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This paper deals with migrations that cod undergoes between
the northern Gulf of St. Lawrence (ICNAF Div. 4 R) and the south-western
banks of Newfoundland (ICNAF Div. 3 Pns). The results are provided by
two tagging experiments carried out during the winters of 1975 and 1976
in the northeast part of the Gulf of S5t. Lawrence and on the Rose Blanche
and Burgeo banks. The 40 returns recorded show that during the winter
period (Jamuary to April) the cod of the morthern Gulf stock migrates
towards the south alongside the west coast of Newfoundland, goes out of
the Gulf through the Cabot Strait and reaches the Rose Blanche bank and
even the Burgeo bank. During the spring-summer period (May to August)
an opposite movement is observed which drives the cod tagged on these
south-western banks of Newfoundland to come back inte the Gulf through
the Cabot Strait and to migrate as far north as the Strait of Belle Isle.
Simultaneously with the taggings, the thermic envirenment, the sexual
state and the feeding activity of cod were observed during the winter
period in the two areas studied. The influence of these three factors
on the migratory phenomenons is discussed. It is shown that, if the
sudden drop of water temperatures can stimulate the winter migration,
this factor is not sufficient however to explain a movement of such
importance. The sexual factor does not have any influence during the
vinter period but it is very important during the spring-summer migration.
The feeding factor has, on the contrary, mach more influence during the
winter migration since cod is still in intense period of feeding activity

and feeds mainly on fish and specially on capelin.

I - Introduction.

The movements of cod towards the interior and the exterior
of the Gulf of 3t. Lawrence are well known. Some of them occur through
the Strait of Belle Isle but the principal take place through the Cabot
Strait. .
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These migrations through the Cabot Strait are known for a
long time by the Buropean fishermen including French since during the
winter period they start their fishing off the west coast of Newfoundland
{Fort au Port Peninsula and St. George's Bay) or south of the Magdalen
Shallows (Magdalen Islands and Bird Rock') and gradually go south as the
fishing season progresses on both sides of the Laurentian Channel, res-
pectively on the south-western banks of Newfoundland or on the Cape
Breton Shelf (Mc CRACKEN, 1958 ; Mc CRACKEN and CLARK, 1958 ; MINET,
1973-b).

Also, the Canadian fishermen from the Gulf of St. Lawrence
know that cod comes back alengside their coasts at the end of spring
and during $ummer. This is the case in St. Geprge's Bay with the
"herring run" of cod as mentionned by TEMPLEMAN and FLEMING (1962)
or on the Gagpé Coast and the lowest North Shore {JEAN, 1960 ;
MOUSSETTE, Mc CRACKEN and MARCOTTE, 1364). '

Many sclentific works have dealt with the subject. They all
show that in a general way except a few minor cagses which represent
a very small percentage, two great migratory patterns can be distin-
guished, one on the west side and the other on the east side of the
Laurentian Channel.

On the west side of the Channel, between tha Quebec coast
{mainly Gaspé Peninsula} and the Cape Breton Shelf, these migrations
were mostly pointed out through the works of TREMBLAY (15944),
MC KENZIE (1956), Mc CRACKEN {1957, 1959}, JEAN (1963), MARTIN AND
JEAN (1964) and XOHLER (1975) and by the rumerous data held by the
Grande Rividre Biological Station after the taggings carried out by
MARCOTTE.

We already know the importance that the knowledge of those
migrations (HALLIDAY, 19_74) had on the cod fishery management in divi-
sions 4 T ~ 4 ¥n by ICHAF.

On the east side of the Channel, the migrations occuring
between the northern Gulf and the south-western banks of NewPoundland
(Rose Blanche and Burgeo) were revealed early by the studies of
THOMPSON (1943) and mainly by those of TEMPLEMAN and FLEMING (1962)
and TEMPLEMAN (1974), a part of vhich deals with this region.

Here again, the knowledge of those phanomenons was of great
importance to allow the division of the cod stocks in this region of
Newfoundland (TEMPLEMAN, 1962) and to know out of which stock the
commercial catches are made.

This paper is therefore a contribution to the study of those
migrations occuring on the sast side of the Laurentian and Esquiman
Chanrels, between the morthern part of the Gulf of St. Lawrence {ICNAF
Div. 4 R) and the south-western banks of Newfoundldnd (ICMAF Div. 3 Pns).
We try however to better understand those migrations by pointing out
the main factors that can induce and/or accompany them such as the envi-
romment or the bioclogical cycle of cod.



I1 - Material and methods.

1. Tagging experiments.

In order to complete the results given by the authors already
mentionned, twe tagging experiments were carried out during the winters
of 1975 and 1976.

In 1975, the tagging operations wvere made on board the
B/V Cryos, from 19 January to 1st February, in the Gulf of St, Lawrence
from Pointe Riche to the Port au Fort Peninsula, alongside the west
coast of Newfoundland {4 R). From 15 to 23 February of the same year,
they were carried on the Rose Blanche and Burgeo banks {3 Pns). A total
of 870 cods were tagged (465 in 4 R and 405 in 3 P).

To complete this priliminary experiment, more iaggings were
made in the same regions during the winter of 1976, on board the research
vessel, 1500 cods were tagged in the Gulf of St. Lawrence betwveen Pointe
Riche and Bonne Bay, from 10 to 17 January, using yellow Fetersen disks
of 13 mm diameter. Then 1500 more cods were tagged, from 2 to 8 March,
using yellow @arlin tags of 33 mm long, principally on the Rose Blanche
bank and also on Burgeo bank., So, the 1976 tagging operations were sepa-—
rated by a greater interval of time, two months.

Therefore, 3870 cods were tagged during thege two experiments
(1965 in 4 R and 1905 in 3 Pns) during the winter periocd, from January
to March 1975-1976.

The technics of catching, handling and tagging were the aame
in 1976 than those described in a former paper (HINET. 1975). As well,
the criteria for judging the condition of Pish when tagged and released

were those used in 1975.

For these two experiments, the fish used in tagging was caught
during bottom=trawl hauls of 30 minutes duration at depths ranging from
100 to 250 meters.

The size composition of the cod tagged in 1975 and 1976 is
shown in figure 1. In the GulP of 3t. Lawrence, their sizes are roughly
the game for the two experiments. The distributions range around the
same mode {58 cm Lt) with however a few larger specimens tagged in 1975
(from 100 to 112 cm Lt). On the south-western barks of Newfoundland,
the size of the ¢od tagged is alightly smaller in 1976 than in the
previous year. In genmeral, all the cods tagged were larger than 35 oam Lt
and most of them were between 50 and 70 cm af total length.
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2. Hydrography.

Simultanecusly with the tagging operations of winter 1575,
25 hydrographic stations, distributed in 5 sections, were occupied
from 27 Jamary to 23 February, at different locations of divisions
4 R and 3 Pns {fig. 2).

During each station, a profile of the vater temperatures
was recorded from the gurface to the bottom using a BT (sections 1,
2 and 4) or an XBT (sectioms 3 and 5).

3. Sexual maturity.

During the tagging cruises of 1975 and 1976, the samples of
cod caught during the trawling stations were studied in divigions 4 R
and 3 Pns. The fish sampled was measured (total length to the centi-
meter below) after the determination of sex and examination of the
sexual state using the six reproductive stages defined by POWLES (1958).

So, in the Gulf of 35t. Lawrence, a sample of 5448 specimens
{2782 males and 2666 Pemales) vas examined in Jammary 1975 after the
catches made during 31 stations diastributed from Pointe Riche to
Cape Ray. In Jaruary 1976, 5230 specimens (2682 males and 2548 females)
sampled during the 33 stations occupied in the same area vere also
examined.

On the south-western banks of Newfoundland, in February 1975,
a sample of 1492 fishes(753 males and 739 Pemales) was examined after
the 24 trawling stations carried out in the Rose Blanche and Burgeo
banks. In March 1976, 4666 specimens (2149 males and 2517 females)
were also examined after the 19 stations occupied om these two banks.

4, Feeding.

The material necessary to this study was collectad during
the winter 1975 tagging cruise on a random sample of 333 male and
Pemale Pighscaught during 26 trawling stations, from 50 to 250 meters
of depth, in the divisions 4 R and 3 P}

in the division 4 R, from 25 Jamuary to 3 February, 235 cod
stomachs were sampled at 18 stations occupied from 50° latitude north
to Cape Ray, on fiah measuring from 23 to 115 cm of total length. On
the other hand, 98 stomachs wera taken between 12 and 17 February on
a sample of cod measuring from 26 to 78 cm caught at 5 stations on
the Rose Blanche bark and at 3 stations on the Burgeo bank.

After the sampling on board, the stomachs were quickly frozen
at —40° C then stored at -26° C. For each stomach, the information on
sex, size and sexual state of the cod were recorded as well as all the
details concerning the saspling station. In the laboratory, the stomachs
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vere defroat and dissected. Their stage of repletion was estimated using
the following criteria : O for empty stomachs, 1 for quarter-full stomachs,
2 Por half-full stomachs, 3 for three—quarter full stomachs and 4 for
corpletely full stomachs. Then, the organisms found in each stomach were
geparated by species or by systematic group when they vere too far
digested to be diastinguished.

Each species or group was weighted to the hundredth of gram
and this de-frozan veight was converted in fresh weight using the ratio
between the total veight of the frozen stomach and the total weight of
the da-frozen stomach in order to take into account the logs of water
due to the freezing process.

For this study, the fresh weight of each food group found
in a atomach was converted in percentage of the total fresh weight of
food contained in this stomach, in order to allow the comparison of
the results.

III - Regultsa.

A - Migrations.

1. Recaptures.

The results on the migrations of cod in this region are
based on 40 recaptures of tagged fish as shown ir Table 1.

We notice that after the 1975 experiment, no return was
recorded during ths September to December period in both areas. All
the recaptures vere made during the winter period (Jamuary to April)
of 1975 and 1976 or during the periocd from May to August, that is
to say during the periods when the fishing effort is the most important
in this region.

On those 40 recorded recapturas, 22 come from Canadian
fishermen (14 caught by travl and 8 by handline} and 18 from European
fishermen (16 from Prench trawlers and 2 from Spanish trawlers).

In the Gulf of St. Lawrence, the cods recaptured during the
vinter months following the taggings have covered relatively large
distances. The ones recaptured after the 1975 experiment have covered
distances ranging f£rom BO to 210 nautical miles during periods from
20 to 79 days after the tagging which represents an average virtual
apeed of 3.3 miles per day. Also, thoge recaptured after the 1976
experiment have covered from 35 to 240 miles during periocds from
1.7 to 70 days, i.e. an average migration speed of 3.5 miles per day.

As for those recaptured during the winter months of 1976,
from 363 to 392 days after their tagging, their virtual journeys
range between 110 and 180 miles. In fact, it could be supposed that
they have accomplished their migrations twice between 4 R and 3 P.
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As for the fish recaptured from May to August 1975, i.e,
97 to 229 days after their release, the real distances covered cannot
be known precisely since they can have made the journey back and forth.

On the south-western banks of Newfoundland, the cods recaptured
during the winter months following the taggings have generally covered
smaller distances at lower gpeeds., Two of them, recaptured after the
1975 experiment had covered 16 and 20 miles in resgpectively 13 and
60 dayss On the other hand, on= of the three fishes recaptured on the
Sable Island bank would have covered 250 miles in 20 days, i.e. a speed
of 12,5 wmilag per day.

The fishes recaptured after the 1976 experiment had covered
from 3 to 60 miles in 1 to 39 days after tagging, i.e. an average speed
of 2,1 mileg per day.

As for the fishes recaptured during the pariocd from May to
August 1975, they apparently had coverad from 75 to 200 miles at speeds
ranging from 0,9 and 2.6 miles per day.

The cod recaptured are not numerous encugh to know if their
gize is representative of the vhole of the tagged Pish. However, no
cod smaller than 50 cm have been recaptured since the sizas of the
returns are ranging from 50 to 95 cm of total length. Algo, the size
given by the finders are too often inaccurate to take in consideration
the differences of size noticed over a year.

The poor recaptures rate can bs explained by the small number
of cod tagged during the 1975 experiment and by the fact that, when
writing this paper, the experiment of 1976 is over only since two months.
However, the whole of the returns recorded shows that, except few cases,
the global movements ars very similar. This tends to prove that the
results are represet?tltive enough of the general gscheme of the cod
migrations in this region.

2, Description of the migration patterns.

The results provided by the returns recorded on one hand
during the winter wmonths following the taggings and on the other hand
after one year during this winter period, shov a migration completely
opposite to the one obsarved during the May to August period. The
results obtained during the two periods are therefore given separately
first for the Gulf of 3t. Lawrence then for the gsouth-western banks cof
Newfoundland,.

a - ¥Winter period (Jamuary-April 1975-1976),

- Gulf of St. Lawrence (4 R).
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After the 1975 experiment, the six returnsg obtained during
this period in 1975 and the three ones recorded in 1976, show the same
Phenomenon and are therefora grouped in figure 3, The movement towvards
the south made by the cod at this period can be clearly noticed, The
northern Gulf stock migrates te the south towards the Cabot Strait and
SPreads as far as the Rogse Blanche bank (3 Pn) and even o£f Burgeo and
Ramea Islands (3 Ps). This migration concerns not only the cod found
on the western shelf of Bevfoundland but also the cod found on the
western slope of the Esquiman Channel, On the other hand, out of thega
9 returns only one has crossed the Laurentian Channel since it wag
caught in winter 1976, south of St. Paul's Island on the Cape Breton
Shelf (4 Vn).

The regults obtained after the 197¢ experiment confirm the
migratory pattern towards the south of this northern Gulf stock (fig. 4)
although most of the tagged figh were recapturad by the French trawvlers
- fishing in the Gulf this year,mainly off St. George's Bay - bafore
having accomplished their complete migration through the Cabot Strait.

- South-western banks of Newfoundland (3 Pns).

Two out of the 3 recaptures made in the 1975 winter period
(£ige 5) shov migrations of minor importance towards the northeast
(south coast of Newfoundland) or towards the southeast (from Rose Blanche
bank to Burgeo bank), This can be interpreted as an extension of the
migration observed from the northern Gulf of St. Lawrence towards the
Cabot Strait and Rose Blanche bank. It mist be noted here agaln that
one of the 3 cods has crossed the Laurentian Channal since it vas
recaptured on the southwest part of the Sable Island bank,

The 12 recaptures recorded during the 1976 winter period
just after the second pagging experiment (fig. 6) confirm this general
pattern of a migration towards the eagt and towards the socuth coast of
Newfoundland. Indeed, we note once again a movement Ffrom Rose Blanche
bank to Burgeo bark (3 recaptures). However, the results are not as
clear as they should be since many cods were recaptured shortly after
their tagging at places very close to the release pogition.

b - Spring-swmmer period (May-August 1975).

- Gulf of St. Lawrence {4 R).

Opposite to what happens in winter we note in the Gulf during
the period from May to August, migrations occuring towards the north,
alongside the west coast of Newfoundland (£ig. 7). Indeed, 4 of the five
recaptures show this phenomenon and specially one of them caught in the
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Strait of Belle Iale. Obviomsly, this is only a virtual wovement as
those cods have certainly migrated first towards the south in winter

to the Cabot Strait and even on the south-western banks of NewPoundland
and then in the oppoaite direction towards the porth of the Gulf as far
as the Strait of Belle Isle.

Here again, a specimen which has crosged the Laurentian Channel
is recorded since it was tagged off Bay of Islands and recaptured on
the Bradelle bank (4 T) at thgd.atitude of Tracadie (N.B.). It is again
a virtual movement as this specimen could have first crossed the Channel
during its migration towards the gouth in the previous winter and then
migrated to the place of recapture following the mechanism of migration
described for the region located west of the Chamnnel.

~ South-western banks of NewPoundland (3 Pns).

Opposite to the migration patterns observed in winter on
thege banks, we note that two cods tagged on the Rose Blanche bank
and on the Burgeo bank were recaptured during the period from May to
August 1975 in the southeaat part of the Gulf of St. Lawrence as north
as Bay of Islands (Pig. 8).

We also notice that a cod tagged on the Burgec bank was
recaptured in the Fortune Bay.

B - Main factors intervening in the migrations.

The observations made during the tagging crulses permitted
the study of three of the main factors intarvening in the migrations
occuring in the Gulf of 3t. Lawrence and on the south-western banka
of Newfoundliand, during the winter period. They are thermic environment,
sexual state and Peeding activity of cod.

1, Thermic envirormsnt.

In the Gulf of St. Lawrence {fig. 9) we observed in the
three sections the presence of a cold water lobe whers tenperatures
are less than -1* C. This lobe ias located on the surface above the
wastern shelf of Newfoundland at distances ranging from 40 miles
(section I) to 25 miles (section I1) and then 20 miles (section III)
offshore. It results from the cold influence of ons of the arms of
the Labrador Current sntering through the strait of Belle Isle and
becoming stronger at the beginning of the winter period.

It induces a cold water 10153 of temperatures lover than
0° ¢ which spreads deeper and more easterly towards the Newfoundland
coast. Indeed, these waters of temperature inferior to 0° C penetrate
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from the surface to the depths of 100 m (off St. Paul's Bay - section 1),
and of 130 m {off Cape St. Gregory —section II, and off Port au Port
Peninsula -~ section III). However, they only reach the bottom (at depth
from 0 to 70 m) of? the Port au Port Peninsula. They spread towards
the east at 20 miles from the coast (section I and II) to the coast
itsel? (sectiom III).

Underneath this cold lobe, we observed very compressed
isotherms giving a very important thermic gradient, The maximum
temperatures on the bottom of the shelf (sections I and II) are
around 3 and 4° C at about 200 m depth but they are warmer on the
bottom of the Esquiman Channel since off the Port au Port Penineula,
they reach more than 6* C between 200 and 300 m depth.

On the south-western banks of Newfoundland, cold waters with
temperatures less than 0° C were also Pregent as a layer which spread
from the surface to depths of about 150 m (f£ig. 10).

In the Rose Blanche and Burgeo banks area (section IV),
very compressed isotherms are found under thias cold layer ; they are
pratically horizontal and reach 4 to 5° C on the bottom between 200
and 250 m.

On the northern part of the St. Pierre bank (section V),
the cold water layer with temperatures inferior to -1° G totally
covers the bottom down to the depth of 100 m. The superior part of
the western slope of this bank is covered with vater of temperatures
less than 0° C from 100 to 150 = dapth.

Underneath, a very strong thermic gradient is again found
as the horizontal isotherms range from 0° C to more than 6° C between
150 and 250 m depth.

2, Sexual state,

The observation of the sexual state of cod during the winters
of 1975 and 1976 in both regions shows that the large majority of fish
are either immature or, among mature specimens, mainly ripening with
some cases found ripe or recovering.

In the Gulf of St. Lawrence (fig. 11), 1f we take only in
consideration the mature fish (stages II to VI), we mote that for the
two winters studied the great majority of cod is in a ripening period
- stage IT (84 X in 1975 and 88 % in 1976, both sexes combined).
.Iiovever, some specimens are found ripe - stage III (8 ¥ in 1975 and
1976) or recovering - stage VI (8 X in 1975 and 4 % in 1976). Mo Pish
vas observed spawning (atage IV) or spent (stage V) neither in 1975
nor in 1976. *
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This results correspond well snough with those we already
gave (MINET, 1973-b) after examination of the sexual state of 6500 cods
in div. 4 R during the winter of 1973, from 22 Janmiary to 2 Febmmary.
Among the mature fish and for both sexes combined, 89 X were ripening
(stage II) and only 7 ¥ ripe (stage III) and 4 X recovering (stage vi).
This year again, no fish was found spawning or spent (stages IV and ).

O the south-western banks of Newfoundiand {fig. 12), the
results are slightly the same. Taking only into account the mature figh,
we obhgerve here again that, in this winter period, the large majority
of cod is ripening{79 % in 1975 and 1976, both sexes combined), Few
others are already ripe (7 % in 1975 and 6 X in 1976) while a larger
mamber than in the Gulf is still recovering (14 X irn 1975 and 15 %
in 1976). Again in this region during this period, no fish was observed

ready to spawn, spawning or spent.
3. Feeding activity.

In both divisions 4 R and 3 Pns, most of the cod stomachs
examined containsd food (£ige 13).

In the Gulf of 3t. Lawrence, almost half of the 235 stomachs
examined vers complately Pull (43 %X). An equivalent proportion was
either three—quarter full (21 X) or half-full (21 %). Few of them
were quarter-full (12 %) and only 9 stomachs (4 %) were found comple-
tely empty.

On the gouth-western banks of Newfoundland, the feeding
activity of cod is more intense as the major part of the 98 stomachs
examined were completely full (62 Z). A little rmumber was found three~
quarter full {23 X) and half-full (14 %). Only one stomach was quarter-
full {1 %) and none was completely empty.

The whole cf these results show that cod ig still in active
feeding phase during the winter period in the two regions studied with
however a more important activity in 3 P than in 4 R. This great acti-
vity is expressed mainly by a massive ingestion of fish.

Indeed, during this period, fish represents 72.5 % of the
total fresh weight ingested by cod in div. 4 B and 92.6 X of the total
frash weight ingested in div. 3 Pns {fig. 14).

Cut of this great quantity of f£ish consumed, capelin repregents
the most important weight {46.1 X of the total food weight in 4 R asld
71.2 % of the total food weight in 3 P). Then comes the redfish with
17.0 % of the total weight in 4 R and 20,0 X in 3 P.

In the Gulf of 5t. Lawrence, the diet in fish is more varied
since American plaice {4.6 X of the total weight), herring (3.3 %) and
cod (0.6 %) ware alsoc found here and they were not present in the

ssomachs sampled in 3 Pns, Herring is alwvays found Histead of capelin
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in the larger cods examined, weasuring between 65 and 115 centimeters
of total length. American plaice and cod are always found with a little
amount of capelin in the stomachs of the large fish (more than 70 cm Lt)
which had not ingested herring. In both sectors, capelin was recorded
in cods of all sizes while redfish wvas not found in the stomach of
cods smaller than 50 cm Lt.

The other fish consumed in small quantity are the wolffigh
Anarhichas lupus (in one stomach) and specimens from the Macrouridae
family (in one stomach) which represent 1.4 ¥ of the total weight
ingested in division 3 Pns. In division 4 R, Lumperus maculatus,

Lycodes sp., Cottunculus microps and Agpidophoroides monopteryglus
repregent 0,9 % of the total weight ingested.

Crustaceans are also ingested in 4 R {(16.1 % of the total
weight) and in 3 P (6.1 %), The major portion consists of shrimps
Pandalus borealis and Sabinea garsi (8.2 % of the total weight in
4 R and 0.2 % in 3 P), and of krillshrimps Meganyctiphanss norvegica
(443 % in 4 R and 4.9 X in 3 P). The crabs (Hyas araneus, H. coarctatus
and Chionoecetes opilio are also ingested in small quantities (2.3 % in
4R and 0.1 % in 3 P) as well as the anphipod Anomyx nugax in 4 R
(1.3 %) and the isopod Idotea sp, in 3 P (0.9 %).

The other food groups found in the stomachs are mainly
echinoderms in 4 R {7.5 %) represented by ophiurids Ophiurga sarsi,
0. robusta and Ophiopholis aculeata and by the sea—urchin Strongylo-
centrotus droehbachisngis. Polychaets armelida (1.6 X in 4 B and
0.1 % in 3 P) and the gasteropods and pelecypods molluscs (1.5 % in
4 R and 0,1 % in 3 P) constitute the complement of the cod's diet.

IV = Discussion and conclusions,

~ The taggings made in the Gulf of St. Lawrence (4 R) show
that, during the winter period (Jamiary to April), the cod of the
northern Gulf gtock undsrgoes a southward migration, alongside the
vest coast of Newfoundland, This migration goes down to the Cabot
Strait and even as far as the Rose Blanche and Burgec banks (3 Pns).
During the period from May to August, this cod moves in the opposite
direction to come back to the northern part of the Gulf as north as
the 3trait of Belle Isle.

These regults confirm those of THOMPSON (1943, p.27 and ChartIT)
obtained after taggings off the Port au Port Peninsula. They also agree
with the observations of TEMPLEMAN and FLEMING (1962, P+461 and fig.12—13)
after their experiment coff Lark Harbour, and with those of TEMPLEMAN
{1974, p.1075 and £ig.2} after the tagginga carried out in Forteau Bay,
Flowers Cove and Port au Choix.
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- The taggings made on Rose Blanche and Burgeo bank (3 Pns)
show that, during the winter months, cod migrates generally eagtwards.
The cod from the Rose Blanche bank moves either towvards the Newfoundland
south coast (northeast direction) or towards the Burgeo bark (scutheast
direction). It can be supposed that this migration is the contimation
of the one discribed above, i.e. thoge cods tagged on the Rose Blanche
bank are certainly coming from the Gulf and continue their movement
towards the Burgec region and perhaps the north of the §t. Pierre bank.

During the period from May to August, the recaptures show
two opposite migratory movements @

- the Pirat one has a northwest direction towards the Gulf of 3t.
Lawrence, through the Cabot Strait, as cod tagged on the Rose Blanche
bank and even on the Burgeo bank were recaptured off: St. George's Bay
and as north as the Bay of Islands. Here again, it can be supposed that
these cods belong to the northern Gulf stock, that they were tagged on
the south-vestern banks of Newfoundland during or after their winter
migration and that were going back to their original area when recaptured
in May.

- the second one has a northeast direction towards the south coast
of Newfoundland as one cod tagged on Burgeo bank was recaptured in the
Fortune Bay. On the contrary, it could be supposed here that this cod
effectively belongs to the Burgeo bank stock and migrates towards the
shore in summer. This could confirm that this offghore stock partly
supplies the summer inshore Pisheries of the southern Newfoundland and
Miquelon Island,

These results correspond to those given by TEMPLEMAN {1974,
p.1084 and fig.6) which indicate that codstagged on the Burgeo bank were
recaptured the next winter in the same area close to the Newfoundland south
coast or even more sou}:h—easternly along the slope of the 5t. Pierre bank«

Ag well, this author showed that during the May to August period following
the taggings, some of the cods tagged on the Burgeo bank were recaptured
in the Gulf of St. Lawrence as morth as the Strait of Belle Isle. He was
also thinking that, in this case, it was cods of the northern Gulf that
were tagged on the Burgeo bank.

In order to explain what brings the cod to migrate, many
authors tried to define the factors that can induce and/or accompany
the movements. Among the mumerous external responsible factors, some
as the water currents and temperatures,or light are often mentionned.
Among the internal factors, mitrition, reproduction and more conplex
phenomenona where hypophysis and thyroXd activity intervene are also
taken into account. Using the three factors studied in this paper,
we can bring few explanations on the migrations described.
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At the beginning of the winter, the cod of the northern
Gulf of S5t. Lawrence is affected by the sudden drop of the temperature
of the waters issued from the Labrador Currenat entering through the
Strait of Belle Isle. These waters of temperaturs less than 0° C have
cold influences no suitable for cod which has to move away from them.
For this, cod can undertake vertical movemants towards the deeper waters
where the temperatures are ranging between 3 and 6° O below 200 meters.,
It is the case for instance in the Eaquiman Charnnel vhere this Figh
could find suitable thermic conditions all year long. Even if cod really
undergoes those vertical movements towards the greater depths (JEAN,1964
MINET, 1973-a), it however undertakes a more important southward migration
as mentionned. This migration drives it to a region (Rose Blanche and
Burgeo banks and perhaps the north of St. Fierre bank) vhere we have
shown that the thermic condition are very similar to those observed in
the Gulf at this time of the year. In Ffact, the cold water layers of
temperature less than -1° C are also pressnt and the favourable tempe-
ratures for cod (4 to 6° C) are also located between 200 and 250 m.

S0, cod leaves a region where it could find Pavourable thermic
conditions Por its survival and physiological needs and migrates towards
another area where those conditions are very similar. Therefore, if the
sudden winter cooling of the waters can have a stirumlative action on
the behaviour of cod and urge it to move, this factor is not sufficient
however to explain such large migrations towards the southern Gulf? and
the south-western banks of Newfoundland.

On the other hand, we have shown that, among the physiclogical
factors, reproduction was not respomsible for the southward winter migra-
tion. Indeed, we have observed that in this winter period, the majority
of cod (79 to 89 %) is ripening and only a very small percentage {7 to
8 %) is ripe. This is as true Por the fishes examined in the Gulf than
for those examined on the south-western banks of Newfoundland., Therefore,
it is obviously not a factor related to the reproduction that incitescod
to migrate southward in winter, However, if the hypothesis of a spawning
migration is excluded, we must not forget that it is partly because cod
is in a ripenning period that it i3 more sensitive to the winter sudden
drop of temperatures and searches warmer waters more favourable to the

gonads ripening.

On the contrary, we have shown that cod was atill in a very
active feeding phase during the winter. This feeding actiwity, greater
on the south~western banks of Newfoundland than in the Gulf, is expregsed
by a massive consumption of £ish among which capelin is of prime impor-
tance. We have algo seen that capelin is more ingested on the south-
western banks of Newfoundland (71.2 % of the total fregh weight of food
ingested) than in the Gulf of St. Lawrence {46.1 X). Therefore it appears
that this specias - associated to other fighes which are permanently
present in the vhole of this region as the redfish which raprese'nts from

Al4
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17 to 20 % of the ingested food - constitutes a first choice Food item
responding to the needs of cod in great feeding activity. Then, this
feading factor which incites it to consume food of high calorific level
like Pish and specially capelin, can partly explain the cod movement
towards regiong where they are abondant.

A3 for the spring-susmer migration of cod from the south-
western banks of Newfoundland to the northern Gulf, we do not have any
direct observations. We can hovever guppose that —similarly to vhat
happens in winter - this migration is induced by the thermic factor
associated to other Factors as light for instance ; the breaking up $
of ice and the general warming up of waters would be then regponsible
for it. But the important factor vwhich urges cod to migrate towards the
northern Gulf at this pariod of the year is doubtless reproduction.
Indeed, at the beginning of this migration, the major part of the cods
are ripe and ready to spawn since in the Gulf reproductibn occurs during
sumper and early autumn, from June to September with a peak at the end
of June - early July (Mc LENZIE, 1956 ; POWLES, 1958). 30, reproduction
occurs lattar for this stock than for the sedentary stocks and we can
suppose that cod waits for the end of its northward migration before
reproducing., In autumn, after the reproduction, cod enters into an
active feeding period (POWLES, 1958) that can drive it, in its search
for Pood and specially capelin, to undertake movements towards the
extarior of the Gulf through the Strait of Belle Isle, as shown by
the recaptures racorded until December by TEMPLEMAN (1974) ofr the
south~eagt coast of Labrador and the east coast of Newfoundland. when
the water temperatures become colder at the begirming of winter, the
fish goes back im the Gulf and then its biological cycle is completed.

However, aven if the few factors studied in this paper have
an influence on these movements, they are insufficient to axplain the
anmal migration cycle,undertaken during all its 1ife by cod which
obay to hereditary characteristics.
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Tahle 1. Recaptures by seasonal periods of cod tagged during the two experiments in ICNAF Div. 4R
(19 January - 1st February 1975 and 10-17 January 1976) and in ICNAF Div. 3P (15-23
February 1975 and 2-8 March 1976).

Place of 4R : 3P ;
tagging . T . T
Periods of . 1975 1 1976 ; 1975 ! 1976
recaptures : Experiment 1 Experiment . Experiment ) Experiment
: 1 t T
1975 6 1 - 1 3 1 -
Jamiary-April : ! 1 !
1976 : 3 ! 8 H Q ! 12
: ! H |
: T : !
May-August 1975 | 5 i - : 3 : - é
: ! ] !
: T : ! )
s ! : !
September-December
1975 ° 0 : - : 0 ! -
H H !
H ! 1 1
o F Yoa

Lt (em)

llll"rlTlfIlllllll'l"‘l"”Th-llll"‘fl_l_
1 4 45 82 1] [ 1) n n 82 .+ ] 4 0 s N2

Fig. 1. - Length (Lt) frequencies of cod tagged during the experiments
of 1975 and 1976 in ICMAF Divisionas 4 R and 3 P,
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2. — Pogition of the hydrographic sections carried cut on board
the R/V Cryos in Divisions 4 R and 3 P during the winter of
1975,
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3. - Cod tagged in the Gulf of St. Lawrence (4 R). - Recaptures
Prom Jamuary to April 1975-1976 after the 1975 experiment.
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Fige 4« = Cod tagged in the Gulf of St. Lawrence (4 R). - Recaptures
from Jamuary to April 1976 after the 1976 experimant.
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Fige 5. - Cod tagged on the south-western banks of Newfoundland (3 Pns).-
Recaptures from Jamaary to April 1975 after the 1975 experiment.
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Fige 6. - Cod tagged on the south-western banks of Newfoundland (3 Pns).-
Recaptures from Jamary to April 1976 after the 1976 experiment.
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Fige 7. - Cod tagged in the Gulf of St. Lawrence (4R ). - Recaptures
from May to August 1975 after the 1975 experiment,
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Fig. B. - Cod tagged on the south-western banks of Newfoundland (3 Pns).-

Recaptures from May to August 1975 after the 1975 experiment.
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Fige 9. — Distribution of water temperatures as given by the 3 hydro-
graphic sections in the Gulf of St., Lawrence (4R). -
Section I -~ St. Paal's Bay - 29 Jamuary 1975
Section II - Cape St. Gregory - 27 Jamaary 1975
Section IIT - Port au Port Peninsula — 1st February 197s,
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Fig. 10. - Distribution of water temperaturss as given by the 2 hydro-

graphic sections on the south-western banks of Newfoundland

{3 Pns}., -

Section I - Burgeo/Rose Blanche - 13 February 1975

B 13

Section II - St. Pierre and Miquelon - 23 February 1975
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Fige 11, - Sexual state of cod in the Gulf of St. Lawrence (4 R) during
the winters of 1975 and 1976. - Percentages of immature fish
(1) and of the different stages of the cod reproductive cycle
(II - Ripening, III - Ripe, IV - Spawning, V - Spent and VI -

Recovering).
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Fig. 12, - Sexual state of cod on the south-western banks of Newfoundland

(3 Pns} during the winters of 1975 and 1976. - Percentages
of immature fisk {I) and of the different stages of the cod
reproductive cycle (II - Ripening, IIT - Ripe, IV - Spawning,
V - Spent and VI - Recovering). '
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Fige 13. - Determination of the winter Ffeeding activity of cod in the
Gul¥ of St. Lawrence (4 R) and on the south-western banks of

Newfoundland {3 P). - Percentages of cod stomachs examined
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Stages of Replation

according to their stages of Repletion
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3
+

- Empty stomachs

- Une-guarter full

- Half - ua1.

- Three~quarter full
- Jompietely full

‘N = Number of stomachs examined).
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