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• INTRODUCTIO!-r

Studies on thc 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 (l.foller 1970a). Several papers dealing

with gene frequencies have been published (~I0ller 1970a, b, and

c). This report gives a survey of the material sampled and ana

lysed up to now.

• MATERIAL AND NETHODS

Over 5500 blood specimens distributed on 56 samples from 38

localities in Eastern Canada and Uni ted 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 electrophorctic patterns have

been described elsewhere (Siek 1965, l~ller 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-1feinberg law oi' genotype distributions

in large random mating populations. Only six oi' the 56 samples

show significant difi'erences between the two distributions

(marked x in the table).

*) Present address: Institu te of :Harine Research, Bergen
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The :frequeney or the T~ allelo varies greatly (Fieure 2). :.Tho

lowest value, .071, was :found in Aidos Str., N:fld., while the

highest value, .650, was present in the sampIe :from }fueDonald R.,

Antieosti. Low values were :found else in Labrador and Nowf'ound-
•

land, ,,,hile high values were f'ound south in New Drun'swiek ;nd in

Haine.

e

Great di:f:ferenees in f'roquencies ov6r sllort distance (less than

200 km) (Fieure 2) were observ-ed bet'''een ~fingan (. 21J1) and Hac

Donald (.650); Middle R. (.5J6) and East R. (.292); and Dig

Sal~on R. (~JÖO-.J60)/ St. J~ln R. (.229-.425) and Dennis Str.

(.500). In the f'Irst ease the distanee betwoen the mouths 01' the

rivers is about 80 km.

Fieure J, 4. an'd .5 illustratos thc eon1'idenee intervals 01' tbe

observed gene :freqhoncy o:f T:fA (qA) in the samples. The vertical

lines give the observed :frequencies, and the horizontal ranges
I

o:f tlie ,bars indicatb the 95 % eon1'idenco limits. All :fieur~s

show signi:ficant di:ff'erenees of' the gene :frequencies between

neighbouring rivers or between samples colleeted at di:f:ferent

localities in the same river. Another notiecable f'eature i5 the

similarity between sampIes collected at tbe same locality (sam-
•

pIe 41-42, 45-46, 52-5J, 54-55). Exeeptions are some 01' th~

sampIes :from Miramichi R. (Fieure 4, sampIe 15 to J8) and St.

eJohn R. (Figure 5, sampIe 47 to 51).
\

Niramiehi R. is probably the worlds biegest salmon river. The
f

rivor has a heavy ramif'ication, and the two main branches, ~NW

Hiramichi R. (sample 15 to J2) and SW Hiramiehi R. (sample~JJ·to J5) join just bef'ore the estuary (sample J6 to J8). SampIe

21 to 27 were collected during the smolt run in 1970 at th~,
river :fench at Curventon in Nt'! Hiramichi R. Tho speeimens were

"t
sampled onee a week, some times twice a week. The dif'f'erences

\

between the samples 21, 22, 23, and 211 are insignif'icant (figure

4). However, in the course of' three days the f'requency of' ~molts
~'

ehanged f'rom .J17 to .479 (sampIe 24 and 25). The cause of'~this
:,:

jump eould be that sample 25 represented smolts f'rom the group.
of' individuals up in Little River which were identif'ied by;the

eateh o:f parr (sampIe 16) during the same summer.

AThe signi:ficant di:f:ferences of' q between sample J4 and some o:f
•

---.-- '-the' 6ther'-saniplesrepresenting adult salmon in the same river

system were also very inteiesting. Especially since the sabple

:from the estuary represent'ing f'ish eoming back :from the sfta
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(sampIe 38) shows an intermediate value.

DISCUSSION

__ ... _... __ ..Thc_ex.i.s.tenc.o ..of ...-Signi.:ficant. di1'..f'erencea-in ·.tbe--value 01' the gene

1'requency qA beb"een snmples, together wi th the 1'act tha t the dis

tribution 01' trans1'errin types, with the-exception 01' six samples,

are in accordance with Hardy-Weinborg law, are consistent with the

general view that nearly all species are made up 01' genetically

distinct populations.

The signif'icant diff'orences between observed and expectod distri-

• butions in six sampIes could partly be causod by chance and part

ly collocting blood specimens f'rom more than one population. Sam

pIe 17, 28, 29, 34, and 36 are collected in one river system with

a complex structure. Together with the dif'1'erent values 01' qA in

the same river system, it is obvious to assume that tho signif'i

cant dif'1'erences between observed and expected distributions in

each sampIe are causcd by the presence 01' several populations 01'

salmon in the river system (Saunders 1967).

One question concerns the in1'luence 01' arti1'icial stocking on the

genetic diversity. Over the yenrs there has been a considernble

degree 01' interchange o:f stocks wi thin West Atlantic salmon ,,,hich

could have contributed groatly to tho present heterogonoity. Tho

tt di1'1'oronco botwoon snmplos 1'rom St. John R. (sampIe 47 to 51) is

dif'1'icult to interprete. The dotoctod hetorogonoity could portly

bo causod by tho honvy stocking in th:ts rivor ovor tho' last 1'ow

yoars.

Stocking, howover, cnn not oxplain all the di1'f'erences detoctod.

Stocking is not roported botwoon rivers in Labrador (samplo 1),

Now1'oundland (sampIe 2 to 4), or Anticosti (samplo 7 and 8). It

is not possible to deteot any real dif'1'oronce betwoon aroas with

out stocking or areas whero stocking has occurrod. One would bo

liovo tha t an exchange 01' individuals botween rivcrs ,wuld broak

down the isolation mechanisms and load to panmixia. This doos not

seom to havo occurrod. The roason :for this could bo the common

occurrenco 01' the ef'1'iciont homing instinct or somo other possiblo

promating mochanisms. Invostigations indicate that populations

havo thoir m"n migration routes at soa. The di1'1'oronco betwoon

Mingan (sampIe 5) and }fucDonald (sampIe 7) can hardly bo oxplain

od without tho existonce 01' an isolating mochanism (see Figure 2).
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By any means the eompl.~x genetie divGJ;si ty :1.". .5aJ m ...n 1;o~o1.h(>r

with thc lack o:f dirf'(n:"J"'~'" hHi...... ..,. .......~ ... '" .... ,;.(.11 nnd wi thout

stocking, f>hOll]cl uo a warning :for the.poliey o:f stobk:i..ng in the

future.

Lately, another report has been publ:1.shed concerninp, 'trunfl!'O.l.,...'Jn

variation in the Atlantic salmon (Payne, Child; and Forrest 1971).

Thc authors explain partly the presence of different populations

of Atlantic salmon as the progeny of interstadial populations.

The importance of environmental changes o:f the past :for raciation

should not be underestimated. H~wcver, 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 prosent

report seems to emphasize this balance in the nature eomparable

to many o:f thc results obtained latoly in di:fferent animal groups

(see :for instance Berry and Southorn 1970 and Koehn 1969).
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Localirr, date, $ear t tvpe cf animal and number ofspecimens of collected ·samples.

•

Date of sampie
Sampie

no.

1

2

3

4

5

6

'7

8

9
10

11

12

13

14

15

16
17

18

19

Locality

Sand Hill R., Labrador

Indian R., Nfld.

Terra Nova R., Nfld.

Adie s Stream, Nfld.

Mingan R., P. Q.

Saquenay R., Tadoussac,

MacDonald R~, Anticosti Is.'

Juniper R., Anticosti Is.

Matane, P. O.
Dartmouth R., P. Q.

St. J'ean R'-, P. Q.

Grand Cascapedia R., P. Q.

Carleton R., P. Q.

Restigouche R., N. B.

Crawford Pool, NW Mira-
, michi, N. B.

Little R., NWM, N. B.

Stoney Bk + Little Bald' NVlM,
N. B.

NW Miramichi, N. B.

NW Miramichi, N. B.

23.':'Z9. 7/69

15.- 6/70

12.-17. 8/70

,I. 8/69

28.-Z9. 7/70

3. 11/70

23 24. 7/70

20 22. 7/70

2.-10. 7/70
11. -'13.- 7/70

22.-23. 7/70

1. 7/70

1. -25. 6/69
2. 9/69 .

11. 8/70

14. 8/70

20~-26. 8/70
25...26.-28. 8/70

27.-28. 8/70

. Gear

Counting fence

Counting fence

Fishway trap

Counting fence

E1ectI'o seining

Trapnet.

Electro - seining

ElectI'o seining

Fishway, trap

Counting fence .

Electro seining

ElectI'o seining

Trapnet

Seine

ElectI'o seining

Electro seining

Electro seining

Electro seining,

Electro seining

Type of animal

Grilse

Smolt

Grilse

Grilse

ParI'

Grilse/adulte

ParI'

ParI'

G~i1se/Adulte

GrUse

ParI'

ParI'

Grilse/adults

Grilse/adulte

ParI'

ParI'

Smolt

Smolt

Smolt

.
Number of

. specimens

130

lZ0
54

112

27

120

143

154

lZZ
164

115

146
120
120

73

Z6

80

80

59
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Locality. date, gear, type of animal and nümber of speciniens of collected eamplea.

•

Sampie·
no. Locality Date of sampie Gear Type of animal

Number of
specimens

i·

20

21

22

23

24

25

26

27

28

29
. 30

31

·32

33

34

35

36

37

38

39

40

Curventon, NW'M, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B.

Curventon, NWM, N. B •.

Curventon, NWM, N. B.

Curventon; NWM, N. B.

Curventon, NWM, N. B.

Seyolge R., NWM, N. B.

Bartholomew R., NWM, N. B.

SW Miramichi R., N. B.

SW Miramichi R.,. N. B.

Millbank, N. B.

~illbank, N; B.

Millbank, N. B.

R. Philip, N. S.

Wallace R. ~ N. S.

5/69
20. 5/70

26. 5/70

2.9. 5/70

2,. 6/70
5. 6/70 .

9. 6/70

12.. 6/70
3 • .:.6. 7/69·

17... 2,9. 7/69

3. -.30. 6/70
7.-22, 7/70

3.-25, 6/70

31. 5/70
1., 9...31. 10/69

28. 10/70

26.-28. 5/69

3. 6/70

24.-29. 7/69
1. 7.-30. 9/69

9. 7/70

Counting fence

Counting . fence

Counting fence

Counting fence

Counting fence

~ounting fence

Counting fence'

Counting' fence

Counting fence

Counting fence

Counting fence

Counting fence

E1ectro seining

Seine

Trapnet

Trapnet

Trapnet

Trapnet.

Trapnet

Fishway trap

Electro seining

Smolt·

Smo1t

Smolt

Smolt

Smolt

Smolt

Smolt

Smolt

Grilse

Grilse

Adults

Adulte

Parr/smo1t

Smolt

Grilse

Adults

Smolt

Smolt

Grilse/adults

Grilse/adu1t8

Parr

93
120

120

120

120

70
120

120
117
146

97
116

44

90
117

62·

120

120

59
120

70
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•Samp1e Number of
no. Locality Date of 'sample Gear Type of animal specimens,

41 MargareeR. , N.S. 1. 7. -30. 9/69 ' Seine GrUse/adulte 95
42 Margaree R., N. S. 20. 8/70 Electro ,s.eining Parr 115

, 43 Middle R.; Cape Breton 16. 9/70 Electro seining Parr 110
, 44 Ea.st R., N. S. 9. 6/70 Counting fence Smolt 120

45 Big Salmon R., , N.B. 4. 6/70 Counting fence Smolt 120
·'46 ,Big Salmon R., N.B; 5. -9. ,9/70 Fishway trap Adulte 114
47 Saint John R. , N. B. 1. 5.-30. 6/69 Fishwaytrap Grilse/adults 105
48 Saint John R., N. B. 1. 7. -15. 10/69 Fishway trap GrUse/adults 142

,49 Saint J ohn R., N. B. 16.,-31. '10/69 'Fishway trap' Grilse/adults 91
. , '50 Saint John R., South Esk ,9. -.10. 11/70 Fishway' trap GrUse/adulte 60

51 Saint J ohn ' R., .South E sk 9. -10. 11/70 Fishway trap Grilse/adulte 60

52 Dennis Stream, N. B. 5. -7. 8/70 Electro seining Parr 40

• 53 Dennis R., Maine 8. 10/70 Electro seining Parr 76

54 Machias R., Maine 1. 6.-30. 9/69 Counting fence Grilse/adults 32
,'. 55 Machias R., Maine 11.-13.• 8/70 Fishway trap Parr 124

56 Narraguagus R., Maine .1. '6.,.30. 9/69: ,Counting fe:mce Grilse/adults 24
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TRANSFERRIN POLYMORPHISM IN SAIJ.lON

TfM TfAC TfCC

SAMPLE OBS. EXP. OBS. EXP. OBS. EXP.

1 2 0.93 18 20.14 110 108.94

2 3 2.4 . 28 29.19 89 88.4

3 1 0.59 6 6.81 20 19.60

4 "1 0.57 14 14.85 97 96.57

5 2 1.56 9 9.87 16 15.57

6 10 8.27 43 46.46 67 65.27

e 7 56 60.47 74 65.04 13 17.49

8 39 42.61 84 79.79 31 34.60

9 17 13.45 47 54.11 58 54.43

10 30 27.27 52 57.46 33 30.26

11 38 39.63 59 55.76 18 19.62

12 30 25.35 60 60.29 52 47.36

13 22 20.42 55 58.16 43 41.42

14 21 20.01 56 57.98 43 42.01

•



TRANSFERRIN POLYMORPHISM IN SALMON

TfAA TfAC TfCC

SAMPLE OBS. EXP. ons. EXP. OBS. EXP.

15 7 8.56 36 22.88 30 31.56

16 5 5.29 13 12.42 7 7.29

17 15 8.78 23 35.46 42 35.78 Je

18 5 6.91 37 33.20 38 39.91

19 6 5.80 . 25 25.41 28 27.79

20 11 11.36 43 42.29 39 39.35

e 21 13 13.67 55 53.66 52 52.67

22 13 12.04 52 51.94 56 56~03

23 10 11.60 54 50.80 54 55.60

24 10 12.04 56 51.94 54 56.03

25 19 16.03 29 34.94 22 19.03

26 17 16.14 54 55.74 49 ·48.13

27 15 15.05 55 54.90 50 50.05

28 22 15.08 40 53.84 55 48.07 x

29 28 22.25 58 69.50 60 . 54.25 x

30 9 9.59 43 41.83 45 45.59• 31 17 18.64 59 55.73 40 41~63

32 5 6.57 24 20.86 15 16.57

33 .12 11.38 40 41.25 38 37.37

34 10 5.78 32 40.44 75 70.78 K

35 11 9.68 27 29.64 24 ·22.68

36 21 16.50 47 55.99 52 47.51 x

37 15 15.77 57 55.46 48 '48.77

38 7 4.90 20 24.20 32 29.90

'.



TRANSFERRIN POLYMORPHISM IN SAUfON

TfAA TfAC TfCC

SAMPLE OBS. EXP. OBS. EXP. OBS. EXP.

39 12 12.68 54 52.65 54 54.67

40 7 6.09 27 28.82 35 34.09

41 19 18.57 46 . 46.86 30 29.57

42 20 23.52 64 56.97 31 34.51

43 28 31.65 62 54.71 20 23.64

44 10 10.12 50 49.57 60 60.20

45 11 10.08 50 50.4 59 58.8

e· 46 15 14.82 52 52.44 47 46.74

47 8 5.49 32 37.03 65 62.48

48 14 10.71 50 56.57 78 74.72

49 10 7.72 33 37.57 48 45.72

50· 8 10.84 35 29.33 17 19.84

51 7 8.07 30 27.86 23 24.07

52 8 10.00 24 20.00 8 10.00

53 27 25.47 34 37.06 15 13.47

54 10 11.28 18 15.44 4 5.28

•• 55 5 5.29 13 12.42 7 7.29

56 9 8.76 11 11.48 4 3.76
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FIGURE 1
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FIGUHE 2
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i Sand Hili Adults '69

2 Indian Smolts'70

3 Terr'O Nova Adu!ts '70
,

4Adies 11 69

5Mingan Porr '70

6 Soquenay Adults '70

7 MocDonald Pari' '70
,

8,Jupiter 11 70

9 Matar.e Adults '70

iO Dartmouth Parr '70
I

1i St.Jean 11 70
,

12 G.Coscopedia 11 70

13Carleton AdJlts '69

14 Rest igouche 11 69

Miromichi

-tzZP23
---f//}/~

~ _ .. .....~ '.. J.".-i:.-J

---fZ/TJLkzzzza
~
---- E.072R/VL7flZ?/l
----- vzz;Pz,z3
---------------f7Z7Zt??7ZJ
-----------E7/ztrL22J
------- f/?2't7/La
------------fZ2Z21?/2/1
-----------------P7ZZ;l/2721

V/J;?:/'i2Z1
--------vzzzJ7733
----------{2L/2LWZJ

.. ~

.1
~

.2 .3
I

.4
I

.5 .6 .7

Gene Frequency

FIGURE 3



15Crawford Parr '70 V7~'l?'JZa

16 Little R. Parr '70 f7;?Z?//2Zt~27ZZZZ7ZZJ
17N.WMiramichi Smolts'70 fZC/zJv2Z/1
18 11 Parr 10 t272?;ZtLzv;J
19 11 11 '70 V72>7;!Z?7ZZ1
20Curventon .SmoIts'69 PUZ1?/Z//l
21 11 11 '70 vUZ1z;za
22 11 11 '70 PZ?/kT/z]
23 11 11 '70 V/7If7J2j
24" 11 '70 f72Z/1?/01
25 11 11 '70 VZZZZ/1V72ZJ
26" 11 '70 P77~/Li .
27" 11 '70 ~~

28 11 Ad.tlts 69 e?7J4zzz21
29 11 11 69 VZZZI0Zl
30 11 ,,'70· IZZ22\?TJZa
31 11 11 '70 V73WJ/1
32 Sevolge Parr '70 VZ/?22/t?b?2Z/1
33Bartholomew SmoIts'70 f7/221ZV2l .
34S.W Miromichi Adults '69 VZ1ljL/j

35" "'70 P7/7JZfT22Z1
36 Millbank Smolts'70 1Z/ZLf7222
37 11 11 '70 . 1Z/J47z;zI

. 38 11 Adults '69 - V/T/Zf7zzzzJ
I

.2

FIGURE 1.

I

.3
I

.4

Gene Frequency

I
.5 .6
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Miramichi

39 Philip AciJlts '69 ~~\\.~
40Wallace

,
~~~Parr 70

K"~~41 Margaree Parr '70

42 Margaree AdJlts 69 lSS'S$~
43MiddleR. Parr '70 K$~

I

~~~44East Sheet Smolts 70,
~~45 Big Salmon Srnolts 70

46BigSalrmn Adults '70 bS'\\S\.~\\SSSS3
47St.John 11 69 r~",~

48 11 11 69 &:'~
49 11 11 69 fSS"$S\'l,

~~50 11 11 70

51 11 11 '70 ~~~
52 Demis Parr '70 ~~~~
53 Dennis " '70 ~""Si
54Machios 11 '70 ~~'\S1

55 Machias Adults 09 ~~
56 Narraguagus AdJlts '69 ~

I I I I I I
.1 .2 .3 .4 .5 .6 .7

Gene Frequency

FIGURE 5


