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Introduction

The total catch of Atlantic salmon at West Greenland increased from
60 metric tons in 1960 to an average of 2269 tons during 1969-72 with a peak
total catch of 2689 tona in 1971. This increased catch has resulted mainly
from the extension of the drift net fishery into offshore waters hitherto
not fished for salmon.

The concern in salmon profucing countries over the increased salmon
catches at West Greenland generated discussions at meetinges of the Internationel
Commigsion for the Northwest Atlantic Fisheries (ICHAF) and the International
Couneil for the Exploration of the Sea (ICES). These dlscussions led to the
formation in 1966 of the ICES/ICNAF Joint Working Party on North Atlenmtic
Salmon. One of the main problems facing the Working Party was to determine
the proportions of salmon being fished at West Greenland that originate in the
various salmon producing areas of the North Atlantie particularly North America
and Europe.

It has been well documented that the West Greenland fishery explolts
salmon from all the salmon producing sreas of both Horth America and Eurcpe
(Parrish, 1973; Mey, 1973; Tetreault and Carter, 19T2; Turner, 1972; and
Peet and Pratt, 1972; Meister, M3, 1972).

Scale characteristice have been used to identify continental origins
of chum salmon (Tanska, Shepard and Bilton, 1969) and saockeye selmon {Anas and
Mural, 1963) in the Pacific Ocean. Discriminsnt functions were used to facilitata
discrimination between salmon originating from Asia and North Americe, Parsons
(1972} also showed that a discriminant function can be used to claasify
spring~ apd autumn-spewning Atlantic herring,

This paper applies the technique of discriminant function analysis to
scale cheracterlstics of Atlantic salmon in an attempt to claessify by continent
of origin salmon explolited by the Weast Greenlend filshery and also those wintering
in the Labrador Sea (Fig. 1).

! Presented to the ICES/ICNAF Joint Working Party on North Atlantic Salwon, ICES, Charlottenlund,' March 1974.
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Methods and Materials

Source of data

On the basis of a previcus study (Lear, M3, 1972), it was demonstrated
that there were five charscters which could be useful in dlscriminating between
salmon of European and North American origln. These are:

1. Largest anterior radius of second river zone (WRy).
2, Number of circuli in second river zone {CRjp).

3. Largest anterlor radius of first sea zope (WS;).

L. HNumber of circuli in first sea zone (CBp).

5. River age (RA).

Scales of amdult salmon which were tagged as smolts in North America and Europe
(Fig. 2) and recaptured at West Greenlend during 1968-T0 were collected and
examined. These scales form the besic standards upon which the dlscriminant
function was constructed. The function was applied to scale data colliected
during the research cruises of the A. T. Cameron at West Greenland and
Labrador Sea during the antumn of 19@-71. by the Adolf Jensen, Scotia,

A. T, Cameron and Cryos, during the International Joint Tegging Experiment

st West Greenland during August-October 1972, and &f the A. T, Cameron in

the Labrador Sea during the springs of 1970-T2. Results from the discriminant
function analysls have also been compared with those obtained from the tagging-
recapture data and from electrophoretic studies as well as with scalea collected
from the commercial fisheries in eastern Newfoundland.

Scales were taken from the ieft side of the fish about 3-6 acale rows
shove the laterel line and on a line extending from the posterior edge of the
dorsal fin to the anterior edge of the anal fin, They were washed and
impressions of them were made on plastlic slides. These impreassions were
projected onto the ground glass screen of a microprojector at a magnification
of 30X, The scale was then measured by means of the micrometer stage in
gbgolute messurements to the nearest hundredth of a millimetre., The width
of the annulus wes obtained by measuring the distance from the begimming of
the summer zone +o the end of the winter zone along the longest enterior sxis
of the scale. The problem of counting broken or branched circuli was solved
by counting only those circull whiech continued intact within an angle of 10°

on each side of & line drawn through the longest axis of the scale (Fig, 3).

The techniques and computer programs used to construct the discriminant
functions were adapted from Cooley and Lohnes (1966).

Congtruction of the discriminant function

1. Examination of dlscriminating power of indlvidual characters

For a preliminary examination of the data, the total sample of salmon
of known European origin in which data were availaeble for all Five characters

was utilized together with a randomly chosen (by computer generated random
numberas) sample of 80 fish of known North American origin {tagged as smolts
in North American rivera).

For each of the five characters, means and stendard deviations for
the fish of Eurcpean snd North American origin were computed., While the
means for each character from fish of Buropean origin were demonstrated to
be significantly different from those of North American origin by means of
t tests, the overlap between the two samples for each character intuitively
did not encourage the use of single characters for discrimination between
fish of different origin. This was confirmed for all characters cother than
the number of cireuli in the zone lald down in the first sea year, when, under
the assumption that each character was normally distributed within the samples
from esch area of origin, the points of intersection of the two samples wvere
computed for each charscter and these values used as the decislon eriteria
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for allocation. The theoretical misclessification percentages obtained under
these decision criteris are ghown in Teble 1, and it is evident that with the
exception of the charamcter - Ko, of cireuli in the 1st. sea year, the
misclassification percentage was too large to be useful in discriminating
between the salmon of different origin,

2, A discrimipant function utilizing all five characters

A discriminant function analysis was conducted utillzing all five
characters on the two samples discussed sbove. It was found that the following
discriminant function:

Y = 0.209 WR, - 0.948 CR; + 0.074 WS - 0,198 C§; - 0.115 RA

accounted for all the variance. However, although a theoreticel efficlency of
classification of 75.8% could be achieved using this function, it was apparent
from the scaled vectors that the characters which contributed mostly to the
separation along the discriminant function were those of CS; and CRy with RA
appearing & rather poor third.

3. A discriminant function utilizing CS; end CR;

Following the indications of the sbove analysis, & discriminent
function analysis wes now conducted using the best two chaeracters indicated
shove, i,e. CSy and CRp. Once again, it was found that the total variance
could be mccounted for by the one diseriminant function, visz:

Y = 0.37h CRp + 0.928 CS,

With the probability of misclassification reduced to 6.4% and the theoretical
efficiency therefore 93.6%, it is clear that a considerable improvement in
efficiency of classification could be achieved by the use of a discriminant
function based on these two characters.

Unfortunately, however, while the use of the number of circuli in
the 2pd. river zone is evidently a very useful character for achieving
diseriminstion in the samples examined, both of which were derived from the
tagging of naturally reared smolts in their native rivers, this character
is not suitsble for use in a discrimination involving hatchery reared smolts,
The hatchery reared smolts show abnormal growth which is reflected in a very
much greater number of circuli in the 2nd. river zone than would be expected
to occur in natural smolts with origins in either Europe or North America
(Lear, 1972).

Thus, while these two characters could yield excellent discrimination
between naturally reared fish of different origin, the presence of hatchery
reared salmon in the samples caused us to re)ect this function.

L, A discriminant function using WS, and CS;

Because of the abnormal growth characteristics during the fresh water
periocd of hatchery reared smolts, it seemed desirsble to utilize only those
charscters determined in the lst. sea year.

Thus a discriminant function was comstructed using both the widin of
the lgt. sea zone and the number of c¢irculi in this zone. The discriminant
function, ¥ = -0.850T7 WS; + 0.5257 CS;, accounted for 100% of the variance,

This function, however, showed a probebility of miselassification of 14.4%,
The theoretical efficiency of B5.6% ipdicates that this function is considerably
less efficient than those discussed previously.

5. Other discriminant functions examined

An attempt to improve the efficiency of discrimination by incorporating
river age as well as charagters perteining to the scale growth in the first sea
year proved sbhortive in as much as the diseriminant function based on these
characters attained a theoretical efficiency of only 83.8%.
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Results

A linear discriminant function wes computed for 80 salmon of North
American origin and 80 of European origin on the basis of WS; and CS; for the
reasons outlined above, This diseriminant function was then used to classify
individual fish in the original samples from which the function was derived
and also to classify individnals from West Greenland during sutumn 1969-T2,
Lebrador Sea during autumn 1969-72, Lebrador Sea and Northeast Newfoundland
Shelf during spring 1970-72 and Bonevista during spring 1970-72. Also fish
for which continental origin had been previously determined by tagging and
electrophoresis were classified by the diseriminant function.

The proportions of North American salmon present at West Greenlend,
as determined by the function, are as follows: 468 durlng 1969, 34% during
1970, 32% during 1971 and 35% dyring 1972. The proportions estimated from
the research vessels sampled during 1972 varied between 32% and 4¥ (Teble 2),
In the Labrador Sea during autumh values for 1970-T1 range from 50% to 29%
but during 1972 the proportions of North American fish account for Tu%
according to the scale churacters, In the Lsbrador Sea during spring the
ggport.ions of North American fish are extremely high, ranging from T2% to

The empirical efficiency of the function i% demonstrated by the
high frequency of correct classifications obtained when the discriminant
function was epplied to fish of known origin (Tsble 3). The percentage of
North American fish correctly classified from West Greenland samples varied
from 82% to 100%, while the percentage of Europeans correctly classified
varied from 79% to 100%. In the Labrador Sea during autumn the percentage
of North American fish correctly classified varied from 64% to 100% and
in the Labrador Sea during spring it varied from 81% to 89%. At Bonavista
86-95% of the fish were classified correctly to continent of origin.

Since the scale character C3; used on its own exhibited a theoretical
misclassification probebility of 12.5%, the proportions of North American and
Europesn salmon were estimsted using the same samples. The proportions
obteined by this method are slmoat identical to those cobtained by the
diseriminant function (Teble 4), and the proportions correctly classified
are equal to and in some cases greater than those obtained by using the
disecriminant function (Tsble 4).

Discussion

The North American:European proportion of salmon at West Greenland
during 1969 wes W6:54, i.e. approximately 50:50. This 1s in agreement with
results ottained from tagging during 1969 by the Canadian research vessel
A, T, Cameron et West Greenland. Of 13 tags recaptured in home waters,

544 were from North America and 46% from Europe. Nyman and Pippy (1972)
determined that the proportion of Horth American salmon at Weet Greenland
during 1969 was 43% based on serum transferrin polymorphisms.

During 1970, based on data collected by the A, T, Cameron, our
estimate of 34% North American comparea not too unfavoursbly with Payne
(M3, 1973) who estimated 23% North American based on samples collected on
the Danish commercial drifter Polarlsks. During 1971 our estimate is 32%
North American as opposed to 53% by Peayne (M3, 1973). This discrepency is
possibly due to sampling error since no blood samples were collected from
approximately 80 fish, taken in the northern area, for which we had scale
samples and of which 82% were estimated to be of Burcpean origin.

During 1972, the variability between proportions of Noxrth American
fish teken by the four research vessels is minimel and the overall proportion
at West Greenland is estimated at 35%. Payne (MS, 1973} cbtained an estimate
of 20%, vhile estimates from tagging recaptures indicate & North American
proportion of 25%.
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During autumn 1969~71, the proportions in the Labrador Sea were
approximately the sauc as at West Greenland. During 1972, however, the
North American proportion in the Labrador Ses was of the order of T5%,
suggeating that in thls year the North American component was not subject
to such intense fishing exploitation at West Greenland as in previous years,
thus resulting in increased survival to home waters fisheries,

During spring 1970-72, the North American fish form the predominant

component of the stocks wintering in the Labrador Sea with estimates ranging
from 72% to 89%.
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Teble 1. Summary snalysis of discriminating power of individual characters from
samples of known origin.

North American Eurcpean Signif- Decision ¥ Mis-
Character Maan BD Mean SD t icance eriterion clasaification
Wiy .3256  .1390 812 L1743 5.90 bl .43 29.9
CRp 12.950 3.897 17.104 4,530 5.90 L 15%.50 29.7
WS, 1.9255 .2188 2.2709 «2391 9.07 bl 2.10 22.3
s, 31.3875 3.4107 Lo.01k9 h.1688 13,56 35.60 12.5
RA 3.000 .7251  2.3731 .545%  5.95  ** 2.81 3.2

B7



Table 2. Results of discriminant function applied to dats, based on WS;, C3)

Area Ship Date :z;mined £ WA 1 E
West Greenland A. T. Camercn 1969 212 k6 5k
West Greenland A. T. Cameron 1970 128 3 66
West Greenland A, T. Cameron 1971 246 32 68
Weat Greenland A. T. Cameron 1972 398 32 68
West Greenland Adolf Jensen 1972 687 36 64
West Greenland Scotias 1972 287 ko €0
West Greenland Cryos 19Te . 1ko 32 68
West Greenland All Bhips 1972 1512 35 65
Labrador Sea A, T. Cameron A 1969 8 50 50
Labrador Bea A. T. Cameron A 1970 31 32 68
Labrador Sea A, T. Cameron A 19T1 h 29 71
Labrador Sea A. T. Cameron A 1972 62 T6 2y
Labrador Sea Cryos A 1972 89 T2 28
Labrador Bea A. T. Cameron and Cryos A 1972 151 Th 26
Labrador Sea A. T. Camercn 8 1970 18 83 17
Labrador Sea A. T, Cameron 5 1971 8o 89 1
Labrador Sea A. T. Cameron 8 1972 25 T2 28
A = Autumn
8 = Spring



Table 3. Test of the discriminant function, based on W8; and (38; gheracters from fish
of known origin.

No. CllB:ified
Area Type Origin Date examined aorrectly
West Greenland  Tagged North America’  1968-T0 80 91
West Greenland Tagged Europe. 1968-T0 8o 91
West Greenland Tagged North America 1968-TO 239 90
West Greenlapd Electrophoresis North America 1971 39 82
West Greenland Electrophoresis  North America 1972 22 91
West Greenland Electrophoresis  Eurcpe 1972 k 100
West Greenland Teagged North America 1972 3 100
West Greenland Tagged Burope 1972 1k 79
Lebrador Sea Electrophoresis North Ameriea A 1971 11 64
Labrador See Electrophoresia North America A 1972 10 100
Labrador Sea Tagged North America A 1972 1 100
Labrador Sea Tagged Europe A 1972 1l 0
Labrador Sea Electrophoresis North America S 1971 s 89
Labrador See Flectrophoresis North America 8 1972 16 81
Bonavista, Nfld. Commerciel Sample North America 8 1970 183 95
Bonavista, Nfld., Comnercial Sample North Americe g 1971 80 95
Bonavista, Nfl1d. Commercial Sample North America 8 1972 8o 86

»
Continental Standerd.

A = Autumn
S = Spring
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Table 4. Proportione of North Americen and Furopean salmon at West Greenlend based on
(S, character.

Area Ship Date exf:ined £ Ra $E
West Greenland A, T. Cameron 1969 212 L6 54
WeBt Greenland  A. T. Cameron 1970 128 32 68
West Greenland  A. T. Cameron 1971 246 32 68
West Greenland A. T. Cameron 1972 398 32 68
West Creenland  Adolf Jensen 1972 687 37 €3
West Greenland  Bcotias 1972 287 Lo 60
West Greenland Cryos 1972 140 32 68
West Greenland All Ships 972" 1512 36 64
Labrador Sea A. T. Cameron A 1969 8 50 50
Labrador Sea A. T. Camercn A 1970 31 ® 68
Lebrador Ses A. T. Cameron A 9N '] 32 68
Lebrador Sea A. T. Cameron A 1972 62 i 23
Labrador Sea Cryos A 1972 89 T3 a7
Labrador Ses Cryos and A. T. Cameron A 1972 151 T5 25
Labrador Sea A. T. Cameron ] 1970 18 83 iT7
Lebrador Sea A. T, Cameron 5 1971 8o 90 10
Labrador Sea A. T. Cameron 8 1972 25 76 2k
A = Autumn
S = Spring
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Table 5. Fupirical test of proportions of North Americen and Furopeen selmon, beged on
C5; character from fish of known origin.

No. % Classified
Area Type Origin Date examined ecorrectly
West Greenlsnd Tagged North America” 1968-T0 80 91
West Greenland Tagged Europe' 1968-T0 Bo 90
West Greenland Tagged North America 1968-T0 239 91
West Creenland  Electrophoresis  North Americe 1971 39 85
West Greenland Electrophoresis North Amerieca 1972 22 95
West Greenland Electrophoresis Europe 1972 b 100
West Greenland Tagged North Americe . 1972 3 100
Weet Greemland  Tagged Europe 1972 14 9
Lebrador Sea Electrophoresis Nortk Americe A 1971 11 64
Lsbrador Ses Electrophoresis North America A 1972 10 100
Labrador Ses Tagged North America A 1972 1 100
Lebrador Sea Tagged Europe A 1972 1 o]
Lebrador Sea Electrophoresis  North America & 1971 L5 8
Labrador Sea Electrophoresis North America 5 1972 16 81
Bonavista, Nfld. Commercisl Sample North America S 1970 193 96
Bonavista, Nfld. Commerciel Semple North America S5 1971 8o 95
Bonavista, Nfld. Commercisl Semple North America 5 1972 8o 89

* continental Stendard

A = Autumn
& = Spring
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Fig. 1. Area map of the Northwest Atlantic showing place names mentioned
in the text.
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Pig. 2. Atlantic salmon rivers of North America snd Europe from which smolts
were tagged and recaptured as adults in West Greanland and which form
the basis of .the discriminant function.
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Fig. 3. Scale of Atlantic salmon with aen age of 3 river and 1+ sea years
ghowing the selected radius and the area (AB) inside which the
circuli were counted.



