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Resultis oi’ investijations und Tisherics in deep-sca partis
of the Shell obtained in receont years induced us to revise and
anslysc in debtuil the data on redfish collected during many years.

S e ,
Ae—far-as bhe preal depbbs in the srea bo thie north of +%he
!\h.'(' l’)w“-u ‘“r:""'”"f[/'r
Hewloundland Island ure/moro{iRVestigated at present, we decided
to give in this paper only bthe results of our analysis Lor the
LOA 1S B,

area mentioned Zﬁﬁ)p That arca is a rather wide part of the Shelf
including elevations und docp-sca gullies which are important
Tor the distribution of rcdfisb. In tlis area the cold Labrador
Current coneists of two main streams, one of which r1uns along;
the shore and the other, a stronger one, poes offshore. Betwecn
them there is a great cyclonic cyre which,asg well as decp-sea pul-
lies, is probably of pgreat inportance for the distribution of red—
fish and especially ol spavning concentrations of lemales. Unlike
other areas where redlish are muinly spread in a form of a nharrow
band along ihe oceanic parb, on the North~Newfoundland Shelf they
oceur all over the clevutiounsz and in deep~sea gullies to the extent

of the cold coastal sbtrean.

Great numbers of redfish S.mentella are found at depths of

200-700 m (near-botlom temperature is nolt lower than 2.,5-3%.0°C).
Usially at depths mowe Lhun Y00 m there are no obgserved preat con-
centrations of redfich.

As results of our investications and fichery showed, the
density and qualitative coumposition of redfish concentrations at
differcnt depths are gréatl} non-liomogencous. Some results of the

_LM!-»L

analyeis of caliches taken at differcnt depths were given in
e LA ol l,,a 1 - |
tl}Jéf}@;t‘ui“r"ubmi'H-?(:‘-d 6 Lhe ICHAV coimal Meebing in 1965 (Savvatinsky,P.I.

and &idorenko, L. "hesullbe of Investipations of Deep-tea Redfish").
z‘mi—tz‘-;;!f:as:v- Lhie ezl s veopresented in that paper were mainly based
on data collccbed during one yeur, we decided to analyse all the
materials on "beaked" ccdfish obludned on the Horth-NewToundland

Shelf in 1953/65. 14 should be notoed Lhat apart from the two main

gspeeles of rediish-L.umariius ond beentella - one can tind different

interacdiate forms ol rodfish in Shiv area cspoelully at :wmall

depblis, 200-4C0 m. 1Ry Lihcir appearance the redfish ol an interme—
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diate type are similar to "beaked" redfish and that's wly we con-
sldered them to be of ithe same leﬁgth—frequencies. Only redfish
which strongly differ by their indices from the two main types,

Semarinug and S.mentella, were discussed separately.,

The combining of sizeffrequencies according to 100 m depths
(200-300, 200-400 m etc.) during all the years of our investiga-
tions led to more interesting and, from our point of view, impor-
tant results.

Ag 1% is knéwn, nales of redfish ripen earlier than females.
The earlier méturity and_slow érowth rate (connected with the ear—
.lier maturity) lecad to the shortening of males life cycle. As a
rule, size and age&frequeﬁcies of mature males are considerably
shorter than in females (Figs.1, 3). According to this index it
18 easy to distinguish between the groups ol mature and immature
fishes. The group of mature fishes or the proup with a good predo-
minance of mature specimens always has size curves with tﬁo peéks;_
the first peak falling within smaller sizes is concerned with ma-

les; the second one falling on greater lengths is to females. The

group of imwature Ifighes or the group with a predominant number
of immature specimens has the size lines with one peak. In this
case the shape of size curves of males and females are almost of
the same type, thelr peaks usually coincide with'each other and
fall on the same lengthes(Figs.1,3).

In this paper we(mainly [deallwith redfish of 30 cm in length
and longer when they can reach sexual maturity and also occur in
great ﬁuﬁbers in catches taken Ly a bottom trawl. _

From Fig.1 illustrating the size composition of "beaked"
redfish in Subufea 3K froa different depths (data for 1958/1965)
onc can see that the total lengih+frequencics coverihg depths
between 200 and 700 ﬁ hdve different peaks, thé left one of males
and the right one of females. This fact indicates the predomindnce
of mature redfish in catches. Similar pattern, i.e. well icolated
glize curves with different pecuks (thuat of males falls on 22-37 cm
and that of females on %8-45 cm), is characteristic of +two upper

100 m layers (200-400 m). In three lowver layers (400-700 m) the

E4



-4 _

size curves are ;oI\ principally)different charicter. The descending
poarts and peaks of size lines for males and females coincide with
each other. Their shapes are so similar that they are almost put
on each other. The comparison of mean lcngths of redfish gccording
to different depths shows (Table‘ﬂ) that the size‘compositions of
males at depths from 200 to 600 m are almost identical, changes

in average lengths are very insignificant. The mean length of
males at depths of 300-600 m increases very slogﬁ’on the average
by 1 em from one depth to another (33.9 cm - the smallest from

the depth of 300 -400 m and 7641 cmn — the greatest from the depth

. of 500-600 m). Only at the greatest depth, 600700 m, one can
 Tfind a sharp increase of the average length up to 29.1 cmn.

As i+ is evident from Table 1, tlis is not the case with
Temales. The difference in lengths of females caught at different
deptirs reaches 2—3'cm{ Wiile the largest males (the average length
is 39.1 cm) were.only caught at depths of 606—700 m, the large
females (the average size is %9.,0-39.5 cu) dominated in cabches
both in the upper layer (200-300 m) and in the lower one (600-700 m).
Smallest females (the mean size is 6.0 cm) were mainly taken at
depths of 400-600 m.

Table 1 clearly shows that on the North-Newfoundland Shelf
there is no smooth mechanical increase of redfish sizes ﬁith the
depth. As to thé size of catches of redfish taken at different
depths, it mainly depends upon a seasonal pattern of the fish dist-
ribution and we shall say about it below. It should be noted that
dehse.concentrations of "beaked" redfish, which can yield several
tons pcr hour's trawling, can be found in énj seagon and at all
. the depths investigated. The density and stability of these con-
centrations are in jood agreement with physiologicul conditions of
fish and cnvironmentul conditions.

Data obtuined while‘studying the fich reproduction confirm
the results of the analysis of sizeffrequencies which showed the
prodominant occurrence of mature "beuked" redfish in the upper
layera of the Shelf (2007400 m) and immature in lower layers (400-

700 w).
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While the dgssected jishes'from depths.of 450-750 m had mainly
initial stages of gonad development - 1, 2 (independent of their
length), at depths of 200~-400 m there prevailed fishes with 3 to 6
stages of ponad develdpment in males ond 3-9 in females. Table 2

shows the distribution of mature and immature redfish.

When at depths 200-400 m the mature Temales amount to 80-90%;
in {the layer of 600-700 m they are essentially absent.

It's rather strange that the maturation period of redfish |
is very delayedi as evident from Fig.2, showing separvately the
age composition of mature and immature females. Parallel with the
fishes which became mature with the length of 28-30 cm one can
find the 48-50 cm specimens having only the very initial stuges
of the gonad dévelopment - 1-2. As Fig.2 shows, the mass matﬁration
of females on the North—gewfoundland Shelf is usually observed
wlth the length of 3?;58 cn and in males (Fig.1) with that of 32-
33 cie | |

In the upper layers (200-450 m) the main bulk of males,
28 cm in length, is mature (usually at these depths their mean
slzes are 37-35 cm). Great numbers of large fishes with the length
of 58 cn and longer are observed in catches taken at depths of
456 n and deeper. Catches are maximum in the lower layer (600—
700 m). As 1t is mentioned above, at these depths the average size
of males reaches %9 cm. The increasing of the average size of males
up t; 56 cm in the layer of 500-600 m and up to 39 cm in the
layer of 600-700 m is due to largé immature‘fishes, The:size-
frequencies of mature males occuriing at depths of 200-450 m is
considerably shorter than that of immature ones living at great
depths, The similar picture, i.e. the occurrence of large immature
Tishes at great depths,is also typlical for females. However, their
nmean lengths both in the uppest layer (200~300 m) and in the
lowest one (600—?00Im) are almost equal (39 and 59;6'cm respecti-
vely). If at the depth of 200-%00 m the redfish are almost all
mature, in the layer of 600-700 m they completely immature.

Thﬁs, Eigs.1-5 and Tables 1-2 show that large, Above 58 cm,

E6



et e

immature fishes of both sexes mainly concentrate at depths of N
Ces careh Docacs

550-700 m. We reported in detail about these redfish in ‘the—paper
subnitted a% the igi%h-ﬂnnudl Meeting of ICNAF, In tho same do-
cunent we gave our hypothesis on the non-maturing of large rediish.
This hyﬁothesis co£3i5§§~in~$he followiﬁg. In connectionfwith the
fact that different intermediate forms of redfish are met in the
Labrador-Newfoundland area, it is quite evident that in thisg area

there taken place a natural hybridization between two main species

of redfish S;mdrinus and S.mentella., Above all, mass crossing |
of the two species may result from the coihcidence of the areas
of their occurrencé in the LabradornNewfoundland area especiaily
in summer dnd autumn when the lLertilization of Temales takes place
Large immature redfish concentratlng in lower layers (550-
750 m) may be a heterotic group of Iishes with gonad disorders.
Sterility of some part of a population, which ig observed while
the crossing of different species takes place, is a quite regulax
bPhenomenon. |
The concentrating of immabure large redfish at the lower

limit of theinr distribution (600-750 m) may be explained in the

following way. Migrations from great depths to smaller connected

with ripening and spawning which are typical for "beaked" redfish
may not be peculiar to immature large redfish due to the sterility
of gonads. The sterile redfish may gradually separate from redfish
developing normally. Therefore, they concentrate at lower line

of thé distribution and sometimgs form dense concentrations.

From time to time such concentrations were successfully fished

for by the vessels of DDR, Poland and the USSR (as reported in our

previous paper).

Seagonal Dynamics of the Distribution of

Redfish Sebastecs mentella

The above mentioned puttern of the distribution of "beaked"
redfish with ﬁ length of above 28-30 cm (viz. in two upper layers

of 200~300 und 700-400 m there mainly occurred a mature part of
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the stock, in two following layers, 400-500 and 5004600 n there
is met a young immature part, l.e. a potential one, and within the
lower line of the distribution ol the speciés, 600~-750 m, there is
found a group of'relatively large immature, may be sBterile red-
fish) undoubtedly has the variations related with éeasonal proces-—
gce8.

As the influence of the seasonal prevalence tells first of
all on surface layers, the qualitative and quantitative clanges
in catches of redtish are especially observed in upper layers of
the thelf, 200-400 m.

At ‘depths above 400 m the hydrological conditions aré rela-
tively constant during the year, but tlhe régular migrations‘to
smaller depthu in summer are also typical to some extent for
rgdfish living at these depths. Thelr mipgrations are less extensive
and of shorter duratioﬁ than those of the mature part of the
stock bbserved in upper .layers.

We shall discuss the distribution of redfish by depthw in
detall in connection with seasonal cycles of the life of adults
during the year{Table3, Fiq.s)

1. Winter period: December/March. Wintering of fishes and .

riponing of their gonads.

2. Sprinpg~summer period: April/July..Larvae extrusion and the

beginning of the feeding period.

5. Aubunn period: August/November. The feeding of fish and
Tertilization of fenales.

December/March

The most Severé conditions during this period are observed
in the upper layer where redfish are found, 200-%00 m. Favourable
conditions for the life of redfish wuinly for the maturation of -
females ure observed at depths of BOOHBSO'm. In winter, the main
concentrations of ripening adult females are found at depths of
300-3%50. up to'400-450 m (50-60%) of the North-Newfoundland Shelf.
So, in the layer of 200—500\m, where the catches are not so preut
in wintér, males make up the main portion (60-70%). Oné can often

Tind catches consisting of mules. In the layer of 300-400 m the
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percentage of males in catches decreases up to 42-50% ton the
average 47% during the oeason)compared with the depth above méntion—
¢d. In winter, as u rule, the catches of redfish taken at depths

of 3200-450 m are considerably larger than at smaller depths,

Thelr gualitotive composition is considerably higher in connection
with predominance_of maturing females with average sizes of 38-

40 cm than at depths of 200-300 m where males of 34~35 cm in ave-
rage length and young immature fishes with the length from 20 to
50‘cm form the basis of catches,

In winter, at depths Irom 450 to 550 m there are nainly
observed immaturc fenales and those spawning for the first time
-with the average length of S4-37 em ond males (50-5%%) both
immature and ripening (the uveruge length is,55.5—37 cm). At this
depth the catches of "beakedq" redfioh are highly'large.in winter.

However, due to the abgence ol large maturing females, the quali-

tative composition of catches is much worse than in the upper
layers (the total average size is 55-3%5,8 cm). .

A portion of large immature redfish with the prevalence of
males (58%) occurs at depths above 500-550 m. The size compositions
of males and females are almost similar, the average length of
males is %9 ci, of females 40 cm,

April/July,

In the Spring/summer period the nunber of females'at the depth
of 200-300 m increases considerably, If in winter their number at
depths of 200-300 n amounted to about 30~38%, then in summer, when
the extrusion of larvae occurred, their portion increased to 50-
70% (60%, on the avefage). In this period of tine pPre-spawning and
spawning fenales often constitute 80-90% of the catches. The most
dense concentrations of spawning Temales are observed in the west
of the Ritu Bank, i.¢. on the slope Lacing the shore, in the pully
rounding thisg slope_anq on the shallows. Some part of spawming
Temales forms concentrations in the offshore areus 0T North-New-
foundland Shelf at depths of 560—550 n (especially at the boundary

with SOuth Labrador in the north‘and Grand Newfoundland Bank in the

ES



-9 -

south). However, the efficiency of fishery shows that concentra-
tions of spawning females on the offshore slope are much smaller
than in the centrul part of the North-Neufoundland Shelf. The exis~-
tence of a rather large spawning area in the central part of the
Shelf is probably due to the cyclonic gyre which prevents redfish
larvae £fom a great drifting into the southern areas and, thus,
contributes to the consérvétion of abundance of local stock of red;
fish populating the area north of Newfoundland,

Dense concentrations of redfish, mainly of spawning fémaleé,
occur in the central part of the North-Newfoundland Shelf. It was
well demo%strated by the productive fishery in this area in April-
June of the last thrce years. As a rule, the elficiency of fishéry
in the offshore part of the Shelf is not great at a depth of 300-
450 m in the peridd of larvae extruqion. In April/June, the most
dense concentrations are found at depths of 450 m and more. At the
depth of 450-600 m there livés a group of young immature females
with the mean iength of 34-36 cm, the analogous group of males
with the average length of 33-35 cpl and a group of mature males
which stay in the wintering areas (at great depths on the ocean
slope) until the middle of summer, i.e. until the second half of
June or July. The améunt of malcs at depths of 400-600 m in this
perio@ is somewhut greater than that of females and constituteé 52~
60%. At depths over 550-600 m rather dense concentrations of imma—
ture and comparatively large redfish, are observed and both males
and females of that redfish have the length of 29-41 cm. The females
With the greatest mean length (40-41 cem) are found at 200-300 m in
May/June, i.e. just in the period of larvae extrusion. In July,
movément of spent Temules into the fceding areas (partly to the
slope down to 300-400 m, partly to the north into the Belle Isle
area) results in a sharp drop in the efficiency of fishery in all
the parts of the Nortl-Newfoundland Shelf,and the mean length of

femules reduces from 41 to 37 cm.

Awrrust/Novenber
The period of ¥neffective fishery on the North-Newfoundland

Shelf resulted from dispersal, moblility and horigontal movenents
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of feeding redfish lasts till approximately September/October.

The Tishery at pgreat dopths of %00~700 m becomes ulgo unef—
fectlve in this period. Hature mules at depths of 350-600 n migrate
1n summer into the more shallow-water regions, into the areas of

Tecding of spent lemales, where jin August/Septenber the fertiliza-

tion of females takes place. The most dense mixed concentrations
of mature males and femaules at depths of 200-750 m were found in
all the years under investijations in August/Sepbember on the
Sundall and Hamilton Bunks. |

'In the areu of the North-Newfoundland Bank the mesan size of
redfish in' the catches tuken at depths of 200-400 m reduces sharply
down to 33-37 cm due to the dispersal and movement of mature redfish
to the north und mipration of small immature redtfish from great
depths up to the Teeding shullow-water arcas. Sex ratic at upper
levels (200-350 m) gefs balunced. At deplhs of 400-600 m the nig—
ration of mature mules into the arecas populated By udult female°
upsets {he balance of sexes observed in winter and in the uprlng-

summer period, and the amount of immature Temales rises to 60-75%.

Conclusions

The analysis of fislieries and biological data as'applied to

ditferent depths enables us to cet the following picture of the

life and migration cycle of redfish Sebastes mentella in the area

of the Horth-Newl{oundland Bank:

1. The area inhabiteq by S.mentella on the Shelf north of

NewLoundland is rutler wide. As o natter of fact, redfish S.mentbella

are found over the whole area fram the offshore part of the Shelf
up to the cold coastal stream, shallows and decp~water gullies

included. The upper linit of mass occcurrcnce of S.mentella is the

200 m isobath, while tlhe lower one are those of 700-800 m.

2+ As redfish S.nentella prow, they pradually descend dowa

to great depths (more than 400 n), where they remain 411l the

full ripeness, undertoking insignificant secasonal nigrations.,
During almost all the seasons suwall, wostly ismature rcdfishr

and recrults with the meun length of 35-%6 cm both in wnales und

Females composed the wain bulk of calehes taken at depths of 400-
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550 m. Comparatively large (meuan length of 59—40‘cm) and usually
- immature redfish with the gonads at 1-2 stages of development
were usually caught at depths more than 550 m (550-750 n).

%« The mature. gpecimens perlform migrations iﬁ an opposite
direction, i.e. in the areas with favourable hydrological condi-
tions females just before the extrusion of larvae and males capable
of fertilization rise to the surfuce levelg of the Shelf (200-

400 m); Tor the rest of thelr life they keep.mainiy to these
depths and descend down to lowér'layers only in the coldest time
of the year. In.the period of larvae extrusion the movement of
adult mature i'emales to depths more than 400 m was insignificant
in this area. .

4, Migrations of mature redfish during the yéar are probably
completed in the following way.

Adult females winter in December/March on the offshore slope
and partly in the gullies at the depth.of 300-400 m.

In April/June, in the period of larvae extruaidn, the nass

movement of females into the more shallow-water regionslia observed.
As a result, they concentrate on the western glopes of the Ritu Bank
and in the gully. In July, when the feeding period begins, adult
- females are distributed over a large Shelf area. .

During the feeding period'in August/October, the concentra-
tions of adult redfiéh are greatly scattered except the Period of
| mating, and are encountered mainly at 200-400 m. At the end of the
feeding poriod females again concentrate at depths of 300-450 m,
Adult males are observed in winter at depths from 200 to 550 m,

In April/June, when females migrate to the shallows to extrude lar—

vae these males stuy in the main wintering area on the slope at
the 350-500 n depth, In July, males, just like females, rise from
great depthis wp to the shallows (200—550 n) where they, together
with females, are found during the whole of autumn.

5. Migrations of immatﬁre specimens which live at depths
more than 400 m, ure evidently rather limited and are chiefly
chaructgrized_by sunpner movements froﬁ depths up to more shallow-

-water areas with preater food supply. After the cooling they

usually descend dewn to grcuter depths,
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TABLE 1. Average length of redfish S.mentella at different depths (in cm)x).

Depth : 200-300 300-400 400-500 500-600 600-700

Sex
malcs - 34,6 . 33,9 35,2 36,1 39,1
females 39,0 38,7 36,3 36,5 39,5
x)

Fige 1 shows the number of redfish investigated.

TABLE 2, The percentage of immature¥) and mature redfish at different depths.

Depth : 200-300 300-400 400-500 500-600 600~700
Sex, maturity _

immature 13’2 26’2 44’0 66'5 86,2

X
0
mature 86,8 73,8 56,0 33,5 13,8
inmature 21,2 9,8 60,4 | 92,3 98,2
P nature 78,8 90,2 39,6 7,7 1,8

x) Immature ~ stages 1-2,
Mature - «lapes 7-60 for nales, 3-9 for Lemales

(4according to V,P.Sorokin)
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TABLE 3. The ratio of males and temales (%), their average lengths (cm), the number
of redfish investigated (spec.) by periods and depths.

*

200-300 300-400 400-500 500-600 600-700
Period Sex % cn  Sspec % cm spec 24 ca spec % Cm  spec % cm spec
I o 62 34,9 9598 47 33,6 29314 56 35,7 2551 58 39,0 I504 - - =~
winter 9 38 39,7 5996 53 38,8 32263 44 35,9 1995 42 40,2 I03] - - -
II 4 40 34,9 5102 48 34,3 10674 49 35,2 5697 52 34,7 3055 46 39,12649
spring- _ﬂ 60 39,6 7e66 52 38,6 II377 51 36,3 5B46 48 35,2 2882 54 39,6 3107
- sumner :
IIT o7 o0 32,2 I%I1 44 33,8 60I8 36 34,3 I449 25 37,3 109 - - -
b 0 50 34,2 IS5I 56 38,8 7637. 63 36,8 2533 75 37.4 333 - - -
<o -&l

I— December, January, M.m.UH.cqu.

liarch (wintering)

II - ipril, May, June, July hmwmﬂwubmu

ITI - iugust, September, October, ﬁodmﬁde (feeding, nating)
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Ol'u'l'l""l'-l-l'r'1ﬁ1|'1'l'-""l_"
21 2325272931 333537394l 43454749 cnm

'1g., 1. Size composition of "beaked" redlish at different depths.,

F1l



- 15 -

% —  Immature
6 -—~= mature

8]

] 10
41 800 60
2| 700 N\ 20

031239527 59 31 3535 3739 41 43 5 4T 7a om

Fig. 2. Size composition and ratio of mature and immature females
of "beaked" redfish at different depths. !
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April - july

Fig. 3. ©Size compositicn of "besked" redfish at different depths
during particular periods,
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