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INTRODUCTION

Studies on the genetics of raciation of Atlantic salmon (Salmo
salar) were started at the Biological Station, St; Andrews, in
1968. Both blood typing and electrophoretic studies were carried
out. Three main patterns of transferrins, Tf AA, Tf AC, and Tf
CC, made up of two molecular types, were found in plasma of
hatchery and wild salmon (leler 1970a). Several papers dealing
with gene frequencies have been published (Maller 1970a, b, and
c). This report gives a survey of the material sampled and ana-

lysed@ up to now.

MATERIAL AND METHODS

Over 5500 blood specimens distributed on 56 samples from 38
localities in Eastern Canada and United States have been collect-
ed in 1969 and 1970 (Table 1, Figure 1). Blood specimens from
both parr, smolt, grilse, and adult salmon are represented . The
methods of sampling, handling, the electrophoretic technique
used, and the interpretation of electrophoretic patterns have

been described elsewhere (Sick 1965, Meller 1966, 1970a).

RESULTS

Table 2 shows the observed distributions of the transferrin
patterns compared to the expected distributions of the types
according to the Hardy-Weinberg law of genotype distributions
in large random mating populations. Only six of the 56 samples
show significant differences between the two distributions

(marked x in the table).

*) Present address: Institute of Marine Research, Bergen



The frequency of the EQA allele varies greatly (Figure 2).:The
lowest value, .071, was found in Aides Str., Nfld., while ?he
highest value, .650, was present in the sample from MacDonéld R.,
Anticosti. Low values were found else in Labrador and Newfound-
land, while high values were found south in New Brunswick énd in

Maine.

Great differences in frequencies over short distance (less;than
200 km) (Figure 2) were observéd between Mingan (.241) and ﬁac-
Donald (.650); Middle R. (.536) and East R. (.292); and Big
Salmon R. (.300-.360)/ St. John R. (.229-.425) and Dennis Str,
(.500). In the first case the distance between the mouths of the

rivers is about 80 km. :

Figure 3, 4, and 5 illustrates the confidence intervals of the
observed gene frequency of 2§A (qA) in the samples. The ve%tical
lines give the observed frequencies, and the horizontal ra#ges
of the bars indicate the 95 % confidence 1limits. All figurés
show significant differences of the gene frequencies betwegn
neighbouring rivers or between samples collected at differént
localities in the same river. Another noticeable feature is the
similarity between samples collected at the same locality %sam-
ple Li1-h2, L5-46, 52-53, 54-55). Exceptions are some of th?
samples from Miramichi R. (Figure 4, sample 15 to 38) and St.
Johir R. (Figure 5; sample %7 to 51). | ;

i

Miramichi R. is probably the wdrldg biggest salmon river. ihe
river has a heavy ramifiéation, aﬁd the two maifi bfaﬂéhes,gNW
Miramichi R. (sample 15 to 32) and SW Miramichi R. (sample 33

to 35) join just before the estuary (sample 36 to 38). Samﬁle

21 to 27 were collected during the smolt run in 1970 at thé
river fench at Curventon in NW Miramichi R. The specimens Were
sampled once a week, some times twice a week. The differen?es
between the samples 21, 22, 23, and 24 are insignificant (Figure
4}, However, in the course of three days the frequency of smolts
changed from .317 to .479 {sample 24 and 25). The cause of . this
Jump could be that sample 25 represented smolts from the g;oup
of individuals up in Little River which were identified by'the

catch of parr (sample 16) during the same summer .

The significant differences of qA between sample 34 and some of
the other samples representing adult salmon in the same river
system were also very interesting. Especially since the sample

from the estuary representing fish coming back from the sea



(sample 38) shows an intermediate value.

DISCUSSION

. The_existence. of significant differences in the-wvalue of the gene
frequency qA between samples, together with the fact that the dis-

tribution of transferrin types, with the exception of six samples,
are in accordance with Hardy-Weinberg law, are consistent with the
general view that nearly all species are made up of genetically

distinct populations.

The significant differences between observed and expected distri-
butions in six samples could partly be caused by chance and part-
1y collecting blood specimens from more than one population. Sam-
ple 17, 28, 29, 34, and 36 are collected in oné river system with
a complex structure. Together with the different values of qA in
the same river system, it is obvious to assume that the signifi-
cant differences between observed and expected distributions in
each sample are caused by the presence of several populations of

salmon in the river system (Saunders 1967).

One question concerns thé influence of artificial stocking on the
genetic diversity. Over the years there has been a considerable
degree of interchange of stocks within West Atlantic salmon which
could have contributed greatly to the present heterogeneity. The
difference between samples from St. John R. (sample L7 to 51) is
difficult to interprete. The detected heterogeneity could pertly
be caused by the heavy stocking in this river over the last few

vears.

Stocking, however, can not explain all the differences detected.
Stocking is not reported between rivers in Labrador (sample 1),
Newfoundland (sample 2 to 4), or Anticosti (sample 7 and 8). It
is not possible to detect any real difference between areas with-
out stocking or areas where stocking has occurred. One would be-
lieve that an exchange of individuals between rivers would break
down the isolation mechanisms and lead to panmixia. This does not
seem to have occurred. The reason for this could be the common
occurrence of the efficient homing instinct or some other possible
premating mechanisms. Investigations indicate that populations
have their own migration routes at sea. The difference between
Mingan (sample 5) and MacDonald (sample 7) can hardly be explain-

ed without the existence of an isolating mechanism (see Figure 2).



By any means the cémplex genetic diversity in salmon together
with the lack of difference.betWeen areas with and without
sfocking, should be a warniﬁg for the policy of stocking in the
future.

Lately, another report has been published concerning transferrin
variation in the Atlantic salmon {Payne, Child, and Forrest 1971).
The authors explain partly the presence of different populations
of Atlantic salmon as the progeny of interstadial populations.
The importance of environmental changes of the past for raciation
should not be underestimated., However, more importance should be
attached to the balance between the evolutionary forces of today
and the reaction to these forces from salmon as one species., The
complex picture of genetic diversity in salmon in the present
report seems to emphasize this balance in the nature comparable
to many of the results obtained lately in different animal groups

(see for instance Berry and Southern 1970 and Koehn 1969).
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LALL.

TRANSFERRIN POLYMORPHISM IN SALMON

SAMPLE
1

TR A - T T S R X

ol o
W N = o

TLAD

0BS.
2

LN - et L

10
56
39
17
30
38
30
22
21

EXP.
0.93

2.4 -

0.59
0.57
1.56
8.27
60.47
42.61
13.45
27.27
39.63
25.35
20.42
20.01

TE£AC

0BS.

18
28

6
14

9
43
74
84
47
52
59
60
55
56

EXP.

.

20.14

29.19

6.81
14.85
9.87

46.46

65.04
79.79
54.11
57.46
55,76
60,29
58.16
57.98

TECC
OBS. EXP.
110 108,94
89 88.4
20 19.60
97  96.57
16 15.57
67 65,27
13 17.49
31 34.60
58 54,43
33 30.26
18  19.62
52  47.36
43 41.42
43

42,01



TRANSFERRIN POLYMORPHISM IN SALMON

SAMPLE
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

TEAA

OBS.
7
5
15
5
6
11

13

13
10
10
19
17
15
22
28

5
17
5

12
10
11
21
15

.

EXP.
8.56
5,29
8.78
6.91
5,80
11.36
13.67
12.04
11,60
12,04
16.03
16.14
15.05
15.08

22.25

9.59
18.64
6.57
11.38
5.78
9.68
16.50

15.77

4.90

TEAC

OBS.

36

13

23
37

- 25

43
55
52
54
56
29
54
55
40
58
43
59
24
40
32
27
47
57
20

EXP.
22.88

12.42

35.46
33.20

'25.41

42,29
53.66
51.94
50.80

51.%4

34.94
55.74
54.90

53,84

69.50
41.83

55,73

20.86
41.25
40.44
29.64
55.99
55.46
24,20

T£CC

OBS.
30
7
42
38
28
39
52
56
54
54
22
49
50
55
60

- 45

40
15
38
75
24
52
48
32

EXP.

31.56
7.29

35.78

39,91

27.79
39.35
52.67
56.03
55.60
56.03
19.03
48.13
50.05
48.07

. 54.25

45.59
41,63
16.57
37.37
70.78

48.77

29.90



SAMPLE
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
54

TRANSFERRIN POLYMORPHISM IN SALMON

TfAA

~ oBS.
12
7
19
20
28
10
11
15
8
14
10
8
7
8
27
10
5
.

EXP.
12.68
6.09
18.57

23.52

31.65
10.12
10.08
14.82

5.49
10.71

7.72

10.84
8.07
10.00
25,47
11.28
5.29
8.76

TEAC

OBS.
54
27
46
64
62

50

50
52
32
50
33
35
30
24
34
18
13
11

EXP.

52.65
28.82
' 46.86

56.97
54.71
49.57
50.4

52.44
37.03
56.57
37.57
29.33
27.86
20.00

37.06
15.44

12.42
11.48

TECC
OBS. EXP.
54 54,67
35 34.09
30 29.57
31 34.51
20  23.64
60 60.20
59  58.8
47  46.74
65 62.48
78 74.72
48 145.72
17 19.84
23 24.07
8 10.00
15 13.47
4 5.28
7 7.29
4 3.76
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FIGURE 2
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15 Crawford  Parr 70 ———— 77770777772

16 Little R. Parr 70 777777777 77 77

17 NW. Miramichi Smolts 70 ———— F777707777A

18 Parr 70 —— 77777077777

19 n w70 ———— 77

20Curventon  Smolts69 ————— 777777

21 v " 70— V7777

22 w70 V77773

23 0 w70 A7

24 v w70 AT

o5 n 70 77 A77 777

26 " w70 Va7

27 w70 A7

og Adults 69 V7777

09 n " 69 v

30 v w0 ——— [T

31 " 70 v 2772

32 Sevolge Parr 70 — 777707777777

33Bartholomew Smoits 70— P77 7777

34SW. Miramichi Adults 69 FZ24777

35 v 70 V77777777

36 Millbank Smolts 70 27777

37 w70 7777

38 Adults '69 — 7777 X777 77)
| ¥ T ] 1
.2 3 A 5 .6

FIGURE 4

Gene Frequency
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