the extent of hybridization in the cutthroat trout 

samples from Baker Lake and Sofa Creek. The results also indicate that 

morphological criteria alone are not adequate to detect or quantify 

relatively small amounts of introgression from other species in 

populations of westslope cutthroat trout (Example; Baker Lake). The 

electrophoretic data, however, enabled us to accurately quantify the 

purity of each sample and to genetically characterize each sample on the 
basis of gene loci information.
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5.0 MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

The following observations and recommendations for the management of 

native cutthroat trout stocks in the national parks are based on the 

data collected and a review of pertinent literature.

1. Genetic diversity accumulated over time has resulted in diverse and 

uniquely adapted local populations of native wests!ope cutthroat 

trout, particularly in Banff National Park. The preservation of 

the genetic diversity that is inherent in these local native 

populations should be the highest priority of management plans.

2. Potential sources of native cutthroat trout for stocking purposes

include Block Lake (Upper) and Marvel Lake.' Large numbers of 

spawning individuals were observed in these lake outlets during the 

1980 spawning run. None of the other lakes studied appear to

contain populations that would support a sustained egg collection 

operation. Should such operations commence at one of these lakes, 

it is important that the donor population be monitored to avoid a 

possible depletion of the stock.

3. Areas within the national parks that do not contain native fish 

(Example: Taylor Lake) provide an opportunity to improve angling 

through the mechanism of intraspecific diversity. Trojnar and 

Behnke (1974) found that two subspecies of cutthroat trout, when 

introduced in a lake, avoided direct competition by partitioning 

the food supply. The result was a more efficient use of the food 

resources of the lake and a greater production of fish biomass. 

Preliminary observations in lakes stocked with S.c. lewisi and 

SL£. bouvieri indicate that when stocked together, these subspecies 

will produce more fish biomass than either subspecies could produce 

alone, and provide a more consistent mountain fishery (Behnke, 

1979)., In lakes such as Taylor lake that contain non-native or 

hybrid populations, this management alternative should be 

considered.
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4. Cutthroat trout, more than other trouts, are highly vulnerable to 

over-exploitation by angling. MacPhee (1966) reported that in an 

Idaho stream, 50% of all catchable-sized cutthroat trout were taken 

by only 32 man-hours of angling effort. This vulnerability should 

result in special regulations regarding bag limits, fish size, gear 

restrictions, etc. in areas of heavy angling pressure. Special 

regulations have been used with considerable success in the 

Yellowstone River and streams in northern Idaho, and have maximized 

catch per unit effort of more and larger native fish. As a 

rule-of-thumb, if angling pressure exceeds 50 hours/acre/year on a 

body of water inhabited by native wests!ope cutthroat trout, the 

population likely suffers from over-exploitation, and would benefit 

from protective regulations (Behnke, 1979). Angler usage of 

pertinent lakes in the parks should be documented, and appropriate 

protective regulations should be instituted where necessary. With 

proper planning and appropriate regulations, a high quality fishery 

for native cutthroat trout can be sustained indefinitely.

5. Biochemical-genetic data appear to be more useful than morphologi

cal data in determining the purity of a potential brood stock. Our 

data indicate that the electrophoretic phenotype is a direct re

flection of the genotype, so that even individual specimens can be 

unambiguously classified as being pure or hybrid. Morphological 

traits are controlled by many gene loci and are influenced to an 

unknown extent by environmental components. As a result, much 

larger sample sizes are necessary in order to utilize this means of 
classification.
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APPENDICES





Appendix A. Waters selected for analysis of cutthroat trout populations

Banff National Park Location Elevation in Meters

Baker Lake 51°29'N 116°02'W W5M 2200
Block Lake (Upper) 51°22'N 115°50'W W5M 2230
Elk Lake 51°17'N 115°39'W W5M 2110
Fish Lake (First) 51°38'N 115°10'W W5M 2170
Fish Lake (Second) 51°39'N ii5°irw W5M 2200
Fish Lake (Third) 51°39'N 115°12'W W5M 2200
Hidden Lake 51°28'N 116°06'W W5M 2260
Marvel Lake 50°52'N 115°33'W W5M 1770
Mystic Lake 51°16'N 115°44'W W5M 1990
Taylor Lake 51°17'N 116°05'W W5M 2050
Twin Lake (Lower) 51°12'N 115°58'W W5M 2050

Kootenay National Park 

Floe Lake 51°03'N 116°08' W W5M 2080

Waterton Lakes National Park 

Sofa Creek 41°05,N U3°50''W W4M 2040 - 1280

British Columbia
t

Connor Lakes 50°18‘N 115°05'W W5M 1800

Techm
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APPENDIX B 

Glossary



allele 

anal fin

basibranchial

biochemistry

buffer

caudal fin 

diagnostic locus

electrophoresis

enzyme

gene

genotype 

gill rakers

hybri d

hypural complex

interspecific

intraspecific

introgression

i sozyme 

lateral line
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Appendix B. Glossary

one possible form of a gene.

the fin on the ventral median line of the body behind 
the anus.

the three median bones on the floor of the gill 
chamber behind the tongue.

the study of the chemistry of living things.

a solution whose acidity is practically unchanged by 
dilution.

the tail fin.

a locus at which two taxonomic groups are genetically 
distinct, i.e., they do not have any alleles in 
common•

the separation of proteins in an electric field.

a protein that catalyses a specific biochemical 
reacti on.

the hereditary unit that occupies a fixed chromosomal 
locus, which through transcription has a specific 
effect upon the phenotype and can mutate to various 
allelic forms.

the genetic constitution of an organism as 
distinguished from its physical appearance.

a series of bony projections or spine-like 
structures along the anterior edge of the gill arch, 
located under the opercular flap.

an individual possessing genes originating in more 
than one species.

the expanded haemal spines of the posterior 
vertebrae which support the caudal fin rays.

between different species.

within a single species.

the movement of genes from the gene poole of one 
species into another.

different genetic form of a single enzyme.

a series of pores (to the sensory canal) along the 
sides of a fish.
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locus the positin that a gene occupies in a chromosome.

rneristic - any body part occurring in serial repitition: for 
example scales and fin rays.

monomorphic -non-variable. -

morphology the study of form and structure of animals and 
plants.

opercle the large, flat, thin bones on each side of the head 
that comprise the gill cover.

pectoral fin the paired fin attached to the pectoral girdle*

pectoral girdle pectoral arch or shoulder girdle; the complex of 
bones usually connected with the skull, to which the 
pectoral fi ns are attached.

pelvic fin - ventral, paired fin attached to the pelvic girdle 
lying below the pectoral fin.

phenotype - the observable properties of an organism, produced by 
the genotype in conjunction with the environment.

polymorphic - variable.

preopercle the bone of the cheek, the most anterior of the 
opercular series.

protein - a polypeptide composed of many amino acids.

pyloric caeca - finger-like processes attached to the pylorus, where 
the intestine leaves the stomach.

scale - small flattened rigid dermal or epidermal plate 
forming an external body covering in fishes.

species - a group of organisms sharing a common gene pool.

starch gel - a semi-solid, jelly-like suspension made from potato 
starch and an appropriate buffer.

subspecies a race; a group of organisms within a species that 
are relatively genetically similar to each other and 
are distinct from all other members of the species.
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APPENDIX C

Meristic data for cutthroat trout from 
Banff, Kootenay and Waterton Lakes National Parks



Table C-l. Merlstic data for 9 cutthroat trout from Baker Lake, Alberta

Character
Fork length

Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill rakers

Upper limb Lower limb
Basibranchial

teeth
Specimen Mo. 

BA-l 189 159 35 27 40 6 11 5

BA-2 342 144 37 31 43 8 11 6

BA-3 378 170 40 32 42 8 12 9

BA-4 397 164 37 29 31 8 11 8

BA-5 503 178 44 30 40 10 13 15

BA-6 483 189 46 38 39 6 11 0

BA-7 448 175 35 35 37 7 11 1

BA-8 475 168 43 36 40 7 11 6

BA-9 475 189 42 36 45 8 11 10



Tabic C-2. Meristic data for 24 cutthroat trout from Block lake (Upper)t Alberta

Character 

Specimen tlo.
Fork length 

(mm) lateral series

Scales
Above

lateral line
Below

lateral line 'Pyloric caeca
Gill rakers

Upper limb lower limb
Basibranchial

teeth

Bl-1 363 160 36 36 40 7 12 39

Bl-2 . 200 180 35 35 33 7 11 3

DL-3 280 170 32 33 38 7 12 4

Bl-4 304 156 26 29 33 6 11 8

BL-5 206 170 35 34 41 8 12 22

DL-6 325 181 37 32 39 7 12 8

Bl-7 255 168 34 34 38 8 12 5

OL-8 290 187 37 35 35 7 11 5

BL-9 356 176 38 31 33 7 12 16

Bl-10 298 177 33 35 . 37 7 11 10

BL-11 292 171 31 33 42 8 10 3

BL-12 330 155 38 36 38 6 11 6

BL-13 261 184 37 35 47 6 10 3

Bl-14 228 167 35 36 34 7 11 5

Bl-15 331 * I 34 34 7 12 10

BL-16 298 164 29 28 31 6 10 8

BL-17 243 179 34 31 35 8 12 2

BL-18 320 170 34 31 35 8 11 2

BL-19 293 150 35 34 37 7 ii 9

Bl-20 301 180 31 31 38 8 11 8

Bt-21 249 183 33 32 41 8 13 5

Bl-22 245 179 34 34 37 8 11 9

01*23 203 158 37 33 m 7 H B B B B H

Bl-24 210 168 36 38 33 7 12 6



Table C-3. Meristic data for 14 cutthroat trout from Elk take, Alberta

Character
Fork length

Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill rakers

Upper limb Lower limb
Basibranchial

teeth
Specimen No* 

El-1 201 154 39 38 6 11 9

EL-2 265 170 36 31 32 7 9 10

EL-3 227 163 38 33 38 7 12 16

EL-4 257 172 42 32 44 7 11 10

EL-5 268 178 39 29 41 8 12 10

EL-6 207 155 40 32 42 7 12 9

EL-7 178 157 37 29 27 8 13 8

EL-8 180 151 37 31 37 8 12 7

EL-9 190 166 44 33 31 7 12 5

EL-10 185 149 40 35 42 8 12 4

EL-11 175 169 38 33 32 7 13 8

EL-12 161 160 40 31 32 7 12 3

EL-13 160 159 40 32 32 7 P 6

EL-14 166 156 39 29 32 7 11 6

«



Table C-4. Heristic data for 14 cutthroat trout from Fish Lake (First), Alberta

Character 

Specimen Ho.
Fork length 

(mm) lateral series

Scales
Above

lateral line
Below

lateral line •Pyloric caeca
Gill 

Upper limb
rakers 
Lower limb

Basibranchial
teeth

FI #1-1 327 153 41 35 39 7 13 5

FI #1-2 344 173 43 37 45 - - -

FI #1-3 337 184 46 40 45 7 12 13

FI #1-4 342 156 39 33 40 6 10 10

FI #1-5 375 167 41 32 38 7 13 7

FI #1-6 383 164 32 31 51 7 12 19

FI #1-7 341 158 38 33 41 7 11 5

FI #1-8 341 154 40 38 40 6 11 5

FI #1-9 329 185 40 37 42 7 12 17

FI #1-10 300 163 38 32 39 6 12 13

FI #1-11 300 163 40 36 44 7 12 5

FI #1-12 295 167 43 34 48 7 13 9

FI #1-13 303 178 36 34 32 8 13 6

FI #1-14 305 176 36 34 40 7 12 0



Table C-5. MerJStic data for 12 cutthroat trout from Fish take (Second), Alberta

Character 

Specimen No.
Fork length 

(mm) Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill 

Upper 1imb
rakers 
Lower limb

Basibranchial
teeth

FI #2-1 392 149 37 29 40 7 11 0

FI #2-2 337 169 38 33 42 7 12 11

FI #2-3 333 150 46 31 41 8 11 7

FI #2-4 297 163 41 36 42 7 12 4

FI #2-5 330 147 41 37 38 7 11 7

FI #2-6 302 175 44 34 46 8 13 13

FI #2-7 295 172 44 35 50 7 11 0

ri #2-8 342 158 41 35 48 7 11 16

FI #2-9 320 180 44 36 46 8 11 18

FI #2-10 249 169 39 36 42 7 12 18

FI #2-11 250 161 40 34 52 8 12 27

FI #2-12 150 148 36 27 38 7 12 6

t



Table C-6. Herlstic data for 25 cutthroat trout from Fish Lake (Third), Alberta

Character 

Specimen No.
Fork length 

(mm) lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca Upper
Gill
limb

rakers 
Lower 11mb

Baslbranchial
teeth

FI #3-1 284 186 35 36 45 7 11 3

FI #3-2 225 162 36 34 37 8 12 13

FI #3-3 | 203 187 40 34 40 7 10 0

FI #3-4 187 159 43 34 52 6 11 0

FI #3-5 182 147 42 37 40 6 12 4

FI #3-6 193 160 37 35 36 6 11 5

FI #3-7 197 154 38 29 42 7 11 6

FI #3-8 191 161 40 34 37 7 9 0

FI #3-9 192 161 37 34 38 8 12 3

FI #3-10 176 160 38 36 44 7 11 1

FI #3-11 195 173 34 32 41 7 11 12

FI #3-12 172 156 37 38 39 7 11 0

FI #3-13 192 150 38 34 . 45 7 11 3

FI #3-14 196 156 38 35 35 7 11 3

FI #3-15 174 175 42 38 47 7 12 1

FI #3-16 194 162 36 35 39 7 12 4

FI #3-17 169 157 34 30 47 6 11 0

FI #3-18 155 150 38 39 39 7 11 4

FI #3-19 171 164 39 37 37 6 11 0

FI #3-20 195 161 37 36 41 6 10 4

FI #3*21 149 is o 35 38 37 7 11 4

FI #3-22 157 163 40 35 47 8 11 9

FI #3-23 132 146 37 33 41 7 11 5

FI #3*24 165 163 32 32 36 8 11 0

FI #3-25 167 160 40 . 38 37 8 11 2
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Table C-7. Meristtc data for 4 cutthroat trout from Marvel Lake, Alberta

Character 

Specimen No.
Fork length 

(mm)

Scales
Above

Lateral series lateral line
Below

lateral line .Pyloric caeca
Gill rakers

Upper limb Lower limb
8asibranchial

teeth

MA-1 487 152 41 33 46 8 11 1

MA-3 405 132 43 35 39 7 12 3

MA-5 384 143 42 27 43 8 12 2

MA-6 561 153 41 39 37 7 13 2

t
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Table C-8. Meri Stic data for 8 cutthroat trout from Mystic Lake, Alberta

Character 

Specimen Ho.
Fork length 

(mm) Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill 

Upper limb
rakers 
Lower limb

Basibranchial
teeth

MY-i 330 188 42 25 42 7 11 0

MY-2 305 160 41 36 37 7 11 1

MY-3 335 203 39 38 38 7 12 5

MY-4 280 205 44 35 37 7 11 5

MY-5 260 176 44 34 42 7 11 3

MY-6 195 183 42 38 . 39 7 11 -

MY-7 90 177 42 34 36 7 11 5

MY-8 156 152 39 36 38 6 10 -



Table C-9. Meristic data for 25 cutthroat trout from Taylor Lake, Alberta

Character 

Specimen No•
Fork length 

(mm) lateral series

Scales
Above

lateral line
Bel ow

lateral line Pyloric caeca
f»1ll rakers

Upper limb Lower limb
Basihranchial

teeth

TA-1 331 180 36 36 33 8 12 19

TA-2 321 167 39 34 42 7 12 7

TA-3 315 169 39 42 45 9 13 12

TA-4 319 169 40 29 45 7 13 8

TA-5 311 157 44 37 43 9 13 17

TA-6 302 168 39 35 34 8 12 17

TA-7 327 163 34 36 36 - - 10

TA-8 302 141 35 34 35 8 12 15

TA-9 270 178 39 37 47 8 13 27

TA-10 271 173 38 37 39 8 11 14

TA-11 248 165 39 31 40 8 14 24

TA-12 267 154 40 37 39 7 13 13

TA-13 260 150 37 34 41 7 12 11

TA-14 234 170 40 28 40 8 13 13

TA-15 200 150 39 31 45 8 13 15

TA-16 200 164 41 29 32 9 14 20

TA-17 195 163 34 31 40 8 14 9

TA-18 362 182 41 34 34 8 13 16

TA-19 377 184 35 31 32 8 13 20

TA-20 343 172 44 37 41 8 14 6

TA-21 326 178 39 32 38 8 13 7

TA-22 310 • 170 37 31 33 7 13 9

TA-23 267 183 45 33 40 7 13 14

TA-24 257 171 43 35 34 7 13 13

TA-25 248 154 4$ 31 31 8 13 7



Table C-10. Meristic data for 11 cutthroat trout from Twin Lake (Lower), Alberta

Cltaracter 

Specimen No.
Fork length 

(mm) Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill rakers

Upper limb Lower limb
Basibranchial

teeth

TW-1 236 178 40 35 - - - -

TW-2 186 158 40 40 - - - -

TW-3 202 173 38 37 - - - -

TW-4 249 168 35 33 - - -

TW-5 227 181 31 40 - - -

TW-6 236 171 39 37 - - - -

TW-7 214 170 34 37 - 7 11 1

TW-8 197 196 38 34 ■ 1 7 11 20

TW-9 201 174 36 35 - 6 11 3

TW-10 185 179 35 33 - 8 10 7

TW-11 190 160 39 39 - 7 10 5



Table C-ll. Meristic data for 4 cutthroat trout from Floe Lake, British Columbia

Character 

Specimen Mo.
Fork length 

(mm) Lateral series

--- SciTes
Above

lateral line
Below

lateral line Pyloric caeca
Gill rakers

Upper limb Lower limb
Basibranchi al 

teeth

FL-1 322 172 31 31 23 7 11 20

FL-2 336 181 33 32 34 6 12 4

FL-3 376 200 38 38 29 6 6 7

FL-4 372 191 38 34 34 7 11 3



Table C-12. Merlstlc data for l cutthroat trout from Sofa Creek, Alberta

Character iinpn No. Fork length (nim) Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill 

Upper limb
rakers 
Lower limb

Basibranchial
teeth

JUCC 1 ItlwVV 1* w t

SO-5 175 141 35 29 34 7 11 18



Table C-13. Meristic data for 10 cutthroat trout from the Connor Lakes» British Columbia

Character 

Specimen No.
Fork length 

(mm) Lateral series

Scales
Above

lateral line
Below

lateral line Pyloric caeca
Gill rakers

Upper limb Lower limb
Basibranchial

teeth

CO-1 255 167 43 36 24 7 12 1

CO-2 291 170 41 36 37 7 11 4

CO-3 302 175 29 34 34 8 13 20

CO-4 262 186 36 37 33 7 12 9

CO-5 296 166 36 37 25 7 12 4

CO-6 309 178 35 31 41 8 12 1

CO-7 285 175 31 31 36 6 12 1

CO-8 271 171 37 34 38 7 12 13

CO-9 203 165 37 38 33 8 11 11

CO-10 236 157 39 31 33 7 12 9

Techm
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i APPENDIX D. Analysis of the biochemical data

i

Electrophoretic data are collected in the form of phenotypes on a starch 

gel that directly reflect genetic differences between individual fish. 

The presence of genetically different forms (i.e. alleles) of the enzyme 

can be detected directly by differences in mobility of the isozymes on 

the gel. For example, the .diagram below shows phenotypic variation 

detected at the Pgm-2 locus (see Photo 22 and Table 20):

i

Mobility

itmm* gr) rntm «ftp* 85

i

Specimen no.. 1 2 3 4 5 6 7 8 9 10

Phenotype 100 100/ 100/ 100 85 100/ 100 100 100 100/
85 85 85 85

1
p Three phenotypes can be seen at this locus: 100, 100/85, and 85. The

;
100 phenotype is produced by a genotype homozygous for the 100 allele: 

Pgm-2{100/100); similarly, the 85_ phenotype is produced by the 

homozygous Pgm-2(85/85) genotype; the 100/85 phenotype is produced by 

the heterozygous genotype Pgm-2(100/85), which contains both alleles.

i
We first estimate the frequency of the common allele, Pgm-2(100), using 

the observed phenotypic frequencies.

i
Frcq (100) - 2 n̂o* 100 phenotypes)+(no. of 100/85 phenotypes) _p

2(total no. of phenotypes)

i The number of 100 phenotypes must be multiplied by two because each of

*1 • these individuals has two copies of the 100 allele in the homozygous

state, Pgm-2(100/100). Likewise, to estimate the allele frequency we 

must divide by two times the total number of phenotypes because each

i individual has two alleles at this locus. Therefore, the frequency of 

the 100 allele in our diagram is

1 freq (100) = 2{5) + 4 =0.70 = P
a
1

2(10)

P
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The next step in the analysis is to estimate the expected proportion of 

each phenotype. If the population from which the sample was taken is 

random mating, then we expect the two alleles to be distributed indepen

dently in individuals (i.e., Hardy-Weinberg proportions). Therefore, 

the expected proportion of Pgm-2{100/100) genotypes is simply the fre- 

quency of the 100 allele squared (P^). The expected proportion of 

heterozygotes is 2 P(l-P) and the expected proportion of Pgm-2(85/85) 

r t f t homozygotes is (1-P)^. Thus, the observed and expected frequencies of 

■ the three phenotypes are

100 100/85 85 Freq (100) = P

Observed 5 4 1  0.70
Expected (4.9) (4.2) (0.9)

The last step in the analysis is to estimate the fixation index, F. 

This value is an estimate of the proportional excess or deficit of 

heterozygotes in the population:

P _ , observed proportion of heterozygotes _ q 05 
expected proportion of heterozygotes

Non-random mating will produce an excess of homozygotes and, therefore, 

positive values for F. For example, there is a tendency in the hybrid 

populations of Baker Lake and Sofa Creek to show an excess of homozy

gotes (F>0). This may be the result of a tendency for westslope ‘types' 

or Yellowstone 'types' to mate among themselves. None of the departures 

from expected proportions, however, are statistically significant. 

Larger sample sizes are necessary to detect the presence of significant 

departures from the expected phenotypic proportions.
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PARKS CANADA
* . A m U j 1 9 S 0

TERMS OF REFERENCE 
fo r

A co n tra c t to  p rovide the id e n t i f ic a t io n  o f  the s tra in s  o f  c u tth ro a t t r o u t -  
Salmo C la rk i Richardson th a t were indigenous to  the Bow, Waterton and 

Kootenay/Columbia r iv e r  systems in  B an ff, Waterton Lakes and Kootenay- 

N a tiona l Parks re s p e c tiv e ly , and an ana lys is  o f the re s id e n t c u tth ro a t 

t ro u t  popu la tions from se lected  lakes in  the above noted Parks to  determ ine 
i f  these lakes s t i l l  con ta in  pure stocks th a t were indigenous to  the 
respective  r iv e r  systems.

H  Purpose1 . 1  Problem

P r io r  to  the days o f  f is h  c u ltu re  and f is h  s tock ing  by N a tio n a l 

Parks and o the r re la te d  agencies i t  is  be lieved , th a t o n ly  one 

p a r t ic u la r  s t ra in  o f  c u tth ro a t t ro u t  was indigenous to  the w aters 

o f  each o f  the above noted Parks. Since th a t tim e, i t  is  known 

th a t non-indigenous s tra in s  o f  th is  f is h  species have been in t r o 
duced (stocked) in to  some waters o f  these Parks, b u t, i t  is  n o t 

known which s tra in s  o r which lakes have been stocked w ith  the  non- 

indigenous s tra in s  as the in fo rm a tio n  was no t recorded. T h is  

in fo rm a tion  is  v i t a l  to  Parks Canada mandate to  p ro te c t the eco

systems and to  m ainta in  v ia b le  popu la tions o f  the n a tiv e  f is h  

species. Secondly, i t  is  im pera tive  the s ta tus  o f  the c u tth ro a t 

t ro u t  s tra in s  be estab lished  i f  some o f these popu la tions  axe to  be 

used as back-up sources fo r  re -e s ta b lis h in g  the n a tiv e  s tra in s  in  
waters in  which they were endemic!

*1 . 2  O bjectives

1.2.1 To de te rm ine /es tab lish  the phenotypes (morphometric, 

m e ris t ic  and b iochem ica l) th a t are p e c u lia r  to  the s tra in s  

o f  c u tth ro a t t ro u t  known to  be indigenous to  the Bow, 
Waterton and Kootenay R iver systems.

1.2.2 To id e n t i fy  the s tra in s  o f  the re s id e n t c u tth ro a t t r o u t  

popu la tions o f  Baker, Upper B lock, E lk , M arvel, M y s tic , 

Hidden, T ay lo r, Twin (1) and the three Fish Lakes in  B an ff 

N ational Park;

* An asterisk denotes changes from the March I9S0 Terms of Reference.



90

m m  crock in Watcrton take. National Park; and Floo la,ko 

in Kootenay National Park fro. tl.o information established.

(1.2.1)

2: Project Area

2.1 While th is  study is  o f s ig n if ic a n c e  to  most o f  the Parks in  the 

Western Region where f is h  have been o r are be ing stocked, the 

• s p e c if ic  study areas w i l l  be re s tr ic te d  to :

2 .1 .1  Baker, Upper B lock, E lk , M a r v e l ,  M ystic , Hidden, T a y lo r, 
Twin (1) and the th ree  F ish Lakes in  Banff N a tio n a l Park.

2 .1 .2  Stoncy Creek in  W aterton Lakes N a tio n a l Park.

2 .1 .3  Floe Lake in  Kootenay N a tiona l Park.

2 . 1 . 4  O ther lakes may bo s u b s titu te d  or added to  th e  s tudy as 
¡qu ired prov ided  the re  is  p r io r  d iscuss ion  and agreement.rec

2.2 Sampling o f re s id e n t f is h  popu la tions  wi 
open water season (e a rly  May to  October)

11 be c a rr ie d  o u t in  the

3: Project Requirements

' 3.1 More specifically, but without limiting the generality of the foregoing,

the project requirements include:

3 1 1 The c o n tra c to r s h a ll review a l l  the p e r t in e n t l i t e r a t u r e  and 

records re la t in g  to  the c u tth ro a t t r o u t  species s tra tu s  o

the areas de fined in  1 . 1 , 1 . 2 . 1  l ' 2 ' 2 a" d ” l U  3SS<
and compile the in fo rm a tio n  in to  a concise statem ent o f

relevant fa c ts .

Bill The con tracto rI wi l l  undertake a n  investigation to dot en-mu/
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e s ta b lis h  v ia  l i t c i 'a tu r c  review and d e fe n s ib le  la b o ra to ry  

research the phenotypes (morphometric, m c r is t ic  and b io 

chemical) p e c u lia r  to  the c u tth ro a t t ro u t known to  be ind igenous 

to  the Bow, Watcrton and Kootenay r iv e r  systems.

3 .1 .3  The co n tra c to r w i l l  endeavour to  id e n t i fy  the s tra in s  o f  

c u tth ro a t t ro u t  re s id e n t in :

3 .1 .3 .1  Baker, Upper B lock, 01k, M arvel, M ys tic , Hidden, T a y lo r, 

TWin (1) and the three Fish Lakes in  B an ff N a tio n a l Park.

3 .1 .3 .2  Stoncy Creek in  Waterton Lakes N a tio n a l Park.

3 .1 .3 .3  Floe Lake in  Kootenay N a tiona l Park.

3 .1 .4  The c o n tra c to r w i l l  m a in ta in  close l ia is o n  w ith  the p ro je c t  

f ie ld  .co o rd in a to r, s p e c if ic a l ly  w ith  Mr. J . K i l i s t o f f  o f  th is  

o f f ic e .  (134 - 11th Avenue, S .E ., C algary, A lb e rta  T2G 0X5, 

telephone #231-4509).

R e s p o n s ib ility  fo r  P ro je c t Requirements

4.1 The c o n tra c to r agrees no t to  tra n s fe r  the r e s p o n s ib i l i ty  to  a th i r d  

p a rty  w ith o u t the consent o f  Parks Canada; Dept, o f  the  Environment.

4 .2 The c o n tra c to r s h a ll :

4 .2 .1  Provide a l l  the equipment, m a te r ia l, labour necessary 

to  c o lle c t  a minimum o f 25 c u tth ro a t t r o u t  specimens 

from each body o f w ater l is te d  in  3 .1 .3  (except 3 .1 .3 .2  

whei'e to ta l  number may have to  be le s s ) .

4 .2 .2  Be responsib le  fo r  the tra n s fe r  o f  f is h  specimens from 

source to  la b o ra to ry .
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4 .2 .3  Examine the samples from the sources in d ica te d  (sec tions
( 3 . 1 . 3 . 1  to  3 . 1 . 3 . 3 ) and id e n t i fy  the s tra in  o r  s tra in s  o f  the

re s id e n t c u tth ro a t t ro u t  popu la tions o f these lakes.
* 4 .2 .3  a Recommend fo r  approva l, the lakes where more than 25 f is h  should

be analyzed in  o rder to  p o s it iv e ly  id e n t i fy  n a tive  s tra in s .
* 4 .2 .4  Prepare and submit progress ( in te r im ) and f in a l  re p o rts  as

detailed in Section 6 Completion Schedule.

4.3 C o lle c tio n  o f  specimens w i l l  be s t r i c t l y  lim ite d  to  those s p e c if ie d  

by the co n trac t o r to  those which are made necessary by the terms 
o f  the co n tra c t. The c o n tra c to r and h is  designated a ss is ta n ts  s h a ll 

comply w ith  the fo llo w in g  requirements when c o lle c t in g  specimens 

under the co n trac t agreement.

4 .3 .1  Obtain a c o lle c t io n  p e rm it from Parks Canada fo r  c o lle c t in g  

f is h  specimens which are made necessary by the terms o f  the 

co n tra c t.

4 .3 .2  Obtain any perm its th a t may be requ ired  by o th e r agencies 
re la t in g  to  c o lle c t in g  o f  c e rta in  f is h  species o r types and 

numbers o f specimens.

4 .3 .3  Carry the above noted c o lle c t in g  perm its (4 .3 .1  and 4 .3 .2 ) 
a t a l l  times when engaged in  c o lle c t in g  a c t iv i t ie s  o r  when 

in  possession o f specimens and present same upon request by 

Parks Canada s ta f f  o r R.C.M.P. o f f ic e r .

4 .3 .4  L im it the c o lle c t io n  o f  specimens to  species and number 

requ ired  under terms o f  co n tra c t.

4 .3 .5  Comply w ith  a l l  the re le v a n t cond itions on the c o lle c t in g  

pe rm it.

4 .3 .6  Provide the Parks Superintendent w ith  a l i s t  o f specimens 

co lle c te d  and, a t h is  request, present the specimens fo r  

inspection  p r io r  to  removing them from the Park.
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4 . 4  Specimens

In  a d d itio n  to  those f is h  specimens requ ired  fo r  the  com pletion o f  

th is  c o n tra c t, the c o n tra c to r s h a ll p rov ide  to  each o f  the Parks 

(B a n ff, W atcrton Lakes and Kootenay) 1 se t (o r p o r t io n  th e re o f) 

o f  p ro p e rly  id e n t i f ie d ,  la b e lle d  and preserved specimens c o lle c te d  

du ring  the f ie ld  work fo r  the in d iv id u a l Parks N a tu ra l H is to ry  

c o lle c t io n  and a second complete se t s h a ll be p rov ided  fo r  the 

N a tiona l Museum o f Canada.

5: Progress ( in te r im ) and f in a l  re p o rt requ irem ents .

5.1 P ro g ress 're p o rts  (o r ig in a l .and 1 copy) s h a ll be prepared and 

presented as separate volumes and not form p a r t o f  the f in a l  re p o r t .

5 .1 .1  The 1st progress re p o rt s h a ll p resen t the l i t e r a t u r e  rev iew  

and p lans fo r  the f ie ld  work..

5 .1 .2  The 2nd progress re p o rt s h a ll p resen t the re s u lts  o f  the 
f ie ld  work and subsequent la b o ra to ry  a n a lys is  and o u t l in e  

research s t i l l  to  be completed.

5.2 F in a l Report

The co n tra c to r s h a ll p rov ide  the o r ig in a l and 25 copies o f  th is  

re p o rt in  E ng lish  on ly (26 in  to ta l )  the la t t e r  to  be p ro p e r ly  

assembled and bound. This re p o rt w i l l  describe in  d e ta i l  the 

phenotyp ic t r a i t s  used to  d is t in g u is h  s tra in s  and w i l l  id e n t i f y  the 

C u tth ro a t t ro u t  s tra in s  in  each o f the lakes s tu d ie d . This re p o r t 

s h a ll  inc lude  the fo llo w in g  as w e ll as any o the r in fo rm a tio n  cons id 

ered re le v a n t to  the study by the c o n tra c to r:

5.2.1 An abstract presenting the most important results.

5.2.2 A Table of Contents

5.2.3 A List of Figures

5.2.4 A List of Tables
5.2.5 A List of Appendices i.c. glossary, bibliography, etc.

5.2.6 A Summary briefly outlining the study area, objectives,
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procedures and re s u lts .
5 .2 .7  A d e s c r ip tio n  o f  methodology and standards, rev iew ing  

both f ie ld  and la b o ra to ry  techniques fo llo w e d .

5 .2 .8  P resen ta tion  and an in te rp re ta t io n  o f  a l l  data in  ta b u la r ,  graphic, i l l u s t r a t i v e ,  map and te x t fo rm at.

5 .2 .9  The re s u lts  o f a l l  c o lle c t io n  and ana lys is  as s p e c if ie d  in  

Sections 3 and 4 o f  these Terms o f  Reference.

5 .2 .10  A summary o f  the most s ig n if ic a n t  fa c to rs  re s u lt in g  from  

th is  p ro je c t .
5 .2 .11  As much as p o ss ib le , photographs w i l l  be used to  i l l u s t r a t e  

o r accentuate the in fo rm a tio n  presented in  the f in a l  r e p o r t .  

A l l  negatives o r  s lid e s  o f  such photographs w i l l  be sub

m itte d  w ith  the f in a l  re p o rt.
5^2.12 An appendix to  the re p o rt which should inc lude  bu t n o t be 

l im ite d  to  the fo llo w in g .

5 .2 .1 2 .1  A g lossa ry  o f  terms used in  the f in a l  re p o r t 

and/o r re fe rence  to  e x is t in g  g lo s s a r ie s .

5 .2 .1 2 .2  An annotated b ib lio g ra p h y  o f re p o rts , papers, 

a r t ic le s  and books re la te d  to  and used in  the  

de te rm ina tion  o f  the f in a l  re s u lts  o f  th is  s tu d y .

5 .2 .1 2 .3  Tables l i s t in g  the specimens c o lle c te d  and re la te d  

in fo rm a tio n  such as age c lasses, le n g th s , w e ig h ts , 

sex and phenotypes.

5 .2 .12 .4  A copy o f these Terms o f Reference.
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6 : Completion Schedule

6.1 The co n tra c to r w i l l  endeavour to  submit the progress and f in a l
re p o rts  on schedule as these w i l l  form the basis on which co n tra c t 

payments w i l l  be made.

6 .1 .1  On o r before June 1, 1980, submit the 1st progress re p o r t 
p resen ting  the l i t e r a tu r e  review and plans fo r  the f i e ld  

season.

6 .1 .2  On or before October 30, 1980, submit the 2nd progress 
re p o rt d iscuss ing  the re s u lts  o f  the f ie ld  work and sub

sequent lab o ra to ry  ana lys is  and o u t l in in g  research s t i l l  

to  be completed,

6 .1 .3  A t le a s t 2 o ra l progress repo rts  are to  be made a t  
convenient times between October 30 and December 31, 1980 

to  the P ro je c t C oord ina tor to  discuss the  s e le c tio n  o f  

phenotyp ic t r a i t s  th a t w i l l  be used to  de fine  the d if fe r e n t  

c u tth ro a t s t ra in s .

6 .1 .4  On o r be fore  February 27, 1981, the f in a l  re p o rt d e sc rib in g  
in  d e ta il  the phenotypic t r a i t s  used to  d is t in g u is h  s tra in s  

and the s tra in s  o ccu rrin g  in  each lake s tu d ie d . Specimens 

re fe rre d  to  in  sec tion  4 .4  w i l l  be subm itted a t  th is  tim e .

7 : Payment Schedule

The co n tra c to r agrees to  commence work immediately on s ign in g  o f  th is  

co n tra c t and th a t the fix e d  p r ic e  s h a ll b e $24,027.00 , payments to

be made as fo llo w s :

7.1 On submission o f s a t is fa c to ry  progress re p o rt X#l) on o r be fore  

June 1, 1980, $3,000.00.

On submission o f s a t is fa c to ry  progress re p o rt (S2) on o r be fore  

October 30, 1980, $14,000.00.
7.2
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On o r  before December 31, 1980 upon s a t is fa c to r i ly  conclud ing (v ia  
o ra l progress repo rts ) the v a l id i t y  o f the phenotyp ic  t r a i t s  to  be 
used fo r  the purpose o f  determ in ing the s tra in s  o f  the re s id e n t 

c u tth ro a t popu la tions in  the lakes being in v e s t ig a te d , no payment.

7.4 On submission o f  s a t is fa c to ry  f in a l  re p o rt and com pletion o f  a l l  

con trac t requirements on o r before February 27, 1981 the rem ain ing 

p o r t io n , i . e .  $7027.00 p lus payment fo r  a d d it io n a l f is h  analyses a t

$2 , 2 0 0 . 0 0  fo r  the f i r s t  100 ex tra  and $1,800 fo r  the second e x tra  100
Specia l C onditions

8 . 1  The c o n tra c to r s h a ll be: Techman L td .
P .0 . Box 2840
Calgary, A lb e rta  T2P 2M7

8.2 The p r in c ip a l researcher s h a ll be:
Dr. Dwight Mudry

8.3 The p ro je c t co o rd ina to r w i l l  be Mr. J . K i l i s t o f f ,  A qua tic  Resources 

Manager, Western Region. The f ie ld  superv iso r in  each o f  the Parks 

s h a ll be the Park Superintendent o r h is  designate in  th a t  Park.

8.4 The fix e d  co n tra c t p r ic e  inc ludes a l l  expenses which may be 

incu rred  by the co n tra c to r in  connection w ith  the work.

8.5 A l l  repo rts  and queries regard ing th is  co n tra c t s h a ll  be addressed
to : -

D ire c to r, Western Region 
Parks Canada

, 1 3 4 -1 1  Avenue, S.E
Calgary, A lb e rta  
T2G 0X5

A tte n t io n : J . K i l i s t o f f  
____________ Aquatic Resources Manager

8 . 6  The f in a l  re p o rt w i l l  be p ro fe s s io n a lly  adequate in  con ten t, 

p resen ta tion  and term inology and o f a q u a li ty  such th a t i t  cou ld , 

a t the d is c re t io n  o f  the D ire c to r , Parks Canada, be pub lished .

The reports  paid fo r  under th is  con trac t are the p ro p e rty  o f  the 
Government o f Canada.

*

8.
*

*

7.3

*



Ihe co n tra c to r may, sub jec t to the approval o f  the D ire c to r ,

Western Region O ff ic e , Parks Canada p ub lish  the re p o rt in  whole 

o r in  p a rt under h is  own name as a th e s is , s c ie n t i f ic  o r p ro 

fe ss io n a l paper, o r o th e r form o f p u b lic a t io n  which is  acceptable  

to  the D ire c to r. The fo rego ing  in  no way l im i ts  the r ig h ts  o f  the 
Government o f  Canada to  p u b lish  the re p o rt.

8 .7 .1  In th is  s e c tio n ,

(a) "c o p y r ig h t work" means any work in  which a co p y rig h t 

may be s u b s is t, produced in  o r as a re s u lt  o f  p e r
form ing the c o n tra c t.

(b) "p u b lic a t io n "  o r "p u b lis h "  do not in c lu d e  d is c lo s u re  

to  an academic su p e rv iso r o r app ra ise r fo r  the  so le  
purpose o f academic e va lu a tio n .

8 .7 .2  C opyright in  any co p y rig h t work vests in  Her M ajesty b u t 

in  any p u b lic a t io n  o f  such work by o r on b e h a lf o f  Her 

Majesty the c o n tr ib u tio n  o f  the c o n tra c to r and o f  the 
author s h a ll be acknowledged.

8 .7 .3  The co n tra c to r and the au tho r each s h a ll have a ro y a lty -  

fre e  non.-exclusive lice n se  to  p u b lish  o r  have pub lished  any 

copyrigh t work in  the course o f  the normal d issem ina tion  o f  

knowledge in  the su b je c t f i e ld ,  but they s h a ll  no t p u b lis h

o r have published any co p y rig h t work du ring  the performance o f  

the c o n tra c t o r fo r  a pe riod  o f  th ree months th e re a f te r  

w itho u t the p r io r  w r it te n  consent o f  the M in is te r .

8 .7 .4  Any co pyrigh t work pub lished  by or on b e h a lf o f  the 

co n tra c to r o r the au tho r s h a ll acknowledge th a t the  work 

was performed under co n tra c t w ith  Her M ajesty unless the 
M in is te r  g ives n o tice  to  the co n tra ry .
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8 .7 .5  The copyrigh t and a l l  p ro p r ie to ry  r ig h ts  o f  ownership 

o r use o f  any and a l l  s lid e s , p h o tog raphs-pos itives  

and/o r nega tive , sketches o r o th e r i l lu s t r a t io n s  made 

o r taken by the c o n tra c to r in  any way re la te d  to  the 

work to  be performed under th is  c o n tra c t s h a ll  belong to  

Her Majesty the Queen in  the r ig h t  o f  Canada.

8.8 The c o n tra c to r s h a ll be allowed access to  re p o rts  in  the Research 

and Resource Inven to ry  c o lle c t io n  which p e r ta in  to  the p ro je c t ,  

and where necessary, may be provided p e r t in e n t in fo rm a tio n  from  

Branch o r Park f i l e s .

8.9 The c o n tra c to r s h a ll ensure th a t the Superin tendents o f  B a n ff, 

Waterton Lakes and Kootenay N a tiona l Parks are kep t in form ed o f  

■jjie in i t ia t io n ,  progress and te rm in a tio n  o f  the f i e ld  research  

program.

8.10 Upon com pletion o f  the f in a l  re p o r t ,  the c o n tra c to r  s h a ll  be 

prepared to  g ive a seminar on h is  research to  p ro v id e  a i l  th e  

Park personnel w ith  a broad understanding o f  the  purpose, re s u lts  

and methodology o f  th is  s tu d y .

8.11 If requested, the c o n tra c to r s h a ll in co rp o ra te  in to  th is  f i e ld  

p a r ty  a t le a s t one Park Warden, designated by th e  F ie ld  S upe rv iso r, 

and s h a ll in s t r u c t  the Park Warden in  any techn iques o r  method

o log ies  whijeh might be requ ired  to  supplement o r  update the  da ta . 

Due to  manpower l im ita t io n s  i t  is  a n tic ip a te d  th a t  Warden in p u t 

w i l l  be o f an occasional na tu re .


