NOT TC ZE CITED WITEQUT PRIOR
SREFERENCE TO THE nUTHORS

Northwest Atiantic Fisheries Organization

Surial No. NBI9O NAFC SCR Doc. 34/IX/95

SCIENTIFIC COUNCIL MEETING - SEPTEMBER 1984

USSR TIchthvoolankton Investigations Within the Framework to the

oy

lemish Can Procijact in 12878-1983

by

V. P. Serebryakov, A. V. Astafjeva, V. K. Aldonov

All-Union Resesrch Institute of Marine Fisheries and Oceanography (VNIRO)
17 v. Krasnoselskaya, Moscow B-140, 107140, USSR

and

A, K. Chumakov

Polar Research Institute of Marine Fisheries and Oceanography {PINRO)
6 Xnipovich Street, wurmansx, 183763, USSR

ABSTRACT

A8 a result of ichthyoplankton surveys eggs and larvae of 4
fisn species have been recor&ed in the Flemisn Cap area. Through-~
out the investigated period the hizbest zoundance was shown by
larval redfishes while cod and Amierican piaice larvae displayed
extreme scarcity. The Spawning in redfishes was first recorded in
the south - weatern part of the bank to be continued later in the
north—éastern and north-western areas at depihs of 350-800 m and
at water tempsrature of 4-5°C. The larva abundance increased from
March f{o April to reach maximum during the second part of April zn,
and %o be rfuily accomplisheé in may. The spawning seemed to be most
intensive along the northern, north-western and south-western slopes
of the Bank ztove depths of BCO-SOO a. The second peak oi spawning

fell on July-ijugust.

[
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Newly extruded larvae moved upward to drift in the upper Io-
-20 1o layer. The larvae driliad sou:neaszwaru and easiward Irom the
spawning grounds located along the noriherm - norih-western and
south-western slopes, respeciively. Larval redfisn were recorded

throughout the entire area surveyed in ray and were rrequently

eniTzined o the rceniral shallows of the bank with the aniicyclonic




gyre. The gyre destruction is found to be respongible for ichthyo-
plankton transport outaide the bank as it wes the case in ISE3. A
supposition is put forward that strong year-classes of redfisn, cod
and americar place are unlikely %o be expected in the Years wnen the

anticyclonic gyre is destroyed.

JINTRODUCTION

International investigations have been conducted in the
Flemish Cap area since I978 in order to reveal the causes of
fluctuaticns in commercial fisn year classes abundance. Flemish

Cap is located in the northweatern Atlantic Ccean east of the
Grand Bank with & narrow deep-water strait between them. The
pattern of water circulation on Flemish Cap (Buzdaiin and Eli-
zarov, 1962; Kudlo and Burmskin, I972; Hill et al. I1973; Borov-
kov and Kudlo, I980) predetermines the routes of egg and larva
pasgsive migrations and is reaponsible for the occurence of iso-
lated populations of cod, redfish and American plaice in the

area (Postolaky, 1962; Templeman, I962; Templeman, 1974; Tempieman,
I976; Serebryakov, 1967; Serebryakov, I978; Cross and Payne, 1978);
Based on the above aseumptior Dr. X.G. Konstantinov recommended
ICWAF Scientific Council %o chcose the Flemish Cap as an area for
research on reasons for abundance fluctuations in fish year clas-
ses ( ICHAF Bedbook I975}. In May I977 in Murmansk ICNAF ad hoc
Working Group on the Flemish Cap Project considered general oceanoc-
graphical and ecological aspects and weorked out main vrineiples of
the international program to investigate abundance fluctuations of
the commercial fish year classes on the Flemish Cap (ICHAF Redbook
I977). A bit later, at the meeting in September I977 Canadian spe—
cialists discussed 12 hypotheses on inflﬁenéa of 4 primcipal
factors (oceanclogical environmental conditions, predoticn, food
availability, state of the spawningz populaticn) on the abundance
flucfuations in the fish year classes and worked cut practiecal

ways of realization of the program (Akenhead, IS78).
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The results of the international surveys in the Flemish Cap
area have been pregented in the preliminary reporis and papers
{Postolaky, I980; Anderson, I982a,b; Borovkov and Kudio, I979;
kKudlo and Borovkov, 1980; ainderson and Akenhead, I981) and some
summarizing works (Anderson, I983; Xonstantinov, I980). This paper
provides the results of the ichthyoplankton surveys carried out by
PINRO vessels.

MATERIAL AND METHODS

The ichthyoplankion surveys on Flemish Cap were conducted in

spring and summer of I978-I198I and I983 on a standard grid of

stations. Annually ftwo or three surveys were conducted.

7 Ichthyoplankiton was sampled with the egg conical net {80 cm
diameter épening, 0.5 mwm mesh gauze; in I978, I979 and I980. Three
methods of towing were usually used at each station: a total verti-

acal haul from the bottom to the surface (from the maximum depth of
500 m in waters deeper than SOQ m) and two horizontal hauls - near-
~gurface and oblique. The net was retrieved at ca_ I mw/sec during
vertical hauls.

In I978 near-surface and oblique hauls for ichthyoplankton
were simultaneocusly made wnile the vessel was underway at dead slow
of gome 0.I knot with a I0 minute c¢irculation. The nets for hori-
zontal hauls - near-surface and at 25 m - were made faet along the
same wire 50 @ apart each other. Juring near-surface hauls the
condition of complete lowering the sampling array was strictly
kept: the upper hoop edge of the net was towed just below the
surface and was visible well. The other net with an attached 20kg
load fished at 2% m and during retrievals made obligue hauls at up-~
per 25 m.

.In I979 and 1980, total vertical and horizontal near-surface
hauls apart, the 50 m depth was fished at each station during a
I0 minute vessel circulation at 2.5-3,0 knots with oblique hau-
ling at upper 50 m during retrievals.

In I98I IKS-80 was used only for total vertical hauling from

both the botlom and 500 m depth to the surface.



During the first two surveys of 1983 the vertical, near-sur-
face and two oblique IK3-80 hauls were made during a IO minute

vessel circulation at 2.5-3.0 knots. In the third survey two hauls
were made at each station: vertical IKS5-80 and oblique Bongo-61
tows,

At each station sampling included temperature {(near-bottom -
- surface) and salinity profiles were made.

Initial processing of the samples was made abeard during the
cruiges, Ichthyoplankton sampies were fixed in 2 - 4% formalin.
The sampies were further analyzed im viiro. The ichthyoplankton
was sorted out under binmoculars, and egg and larva growth stages

were determined (Rass, I946). The egg diameter and larva . zoolo-

gical length were measured. Eggs and larvae were identified on

the basis of the egg and larva identification deys (Ehrenbau,l905-
-I1909; Pertseva, 1936: Rass, I1949; Russel, 1976; Serebryaéov,lgso,
and others).

The data obtained with the vertical IKS-80 hauls counted un-
der I m2 were uged for plotting egg and larva distribution charts,
Total abundance .of redfish larvae wasg determined applyimng the
stratification method (Buchanan-Wollagstone, I926) and a special
computer program was used. The data obtained with vertical, as well
as the other, hauls at each station were used to list ichthyo-
plankton species composition and larva length frequency distri-
bution,

RESULTS

Species composition

More than 26 species of fish occur in ichthyoplankton samples

on Flemish Cap {Serebryakov, I978). I€ epecies have been recorded

during cruises of the Polish r/v "Wieczno™ in April I978 (Grimm et
al. I980). Our surveys have revealed eggs and larvae of 41 fishes
{Tables 2,3,4,%,6). For the first time Nangennia groenlandica,
Maurolicus muelleri, Leptoclinug maculatus, Anarhiches denticulg-
tus, Aparhichas lupus, Copger copger and othera have been caught on

Flemish Cap. The species composition list of the Flemish Cap area

can be, thus, sufficiently supplemented now.




Begides, from the larval distribution it is possible to say that

cugk (Brosme brosme) may spawn on the Flemish Cap,

Redfish larvae appeared to be the most ebundant item of the
Flemish Cap ichthyoplankiton throughout all the years and seasons
. of the surveyasa.

Number of cod egzs and larvae capiured was unexpeciedly small,

Redfiah larvae

Radfish larvae are not classified into species in the prasent
paper despite the fact that it has recently become possible (Se-
rebryskov, 1978; Templeman, 1980; Magnuseon, 1981; Penney, 1982).
Distribution is given for larvae of sll the Sebasies spp. combi-
ned.

General distribution. Surveys in March were conducted in 1980,

1981 and 1983, Radfish 1arvae were observed in each of thoase sur-
veys, In 1980 and 1981 larvae in amcunt of 30-78 apec./m2 were
found on the southwestern Plemish Cap in the Beothuk Enoll area
and in 1983 on the northern Flemish Cap (Fig. 1a,b,c). The larvae,
judging by their iength {Fig. 2), were newly extruded, The grea-

12

test larval abundance in March was marked in 1980 - 0.25x10 lar-

12

vae, whereas in 1981 it amounted to 0,19x10 and in 1983 -

- 0.06x4012

specimeng (Table 7).

The only survey in the first half of April was made in 1979,
Distribution of the larvae (judging by their size recently extru-
ded) was similar (Fig. 3) to that of the second hal?f of March 1980
(Pig. 1), and they numbered 1.62x1072 gpecinens at the survey mo-

ment,
In the second half of April surveye were conducted In 1981 and
1983. In 1981 the grestest larval abundence of more than 100 ape-

2
cimens per m was found on the northern and northesastern Flemish

Cap above the depths of 4000 to 300 m, and in 1983 larvae in such

a great number were observed on the eagtern, southeastern and

gouthwestern siopes of the Flemish Cap (Fig. 4)., The larval abun-

dance in 198% wap more than 5 times ms large ( 15.37 x 1012

12

apec.)
ag in 1981 ( 3.C3 x 10 < spec.). In 1983 the peak of the larval

length range fell on 7 mm snd in 11981 - on 9§ mm,




Two surveys were also made in the first half of May, in 1979
and 1980, In 1979 the highest larvel concentrations were found
on the northern Flemish Cap above the depths of 300 - 400 m, on
the south-western - mbove 200 - 300 m, and southeast of the Fle-
mish Cap above the depths of more than 1000 m (Fig. 5). The peak
of the overall learval length composition for the whols area sur-

veyed fell on € mm in those years.The larvae numbered 4,38 x 1012

and 3.54 x 1077

specimens in 1979 and 1980, respectively,

In the gecond half of May surveys were conducted in 1978, 1981
and 1983 (¥ig, 6a,b,c). In 1978 the maximum numbers of larvae
{more than 100 Bpec./ma) occured north, west and south of the shal-
low part of the Flemish Cap., The length composition peak was
10 mm, and the larvae in smount of more than 10 spec./m2 were dis-
tributed wlthin the 300 m 1sobath on the northeasstern slope of
the Flemish Cap, In 1981 the larval disiribution wes limited with
the 400 m isobath, and, besides, in 1983 the larvae in amount of
500 spec./m2 ware obgerved on the scuthwestern slope and in number
of more thén 10 spec./m2 on the northern end northeastern slopes
of the Plemish Cap., The abundance of the larvae in those years

12 ana 1.59 x 1012 gpecimens,

constituted 1,46 x 1072, 0.79 x 10
respectively,

Only in 41980 was a survey in June made. Larvae ( more thsan
10 spec./m2 ) with the length range peak of ce 9 mm were distribu-
ted everywhere within the Flemish Cap and nesr the scutherm slopes
sbove the depths of more then 10CC m, The maximum larval abundeance
wes sampled over the shallow central Flemish Cap (Fig. 7). The

larvae smounted o 0.79 x 1012

specimens.

In July there was slso the only survey coducted - in 1978, New~
ly extruded larvae with length of 6 - 7 mm and larvae of 10 - 12 mm
werse repregented in catches on the esstern and western Flemish
Cap ebove the depths of 300 - 400 m (Fig. 8).

The percentage of the length composition in redfish larvae on

the Flemian Cap in Mey, June and July throughout different years

of the surveys is shown in Fig. 9.




Cod eggzs
The number of cod eggs sampled throughout all the years of the

surveys was low (Figs., 10, 41, 12). The record cstch was 36 spec/m°.

Cod eggs occured mainly in March within the southeastern Flemish
Cep (1980) and on the northern and northeastern slopes (1981)
within the 40C m isobath., In March 198% cod eggs were not observed
(Fig. 12)}; A modicum of cod eggs was found ocutside the Flemish
Cap above the cceanic deptha, In April cod eggs were practically
caught within the shallow part of the Flemish Cap omnly, much cloger
to its centre than in March (Figs. 11, 12). In May separats cod
eggs were captured both within the Flemish Cep and above the ocea-
nic deptha (Figs. 11, 12). On the central Flemish Cap some cod
eggs were caught even in July (Pig, 10),

A very smqll number of cod larvee was repregsented in csiches.
The meximum catch of them amounted to 12 spec./m2 in May 1979
in the Beothuk ¥Xnoll area, In April, May and June the larvae were

distributed within the 400 m iscbath ( the closer to the Flemish

Cap centre the later the survey was conducted ).

Americen plaice

American plaice eggs occured on the central Flemish Cap alrea-
dy in March (Figs. 13, 14), but they were chiefly found in May
béth there and in the adjacent area within the 300 m isobeth, A
few eggs were gampled above the oceanic depths in the southemstern
area ag well,

American plaice larvae were capiured during the surveys only

twice,
DISCUSSION

Spawnin

One can get fairly adequete picture of redfish spawning grounds
location and dates of spawning in the Flemish Cap area by compe=
ring the larval distribution charts (Figs. 1, 3 - 8) and length
compogition data (Fig. 2), the maturity stages tables (Tables 8,9),
the charts of redfish spawning females digtribution (Figs. 15, 16)
and alsc redfish larval abundance data available from different
surveys, Redfish start epawning in mid-March in the southwestern

Beothuk Knoll area, as well as on the northwestern and northern




slopss of the Flemish Cap, where newly exiruded larvae (Fig. 1)

and spawning fish (Fig. 152) have been found in March, In April

gpawning redfish specimens have been distributed pracitically every-

where on the slopes of the Flemish Cap at 800 - 1000 m (Fig. 15b),

The peak of spawning is likely to.fell on mid-to-late Aprii, which

is confirmed by the meximum, for the whole period of observaiions,
sbundance of larvae with length of 6 - 7 mm on the 16 - 22 April
and 8 large amount of larvae with length of 7 - 8 mm in early
May (Pigs., 2, 9). Spawning takee place on all the slopes but lar-
vag are extruded most intensively on the northern, northeasternm
falopes and in the southwestern Flemish Cap area, Redfish spaw-
ning is over in May. The second peak of redfish gpawning is ob-
gerved In July - August, when a2 small number of spawning fish

and larvae with length of 7 mm hag been found (Tables 8, 9},
Extrusion of larvae occura probably in the depths of 340 -

- 800 m at 4.0 - 6,0°C,

On having been extruded in March - April, redfish hatchlings
move off the depth of %50 - 8200 m to the upper layers and drift
at upper 10 or 20 w. The hatchlings drift from the spawning gro-—
unds on the northern and northwestern slopes southeesiward snd
from the spswning grounds in the southwéstern srea eastward. The
direction of the drift can be found out on the basis of changings
of the larval length composition in the various parts of the bank
during the same survey (Pig. 178,b,c,d,f,g) and by shifti of
patches of the highesat larval concentratiéns (Figs. 1,3 - 8).

In May redfish larvge are distributed practicslly everywhere
within the Flemish Cap, and, being involved in the anticyeclonic
gyre on the bank, they drift,., The patches of the highest concen-
trations of large larvae ( more than ¢ mm length ) eppesar on the
central, comparatively shallow, Flemigh Cap (Figs. 5,7) in late
May - June. However, not all the real situations fit thie scheme
of redfish larval distribution and drift on the Flemish Cap. Thus,
for instence, in the lasi week of May 1983 larvae in amount of
800 spec./mw with length of 40.5 - 13.5 mm have been found on

the southemstern slope of the bank above the depth of 8500 m.

Tnis indicates that the larvae, having been probably extiruded on




the northern slope, happened then possibly to be "waaghed off"
from the benk. The possibility cf ichtayoplankton removal from
the FPlemish Cap hag been previously marked (Sersbryakov, 1967;
Serebryakov, 1978; Templeman, 1976; Kudlo and Borovkov, 1977;
Kudlo and detsov, 1978), Kudlo et =l, (1983}, discussing stabili-
ty of the anticycloniec quasi~-steedy gyre in the Flemish Cap area,
distinguished & types of water circulation on the bank, Under ac-—
tion of two of them the anticyclonic gyre is deetroyed and "the
transient flow crosses the Bank as if washing it... The circula-
tion frequency of this type accountas juat for 7.4%" The maximum
densities of ichthgoplarnkton distributicn observed on the south-
eastern Flemish Cap may - depend upon this very itype of water
circulation on the bank, If the anticyclonic gyre destruction 4id
have place in May 1983, which is suggested by redfish larval dis-
tribution, peoasibility of strong yeer classes of redfish, cod and

American plaice io appear looks very improbable.

Cod egg (¥iga. 10,11,12) snd apawning fish (Fig. 18a,b) distri-
bution and correlation of trawl caught specimens with gonads of
different stages of maturity {Tablas 10, 11) confirm previously
published data on cod spawning in this area in March (Mankevich,
1962; ©Postolaky, 1963; Serebrvakov, 1965; Serbryakov, 1967;
Templeman, 1976). In 1983, the spawning peak seems to have
shifted on April. Discussion on the patterns of eggs and lar-
vel distribution and drift and, moreover, changings in +their abun-
dance from season to season and from yeer to year is impossibie
due to an insufficient amount of eggs and larvae asvailable in all
the aurveys.One may say only about the complete absence of cod
larvae in catéhes for 1978 and 1979 and a larger amount of them
in 1983 comparing with 1980 and 1981, Besides, it is worth paying
séme attention to the larval transport from the bank into the oces.
an (Figs, 10,411,172}, which has been earlier mentioned (Eerebryakov,
19623 Serebryskov, 1965; Serebryakov, 1987; Sarebryakov, 1978)
and seems-to be an important facter for ccd yaar classes abun—l

dance formation.
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American plaice appeara ito spawn in ¥May as the bulk of apaw-
ning fish (Tables 12, 13; Fig. 19) and eggs occur at thig very
time. Egg extrusion takes place close to the shallow central
Flemish Cap 28 have been earlier ncted (Nevinsky and Serebryakov,
1973; Templeman, 1976; Serebryakov, 1978),

The total number of the eggs and larvee caught is too small
to draw any conclusions on the peculiarities of production and
~ early ontogenesis of American plalce on the Flemish Cap. Cne may
only suggest that the eggs and larvae are involved in the anti-
eyclonic gyre, and with some amount of them being removed out of

the boundaries of the Flemish Cap.

CONCLUSION
The USSR ichthyoplankton surveys conducted on Flemish Cap in
1878-81 and 1983 revealed eggs and larvae of 41 fish species to
supplement substantially the list of fishes occurring in the area

larval Sebastes spp. showed the highest abundance throughout the

entire period of surveys. Eggs and larvae of cod and American
plaice were scarce compared to redfish.  The maximum abundance
of cod eggs was 36 specimens /m? Cod eggs were recorded

mainly in March within the 400 m isobath along the northern and
northeastern slopes and in the southeastern area of the bank.
Larval cod were caught in April, May and June in the areas closer
to the central part of the bank and the total abundance was not
high. American plaice occurred mainly in May in the central
part of the bank and adjacent areas.

Spawning in redfish seemed to start in the south-western
areas in the vieinity of Beothuk Knoll and to occur later along
the north-eastern ané north-western slopes. Larvae were first ex—
truded in mid - March at the water temperature of 4-60 at the depth
of 350-800 m. The number of larvae extruded increased from March to
April to reach maximum during the second part of April. The distri-
bution of spawning redfish and of newly-extruded larvae in late
April is indicative of intensive spawning along all the slopes with

peaks along the northern, north-eastern and scuth-western slopes.
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within the 300-800 x isobaths, The spawning was fully accomplish-
ed in NMay. The second, but lower peak of'spawning fell on July =
August. 3

Newly extruded larvae moved to the surface to drift in the up-
per I0-20 m layer and were entrained with the anticyclonic gyre to
the central shallows of the bank. The larvae drifted southeastward
and eastward frowm the spawning grounds located above the northern
and north-western siopes, reapectively. However the gyre breaking
{Kudlo, et.al., 1983) may result in ichthyoplankton transport out-
aide the bank as it was likely to take place in 1983, It is suppoeed
that the stability of the anticyclomic gyre accompanied by favour-
agbile evironmental conditiong governg the year class strength in
the main commercial fishes on Flemish Cap or i;e. in the years when
the gyre is destroyed abundant year classes of redfish, cod and
Amierican plaice are unlikely to be expected.

The USSR ichthyoplankton studies on Flemish Cap have demon-
strated feasibility of the surveys to elucidate causes of year—-class
abundance fluctuations in the area.

To estimete population abundance of redfish the following re-
conmendations are given:

- to continue regular standard ichthyoplankion surveys whiech

can be carried out in the second part of April and early May;

- 1o devélop methodas for identification of larvae of the genus

Sebasgtes;

— to sample data in the spawning fish abundance on the indivi-

dual absglute fecundity in age-groups composing the spawning

part of the population and on the maturity ogives.
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Table 1. Data on ichthyoplankton surveys in 1978-1981 and 1983.

| ~TTTET

~{
Year | Dates of lxu:?ﬂ Gosr | TorT leur = ! T
saapling | stations | tical] face 10251050 | Totel
! 1 ! t L 1 1 '
25.05~-02,08 32 IKS=80 45 38 2 36 I2I
1578 I7.07-29,.07 45 IES=-80 58 38 T - 38 134
wotaz =~ 8 - I03 7 2 74 - 255
07.04~-20.04 42 IES-80 55 40 - 40 I35
I979 03.05-10,05 42 IE5.80 53 39 = 39 I3I
Botal 84 108 79 - 79 266
19.03-31.03 54 IES-80 93 48 - 48 I49
I980 02.05-12.05 56 IKS-80 953 48 - 48 149
3I.05-1I.06 61 IES-80 61 55 - 58 I71
Total - I ' - I67 - ISl - ISI - 469
22.03-05.04 47 IKsS-80 47 - - - 47
I98I 23.04-30.04 48 IKS-80 48 - - - 48
2I1.05-30.095 48 IES-80 48 - - - 48
08.03-22.C3 41 IES~80 37 3I 35 - I04
1983 156.04-29.04 80 IK8.80 &0 80 79 - 239
24.05-31.05 4I IES-80 4I 4T - 41 123
vertieal
Bongo-61 ( 0-50)
Total .2 158 I52 II5 4T 466
Total number of - - 644 - /79 458 -II7 - B45 IS99

atations




Table 2. Species composition of ichthyoplankton on the Flemish Cap in 1978.

1 '™ TI5.05-2.06_____ _ 17.07=29.07
Eos.! Species [ 98ES, stages of i 1 1ap! ag-gsi. stages. ofy !lape
1 ' . 1 dﬂﬁlomt -t !WQ !d‘“ ownt P - _!vae
! t It Ot B V12 t I Dt M1IV )3y
1¢ Cyclotons spd - . = = = 7 - ae - - I4
2¢ Maurolicus mullerd I - - - I - - = = - = -
© {(Gmelin)
34 Argentins zilus - m = o= - I - - - - - -
Aacanius
4y HNanaenis - = = - - I - - - - - -

lsndica (Reizhardt)

5¢ Benthosema glacisle - -~ =— = - 5 - - = - = 16
(Reinhardt) .

68 Anguilliformes g.spe - = - - = - - I

?¢ Brosme broama 4 7 I - 22 - - - - - - -
. {(Ascaniuz)

8¢ Rhincnemus sp. 4 - - = 4 = = = = . - -
9, Gadus Zorhus I I 9 =~ IT - 9 I56 - 30 -

40; Ansrhichas lupus Ligmd - =~ =~ - I - - - - - =
11. Ammodyites sps - - - - - 4 - - - - - -

12, Sebastes spps - - - -

1
€J
[3;]
—
w

t

|

1

t

]
H

413§ Hippoglossus
bippoglossus (Linné)

14§ Hippogloascicdes 27 IR 33 4 3k - - -« = I I -
plateasolidas .
limandoides (Bloch)
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Table 3. Specles composition of ichthyvoplankton on the Flemish Cap in 1979.

T

T 1 " 7.04-20.04 _ !” 3,05-10,05
Foss  Specles ! eggs, stages of | larx- bggs, stages of de- - larw
f ' cglgvelopment {vRe | velopment ! vae
! IO B IV 2y - I !II!Iﬂ'!'IY!E—;
17 p LISTLE SIS N/ AR IO SO0 L 8 ML A L ¢
1. Cyclotona sp. - - = - - 2 - - - - - 2
2e Maurolicus mille— = ~ - = = - - - - - I
ri (Gmelin) - :
3, Benthosems glacis= ~ ~ - = €9 - - - - - 9
le (Reinhardt)
4, Broswe bLrosms - - = - - - 5 9 4 - 66 -
(Ascanius) o .
5. Bhinonemua cimbe . . - - - 4 - - - - - 3
rius Linné .

6; Urophycis chugs 3 =~ = - 3 20 - - - - - 10
(Walbaum) : .

7+ Molva molva - I - - 1 - - = = - = =
{Linné)}

8. Holanogrammme I - - - I - - I - - I -
aeglefinus
(Linné)

9. Gadus mornua 2 I - - 3 IT 5 = = - 5§ I8
noroua Linné . .

10, Anarhichas dgn= - -~ = - - I - - - - - -
ticulstus Kroyer

115 A. lupus Ldpnég ~ = = - - 1 2

12, Lumpenus lagpre=- ~ -~ = - - 3 - - - - - I
taeformis (Wal.
baun)

43, leptoolinus ma= =~ ° - - - - - T 4
culatus (Fries)

14, Lumpenus ap, - - - - =1 - - - - - I
15. Sebastea SpDe - - = - - 23154 - - = = = 5690I
16. Triglops murrayli - - - - = I - - - = = -

Gunter : :

17. Myoxocephaluas T I - - = = - -
scorpius (Linné)

18, %ppogloseus 72 - - 9 - I 2 4 7 -
PPOglossus
FAEAS)

19, Hippoglossoidesg -3 - I - 4 I00 6I I 182 -
platesacides
limendoides (Blogh)

20, Limanda - - = = = - - I
. ferruginea {(Storer)
21+ Gliptocephbalug - - - = - I - - - = - -

oglosus
&)
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Table 4. Speecres composition of ichthyoplankton on the Flem:ish Cap in 1980,
T "75.03%-31,03 ! T 2005 - 12,05 18105 = f?.'o'i"'
Nos. Species Eﬁ"‘mr °Ege, 8TAges 0f 4B~ | ogga atages of 1
! ! lap- b la ! LB T3
| | @ent | vae | Telopment E"a ' i:)pm:xt ' | vae
- 7 T3 ﬁ—'516T7'BI‘JTID- T T I T g
1. Mallotus viligsus - - - - = - - - - - - - - - - -
villoguas (OeMuller) 5
2. Cyclotone sp. - = - - - 5 - = - = - 7= - - -
3. Maurclicus silleri ~— - - - - - - I - - - I - - - = -
(Gralin) 2 . -~ - =~ 2
4s Argantine silus As- — - - - - - - - - - - 3
oAniug oo .
5, Bathylagidas spy =—- - = - -~ - - = = - - -
6, Benthosema glaciale - - - - - 5 - - - - - 2T - - - - 24
{Beinhardt) _ _
7. ¥otoscopelus Bp. - - - - = 2 - = - = - - = - -
8. Diogenichthys atlan - - ~ = -~ - - - = - - 1 - - - - -
Eieus (Ta ) [ 2 I 6 25 = - = =
9. ?mm ‘brc)mm = -~ - - - - I
Adcanius
10, Rhinopemus oimbrius = - - - - - 2 - - - < 6 4 I 2 7 3
Linné .
11, Urophycis chastri - - - = - 2 - - = . - I - - - -3
{Goode and Bean)
12. U cip tenius - - - - - - - - - - - = - - = =1
(¥it 11)
X Z | T T T T O T ! T I IS I T T T 2
13, Urophycias ap. s ——
6
14, Molva molva (Linné) 4 - = = 4 = 2T Ie 4 3 44 - 2 I 2 I s -
154 Gadus morhua morhua I3 Ir 29 2 55 I 2 3 9 4 1Io - - - - - 4
Linné T T -
16. Anarhichas lupus - - - - - - - - = - 4 R -
Linné
17. A; migor Olafsen - - = - - -~ - - = - - 2 - - = e - 2
- 18, Sticheeida® g,sp. - - - - - - -~ - - - -~ - - - - - 3
19e lumpenus lanpretas= - - = - - 4 - - - = - I - - - - - I
formis (Walbaum)
20, Azwodytes dubiua - - - - - - - - - = - 8 -~ = - = . -
Reinhaprdt
21, Thunnus atlanticus - - - - - - = - - I - - - - = -
(Lasson) . ) .
22, #yoxocepbaiua acorpina - - - - 3 - - - = - . a e - .
(Lloné) "
23. Sebastes app. 6268 33639 28533
244 Hippoglossoidas 59 22 - - 8I - I85 66 9 2 282 = I -~ =~ = I -
platessotden

linandoidee (Bloch)
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Hippoglossoides plate~ I
limandoidea (Bloch)

ssoldesa

- -

- - -

2

<7 25

Species

' 8,08 - 22,08

18

i0

16.04 - 29.04 _

Species composition of ichthyoplankton on the Flemish Cap in 1983

1™ 34,05 - BL.05

2
§

legen, stegws of Qo=
1 velopaent

1

Ilar-'
vee '

9EES
Telopment

staged Of U8~ 1), " agge, stagea oi'dn-!

. velopment

ITET O ot

I, ol t
RN

W=7

y I HTET ¥ 5!

lar=
vae

-]

sl a1y B

T

TIT T

IARCRINCEYCRICRIVENG

ot

s

1
a2y

]

Qyclothona braueri
Iespersen ot Tanicoe

Gongetomatlidae
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(Lowe)
Hyotophidae g. »p.

Anguilliformes g.5FR.

Erceke brosme (Ascsnius)

Urophycis chuss (Walbaum)

Pollachius vizess (Linné)

Gadus morhua morhuse
linné

Ansrhichas minor
Olafsan

Lurpanus lempretae—
formis (Walbaum)
Ammodytes dubius
Heiphardt

Scomber scombrus
Linng

Gebastes Bpp.
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789
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Table 7. Data on larvae of redfishes taken by research vessels on the Flemish Capk in
1978-1981 ang 1983.
! 1 ! Abupdance in Y ! Mater tw
! rary Eparsture at 50 a
Year 1 Data : E:::;:ngr } area, Bpec.x 10 : layer of etandard ground,
1978 25.05-02,06 39 1,46 1.06 - 1I0.34
I7,07-22.07 45 G,08 0.I2 - 14,58
1879 07.04-20,04 42 I,62 .81 - 8.04
03.05-10.05 42 4,38 Q.08 - 9.12
1980 I13.03-3I.03 54 0,25 1.33 ~ 7.50
02,05-12.05 56 3,54 0.70 - T0.534
3I1.05-11.06 &7 2,89 1.30 -~ 6.26
I88I 22,03-05,04 47 0,I9 0.22-8,96
23,04-30,04 48 3,03 I.94 - 8.10
21,05-30.08 43 0,79 I.66 - 7,68
1983 08.03-22, 03 38 0,06 0.68 - 6,22
16.04-20,04 71 15,37 -0.18 ~ 5,28
24.05-31.05 40 1,59 -1.29 - I1.34
o he Flomisita e A e de s,y o8 from sravl catehes taken by research vessels
Month, year I GONAD HA‘TURIT!: STA(E'B : _ rgtémbo'r
' I a 1 i} 1 rf ! K ! JI !fI"ﬂ 1 7 ! i t IX !E(—H IIX—IH !Bpocé
January 1578 10,3 - 3,1 I4,I 65,2 4,I 3,I - - - - - 250
July 1978 3,97 I4,& 54,49 6,056 - - - - 0,21 - 20;46 = 479
August 1978 4,0 51,7 4,0 - - - - 1,0 0,5 38,8 - 201
Mar, ApT 1979 0,9 49,4 38 I, I,8 L& - 2,4153 81 I7,4 - 786
Jupe 1979 24,2, 37,0 10,7 - 0,3 - - I,0 0,8 - 25,0 =~ 384
Septanber 1579 II,I 39,9 31,8 - I,8 3,0 - - - 2,4 = 396
Apr, Nay I280 11,2 8,8 - 0,6 0,2 - 0,4 3,5 3,2 - 74,3 534
Jul, Aug 1980 38,7 43,5 9,2 - - - - 0,3 - - 8,3 1083
June, July 198% 45,6 27,5 - I.0 2,0 - 4,4 - - - 19,5 502
Dacembax T9at 3B,6 7,0 12,0 44,0 0,8 - - - 0,8 0,8 - 802
Japuaxy Icge 48,0 1,5 3,5 8,0 8,0 - 28,0 2,0 1I,5 I, =~ 3353
April 1982 26,4 2,2 - - I,2 2,5  0,I I4 37,0 9,4 19,8 7
July 1952 60,6 32,8 1,3 - - - - - - 53 - 5o
Fobruaxy ieg3 1,8 21,3 1I,8 0,8 2I,5 39,2 - I,8 - - I, =~ 381
May %83 Q,2 29,7 14,5 2,0 0,I Q.8 1,8 LI 1,2 1,8 43,0 - 799

* by the scala deveicped ty V.FP.Sorokin (1958)
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Table 9. Maturity of Sepastes marinus females from trawl catches taken by research vessels
on the Flemisn Cap in 1978-1983: %,

POHITY STAGRS
Month, year t GORKD N Funber -
' r It 0 ¢y I¥ oy ¥ JI ¥R ¢ ¥0og ¥l ¢ TX jIX-Il 1IX-l y of apecy
Janusyy 1978 2,4 21,6 12,9 7.7 54,0 I,4 - - - - - - 287
July 1978 4,0 3I,I 58,2 - - - - - - - - 6,7 273
Auguat 1978 7,0 70,4 = - - - - - - - 22,6 71
Mar, Apr I972 - 80,8 =~ - 3,8 - ~ I1,6 3,8 - - - 26
Juns 1979 47,8 15,2 21,8 -~ ~ - - - - - 15,2 - 46
September 1979 - 19,0 53,4 I7,3 =~ - = - - - 10,3 - 58
June, July I98I - 87,9 65,0 - - - - L0 - - 6,1 . - 98
December 1381 - s8,8 3,0 23,5 4,7 - = - - - - - 34
April 1982 - 38,6 53 0,9 - 6,9 - 3,5 2,6 2I,I 9,6 I7,5 114
February I283 - 49,1 26,4 24,5 - - - - - - - - 53

*by the scale doveloped ty VeP¢Borvidn (1958)

Table 10. Maturity of cod females from trawl catches taken by research vessels on the
Flemish Cap in 1978-1983, %.

GOHAD MATURITY BTAGES | Wumber of

! —

Hanth, year I T E T T 1D 1By 1 ¥ (9% 19 1 apece
Januery 1978 - 49,2 45,9 4,7 - 0,1 - 8,1 915
July Is78 5,43 43,27 0,85 : 20,65 460
August 1978 - 49,6 - - - - - 50,4 148
March, April  I979 0,9 s5,0 2,5 09 0,4 B3I II,9 253 522
June I97¢ 8,1 &7,8 - - - - 0,5 23,6 584
Bep, Hov 1979 - 54,0 10,7 - - - 0,5 34,8 178
Apr, May 1980 - 65,06 0,2 - - - 6,2 34,6 507
July Tago - 62,1 - - - - - 37,8 4T7
June, July 1981 2,5 w1 0,1 - 0,1 0,8 = 14,1 388
Decenber T9gl - 79,2 I2,5 8,3 - - - - 569
April 1982 - 79,8 0,4 - 0,8 c,8 55 2,7 252
July 1982 - 100,0 - - - - - - 238
Pebruary 1983 - 92,4 7.6 - - - - - 2II

May 1383 5,5 8I.5 - - - 0,2 1,7 10,1 476
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Table l1. Mutuar:ty of cod males from trawl catches taken by research vessels on the
Flemish Cap in 187B-1983, &.

. 1
! GONAD MATURITY BTAGES ! gumber of

N
onths Jear VTTTD 3 B T T T Dy Naneer
Japuary 1978 - 21,9 37,7 40,0 - - 0,4 10356
July 1978 6,35 60,24 5,4 - - 0,71 27,29 425
August 1978 - 21,0 49,3 IS5 c,8 - 27,4 124
Harch, Apr 1979 0,9 40,9 2,9 2,4 I5,4 20,1 17,4 667
Juns 1979 10,4 €5,3 0,I - 0,1 6,0 Ig,I 636
Eep, Hov I197% - 39,3 39,8 3,1 - - 17,8 163
Apr, May 1980 - 54,5 0,2 C,2 1.7 23,6 19,8 529
July 1980 - 55,0 - - - L7 43,3 411
Juna, July 1981 3,2 25,8 4,0 2,5 - 4,I I0,I 334
December 1981 - 60,7 18,2 19,6 3,5 - - 583
April T982 18,3 34,8 2,4 2,3 10,5 16,8 10,8 333
July %82 - 94,3 4,5 - - -~ I,2 246
Fobruary 1983 - 88,2 5,1 6,7 - - - aI4
Moy 1983 13,8 70,6 I.2 c,8 0,4 2,8 10,3 328
Table 12. Maturity of American plaice females from trawl catches taken by research vessels on
the Flemish Cap in 1978-1983, %.
Honth, year ! GONAD MATURITY STAGES \ ! unber
' Ty 81 @ 1 ¥ D 1 ¥ 1 JIj Ji-ljof specs
Japuary 1978 - 84,5 11,1 4.4 - - - - 3IE
July I978 2,9 54,3 7,3 - - - 0,2 35,3 510
August 1978 - 35,2 II,2 - - 0,4 1,2 8,0 250
Merch 1979 - 46,4 10,4 29,6 - 0,8 - 12,8 I28
Juns 1978 - 24,6 3,6 8,7 I,4 0,7 I,4 ©&9,6 I38
Beptember 1979 - 42,5 50,0 - - - - 7.5 80
May I980 - I7,6 27,7 30,3 10,9 - - 13,5 118
July 1980 - 34,6 28,5 4,7 0,9 0,5 - 30,8 214
June, July I8l 3,3 33,3 18,5 13,2 3,0 I,7 0,3 28,7 303
December I9gI - 17,7 2,0 58,5 1,8 - - 4,0 64
April I9s - 35,7 18,8 20,2 - 2,9 2,5 19,9 277
July 1982 - 48,4 3,1 0,8 - - - 47,7 130

May I9g3 - 67,8 5,0 3,7 - 3,1 9,4 II0 456



Taple 13.

Maturity <t Americzn o
Flemish Cap in 19756-19

’

lazce males from trawl catches taken by resesrch vessels on the
83, %.

GONAD NATURITY STAGES ! Supber
Hdonth, year T , T T ! T v YI !YI—II | spec
Jeruazy 1978 13,4 4,8 79,4 I,2 I,2 I64
July 1978 6,9 9,0 4,9 22,9 II,I 32,3 12,9 288
August 1978 8,0 II,4 9,3 27,7 26,7 16,9 3I4
March 1979 2,9 9,4 23,6 49,4 3,5 1,2 85
June 1979 2,4 48,0 42,4 7,2 125
Beptomber 1979 40,0 3,1 8,3 6,7 13,3 45
Hay 1980 5,1 0,6 4,06 80,1 9,6 0,6 177
July 1380 7,7 5,9 2,4 38,7 40,8 £,5 169
Juns, July 1581 3,0 Io,7 10,7 7,3 3,5 18,1 7.7 271
Décombor 1581 9,5 6,7 75,0 7,5 4,5 sI
April Io82 I,1 28,5 4,5 24,0 82,2 9,5 6,2 I79
Tuly Igge 16, 49,4 5% 3,5 6,9 18,4 87
May 1983 12,2 6,4 15,8 50,7 7,8 7,1 295
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Fig. I Distribution of larval redfishes on Flemish Cap:
A ~- March I9-3I, I980;" B - March 22 - April 5, I98I;
C - Marech 8-22, 1983,
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Fig. 3. Distribution of larval redfishes on
Flemish Cap during April 7-20, 1979,
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Fig.4 Distribution of larval redfishes on Flemish Cap:

A - April 23-30, I98I; B - April I6-29, 1983.
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Fig.5 Distribution of larval redfishes on Flemish Cap:

A - May 3-10, I979; B - May 2-12, 1980
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Fig.6 Distribution of larval redfishes on Flemish Cap:
A = May 25 - June 2, I978; B - May 2I-30, I98I.
C - May 24-31, I9R3.
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Fig.7 Distribution of larval rpdfishea_on Flemish Cavp
tbe Period from May 31 to June II, 1980.

wr
S

Fig.8 Distribution of larval redfishes on the Flemish
Cap‘Bank in July 17-29, I978.
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Fig. 14 Distribution of long rough dab eggs on the Flemish
Cap Bank in I98I (a) awvd 1983 (B) by months.
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Distribution of spawning females of Sebastes mentella on the Flemish
Cap Bank in March 1979 (A), April 1980 and 1982 (B) and May 1979-83

(C) based on trawl surveys.
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Fig. 16 Distribution of spawning females of sebastes

marinus in April I980 and I982 based on trawl
surveys.
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