
RESTRICTED 

INTERNA nONAL COMMISSION FOR 1HE NOR1HWEST A lLANnC FISHERIES 

Serial No. 3002 
(B.g. 14) 

reMAP Res.Doc. 73/57 
(Also ICES/ICNAF Salmon Doc. 73/14) 

ANNUAL MEETING - JlJNE 1973 

Distribution and migrations of salmon 
in the Northwest Atlantic 

by 

A. W. May 
International Fisheries Branch 
Fisheries and Marine Service 

Environment Canada, Ottawa 

Introduction 

until the advent of the commercial salmon fishery at West 

Greenland in the early 1960's, data on movements of salmon in the sea were 

liaited to the results of coastal tagqing experiJnents and very occasional 

recorda of individual salmon taken on offshore fishing banks durinq 

fishing operations for other species. The fact that salmon were 

seasonally present at West Greenland had been known for some time (Jensen, 

1939", 1948; Neilsen, 1961). Recaptures of a Scottish tagged salmon in 

1956 and a canadian tagged salmon in 1960, plus _scale reading to evaluate 

the river age composition, indicated that most of the fish present were of 

non-Greenlandic origin (Hansen, 1961). 

The first recorded exploitation of these salmon was a catch of 

60 metric tons by native Greenlanders in 1960, using set gillnets attached 

to the shore. This fishery reached a peak of 1539 tons in 1964. Since that 

time it has fluctuated around an average level of about 1100 tons, including 

since 1969 catches by drift nets as well as shore nets (Fig. 1). Fishing 

takes place all along the west coast from Nanortalik in the south to Umanak in 

the north (approximately 60 D N to 70 D N) during the months of August to 

November. A very small shore net fishery also operates at Angmagssalik 

(about 66° ~) on the east coast. Drift net fishing by vessels based in 

Europe began in 1965, and catches reached a peak of 1240 tons in 1971 (Fig. 1). 

Fishing takes place close. to the shore as well as some 30 to 40 miles offshore, 

and has gradually developed to COver the same north-south distribution as the 

inshore fishery. 

Distribution of river ages in the Greenland catch includes £ish of 

river ages 1 to 7~ about half being of age 2 and 90\ of the catch being of 

ages 2 to 4 (Munro, MS, 1969). Well over 90~ of the salmon taken are 1+ 

sea years in age. '(May, MS, 1970a, Munro, MS, 1970). 
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origin of West Greenland Salmon 

Although eggs have been stocked in several West Greenland streams, 

oniy the Kapisiqlit River in Godthaab Fjord is known to carry a reqular 

natural spawning run (Hansen, 1961). on the other hand, as elllOlt taqqinq 

programs have increased, an increasing number of returns has been reported 

fram Greenland, totalling in the 1964 to 1971 period over 1600 from North 

America and over 450 from Europe (ICES!ICNAF, 1972). Duribg the same period 

Greenland returns of 52 tagged North American kelts and 23 tagged European 

kelts have been recorded. The pattern of tag recoveries shows that fish of 

North American and European origin are rather evenly mixed throughout the 

season and along the West Greenland coast (rCES/ICNAF, 1972). 

Most of the Greenland returns are of fish tagged in Canada, the 

United Kingdom and the United States, though tags have also been recorded 

from fish tagged in Iceland. Ireland, France. Norway, Sweden and Denmark. 

Because of great vari~ility in design of these tagging experiments it is 

not possible to use the data to estimate sources of origin in quantitative 

terms, but it is clear that most of the fish present at Greenland originate 

in Canada and the United Kingdom. 

·It is worth noting at this P?int that during the 1963 to 1971 

period over 1 1/2 million smolts have been tagged in North America and over 

600 thousand in Europe. pver 2000 returns have been recorded at Greenland 

and almost 5000 returns of 2 sea year salmon have been recorded in home 

waters. It is known that the North American and European fish are completely 

mixed at Greenland and it is also known that fish-return from Greenland to 

Europe and North America, yet no salmon tagged in North America has ever been 

recaptured in Europe or vice versa. Results of the tagging experiments 

therefore point quite strongly to a directed migration of salmon to and from 

Greenland. 

'1be m.DIIbers of fbh undertaking thia ai.,rat1on ·are unknown ... is 

the oceanic mortality during the migration to and from Greenland. It may 

be assumed that mortality is much greater during the outward migration since 

the fish are much smaller and the time period two to three times as long. 

It is also ~vident that virtually all the fi~h present at Greenland would, 

if Surviving. return to spawn as 2 sea year individuals, the remainder 

being previous spawner. and fish spendinq more than two years at sea. 
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Recapture rates at Greenland and in home waters from tagging ot 

wild smelts,in canada, Scotland and England during the period 1963 - 1970 are 

plotted iniFiqures 2 - 4. For all three areas there is an upward trend in 

recapture ~ates from Greenland. This could be due simply to increasing 

catches at Greenland, or to better reporting of tags, better survival of 

tagged smolts or to an increased portion of the smelt run being present at 

Greenland. Trends in recapture rates for Canadian and English tagged smolts 

are similar in Greenland and Kame waters to 1967, Scottish tagging shows 

divergent trends in recapture rates from 1963 to 196B. Declines in recapture 

rate of the 2 sea year component in home waters are evident from 1963 in 

Scottish experiments, from 1965 in Canadian experiments and from 1961 in 

English experiments. Trends in recapture rates of grilse are similar to 

those for 2 sea year fish in Canada (except 1968) England, and scotland 

(except 1966). 

Although this gross presentation produces highly variable results, 

the tr~nds in recapture rates do point to a general decline in home waters 

recaptures of the 2 sea year component of the runs from fairly high rates in 

the early to mid - 1960's. If, in fact, there is a cause and effect relation

ship between trends in recapture rates at \'lest Greenland and home waters, as 

the graphs imply (Figs. 2 - 4), the inferential conclusion is that the salmon 

caught at Greenland would have migrated to the respective home waters countries 

bAd. they not heM captllred at Greenland. 

Marine Tagging Expert.ents 

Prior to taqginq experiments at Greenland as a consequence of 

increased salmon fishing in the mid - 1960's, salmon had been tagged at 

sea only close to the shore, and at the most a few months before the fish 

entered -fresh water to ~pawn. Many such experiments on both sides of the 

North Atlantic have elucidated migratio~ routes as. the salmen approached 

their home streams. 

Salmon were first tagged along the shore at Greenland in 1965, 

and in offshore areas including the Labrador Sea in 1969. During the 

period from 1965 to 1910 about 2000 salmon were tagged during the autumn 

at West Greenland. and in the Davis Strai t and Labrador Sea, but mainly 

relatively close to the shore along the Greenland coast by scientists from 

Denmark, Canada, the United Kingdom and United States. During this period 
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• great deal of effort was expended in attempts to capture s.1m~n by some 

means other than set gillnets and driftnets in order to improve the viability 

of fish for tagging purposes. Although fish in better condition have been 

captured by other means, the numbers caught per unit of fishing effort are 

so low that tagging experiments using dther catching techniques are 

ilnpractical. Thus most tagging near the shore has been carried out using 

nets set overnight, and most offshore tagging using drift nets which were 

frequently patrolled by a small open boat whenever they were set (May, MS, 

1970b; Minet, 1912). 

Under these circumstances, and taking into account the more 

"dcliC:i!te" condition of salmon during this period (e.g. scales easily lost) 

it is not surprising that returns from such tagging have been low. It is 

likely that a high tagging mortality is a consequence of the technique, and 

of 2042 tiah u'gged between 1965 aDd. 1970, oa1y 18 Z'ecaptur" hay. be_ Md., 

61 at Cz'eenland and 27 in home waters to the end of 1971. Of the Greenland 

recaptures. three were .... de in the year following ta.qqift9. size at 

recapture indieated that all three had not spawned, and therefore may have 

returned to home waters as 3 sea year fish.if not recaptured at Greenland. or 

the home waters recaptures all but one were made in the year following tagging, 

the exception being a" fish which made its way from Disko Bay to northeast 

Newfoundland in 75 days. Home waters recaptures have been recorded in 

canada (12), Scotland (6), England and Wales (3), Ireland (5) and Spain (1) 

for a tot~l of 27 (45' to North America and 55\ to Europe). Recaptures 

within Eupope have almost invariably been within rivers, whereas those in 

canada have been mainly from coastal fisheries in which fish destined for 

more distant areas may have been intercepted. All the recaptures, except 

as noted above, were of fish tagged at 1+ sea years in age and recaptured 

at 2 sea years. All returns have been from tagging at West Gretmland, 

1 
i.e. none frbm small numbers of salmon tagged in the mid-Labrador Sea. 

In addition to the autumn tagging in the Labrador Sea and at West 

Greenland, a canadian research vessel has tagged salmon in the Labrador Sea 

in spring each year since 1970. Numbers tagged have been relatively small, 

As this pnper wus ~oing to press, a rer~rt W~~ rr.ccivcd of a recartu~~ 
in Iraland (1972) of a salmon tagged jn autlli~n, 1971 in the Labrador 
Sea, at sao 09' N. 520 27' W. 
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27 in 1970 and 59 in 1971. Fish have been tagged from both drift nets and 

surface longline5. resulting in four recaptures of 46 fish tagged from drift 

nets and seven recapture~ of 40 fish tagged from longl1nes. All eleven 

returns have been from Canadian coastal fisheries or rivers, six along the 

east coast of Newfoundland and five in the Gulf of St. Lawrence (Fig. 5). 

All fi.h ta99e4 ware 2 ••• y •• r. in age, .. were virtually ell the ft.h 

caught. All returns occurred in the year of tagging. 

Tagging of sAlmon taken in drift nets by research vessels has been 

carried out also in several Canadian coastal areas in recent years, at 

Po~ aux Basques in 196~, in the Miramichi es~uary in 1970 and in Southern 

Labrador in 1971. Large commercial fisheries have existed in all three 

areas, though the Port aax Basques and Hiramichi drift net fisheries were 

closed in 1972. In Labrador the commercial fishery ls by set gillnets along 

the shore. 

The Port aux Basques experiment. intended as a "dry run" for the 

first attempt to tag salmon from drift nets at Greenland, produced returns 

essentially similar in pattern to those from a 1937 experiment in the same 

~ea (Belding and prlfontaine, 1938). Of 247 salmon tagged. virtually all 

of 2 sea years, 106 or 43\ were recaptured and reported (Fig. 6). 70\ of 

the returns were from commercial and angling fisheries in Quebec and New 

Brunswick; most of the remainder from the NeWfoundland West Coast. Single 

recaptures were reported from southern Labrador and west Greenland. Almost 

all the recaptures occurred during the year of tagging. 

The 1971 southern Labrador tagging was carried out late in the 

season because of a delay caused by a mechanical breakdown on the research 

vessel. As a result. the rur. of 2 sea year fish had tapered off and most 

of the 145 fish tagged were grilse. 

Most of the 37 recaptures in 1971 were taken near the tagging area 

and in areas to the south, including one return from the northeastern tip of 

Newfoundland and three from the Strait of Belle Isle (Fig. 7). 

oceanic Di.tribution in the Northwest Atlantic 

The Canadian research vessel "A. T. CAMERal" has occupied several 

hundred fishing stations for Atlantic salDen .ince 1965. MUch of the fishing 

has consisted of repetitive sets at single fishing station. in connection with 

bftill9 experiaent.. Most haa been carried. out with drift net. (includinq 
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.11 fishing in the Davis Strait and West Greenland are.s), with lon911ne8 

being used also east of the Canadian continental shelf in spring. Stations 

have been fished in each' month from March to October. and over the area 

between 430 Nand 70° N. catches are expressed as numbers of fish caught per 

nautical mile of drift nets per hour fished or, for longline fishing. as number 

of fish per thousand hooks per hour fished. and are shown in Figure 8 as catches 

in spring (March-June) and summer-autumn (July-October). 

Salmon may be found in spring in surface waters east of the 

CAnadian shelf from north~rn Labrador to the southern Grand Bank. The most 

westerly positions shown (Fig. 8) parallel to the shelf off Labrador and 

northeast Newfoundland, follow fairly closely the edge of the arctic ice pack 

in spring. so that the salmon are found in relatively cool surface waters 

(3 to 6° e). with very few individuals being taken at temperatures of 2° e 

or less. The greatest concentrations in spring are taken about 300 miles east 

of the Strait of Belle Isle. Virtually all the fish taken have been of 2 sea 

years in age. It is' of interest to note that a small commercial longline 

fishery operated at approx~matelY 58-60° N. 53-58° W in the spring of 1970 

(Kanneworff, MS, 1970). but was subsequently prevented from doing so under 

the terms of a 1970 ICNAF agreement on salmon fishing on the high seaS. 

In late summer and autumn fish are concentrated along the west 

Greenland coast. and as far as 30-40 miles offshore. However, relatively 

gOOd catches have also consistently occurred in the mid-Labrador Sea. about 

halfway between aouthern Labrador and eou.them treenland, in an .r •• 

where salmon are also found in spring. Smaller catches hav. been obtained 

in other parts of the labrador Sea, and a very fev salmon have been taken 

in summer at the edge of the loose ice field_in the western Davis Strait. 

Virtually all the salmon taken in this summer and autumn fishing have been 

1+ Bea years in age. Surface temperatures in areas where abundance 1s 

greatest range from about 3° C to 8 0 C. 

Discussion and Conclusions 

It is clear that substantial proportions of that part Qf the smolt 

run from many north Atlantic countries, destined to return as 2 sea year 

salmon, migrate to Greenland and adjacent waters in the Labrador Sea. They 

.re known to spend at least 4-5 months off the Greenland coast during their 

second year at sea, at which time they teed heavily on small fish. This fact, 
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coupled with result. from tagging experiments at Greenland and the absence of 

transatlantic movements indicate very strongly that these are directed 

movements. Salmon are rarely caught in bottom-fishing gear. and although 

very little off-bottom (midwater) fishing has been done in these areas, the 

weight of evidence to date suggests that at least during the second year at 

sea salmon are distributed within a few metres of the surface. 

The presence of abundant food organisms during August to December 

along the Greenland coast, combined with favourable surface temperatures, 

are obviously factors in maintaining concentrations in this area over the late 

summer and autumn period. Templeman (1967) has pointed out that the large 

anti-clockwise eddy in the south Labrador Sea offers conditions favourable 

for the concentration of several species. including salmon and potential 

.. lJIon prey. Lear (MS, 1971) and Lear and Kay (l971) h .... ubeeqgently 

ahown that salmon in this area feed heavily on arctic squid (Gonatus sp.) 

&ad Paralepis sp. 

CIne i. tempted to speculate that movements of salmon to and from 

Greenland are related to the pattern of ocean~c circulation in the north 

Atlantic as a whole. It may be noted that fish from both Europe and 

North America could reach Greenland by swimming against the current. provided 

the European fish take a circuitous detour to the south and west. In contrast. 

they could return to the home areas by taking a similar route with the current 

(Fig. 9). 

There is as yet no knowledge of oceanic distribution during the first 

sea year, nor the whereabouts during this period of fish destined to return 

either as grilse or as 2 sea year salmon. On the Canadian side of the Labrador 

Sea. many Labrador and Newfoundland rivers have salmon runs composed almost 

entirely (80 to 90\) of grilse; and large numbers of 1 sea year fish are 

taken in commercial fisheries. It is possible that some portion of the 1 

sea year fish taken commercially are not, in fact, destined to spawn as 

qrilsc. but rather as 2 sea year or older fish. There is as yet no evidence to 

support such an assumption, but the possibility does'exist. 

Salmon of 2+ sea years in age (potential 3 sea year spawners) are 

apparently present in relatively small numbers at Greenland, though they have 

~ formed a relatively large proportion of small experimental lcngline 

catches (Munro, MS, 1970). Salmon of 3 sea years in age have long formed. 
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the basis of a small winter fishery in northeast Newfoundland. Recaptures 

from a small tagging experiment indicate a return migration from this area 

mainly to rivers in the western Gulf of St. Lawrence. 

-.pI...." (1965) baa r."iwe4 a n\llber of canadian conte! taIJCJ1nv 

experiments. Many 811101 t tagging experill'lents in Canadian mainland rivera, 

plus .imilar experiments in the State of Maine. have resulted in a varying 

proportion of returns from Labrador and Newf~undland, mainly from the 

Newfoundland east coast (e.g. JCerswJ..l1, 1955). Salmon tagged in northern 

Newfoundland produced recaptures mainly from Labrador and.the northeastern 

Gulf of St. Lawrence (Belding and Prlfontaine, 1961). However tagging on the 

Newfoundland east coast (Blair, 1956) produced significant returns of 2 sea 

year fish. and a few returns of qrilse from Gulf of St. Lawrence rivers. 

Many Newfoundland recaptures may have been of fish on their way to this area. 

Migration past southwest Newfoundland to the western and northern Gulf have 

been described by Belding and Pre'fontaine (1938) and May eMS, f970). 

For some of the larger canadian rivers, notably the Miramichi, 

the combination of local tagging plus local recaptures from more distant 

tagging. allows a fairly accurate presentation of the migration pattern 

between the 1+ sea year stage and Greenland and the return to the river as 

2 sea year spawners. To take the Miramichi as an example, it is known that 

fish of Miramichi origin are widely distributed at Greenland. In the 

March-April period they are present in the mid-Labrador Sea east of the 

Canadian Shelf. In late May and early June fish of Miramichi origin are 

present along the Newfoundland east coast as part of a large mixed 

population, and at the same time arc abundant on the southwest coast as 

they pass through the northeast part of Cabot strait. 'l1ley reach the 

Miramichi estuary in greatest abundance in mid June, two to three weeks 

after the peak of the southwest Newfoundland fishery. 
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recaptures in each general area. 
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Figure 9. Surface circulation in the northwest Atlantic (from Templeman, 
1965). 
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