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Résumé

Quinze caractdres morphométriques et sept caractdres méristiques

furent étudiés sur 445 spécimens de touladis ou truites de lac

(Cristivomer namaycush) en provenance de leur aire de répartition
géographique. Les toﬁladis du bassin hydrographique du Pacifique
différent particulidrement de celles des bassins hydrographiques de
1tArctique, de la Baie d'Hudson et de 1'Atlantique. Ces différences
sont remarquables quan£ 3 la l§ngueur de la t8te, la longueur pré-
dorsale, le nombre de vertébres et de branchiospines et quelques
autres caract®res morphologiques. Le degré de signification des
résultats a é66 Gtabli par 1tutilisation de méthodes statistiques.

Les similarités et les différences observées parmi les touladis
des principaux bassin hydrographiques océaniques et les différentes
populations de touladis habitant ces différents bassins suggérent,
que ce poisson a survécu la derni?re glaciation en Alaska et peut-
8tre aussi dans d'autres régions nordiques, ainsi que dans certains
refuges plus au Sud.

Les différences morphologiques significatives entre C. namaycush

namaycush et C. namaycush siscowet du lac Supérieur ainsi que les

informations déji compilées sur les différents aspects de leur biologie

supportent leurs positions sous-spécifiques.
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INTRODUCTION

The Lake trout (Cristivomer namaycush) is a distinctly North

American salmonoid species. It is distributed all over northern North
America, from the islands of the Canadian Archipelago south to the
upper Mississippi valley, in the Great Lakes basin, and from British
Columbia and Alaska east to Labrador. It is absent from the islandof
Newfoundland. West of the continenﬁal divide it is present in the
upper Fraser System but absent from the Columbia River System. It
is also absent from the Pacific Drainages north of Cook Inlet (Fig. I).

An interesting point in'the lake trout distribution is its
abseﬁce from Siberia. Almost all the other North American fresh-water
fish which are distributed in the far north of western Canada and
Alaska have been able to cross the Bering Strait into Siberia.

Lake trout are lake~dwelling fish'and are usually found in
deep lakes with sufficiently oxygenated waters (Eddy and Surber, 1947).
They usually spawn in lakes, but river and stream spawning populations
have been reported by some authors (Loftus, 1958; Seguin and Roussel,
MS, 1967).

Although the lake trout is essentially a freshwater fish, it has
been reported in salt and brackish waters (Dunbar and Hildebrand,
1952; Walters, 1953, and 1955).

The generic name §f this species has undergone several changes

since Walbaum (1794) designated the species as Salmo namaycush. After

the generic name Salvelinus had been generally accepted for the chars,

the lake trout was called Salvelinus namaycush by most American ich-




Fig. 1. Limits of endemic lake trout distribution based on the
localities considered and also after Lindsey (1964). The
glacial limits show only the last or Wisconsin Glaciation.
The solid circles show the localities of the lake trout .
fogsils, For the description of localities see Appendix I.
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thyologists for some time. In 1878 the generic name (ristivomer was
established by Gill and Jordan for the species. Since then the gene-
ric status of Cristivomer had been commonly accepted and only since
the appearance of an article by Morton and Miller (1954) has the na-
me, Cristivomer, been frequently synonymized with Salvelinus. Howa.
ever, later authors i.e. Vladykov (1954 and 1963), Waters (1960),
Rounsefell (1962) and Qadri (1964) have considered Cristivomer as a
distinct genus from Salvelinus on the basis of serology, physiology,
morphology, and distribution.

The Lake trout has long been considered a monotypic species and
no serious attempt has been.made to determine its intraspecific va-
riations over its range. Scanty information is, however, available
regarding intraspecific differences in lake trout. Martin (1940)
compared two populations of lake trout, one from the North West Ter-
ritories and the other from southern Ontario. He found that the heads
and head parts of the northern lake trout were smaller than the south-
ern lake trout, and attributed these morphological differences to va-
riation in temperature.

Tsuyuki et al (1966) found differences in the blood proteins bet-
ween the Cayuga Lake and Lake Superior lake trout. Others (Eschmeyer,
1957, 1965; Loftus, 1958) recognized different forms of lake trout in
Lake Superior.

Conflicting theories have been put forth, in the past, to explain
the postglacial dispersal of lake trout. Radforth (1944) believed that
the lake trout survived the last glaciation in a northern refuge in

Alaska. Walters (1955) and McPhail (1963) suggested that the lake trout



resided in the Mississippi valley during the last glaciation. Wynne-
Edwards (1947) believed in a southern refuge for lake trout; al-
though in 1952 he suggesﬁed the possibility of a northern refuge in
the Yukon River basin.

Recently, Lindsey (1964) has discussed the lake trout's post-
glacial dispersal and has suggesfed that the lake trout survived the
last glaciation in several refuges in the south as well as the north.

The occurrence of several forms of lake trout (lean, siscowet,
halfbreed, humper) in Lake Superior has been of coﬁsiderable interest
to taxonomists during the past few years. Eschmeyer (1957) designa-
ted. all these forms, including several river-spawning forms described
by Loftus (1958), as subpopulations. The existence of these sub-
populations is revealed by differences in spawning localities and
dates; size at first maturity (Eschmeyer, 1957) as well as some mor-
pholdgical and color differences.

Two of these subpopulations are given subspecific status - the

"lean" lake trout, Salvelinus n. namaycush, and siscowet or "fat" lake

trout, Salvelinus n. siscowet (Hubbs and Lagler, 1958). The siscowet
occurs in deeper water (50-100 fathoms) of Lake Superior, while the
lean lake trout arevusually caught in shallower water. However, the
bathymetric distribution of these two subpopulations overlaps broadly
(Eschmeyer, 1955).

There has been a gfeap deal of disagreement on the taxonomic
status of the siscowet. Agassiz (1850) described the siscowet as a

distinct species (Salvelinus siscowet). Jordan and Gilbert (1883)

gave subspecific status to this form of lake trout. Later, Jordan



and Bvermann (1911) retained the subspecific status of siscowet but
remarked that it does not differ from tﬁe lean lake trout in any
Mechnical respects", and that it is connected with the latter by a
form of lake trout locally known as the "half breed". Since Jordan
and Evermann's monograph (1911), most authors have recognized the
subspecific status of the éiscowet (Eddy and Surber, 1947; Hubbs and
Lagler, 1958; Thurston, 1962; Eschmeyer and Phillips, 1965; Crawford,
1966). Slastenenko (1958), however, has given the siscowet specific
status. Eschmeyer and Phillips (1965) thought that there were gene-
tic differences between lean lake trout and siscowet on the basis of
fat. content.

Intrapopulation variation of lake trout has also been reported
in Waterton Lakeé, Alberta by Cuerrier and Schultz (1957). The lake
trout caught at depths of 100 meters were darker in color, had dif-
ferent feeding habits, matured at a smaller size and had slower growth
rates. Such specimens were also caught, occasionally, in shallower
water (3-30 meters) along with the typical lake trout.

In the present thesis attempts are made to explain:

a) the intraspecific morphological variations over the distri-
butional range of the lake trout;

b) the postglacial dispersal and glacial refuges of lake trout;

¢) the morphological variations among the Lake Superior sub-

populations of lake trout.




MATERIALS AND METHODS

Materials

A total of 445 specimens of lake trout, representing 66 loca-
lities in Alaskq, Canada, and the northern United States, were
examined for 15 morphometric and 7 meristic characters. The loca-
lities are shown in Fig, 1 and listed in Appendix I. The localities
of Lake Superior subpopulations are shown in Appendix II.

The specimens were obtained from Quebec Department of Fish and
Game; Quebec Wildlife Service, Ontario Department of Lands and Forests;
National Museun of Canada; Royal Ontario Museum; Alberta Department
of Lands and Forests; Institute of Fisheries, Univérsity of British
Columbia; Museum of Zoplogy, University of Michigan; U.S. Fish and

Wildlife Service; and other private sources.

Methods

Measurements of Body Parts: All the measurements were taken on
the left side of the fish and recorded in millimeters using needle-
point dividers. The measurements follow those of Vladykov (1954) and
Hubbs and Lagler (1958).. Fig. 2 shows the measurements considered in
this study.

Fork Length. The distance from the tip of the snout to the fork
of the tail fin.

Predorsal Length. The distance from the tip of the snout to the
origin of the dorsal fin.

Ventral-anal length. The distance from the origin of the ventral

fin to the origin of the anal fin.
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Length of caudal peduncle. The oblique distance from the
insertion of the anal fin to the end of the vertebral colum. The
end of the vertebral column was felt by caudal flexure.

Dorsal-adipose length. The distance from the insertion of the
dorsal fin to tﬁe origin of the adipose fin.

Depth of caudal peduncle. The minimum depth of the caudal
peduncle.

Body Depth. The vertical dimension at the origin of the dorsal
{in.

. Pectoral-ventral length. The distance from the origin of the
pectoral fin to the origin of the ventral fin.

Height of dorsal and anal fins. From the origin of the fin to
the tip of its anterior lobe.

Head length. The distance from the tip of the snout to the most
distant point on the opercle, excluding the opercular membrane.

Diameter of eye-ball, The horizontal diameter of the eye-ball
measured by inserting the prongs of the divider into the orbit.

Interorbital width., Minimum interorbital space. The dividers
were not squeezed to exgiude the thickness of the flesh (not shown
in Fig. 2).

Postorbital length of Head. The greatest distance between the
posterior margin of the orbit and the posterior opercular margin,

excluding the opercular membrane.

Length of upper jaw. The distance between the anterior-most
point of the premaxillary to the posterior-most point of the maxillary

(excluding the maxillary membrane) .



Length of lower jaw. The distance between the tip of the lower

jaw and the posterior mandibular joint.

Meristic Characters: Two methods were used to study the meristic
characters.

(a) Alizarin Stéining: Only fresh specimens were stained. The
method described by Vladykov (1962) was used with a great deal of
modification. |

The thawed out specimens were immersed in hot water (60-80°C) in
a covered dish for 10 to 30 minutes depending on the size of the spe-
cimen, larger specimens were kept in hotter water for longer periods
of time as compared to smaller specimens. The muscles from the left
side were then removed very carefully with a pair of coarse forceps.
Special care was taken while removing muscles from the ribs, inter-
neurals and epineurals. In case of doubt the muscles were left intact
around the above mentioned bones and were removed after staining.

The specimens were then transferred to a 1-2% KOH solution to which
alizarin stain was added according to the intensity of staining
required. The specimens were left in this solution for 15-30 minutes
and then an equal volume of 59 formalin was added in order to give
strength to the muscles supporting the skeleton. Usually the specimens
were kept overnight in the final solution. The specimens were then
washed in cold water for 2-3 hours. The vertebral column was cleaned
" with the help of tooth brush and scalpel.

(b) Radiography: The preserved specimens were radiographed by

the author at the National Museum of Canada on a General Electric
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Mobile 90-15 X-ray machine. Some radiographs were made by the staff

of the Royal Ontario Museum. The author used extra fine grain Kodak
In&ustrial Type M X-ray film and exposed all plates at 10 MA, 55 KVP
for 30 seconds at 32 inchesfocal length. The Royal Ontario Museum

staff used Ilford's Ilfex film and exposed at 50 MA, 4O KVP for 13
seconds at 30 inches foczl length. Both combinations gave good results.
Kodak Type M film gave good results for radiographing small fish.

The radiographs were read with the help of a medical X-ray viewer.
The following meristic characters were counted.

Total number of vertebrae. In all counts the last three upturned
caudal vertebrae were counted. The first vertebra had a well defined
neural spine and therefore it was easily identified. Occasionally
vertebral centra were fused; specimens with vertebral aberrations were
not used for vertebral counts.

Interneurals. All single elements anterior to the dorsal pteri-
giophores were counted. The first interneural which is flat and
plate-like (Qadri, 1964) was included in the counts.

Dorsal fin rays and.anal fin rays. All branched and unbranched
fin rays were counted.

Total number of gill rakers. The first left gill arch was removed
from each specimen and all the gill rakers, developed and undeveloped
(Qadri, 1964), ﬁere counted under a binocular microscope.

Branchiostegal rays. Any branchiostegal ray which could be

felt within the branchiostegal membrane was included in the count.
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For comparative purposes, the 66 localities were grouped in two
fashions (Fig. 3). In the first case the localities within each
primary ocean drainage (i.e. Pacific, Arctic, Hudson, and Atlantic)
were lumped to see the inter drainage variations in lake trout popu-
lations. Secondly, within each drainage the localities were grouped
into areas. The twenty areas so demarcated over the range of the
species represent a secondary watershed or an area of geographical
or geological importance.

Statistical Methods: For morphometric data the relative growth
method of analyses, developed by Huxley (1932) was used. This method
consists of plofting the logarithm of any dimension of a body part
against the logarithm of a dimension of the whole body over a series
of sizes of the animal. Such logarithmic plots almost invariably
show a linear relationship. This linear relationship between the
logarithms indicates that the rate of change of body form is generally
constant over the greater part of the growth. These continuous
changes in body form can be described by determining the value of
the slope, b in the relative growth equation, log y = log a + b x log x.

Where y (eg. any body part) is the dependent variable, x (eg. body

length) the independent variable, b the regression coefficient of

y on X, and a the y-intercept of the regression line. The compu~
tations for regression analyses were done according to Steel and Torrie
(1960).after logarithmic transformation of the morphometric data. The
significance of regression coefficients was tested by a t-test accord-
ing to Steel and Torrie (1960) at 5% and 1% levels.

Several avthors (Huxley, 1932; Wilder, 1940; Martin, 1949;




Fig. 3. The five primary ocean drainages in northern North America
and the twenty areas from which lake trout were compared,

V4
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Schaeler and Wilford, 19503 Godsil and Greenhood, 1951; Hart, 1952)
have used linear regression analysis for the treatment of morphometric
data. Other authors (Needham and Gard, 1959; Holt, 1960) have used
body proportions for disﬁinguishing intraspecific variations. The
1ater method hasreceived strong criticism from several authors
(Schaefer and walford, 1950; Lindsey, 1960).
For each meristic character, a one-way analysis of variance
was performed and to test the significaﬁce of differences among the
means the New Duncan's Multiple Range Test, with Kramer's modification
was used (Steel and Torrie, 1960). Significance was tested at 5% level.
The computations were done on an IBM system 360 digital computer

at the University of Ottawa Computing Centre.
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RESULTS

1. DIVERSITY OF LAKE TROUT OVER ITS DISTRIBUTIONAL RANGE
Morphometric Studies

. Interdrainage Comparison of Morphometric Characters

Head Measurements

The head length, interorbital width, postorbital length, upper
jaw length, and lower jaw length were considered for interdrainage

variation. Only significan£ differences are mentioned.

Head length. - The head length of both Pacific and Atlantic
Drainage lake trout was longer than that of the Arctic and Hudson
Drainage 1ake trout. The Arctic Drainage lake trout had 1onger head
than the Hudson Drainage lake trout. (Tables I and III).

Tnterorbital width. - The snterorbital width was greater in
the Pacific Drainage 1éke trout than in the Arctic Drainage lake trout.
The Atlantic and Hudson Drainage lake trout had greater interorbital
width than the Arctic Drainage lake trout (Tables I and III).

Postorbital length. - The Pacific Drainage lake trout had
longer postorbital length than the Arctic and Hudson Drainage lake
trout; and the Atlantic Drainage lake trout had longer postorbital
length than those of the Arctic Drainage (Tables I and TI1).

Upper Jjaw length. - The upper jaw was longer in the Pacific
and Atlantic Drainage lake trout than in those from the Arctic and
Hudson Drainage. The lake trout from the Arctic Drainage had longer

upper jaws than those of the Hudson Drainage (Tables I and I11).
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Table I. Statistics describing the regress%ons of head parts on

fork length of lake trout from various ocean drainages.

Ocean Fork Regression Standard
Character Drainage = Length Coefficient® error of Reg. Constant¥
mm Coefficient¥
Pacific 237.0-531.0  1.179 0.053 -1.066
Head Arctic 83.0-650.0 1.039 0.010 -0.712
Length Hudson 176.0-580.0  0.985 0.018 -0,572
Atlantic  169.0-679.0 1.094 0.019 -0.868
Inter- Pacafic 237.0-531.0 1.189 0,046 -1.631
orbital  Arctic 83.0~-650.0 1.051 0.015 -1.291
Width Hudson 176.0-580.0 1.113 0.024 ~1.460
Atlantic  169.0-679.0 1.135 0.021 -1,50L
Post- Pacific 237.0-531.0 1.210 0.053 -1.382
orbital Arctic 83.0-650.0 1.087 0.010 -1.064
Length Hudson 176.0-580.0 1.064 0.029 -1.001
Atlantic  169.0-679.0 1145 0.031 -1.224
Length Pacific 237.0-531.0 1.323 0.073 -1,708
of Arctic 83,0-650.0 1.131 0.017 ~1.232
Upper Hudson 176.0-580.0  1.066 0.046 ~1.060
Jaw Atlantic  169.0-679.0 1,203 0.023 -1.426
Length Pacific 237.0-531.0 1.286 0.063 -1.529
of Arctic 83.0-650.0 1,107 0.013 ~1.083
Lower Hudson 176.0-580.0 1,048 0.021 -0.931
jaw Atlantic  169.0-679.0 1.168 0.021 -1.251

gy
iy

Values in common logarithms

|
|
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Lower jaw length. - The Pacific and Atlantic Drainage lake
trout had longer lower jaws than that from the Arctic and Hudson

Drainages trout (Tables I and I11).
Body Measurements

Six body measurements, predorsal length, ventral-aral length,
lengbh of caudal peduncle, dorsal-adipose length, depth of caudal
peduncle, and body depth were considered for interdrainage varia-
tions. No significant differences were observed in dorsal-adipose

length and depth of caudal peduncle (Table IIT).

Predorsal length. - The Pacific Drainage lake trout had
longer predorsal length than those from the Arctic, Hudson and
Atlantic Drainages. This was the only measurement in which the
Atlantic Drainage lake trout had a significantly lower value of
regression coefficient than those of.the Pacific Drainage. Both the
Atlantic and Arctic Drainage lake trout had longer predorsal length
than those of Hudson Drainage (Tables II and 1I1).

Ventral-anal length. - The lake trout from the Hudson
Drainage had significantly longer ventral-anal length than those

of Atlantic Drainage (Tables II and I11).

Length of caudal peduncle. - The lake trout from the Pacific
Drainage had shorter caudal peduncle than those from Arctic and Hudson
Drainages. The Atlantic Drainage lake trout also had shorter caudal
peduncles than those from Arctic and Hudson Drainages (Tables II and IIT).

Body depth. - Body depth was deeper in the Atlantic Drainage

1ake trout than in Arctic Drainage 1ake trout (Tables IT and 11I).




Table 11.
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fork length of lake trout from various ocean drainages.

Statistics describing the regressions of body parts on

Ocean Fork Regression Standard
Character Drainage  lLength Coofficient® errorof Reg Constant®
i Coefficient”
Pre- Pacific 237.0-531.0 1.169 0.031 -0.759
dorsal Arctic 83.0-650.0  1.065 0.006 -0.486
Length Hudson 176.0-580.0  1.0l1 0.011 -0.354
Atlantic  169.0-679.0 1.080 0.014 -0.,530
Ventral- Pacific 237.0-531.0 1.026 0.054 -0.798
anal Arctic 83.0-650.0 0.960 0.014 -0.619
Length Hudson 176.0-580.0  0.993 0,020 -0.690
Atlantic  169.0-679.0  0.96 0.019 -0.528
Length Pacific 237.0-531.0 0.824. 0.050 ~-0.384
of - Arctic 83,0-650.0 0.962 0.010 =0.745
Caudal Hudson 176.0-580.0 0.986 0.016 -0.796
Pedquncle Atlantic  169.0-679.0 0.903 0.015 -0.597
Dorsal- Pacific 237.0-531.0 0.877 0.081 -0.395
adipose Arctic 83,0-650.0 0.975 0.012 -0.643
Length Hudson 176.0-580.0 0.980 0.017 -0.659
Atlantic  169.0-679.0 0.952 0.020 -0.566
Depth Pacific 237.0-531.0 0.972 0.060 -1.057
of Arctic 83.0-650.0 0.934 0.013 -0.960
Caudal Hudson 176.0-580.0 0.960 0.018 -1.020
Peduncle Atlantic 169.0-679.0 0.936 0.018 -0.978
Pacific  237.0-531.0  1L.115 0.102 -0,998
Body Arctic 83.0-650.0 1.043 0.019 -0.767
Depth Hudson 176.0-580.0  1.088 0.024 -0.938
Atlantic 1.107 0.023 =0.974

169.0-679.0

M
W

Values in common logarithms
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Interarea Comparison of Morphometric Characters

In order to interpret the morphometric variations among lake trout
of different areas the head length, lengths of the upper and lower
jaws, and predorsal length were considered.

Since all the areas did not have a sufficiently large sample
size for the morphometric comparisons, only those areas which were
represented by 15 or more £ish were selected for comparisons. These
areas are V, VII,and XII in the Arctic Drainage; XIV and XV in the
Hudson Drainage; and areas XVIIL, XIX, and XX in the Atlantic Drainage.

The lake trout of areas I, I, III, and IV in the Pacific Drainage
did not show any significant differences in morphometric characters.
The specimens from these areas were therefore grouped and then compared
with the selected areas in other drainages. Table IV shows the number
of characters in which each area differed significantly from the others.
The results of the t-tests are given in appendix III-IV. The fesults
of regression analysis are shown in Tables V and VI.

The significant differences in the morphometric characters among
areas were ranked to determine the relationship among them. The ranking
was done in the following fashion.

No significant difference
One significant difference
2=l signifiéant differences.

The ranked differences are shown in Fig. 4.

Comparison of Areas within Drainages

As the lake trout of the Pacific areas showed no significant

differences, they were treated as one sample.
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---------------------- | significant difference
—_— 2-4 significant differences

.~ PACI
I+XI+I+IY

Fig. 4. Ranked morphometric differences among lake trout of Pacific
Drainage'(areas T ¢ IT + III 4 IV) and areas V, VII, X1, XiI, XiV, |
XV, XVIII, XIX, and XX.

. Areas not joined by any line do not show any significant differences.

ATLANTIC
v
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Table IV.  Number of significant marphametric differences among Pacific Drainage
lake trout and lske trout frcm various areas in other drainages. Only pre-
dorsal length, head length, and lengths of upper and lower jaws were campared.

Atlantic

Pacific Arctic Hwlson Atlantic
11
;‘ 1; v I a a1 v v | ¥ X b o
S *B
dlHe - 1 1 - A 3 1 4 -
al+
-
> - - 3 - - = - b
- 3 L 2 - 3 -
. H
&
1
H 3 - - - = - )
a 4 3 3 L 3
B -0t -
8
H S
E‘ -
a 1
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Arctic Ocean Drainage. - The lake trout of different areas
in the Arctic Drainage showed the maximum number of significant dif-
ferences among themselves. Area XIT lake trout (Peace River System)
differed significantly in having larger head, upper and lower jaws,
andlpredorsal length from the lake trout of areas vV (Canadian Archi-
pelago), VII (Mackenzie River System), and XI (Back River System).
fireas V, VII, and XI lake trout did'not show any significant differences
among themselves.

Hudson Bay Drainage. - No significant differences were ob-
served among lake trout of areas XIV and XV of the Hudson Drainage.

Atlantic Ocean Drainage. - The lake trout of the Atlantic
Dréinage areas demonstrated some significant differences. The lake
trout of area XIX (west of.St, Lawrence River) had relatively smaller
upper jaw than those of area XX (east of the St. Lawrence River). Area
XIX lake trout also differed significantly from those of area XVIII

(Wiscosin and Michigan) in having shorter predorsal length.

Comparison of Areas Between Drainages

The Pacific Drainagé 1ake trout differed significantly from Arctic
area VII lake trout in having longer predorsal length, and from area
XTI lake trout in having larger lower jaw. The Pacific lake trout did
not, show any significant differences from those of Arctic areas V and
XII (Fig. 4).

The Pacific lake trout differed significantly from those of Hudson
Drainage area XIV in having longer predorsal length, head, upper and

lower jaws, and from area XV in having longer head, and upper and Llower

jaws.
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Table V. Statistics describing the regressions of head length and
length of upper jaw on fork length of lake trout from Pacific
(T + 11+ IIT + IV); Arctic (V, VII, XI, and XII); Hudson (XIV,

XV) and Atlantic (XVIII, XIX, and XX) Drainages.

Standard
Character Areas Fork Regression error of Constant®
Length Coefficient# Regression
M Coefficient*
(9]
Al 1+II+ 237.0-531.0  1.179 0.053 -1.066
| IIT + IV
da
‘ o |V 2,9.0-590.0  1.08L 0.047 -0.848
Head | VII 162.0-588.0  1.101 0.017 -0.872
Length ° | X1 271.0-525.0 1,023 0.046 -0.679
=] XII 168.0-475.0  1.216 0.028 -1.112
9 5| X1V 176.0-569.0 ~ 1.016 0,024 -0.649
°) X 110.0-580.0 _ 0.830 0.106 -0.158
9| XviIz 169.0-545.0  1.069 0.332 -0.783
'§ ax 218,0-586.0  1.052 0.014 -0.781
o XX 211.0-679.0  1.095 0.037 -0.847
g
11+ I+ 237.0-531.0 1.323 0.073 -1.708
@ | III + IV
o |V 2,9.0-590.0  1.152 0.075 -1.316
S| VII 162.0-588.0  1.221 0.028 -+ ~1.466
Length 5 bai 271.0-525.0  1.160 0.093 ~1.314
of XIT 168,0-475.0  1.423 0.043 ~1.91L
Upper S € XIv 176.0-569.0  1.079 0.037 -1.094
Jaw = o] XV 110.0-580.0  0.917 0. 14 -0.659
o | WIII 169.0-545.0  1.14l 0.040 -1.251
£ XIX 218.0-586.0  1.171 0.018 -1.367
K X 211.0-679.0  1.217 0.052 -1.43L
=<t

Values in common logarithms




Table VI.

2l

Statistics describing the regressions of lower jaw length

and predorsal length on fork length of lake trout from Pacific

(I & II 4 III + IV), Arctic (v, VII, XI, XII), Hudson (X1Iv, XV),

and Atlantic (XVIII, XIX, XX) Drainages.

Standard
Character Areas Fork Regression  Error of Constant®
Length Coefficient” Regression
mn Coefficient”
|
gﬁ %ﬁ 111\,; 237.0-531.0  1.286 0.063 ~1.529
o +
Lgngth N 519.0-500.0  1.155 0.063 1.51
E = VII 162.0-588.0  1.174 0.02, ~1.254
Jow-er o1 X1 271.0-525.0  1.053 0.062 -0.948
anw < y1I 168.0-475.0  1.33h 0,036 -1.605
1 e | XV 176.0-569.0  1.082 0.029 ~1.012
S ol XV 1,10.0-580.0 _ 0.895 0.123 -0.522
9| ¥vIlI 169.0-545.0  1.160 0.037 -1,206
2 XX 018.0-586.0  1.118 0.015 -1.142
S xx 211.0-679.0  1.19% 0.0L -1.294
p
|
gﬁ %I;:EII\J; 237.0-531.0  1.169 0.031 -0.759
0 .
Pre- oV 21,9.0-590,0  1.087 0.033 -0.546
soreal | B |VIL 162.0-588.0  1.096 0.011 -0.561
Length | 5|5 271.0-525.0  1.091 0.023 -0.559
X1I 168.0-475.0 1,100 0.02L -0.570
& 5 | XV 176.0-569.0  1.034 0.014 -0.1408
2 0 | XV . 1,10,0-580.0  1.090 0.058 -0.571
.:,_3 XVITL 169.0-545.0  1.120 0.047 ~0.628
o | XIX 218,0-586,0  L1.042 0.012 -0.438
g XX 211.0-679.0  1.093 0.023 -0.559

Values in logarithms
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The Pacific lake trout differed significantly from those of area XVIII
of Atlantic Drainage in having longer upper jaw and from those of area
XIX in having longer predorsal length, head, and upper and lower jaws.

Of the four areas considered in the Arctic Drainage, only areas
VII and XII showed significant differences from areas in the Hudson
and Atlantic Drainages.

Area VII lake trout differed significantly from those‘of area XIV
in having longer predorsal length, head,upper and lower jaws; and from
XV in having longer head and upper jaw. Area VII lake trout also dif-
fered significantly from the lake trout of areas XIX of the Atlantic
Drainage in having longer predorsal length, head, and upper jaw.

Area XII lake trout differed significantly from those of area XIV
in having longer predorsal length, head, upper and lower jaws, and
from area XV in having longer head, and upper and lower jaws.

Area XII lake trout also differed significantly from those of Atlantic
areas XVIII, XIX, and XX in having longer head, upper and lower jaws.

The lake trout of area XIV of the Hudson Drainage differed signi-
ficantly from the lake trout of area XIX of Atlantic Drainage in having
shorter lower Jjaw.

The lake trout of area XV of Hudson Drainage differed significantly
from lake trout of Atlantic area XIX in having shorter head, shorter upper

and lower jaws, and from area XX in having shorter head and shorter upper

jaw.
Meristic Studies

In the past several authors, especially Schmidt (1919), Hubbs (1926),

Taning (1952), Seymour (1959) and Garside (1966) have commented
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on the influence of environmental factors on the number of meristic
characters in fishes. However, a careful use of meristic characters
has been extremely helpful in taxonomic studies (Vladykov, 19543
Bailey and Gosline, 1955; McPhail, 1961, 1963; Qadri, 1964, 1967;

Martin and Sandercock, 1967).

Total Number of Vertebrae. - The mean number (63.0) of
vertebrae in the Pacific Drainage lake trout differed significantly
from those of the Arctic (64.1), Hudson (64.2), and Atlantic (64.3)
Drainages. No statistical significance in the number of vertebrae

was observed among the lake trout of the last three ocean drainages

(Fig. 5).

The significant differences in vertebral counts among areas are,
summarized in Fig. 5. The mean number of vertebrae in the lake trout
of areas I, II, and IIT in the Pacific Drainage were not significantly
different from each other; nor from those of areas VI and IX in the
Arctic Drainage, and area XX in the Atlantic Drainage. Area IV lake
trout in the Pacific Drainage differed significantly from other areas
in the same drainage.

For the lake trout, Vladykov (1954) mentioned a mean of 63.0
vertebrae; Norden (1961), 63.9; and Qadri (1964) 64.2; Slastenenko

(1958) reported a range of 6L4-65 vertebrae.

Interneurals. - The mean number (18.4) of interneurals in
the Pacific Drainage lake trout differed significantly from those of

the Arctic (19.4), Hudson (19.2), and Atlantic (19.3) Drainages. No
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significant difference was observed among the lake trout of the last
three ocean drainages (Fig. 6).

The significant differences among lake trout of different areas
are summarized in Fig. 6. The mean numbers of interneurals in the
1ake trout of the Pacific Drainage areas, I, II, III, and IV did not

differ from each other nor from area IX in the Arctic Drainage...-.

Dorsal Fin Rays. - The méan numbers (Pacific, 13.8; Arctic,
13.8; Hudson, 14.1; and Atlantic, 13.9) of dorsal fin rays did not
differ significantly among lake trout of different ocean drainages.

Among lake trout of different areas, the mean number of dorsal
fin rays did not show any definite geographic variational trend. How-
ever some significant differences were observed.

Eddy and Surber (1947) mentioned 11.0 dorsal fin rays for lake
trout and Vladykov (1954) gave a mean of 1l.l. These values do not
conform with mine. My values are in close agreement with those of
Qadri (1964) who gave a mean value of 13.9 dorsal fin rays. Undoub-
tedly Vladykov and Eddy and Surber had a different method of enumera-
tion than mine. Vladykov counted these fin rays without the help of
staining or radiographs and probably missed one or two very small

anterior rays which are clearly visible in stained specimens and in

radiographs.

Anal Fin Rays. - The mean numbers (Pacific, 13.0; Arctic,
13.2; Hudson, 13.4, and Atlantic, 13.0) of anal fin rays did not

differ significantly among lake trout of different ocean drainages.
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Among lake trout of different areas, the mean number of anal fin
rays did not show any definite variational tremd. However, some
significant differences were cbserved.

In lake trout, the mean values of 11.0, 10.8, and 13.8 of anal fin
rays were given by Eddy and Surber (1947), Vladykov (1954), and Qadri

(1961) respectively. My values are in agreement with those of Qadri (1964).

Total Number of Gill Rakers. - The mean number (21.5) of gill
rakers in the Atlantic Drainage lake trout differed significantly from
those of Hudson (22.7),Arctic (23.2), and Pacific (22.9) Drainage lake
trout (Fig. 7).

tmong lake trout of different areas, the mean values of the total
number of gill rakers (Fig. 7) did not show the trend of variation
seen in metameric characters i.e. vertebrae and interneurals.

Vladykov (1954) mentioned a mean of 20.2 gill rakers and Qadri (1964)
gave a mean of 22.) gill. rakers. Martin and Sandercock(1967) gave mean values
for the total mumber of gill rakers for the lake trout of three Algonquin
Park lakes — Lake Opeongo (21.06), Happy Isle (22.05), and Lake Louisa
(22.26). A1l these values agree quite closely with those of my samples
drawn from similar areas.

Branchiostegal Rays. - The mean values of branchiostegal rays
in the lake trout of the Arctic and Hudson Drainages were not signi-
ficantly different from gach other while the mean values of Pacific and
Atlantic laké trout were different from each other as well as from
those of the Arctic and Hudson Drainage lake trout. Among lake trout
of various areas, the mean values of branchiostegals rays did not show
any definite trend of variation (Fig. 8).

Vladykov (1954) mentioned a mean value of 12.9 for lake trout and

Qadri (1964) gave a mean valuc of 12.3. These values correspond with ‘

some of my values.
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TI- DIVERSITY OF LAKE TROUT IN LAKE SUPERIOR

Morphometric Studies

A1l of the 15 morphometric characters mentioned on page 6 were
considered here. The summary of statistics describing the regressions
of different head and body parts onfork length is shown in Tables
VII, VIII,and IX. The results of the t-tests for the regression coef-
ficients are summarized in Table X.

Postorbital length, ventral-anal length, dorsal-adipose length,
pectoral-ventral length, height of the dorsal fin, and the height of

the anal fin did not show any significant differences among the Lake

Superior subpopulations.

i
Head Measurements

A1l the head measurements except the postorbital length showed

significant differences awong the four subpopulations.

Head length. - The head length of lean lake trout was

longer than that of halfbreed and siscowet (Tables' VII and X).

Diameter of eyéball. -~ The lean lake trout had larger eye-

ball diameter than that of the halfbreed; and the humper had larger

eyeball diameter than either the halfbreed or siscowet (Tables IX and X).

Interorbital width. - The interorbital width was greater

in lean lake trout than in halfbreeds and humpers. The siscowets also

had greater interorbital width than humpers (Tables IX and X).

Length of upper jaw. - The lean lake trout had longer upper

jaw than halfbreeds and siscowets (Tables IX and X).

Y = VAVYLYY S
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TPable VII.

fork length of various lake trout subpopulations from Lake Superior.

34

Statistics describing the regressions of body parts on

Subpopul~ Fork Regression  Standard
Character ation Length Coefficient® error ofReg Constant’
mm Coefficienti
Pre- Lean 340.0-515.0 1.261 0.107 -1.012
dorsal - Halfbreed 308.0-518.0 1.011 0.035 -0.355
Length Siscowet  331.0-775.0 1.105 0.054 -0.591
Humper 212,0~455.0 1.063 0.033 -0.486
Ventral-  Lean 340.0-515.0 1.032 0.220 -0.818
anal Halfbreed 308.0-518.0 1.148 0.078 =1.114
Length Siscowet  331.0-775.0 1.046 0.073 -0.840
Humper 212.0-455.0 1.029 0,055 -0.785
Length Lean 3,0.0-515.0  1.58L 0.218 -2.366
of Halfbreed  308.0-518.0 0.928 0.090 -0.693
Caudal Siscowet  331,0-775.0 1.015 0.056 -0.907
Peduncle Humper 912.0-455.0 0.856 0.056 -0.502
Dorsal- Lean 340.0-515.0 1.148 0.213 -1.117
adipose Halfbreed 308.0-518.0  1.085 0.096 -0.926
Length Siscowet  331.0-775.0  1.166 0.080 -1,140
Humper 212.0-455.0 1.155 0.113 -1.092
Depth Lean 34,0,0-515.0  1.080 0.145 -1.310
of Halfbreed  308.0-518.0  1.030 0.077 -1.210
Caudal Siscowet  331.0-775.0  1.099 0.065 -1.350
Peduncle Humper 212.0-455.0  0.934 0.050 -0.935

Values in common logarithms




Statistics describing the regressions of body parts on

Coefficient# Error of

Length

Siscowet
Humper

212.0-455.0

1.098
1.142

0.048
0.059

"'0 . 719
-0.850

Height
of
Dorsal
Fin

Lean
Halfbreed
Siscowet
Humper

340.0-515.0
308.0~518.0

- 331.0-775.0

212,0-455.0

0.631
0.906

0.939
0.856

0.193
0.067
0.050
0.070

-0.198
-0.510
-0.627
-0.3917

Height
of
Anal
Fin

Lean
Halfbreed
Siscowet
Humper

340.0-515.0
308.0-518.0
331.0~775.0
212.0-455.0

0.860
0.958
0.976
0.98L

0.156
0.077
0.037
0.063

-0.472
-0.729
-0.786
-0.807

Head
Length

Lean
Halfbreed
Siscowet
Humper

340.0-515.0
308.0-518.0
331.0-775.0
212,0-455.0

1.118
0.908
0.917
0.961

0.088
0.040
0.030
0.038

=0. 9%k
-0.419
-0.419
-0.529

AL
w

Values in common logarithms

Table VILI.
fork length of various lake trout subpopulations from'Lake Superior.
Subpopu- Fork Regression Standard
Character lation Length Constant*
mm Regression
Coefficient*
Lean ' 3,0.0-515.0  1.569 0.179 -2.121
Body Halfbreed 308.0-518.0 1.321 0.091 -1.463
Depth Siscowet  331.0-775.0  1.505 0.083 -1.936
Humper 212.0-455.0 1.278 0.062 ~1.345
Pectoral- Lean 340.0-515.0 0.855 0.215 -0.103
ventral Halfbreed 308.0-518.0 1.153 0.066 -0.871
]

e et ATl e
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Table IX. Statistics describing the regressions of body parls on fork

length of various

lake trout subpopulations from Lake Superior.

Standard
Character  Subpop- Fork Regression Error of Constant¥*
ulation Length Coefficient® Regression
Coefficient®
Diameter Lean 340,0-515.0 0.717 0.104 -0.659
of Halfbreed  308.0-518.0 0.451 0.064 0.035
Eyeball Siscowet 331.0-775.0 0.476 0.472 -0.015
Humper . 212.0-455.0 0.772 0.055 -0.793
Inter- Lean 340.0-515.0 1.354 0.128 -2.070
orbital Halfbreed 308.0-518.0 1.003 0.088 -1.161
Width Siscowet 331.0-775.0 0.154 0.040 -1.501
Humper 212.0-455.0 1.037 0.038 -1.242
Post- Lean 340.0-515.0 1.186 0.119 -1.337
orbital Halfbreed =~ 308.0-518.0 1.016 0.064 -0.919
Width Siscowet 331.0-775.0 0.964 0.033 -0.760
Humper 212.0-455.0 1.011 0.045 -0,883
Length Lean 340.0-515.0 1.397 0.141 -1.963
of Halfbreed  308.0-518.0 0.960 0.060 -0.8,8
Upper Siscowet 331.0-775.0 1.007 0.035 -0.940
Jaw Humper 212.0-455.0 1.014 0.085 -0.959
Length Lean 340.0-515.0 1.351 0.119 -1.762
of Halfbreed  308.0-518.0 0.969 0.050 -0.782
Lower Siscowet 331.0-775.0 . 0.997 0.035 -0.830
Jaw Humper 212.0-455.0 ~ 1.018 0.047 -0.888

Values in common logarithms
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Length of lower jaw. - The lean lake trout had longer
1ower jaw than halfbreeds, siscowets, and humpers (Tables IX and

X).
Body Measurements

The predorsal length, length of caudal peduncle, depth of caudal
peduncle, and body depth showed significant differences in some com-

parisons.

Predorsal length. - Lean lake trout had longer predorsal
length than the halfbreeds (Tables VII and X).
Length of caudal peduncle. - The lean lake trout had longer

caudal peduncle than halfbreeds, siscowets, and humpers (Tables VII

”

and X).
Depth of caudal peduncle. - The siscowets had deeper caudal
peduncle than humpers (Tzbles VII and X).

Body depth. - The siscowets had deeper body than humpers

(Tables VIII and X).

The lean lake trout.differed significantly from halfbreeds, sisco-
wets,and humpers in 7, 4, and 3 characters respectively (Table XI).
The halfbreeds and siscowets do not differ from each other signifi-
cantly but humpers differ from halfbreeds and siscowets in 1 and 4
characters respectively. The nurber of significant differences in
morphometric characters tend to form three groups of lake trout in

Lake Superior: (a) lean lake trout, (b) halfbreed and siscowet, and

(¢) humper.
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An attempt was also made to determine the extent of variation in
morphometric characters between the Lake Superior subpopulations and
the lake trout of areas XVII, XVIII, XIX, and XX (Atlantic Drainage);
areas VII and XII (Arctic Drainage); and area XIV (Hudson Drainage).

See Fig. 3.

Four body measurements (predorsal length, length of caudal peduncle,
depth of caudal peduncle, and body depth) and A4 head measurements (head
length, interorbital width, and the iength of both the upper and lower
jaws) were considered. The " values of these comparisons are given
in Appendix V-VIIL.

The number of morphometric characters in which the Lake Superior
subpopulations differed from the lake trout of the areas mentioned
above are shown in Tables XTI and XII.‘

As is apparent from the tables, the lean lake trout of Lake Superior
differed from the lake trout of the Atlantic, Arctic, and Hudson areas.
The siscowet and halfbreed as a group differed from the lake trout of
these same areas in more characters than did the lean lake trout of
Lake Superior.

It is interesting to note that the lean lake trout of Lake Superior
differed significantly from the lake trout of all these areas in having
deeper bodies and longer caudal peduncles. It appears that the lean

lake trout of Lake Superior itself has diverged somewhat from the

typical lake trout.

Meristic Studies

A1l of the 7 meristic characters mentioned on page 10 were considered.

R



Table XI.

lean, halfbreed, siscowet and humpe

A

trout of areas XVII, XVIII, XIX and XX.*

Significant differences in morphometric characters

among

r of Lake Superior and lake

Lean  Half- Sisco- Humper XvIl XVIII XIX X
breed wet
Lean 1,2,5, 2:5:7, 2:6:8 2y 25k 1,2,L, 2ybs
6,7,8 8 6,8
Half— - - 1,5’6, l{.,8 [1'15)7) 5’7,8
breed 3 8
Sisco- 3,456, 5,7,8 254y5, 2,3k, Ly5,7,
wet 7,8 5,7,8 8
Humper 556, L,8 hy5,7, 5,8
8
XVIl L, 1,h,6, -
XVIII 1,3, -
XIX 3,8
XX
1. Predorsal Length
2. Length of Caudal Peduncle
3. Depth of Caudal Peduncle
L. Body Depth
5, Head Length
6. Interorbital Width
7. Length of Upper dJaw
8. Length of Lower Jaw

A
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Table ¥II. Significant differences in morphometric characters among
lean, halfbreed, siscowet, and humper of Lake Superior and lake

trout of areas VII, XII and XIV.”

Lean Half- Sisco- Humper VII XIT av
breed web

Lean 1,2,5, 2,57, 2,6,8 2,4 2,4 1,2,k
6,7,8 8
Half- - - 1,’-!»,5, 5’7’8 l">5’
breed 7,8
SiSCOWGt B’A,é, ll-’5,7’ 3,’-&35) 3314'35’
8 7,8
Humper 4 5,6,7, 5,657, 25
8 8
VII 5,7,8 1,2,5,
7,8
Il 1,5,7,
8

XIv

1. Predorsal Length

2. Length of Caudal Peduncle

3. Depth of Caudal Peduncle

L. Body Depth

5. Head Length

6. Interorbital Width

7. Length of Upper Jaw

8. Length of Lower Jaw
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The total number of vertebrae, interneurals, ribs, and dorsal
fin rays did not show any significant variation among the four sub-
populations (Fig. 9).

Only the ahal.fin rays, gill rakers, and branchiostegal rays

showed significant differences in some comparisons (Fig. 10).

Anal Fin Rays. - The halfbreeds had a significantly higher
mean value of anal fin rays (14.4), than humpers (13.5) and leans
(13.4). |

Total Number of Gill Rakers. — Humpers had relatively
high mean number of gill rakers (24,.8), which differed significantly

only from the mean value (23.0) in lean lake trout.
Branchiostegal Rays. - Humpers had a high mean number of
branchiostegal rays (13.6) which differed significantly from the

mean values in all the other subpopulations i.e. siscowet (12.8),

halfbred (12.8), and lean (12.6).
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DISCUSSION

The significant morphometric differences (Table III) among the
lake trout of various ocean drainages i.e. Pacific, Arctic, Hudson,
and Atlantic, indicated partially different gene pools of lake trout
in these drainages.

The Pacific and Atlantic Drainage lake trout did not differ
significantly from each other in any morphometric characters except
predorsal length. On the other hand, the lake trout from each of
these ocean drainages differed significantly from the Arctic and
Hudson Drainage lake trout. Although the Pacific and Atlantic Drai-
nage lake trout did not show significant differences from each other
in morphometric characters, the values of regression coefficients
were relatively lowervin the Atlantic Drainage lake trout than in
those of the Pacific Drainage (Tables I and 11).

The interarea comparisons (Table IV and Fig. L) of morphometric
characters show that the Pacific Drainage lake trout do not differ
significantly from area XX lake trout of the Atlantic Drainage. The
Pacific Lake trout diffeg from areas XVIII and XIX lake trout (Atlantic)
in 1 and L characters respectively. This suggests that most of the
similarity of the Atlantic Drainage lake trout with the Pacific Drai-
nage lake trout is contributed by area XX and area XVIII lake trout.

Deglaciation on the Atlantic Coast occurred earlier and more
rapidly than in the upper Mississippi area and the Great Lakes basin

* (Newman and Fairbridge, 1960). According to these authors the initial

ice retreat in the Long Island Sound area began about 30,000 B.P.
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(before the present), and according to Hickox (1960) most of Nova
Scotia was ice free by 10,000 B.P. It is suggested that the area

XX lake trout originated and dispersed from a refuge on the Atlantic
Coast, and invaded areas north west as well as south east of the St.
Lawrence River. The deglaciation on the Atlantic Coast was followed
by marine submergence (Flint, 1957) and the sea flooded the St.
Lawrence lowlands forming the Champlain Sea. The Champlain Sea existed
1000 o 2000 years (Terasmae, 1959) and probably isolated populations
of lake trout on both sides of St. Lawrence River. The lake trout of
area XIX could due to isolation develop different characteristics from
the populations in area XX.

Area XVIII lake trout seem to have originated from a refuge some-
where in the upper Mississippl valley. These lake trout do not differ
significantly from those of areas XIV and XV in the Hudson Drainage
nor from those of areas V, XI, and VII in the Arctic Drainage.
Therefore, it is logical to say that the lake trout originating from
the upper Mississippli refuge dispersed north into the present Hudson
drainages, and some of the Arctic drainages. The lake trout origina-
ting from this refuge aﬁparently sharéd their gene pool with those origina-
ting from the Atlantic refuge. This is suggested by the absence of
significant morphometric differences between area XVIIL and area XX
lake trout. The sharing of populations of lake trout originating
from the upper Mississippi and Atlantic refuges probably occurred
through the tributaries of Ohio and Susquehanra rivers.

Radforth (1944) argued against a Mississippi refuge south of the

ice sheet. Her objection was based upon the absence of suitable
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habitats for lake trout in that area. However, Lindsey (1964)
nentioned that in Wisconsin there are still natural lake trout
populations close to the southern edge of glaciation. Some of
the divides between Great Lakes and Mississippi basins in
Wisconsin are low and swampy which is a less favourable route

for lake trout dispersal. But we know that the topographical
conditions of an ‘area are not static; therefore these conditions
may not have existed during the early stages of deglaciation.

The presence of a fossil lake trout from Wisconsin close to the
southern edge of glaciation within the present Mississippl Drai-
nage (Fig. 1) leaves no doubt of lake trout having survived in a
Mississippi refuge. This fossil was assigned to the inter-
glacial period between the second and third Pleistocene glaciations
by Hussakof (1916). However, recent radiocarbon dating techniques
assign this fossil to the closing stages of the last or Wisconsin
glaciation i.e. 12,500 to 16,000 B.P. (Lindsey, 1964). Gruchy
(1968, in press) has recently described a second fossil lake trout
from the Ottawa region. Its estimated age is 9,500 % 300 years,
suggesting that 1ake trout closely followed the northward retreat
of the ice sheet.

Tt is important to note that the lake trout of the various
areas in the Arctic Drainage (Fig. L) showed a maximum number of
significant differences among themselves. This suggests the inva-
sion of these areas by the lake trout from various sources.

The Pacific Drainage lake trout differed significantly from

those of most areas in the Arctic and Hudson Drainages except
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those from areas V and XIT in the Arctic Drainage (Appendix III-VI).

The Pacific Drainége lake trout differed from areas VII and XI in

only one character and therefore suggest close relationship with the
Arctic drainage lake trout than from the lake trout of Hudson areas

XIV and XV from which they differed in 4 and 3 cﬁaracters respectively
(Table VI and Fig. hi. Tt is suggested thatthe Pacific lake trout
dispersed postglacially along the Canadian Arctic slope to the islands
of the Canadian Archipelago (Area V), and possibly to the Back River
Drainage (Area XI), where they mixed with the lake trout from the Missis-
sipi refuge.

The lake trout of area XII (Peace River system) did not show any
significant difference in morphometric characters from the Pacific
Drainage lake trout, but differed strongly (in 3 characters) from the
area XV (Hudson) lake trout. This suggests that the lake trout in the
Peace River system had a different origin than those of the Churchill
River system (area ¥V). The area XV lake trout, therefore, probably
had their origin from the upper Mississippi refuge, which is substan-
tiated by the fact that area XV lake trout did not differ from area

XVITI lake trout significantly. On the other hand, area XII lake

trout differ strongly (in 3 characters) from area XVIIT lake trout,
and this suggests that the 1ake trout in the Peace River system ori-
ginated from an upper Missouri refuge. Natural populations of lake
trout still occur in the upper Missouri River system (Henshall, 1907;
Schultz, 1941; Vincent, 1963). The author examined some specimens
from Montana and Wyoming but since the number of specimens was insuf-

ficient for sound morphometric studies, they were not included in the
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analysis. Lindsey (1964) gave two explanations for the occurrence
of natural populations of lake trout in Montana. Firstly, he suggested
that the lakes in Montana with lake trout populations, lie immediately
south of the Saskatchewan River basin and could have received lake
trout from the Yukon River system through a temporary jce free corridor
between the Cordilleran and Keewabin ice sheets. Secondly, he suggested
that the populations of lake trout existed throughout the last gla~
ciation in Montana and moved north with the retreating ice during
deglaciation. I agree with this latter explanation and further suggest
that the lake trout survived glaciation in an upper Missourl refuge
in Montana and then dispersed north postglacially through the Peace,
Fraser, Skeena, and Stikine River systems and shared gene pools with
those lake trout which survived glaciation in a northern refuge in
either Alaska or the Yukon valley. This is indicated by the absence
of significant difference between the lake trout of Peace River system
(area XII) and those of the Pacific Drainage.

The significant variations cbserved in meristic characters
(Figs. 5 to 8) support the hypothesis that lake trout survived north,
as well as south, of the ice sheet.

The meristic characters (vertebrae and interneurals) which are
metameric in nature present similar pictures of variation (Figs. 5
and 6). The Pacific Drainage lake trout and the lake trout in areas
which area at the boundary of the Pacific and Arctic Drainages show
celatively lower mean values for these characters. The lake trout of
areas VI, IX, and XII in the Arctic Drainage show similarities to

those of Pacific areas. Areas VI, IX, and XII are in the Peel, Liard
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and Peace River systems, respectively. These rivers, are within the
Arctic drainage, yet they are very close to the Yukon and Fraser
River systems in the Pacific Drainage. It is suggested that at some
time since glaciation these rivers have shared headwaters with the
Pacific rivers and that there has been some gene flow in lake trout
populations from thelYukon River system to the Peel and Liard River
system; and the Peace River system (area XII) tothe Fraser River
system (area IV). However, Wynne-Edwards (1947) suggested the Peel
and Liard River systems as the possible dispersal routes for lake
trout from the south into the Yukon.

The gill raker and branchiostegal counts do not present the same
picture of variation as do the metameric counts. However, both gill
raker and branchiostegal counts show higher mean values in the Pacific
Drainage lake trout than in the Atlantic Drainage lake trout (Figs. 7
and 8).

The morphometric and meristic variations over the range of lake
trout strongly suggest that the species survived the Wisconsin gla-
ciation north as well as south of the ice sheet. The taxonomic treat-
ment of the variations observed over the distributional range of the
species will be risky at this stage.

Subspecies are conceived of as genetically distinct, taxo-
nomically different, geographically separabe populations belonging to
the same species and therefore interbreeding freely at zones of con-
tact (Mayr, 1942 and 1965). Subspecies has been generally recognized
a5 a formal taxonomic category (International Commission of Zoological

Nomenclature, 1948) and many subspecies have been named in various



groups of animals without serious consideration. Wilson and Brown
(1953) apparently perturﬂgd by the misuse of the subspecies category
arpued against the subspecies as a natural taxonomic category. Siﬂce
the publication of Wilson and Brown's paper there has been a great
‘deal of exchange in thought regarding the fate of the subspecies.
Some (Gosline, 195h;\Burt, 195L; Doutt, 1955) favoured Wilson and
Brown's ideas, while others (Edwards, 19543 Mayr, 1954 ; Parkes, 1955;
Fox, 1955) wrote in support of subspecies as an ébvious and natural
taxonomic category. The present author believes in subspecies as a
formal taxonomic category, but also suggests that a great care must
be taken in assigning the trinomen to such populations.

The Pacific lake trout and the lake trout of Arctic areas adjacent
4o Pacific Drainage e.g. areas VI, IX, and XII seem to form a fairly
homogeneous gene pool. This group of populations and the one of popu-
1ations in the remainder of Arctic Drainage, as well as the Atlantic
and Hudson Drainages may be behaving as subspecies with the zone of
contact in the Arctic Drainage. However, I will not assign
these groups of populations the status of subspecies until more infor-
mation becomes available on different biological aspects i.e. ecology,
reproductive behaviour, physiology of these populations.

The definition of subspecies given by Mayr (1942 and 1965) agrees
with the situation existing petween the siscowet and lean lake trout
of Lake Superior. Siscowet is separated from the lean lake trout
spatially in terms of depth. It occurs in deeper water (50-100 fathoms),
while the lean lake trout occurs in shallower water. Recently, Crawford

(1966) has worked out the average flobation pressures for the siscowet




and lean lake trout of Lake Superior. The average flotation pressure
for siscowel was 6.3 atm. and for the lean lake trout 3.8 atm. With
this, Crawford concluded that these fish could be neutrally buoyant
at different depths. Eschmeyer (1954), discussing the reproduction
of lake trout in southern Lake Superior, has pointed out that "the
principal lake tfout spawning grounds in United States waters of
southern Lake Superior gre widely distributed on rocky shoals, at
depths of less than 20 fathoms", while most siscowets are caught at
depths of 50 to 80 fathoms.

Morphologically, an adult siscowet could be distinguished from
the lean lake trout by the relatively smaller and broader heads and
deeper bodies (Table X). On the basis of the taxonomic, physiological
and ecological differences pointed out above, the author thinks that
the subspecific ranking of siscowet should be retained.

The sample of the halfbreed from Point aux Mines which the
author examined showed ﬁrends of variation in morphometric characters
similar to the siscowet. The absence of significant differences in
the morphometric characters among siscowet and halfbreed indicate a
close relationship with each other. Eddy and Surber (1947) suspected
that the siscowet and lean hybridize in nature. The halfbreeds may,
therefore, be the hybrids of siscowet and lean.

The humpers differ significantly from the leans as well as
halfbreeds and siscowets in some morphological characters (Table X).
Since not much is known about the biology of humpers in relation to

other forms of lake trout in Lake Superior, their taxonomic ranking

is not attempted.

A
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Appendix II. Subpopulations of lake trout in Lake Superior.

Sub- No. of Fork Length

population Locality Specimens mm

Lean one mile west of 15 1,22.0~558.0
McGuinnessPoint

Lean Superior Shoal 15 340.0-462.0

Siscowet Stannard Rock 18 331.0-775.0

Halfbreed Point aux Mine 18 308,0-518.0
Bank

Humper Caribou Island, 18 32L.0-455.0

60 miles north-
west of Grand Marais,

Michigan

Humper Isle Royale, 3-4 19 212,0-442.0
miles east of Rock
Harbor

A
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e + S

Appendix II1. Significance of differences, in regression coefficients of predorsal
length on fork length, among lake trout of various areas mentioned in Fig. 3.

The degrees of freedam in each comperison are given in parentheses under
each "t" value.

T TR

# Significant at 5% level
#* Significant at 1% level

Pacific Arctic Hudson Atlantic
1+ 1 ¢
I+ V| v viI x pani v v oor xx x
&
gnE 1778 2.365% 1.658  L.715 4164 1,014 0.699 L,,226%% 1,891
S + (3,) (42) (33) (35) (53) (39) (45) (72) (32)
& oH
0,320 0,097 =0.335 1.620 <0042 0471  L.49T 0.l
d (36) (27 (29) wn - (33) (39) (66) (26)
H 0.166 =0.160 3.372% 0,108 -0.517  3.159% 0.153
o 1~ (35) a3n (55) (1) 1) (74) (34)
bl
5 H 0.230  1.550 0.022 -0.309 1.379 -0.03
(28) (46) (32) (38) (65) (25)
2,435 0,149 -0.130  2.306* 0.227
H (48) (34) (40) 67) (27
E -0.82, ~1.968 <=0.450 =2.091%
§ (52) (58) (85) (45)
:
4] 0,197 0.730 =0.040
(L4) my G
a 2,064 0.399
B %) OGN
3 1,93
I «1.930
g R (64)
-
i
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Appendix IV. Significance of difference, in regression coefficients of head length
on fork length, among lake trout of various mentioned in Fig. 3.

The degrees of freedom in each comparison are given in parentheses under
each "t* value.

# Significant at 5% level
a# Significant at 1% level

Pacific Arctic Hudson Atlantic

1; 111; v Vi1 i ai | av x Wil o oxax x
ol*
old 131, 1.553 1,908 -0.599  2.955% 2573 1762 3.043% 1.28
S |eg Gn W) @ 68 (mn 09 W) () (33)
B |

Arctic

5. 0.391  0.807 -2.3%+* 1,309 1976 0.253 0.82 <0.19
G @) @B @ 63 69 () @)

E 1.493  -3.333%¢ 2,798 2,658t 0.886  2.253% O.LB
(36  (8)  (s6) (b w8 () (%)

o 3.4U#% 0,103 1,682 -0.629 -0.661  -1.120
(28) @) (3 (8 () ()

H LT3FH 3,625 3,004 5.6108%  2,529%
8 B W) (65 (28)

1.582 -1.285 1.378  <1.681

. B Gay (e @ ()

3

£d & 21,862 =2,573% -2,285%

G @) 62

- 0.522 =0.492
g ) ()
B

g » 1,311

g H (63)

-t
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Appendix V. Significance of difference, in regression coefficients of upper jaw length
on fork length, among lake trout of various areas mentioned in Fig. 3.

The degrees of freedm in each comparison are given in parentheses under each
" value,

% Significant at 5% level
#% Significant at 1% level

Pacific Arctic Hudson Atlantic
At ii a0 xI| X W| wm oax  x
ol +&
g n 1588 1.379 1.297 1.150  3.000% 2,165% 2,208¢ 2.671%% 1,128
| GL) @) G %) G2 (39 W) (68 (3)
& o8
0,954, =0.061 -3,117 0,900 1.225 0.129 <0.354 =0, 686
> G (@ @ w (33 6D () ()
o] 0.667 <3.724#¢ 2,979 2,010 1,605 1.595 0.067
~ (36) (38 (55 w2) W) () (36)
3
|
5 H -2.654% 0.764, 1.329 0.186 -0,167 0,533
(28) (45) (32) (36) (61) (26)
g 5,334 3.36L% 156386 6,3Luee  2,975m
(7 (34) (38) (63) (28)
E 0.940 -1.079 =2,376% =1.951
5 (51) (55) (80) (45)
0n
L
Q «1.427 =2.221 -1.876
(42) (67 (32)
a -0.770 -1.116
E (n) (36)
- ) =1.048
3 &
- \UL)
A
o]
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Appendix V1.

Significance of differences, in regression coefficients of lower

Jaw length, on fork length, among laks treut of various areas mentioned

in Fig. 3.

The degress of freedom in each camparison are given in parentheses under

each ™" value.

o Seiicant ot 7§ ovel

Arctic

§
1
R
:
5 :

-3, 7714+ =0.358
()  (5)

4, 908wk
w7

Pacific Arctic Fudson Aclantic
+11 ¢
el 7 viI x X1 X v | Wil XX b ¢
g é, © L4 L767  2.320% 0,652 3,087 2440+ LIL5  3.50P 1.152
o] (34) (43) (33) (35) (52) (39) (4) (70) (33)
& wm
0,309 1,015 =2.472¢ 1140 1,617 -0.075 0.832 =0.49%
> 67 (@ (29) (46) (33) (38) (6) (21
1.663 <3.440  2,387¢ 2,138¢ 0,309  2.,111% -0.393
g G6) (8 (5 w2 W (m G

112 -l.28, -Lhz =147
(G2 06N () ()

34220 3,107 6,437 2,403%
G (9 (65 (28)

1,335 -L.663 ~L.179 =2,000
(s1)  (56) (8  (u5)

-8l -2,291  -2,206
w) 69 (32

1,256 =0.554

() ()
2,076
(63)




Appendix VII. Significance of differences in regression coefficients

of various body and head measurements, between Mlean" lake trout
of Lake Superior and lake trout from the other areas mentioned

in Fig. 3

The degrees of freedom in each comparison are given in parentheses
under each "t" value.
% Significant at 5% level.
s Significant at 1% level.

~ Lean Lean  Lean Lean Lean Lean Lean
Character X X X X X X X
Vil . pant AV AVIT WIIT  XIX XX
Predorsal 1.785 1.549 2.L68% 1.38, 0.882 2.572% 1,613
Length (s0)  (u3) (61)  (wh)  (53) (80)  (40)
Length of 3,325%% 3,125%F 3.365%% 3,153% 3.,610%% [y, 1343 3, 124%F
Caudal (50) (42) (60) (43) (52) (79) (40)
Peduncle
Depth of 0.298 0.952 0.8,0 1.021 0.518 1.411 0.587
Caudal (1) (63) (o) (3)  (53) (g0)  (41)
Peduncle
Body 2.409%  2.545% 2,951 1,404 2,939%% 3,230%% 2,054%
Depth (49) (42) (60) (38) (52) (77) (40)
Head 0.180 1.038 -0.928 -0.104 0.421 0.804, 0.219
Length (51) (13) (61) (42) (53) (78) (41)
Tnterorbital 1.320 1.496 1.485 0.001 -0.015 0,059 0.013
Width (49) (42) (60) (41) (52) (76) (40)
Length of 1.18, -0.169 1.882  1.945  2.289% 2.,010% 1.830
Upper Jaw  (51)  (43) (60) (L)  (51)  (76) (41)
Length of 1.391  0.133 1.977  2.455% 2.056% 2.812% 2.152%
Lower daw  (51)  (43)  (60) L) (52 (18 (1)

i
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Appendix VII. Significance of differences in regression coefficients
of various body and head measurements, between "lean" lake trout
of Lake Superior and lake trout from the other areas mentioned
in Fig. 3
The degrees of freedom in each comparison are given in parentheses
under each M" value.

% Significant at 5% level.
s% Significant at 1% level.

Lean Lean Lean Lean Lean Lean Lean

Character X X X X X X X
VLI . X1 ALV RWIT ¥WIirr  XxX XX

bredopsal  L.785  L.5L9 2.468% 1.38, 0.882  2.572% 1.613
Length Goy (13) (1) () (53 (80) (40)

Length of  3.325%F 3.125%% 3.365% 3.153%% 3.610% J,. 130 3,12k
Caudal (50) (42)  (60)  (43) (52) (7190 (40)

Peduncle

Depth of 0.298 0.952 0.84,0 1.021 0.518 1.411 0.587
Caudal (51) (13) (60) (43) (53) (80) (41)
Peduncle

Body 2.L09%  2,5L5% 2.9513% 1,40k 2.93G%% 3,230%F 2.05L%
Depth (L9)  (42)  (60)  (38) (52)  (11)  (0)

Head 0.180 1.038 -0.928 -0.104 0.421 0.804 0.219

Length (51) (13 (1) (k2) (53)  (78) (k1)

Interorbital 1.320 1.9 1.485 0.001 -0.015  0.057 0.013
Width w9)  e)  (60) 1)y (2 (76) (40)

Length of 1.8 -0.169 1,882 L.9k5  2.289¢ 2,010% 1.830
Upper Jaw (1) (3)  (60)  (k2) (s1)  (76)  (41)

Length of L1391 0.133  L.977  2.bo5% 2.056% 2,812 2.152%
Lower Jaw (51)  (43) (60) (k) (52) (78) (1)
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Appendix VIIT. Significance of differences, in regression coefficients
of various body and head measurements, between "siscowet" of Lake
Superior and lake trout from the other areas mentioned in Fig. 3.

The degrees of freedom in each comparison are given in parentheses
under each "t" value.

% Significant at 5% level
%% Significant at 1% level

Sisco- Sisco- Sisco- Sisco- Sisco- Sisco- Sisco~
Character wet wet wetl. wetb wet web wet,
X X X X X X

X
Vil X1l av VIl XV1IT  XIX XX

Predorsal 0.192 0.079 1.625 -0.181 -0.197 1.635 0.199
Length (39) (32) (50)  (33)  (k2) (69)  (29)

Length of  1.477 0.763 0,325 1,093 2.040% 1,984% 1.1L8
Caudal (o) (32 (50  (33) (h2) (69 (30)

Peduncle

Depth of 0.937  2.084% 2,219% 1,870 1.375 3,677+ 1,320
Caudal (0)  (32) (W9  (32) (42)  (69)  (30)
Peduncle

Body lh733%9lhOh@HQ5.81%H?1.589 5.31@596.58%5?3.16939
Depth (39) (32  (50)  (28) (h2)  (67)  (30)

Head _5,o5u%%_7,065**_2,215* -3.2A8**-2.9h5**-h.331**—3.673**

Length o) (32 (s0)  (31)  (2) (67 (30)

Interorbital 0518 =0.127  0.70L  2.58L% 2.963#¢ k071 3,057
Width Gy (2) (o) (L) 2 (ee)  (30)

Length of  ~h.020%%=7.2,0 -L.115 -0.236  0.276 -0.53> -0.582
Upper Jaw  (10)  (32)  (k9) (31 (k0) (65)  (30)

Length of —3.687**-6.&80**-1.580 0.993 0,09 1.111 -0.215
Lower Jaw  (,0) (320 (9 (1) (k1) (67)  (30)
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Significance of differences, in regression coefficients

d head measurements, between "halfbreed" of

Lake Superior and lake trout from the other areas mentioned in

rig. 3.

The degrees of freedom in each comparison are given in parentheses
under each "t" value.

% Significant at 5% level
Significant at 1% level

AL
W

Half- Half- Half- Half- Half- Half- Half-
Character breed breed breed breed breed breed breed
X X X X X X X
Vi pani v XVII WIil  XIX X
Predorsal -2.169% -1.851 -0.521 -2,26l% =1.007 =0.730 -1.791
Length (38) (1) (k9  (32) ) (68)  (28)
Length of 0.081 -0.409 =0.832 0.010 0.465 0.159 -0.019
Caudal 39) (31 (9 (32 (k1) (68)  (29)
Peduncle
Depth of -0.005 1.042 0.797 1.069 0.300 1.680 0.420
Caudal 39)  (31) (k8) (31) (L1)  (68)  (29)
Peduncle
Body 2.025% 1.946 2.536% 0.354 2.L94% 2,777 1.339
Depth (38) (31 9  27) (k1) (66)  (29)
Head -3.&35**—5.&01**-1.&99 =2.641% ~2,015 —2.936%%-2, 860
Length (39)  (31)  (49) (30) (1) (e6)  (29)
Interorbital -1.940 -1.729 -0.871  0.304 0.217 0.692 Q.h98
Width (38) (31) (49) (30) (41) (65) (29)
Length of -2.936**-5.399%*-1.101 -0,975 -0.807 -1.217 -1.126
Upper Jaw  (39) (31) 1e)  (30)  (39)  (64) (29)
Length of -2.675% =5,039%%-1,303 -0.114 -0.658 ~0.294 -0.843
Lower Jaw  (39)  (31)  (48) (30) (o)  (66)  (29)
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Appendix X. Significance of differences, in regression coefficients
of various body and head measurements, between "humper" of Lake
Superior and lake trout from the other areas mentioned in Fig. 3.

The degrees of freedom in each comparison are given in parentheses
under each ™" value.
Significance at 5% level
3 Significance at 1% level

Humper Humper Humper Humper Humper Humper Humper

Character X X X X X X X
VII pani XIV XVII XWITT  XIX X

Predorsal -0.988 -0.898 0.829 -1.203 -0.82), 0.632 =0.705

Length (56) 9y (1) (500 (59) (86)  (L6)

Length of  -0.93h -L.645 -2.bi2¥ -0.899 -0.368 -1.0Al -1.OLL
Caudal (57 (49) (61 (50)  (59)  (86) (W7)
Peduncle )

Depth of 1427 -0.2, -0.449 0.395 -1,052 0.862 -0.891
Caudal (58) (s0) (67)  (50)  (60) (87)  (L8)
Peduncle

Body 0,864 1,995  3.199%F 0.070 2,879 3,38 1.518
Depth (57) (o) (e8)  (k6)  (60) (85)  (u8)

Head 3.20045 3111, 117 2,549 ~1,953% 2417 -2.554%
Length (58)  (50)  (68)  (49) (60)  (85)  (48)

Interorbital -2.808%-2.379% -0.994 -0.001 =0,210 0,210 0.165
Width (57) (59) (68) (49) (60) (60) (48)

Longth of  -2.107% -4 146¥-0.7L4 -0.428 =0.3%6 -0.78L -0.°07
Upper Jaw  (58)  (50)  (67) (1L9)  (58)  (83)  (u8)

Longbh of  -2.773-5.209¢-1,048  0.062 -0.803 -0 12 1,038

Lower Jaw  (58)  (50)  (67)  (49) (59)  (85)  (u8)

4B






