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Abstract

In the present paper the possibility to commercially fish

the roundnose grenadier in Subareas 0, 1 and in the ICNAF

Divisions 3K and 2G is considered on the basis of the analy-

sis of the size, age and sex composition in catches in 1967-

1979. The instantaneous commercial mortality coefficient as-
:

sessment which may result in the maximal possible catches ha-

ve been done for Division 3K. The calcuiatiOns are based on

commercial and biological statistics of international fishe-

ries, on Virtual Population Analysis and on the method of Be-

verton and Holt. The total amount of fish of a proper age

having been caught during a series of years of fishing and

also total fishing effort (amount of hours of fishing) are

calculated. Those calculations indicated that a stable catch

in Division 3K equals to 28 000 tons at M = 0.15 and 17 000

tons at E = 0.20. All the drawbacks of such method of the

optimal fishery calculation are also indicated.

The size, age and sex composition analysis showed that from

1967 to 1971 in Division 3K the heavy fishery brought about

the change in these indices. A catch per unit effort decreased.

In subsequent years when the fishery was less intensive these

indices again increased to the previous level. Some changes

in size composition of catches took place in Division 2G in



1971 when the total removal reached the maximum - 54 000 tons.

In Subareas 0 and . 1 similar changes were not observed. Basing

on the size-age analysis of catches in Division 3K it should

be possible to recommend a removal of about 20 000 tons. The

grenadier removal in Division 2G and Subareas 0 and 1 can be

increased compared with the present one without any fears of

the subsequent decline in grenadier abundance.

Introduction

The roundnose grenadier is an abundant deepwater fish wide-

spread along the continental slope from the Cape Hatteras in

the south up to the Cumberland Peninsula in the north and also

near separate sub-water banks remoted from'the slope. It may

be found at depths over 2 000 m (Leim and Scott, 1966). The

effective removal of this fish (since 1967) is conducted by

bottom and mid-water trawls at depths of 500- 1300'm. The

main fishing areas are the ICNAF Divisions 3K, 2G and Sub-
,

areas 0 and 1. The USSR removes about 90% of the total catch;

Poland, GDR and FRG remove only a small amount of this fish.

The total annual catch amounts to tens of thousands tons

(Table 1). In connection with this assumption the question

arises as to how great the removal of this valuable fish can

be. The recent years the specialists of different countries

made several attempts to assess the possible removal of grena-

dier. The difficulties are in the fact that commercial and

research gears cover only the upper part of the vertical dis-

. tribution of grenadier by depths. Besides, the grenadiers sho-.

als loCality and spawning areas are unknown.

The present article is one of the attempts to assess the op-

timal removal of roundnose grenadier in the Northwest Atlantic

fishing areas.

Material and methods

The greatest number of roundnose grenadier was removed an-



nually in Division 3K where the most complete ichthyologic ob-

servations took place and data on the,size, age and sex compo-

sition in catches for a series of years were collected. This

allowed to assess the instantaneous commercial mortality.coef-

ficient which should result in the maximal annual removal. The

commercial and biological statistics of international fishery

(Stat.Bull.ICNAF, 1969-1979), the VPA and Beverton and Holt

method were taken as the grounds for calculations. A total

amount of removed fish in thousands of specimens of a known

age for a certain period of fishing and also a total fishing

effort in hours of fishing were calculated (Table 2). The

amount of hours of fishing spent for certain species of

fish removal were not considered by statistics. That is why

it was necessary to choose such months of a year when there

was a directed fishery of roundnose grenadier in Division 3K

and other fishes removal constituted a small part. The number

of hours spent by the similar type of ships on grenadier remo-

val was calculated in the same per cent relation as the grena-

dier removal related to that of other fishes. Having known an

annual removal of grenadier in Division 3K the number of hours

of fishing was determined by method of proportionality.

Eass measurings of grenadiers from commercial trawls catches

were conducted in Division 3K in 1967-1975 and in 1977-1978.
The length distribution sequence for 1976 was obtained by

using average data for years 1975 and 1977. Age samples were

taken in 1967, 1969, 1970, 1972, 1977 and 1979. Considering

. that grenadier males and females rate of growth differs slight-

ly and that males and females number in catches is almost

constant we have combined these materials. As it turned out

a rate of grenadier length and weight growth in different years

was almost the same we decided to combine the all years age

samples and then to evaluate the - length frequency of separate

years in the age indices. Thus, the age characteridtic of comm-

ercial removal of grenadier in 1967-1979 was obtained. The total

removal (thousands of spec.) in separate years was distributed

proportionally to the age composition in catches during the



same , years (Table 2).

The grenadier age-limit was taken conditionally by separa-

te fishes removed which were the oldest (length - 89 cm,

.age - 1 9). Age of fishes entering thecommercialstock was

taken conditionally and equalied to 6-7.

The age of fishes was read from the scales placed in the

polarized passing light according to the technique described

earlier (Savvatimsky, 1971).

-In an attempt to determine the optimum removal of round-

nose grenadier in various areas and without having a suffi-

cient number of age indices we have analysed the annual to-
,

tal removal from the ICNAF Statistical Bulletins, the size

and sex composition of the catches for the period 1967-1979.

The: last characteristics are season dependent, therefore,

only the data for June-December (a period of directed fishe-
,

ry of grenadier) were considered.

Grenadiers were taken mainly by bottom and only some-

times by midwater trawls which more often took place in

Division 2G. As the size composition and average length in

the catches by bottom and midwater trawls were almost the

same (Table 3), the length frequency distribution of mid-

water and 'bottom catches were combined. The sex composition

also was almost the same (Table 4). For composing Tables 3

and 4 we have chosen only those months of proper years

when the two above-mentioned methods of removal were used.

Fishes length was measured to within 1 cm and subsequent-

ly to simplify further calculations the lengths were combin-

ed in 3 cm groups (30-32, 33-35, 36-38 cm etc.). Figures 1,

6, 7, 8 give smoothed length distributions. They were smo-

othed according to the formula:

a+2b+c
B

4

wherea, b, c are previous, middle and subsequent terms of

the distribution and B is a term to be determined'. In the



right Side of the figures the size composition of the catch-

es is presented as deviations from the long-term mean values.

Fig.3 gives, the age composition in the catches obtained by

evaluating the length distribution sequences for proper years

in the age samples for the same years. Grenadiers age composi-.

tion given in Fig.4 was obtained by evaluating the length distri-

bution sequences for proper years in the total age indices (summa-

rized age samples from 1967 to 1979).

The number of fishes being analysed is given in Tables and

in Figures.

On the .ros.ects of renadier fishe

In 1968 Gulland estimated that as much as 10 000 tons of

grenadier can be taken in the North Atlantic (Ann.Meet.ICNAF,

1968). However, since the development of fishery for this ape-.

cies (from 1967) on the Northern Newfoundland Bank (Div.3K)

alone the annual catch has been almost twice as much as Gul-

land's figures. In the subsequent years no attempts to deter-

mine the optimum removal of roundnose grenadier have been made

as the available commercial and research fishing gears could

not cover the entire range of grenadier vertical distribu-

tion and, besides, grenadier migrations, spawming grounds,

age composition and stock localities were unknown which

were the obstacles for estimating the size of the•commerci-.

al stock. Only in 1974 Pinhorn (Pinhorn, 1974) having used

the method of Bertalanffy as well as that of Beverton and

Holt found that the optimum grenadier removal in Subareas 2

and 3 should not exceed 30 000 tons..In 1976 Borrmann (1976) •

on the basis of mathematical calculations relating to the

age and size compositions in catches for some years showed

that the present fishery does not affect adversely the gree

nadier stock and that the average annual removal of 34 000

tons in Subareas 2-3 and of 8 000 tons in Subareas 0-1 are

within the limits of the calculated possible sustainable

catches. In 1976 Parsons (1976) using the same methods sug-



gested to consider a removal of 24 000-37 000 tons as the

optiMum in Subareas 2-3. Parsons and other researchers (Par-.

sons, Veitch, Legge, 1978) note that airing the last. 10 years

of grenadier fishery in the Northwest Atlantic a catch per '

hour of trawling remained almost unchanged and this indicates

that the biomass is stabilized. They consider that grenadier

removal in Subareas 0-1 equal to 8 000 tons and in Subareas 2-

3 equal to 35 000 tons is allowable.

The estimates of grenadier removal given by Pinhorn, Par-

sons - and Borrmann are not final as the techniques used pre-

suppose the constant annual recruitment into the commercial

stock and do not allow for the variations in the year classes

abundance. Besides; they, like authors of the present article

(see section "Material and methods"), use a lot of assumptions

and conditional quantities while calculating the allowable

catch in Division 3K; that is why the resuljm of such calculati-

ons should be assumed only as approximate ones.

Stock assessment and possibilities for grenadier removal

in Division 3K was calculated using the VPA method and that

of Bevefton and Holt. While composing a mathematical model of

the Grenadier commercial stock the commercial and biological

statistics for the period 1967-1978 was taken as the initial

data (Tables 2 and 6).

The equation of the grenadier individuals length growth

according to Bertalanffy is as following:

1t = 156 (1-exp (-0.039 (t + 2.47)))

Curves of dependence of possible catch per unit of recruit-

ment Yw/R on commercial mortality coefficient F calculated for

the two values of M=0.15 and M=0.20 have their maximum in the

points of F= 0.35 and. F= 0.65, respectively (Fig.9).

While plotting the curves of the grenadier possible removal

the following values of parameters were taken:

ti = 2; ts,' = 6, tx =



- 7 -

The possible catch per recruit at M=0.15 is about 337 g and

at M=0.20 - about 133 g.

For assessment of the grenadier stock by VPA technique we

have calculated, at first, the instantaneous coefficients of

total mortality Z of each year class dUring the last year of

life (at the age of 19) as naturallogarithms of ratio of mean

abundance in a catch per hour of trawling at the age of 19 to

mean abundance in a catch per hour of trawling for the proper

year class at the age of 20.

The instantaneous commercial mortality coefficients F of

each year class at the last year of life were calculated by

subtracting M =0.15 and M = 0.20 from the calculated values

of Z.

Tables 7-9 give the results of the grenadier stock assess-

ment by VPA at M =0.2.

It may be seen from these tables that the stock in Divi-

sion 3K approached its maximal value of 17' 104 tons in 1970

and then gradually decreased to 10' 104 tons in 1978.

From 1970 there exists a linear dependence between the

stock and removal with a correlation coefficient equal to 0.6.

Average abundance of individuals at the age of 2 was

13'107 spec, which allows at F=0.65 to obtain a possible catch

of 17' 103 tons if possible catch Per recruit equals to 133 g.

This removal corresponds to the average removal for the fish-

ing period under review (1967-1978). Hence, the grenadier

fishery in Division 3K is conducted rationally.

The results of the roundnose grenadier stock assessment

in Division 3K by VPA technique at M= 045 are not given in the

present article. Average abundance of individuals at the age

of 2 at M= 045 equals to 82 • 106 spec. which at corresponding

catch per recruit = 337 g and F =0.35 provides a possible re-

moval of 28 • 103 tons at F =0.35.

Since the natural mortality coefficient for roundnose gre-

nadier in Division 3K is not determined yet the amount of

20 • 103 tons should be taken as the figures of possible remo-

val for this species.



In 1980, the total yield of grenadier was only about 500

tons. In July 1980 (RV"N.Kononov") the catches there consisted

of fishes at age 3-17 . (at the average - 90( years). Mean

length of fishes was 59.6 cm, mean mass - 467.0 g (by 391 spec.)..

These parameters are similar to the long-term mean ones.

A heavy fishery usually results in a change of length and

age composition in catches, sexes ratio in catches (if there

is a directed fishery of males or females with different gears)

and also change of catches per unit of commercial effort. Accor -

ding to a change of these indices we may judge how the fishery

affected the fish stocks.

The grenadier fishery in the Northwest Atlantic has begun

in 1967. The greatest are annually taken by the fishing fleet

in the Newfoundland area (more precisely in Division 3K) with

the exception of 1971 when in Division 2G 54 179 tons were ta-

ken. Lesser grenadier catches in the northern part of the ICNAF

area in 1972 compared with those of 1971 are explained by the

fact that the fleet was mainly engaged in the fishery of Green-

land halibut whose aggregations appeared in 1972 off Baffin

Land following the hydrological conditions favourable for this

fish. In Division 3K the grenadier annual catches are approxi-

mately equal (Table 1). In 1967-1970 the fishery in this divi-

sion was concentrated within a limited area extending for 40-

50 miles along the continental slope. Grenadiers in this pe-

riod were heavily fished, the number of large refrigerator

trawlers equaled to 20. The fishery was of a short duration

and the fishing fleet in this area operated only in October

and November.

The fishery in 1967-1970 over a limited area of the continen-

tal slope in Division 3K seems to have influenced the grenadier

abundance. In the above period there decreased the catch per

unit effort,. changed the size, age and sex composition of the

catches which was not the case in the other ICNAF divisions

where a commercial removal of grenadier was small (Savvatim-

sky, 1972), Fig.1 shows the size composition of grenadier

catches by years in Division 3K. From the left side of the
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figure it can be seen that from 1967 to 1971 the dominant length

of fishes in catches decreased. From the right side of the figure

where yearly deviations from the long-term mean values are gi-

ven it can be seen that during these years a relative number

of large fishes in catches also decreased. Mean length of fishes

decreased from 62 cm to 42 cm (Fig.2). The age composition of

the catches also changed. If in the catches in 1967 dominated

fishes at the age of 9-14, in 1970 there dominated fishes at

the age of 6-7 (Figs 3 and 4).

Since 1971 the fishing area in Division 3K has increased. If

during the first years the fishery in this division was inten-

sive and of short duration then in the subsequent years the

fishery was conducted during summer and autumn months. In 1972,

for example, the fishery lasted from May till November (Stat.

Bull.ICNAF, 1974). In 1972 and later when the fishery was conduc-

ted over a large area, at various depths and in different sea-

sons the size composition of the catches was restored (Figs 1

and 2). The sex composition was also restored (Fir 5 and
Table 5). From the materials above it can be drawn that an

annual removal of 18 000-20 000 tons of grenadier in Division

3K which is close to the average annual removal for recent years

will not affect adversely the grenadier stocks, however, to all

appearances it would be unreasonable to exceed this figure.

In Div.2G the annual commercial removal of grenadier is small

except 1971 when the catch amounted 54 000 tons. In the period

from 1966 to 1970 the grenadiers in the catches were larger than

in subsequent years. It can be clearly seen in Fig.6 especially

in its right side that before 1970 there was an excess of large

and a lack of small fishes in the catches compared with the

long-term mean distribution, but from 1971 - just vice versa-

an excess of small and a lack of large fishes. Analysing the

left side of Fig.6 one can not say that the change in the size

composition was very considerable, such as it was in Division

3K from 1967 till 1971. The portion of females in catches by

years practically did not change (Table 5). However, indisputab-

 _
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ly that the annual catch of 54 000 tons in Division 2G caused

some changes in the size composition of the catches in 1971.

In subsequent years the catches here were small (Table 1) and in

1978 the size composition of the catches was at mean long-term

level and average length of fishes in catches was close to average

fishes length in 1966-1970 (Fig.2).

Unfortunately, we have no data on Subarea 0 (Baffin Land)

for 1977 and 1978 but we can state that form 1967 to 1976 no

changes in the size and sex composition of catches took place

in this area (Fig.7, Table 5). Some decrease in average length

(Fig.2) in catches in 1975 and 1976 and the fact that the len-

gth frequency curve had two vortices in 1975 were caused by

the fact that the grenadiers were removed from comparatively

small depths, mainly as a by-catch during a directed fishery

of Greenland halibut. The amount of grenadier taken in this area

was small. In Subarea 1 (West Greenland) from 1969 to 1972

a small increase of fishes average length in catches was obser-

ved, then there was a decrease till 1976 and an increase again up

to 1977 (Figs 2 and 8). These changes, probably, were not con-

nected with the commercial fishery.

Conclusions

The presented data show that the fishery in 1957-1978 did

not affect substantially the grenadier stocks in the Northwest

Atlantic. Judging by year to year trends in the size, sex and

age composition of the grenadier catches the optimum catch in

Division 3K should be 18 000 - 20 000 tons. The removal of

54 000 tons in Division 2G in 1971 caused some changes in the

size composition of catches, therefore, the optimum catch in

this division should be less than this figure. One may consi-

der that in the northern part of the continental slope of Ca-

nada the grenadier forms more abundant aggregations compared

with Division 3K where the fishery is limited by a small area.

It is quite possibly that the grenadier abundance in the north-

ern parts of the area is higher than that in the southern part



as it is peculiar to many fishes of high latitudes, for instan-

ce, Pacific grenadier (Novikov, 1970).

Taking into consideration that the grenadier aggregations

off Labrador, Baffin Land and the Greenland-Canadian Threshold

take a much larger area than that off the North Newfoundland

Bank (Division 3K) the catches there may be increased at least

twice comparing with the present ones arid, should reach the fi-

gure of 20 000 tons, i.e. approximately the'same figure as for

Division 3K.
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Table - 3 Pottnnose grenadier mean length (in cm) in catches by

bottom and midwater trawls in the North Labrador area

:
Year

Males :	 Females .
.:

:Males and females
•

Bottoth

fishery

: Midwater

f fishery

:Bottom

: fishery

:Midwater

!fishery

Bottom :IllidWatet

!fishery !fishery

1972 62,93 62,68 63,28 64,81 63,07 63,51
1973 57,14 62,99 58,24 66,62 57,57 64,43
1974 62,86 63,81 63,00 63,40 62,64 63,76
1975 63,30 61,45 64,40 61,44 63,76 61,11
1976 61,38 59,78 61,01 61,36 59,63 60,41

1972-1976 60,74 62,44 62,12 64,29 61,54 63,15

Number of fish 19165 '18309 11E37 11277 31002 29586

Table 4 Houndiuwe r.renadMmT females number (%) in catches by

bottom and midwater trawls in the North Labrador area

: Bottom fishing Midwater fishing

Year •female  Number fish
•

70 of females;
 Number
of fish

1972 40,16 3197 38,98 2486

1973 38,61 4491 39,59 11486

1974 35,44 11286 34,38 7173

1975 42,17 4992 38,35 4409

1976 38,57 7036 39,78 4032

1972-1976 38,18 31002 38,12 29586
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Table 5

Roundnose grenadier females number in catches by years

and areas in August - December

Year

Div.3K Div.20 Subarea 0	 : Subarea 1

:Month .number

•

:Females : Month 
'Females
:number

;Month	 Month
:Females'

:.	 :number ;Month
:Females

1967 Yill-XI 691 XI 618 Y111-X 1106
36,4 35,1 31,0

1968 X-X11 164 X-XI 1438
31,3 39,8

1969 XI 791 X 142 YUF-X 2597 Y111-IX 2107
30,6 40,5 29,1 32,2

1970 YllkIX 2543 VIII 785
30,2 29,6

1971 YW
349 X-X11 3293 IX-X ION IX-X 2140

35,6 45,9 25,5 35,1

1972 X 201 Y11F-X 3449 7111-X 2198 6631
31,8 37,4 32,8 38,9

1973 X-XI 3187 YO-X 3866 Y111-X 662 7111411 6071
41,7 39,3 27,0 38,3

1974 YE 693 YEk-XE 4956 YI-X 2708 Y111-111 7033
46,8 36,4 28,2 38,8

1975 Yffl,	 XI 1571 YE-XI 5021 YM 505 8185
40,6 44,0 37,0 40,1

1976 YID-X 6389 yErrx 6073 Y11.1-X11 10871
38,1 33,0 31,7

1977 YE,X11 1549 YI,IX,X11 5220 XI 12 Y111-IX 606
49,7 42,1 41,4 32,1

1978 YM,X,XE 1E44 IX 708
38,3 40,0

1979 X-XI 2626 IX-XI 1234
39,9 34,0

Numerator - -number of females (in specimens)

Denominator - number of females (in per cents)
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year in Div.3K (by smoothed sequences).
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