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Introduction

Until the advent of the commercial salmon fishery at West
Greenland in the early 1960'as, data on movements of salmon in the sea were
limited to the results of coastal tagging experiments and very occasional
records of individual salmon taken on offshore fishing banks during
fishing operations for other species. The fact that salmon were
seasonal;y present at West Greenland had been known for some time (Jensen,
1939, 1948; Neilsen, 1961). Recaptures of a Scottish tagged salmon in
1956 ané 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 expleoitation of these sglmon 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 né£5 as well as shore nets (Pig. 1). PFishing
takes place all along the west coast from Na;ortalik in the south to Umanak in
the north {approximately 60° N to 70° N} during the months of August to
November. A very small shore net fishery also operates at Angmagssalik
(about &6* N) on the east coast. Drift net fishing Sy 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 fish 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 eggas have been stocked in several West Gresnland streams,
oniy the Kapisiglit River in Godthaab Ford is known to carry a reqular
natural spawning run (Hansen, 1961). On the other hand, as smolt tagging
programs have increased, an increasing number of returns has been reported
from Greenland, totalling in the 1964 to 1971 pericd over 1600 from North
America and over 450 féom Europe (ICES/ICNAF, 1972}. Durifig the same period
Greenland returns of 52 tagged North American kelts and 23 tagged European
kelts have heen recorded. The pattern of tag recoveries shows that fish of
North American and European origin are rather evenlg mixed throughout the
season and along the West Greenland coast (ICES/ICNAF, 1972).

Most of the Greenland returns are of fish tagged in Canada, the
United Kingdom and the United States, though tags have also hee£ recorded
from fish tagged in Iceland, Ireland, France, Norway, Sweden and Denmark.
Because of great variability ;n design of tﬂese 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 point that during the 1963 to 1971
period over 1 1/2 million smolts have been tagged in North America and over
600 thousand in Ewrope. @ver 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 Eurcpe or vice versa. Results of the tagging experiments
therefore point quite strongly to a directed migration of salmon to and from
Greenland.

The nusbers of fish undertaking this migration.are unknown, as 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 periéd two to three times as long.

It is also evident that virtually all the f£ish present at Greenland would,
if purviving, return to spawn as 2 sea year individuals, the remainder

being previous spawners and fish spending more than two years at sea.
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Recapture rates at Greenland and in home waters from tagging of
wild swolts in Canada, Scotland and England during the period 1963 - 1970 are
plotted in/Fiqures 2 - 4. For all three areas there is an upward trend in
recapture rates from Greenland. This could be due simply to increasing
catches at Greenland, or to better reporting of tﬁgs. better survival of
tagged smolts or to an increased portion of the smolt run being present at
Greenland, Trends in recapture rates for Canadian and English tagged smolts
are similar in Greenland and home waters to 1967; Scottish tagging shows
divergent trends in recapture rates from 1963 £0 1968. Declines in recapture
rate of the 2 sea year component in home waters are evident from 1963 in
Scottish experfments, from 1965 in Canadian experiments and from 1967 in
English experiments. Trends in recapture rates of grilse are similar to
those for 2 sea year fish in Canada (ekcept 1968) England, and Scotland
(except 1966).

Although this g}oss presentation produces highly variable results,
the trends 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 West Greenland and home waters, as
the graphs imply (Figs. 2 -~ 4), the inferential conclusion is that the salmon
caught at Grecnland would have migrated to the respective home waters countries
had they not been captured_at Greenland.

Marine Tagging Experiments

) Prior to tagging 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 ; few months hefore the fish
entered fresh water to spawn. Many such experiments on both sides of the
North Atlantic have elucidated migration routes as the salmon 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 1950 about 2000 salmon were tagged during the autumn
at West Greenland, and in the Davis Strait 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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8 great deal of effort was expended in attempts to capture salmbn 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 otﬂer weans, the nunbers caught per unit of fishing effort are

so low that tagging experiments using other catching techniques are
impractical. Thus most tagging near the shore has been carried out using
nets set overnight, and mdst offshore tagging using drift nets which were
frequently patrolled by a small open boat whenever they were set {May, MS,
1970b; Minet, 1972}.

Under these circumstances, and taking into account the more
“delicate” condition of salmon during this pericd (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 consegquence of the technique, and
of 2042 fish tagged betwsen 1965 and 1970, only 88 recaptures have been madse;
61 at Greenland and 27 in home waters to the end of 1971. Of the Greenland
recaptures, three were made in the year following tagging. Size at
recapture indicated that gll three had not spawned, and therefore may have
returned to home waters as 3 sea year fish_if not recaptured at Greenland. Of
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 tothl of 27 (45% to North America and 55% to Europe). Recaptures
within Eurcpe 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 recapturés. except
as noted ;bove. were of fish tagged at 1+ sea years in age and recaptured
at 2 sea years. All returns have been from tagging at West Gteunlana.

i.e. none from smali numbers of salmon tagéed in the mid-Labrador Sea. 2

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 paper was going to press, a report wis received of & recapture
in Ireland (1972) of a salmon tagged in autumn, 1971 in the Labrador
Sea, at 538% 09' N, 52° 27°' W,
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27 in 1970 and 59 in 1971. Fish have been tagged from both drift nets and
surface longlines, resulting in four recaptures of 46 fish tagged from drift
nets and seven recaptur;s of 40 fish tagged from longlines. 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 fish tagged were 2 sea years in age, as were virtually all the fish
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
Poxt aux Basques in 1969, in the Miramichi estuary in 1970 and in Southern
Labrador in 197). Large commercial fisheries have existed in all three
arsas, théugh the Port aux Basques and Miramichi drift net fisheries were
closed in 1972. 1In 1;brado: the commercial fishery is by set gillnets along
the shore. ‘

The Port aux Basgques experiment, intended as a "dry run” for the
first attempt to tag salmon from drift nets at Greenland, produced returns
essentially similar in pattern ko those from a 1937 experiment in the same
area (Belding and Pré%ontaine, 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 méchanical breakdown on the research
vessel. As a result, the rurn of 2 sea year fish had tapexed off and most
of the 145 fish tagged wer; 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 Distribution in the Northwast Atlantic

The Canadian research vessel "A. T. CAMERON™ has occupled several
hundred fishing stations for Atlantic salmon since 1965. Much of the fishing
has conaisted of repetitive sets at single fishing stations in connection with

tagging experiments. Most has been carried out with drift nets (including
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all fishing in the Davis Strait and West Greenland areas}, with lonqlines
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 43°% N and 70° N. Catches are expressed as mumbers 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—Octobe?).

Salmon may be found in spring in surface waters east of the
Canadian shelf from northern Labrador to the southern Grand Bank. The most
westerly positions shown {(Fig. B) parallel to the shelf off Labrador and
northeast Newfoundland, follow }airly closely the edge of the arctic ice pack
in spring, so that the salmon are found in reiatively cool surface waters
(3 to 6° C}, with very few individuals being taken at temperatures of 2° C
or less. The greatest concentrations in spring are taken about 300 miles east
of the Strait of Belle lsle. 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 southern Labrador and southern &:tomland, in an area
where salmon are also found in spring. Smaller catches have been cbtajined
in other parts of the Labrador Sea, and a v;ry few salmon have been taken
in summer at the edge of the loose ice field in the western Daviﬁ Strait.
Virtually all the salmon taken in this summer‘and autumn fishing have been
1+ Bea feara in age. Surface temperatures in areas where abund;nce is
greatesﬁ range from about 3° C to 8° ¢C.

Discussion and Conclusions

1t is clear that substantial proportions of that part of 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
are known to spend at least 4-5 months off the Greenland coast during their

second yeaf at sea, at which time they feed heavily on small figh. This fact,
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coupled with results from tagging experiments at Greenland and the absence of
transatlantic movements indicate very stronély 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 duéing the second year at
sea salmon are distributed within a fe; 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 lardge

anti-clockwise eddy in the south Labrador Sea offers conditions favourable
for the concentration of several species, including salmon and potential
salmon prey. Leaar (MS, 1971) and Lear and May (1971) have subsaquently
shown that salmon in this area feed heavily on arctic squid (Gonatus 8p.)
and Paralepia sp.

One is tempted to speculate that movements of salmon to and from
Greenland are related to the pattern of oceanic circulation in the north
Atlantic as a whole. It may be noted that fish from both Europe and
North Amefica could reach Greenland by swimming against the current, provided
the Eurcpean fish take a circuitous detour to the south and west. In contrast,
they could return to the home areas by taking a ;imilar 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
grilse, 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.

saimon of 24+ sea years in agé (potential 3 sea year spawners) are
apparently present in relatively small numbers at Greeniand, though they have
bxmm formed a relatively l.ax:ge proportion of small experimental lengline

catches (Munrc, 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.

Tespleman (1965) has reviewed a number of Canadian coastal tagging
experiments. Many smolt tagging experiments in Canadian mainland rivers,
plus similar experiments in the State of Maine, have resulted in a varying
proportion of returns from Labrador and Newfoundland, mainly from the
Newfoundland east coast (e.g. Kerswill, 1955). Salmon tagged in northern
Newfoundland produced recaptures mainly from Labrador and the northeastern
Gulf of St. Lawrence {Belding and Préfontaine, 1961). However tagging on the
Rewfoundland east coast (Blair, 1956) produced significant returns of 2 sea
year fish, and a few returns of grilse 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 wesiern and northern Gulf have
been described by Belding and Préfontaine {1938) and May (MS, 1970).

For some of the larger Canadian rivers, notably the Miramichi,
the combination of local tagging plus local recaptures from more distant
tagging, ailows a fairly accurate presentation of the migratjon pattern
between the l+ 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 Green&and. In the
March-April period they are present iﬂ the mid-Labrador Sea east of the
Canadian Shelf. In late May and early June fish of Miramichi origin are
present along the NewfouAaland east coast as éart of a large mixed
population, and at the same time are abundant on the southwest coast as
they pass through the northeast part of Cabot Strait. They 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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Figure 2. Return rates from Canadian wild smolt tagging experiments,
1963 - 1970. Open circles are recaptures as “"grilse".
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Figure 4.. Return rates from wild smolt tagging in England and Wales,
1963 - 1970. Open circles are recaptures as "grilse®.
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