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Introduction .

Over 300 species of macrourid fish have been identified throughout the oceans of the
world and of these, more than 90% occupy the continental slopes between depths of about
200 and 2000 m (Marshall 19656). At least seven species have been found off the coast of
eastern Canada {(Liem and Scott 1666). The two largest of these are the roundnose
grenadier {Corvphaencides rupestris Gunnerus 1765) and the roughhead grenadier
{ Macrourus berglax Lacépéde 1802), both of which are fairly widely distributed aleng the
continental slope {Parsons 1976). Of these, the roundnose grenadiers are present in the
greatest quantities and are exploited commercially under quota regulation imposed through
the Northwest Atlantic Fisheries Organization (NAFO). .

Parsons (1976) described the distribution and relative abundance of these two
apecies ofif the east coast of Canada based on the results of Canadian research surveys
conducted in the area from 1958-1973. This paper presents an update of this work based
on the results of Canadian research surveys conducted from 1974-1986.

Materials -and Methods

Data concerning the distribution of the two species of grenadier were obtained from
bottorn traw! research surveys conducted by wvarious wvessels operating out of the
Newfoundland Region of the Department of Fisheries and Oceans from 1974 to 1986.
Trawling was carried out using either a No. 41-5 Yankee otter trawl, a No. 36 Yankee
shrimp trawl, a Spuinik shrimp trawl or an Engels High Lift otter trawl. All nets
-contained a é0 mam liner in the codend and towing was normally at 3.5 knots for 30 min.
No adjustments were made for any possible differences in catchability between the
different gears. Fishing was carried out in depths of less than 200 m to depths greater
than 1250 m and set allocation was not made on the basis of grenadier distribution.
Distribution of successful sets by units of %2 degree latitude by 1 degree longitude are
shown in Figure 1.

The data were first analysed by species for distribution of average catches (kg) by
units of % degree latitude by 1 degree longitude. In addition, the average catches (kg), the
mean weight of individual fish (kg) and the mean bottomn temperatures were caiculated
for 100 m depth interwvals by NAFO Subarea and Division. Finally, the sex ratios of the two
apecies were examined by depth range and NAFO Subarea and Division.

SPECIAL SESSION ON DEEPWATER FISHES

Results
Rounduiose Grenadier

This species was primarily taken along the continental slope from about é6° N to
the southern tip of the Grand Banks and west towards the Gulf of St. Lawrence (Figure
2). The Jargest catches were found off West Greenland (S4 1), and off Labrador {(Div.
2GHJ}. Slightly smaller quantities were found off northern and ceniral Newfoundland
{(Div. 3K and northeasiern Div. 3L). A few specimens were taken around the edge of




Fiemish Cap and the Grand Banks as well as along the Laurentian Channe! outside the Gulf

of St. Lawrence. Only cne was caught In the gulf itself, and this was taken in the
southeastern part. -

Roundnose grenadier were not found in significant amounts in depths of less than
about 500 m (Table 1 and PFigure 3). In the areas of the largest mean catches (SA 1, Div.
2GHJ), the greatest weights were usually taken in about 500-1000 m {largest being 1674 kg
per standard tow in 801-900 m in Div. 2H) with catches decreasing beyond these depths.
Mean bottorn temperatures in these depths ranged from about 2.0-4.5°C. In the area of the
greatest commercial effort (Div. 3K), catches were fairly stable from about 500 m to the
greatest depths fished (largest being 137 kg per standard tow in 901-1000 m), in mean
bottom temperatures of 3.4-3,9°C. In the more southerly areas of SA 3, the largest catches
were generally taken between 601-700 m (largest being 22 kg per standard tow in Div. 30)
corresponding to bottom temperatures of 3.5-3.9°C. In divisions 3P and 4RST, where
catches were the smallest (<1 kg per standard tow), bottom temperatures were above
5.0°C. Throughout the entlre area, some roundnose grenadier were taken in bottom
temperatures as low as 1.5°C and as high as 6.1°C.

Average fish weights ranged from 0.03-0.93 kg in the area surveved (Table 2 and
Figure 4). Generally, in depths of the grealest concentrations (>500 m), there was a
gradual increase in size of the grenadier with depth 1n the more northern areas {eg.
0.56~0.86 kg in Div. 2J) down to about Div. 3K. Further south, fish size with depth was

uite variable. The mean fish weights were lower in cubareas ¢ and 1 {particularly S4 1)
?about 0.2-0.3 kg) than those in SA 2 (about 0.55 kg) and Div. 3M (about 9.4 kg). Fish in
SA 3 were also somewhat smailer (0.2-0.4 kg) than those in SA 2. A few large fish were
taken in depths of 201-300 m in divisions 3L and 3N (0.9 kg) and some very small fish
(0.03 Kg) were taken in Div. 3N.

The sex ratios (Table 3 and Figure 5} do not indicate any trends with depth or
geographic area. Overall the ratio is about 60% males and 40% femaies.

Roughhead Grenadier

The largest catches of roughhead grenadiers were generally less than those of
roundnose grenadier but the roughheads appear to be more widely distributed. They were
caught from the western and southern Grand Banks in the south to as far north as about
69° N between Baffin lsland and Greenland (Figure 6). The best average catches were off
the north and east siopes of the Grand Bank (Div. 3LN) (10~26 kg per standard tow). Good
catches were also obtained in SA 0 and 1 between Baffin Island and Greenland (8-12 kg per
standard tow). Off central Labrador, catches were intermediate (6-10 kg) between those
in the more northern and southern areas. Only small catches were taken along the west
slope of the Grand Bank and in Div. 3P a3 far west as off the eastern part of St. Plerre
Bank. None were taken in the Gulf of St. Lawrence.

There were no significant catches of roughhead grenadiers made in depths of less
than 200 ra, but they were taken from 200 m to the greatest depths fished (Table 4 and
Figure 7). In the more northern areas there is an apparent trend in average catches with
depth” with catches peaking at about 701-900 m (at maximum levels ¢f 10-15 kg per
standard tow) then decreasing at greater depths. Bottom temperatures at these depths
ranged between about 2.5-4.5°C. Further south (dfvistons 3L and 3N), significant catches
were made in somewhat shallower waters (301-500 m) as well as at the greatest depths
fished (9-19% kg per standard tow). Temperatures averaged about 1.0-4.2°C in this area.
Only few roughheads were taken in divisions 30 and 3P (generally <5 kg per standard
tow) and bottom temperatures were above 5.0°C.

The fish ranged in weight from 0.25-1.22 kg throughout the surveyed area but
generally were between about 0.5-0.9 kg. Overali, there does not appear tc be any definite
trend with regard to fish size and depth (Table 5 and Figure &) but it can be seen that in
many instances larger fish were taken in the shallowest depths (even though the overall
amounts caught were small). In some areas (eg Div. 26 and 2J) the data may be
interpreted to suggest a slight increase in weight with depth to about 800 m followed by a
gradual decline on moving deeper. Fish weights in subareas 0 and 1 appear to be lower, on
average (0.38-0.48 kg), than those from the more southern areas where weights ranged
from about 0.6-1.19 Kg. Fish welghts increase somewhat moving from north to south.

An examination of sex ratios {Table ¢ and Figure 9} does not indicate any clear
trend with depth but it may be argued that the percentage of females increases from
north to south, going from about 50-55% in subareas 0 and 1 tc about 89% in Div. 3P.



Discussion
Roundnose Grenadier

Roundnose grenadier have previousty been reported to dwell along the continental
slopes as far north as about 66°N in both the northwest Atlantic (Marshall and Iwamoto
1973) and the northeast Atlantic {Fliassen MS 1983a). The resulis of the Canadlan surveys
in the north, to about 70°N, confirm a northern limit of the range in Davis Strait to about
66°N. A total of 4 specimens (0.1% kg) were taken alt 66° 28.5'N but none were captured
north of this. In the northeast Atlantic, this species has been feund further north along
the coast and in the fjords of Norway (Eliassen MS 1983b) however, there are no reports
of similar fifldings in the more northern coasta! waters of West Greenland. .

Parsons (1976) reported that based on research data collected between 1958 and 1973,
catches were greatest off Funk Island Bank (Div. 3K), Hamilton Bank (Div. 2J) and the
northern third of Labrader (Div. 2GH). More recent data indicate that the largest
concentrations reside off West Greenland (SA 1) {an area not included to a large extent in
Parsons' (1976¢) database) and in in NAFO divisions 2GHJ. The present study, howewver,
indicated somewhat smaller catches of roundnose grenadier in Div, 3K. It has been
hypothesized (Chumakov and Savvatimsky MS 1983) that the cooling of the water masses
in the northwest Atlantic in the 1975-1983 pertod resulted in a dispersal of roundnose
grenadier along with movement into deeper, waririer waters since the species forms the
densest concentrations when temperatures are above 4°C. Using their argument, any
cooling should have resulted in a drop in the catches of roundnose in all areas, not just in
Div. 3K. Comparison of the two data sets however, would suggest a disproportionate drop
in Div. 3K. A comparison of mean temperatures at depth between Parsons' (197¢) study
and this paper does not indicate any major shift in bottom temperatures in the two time
periods between about 500-1000 m. The average temperatures (about 3.4-4.0°C), while
below those suggested by Chumakov and Savvatimsky (MS 1983) as being preferred, do
not appear to be at the limits of the species' tolerance {cf. Eliassen MS 1983b, Magnisson
MS 1977). Eliassen (M3 1983b) does suggest that roundnose grenadier adapt to quite
different temperatures in different regions of the continental siopes of the north Atlantic.

Since its inception in 1967, the commercial fishery has primarily been prosecuted
in Div. 3K. Savvatimsky and Shafran (MS 1981) noted that from 1967-1970 this fishery,
conducted over a limited area of the continental slope in Div. 3K, appeared to adversely
affect the stock here. They also state that after 1971 the fishing grounds in Div. 3K
expanded and the stock in this area appeared to recover basedzon mean fish lengths.
Parsons' (1976) research data from 1958 to 1973 only entoriipassed 7 years of the
commercial fishery when landings from Div, 3K averaged about:17,500 t and standardized
catch rates rematned quite high (Atkinson and Power MS 1987). Since 1973 annual landings
from Div. 3K have averagéd only about 8000 t and standardized'catcﬁfates have declined
considerably (from abcut 2 t/hr in 1973 to less than 1 t/hr in 198171985} (Atkinson and
Power MS 1987). The apparent change in abundance in Div. 3K from the, earlier period
may thus be a reflection of the commercial fishery.

The results of this study cenfirm previous work (eg. Parsons 1976, Savvatimsky
1972) that in the northwest Atlantic relatively few roundnese grenadier are found south
of Div. 3K. Very few were taken in the depths fished in Div. 3L and south between 1974
and 1986. In Div. 3P and the Gulf of St. Lawrence bottorn temperatures were higher on
average than those of other areas, usually being above 5.0°C. The species is known to
range as far south as Cape Hatteras (Liern and Scott 1966).

Very few roundnose grenadier are present in depths less than 500 m. Parsons
{1576) reported that in the northwest Atlantic overall, only small numbers of roundnose
grenadier were caught at depths less than about 366 m. Examination of his data indicates
that except for some large catches in Div. 2G (1046 kg based on 2 sets in 367-410 m) very
few were taken in depths less than 276 fathems (505 m). [t has been reported (Forest e:
a/ MS 1978) that in SA 0 there were no catches in depths less than about 200 fathoms (366
m) and very few between 200-300¢ fathoms (366-549 m). The largest catches were taken in
two strata with a combirned depth range of 300-700 fathoms (449-1280 m). Berth and
Vaske (MS 1980} reported that in divisions 2GHJ combined, wvery few were caught
shallower than 500 m in 1%79. Catches were greatest between about $25 and 925 m In
bottom temperatures of about 3.7-3.9°C.

_ Bavvatimsky {MS. 1983) also reported that in SA 0 and divistons 2GHJ combined,
very few roundnose grenadier were taken in less than 500 m in 1983 and 1984. In
addition, he indicated that the mean weight of roundnose grenadier caught per tow
Increased with increasing depth down te the maximum fished (1300 m in 1983 and 1500 m
in 1984) The Canadian data, however, suggest that the amounts decrease beyond about
1000 m. This may be attributed to possible changes in distribution with season, or, more
likely, to a decrease in the efficiency of the fishing trawis used by Canada beyond depths
of about 750~1000 m. Roundnose grenadler have been caught as deep as 1750-2600 m In Div.
3K and as deep as 1000-1200 m in Div. 3M {(Konstantinoy MS 1980},



Konstantinov {MS 1980) notes that this species forms commercial concentrations in
shallower waters in the north (600-800 m in SA 0) than in the south (1000-1300 m in Div.
IX) and suggests a geographic cline with depth distribution. [n the area around Iceland,
they were most abundant in 600-1000 m (Magnasson MS 1977) at bhottom temperatures of
3.2-6.8°C and along the continental slopes off the Hebredes and Rockall the largest catches
were taken in 600~900 m at temperatures ranging from 7.6-11,5°C (Eliassen MS 1983b). In
the coastal waters and fjords of Norway (north of about 66°N}, the species was taken in
350-707 m of water. In this area, bottom temperatures were guite warm, being about
6.0-6.7°C.

Although taken demersally, roundnose grenadier have also been caught pelagically.
Haedrich {1974) reported a modal distance off bottom of 480 m in the Denmark Stralts, and
Savvatimsky (1969) noted that in the northwest Atlantic, concentrations can be found to
300-500 m up from the bottom. More recently, Eliassen (MS 1983b) reported catches up to
100 m off the bottom along the coast and in the fjords of Norway, but the largest peiagic
concentrations were found only about 25 m off bottom.

Savvatimsky (1969) concluded that the largest roundnose grenadier live off Iceland
and are, on average, about 20 cm (total length) longer than those off northeastern
Newioundland (Div. 3K). In the northwest Atlantic, he, as well as Podrazhanskaya { MS
1976) found a gradual deciine in size of these fish from north to south contrary to our
resulis which show smaller fish in subareas 0 and 1. Berth of a/ (MS 1979) also found
that the roundnose grenadier in SA 0 were smaller than those in SA 2. Fish caught in Div.
3K were intermediate ln size between the two subareas, similar to the results of our
analyses. Our data also show a north-south deciine in fish size in subareas 2 and 3.

Savvatimsky (1969) stated that the length of the fish may increase gradually with
depth but never decreases. Qur data suggest more variabllity than this although in the
more northern areas there is an increasing trend in fish size with depth. [n water
shallower than 500 m, large flsh were often encountered although present in relatively

few numbers. Parsons (1976) also found that the largest fish were occasienally found in
retatively shallow water {eg. Div. 3K).

Qur study indicated that in the northwest Atlantic, the sex ratio was fairly
constant over the entire area during 1974-1986, there being about 40% fermnales and 60%
males, Savvatimsky (1969} also reported that the sex ratio was quite constant along the
whole of the continental slope regardless of season or depth being about 65% males from
1965-1968. This same researcher (Savvatimsky 1972) noted that the fishery in a small
area of Div. 3K from 1967 to 1969 had an apparent effect on the sex ratic which changed
from 39.3% to 30.8% females over this perlod. Geistdoerfer (1979) found 69.1% of the
roundnose grenadier caught to be males during experimental fishing on the continental
slope of Newfoundiand and Labrador in 1975. More recently, Savvatimsky (1982) reported
that the sex ratioc is subject to seasonal as well as year-to-year fluctuatlons and is
dependent on water temperatures.,

In the northeast Atlantic the sex ratlo Is quite different. Savvatimsky (1969) found
that only about 30% of the roundnose grenadier caught off lteland were males. Magniisson
{MS 1977) noted that in some areas off Iceland the percentage females was as high as 91%.
The difference in the sex ratios between the northeast and northwest Atlantic, along with
the fact that larger fish are found off Iceland, led Zakharov and Mokanu (MS 1970) to
suggest that the spawning area for roundnose grenadier in the north Atlantic ls off
Iceland. They hypothesized that the eggs and larvae were carried passively to West
Greenland and off Baffin [sland and eventually to the continental slope of Canada. Larger,
maturing fish migrate back to Iceland to spawn. This hypothesis was supported by
Podrazhanskaya (MS 1971) but refuted by Grigorev (1972) and Savvatimsky (1572). They
argued that because of the shape of these fish, they were probabiy not capable of the long
migrations back from Canadian waters to Iceland. Grigorev noted that juveniles (about 8
cm) were found along all of the Canadian coast as well as along West Greenland and even
in southwest lceland waters and suggested that this observation would be unlikely if
there was localized spawning off Iceland only. Savvatimsky noted that sexually mature
individuals were caught in depths of 1400-1500 m in the northwest Atlantic and that the
percentage of mature individuals increased with depth. He also concluded that the
difference in the weight-at-length of the fish off [celand and those in the northwest
Atlantic was indtcative of different stocks. These two authors proposed that spawning
takes place in the northwest Atlantic in waters deeper than those generally fished {>1000
m). Geistdoerfer (1979) has confirmed the presence of sexually mature individuals in the
northwest Atlantic and concluded that spawning tzkes place in spring. He agrees with the
observations of Grigorev and Savvatimsky above.

Roughhead Grenadier

Similar to the roundnose, roughhead grenadier are found in both the northeast and
northwest Atlantic. They have been caught along the continental slope of North America
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from Davis Strait to as far south as Georges Bank, off West and scuthern Greenland,
Spitzbergen and northern Norway (Liem and Scott 1966). They are also found as far north
as §2° 10'N along the western boundary of the Barents Sea (Savvatimsky MS 1983). The
results of this study, along with those of Parsons (1976) indicate that they are more
widely distributed in the northwest Atlantic than roundnose grenadier but in fewer
numbers. Overall, the distribution of roughhead grenadier in the northwest Atlantic from
1974-1986 was very slmilar to that reported by Parsons (1976) for the period 1958-1973.
The areas of the largest concentrations as reported here, divisions 3L and 3N, correspond
to the areas where Parsons (1976) found the largest concentrations. The concentrations
reported here in subareas 0 and 1 are in areas largely not included in Parsens' (1976)
database.

Roughhead grenadier are found in shallower depths than are roundnose
(Savvatimsky 19¢9). In the northwest Atlantic only a few were caught shallower than
about 200 m ( Parsons 1976 and this study}. Our results indicated that bottem trawt
catches peaked deeper than 300 m then decreased again beyond about 700-900 m. Parsons
(1978) concluded that In the northwest Atlantic the largest concentrations were found
between about 300-500 m although his data do in fact, indicate sizable concentrations
between 500 and about 775 m (deepest fished) in many areas. Savvatimsky (MS 1983}
found that when fishing longlines in divisions 3LMNOQ, although roughheads were caught
over the entire range fished (300-1000 m), the largest numbers of specimens per thousand
hooks were taken in depths of 400-500 m (about 65 fish), Beyond this range, catches again
decreased. Results of USSR bottom trawlings in SA 0 and divisions 2GHJ combined in 1983
and 1984 however, indicate that the highest catch rates were achleved in depths of about
600~1000 m (Savvatimsky MS 1986). Ferest of a/ (MS 1978) found that in SA 0 the highest
catch rates were achleved between about 100 and 200 fathoms (183-386 m) and these
decreased in deeper water. [n the northwest Atlantic, roughhead grenadier were found in
temperatures ranging from ahout -0.5 to 5.4°C with the largest concentrations in bottomn
temperatures of <4.0°C, Overall, they appear to be more tolerant of cooler water than the
roundnose as noted by Parsons (19763,. ‘

Around Iceland, this species has been rainly found in 350~800 m-and temperatures
of 3.0-5.0°C (Magniisson MS 1977). Along the continental slope of Norway, catch rates were
greatest in about 600-700 m (Bakken ef a/ MS 1975, Eliassen MS 1983a) although the fish
were found from 500-910 m. Bottomn temperatures In the areas of highest concentration
were between 1.0 and 4.0°C but the fish were caught in water as cold as -0.5°C and as
warm as 5.5°C (Eliassen MS i983a). Thus it appears that the distribution of roughhead
grenadier by depth and temperature is more similar in the northeast and northwest
Atlantic than that of the roundnose. Eliassen (MS 1983a) does point out that the salinity
levels at equivalent temperatures in the northwest Atlantic are somewhat lower than in
the northeast Atlantic.

Our finding, that roughhead grenadier appear to be smaller in subareas 0 and 1
than further south, can also be concluded from an examination of Parsons' (1976) data.
There is also an indication of smaller fish in SA 0 from the results of a research cruise
conducted in the northwest Atlantic by the German Democratic Republic in 1978 (Berth et
al MS 1979), Savvatimsky (MS 1983} reported that roughhead grenadier in divisions 3N
and 30 were somewhat larger than those in more nerthern areas and our results support
this finding. :

Savvatimsky (MS 1983) noted that the mean weight of roughhead grenadier was
about the same from 300-700 m then increased in deeper waters. We found, as did
Parsons (1976), that the largest fish were often found in the shallowest waters (<200 m)
although the abundance in this depth range is very low. Eliassen {MS 1983a) found a
slight increase in fish size with depth along the continental slope of Norway with the
larger fish in the deeper cooler water. He pointed out that if there is a difference in
temperature preference with fish size, then the differences in the temperature profiles
between the northeast and northwest Atlantic would explain the differences in the aize
distribution, as described by himself and Parsons (1976), in the two areas. This may
serve as a partial explanation for the observed differences, but the subsequent increase in
fish size again in the deeper waters in some areas of the northwest Atlantic (Parsons 1976
and this study) tend to suggest a more complex situation.

This study and the results of Geistdoerfer (1979) indicate that the sex ratio is
varlable but shows no trend with depth in Div. 3X and northward. Savvatimsky (MS
1983) found that in divisions 3LMNO almast all of the roughhead grenadier caught below
700 m were female. Our data suggest an increase in the percentage of females with depth
in these same divisions as well as an overall increasing trend in the percentage of females
with decreasing latltude south of subareas 0 and 1. Geistdoerfer (1979) found that the sex
ratlo varied sharply from one division to another (he examined data from divisions 2J, 3K
and 3L) rather than any trend with latitude. He also noted that the ratlo was different
depending on the season, there being a higher percentage of males in the winter in
divisions 2J and 3K. Magnlsson (MS 1978) ‘also found differences in the sex ratic at
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different times of the year. Off Iceland the percentage males was 53.7% in March but it . \
dropped to 40% in May. Ellassen and Jobling (1985) also documented changes in the sex '
ratio at different times of the year in catches of roughheads made in about 700 m off the

coast of northern Norway. The results ¢f our analyses may be complicated by the fact

that fishing in the different arcas is usualiy conducted at different times of the year and

the apparent geographic cline in sex ratios may be an artifact of this. Alternately, it is

possible that observed differences in sex ratio are a result of the relatively low sample

sizes resulting from the low densities of this species.
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Table 1: Average catch (kg) of roundnose grenadier per 30 min. trawl by dapth range (m)
in NAFO subareas /divisions and corresponding average temperatures (°C)
during ressarch surveys conducted from 1974-1986 (numbers in parentheses are

manbers of sucoessful sets).

Subzrea O Subarea. Div. 26 Div. 2H : Div. 2J
Dopth (m)  Catoh °C  Catoh °C  Catoh °C Catch °C  Cateh °C
<200 0 @-10 0 (& 23 0 (7)) 05 0 (8t) 03 0(349) 05
201-300 0 (%)) 07 0(@31) 29 + (62) 15 0 (™) 14 +(3586) 16
301-400 0 (44) 1.7 0(2%) 35 + (290 30 0(114) 30 +(421) 25
- 401-300 0 (36) 22 +(16) 39 4 (24) 37 S (98) 33 1(39%) 30
501-600 + (30) 25 + (3) 40 208 (20) 39 33 (61) 35S t1(219) 32
601-700 1t (18) 28 2 (13) 32 141 (2) 4.1 2 (14) 34 64 (25 39
701-800 3 (8 27 61 (9 36 3™ (1) 36 99 (3) 44 58 (27) 38
801-500 33 (M 26 99 (4) 32 1674 (3) 39 66 (21) 38
901-1000 19 (10) 30 589 (20 41 , 70 (4) 37
1001-1230 23 (9) 32 168 (4) 40 68 (1) - 293 () 4.1 t46 (10) 35
250 2 () 36 St (1) 38 2 (B 34

Div. 3K . Div.B Div. 3M Div. 3K Div. 30
Dopth (m)  Catch °C  Catoh °C  Catoh °C  Catoh °C  Catch °c

@0 0 42 05 0299 -05  O0(16) 38 007D 10 0(1122) 24

201-300 0(380) 16 + (629) 1.4 0 (418) 40 + (172} 23 + (189) 6.1
301-400 +(572) 28 + (379) 26 0 (195) 39 + (83) 3.4 + (93) S4
401-300 1(249) 3. + (73) 34 +(122) 38 0 (14) 32 0o (17) 50

501-600 37 (24) 39 1 (47 35 + (80 31 + (16) 353 9 (10) 4.2
601-700 0 (19) 37 11 (4% 37 + (57 37 3 (1) 35 2 (@ 39
701-800 113 (22) 37 1 () 38 0 (4) 36

801-900 46 (22) 36

$01-1000 137 (6) 35

1001-1230 60 (6) 34

»1230 9% (6) 34

Depth {(m) Cutoh °C  Catoh o
| 1033) 132 0 (473) 29
201-300 + (364) 57 01010) S4

301-400 + (326) 54 0 (263) S6
401-300 +(205) 52  + (40) B3
501-600 + (10) 5. 0 (@ s2
.601-700 + (10) 48 _
T01-800 . :
801-900 1
901-1000 .
1601-1250
*$1250




Table 2: Mean fish weight (kg) of roundnose grenadior caught by depth range (m)
in NAFO subareas /divisions during research surveys conduoted from
1974-1986 (numbers in parentheses are numbers of fish).

, Subarea 0 Subarea 1 Div, 26 Div. 2H Div. 2J
Depth (m)  Weight Weight  Yeight - Weight Yeight
€200
201-300 040 (1) , 059  (8)
301-400 082 (1) 037 (28)
401-500 _ 027 .(13) 037 (132) 069 (674) 064 (861)
501-600 032 (%) 043 (3 034 (7763) 037 (3343) 036 (4420)
601-700 020 (63) 0.16 (131) 047 (908) 029 (3€) 0329 (4184)
701-800 0.16 (190) 0.18 (3082) 033  (89) 060 (497 043 (3646)
801-900 021 (1412) 020 (1968) 051 (9918) 0.46 (2022)
9011000 036 (343) 023 (4976) 033 (829)
1001-1230 061 (340) 029 (2280) 051 (133) 0.76 (769) 0.77 (1908)
»1230 022 (1) 094 (34 086 (92)
Overah 0.30 022 053 0.55 0.30
Div. 3K Div. 3. ) Div. 3M Div. 3N Div. 30
Depth (m)  Weight Yeigt Weight Yeight Yeigt
201-300 091 (s} ‘ 093 (53) 012 (D
301-400 067 (D 020 (1) 035 (63) 019 (%)
401-300 028 (791) 030 ) 040 (1)
301-600 027 (5139 021 (212) 048 (8) 003 (48) 028 (319)
601-700 031 (4328) 021 (2378) 030 (2 025 (1%0) 024 (279)

701-800 037 (6720) c14  (42)
$01~900 028 (3628)
901-100D 028 (2890)
1601~1250 028 (1293)
1250 049 (1173)

Overall 031 021 044 03% 0.26

201-300 022 (32

301-400 016 (10 ‘
401-500 020 (17 048 (1)
301600 014 (3)

601-700 019  (15)

701-800

801-900

$01-1000

1001-1230

»>1250

Overall 020 0.18
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Table 3: Proportion of male roundnoss grenadier osught by depth range (m)
fn NAFO subareas/divisions during resesroh surveys oonducted from
1974-1986 (number's in parentheses are total numbers of fish sexed).

Subsres 0 Subsares 1 Div. 20 Div. 2H Div. 2J

Dspth (m)  Proportion Proportion Proportion Proportion Proportion
<200 o

201-300 180 )

301-400 _ 057 (28)
401-300 046 (13) 0537 ¢)] 058 (170) 069 (622)
301-600 1.060 4)] 033 3 059 (4243) 062 (3239) 062 (2393)
601-700 039 (44) 05t (131) 058 (490) 066  (B6) 088 (558)
701-600 063 (176) 065 (3082) - 038 (37D 063 (2015)
801-~900 051 (106) 0.66 (1968) 052 (3712 0S8 (1774)
901-1000 069 (343) 064 (4576) ' 068 (764)
1601-1230 0534 (340) 063 (22680) 047 (19)
)1 250 A

Overal 063 0.64 039 0.60 062

201-800

301~400 180 (M 000 (1) o

401-500 060 (791) 100 (1) 000 (1} '
501600 061 (4381) 042 (48) 063 (8) (1) 034 (2%6)
601700 061 (3112) 058 (2086) 1,00 (3] 057 (1) 081 (32)

70t-830 0.64 (4913) 032 (42)
£01-900 062 (3158)
01-1000 063 (2833)
1001-1230 061 (1)
H230 0.60 &)

Overall - 062 0.6 - 0.64 0.55 057

201~300
301-40D 000 ()
401-300 050 @
S01-600 000 (1)
601-700 0.00 (6)
701600
801-900
S01-1000
1601~1230
21230

Overall 0.10




Table 4 Average oatoh (kq) of roughtwad grenadier per 30 min. trawl by depth range (m)
in NAFO subareas/divisions and corresponding average temperatures (°C)
during research surveys conduoted from 1974-1986 (umbers in parenthwses are

30 -

230

number's of suocessful sets).
. Subarea 0 Subzres 1 Div. 20 Div. 2H Div, 2J
Dopth(m) Catch - °C Catoh °C  Catoh °C Catoh °%  Catoh °c
<200 6 2-10 0 (6) 23 + {71) 035 + (81) 03 +(349) 053
201-300 1 (31) 0.7 +(31) 29 4 (62) 15 3 (1) 14 3(%86) 16
301-400 i (49 17 +(25) 33 5 (29) 30 3(114) 30 5(421) 258
401-500 Z (36) 22 +(16) 39 7 (24) 37 3 (98) 33 4 (39%)
501-600 2 (30 25 2 (® 40 6 (20) 39 4 (61) 33 3(219) 32
601-700 2 (18) 28 3(13) 32 s (3 4.1 s (14) 34 8 (23) 39
701-800 2 ® 27 6 (9 36 9. (1) 36 6 (3) 44 10 (27 38
801-900 6 (T 25 2 (4 32 16 B 39 10 (21 38
901-1600 2 (16) 30 6 (2) 4.1 4 () 37
1001-1280 1 (9 32 S (4) 40 2 () - 13 (2 41 s (10) 35
31250 . 0 (1) 36 2 (1) 3s + (3) 34
Div. 3K Div. 3L " Div.3M " Div.3N " Div. 30
Depth (m)  Catoh °C  Catoh ° Catoh  °C Catch °C  Catch °c
<00 0 (42) -08 +2399) 05 + (163) 38 +1072) 10 +(1122) 2.1
201-300 2(380) 16 6 (629) 1.1 + (418) 40 8 (172) 25 + (189) 6.1
301-400 3(312) 28 9 (319 26 +(195) 39 12 (8%) 3.1 + (95) 54
401-500 4(249) 31 19 (75) 34 3(0122) 38 11 (14) 32 1 (7 30
%01-600 8 (24) 39 15 (47 35 7T (87 37 16 (16) 35 S (10) 42
601-700 7 (9 37 15 (45 37 10 (5 37 14.(11) 35 4 (3) 39
701-800 15 (22) 37 16 (%) 36 15 (4) 36 §
801-500 10 (22) 35
901-1000 7 (€& 35
1001-1230 6 (6) 34
¥ 250 4 (&) 34
Div. 3P Div. 4RST
Depth (m} Catoh °C  Catoh °c
<200 o1038) 1.3 0 (473) 29
201-300 0 (364) 37 0(1010) %4
201-400 + (B26) S4 0 (263} 56
401-500 + (203) 52 0 (40) 53
501-600 1 (0) 5.1 0 (@ 52
601-700 1 (10) 48
701-800
801-900
901-1000
1001-1250
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TSbbS:mmﬂshwoidﬂ(ngdrmeMrwnby depth range (m) |
in NAFO subereas/divisions during research surveys conducted from
1974-1986 (number's in parenthoses are numbars of fish),

Suberea 0 Subarea ! Div. 26 Div. 2H Div. 2J
Dopth (m)  Weight ‘Weight Weight Yeight ' Yeight
1.06 (%) 1.10 ( 1.18  (64)
201-300 093 (20) 0.70 (1) 070 (386) 067 (326) 0.76 (20%4)
301-400 037 (109 034 (3} 064 (247 068 (549) - 088 (2357)
401-300 039 (209 025 @n 063 (258) 090 (547) - 083 (2043)
%01-600 036 .(164) 0.86 (7 081 (1%6) 073  (376) 081 (1247
601-700 033 (110) 033 (113 101 {14) 082 (78) 108 (17%)
701-800 042 (46) 034 (146) 098 9 035 (33) 109 (245)
801-900 038 (1% 047 (19) 114 (42 088 (229)
901-1000 063 (23) 063 (19) ‘ 058 (21
1001-1230 064  (21) 046 (44} 051 (4) 067 (38) 065 (19
21250 032 ¥)) 036 (2
Overal 048 038 0569 0.76 0.84
Div. M Div. 2N Div. 20
Yeight Weight
S D I B S I T I S SN O T T PR S Y T Y I PR S AR ER IR S
. (1) 116 (312) - 0.60 (1)
201-200 083 (126%) 084 (4322) 063 (12) 094 (1340) 066 ¥))
301-400 088 (2311) 0.18 (4383) 066 (TN 087 (1136) 054 (34)
401~300 0.72 (1300) 0.76 (1842) 055 (399 0.78 (198) 084 (14)
501-600 07T (236) 069 (1048) 0.74 (758) 098 (259) 091  (60)
01-700 038 (222) 086 (803) 072 (184) 086 (176} 099 (13
701-800 066 (492) 070 (117 066 (90)
801-900 036 (374)
901 -1000 0353 (83
1001-1230 063 (52)
1230 083 (28)
Overali 0.78 0.80 065 093 080

047 (3)

0.68 (9)

1.22 (6
0.79
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Teble 6: Proportion of mak roughhozd grenadier osught by depth range (m)
in NAFO subereas/divisions during research surveys conducted from

1974-1986 (numbers th parentheses ore total numbers of fish sexod).

Suboree 0 Suberca 1 Div. 20 Div. 2H Div. 2J
Dopth (m)  Proportion Proportion - Proportion Proportion Proportion
<200 . 060 (3 0.00 (3 035 (60}
201-300 031 (13) (1) 053 (292 050 (320) 051 (1308)
301-400 046 (28) 030 )] 039 (110) 047 (326) 036 (1354)
401-300 032 (66) 056 (27 031 (107 03 @M 031 (953)
S01-600 030 (102) 0.00 ()] 040 (89 043 (228) 040 (579)
601-700 043 (36) . 042 (110) 0.00 4 0% (52) 027 (100)
701-800 034 (41) 032 (146) 047 (32) 044 (110)
801-900 038 (19 063 (19) 038 (42) 045 (142
$01-1000 039 (23) 038  (19) 044 (21
1001-1250 063 (20) 073 (44) 1.00 4 033 9 034 (13
1230 057 (4] 0.00 ¢}
Cveral 0.44 052 045 D46 040

. Div. Div. 3L Div. 3M Div. 34 Div. 20
Depth(m)  Proporticn Proportion Propertion Proportion Proportion
" <200 046 (122) 0.00 (1) 038 (9%) .
201-200 050 (1078) 042 (3303) 036 (9) 037 (879 0.00 2
301-400 037 (187D 0.34 (3680) 034 (67 034 (643 021 (14}
401-300 040 (937 0.32 (1616} 051 (372 025 (126) 020 ()
301-600 028 (114) 0.33 (688) 041 (784) 020 (162) . 037 (49)
601-700 047 (136) 027 (768) 043 (688) 023 (136) 008 (13)
701-800 048 (204) 042 (117 040 (50)

Overall 043 037 043 033 0.28

Over:l 0.1t
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tows in the nbrthwest Atiantic made by

Canadian research vessels working out of the Newfoundland Region of the
Department of Fisheries and Oceans during 1974-1986,

Distribution of successful 30 min,

Figure t:
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Figure 2. Distribution of average catches (kg)> of roundnose grenadier in the north-
- Department of Fisheries and Oceans during 1974-1986.
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Figure 3: Average catch (kg) of roundnose grenadier per standard tow by depth

range and NAFO Subarea/Division during Canadian research cruises from
1974-1986 (* indicates no fishing sets).
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Figure 3: Continued.
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Figure 4: Mean fish weight (kg> of roundnose grenadier cought by depth range and
NAFQ Subarea/Division during Canadian research cruises from 1974-1986.
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Figure b: Distribution of average catches (kg) of roughhead grenadier in the north-

west Atiantic by Canadian research vessels from the Nfld. Regitn of the

Department of Fisheries and Oceans during 1974-1986.
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Figure 7: Average calch (kg) of roughhead grenadier per standard tow by depth
range and NRFD Subarea/Division during Canadian research cruises from
-1974-1986 (* indicates no fishing sets).
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Figure 7. Continued,

Depth Range (m)
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Figure 8: Mean fish weight (kg) of roughhead grenadier caught by depth range and
NRFQ Subarea/Division during Canadian research cruises from 1974-1986.
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Figure 8: Continued.
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Figure 9: Proportion of maies of roughhea& grenadier caught by depth range and NAFO
Subareq/Diuision_during Canadian research cruises from 1974-1986.
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