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Abstract

The distribution of beaked redfishes of the genus Sebastes in the Gulf of St. Lawrence was determined from bottom-trawl surveys
in summer, autumn and winter during 1976-81. Redfish were found in depths greater than 180 m where bottom temperatures ranged
from 2° to 7° C. They were distributed throughout the deepwater areas of the Gulf during summer and early autumn but migrated
southward and eastward during autumn and early winter to become concentrated in the southeastern region of the Gulf. Juvenile
redfish tended to prefer somewhat shallower depths than adults. Small redfish (~15 cm), indicative of successful year-classes, were
found to be concentrated mainly in the nursery area in the northern part of the Esquiman Channel in summer, but, as they became
older, they were more dispersed throughout the Gulf.

Intraduction

During 1947-50, exploratory trawling by the
research vessel Investigator, operating from the St.
John's Biological Station, Newfoundland, indicated
the presence of an extensive population of redfish
(Sebastes sp.) in the deep channels of the Gulf of St.
Lawrence (Templeman, 1959). Commercial exploita
tion began in 1951 and nominal catches increased
rapidly to a peak of 50,000 (metric) tons in 1955. After
several years of low fishing intensity, catches again
increased and exceeded 60,000 tons annually during
1966-75, with a peak catch of 130,000 tons in 1973
(ICNAF, 1957-80). The subsequent rapid decline in
catches to about 15,000 tons in 1977-78 and the urgent
need for scientific advice on conservation measures
resulted in intensification of research vessel surveys
during the late 1970's.

Various researchers have described the distribu
tion of redfish in the Gulf of 81. Lawrence on the basis
of commercial fishing activity and sporadic research
vessel operations (Steele, 1957; Templeman, 1959;
Bergeron, 1961; Martin, 1961; Koeller and LeGresely,
MS 1981).These descriptions either were superficial in
nature or dealt with localized areas, and no study to
date has examined the annual and seasonal changes in
redfish distribution throughout the entire Gulf. Such
information is essential for understanding the biology
and population dynamics of redfish in the region and
for the successful management of the commercial
fishery.

Templeman and Sandeman (1957) recognized the
existence of two varieties of redfish in the Newfound
land area (mentel/a-type and marinus-type, which

were subsequently called Sebastes mentella and S.
marinus). Templeman (1959) noted that both types
were present in the Gulf of St. Lawrence, the major
concentrations consisting of S. mentella (beaked red
fish). This observation has recently been confirmed by
Ni and McKone (1983). Ni (1982) has shown that
beaked redfish of the Northwest Atlantic are composed
of two species, S. mentella and S. fasciatus, and that
the two species occur in the "Gulf of St. Lawrence, but
separation can only be achieved through dissection
(Ni, 1981) or biochemical techniques (Payne and Ni,
1982). Because the existence of the two species was
unknown at the time of the surveys in 1976-81, this
paper deals with the distribution and abundance of
beaked redfishes (hereinafter referred to as redfish) in
the Gulf of St. Lawrence.

Materials and Methods

The study area (Fig. 1) includes all depths where
redfish are found throughout the Gulf of St. Lawrence.
The summer (July-August) surveys in 1976 and
1978-81 were conducted with a Yankee No. 36 shrimp
trawl according to the stratification scheme (described
briefly by Atkinson, 1984) which was originally
designed for shrimp surveys. The autumn (September
October) surveys in 1977-80 were conducted with a
Yankee No. 41.5 otter trawl and the winter surveys
(January-February) in 1978-81 with an Engels high
rise otter trawl. These surveys were carried out accord
ing to the standard stratified-random design for
groundfish surveys in the Gulf of St. Lawrence (Dou
bleday, 1981). All tows were typically of 30-min dura
tion at a speed of 3.5 knots (108 m/min). Additional
information on the surveys is listed in Table 1.
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The Gulf of St. Lawrence showing NAFO divisions and place names mentioned in the text. (Dashed lines are the boundaries
of the four zones noted in Table 2.)

TABLE 1. General information on research vessels and surveys in the Gulf of St. Lawrence, 1976-81.

Beothic Venture Vicki & Brothers A. T. Cameron Gadus Atlantica

Vessel overall length 22 m 26 m 56 m 80 m
Otter-trawl type Yankee No. 36a Yankee No. 36a Yankee No. 41.5 Engels high-rise
Effective codend mesh 13 mm 13 mm 32 mm 32 mm
Time of surveys Summer (Jul-Aug) Summer (Aug) Autu mn (Sep-Oct) Winter (Jan-Feb)
Fishing hours Daylight Daylight Day and night Day and night
Number of tows - 1976 110

1977 49
1978 120 95 107
1979 112 66 81
1980 161 43 125
1981 134 134

a Modified for catching shrimp with 38 mm mesh size throughout.

At each fishing station, the redfish catch was
quantified by weight and number and fish sizes were
recorded as fork length to the nearest centimeter. Dur
ing this process, golden redfish, (S. marinus) which are
not considered in this paper, were separated from
beaked redfish. Analysis of the redfish data involved
separation of the length frequencies into two size cate
gories termed "small" (~25 cm) and "large" (>25 cm) in
this paper. This dividing size was used because it has
been considered traditionally as an appropriate refer
ence size for the separation of sexually immature and
mature redfish at approximate ages of 9-10 years.

Differences in trawls used during surveys in differ
ent seasons undoubtedly affected the total numbers of
redfish caught as well as the relative proportions of

small and large fish. However, catchability of a particu
lar gear type was not expected to change from one area
of the Gulf to another or from one year to the next.
Consequently, to illustrate the spatial distribution of
small and large redfish in each season, the survey data
collected during 1976-81 were combined by season
and average catches (numbers) per 3D-min tow were
calculated for each quadrangle of 30' lat. and 60' long.
To illustrate temporal trends in size composition of the
population by season, the catch length frequencies for
each survey were weighted by the size of the approp
riate depth strata and standardized to number per
1,000 fish.

The relationship between catch and depth in each
of the three seasons was examined by assigning each
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catch of small and large redfish to one of seven depth
intervals (~140 m, 141-180 m, 181-220 m, 221-260 m,
261-300 m, 301-340 m and >340 m) and calculating
mean numbers per 30-mi n set over the 4-5 year periods
pertinent to the seasonal surveys. Similarly, the rela
tionship between catch and temperature was exam
ined by using seven temperature ranges (~1.0°,

1.1-2.00
, 2.1-3.00

, 3.1-4.00
, 4.1-5.0 0

, 5.1-6.00 and
>60 C). No temperature data were available for the
summer survey in 1980, and consequently the mean
catches pertain to four surveys for this comparison.
Statistical analyses were attempted to test the null
hypothesis that no differences existed in the relation
ship between catch per tow and depth or temperature,
but these were not considered feasible in view of the
great variation in sample size and widespread hete
rogeneity and non-normality of variances.

Results

Seasonal distribution

From the summer surveys in 1976 and 1978-81,
small redfish (~25 em) were found to be distributed
throughout the Gulf of 81. Lawrence (Fig. 2A). The
largest average catches (>4,000 fish per set) occurred
in the northern part of the Esquiman Channel, and
catches exceeding 2,000 fish per tow occurred off Port
au Port Bay and Bay of Islands, Newfoundland, and in
various quadrangles south and east of Anticosti Island.
Large redfish (>25 cm), although much less abundant
than the small ones, were also present in variable quan
tities throughout the Gulf in summer, the main centers
of concentration being in the deepwater area extend
ing eastward from Anticosti Island to St. George's Bay
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Fig. 2. Dtstribution of small and large redfish (mean number per tow) in the Gulf of St. Lawrence from (A, D) summer surveys in 1976, 1978-81,
(B, E) autumn surveys in 1977-80, and (C, F) winter surveys in 1978-81. (Number of tows in the upper right corner of each quadrangle.)
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and in the Laurentian Channel west of Anticosti Island
(Fig. 2D). Large redfish were not particularly abundant
in the northeastern part of the Gulf where the largest
catches of small redfish were obtained.

The autumn surveys in 1977-80 (Fig. 2B, E) did not
cover the same quadrangles in all years nor was the
coverage as good as that in summer due to unfavorable
weather conditions. As was evident during the summer
surveys, small redfish were still found throughout the
surveyed area in the autumn of all years, but there was
a significant change in distribution. The largest catch
es occurred in the region between the eastern end of
Anticosti Island and western Newfoundland south of
Bay of Islands, and catches were much smaller in the
western and northeastern Gulf regions where small
redfish were abundant in summer. Large redfish were
concentrated in the same general area as the small fish
and also southward from St. George's Bay to Cabot
Strait. Their abundance west of Anticosti Island was
evidently much lower in autumn than in summer.

The winter surveys in 1978-81 (Fig. 2C, F) were
generally affected by ice conditions and the coverage
varied from year to year. Nevertheless, the available
observations indicate the scarcity of both small and
large redfish in the western and northern parts of the
Gulf and their concentration off southwestern New
foundland. The small redfish tended to occupy the
northern part of the overwintering area off Port au Port
Bay and S1. George's Bay, and the large fish were
concentrated from St. George's Bay southward to
Cabot Strait.

Athough these surveys were conducted by differ
ent vessels with different trawls and the coverage var
ied from season to season and year to year, the results
indicate a definite movement of redfish from their
summer-feeding grounds in the northern half of the
Gulf to an overwintering area in the Laurentian Chan
nel off southeastern Newfoundland. The summer con
centrations of small redfish in the northeastern Gulf
and of both small and large redfish around Anticosti
Island had virtually disappeared at the time of the win
ter surveys.

Length distributions

The length distributions of redfish in the Gulf of St.
Lawrence (Fig. 3) show the progression of successful
year-classes of the early 1970's. The summer survey of
1976 revealed the presence of a strong year-class
(probably 1974) with modal length of 10-11 cm. This
year-class occurred mainly in the northeastern part of
the Gulf (Zone 1) in the summer of 1976 (Table 2) but
was found to be dispersed throughout the Gulf in sub
sequent summer surveys (1978-79), with the greatest
concentrations of small fish in Zones 3 and 4. The
summer and autumn surveys after 1976 (Fig. 3) indi-

TABLE 2. Percentages of small redfish (~25 cm) by zone in the Gulf
of 81. Lawrence based on population numbers estimated
from stratified-random trawl surveys in summer, 1976 and
1978-81.

Zone 1976 1978 1979 1980 1981

1 72.4 29.7 14.9 20.4 58.3
2 17.2 19.6 4.5 12.7 16.9
3 5.2 21.8 37.2 43.5 14.5
4 5.2 29.9 43.4 23.4 10.3

cated that this year-class declined rapidly in abun
dance relative to the adjacent modal group of larger
fish, but it remained relatively important during the
winter surveys of 1978-81, when most of the redfish
were concentrated off southeastern Newfoundland.

The summer and winter surveys of 1981 (Fig. 3)
revealed the presence of another relatively strong
year-class (probably 1980) with modal lengths of 7 cm
in winter and 9 cm in summer. Associated with the
appearance of this year-class was another increase in
abundance of small redfish in Zone 1 in 1981 (Table 2),
confirming the importance of the northern Esquiman
Channel as a nursery area for redfish during the first
year or two of their life. It is obvious that the shrimp
trawl used during the summer surveys caught a greater
proportion of small redfish than the otter trawls used
for the autumn and winter surveys. The large redfish
(>30 cm) that were apparent during the autumn and
winter surveys represent the very strong year-classes
of 1956 and 1958.

Distribution by depth and temperature

During the summer surveys (Fig. 4A), small redfish
were concentrated primarily in depths of 181-260 m,
whereas the large fish were found mainly in 221-300 m
but also in quantity at greater depths. During the
autumn surveys (Fig. 4B), small redfish were found
over a wider depth range than in summer, being fairly
evenly distributed over four depth intervals (181
340 m), whereas the catches of large fish exhibited a
bimodal distribution with the largest concentration in
301-340 m. The changes in distribution from summer
to autumn indicate movement of both small and large
redfish to deeper areas. The winter surveys (Fig. 4C)
show an intensification of concentration of large red
fish in deepwater areas with greatest abundance at
depths greater than 300 m. Small redfish, on the other
hand, were concentrated mainly shallower in 181
220 m. These changes in depth distribution of small
redfish are reflected in their migration from summer
feeding grounds in the western and northeastern parts
of the Gulf through the deep channels to shallower
water off the southern part of western Newfoundland
(Fig. 2).

Both small and large redfish were found over a
wide range of bottom temperatures (Fig. 5A). The



ATKINSON: Redfish Distribution in Gulf of St. Lawrence 193

100

50

100

50

150

100

'0
c

50 t:U
en
::J
0
:;
Q)

150 a.
Q)
.0

100 E
::J
Z

50

0

100

50

0

150

100

50

50

0

50

100

1980

C Winter 1978

_ 77

I---

1979

1978

1976

1981

1980

SummerA

50

50

200

150

250

100

150

50

350

300

250

200

150

100

1:)
c
~ 100
::J
o
:; 50
Q)
a.
Q)
.0

~ 150

Z L...- A

10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

Length (em)

Fig. 3. Length distributions of redfish in the Gulf of St. Lawrence from (A) summer, (B) autumn, and (C) winter surveys during
1976-81.

mode at 2.10 to 3.00 C for small redfish was mainly due
to the catch in 1976 of large numbers of juveniles (Fig.
3A) in relatively shallower depths in the northeastern
area of the Gulf (Fig. 2A). In the autumn (Fig. 5B), both
small and large redfish preferred temperatures higher
than 4.00 C, with greatest abundance where tempera
tures exceeded 6.00 C, and this pattern was even more
pronounced in winter (Fig. 5C) when about 700/0 of both
small and large fish were taken in areas where temper
atures exceeded this value (averages of 6.70 and 6.80 C
for small and large fish respectively).

Although average bottom temperatures during the
autumn surveys were slightly lower at shallower

depths than those recorded during the summer and
winter surveys, the overall patterns were quite similar
in the three seasons (Fig. 6).

Discussion

The existence of redfish concentrations off the
south coast of Anticosti Island has been well docu
mented (Steele, 1957; Bergeron, 1961; Kohler, MS
1968). The summer and autumn surveys of 1976-81
also showed that small and large redfish were concen
trated in that region, indicating preferred environmen
tal conditions of long standing. Also, the persistence of
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Fig. 4. Distribution of small and large redfish by depth interval in the
Gulf of St. Lawrence from (A) summer surveys in 1976 and
1978-81, (B) autu mn surveys in 1977-80, and (C) winter sur
veys in 1978-81.
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redfish concentrations off Cape Gaspe and Bird
Rocks, as reported by Kohler (MS 1968) and Koeller
and LeGresely (MS 1981), was confirmed in the pres
ent study, but the recent catches in these areas con
sisted mainly of large fish in contrast to the relatively
higher abundance of small fish in other areas of the
Gulf, particularly in summer.

During sporadic surveys of the Gulf of St. Law
rence in the 1960's, small redfish were found in the
summer of certain years at various locations in the Gulf
(north of Anticosti Island, off Cape Gaspe, off Bay of
Islands, and in northern Esquiman Channel), but the
strongest year-classes were located primarily in the
last two areas (unpubl. cruise reports, Biological Sta-

tion, St. John's, Nfld.). The results of the summer sur
veys in 1976 and 1978 indicate that, when large
numbers of small juveniles were present in the Gulf
(Fig. 3A), they were found predominantly in the Esqui
man Channel, which is considered to be the primary
nursery area.

The concentration of redfish in the southeastern
region of the Gulf in winter, as shown by the results of
surveys during January-February in 1978-81, indi
cates that this species undergoes extensive seasonal
migrations. This type of movement from the northern
Gulf to overwintering areas in Cabot Strait or outside
the Gulf has been reported for Atlantic cod (Gadus
morhua) by Templeman (1962,1974,1979) and Minet
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November and redfish were generally found in all areas
surveyed (unpubl. cruise reports, Biological Station,
81. John's, Nfld.), although relative distributions can
not be determined from these data. An indication of the
time of dispersal of redfish throughout the Gulf cannot
be obtained from the data presented in this paper.
However, during a survey in May 1967, the largest
catches of redfish were obtained in the southeastern
part of the Gulf. Very few redfish were caught in the
northern part of the Gulf, and, because the echo
sounder records showed no evidence of pelagic con
centrations of fish, redfish were assumed to emigrate
from the Gulf in winter and return possibly in June.
Steele (1957), from investigations off Cape Gaspe in
the western Gulf, reported that the average catch per
tow increased substantially from June to October 1953
and that catches were again small when fishing was
resumed in May 1954.

I f I I

141-180 181-220 221-260 261-300 301-340 >340
Depth (m)

Changes in average bottom temperature with depth, from the
summer, autumn and winter surveys of the Gulf of St. Law
rence during 1976-81.
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(1978), for Greenland halibut (Reinhardtius hippoglos
soides) by Bowering (1982), and for witch flounder
(Glyptocephalus cynoglossus) by Bowering and Bro
die (1984). The formation of dense concentrations of
redfish in deep water along the northern edge of the
Laurentian Channel at the entrance to the Gulf in win
ter is well known to trawler fishermen. This movement
of redfish to the Cabot Strait area is not restricted to
large (mature) fish (Fig. 2C). However, there is some
indication that most of the small redfish overwinter just
inside the Gulf off Port au Port Bay and S1. George's
Bay.

Koeller and LeGresley (MS 1981) regarded the
redfish along the southern slope of the Laurentian
Channel from Cape Gaspe to the Bird Rocks and
southeastward in Cabot Strait (Fig. 1) as a separate
stock. Although survey coverage of this part of the Gulf
was not as good in autumn and winter as the coverage
of other areas, there are indications that these fish also
overwinter in the Cabot Strait area. Whether these fish
remain on the southern slope of the Laurentian Chan
nel in the Cabot Strait area or mix with those over
wintering on the northern slope off southwestern
Newfoundland is unknown at present, but the depth of
the Channel (450-500 m) is not a restrictive barrier for
redfish (Templeman, 1959). Sandeman (MS 1973)
regarded the redfish in the Gulf of S1. Lawrence as a
single stock.

There is some indication that both small and large
redfish begin their migration toward the southeastern
part of the Gulf in late summer or early autumn (Fig. 2).
Examination of data from the individual winter surveys,
two of which occurred in January and two in February,
indicates that migration may be still taking place in
January, because redfish were less concentrated in the
overwintering areas in January than in February.
Occasional surveys of parts of the Gulf in the late
1950's and early 1960's were usually made in

During the summer and autumn surveys in
1976-81, redfish were found mainly in depths of 181
340 m. This is consistent with the findings of other
researchers from more restricted areas of the Gulf
(Steele, 1957; Templeman, 1959; Bergeron, 1961). Dur
ing the winter surveys in 1978-81, small redfish were
found in approximately the same depth range as in
summer and autumn (181-300 m), but the large fish
moved deeper and were most abundant in depths
exceeding 300 m. That the small redfish were generally
found shallower than the large fish is not surprising,
because stratification of redfish size by depth is a well
known phenomenon (Perlmutter, 1953; Schroeder,
1955; Templeman, 1955, 1957, 1959). The indication
from the 1976-81 surveys that redfish tend to be deeper
in winter than in summer was inferred also by Temple
man and Pitt (1961) from their examination of data
reported by Travin (1959) for the Northwest Atlantic.

From summer surveys in the Gulf of S1. Lawrence,
Templeman (1959) reported that redfish were found
mainly in areas where temperatures were between 3°
and 5° C and that temperatures of the deepwater layer
were usually not higher than 5.5° C. His observations
were generally in agreement with those of Taning
(1949) for redfish in Greenland waters. Results from
the summer, autumn and winter surveys in 1976-81
(preferred temperatures in the range of 2° to 7° C)
support these earlier observations, although the maxi
mum temperature was somewhat higher than during
the time of Templeman's investigations. Trites (1972)
indicated that temperatures below about 170 m in the
Gulf remained quite constant and warm throughout
the year, and Budgen (1981) noted that the warm deep
water layer below 100 m has no resolvable seasonal
cycle and only undergoes longer term changes. There
fore, the movement of large redfish to deeper water and
their migration from the western and northern parts of
the Gulf cannot be attributed to cooling of the deep
water layer.
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The winter concentrations of large redfish at the
entrance to the Gulf are unlikely to represent premat
ing aggregations, because copulation presumably
occurs in the autumn. According to Steele (1957),
gonad development in Gulf redfish fit the pattern des
cribed for redfish in Northeast Atlantic waters where
mating occurs during October-January (Magnusson,
1955) or August-October (Sorokin, 1961). Also, the
concentrations are not necessarily preextrusion
aggregations, as occurs in European waters (Sorokin,
1961), because the larvae are not released until May
July (Steele, 1957), when the redfish are dispersing
throughout the Gulf. In fact, the presence of early stage
redflsh larvae throughout most of the Gulf (Frost, 1938;
Steele, 1957; Templeman, 1959; Day, 1961) indicates
that the adults are widely dispersed at the time of larval
release.

According to Sandeman (MS 1973) from observa
tions during the 1950's and 1960's, year-class strength
of redfish in the Gulf of St. Lawrence fluctuates greatly.
If larvae are extruded when the adults are concentrated
in the Laurentian Channel from Cape Gaspe to Cabot
Strait, the eastward flow of the Gaspe Current would
eventually carry them out of the Gulf, resulting in poor
year-classes (Templeman, 1959). Infrequently, the dis
persion of redfish to the northern Gulf areas may be
earlier than usual or the extrusion of larvae may be
delayed. In either case, the chances of larval survival
are greatly improved if extrusion occurs in the northern
part of Esquiman Channel, which apparently is the
main nursery area for small redfish. Extensive surveys
of the Gulf in spring and early summer for several years
would be required to determine if variation in the dis
persal and distribution of adults are associated with
year-class success and failure.
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