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ABBTRACY

The distribution of the roughhead grenadier catches by area,
depth, in relation to water temperaturs, the length and sex oom-
positions, feeding and fatnese churacteristice sre deseribed
baged on the materisls of the bottom fieh trawl surveys in 1972-
83 and catches of resesrch veasels in 196?—83; Grensdier con-
centrate along the continental slope and in deepwater troughs
of the shelf, The catches increased with the trawling depth
(100=-1300 m). They were higher in the day~time at the water tem-
perature of -2,.0° to +3,0°C, The large grenadier were distribu~-
ted in shallow waters. Pemaleas were larger thsn males, The dif-
ferences in the length~welght relation between males and females

wore negligible., The feeding speetrum was wide: Ophiura, Poly~-
chaeta, different Crustacea, Mollusca and fiahbs were the main
food itoma; As the grenadier grew their food composition changed
sharply and the liver ieisht increased relstive to body weight
before ithey matured.‘Tha intermittent spawning occurred in win-
ter and early spring, The fecundity sveraged 38,2 thou. egss;
Roughhead grenadier heve & long life cycle and many-aged popu~
lation structure. They ¢en serve az an edditional fish supply
for the trawl snd long-line fishexy;

INTRODUCTION
Roughhead grenadier - Macrourus berglax Lacépéde, 1802 -
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is an eabundant and widespread fish species (Ardriyashev, 1954,
Leim and Scott, 1966)., Fig.1 shows its range. Grenadier were
captured near the coast of the North Americe and Capada from
New:Tork to the Davias Strait, in the Baffin Bay, They sre dig-
tributed along the continental slope of the Weast and East Green—
land, sround Iceland (Magnusson, 1979), off the north-westexrn
Norwegien ccast, along the western boundary of the Barents Besa
northward up to 82°10'N, around Spitsbergen, southward ss far
as Bergen. The Soviet research vessels fished for grenadier in
the area between the North-eastern and Franz Josef Lands up to
40°20'E. The fish prefer the 400-1200m depths, they are known
to be caught at depth to 2740 m (Wheeler, 1969); Grenadier are
often taken as a large by-catch when carrying on the bottom
trewl fiashery for traditioﬁal objects - cod, redfish and Green-
land balibut, and also the lobhg~line fishexry fpr bottom fishes
off the northern coast of Horway (Bakken et al,, M3 1975), west
and north~west of Icelﬁnﬁ (Magmusson, M5 1973), in the Hewfoumk~
land area (Savvatimsky, MS 1983, 1984). The bottom trawl catches
of this grenadier apecioé reached 1;5 t near the Norwegian coast
(Savvetimsky, MS 1985, 1986). Sometimes the fish account for 73%
of commercial catches (Eliassen, MS 198%), they are captured in
a wide depth range (Eliassen, MS 1983%a) end data on their cetches
are included in the Korwegian fishery statistics. The catches of
the FRG research vessel on the Dohrn Bank (East Greenland) reached
0.9 t per 30-minute trawling (Séhrhnga, 1986). In rec¢ent years the
grenadier catches of FRG increased and were in great demend. Juat
in the Begt Greenland area ¥RG caught in sepsrate yoasrs more than
3000 t of grenadiers, chiefly roughhead grenedier (Sahrhage, 1986).
Roughhead grenadier as the other related species — Nezumia
bajrdii, is very abundant in the Newfoundland area (Houston, MS
1983), Its bottom trawl catches mounted to two toms (Yapulov, 1962).
The highest catches (up to 540 kg per 30-minute trawling) were
taken with a research trawl from July to September in comperatively
shallow watera (down to 500 m) along the eastern and northern
slopes of Grand Bank, in NAFQ Divisiona 3L and 3N (Parsons, M3 1975,
1976a), Despite the occasionalvhigh cﬁtchas in many areas snd exi-
sting fishery in separate aress of the North Atlamtie, the fish
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life cycle has been poorly studied until now, there is only few
information in literature based on fragmentary observations.

The aim of the paper was to study the abundence, mechanisms
ot distribufion and general problems of roughhead grenadier bic—
loéy in the Northwest Atlendic using the date of the lqng-term
observations for the purpose of its feasible commercisl utilize-
tion.

BATERIAL AND METHODS

Moterials were céllected.by research vessels from 1967 to
1983 meinly in the Rewfoundland area; another information was
alsc gathered in the ereas of Labrador and Baffin Land. To study
the grenadier distribution we used the data of the yearly trawl
survey concerning the aasessment of the bottom fish abundance
which was carried out in summer 1972-83% by a grid of stations en-
veloping the shelf and part of continental slope in the sreas of
Grand Bank end South Labredor. A 19 m long fine-meshed (mesh sigze
10-12 mm) net was inserted in the codend of the trawl. Durstion
of valid heuls was 1 hour. The mesn catches were calculated by
rectanglea 20' in latitude_and 30! by 1ongitude; Fhe catches were
distributed within the 100-meter depth renges with regard for the
near-bottom water temperature and time of a day. The area of the
rectangles was considered where the roughhead gremsdier catches
woere taken. The absolute abundance waﬁ determined by the formula:

N =i, SR .

where k ~ fishing efficiency - the ratioc of the number of fish
caught to the number present in the area fished;

8 ~ area fished per 1 hour;

5 - total area snrvayed with grenadier catches; )

n - meaen cstch per trawling hour from the trawl survey data;

The enalysis of oatohes comsisted in the following., The full

(zoological) length wes measured with an accuracy of 1 ¢m, the re-
sults of meesurements were classified into 3-centimetre groups
(21-23, 24-26 etc.)s To study the fish feeding the analysis of
. non~everted stomachs was made right aiay after the catch retrieval.
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The food obJects (execept for thome entiroig digeeted) found
in the fish stomachs were identified and registered; The awallow-
ed fisbes were determined eccurate to genus, more rarely to
. species; the invertebrate animals ~ only to family, order or
class,

o The ocourrence frequency of separate components in stomachs,
i.e. the ratio of the number of stomachs (%) containing any food
component to the total number of stomachas analysed (excluded
empty ones) was estimated., The procedure allowed to have only a
relative feeding pettern since it overestimated amall but nume-
rous or frequently occurring orgenisms., The obtained frequency
value helped to study relative changes in the diet of fishes as
they grew.

The degree of astomach fullness wag estimated visually by
the S~point sgale: O ~ empty, 1 - availebility of food, 2 - weak
fullness, 3 - ruli stomach, and 4 - extended atomach; The mean
degree wes found as the arithmetical asverage from points of full-
ness of stomachsa analysed;

The coefficient of food similarity (K) was derived from the
formula suggested by K.P.Tanulov (1963):

where N - sum of the highest, and n -~ sum of the lowest velues
of occurrence frequency of sll food objJects in fishes of compared
length groups, With absolute diversity of food K = O while with
absolute similarity K = 100, The maturity of fish gonads was de-
termined by the ©6-point scale (Sorokin, 1957, 1960), When deter-
nining fecundity of females caught on 26 Hovember 1980 at 800 -
1060 m in the Baffin Lend avea (61°30'N, 60°40'W) only large
eggs 2.0-2.7 mm in diameter were cbnaidered: The three 2-gram
batches of egga were taken from each ovary. The fecundity was
determined by multiplying the total number of egge in three
batches by net (without mmmbraps) welght of eggs and dividing

by the totel weight of batches. The coefficlent of sexusl matu-
rity was determined as the ratio of the gomad weight to the fish
body weight expressed in per cent.
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The length-weight relationship is formulated im W = aL’,
where W - grenadier weight in g, L - length in cm, Fulton's con-
dition factors were calculated by the formula:

I3
Q.

Ep = E.iBIQQ_

- 1)

in this case the length groups ineluding less than 10 fishes

were not comaidered. Length and weight frequencies, relative liver
weight (fatness) curves and occurrence of food objects plotted

against length were given in the smoothed form. The amoothing was
made with the use of the formula:

B = 2t 2B + ¢
- —T—-- ’

where a, b, ¢ - preceding, average and subsequent members of the

frequency; B - the eatimated one,

-DISTRIBU!IOH, ANALYSIS OF CATCHES, ABUNDAKCE
AND BIOMASS OF GEENADIER
In the Northwezt Atlantic roughhead grenadier inhabit the
srctic (polar) waters occupying the shelf and part of continental
slope, and concentrate at the near-bottom water temperature of

-2* to +2°C. In the Nortkeast Atlantic the fish alge dwell in
arctic waters at about 0° (Bakken et al., M5 1975). In August 1567
. the Soviet research vosaél "Novoroselysk" caught rOughhaad gre—~
nedier north of Iceland in émall quantitios at 630~720 m at the
near~bottom temperature of -0;4‘ t0 «0,5° while the Icglandic ves~
sel — weat of Iceland at 3° to 5° (Magnusson, M5 1977).

Roughhead grenadier are ususlly found in the catches both on
the shelf and continental slope; This typical benthophsge and pre—
datof (Konstantinov and Podrazhanskays, 1972; Eonstantinov, 1976;
Gelatdoerfer, 1976) is captured exclusively with the bottom fish-
ing geara; Materials of the total trawl survey carried out in the
Newfoundland and South Labredor areas showed that roughhead gre-
nadier concentrated along the continental slope and in deepwater
troughs of the shelf, In shallows of the Grand and Flemish Cap
Banks the catches did not include even sporadic specimens of this
speciea (Fig.2).
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The stenobathic distribution is ratber typical of Mscrouridae
which occupy by depth some hundreds of metres but separate species,
for instence Coxyphaemoides bucephslus, are chsracterized by a very
wide vertical distribution - from 245 to 2878 m (Makushok, 1968),
According to data from our trawl surveys roughhead grenadier were
caught at 100 to 1300 m (no trewling was made deeper). The catches
taken down to 600 m were insignificant and they increased with
trawling depth (Fig.3). The species is known to be spread s deep
ag 2740 m which is indicétive of its eurybathic distribution. Se
far it is uncertain whether the fish concentrations are found st
1500 m and deeper though the capture of 10 large fishes with a
botton trawl at 1470-1520 m reported from Central lLabrador in
October 1969 (Savvetimsky, 1985) allows to make this assumption.

Most Macrouridee are notable for stenothermy, yet some of
them are eurythermal (Mekushok, ﬂ968); During the trawl surveys
roughhead grenadler were csught within & wide near-bottom tem-
perature rsnge from -2° tq +8°, the highest catches were record-
ed at -2.0° %o +3.0° (Pig.3). The catches taken in the day-time
were higher than those fished at night, the largest ones - from
12 to 16 hours;

The trawl survey permits to have an estimate of roughhead
grenadier abundence and biomass for the area shown in Fig.1. The
fishing efficiency of the trewl (k) was assumed to be 0.5, Pro-
vided that the ship's speed is 3.5 mileg per h@ur andldistance
between the trawl wings is 14.3 m s = 0,027 sq. miles. The total
srea surveyed with grenadier cetches (3) wes about 66000 =g, giles.
The mesn catch per trawling hour (n) equalled 14,28 specimens.

The absolute abundence was sstimsted to be 69.9 mill. Bpec; Using
the mesn length of fish (51.75 cm) and meen weight of one speci-
men (700 g) the total bicmass was asgessed at 48,9 thou., t. Thus,
‘the roughhead grenadier stock can be sn additional fish supply
for the trawl fishery.

LENGTH AND COMPOSITION OF CATCHES

In 1967-83 the research and scoutlng wvessels casrried out

the bottom trawl fishery for roughhead grenmadier en the shelf
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and continental slope of West Greenmlamd, Bsffin Land, Labrgdor
and Newfoundland, the highest cstches being taken in Divs. 3K,
" 2L and 3N. .
Males averaged 37.5% of the catches, females ~ 62.5%, the
latters were by far larger than the formers (Table 1, Fig.4).

In Div. 3N roughhead grenadier were the largest (the mean
length of males was 50,8 cm, that of females - 53.6 cm), the re-
lative number of females (71.2%) was higher than in other Divi-
siona. Throughout Divs.?E, 3L, 3N the mean 1ength of males was
4? 0 ¢m, that of femsles - 54.6 em,

In the length frequency as & whole males prevailed emong
fishes below 5% em while among those above 53 cm females consti~
tuted moere than S50% of the total number of fish in each length
group,

In 811 19507 specimens were measu;ed from 1967 to 1978 in-
cluding messurements without sex determination. The length com=
position of catches in different NAFO Subareas and Divisions is
not the same (Fig.5) which is explained by different sex compo-

.sition dependent on various trawling depth (from less than 200 m
to more than 1000 m)}, Large grenadief were malnly caught at small
" depth (Table 2). |

The decrease of the fish mean length in the catches with
increasing trawling depth did not depend on the male and female
distribution. The mean length of both males and females decreased
(Table 3).

In Divs. 3K and 3N both males and females were somewhat
larger in the catches ftsken at night (from 20 to 8 hours) than
those caught in the day-time (from 8 to 20 hours) (Teble 4).

In Div, 3L the length composition of catches taken at night
and in the day~time did not differ.

LENGTH-WEIGHT RELATIOR
+ Roughhead grenadier is a non—éoﬁmsrcial species, thet is why

the materials, especially age ssmples, were collected occasion~
ally with the length measuring and weighing of fish in the latter
case., A small number of age samples (only S060 specimens were

analysed from 1969 to 1983) does not allow to compare the length-
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wolght relation by yearse or neasona_between the same Divisions.

The highest number of gémples wes collected in. Div., 3N. The
comparison of the mean grenadier weight 1 years did not show any
differences for the ares, The same result was obtained when com-
paring the fish weight by Divisiona;

In the Northwest Atlantic the roughhead grenadier weight did
not differ between males and females below 60 om while in fishes
above 60 c¢m the mean weight of females was slightly greater than
that of males. It is interesting to note that the mean weight of
females was much higher than that of males in fishes of the same
length caught in winter 1982 and 1983 near the Norwegian coast
(Savvatimsky, MS 1985). Fig.6 gives the length-weight relation
(without dividing by sex) on the basis of all aveilable data. This
relation is expressed rathér precisely in the formula:

W= 0.00259L3'17?. The fishes which occurred most commonly in
bottom trewl catches were 45-47 cm long and weighed 550 g. Gre-
nadier 80 cm long weighed 3000 g, The largest specimen caught off
Greenland was 109 ¢m long snd weigﬁed 10 kg (Jensen, 1948}, PFul-
ton's condition factor increased with the fish growth, With the
increase in grenadier lenghth from 27 to 82 c¢m and woight from 80

to 3250 g Fulton's condition factors varied from 0.35 to O,46%
(Fig.?)., It should be stressed that the length-weight relation
varied unequally with the growth of grenadiers of different species.
Thus, according to our data, with the increase in length, for

instance, of roundnose grenadier (Coryphsenocides rupestris Gunn)

from 21 to 92 cm Fulton's condition factors decreased from 0,%4

to 0.18%, these values being lower for males.

AGE AND GROWTH

A slow growth is characteristic of deepwster fishes including
grenadiers coupared to fishes of the upper oceanic layers (Hureau
et al,, 1979). The data on the roughhead grensdisr age and pecu-
liarities of growth are scanty, K.P.Yanulov (1962) reported that
a8 70,5 cm femsle caught nesr the north coast oﬁ Norway was 16
Years old., The catches taken on the Dohrn Bank off East Greenland
consisted of #1-86 cm fish (aged 8-18 years) with the dominant
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age-groups (12~15 years) represented by 62-75 cm specimens (Kos—
swig, M5 1979). According to our data grenadier 48-70 cm long
caught with 8 bottom trawl in December 1982 in the ares of Lofoten
Islands were 8-17 years old (Savvatimsky, 1986). Females of thils
species from Iceland waters being 67-89 cm long and weighing 1950~
4700 g were 17-25 years old. The fishes caught with & bottom trawl
on the northesstern slope of Grand Bank &t an age of % to 16 years
were 2666 cm long (Savvetimsky, 1971), Grensdier captured with a
long-line in summer 1982 on the Grend Bank were larger. Their
length and age were 40-87 cm and 6-2% years (Savvatimsky, 1984),
By evidence of the Norwegian authors the fishes were of 25 (Elia-
ssen, M3 1983) and 30 (Bakken et al,, M3 1975) years,

Thus, according to data of different scientists roughhead
grenadier as the other grenadiers of the North Atlantic have a
long life cycle and many-aged population structure.

REPRODUCTICN

Little is known about reproducticn of roughhead gremadier.
They seem to have a long spewning period, the prespawning and
spawaing fishes are cobserved at different time of a year, K.P.Ya-
nuwlov (1962) reported about the capture of a female near Norwe-

. glan coast in January 1958, the one whiqh ovaries c¢ontained eggs
ready to be spent. He polnted out winter and early spring to be
the reproductive period of the specles, On the basis of the egg
grouping slze in the ovaries he assumed the existence of inter-
mittent spawning. By hls evidence the mature eggs were %,4=3.85 mm
{on the aversge 3,62 mm) in diameter and fecundity - 25 thou.
eggs. In that very area prespawning and spawning fishes were
caught by the Soviet research vessels in May 1968 (Savvatimaky,
1969), in April and December 1982, in January, March, December
1983 and in January 1984 (Savvatimsky, MS 1985, 1986, 1986a). So,
the spawning lasted here from Decembef to May and, perhaps, lster.
The Norwegian investigators showed that the female gonads develop~
ed from May to December, During this period the ovaries of fishes
above 80 cm gained in welight from 100 to 500 g (Eliassen, MS 1983;
Eliaseen and Falk-Petersen, 1985), the most iﬁtensive spawning
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ocourred in Janmuary. Roughhead grenadier dwelling off the Nor-
woglan coast and northward, along the continental slope, seemed
to have the same spawning perlod as the gremadler from both the
East Greenlend area where the spawning was observed in May (Mag-
nusson, 1975) and West Iceland area where the fish spawned in
winter and early spring (Hagnusao;, M3 1977; MS 1978). Magnusson
(M3 1977) reported about the capture of spawning roughhead gre-
nadier and slso lervee and egge of thia specles west of Iceland
in May and March 1976. The eggs caught were 3,48-4,02 mm in dia-
meter with a fat ball diameter of 0,80-1,01 mm; The eggs taken

ir spewning females were approximately of the same diemeter (3,08-
4,56 mm) and of two sizes which corroborated the hypothesis of
intermittent spawning, In the opinion of Magnusson the fish spawn-
ing occurred probably round the year but its pesk fell on November—
Pebruery, the capturé of freely drifting bathypelagic eggs in the
West Iceland waters in March 1977 proved it.

Jensen (1948) sssumed as well that the spawning off West
Greenland took place in winter and early spring since he found
very small eggs in females caught in the area in July.

In the Faroe-Iceland Ridge area the terms of the fish spawn~-
ing were different, i.e. late spring - early summer (Geistdoerfer,
1979).-Tha same spawning period was recorded for the Northwest
Atlantic (NAFO Divs. 2KL and 2J) besed on the fact that prespawn-—
ing fishes were caught sporadically im July at 400 m depth and
G0% of adult fishes were already spent (Gelstdoerfer, 1979), Dif-
ferent terms of roughhead grenadier speawning are accounted for
by a lingering spawning period of the species, fragmentary obser-
vations or various ecologic conditions of the fish habitat,

In our opinibn the roughhead grenadier spawning on the Grand
Bank occurred in yinter and early spring (Savvatimsky, 1984) which
was confirmed by the capture of prespawning females by the research
vessel "Rossiya"™ using s bottom trswl in NAFO Div. 3N (45°22'N,
48°50'W) at 150-200 m depth on 5 May 1968, Of 45 fishes analysed
29 tumed to be females 45-80 cm long. 14 prespawning females were
» 65~80 c¢m long. All the males 51-65 cm long were immature. In other

yoaras the Soviet investigations of Newfoundland and Labrador were
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nainly carried out in summer and autumn when, as a rule, there
wag no apewning roughhead grenadier in the catches. The ovaries
of four femsles caught in November 1980 in the Bsffin Land area
contained eggs of two sizes (Pig.8). Besides, single eggs 3.3 —
3.4 mm in diametsr remained apparently sfter intemmittent spawn~
ing were féund; The fecundity was on the aversge 38.2 thou. eggs
(2.0—2;? me in diemeter) (Tabls 5).

Despite the faot that fishes differed little in size the
maturity coefficient and fecundity were higher in larger females.
It supported the findings of Norweglan scientists (Eljassen and
Falk-Petersen, 1685) which stated the increass in fecundity from
2toM thou; eggs with the growth of gronadier,

FEEDING

Roughhead grenadier is a bottom-feeding predator; BExcept for
shrimp (Pandalgg borealis, Hymenodora glacielis), the benthic
orgenisme were found in its stomachks: Ophiura (Qphiscanthe abyssi-
cola), Mollusca (Buceinunm, Pusus), Amphipoda and &lso capelin
(Andriyashev, 1954). Roughhead grenadier is classified as a species
the mejJor diet of which consists of benthic organisms (Podrazhan—
skaya, 1982; Hureau et al., 1979; Gelstdoerfer, 1976, 1979). Ben-
thic animals accounted for 91.6% of food of this grenmadier specles
caught on the Grand Bank (Houaton, MS ﬂ983); The inveatigationa
carried out by the Polar Institute in October 1967 showed that
grenadier from South Labrador and north-eastern slope of Grand
Bank fed on bottom and near-bottom animals, mainly on Ophiura.

The basic food items of grenadier from other areas of the North—

west Atlantic and also Greenland and Iceland were benthic enimals
too (Savvatimsky, 1969). In August 1967 some tens of prespawning
females 53~89 cm long were caught with a bottom trawl in the

erulse of research vessel "Novorossiysk"™ north of Iceland (67°50'H,

20°00'W) at the depth abouﬁ 800 ms In the stomachs of the fishes
we found chiefly shrimp and also squids, molluscs and amphipods.
In Greenland fJords roughhead grenadier fed on large shrimp (Pan~-
dalus), capelin and other small fishes, polychaetes, sscidians
end bivalvea (Jensen, 1948). The feeding of this grenadier species
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with referense to peculiarities of ths body and gill structure was
exhaustively studied by K,G.Konstantinov and S.G;Podrazhanakaya
(1972) and Konstantinov (1976). According to their data grenedier
inhabiting the Greenland-Canadian Ridge and North Labrador fed
mainly on shrimps, Ophiura and squide in August-December 1969,

The authors recognized the feeding spectre of grenadier and spinex
shark (Centroscyllium fabricii) to be similar,

The seasonal and age peculiaritiea of roughheed grenadier
feoding are enalysed only in some of a small number of publica-
tions dedicated to studying of this problem, Geistdoerfer (1979)
bointed out 5 major groups of animsls in grenadier diet: Gammari-
dae, Cphiura, Polychaete, shrimps and Iiahas; As grenadier grew
the portion of shrimps snd fishes in the food inecreased, The sto-
machs of grenadier caught off the northern coast of Rorwey con~
tained 30 different food objeqta attributed to 6 basic groups:
Polychaeta, Holiusca, Crustacea, Echinodermata, Ascidiacea and
tishes (Bliassen and Jobling, 1985). The authors concentrated
upon the variation of fo0d composition with the fish growth.

A various food composition of grenadier and grest varistionms

in feod ration with the fish growth were confirmed by the results
of our surveys, From 1969 to 1983 738 males and 1692 females

Irom the bottom trawl catches taken in the Newfoundland, South
Labrador and Baffin Land sreas were enalysed for feeding. The
atomachs of 36.7% of males and 37,1% of females (37.0% on the
average) turned to be everted and these fishes were mot considered.
To study general rules of grenadier feeding the data were surmsa-
rized.

Immature and postspawning grenadier fed most intensively
(the meen degree of stomach fullmees was 1,0~1.2), the intensity
of feeding decreased in prespawning fishes (the mean degree -
0-0.,8). The decrease in intensity of feeding during spawning wes
also typicel of gremadier dwelling near the cozst of Norway in
winter 1982-64 when the mean degree of stomach fullness was 0.3
end the number of empty stomachs - 81.8% (Savvatimsky, MS 1585),

The feeding.spectrum of grenadier from the Newfoundland area
was rather wide, more than 20 food items belonging to different
zovlogical groups were found in its stomachs (Tables &, 7, B).
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The ocourrence of Ophiure (26%) was the highest, Polychaeta
{19.,08) were the second in food composition, Gastropoda and Bi-
valvia (11.7% with prevalence of the latters) were the third,
Then followed different Cruastaceas Amphipoda, Isepoda, shrimps
and others, Roughhead grenadier ,'mainly large, preferred capelin
and sand eel of fishes. So, the ocourrence of fish in the stomachs
was 25;3% in 71-80 e¢m grenadier and only 3.3% in 31-40 e¢m speci-
nens. The smaller grensdier fed meinly on Calanus, Amphipoda,
Polychseta, small Ophiurs. Eouston (M5 1983) must not have found
any fish in the stomachs of grenasdier from the G;and Bank because
the apecimens analysed were very small (77.7-324,0 mm long and

woelghing on the average 316.1 g).

Smell pelaglc and near-bottom ¢rustaceans (Copepods, Amphi-
pode, Euphausiidae, Cumacea) were of great importence in the
feeding of grensdier below 20 cm, with their growth the occur~
rence of crustaceans decreased sharply and the importance of
Pandalldee, Paguridse, Mollusca and also fishes increased (Fig.9).

Roughhead grenadier females were larger than males. It ac—
counted for some difference in their food composition. The feeding
spectrum of fgmales was much wider than that of males, It included
fishes, shrimpas, crabs, actinians, mysids, the fishes being found
in female stomachs with body shape lnconvenient for swallowing by
predators (redfish, American plaice), The coefficient of food
similarity between males and femsles snalysed for fesding appeared
to be not high (65.4) which was due to different sizes of fishes
of two sexes. The mean length of 503 males was 45.5 cm while that
of 1056 females =~ 54.0 cm, The compérison of coefficient of food
similarity between males and femsles in the #1-60 cm group gave
the value 75.2. The analysis of food similarity of grenadier (date
summarized for males snd females) between the 10 cm size groups
indicated great veristions in the feeding of this fish with its
growth, Coefficients of food similarity differed little between
the nearest length groups. They inoreased as the length of com~
rared fish groups grew. So, compering the 31-40 ecm and #1-50 cm
length groups, and also 41-50 cm and 51-60 cm groups we obtained
high end similar coefficients ~ 70.7 and 66,8 respectively. When
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comparing the 21-30 em and 81-90 em length groups the coefficient
was small - 8,0 which was indicative of the different feeding
spectrum of fish in compared groups (Tebie 9),

FATRESS

There is but little information in literature about rough-
hgad grenadier fatness, The fatness of grenadier analysed by
L,P.Minder (1967) was 16% (8.6% on the avarage); In accordance
with the Polish datse (Nordzynski and Zukowski, 1971) the fatness
of this fish constituted 8,76-14,89% (12.1% on the average).
Patness of grenadier forming spawning concentrations near the
noithern coast of Norway turned to be rather low in winter 1983
and 1984 - 7,5% on the average (Savvatimsky, MS 1985);

According to our data the mean fatness of gremadier caught
in 1969-83 in the Labrador, Newfoundland and Baffin Lend areas
renged from 4;7 to 12.,4% (Table 10), Patness of all fish samples
(%694 specimens) averaged 8,3%. In view of the small number of
samples no regular changes were observed in fatness during a year.
The fatness of grenadier caught near Norwegian cosst increased in
sunmer and.decressed in autumn signifying the fish getting ready
for spawning (Eliassen and Palk-Petersen, 1985).

Patness of grenadier from the Baffin Land and Labrador areas
was much higher than that in southern part of Newfoundland (Fig.10,
Pables 11, 12). It may be said that mean fatness decressed gra-
dually in HAFO Divlisions toward aouth;

The mean fatness of males in all samples was 11.0%, that of
femslea - 8;2%. Fatness of maleg and females changed unequhlly
with the length variations (Fig.10) which was due to fish feeding
and maturing., Males got first mature being about 35 cm long (stage
III of gonad maturity) though the bulk of them matured and spawned
at the length of 50-55 cm (Table 13). By that time their relative
liver woight was the highest (14% on the average). As the male
length continued to increase the liver weight decreased sharply.
Grenadier females got mature much more later and spawned being
about 70 cm long (Table 13)., Their fatness increased gradually
before the fish attained this length and decreased in fish above
86 ci. -
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DISCUSSION

The range of roughhead grenadier in the North Atlantic 1s
vagt and deep, the Fish inhabit near-bottom shelfy waters and
sdjacent parts of continentel slope, The length composition of
trawl catches differed greetly by areas depending, perhaps, on
various trawling depth. As it hes been already mentioned with
the ;ncreaae of trawling depth from 200 tc 600 m the mean length
ofﬂmalos aﬁd females in Div, 3N decreased which coinci@ed with
the results of observations obtained by Parscns (1976). The gre-
nadier length incressed in long-line catehes with inereasing
depth from 300 te 1000 m in above area (Savvatimsky, MS 1983,
1984).

The Soviet investigations carried 6ut in winter 1982-84
off Lofoten Islands showed that females were mainly distributed
within the upper depbh range of spawning grounds and males ~ .
within the lower one, the mean length of fish in the catches
inereasing with the inereasing trawling depth from 400 to
900 m (Savvatimsky, M8 1985). According to different informetion
in September 1982 And April 1983 large gremedier were mainly
caught at great depths but as the trawling depth grew the relative
number of females increased in the area. If the mixed concentra-

tions of males and females were.usuelly found in the upper layers,

large fishes, femalez in the main, prevailed at the depth moxre .
than 1000 m, So, the 10 large specimens caugh% iith a bottom trawl
et 1470-1520 m in Central Labrador 1n.1969 turned to be fomales.
The increase of length with trawling depth was also peculiar to
other grenadier species, for inatané; Coryphaenoides rupestris

_(Savvatimsky, 1982; 1986a; MS 1986b), Trachyrhyrchus tracgzrgxg—

chus (Ibanez, 1977), Grenadiers found by American scientists in
the near-bottom 750-6000 m layer in the Pacific{ Atlantic and
Indien Oceans were, as a rule, large mature fishes (Isaacs and
Bchwartzlose, 1975), The increase of the fish length with the
depth resulted, probably, from adaptétion to the environment with
a relatively poor putritive base in deep oceanic layers and from
more efficient consumption of food by large grensdier.

The long growth period, mang-sged population structure and




- 16 -

late maturation are characteristic of roughhead grenadier, The
spawning occurred to all appearances in winter and early spring.
The spawned eggs may be distributed at a great depth since they
were caught with plankton nets in the 985-1200 m layer (Magnusson,
1975). It prevented from mass mortality and transfer of eggs to
great distances with the surface oceanic currents. The fecundity
determined for grenadier from Baffin Land (on the average

%8.2 thou, eggs) was similar to values obtained by Yanulev (1962)
and by Elisssen and Falk-Petersen (1985), and was rather low like
in other deepwater fishes which was attributed to adeptation to
the environment. At the great depth the living conditions were
relatively inveriable, predator pressure was small, thus, the
survival of progeny increased, especially at early developmental

stages.

In roughhead grenadier, like in other grenadiers, fat is
accumulated in the liver by the relative weight of which the fat
depot of organism is determined as a whole., Its content increased
with fish growth before they got mature, then decreased since part
of it was spent on gonads to ripen. The tendency toward decrease
of fatness and the increase of grenmadier sizes by NAFO Divisions
from the north to the south concurrent with the capture of mature
fishes.on the southeastern slope of Grand Bank permit to regard
the area as the spawning ground,

Roughhead grenadier is a typical demersal species, the active
predator eating various food - from pelagic crustaceans and fishes
to different bottom end nesr~bottom animals., A great variety of
food, wide feeding spectrum, essential distinctions in the feeding
between early and late ontogeny are undoubitedly of adaptive im-
portance since they widen the nutritive base of the species, favour
the decrease of intraspecific food competition and more complete
use of food-reéources at great depths.

Tho divofuity ol tood objects, long 1lifc cycle, schooled
mode of life determine a rich parasitic fauna of roughhead gre-
nadier (Zubchenko, 197%; MS 1981; Campbell et al., 1980; Houston,
MS 1983%; Moser and Noble, 1977).

The distribution in water column and daily vertical migra-
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tions of bottom and near-bottom fishes depend, in general, cn
thelir feeding behasviour and consumption of food organisms per—
forming the above migrations, The diet comseists of quite & number

of various bottom enimals but the major food components of large
grenadier are more active benthopelagic species (Eliassen and
Jobling, 1985). This aocounte,'perhaja, for different size of
landings and slso different length composition of catches taken
at night eand in the day-time, The lnc¢resse in the mean length
of grenedier caught with a bottom trawl at night was, obviously,
due to pedagic migrations of chiefly small fishes following the
minor food objects. There are no data in literature on dally
vertical migrations of roughhead grenadier, nevertheless, it is
known that many bottom fishes atay for long in the middle water
layers and quite often are obaerved near the sea surface (Eon-
stantinov and Sheastopal, 1976).

The spproximate (with many assumptions)} total abundance and
biomass estimate was made by the long-term mean cetch in the trawl
survey area. The arbitrary value of the trawl fishing efficiency
was taken, year-to-year abundance fluctuations were not known and
considered thoush'avén tentative estimste showed a high potential
grenadier catch., During the trawl surveye most hauls were perforum-
ed at depths under 600 m where the catches were small. Provided
that the fighing is carried out at depths above &00 m the mean
catch per trawling hour increases which will result in the in-
¢roagae of the total abundance and biomese estimate,

The sbundance and biomass indices are Jjust determined in a
limited shelfy area of Newfoundland and South Labrador, It should
be taken into consideration that rouéhhaad grenadier are also
abundant in the areas of North and Central Lab®sdor snd Baffin
Land accounting for a large by-catch in the Greenland halibut
bottom fishery especially when trawling at deptha above 1000 m.

Roughhead grenadier do not form so dense concentrafions as
the similar species - roundnose grensdier (Coryphaenoides rupest-
ris), therefore, ite directed trawl fishery ia hardly advisable,
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The long=-line fishery im which roughhsad grenadjer together with
wolffishes and skates mske up a c¢onsidersble portion of catches
may be efficient in the Northwest Atlantic (Savvaetimsky, M5 1983,
1984),
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Pable 1. The mean length and sex composition of roughhead gre-
nadier in the catches from Divs.3K, 3L, 3F in 1967-83.

1 Males } Females

Division 1! Mean ! ! No.of { Mean ! No,of
| length) % ! spec, ) lengthyl % 1 spec,
[ cm ! ! ] o ! 1

3K 45.7 40.3 680 53.2 59.7 I009
3L 45,5 42,5 I®R0 5I.9 57.5 2323
3N 50.8 28.8 820 58.6 7I.2 2029
In all Divisions 47,0 37.6 3220 5.6 62.5 5361

Teble 2, Mean length of roughhead grenadier in the catches taken
with a bottom trawl at different depths in Div,3N in

1969-83.,

Depth m ! Mesn length, cm ! Fo. of spec.
Less than 200 56.48 3459

20I-300 56.59 2488

30I-400 54.01 451

401=-500 5I.07 414

501-600 45.01 73

60I-700 ‘ 49.00 7

Table 3. Mean length of male and female roughhead grenadier in
’ the catches taken with & bottom traewl at different
depths in Div.3N in 1979-83.

1 Males | Females IMales & females

Depth, m fMeen | No. of | Mean INo, of | Mean ! No,of

_ 1length,] speec. | length,lspec, ! length,! apec.

lem ! | cn ! | em !

Less than 200 52.3 33 65.8 109  62.7 142
. 20I-300 48.2 195 550.7 348 53.2 543
30I-400 46.7 27 1 87.3 84 - 54,7 III
401I-500 46.9 40 5.5 I61 54.5 I91

501-600 3.6 14 53.7 14  48.7 28 .
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Table 4. Mean length in cm (numerstor) and number of roughhead
grenadier measured (denominator) in bottom trawl catches
taken at night end in the day-time in Divs, 3K, 3N in

- Heloes T Yemales THales & Temalea
Vie  pes—t T T T e
glon Day Night ! Day ! Night ! Day 1 Night
45.4%0.4 46.1*0.4 52.0%0.6 54.3%0.6 49.2%0.4 51.2%0.4
365 315 498 511 863 826
48.9%0.3 54.1%0.5 58,3%0.3 50.0%0.4 56.8%0.2 57.4%0.3
T 4w 3% 1320 709 1790 1059
potay  47.4%0.3 50.3%0.4 B56.6%0.3 57.I%0.3 53,7°0.2 54.7%0.3
&35 665 1818 1220 2653 1885

Table 5. Parameters of female roughhead grenadier caught in the
Baffin Lend area in November 1980,

¥ish "T'Pish  lGonad TMaturity Egg dlame— |Fecundity,

length,cm ! weight,g 'waight,s fcoerficilter mmn !thou.egga
! !ant,ﬁ !
80 3830 332.4 8.7 2.0-2.5 43.0
70. 2230 I41.7 6.4 2.0-2.4 23.1
82 3670 395.9 I0.8 2.2-2.5 54.4
& 3020 363.5 12.0 2.I-2.7 32.2
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Table 6. Frequency of occurrence (%) of various food components
in the stomachs of male roughhsad grenadier from the
catches in the Baffin Land, Labrador and Newfoundland
areas, 1969=83,

Food ! Pish length, cm

composition | 21-30! 3I-40! 4I-50! 5I-601 6I-701 7I-80! 2I-80

Medusa 0.4 0.2
Ctenophora 007 008 0.6
Spongis 0.4 0.2
Polychaeta 26.3 28.7 2.9 2I.8 3.6
oth Vermes 5.3 5.7 3.3 0.8 50.0 ?.4
Calanus 2.5 0.8 )
Amph.‘l.poda 2100 8-0 IO|2 1206 50.0 10.9
Euphausiacea I.I 2.9 1.7 2.2
. Isopoda 4.6 3.6 5.9 4,2
Saaces i 73 8% '
Grabs. 1 I L7 1.2
oth Crustacea 3.4 1.4 0.8 1.6
Caphalopocda 1.4 0.8
02 ure 5.6 44.8 35.6 3l.1 36.6
oth Echinodermate 0.7 5.9 1.8
Actinieria I.1I 1.7 1.0
Molluaes 5.3 13.8 10,2 12.6 I1.1
Mysidacea 2.3 0.7 1.7 1.2
Myctophidae I.4 3.4 1.6
Oapelin I.1 I2.4 13.4 I00.0 10.3
Sand eel 0.4 6.7 1.8
Grenadier 0.4 0.2
Dﬂsﬁsted fiah 3 04 9- I N 6.7
Digested food 5.3 23.0 I10.5 6. 50.0 II.7
oth fishes 0.8 0.2
ground 2.3 0.7 0.8
Ro;ot stomechs ex-~ '
cluding empty ones I9 g7 275 119 2 I 503
foof empty 9 &0 118 55 3 235

Mean dogree s 1.0 0.9 1.2 . 1.2 0.6 3.0 LI
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Table 8. Prequency of occurrence (%) of different food componente
in the stomechs of male end female roughhead grenadier
from the catches in the Baffin Land, labrador and New-
foundland areas, 1969-83,

Food |

Fish length, ca

composiblon vy N1 30131-4014I-50151-60161~7017I-80181-901 I1-90

Medusa
Ctenophora
Spongla
Polychaeta
oth Vermes
Calanus

Amphipoda 100.0

Buphsuslacea
Isopoda
Cumsaces
Shrimp
Crabs

oth Qrustacea

Cephalopoda
Ophiurs 50.0

oth Echinodermata
Actlniaria
Mollusca
Myaidacea

Myctophidae
Capelin

Sand eel
Americen plaice
Redfish
Grepadier

Digested fish

Digested food
oth fishes
ground

No.of stomachs ex-
cluding empty 4
ones

No.of empty
stomachs 3

Mean degroe of
stomach full- I.0
ness

o.M
YRR

2.3
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2.3
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Table 7. Prequency of occurrence (%) of different food components
in the stomachs ¢f female roughhead grenadier from the
catches in the Baffin Land, Labrador and Newfoundland
areas, 1969_-83.

Food ! Fish length, cm
composition 1II-20121-3013I-40141-5015I-60161-70171-8018I-90111-90
Nedusa 0.8 1.2 3.7 6.2 1.8
Ctenophora 0.4 2.6 2.3 I.2 6.7 1.6
Spongia 0.8 0.4 .4 3.2 7.4 I.9
Polychaeta 28.0 19.0 25.8 Ib.I 12.9 3.7 16.8
oth Vermes 3.2 3.7 3.8 0.5 1.2 2.6
Calanus 4.0 4.8 1.6 0.3 0.5 I.2
" Amphipoda I00,0 32.0 II.9 9.8 7.8 6.0 4.9 9.0
Euphausiaces 2.4 2.4 3.2 6.4 I.2 3.3
Isopods 0.8 2.0 2.9 4.1 6.7 2.5
Cumsacea B.O O.B 0-4 0-6 Io4 0-8
Shrimp 2.4 9.8 9.0 I2.0 22.2 33.3 I0.I
Crabs I.6 2.0 1.8 1.4
oth Crustacea I.6 0.8 0.6 0.5 0.7
Cephalopoda I.6 I.7 4.6 6.2 2.4
Ophiura 50.0 &2.0 29.4 I0.3 20.3 9.7 4.9 20.9
oth Echinodermata .8 4.1 5.2 I0.I I2.3 I3.3 6.0
Actiniaria 1.2 2.6 4.6 2.1
Molluses 7.] 16,8 8.4 14.3 I3.6 40.0 I2.0
Mysidacea | 0.8 2.4 2.0 2.8 ‘1.9
Hyc'bophid&e 0.4 0.6 0-3
Capelin 3.2 6.I I8.6 6.0 2.5 9.3
Sand eel I.2 5.5 17.5 6.2 6.1
American plaice 0.5 0.1
Redfish 0.6 1.8 I.2 8.7 0.7
- Grenadier 7 _ 0.9 0.2
Digested fish 3.2 4.5 II,9 I5.2 23.4 13.3 10.4
Digested food 28,0 15,9 9.4 7.3 I4.3 I?7.3 20.0 Il.6
oth fishes 1.2 0.5 102 0.6
ground 4.0 0.8 0.8 0.9 0.9 I7.3 2.2
Nootaovomachs o~ 26 126 244 344 217 Bl I5 105
ones
No.of ompty 3 I3 55 134 200 I6I 55 6 636

Meen degres of1o0 1.0 1.0 I.I I.I I.I I.I L2 II

neas
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Teble 9, Coefflocients of food similarity between different length
groups of roughhead grenadier (503 males and 1056 femsles)
caught in the Bagfin lLand, Labrador and Newfoundland
areas, 196983,

Length L 1 I 1 1 1 I

et o 1 21-30) 31-40 | 4I-50; 5I-60 ; 6170 | 71-80 | BI-90
II-20 36.5 20.4 I7.4 12,5 5.5 3.3 0.0
RI-30 - 57.5 44.3 28.9 18.9 14,2 8.0
31-40 - - 70.7 49.0 34.0 24.0 16.7
41-30 - - - 66.8 4.9 28.4 18.8
oI-60 - - - - 53.6 32.9 24.4
61-70 - - - - - oI.0 3I.8
71-80 - - - - - - 37.7




- 28 -

Table 10, Fatness (%) of roughhead grenadier caught in separate
monthes of 1969-83 in different NAFO Divisions (numera-
tor) and number of fish (denomlnator).

Month, year ! Divisions (In all
{0 {262 | 3K 3L| M]3 |30 °ve
February 1978 2.2 8.2
' . 181 181
March 19% I2.4 12.4
9 9
May 1974 11,0 I1.0
| 9 99
May 1977 78 S.1 2.0
73 35 108
7.5 7.5
May-J 1962 2.5 7.5
i 308 308
June 1971 6.8 6.8
Ig9 1o
June 1977 _ 76 7.6
4 74
June I981 2.1 71
al 8I
6.9 6.9
J o7 2.3 6.9
iy 21 21
11, 11,1
July 1978 : FYTT
Y b
10,1 9.6 9.9
J 1981 2xes = Fad
o 98 Ve . 175
8'2 8'2
A t 1978 2 Bae
ugus £ =
September 1969 5.8 8.0 4.7 5.8
_ 197 63 93 353
October 1969 8.2 5.2
57 57
October 1983 7.8 7.8
397 397
Hovember 1969 12.2 12,2
71 71
November 1975 8.8 8.8
‘ 100 100
Hovember 1979 6,7 8.7
149 I49
November 1980 10.5 10.5
100 100
November 1982 1.4 ‘ IT.4
342 342
December 1981 2.5 8.0 8.6
- II2 158 - 270
December 1983 9.0 8.0
400 400
pobrusrr- 1383 10.8 8.0 9.7 8.3 7.9 5.9 6.3 52 83
654 I8 639 269 1406 244 367 7 3694
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" Pable 1. Patness (%) of male roughhead grenadier of different
length in the Northwest Atlentic summarized for 1969-83.

Le ngthl NAFQ Subarea and Divisions IMeen !No. of
c@ 1 o 106 127 13g 13 1z 1ay 130 ! (fish
2123 - - - 3.3 3.8 - 1.7 - 3.4 6
24-26 - - 62 21 23 - 2.3 - 2.8 5
2729 6.4 - 6.6 4.9 3.9 2.7 4.5 - 46 14
30-32 - - - 4.9 4.1 3.7 - 4.2 43 19
33-35 4.4 8.8 7.4 4.5 4.6 4.2 - 48 50 4
3638 8.2 9.4 9.9 3.8 6.9 4.6 8.4 3.6 6.7 ™
39-41 8.8 8.0 106 6.0 6.8 5.2 4.9 - 6.9 1II5
2-44 0.5 8.7 10.8 7.1 8.1 6.9 6.4 6.6 8.1 Iaa
45-47 I2.8 II.I I2.2 5.0 9.6 6.9 7.4 - 10.0 1I83
48-50 I4.1 I2.3 I3.7 10.6 I2.5 8.2 9.2 8.6 II.8 255
5I-63 12.3 9.2 I5.6 1I2.6 I3.1 9.9 10.6 3.5 1I3.0 149
54-56 16.7 15.2 I5.0 1I4.2 I4.I1I.7 I2.2 6.4 I4,1 &3
57-59 13.3 II.0 II.8 - 13,4152 1I78 - 13,5 27
6062 9.I 4.1 20.5 - - 92 2.7 - 9.3 7
63-65 - - - I5.0 - - 6.6 - 9.6 3
6668 15.2° - - - - - - - 15.2 2
69-71 - . - 10.3 - - 3.0 - - 5.0 3
72-74 - - - - - - - - - -
5T - - - - - - - - - -
78-80 - - - - 6.3 - - - 6.3 I
gl-s3 - - - - - - - - - -
84-86 - - - - - 7.4 - - 7.4 I

2I-$ I2¢6 I004 1307 1003 II.2 7-9 Bog "7-2 II-O

1.9 90 53 I8 108 491 I32 8I 26 1138
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Table 12, Fatness (%) of female roughhead grenadier of different
length in the Northwest Atlantic summarized for 1969-83.

Length,’ NAFO Bubaresa and Divisions ! Mesn | No, of
onm t O 26 1 27 ¢ 3K | 3Ly 3¥ y 38 y 30 y Tish
15-17 - - - - 3.0 - - - 3.0 I
18-20 - - 6.0 46 1.7 - - - 3.3 3
21-23 4.3 - - - 3.4 - 39 - 3.7 7
2426 - - - 3.9 26 36 43 - 3.4 I0
27-29 - - 6.6 3.5 3.0 2.4 55 « 3.4 21
30-32 7.6 I3.I 5.4 3.9 4.0 29 42 - 4.5 32
33-35 3.6 6.8 6.8 44 7.7 3.9 3.7 3.3 6.8 47
3-38 7.1 7.4 7.5 4.6 4.8 3.6 5.4 2.0 5.4 62
3941 5.7 6.6 6. 5.2 4.6 3.8 4.0 4.3 5.I 92
£2-44 7.2 6.9 80 .46 59 4.0 3.5 2.7 5.6 128
45-47 6.9 5I 7.1 6.6 6.0 59 4.5 3.2 6.0 168
48-50 7.3 5.8 7.7 7.0 6.2 3.2 6.4 3.0 6.5 242
61.s3 8.I 6.0 83 6.4 6.7 4.4 5.5 6.6 6.8 219
54-56 8.2 7.6 8.2 8.0 6.4 2.8 4.8 4.2 6.9 267
57-53 8.6 7.6 8.6 9.4 6.8 3.5 53 2.9 7.4 271
60-62 10.5 7.8 9.2 8.2 7.2 56 6.8 4.2 8.3 221
63-65 10,5 II.3 9.7 I0.I 7.5 43 6. - 8.8 186
66-68 II.8 8.0 I0.I 8.6 8.3 3.6 6.9 2.8 9.2 213
69-71 12,8 6.4 9.9 9.6 6.7 6.9 84 =~ 10.0 132
w-74 3.6 59 95 89 7.5 - 40 - 9.l 91
75-77 11.6 5.1 10,0 1.6 8.8 - 68 - 9.1 75
-8 123 - II.o I.8 7.8 31 88 - 9.3 30
gI-83 I5.2 - 9.6 I2.1 7.5 654 - - 8.6 26
8486 - R,2 - - 63 - - - 7.4 5
g7-Q II.9 - 26 - 106 - - - 9.4 5
90-92 I2.2 - B8I - - - - - 10.8 2
I5-92 II.0 7.2 9.0 8.2 7.2 4. 6.3 3.9 82

Tah 464 W5 48l oI5 1II2 286 32 2556

16l
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Fig.1 Distribution of roughhead ‘grenadiefc (;1) and areas of
the largest aggregations (2).
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Fig.2 Roughhead grenadier mean catches during trawl surveys

aimed at assessing the bottom fish abundance in 1971-=83.
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. Fig.3 Roughhead grenadier mean catches taken with a bottom
trawl per hour trawling by depth, time of a day and
in relation to near-bottom water temperature in 1972-

83 (smoothed curves, figures in cirecles - number of
catches),
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Fig,4 Length composition of male and female roughhead gre-~
nadier in Divs,3K, 3L, 3N in 1967-83 (smoothed curves).




- 36 - e -

—_
s o
TTTTITTTITTIT T 58

N
—

® O

!

FeETrTTT

ONIPODOONRP+OOmONNEO ONPONONONEONPOIRONDED ON & o

YIS TTTTEITR T

L

QOO NNO—<~0 I 00 +

NNANONM T iD 0~ r~

I T T N A R I e R R (R A BN R R N DU N R IR B R B |
TN ONMUOUANIDRXeeTFROMOONNm eSO
NN NI ITTNIDNWYW OO~~~ 00W0wmdm

Fig.5 Length composition of roughhead grenadier catches
taken in the Northwest Atlantic in 1967-83 (smoothed

curves),
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in the Northwest Atlantic, 1969-8%2 (smoothed curves,
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