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Abstract

Results of the stud
hake on the Nova Scotia f:
distribution of silver ht
zooplankton is determine(

es on spawning efficiency of the silver
helf, are presented. The abundance and
ke eggs, larvae and fry and their food
. The egg survival, composition of lar-

vae and fry and their fe
tion between the year cat

early development stages

ding intensity are estimated. A correla-
.ss strength and feeding conditions at
is presumed.

Ij tro duction

The silver hake is t abundant spedies in the ichthyoceno-
sis of the Nova scotia	 ecosystem. Its stocks are subject
to considerable fluctuatons due to variable recruitment. In or-
der to study the reasons
ce of some silver hake Y E
the Northwest Atlantic
to Canadian scientists a
nuns efficiency of the 1\10

determining the fluctuations of abundan-
ar classes DI. AS Noskov, the Chief of
boratory, AtlantNIRO, in 197 1+ proposed
scheme of program for studying of spaw-
va Scotia silver hake. • Canadian scien-

tists agreed to this proposition, and the program of joint rese-
arch was elaborated illvc3ving the following aspects:

Determination of spawning areas and times of the silver
hake;

Abundance and diEtribution of eggs, larvae and fry;

Feeding of silve/ hake larvae and fry;
Distribution, abt, dance and biomass of food zooplankton;
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Mortality of eggs and larvae induced by abiotic and bio-
tic factors;

Oceanoraphic conditions (thermal regime, currents, state
of the sea).

Materials and Methods 

The investigations involved theconduction of complex ichthyo-
plankton surveys. The preliminary research was made in August
1974 according to the AtlantNIRO program, and the joint USSR-
Canada program was implemented over 1977-1980. During the research
the water temperature determinations, ichthyo-and zooplankton
sampling and standard meteorological observations were made.

The ichthyoplankton was sampled with the )arge Bongo model;
it had an opening diameter of 0.6 m and was fitted with the 0.333

in mesh gauze. Firstly the layer of 0-50 m (1974) was sampled, for
according to the previous investigations the larvae bccurred in
the surface layers where the zooplankton biomass was very high
(Sigaev, Sushin, 1973). Then, in 1 q77-1978, the sampling was made
in the layers of &-100 in and 0-200 m respectively as suggested
by Canadian scientists. Over the depths of 200 m or less the
plankton was collected 5 m off the bottom. The towing speed was
2.5 knots, and pay out and haulback rates of the fishing gears
were 50m/min and 20 m/min. The amount of filtered water was re-
corded by the flow meters. Fig.1 shows a grid of stations of the
complex ichthyoplankton survey.

To obtain the zooplankton samples a small Bongo model with
the opening diameter of 0.2 m, fitted with 0.076 mm mesh gauze
was used.

In October 197&-1980 trawl surveys of the silver hake fry
were carried out (Fig.2). A 13.6 m fry trawl with a small-meshed
netting (5 mm mesh size) inserted in the cod-end was used. This
trawl was proposed by the AtlantNIRO scientists A.S.Noskov and
B.K.Motuzenko. Hauls of 30 minute duration were made at a vessel
speed of 3.5 knots. The echosounding cable depth meter (IGEK)
was used. Catch data were entered on the trawl logs. According
to Sauskan and Serebryakov (1968) the body length of the develo-
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ped silver hake fry is 2
taken as the larvae, and

The chamber process.
made in the laboratory:

The eggs and 1

total amount of the plan

The total number

the whole sample and and

According to the

(1966) the development s
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5. The body length

top of the snout to the
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middle rays of caudal fi]

for feeding studies.

The counts of zoo-
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abundance was calculated.

Table 1 presents th
conducted in August-Sept

For feeding studies
ciiriens if less, were tak

ram. So, the specimens below 23 mm were

those of 24 mm and more as the fry.
ng of the ichthyoplaakton samples was

e were carefully collected from the

on;

of fish	 s and larvae was counted in

r m2

scale suggested by Bass and Kazanova

es of 20 eggs were determined;

live and dead eggs was calculated by

(1958);

50 larval fish was measured from the
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les were analysed under the binocular.

oplankters was taken from the total sank-

er. Then, the organisms were counted in

he species and genera identified. Large

all 100 squares of the chamber and

squares selected by the table of ranp►

sampled organisms were counted their

the whole sample and the abundance un-

a fry trawl was sorted out by species,

om the tip of the snout to the end of

and the fry preserved in 4% formalin

ichthyoplankton and fry were recorded

of regions with equal density of orga-

ing the planimeter, and then their total

materials collected during the surveys
tuber 1974 and in 1977-1980.
10 specimens of larvae. or all the spe-

by the following length groups:
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200-5.9 mm - the larvae with the yolk sac or its remnants,

but already feeding on the food zooplankton (Copepoda ggs and

nauplii);

6.0-8.9 mm - the larvae feeding on small organisms, mainly

on copepodites;

9.0-12.9 mm- the larvae feeding predominantly on larger

copepods;

13.0-23.0 mm - the larvae and fry of 24 to 86 mm, larger

Copepods, young Euphausiacea, Amphipoda, Decapoda and other pe-

lagic invertebrates predominating in their food.

Each group of larval hake was weighed to find the mean wei-

ght. The bodies were dissected and stomach contents analys d under

the binocular. The number of food organisms was counted by spe-

cies and groups. Their initial weight waA dot wE fled using the

tables of weights for the North Atlantic and Meditteranean zoo-

plankters (Bogorov , 1939 ; Bogorov, Preobrazhenskaya, 1934; Kanae-

va, Shmeleva, 1963).

Feeding intensity was estimated based on the proportion of

larvae with the food in the stomach and using the index of con-

sumption in %co.

The condition factor was determined by comparison of mean

weights of the larvae of the same size with the mean values for

1974, 1977-1980 ( Noskov, 1956).

Results

Distribution and abundance of silver hake eggs and larvae

Usually, massive spawning of silver hake occurs in August

ih the shallow water areas: Browns, Sable and Banquereau Banks

(Noskov et al.,1978,1979). The most dense spawning aggregations

were observed both on the western slopes of Sable Bank and south

and west of this Bank. The favourable conditions for silver hake

spawning west of Sable Island can be related to peculiarities

of the water circulation (Sigaev, 1978) owing to which the warm

oceanic waters penetrate into the shallow wat r areas through

the Nova Scotia Trough, and the intermediate layer of cold Lab-

rador waters with the temperatur•of 2-5° is always observed on
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logical survey ade in Sept ben 1977

centrations of larval silverake and

the boundaries of the zones of upwelling

mperature of 14-15* at the surface, of

d of 100 near the bottom at the verti-

in the layer of 40-50 m.

ed throughout the shelf area, excluding

ank and the largest number was recorded

larvae were found in the same areas

ere observed more westward than the

ed by the fact that the eggs and larvae

ern direction due to the current. The

ted in September 1980 show a typical

and larvae (fig. 3 and 4). A similar

yoplankton in August-September as ob-,

ars (Noskov et al. 1978, 1979). assiv e
drift of the eggs and 1 ae from the shelf area was not obs

ved over the entire inve

Bank area. Thus, the lar

part of the area, where t

lest larvae were found ii

)

tig4tion period.

test larvae were observed in the western

e spawning commenced earlier, and the smal-

the eastern part where the spawning

rom the length of the larvae the spaw-

h the specimens of 18-23 mm in length

(2-3 mm) were found.

rage distribution of the larval silver

the area in September 1977-1980. The

mean length and the largest ones were

In September 1977, i

the larvae ranged between

n the Banquereau Bank area, the length of

2 and 16 mm, 5.4 mm on the average (fig.

5), between 2 to 23 mm (6 .4 mm on the average) in the Sable Shoal

area, and between 2 to 23 cm (10.1 mm on the average) in the Browns

occurred later. Jud g

ning is extended, for bo

and newly hatched larvae

Fig. 6 shows the, av

hake by length throughou

smallest larvae of 5.5 tc

observed in 1978 and 197

the massive spawning occ

Total abundance of t

wean 10 and 93 . 1011 duri

times, the number of the

by 5 times (table 2).

respectively. This means th:t in 1977
rred earlier and in 1978 later,

e silver hake eggs varied by year bet-

g the survey period, i.e. by about 10

arvae by 4, and the number of the fry
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Distribution and abundance of the silver hake fry

The results of the trawl surveys conducted in October 1978-
1980 showed that si

 

ficant a regations of the hake fry (100:1110

  

and more sp.per catch) ere recorded in the Nova Scotia Trough
(Fig07). Thus, in October, a cyclonic re (upwelling) was ob-
served above the Emerald Bank and an anticyclonic gyre above the
shoals of Sable Island and . ddle Bank (Sigaev, 1978). M ssive

gregations of the fry ► ere found in the erald Bank area in
October 1980.

In October 1980, a vertical distribution of the halo fry
was studied west of Sable Island. Based on the oblique three-
step hauls (near the bottom in the pel al and at the surface)
it can be concluded that the catches of the hake fry at night
were equally distributed by all these depth layers in the tem
perature range of 7-15 , and in the dayli t the fry occurred
in the catches individually. Total abundance of the fry by year
varied between 47 and 258.106 sp. table 2).

In October, the larvae of 1 10 to it occurred in the catches ta-
ken by the fry trawl among the hake fry, their numbers being
hi er in the Browns Bank area 04 .20, here the spawning takes
place earlier than in the Emerald Bank area (4W) (Fig. 8).

Com osition Abundance  and Distribution of
Food Zooplankton

Oithona spp., Centropages app, Calanus finmarchicus,
and nauplii of copepods were the main food organisms (80%) in the
diet of the silver hake larvae and fry (table 3). The abundance
of zooplankters by year fluctuated between 917 sp./m 3 in 1980

and 1533 410. /0 in 1977 . The high st abundance of Oithona sPP.9
which is the principal food organism for the larval hake, was
recorded in 1977 (710 sp/m3) and in 1979 020 sp/m3). The pro-
portion of eggs and nauplii of copeply ds was also large in these
years (260 and 240 sp/m3 respectively). The abundance of Centro-
pages spp. was high in 1977 and 1980, of Calanus finmarchicus
in 1980, and of Paracalanus spp. in'1978.
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f the food zooplankton biomass on the

and September 1980 are shown in Figs.

om the figures, the biomass is uniform-

shelf,and can be estimated at 10 g

ore dense gr gations (11-40 g under

le Island in the Emerald Bank area, and

stribution of predominati 4 food orga-

ust and September is o in figs. 11

that the areas of the larval hake con-

we t and west of Sable Island coinci-

ggregations, particularly in September,

ctuated bet een 26 and 100 thous. sp.

Typical distribution

Nova Scotia shelf in Augu

9 and 10. As is evident f

ly distributed all over ti

under m2 on the average.

m2 ) were found west of Sa

on the Browns Bank. Th

nism, Oithona spp., in Au

and 13. It is worth notin

centrations (Fig. 4) no

de with the Oithona spp.

the abundance of which fl

under m2 .

Feeding ot_Ih2_§.11121::_hAlig_lAYae ca fm • 02110iIi=
factor of the fish

In August and Septem er 1974, 1977-1980, Clausocalanus app.,

Paracalanus spp. and Pseu ocalanus spp. with the body length of

0.8-1.2 mm were prevailin (35 to 50% by weight) in the food mass

of the larval hake 2 to 9 mm in length (table 4)s In 1980, the

proportion of Clausocalanus spp. in the feeding of this group

ranged between 30 and 40% and that of Oithona spp. between 20 and

hake 9 to 23 mm in length fed mainly

0 to 100% by weight) and on Centropages

t). Sometimes, in August, the proportion

of decapods was significant in the diet

e hake-4 and 2 S respectively.

number of feeding specimens (table

consumed organisms and consumption in-

dex ( table 6), the feeding intensity of larval hake in August

and September. increased wi

Taking into account that t

low, the fact of a relati

buted to patchy distributi

The comparison betwee

me size for 1974 and 1977-

th the growth of the larvae in length.

he food zooplankton abundance was very

ely high feeding intensity can be attri-

on of the plankton.

• the weights of the larvae of the sa-

980 (table 7) demonstrated that the

50% by weight. The larval

on Calanus finmarchicus (

spp. (15 to 100% by weigh

of Euphausiacea or larvae

of very large larvae of t

As is evident from t

5) and from the number of
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condition factor for the small larvae (2-9 mm) was the highest

in 1978 and 1974, and very low in 1977 and 1980. The condition

factor for the hake 1423 mm in length exceeded the mean long--

term value in 1974 and 1980 and as below that value in 1979. A

similar feeding pattern and condition factor were observed in

the Georges B k area (Noskov et al., 1979).

In October 1979, Parathemisto spp., euphausiids, amphipods

were prevailing in the diet of the hake fry, and in October 1980

Parathemisto spp., Centropages spp. and polychaets amounted to

30-100% by weight in the food mass (table 8). The proportion of

euphausiids and Parathemisto spp., sometimes of polychaets and

sagittas, increased with the growth of the fry.

The c+ndition factor over t e period from 1978 to 1980 was

the highest in 1978 for the hake fry of all the size classes

(24 to 70 mm) and, fluctuated within the 100-104% range compared

with the mean long-term value (table 9). In 1980 the condition

factor was also high for the fry 24 to 37 mm in length, however,

it decreased to 90% with their growth.

Survival of egoLjAmmLJEOL11_fthe hake

For all the fish species, like for majority of other ver-

tebrates, the early development stages are mostly subject to

mortality (Nickolsky, 1965; Dementjeva,1976; Cushing, 1979).

Revealing and understanding of the factors controlling the ap-

pearance of strong or poor year classes and of mechanisms inf-

luencing the life of the hake year classes at early development

stages is an integral part of the research, which is very impor-

tant for a lone-term forecasting of the catches.

The results of the survey on the hake egg abundance conduc-

ted in August and September 1977-1980 on the Nova Scotia shelf

are given in table 10 by development stages. The mortality is

very high (approximately 90%) in the period of embryonic 4 ,wt,h.

The highest loss of the hake eggs is observed at their early de-

velopment stages (fractionation and gastrulation period) and is

not actually observed at the stage of shaped embryo.

The major factors provoking the egg loss at early ontogene-

sis are unfavourable abiotic conditions, n ely the water tempo-



rature and sea state (Ct

spawning at the tempera

gions with the 7 to 13°

riod (Bigelow et Schroe

13-15* are considered t

on (Sauskan and Serebri

10* and over 18.3° are

development (Bigelow e#

of the Nova Scotia shel

tions in August and Sep

dor waters moved westw

ming a rather station:

shing, 1979). Usually, the hake start

ure exceeding 5.5° and keep to the re-

temperature range for the spawning pe-

er, 1953), although the temperatures of

be the most favourable for egg incubati-

kov, 1968). The water temperatures below

considered to be unfavourable for egg

Schroeder, 1953). As to thermal, regime

it was subject to considerable varia-

ember of 1977-1980. In August cold Labra-

d along the Nova Scotia Peniusula for-

ranch directed to the continental shelf

in the Emerald and Bang ereau Banks area (Noskov et al., 1979).

The influx of warm (5-11 0 ) waters of oceanic origin related to

the Gulf Stream to the ► ova Scotia trough occured through the

deepsea canyons and dep essions. In September the heating of the

waters still continued, their temperature ranging between 11 and

15*, and the influence f cold Labrador waters decreased.

In order to define the influence of the water temperature

on the viability of the embryos the data on the egg survival for

different years were co pared with the mean weighted temperature

values for the Nova Sco ia shelf for the 0-200 m horizon (Fig.

13). A weak inverse dependence of the egg survital on the water

temperature was observe in August and September (correlation

factor 0.37): the per cent of live eggs decreased with the inc-

rease of the water temp rature.

The sea state play an important role in the egg survival

(Nikolsky, 1965; Dekhnic, 1973; Cushing, 1979). Even moderate sta-

te of the sea (over 4,►eaufort Scale number) entails the massive

loss of the pelagic egg of the marine fishes.

In August and Sept ember of 1977-1980 the investigation area

was under the influence of cyclone moving in the north-eastern

and eastern directions d anticyclons travelling from the conti-

nent eastwardly and sou h-eastwardly. The moving of these baric

formations was responsi le for predominant western, south-western

and north-western winds ( 3-4, Beaufort Sc: e number) with the



32-66% recurrence (table 11). The ripples in the above-mentioned

directions prevail d with the 27-69% recurrence (t ble 11). The

increased proportion of winds of 5-6 (Beaufort Scale number) in

September (17-37%) compared with August (11112%) resulted in

increased roughness. The roughness of 5-'6 (Beaufort Scale number)

increased from 1-9% in August to 7-33 in Septe ber (Table 12).

The roughness of 7 and more as observed in September 1978 comp-

rising only 1%.

Taking into account great susceptibility of pel c eggs

to mechanic influence the effect of the mod ate state of the

sea (4, Beaufort Scale n	 r) on the survival of the silver

hake eggs on the Nova Scotia shelf was considered. A eak in-

verse dependence (correlation factor 0.31) was observed of the

silver hake egg survival on the stormy regimes the per cent of

live e s decreases with the incr e of the number of sto

days (Fig. 14).

Other environmental factors (salinity, dissolved oxygen

content, etc.) in the spawning areas of silver hake are relati-

vely stable and cannot be regarded as limiting factors for egg

development.

Transition of the larvae to active feeding is a very im-

portant period in their life, during which the hi est mortali-

ty occurs (Hjort, 1914; Hunter, 1975; Cushing, 1979; Dementjeva,

1958). Transition of the silver hake larvae to active feeding

on the Nova Scotia shelf and on Georges Bank takes place at

the body length of 2.5 to 5.9 mm (S shev, Ptitsyna, 1976).

The comparison between the proportion of feeding larvae, the mean

consumption and condition factors of the fry showed that the

feeding conditions in 1978	 ere more favourable than in 1980.

It is worth noting that the abundance of the 1978 year class

(at the age of 3) was hi • er than that of the 1975 9 1976 and 1977

year classes (Noskov, in press). EVidently, the strength of the

silver hake year classes in the Nova Scotia area is determined

by the feeding conditions for the larvae and fry. This suggest-

ion can be controlled, however, by the appearance of a poor
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year class. Therefore it is desirable to continue ecological
investigations at least n the main spa rig ground of the
silver hake west of Sable Island.
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TABLE 1. Materials collected during the surveys conducted in August-October
1974,	 1977-1980.

' No. of analysed:	 :	 :	 :	 sNo. of zoo- No. of° 	Year Month	 Layer of	 No.of ich-
:. 	 plankton s fry ° larvae, : fry,sp.

: fishing, m :thyoplanki samples	 samples sp.s °ton samples	 s	  1 	 :	 g 

1974	 August	 50,-0

1977	 September 100-0

1978	 August	 100-0

September	 100-0

October	 200-0

August	 200-0 •

1979	 September	 200-0

October	 200-0

August	 200-0

1980	 September	 200-0

October	 200-0

Total:

102 102 -

162 162 - 1707

147 147 - 157

148 148 15 215

- - 38 -

122 130 - 1134

106 119 - 1170
_ - 38 -

69 119 -

53 113 — 607

- - 95 —

909 1040 186 6408

-
-

79

367
—

-
1046 •

-

537
2029

951

TABLE 2. Total abundance of silver hake eggs, larvae and fry in August,
September, October 1977-80.

/ larvae., 10111

10 64

92 84

41 60

35 150

13 103

21	 39
12	 33

Year	 Month

1977	 September

August

1978	 September
October

1979	 August

September

OcPober

1980	 August
September
October

258

49

47

fry., 106

TABLE 3. Composition and abundance of massive zooplankters (sp./m 3 ) on the
Nova Scotian Shelf, September 1977-1980.

Length,: 1977	 : 1978 1979 :

071-1.0 260 160 240
2.2,5,2 40 60 60

0.8-1.5 50 110 50

1.1-1.9 60 70 50

0.9- 1.7 + 4 +

0.2-2.0 380 290 100

0.5-1.5 710 320 520

3.5-9.6 8 4 1

406-11.2 1 2 2

002-2.0 24 7 10
2.1-3.4

1533 1023 1033

Ova+Nauplii Copepoda

Calanus finmarchicus

Paracalanus spp.

Pseudocalanus spp.

Clausocalanus spp.

Centropages spp.

Oithona app,

Sagitta spp.

Euphausiacea

Bivalvia larvae

Polychaeta spp 0

TOTAL:

1980

100
90

60

20

10

310

320

1

5
1

0917
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'TABLE 7. Length and weight of larval hake on the Nova Scotia Shelf in 1974,
1977-1980, % of mean value.

Length, mm 1974 1977	 1978 1979	 : 1980 : Mean weight
of larvae in

:19744E7-80

     

	2	 101	 80	 131	 108	 74	 0.1

	

3	 105	 82	 124	 104	 80	 0.3

	

4	 107	 84	 120	 101	 84	 0.7

	

5	 109	 86	 116	 99	 88	 1.3

	

6	 110	 87	 114	 98	 91	 2.1

	

7	 112	 88	 111	 97	 93	 3,2
	8	 113	 89	 109	 96	 96	 4.7

	

9	 114	 90	 108	 94	 98	 6.5

	

10	 115	 91	 106	 94	 99	 8.8

	

11	 116	 91	 105	 93	 101	 11.4

	

12	 116	 92	 104	 92	 103	 14.6

	

13	 117	 92	 103	 91	 104	 18.2

	

14	 118	 93	 102	 91	 106	 22.4

	

15	 118	 94	 101	 90	 107	 27.2

	

16	 119	 94	 100	 90	 108	 32.6

	

17	 120	 94	 99	 89	 110	 38.6

	

18	 120	 95	 99	 89	 111	 45.2
	19	 121	 95	 98	 88	 112	 52.6

	

20	 121	 96	 97	 88	 113	 60.7

	

21	 121	 96	 97	 87	 114	 69.6

	

22	 122	 96	 96	 87	 115	 79.2

	

23	 122	 97	 96	 87	 116	 89.7



Food organisms s	
30.0-39.9	 4o.o-49.9

mm MM s X

Calanus finmarchicus 1.873.0	 +
2.2

Undinula spp.	 108-30	 1	 3.0
2.2

Paracalaaus spp.	 0.8	 8	 0.8	 +
Pseudocalanus spp.	 1.2	 +	 1.2	 2
Clausecalanus spp.
Matridia spp.	 1432.4	 4	 1.872.9	 8

	

2.2	 2.5
Aetideus spp. .	 2.8	 +
Centropages spp.	 0.8-2.8	 21	 1  .1-105	 8 1

	1.2	 1.2
Candacia spp. 	 '1 	 ®1 1	 205-3.0	 6

	

2.6	 2.8

2

Temora spp®	

-	

2.3
Scolecithrix spp.	 2.1-2.6	 +	 1.3-2©1	 10

	

2.4	 1.3
Nonidentified and	 ja2:120	 +	 2.0	 +
digested Copepoda	 2.1
Mysidacea	 7.0-11.0 1	 7.06710.0 2

	

8.5	 7.8
Cumacea	 5.0-6.0

•	

6.0
5.4

Gammarida	 400-7.3	 1	 2,27.1012 1

	

6.0	 8.8
Hyperida	 3.5-4.2 

3.8

Amphipoda	 2.0-6.0	 9	 3,21=2,g 	 5
	4.0	 4.7

EOlatiUsiidae	 4.0-15.0 16 1.6-20.0	 15

	

8.8	 10.1
Parathemisto spp.	 ?,2=11„13o 211711,2	 30

	6,8	 .	 6.5
Decapoda zoea	

•	

4.0-5.5 
	4.3	 4.6

Polychaeta .4.2.2211-	 1 2.0-3.2	 6

	

2,2	 2.7
Nemertini	 3.0-4.3	 +	 3.7-403	 2

	

3.8	 3.9
Sagitta spp.	 15.0-19.0	 + 1005-15.0

	17.5	 12.5
Bivalvia	 1.0	 +	 10.0	 +
Larval fish	 7.8-19.3	 3 5.8-20.4	 5

	

11.2	 13.7
Larval hake	 8.0-15.0,	 4 -

10.9
TOTAL: 100	 100

- 19_

ifferent length (mm) in October 1979-1980, % by weight.

TeniEhj. mm 

50.0-59.9	 60.0-69.9	 70.0-79.9 80.0-89.9 30.0-89.9

: x

3. 8
	 1.8® .8 +

3.0	 +	 -	 -	 -	 -	 -	 -	 1.8-3.0
2.2

-	 -	 -	 -	 -	 _	 _	 0.8 4
-	 _	 -	 -	 -	 _	 -	 1.2 +

1.0	 4	 -	 _	 _	 -	 -	 -	 1.0 +
-6.0	 +	 -	 -	 _	 -	 -	 - 1.3-6.0 4

2.7

- 	-	 -	 -	 -	 -	 -	 2.8	 +
4	 1.5	 +	 -	 -	 -	 -	 0.8-2.8 

1.2
+	 -	 -	 -	 _	 3.0	 12 1.3-3.1	 4

2.8
-	 -	 -	 -	 -	 -	 -	 2.3
-	 -	 -	 -	 -	 -	 -	 1j.-2.6 

2,2
_	 -	 -	 -	 _	 -	 1.2..3.0	 +

2.1
8.0	 1	 -	 -	 -	 -	 -	 7.0-11.0	 1

8.3
-	 -	 .....	 _	 _	 -	 - 5.0-6.0 	 +

5.4
.40-1	 0	 -	 .....	 _	 -	 -	 - 4.o-I3.3

9.o
.5-4.2-	 -	 -	 -	 -	 -	 _ 3	 +3.8 

6.0	 3	 4.0	 1	 -	 -	 _	 - 2.0.-7.0
4.9	 4.8

.01.- 3	 14.9.0	
25	 14.0-19.0 48 9.0	 100	 -	 - 1.6-19.0	 20
0 10.5

.8-13.4	 41	 2.06-1Z2.	 35	 -	 -	 5.0 31 1.8-14.4	 35
6,5	 1/.5	 8.0

.0-18.0	 2	 5.0	 1	 -	 _	 _	 - 3.0-18.0	 1
7.8	 5.6

.8-3.2	 10	 2.7-3.4	 15	 -	 -	 -	 - 2.0-3.4	 8
3.0	 3.0	 3.0

-	 - - 3.0-4,	 +-	 -	 - 
3.9

_	 -	 _	 -	 11.0 57 10.5-19.o +
9.5	 13.4 -,

.....	 .....	 -	 -	 -	 -	 -	 -	 1.0-10.o	 +
.8-2300	 3	 _	 -	 .....	 -	 - -	 5i423.0	 4
12.3	 13.5

-	 -	 -	 -	 _	 -	 - 8.0-15.0	 1
10.9

100	 100100 100	 100

TABLE 8. Food composition for silver hake fry o

mm : X s mm	 m X	 mm m X mm	 X : mm

3.0

.2-1.5
1.3
3.0

3

10.0
-

4

.0-15.0

Note: Extreme sizes of food organisms are given n numerator and mean values of consumed organisms in denominator



1976Length, thin 1979	 :	 1980	 :Mean weight (6
of fry for
1.278-1980 

TABLE 9. Length and weight of the hake fry on the Nova Scotia Shelf in 1978-1980,
% of the mean value.

	

24-25	 104
	 94	 107	 0.10

	

26-30	 104
	 95	 104	 0.15

	31-35	 103
	 96	 102	 0.24

	36-40	 102
	 97	 99	 0.37

	

41-45	 102
	

97	 97	 0.53

	

46-50	 101
	 98	 95	 0.74

	

51-55	 101
	 98	 94	 1.00
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Wind
force * Sept.	 Aug.

3-4	 32	 53

5-6	 37	 12

7 and>	 7	 3

Aug.	 p Sept.	 Aug.	 o Sept.

1977 : 1978 1979 1 980

    

: Sept.

66
	

66
	

4.5
	

4.3
	

40

30	 12
	

17
4

	

3-4	 27

	

5-6	 28

7 and >

	

52
	

66

	

9	 14

	

69	 32	 55

	

7	 1	 33
Cr.

6

TABLE 11. Recurrence of winds (%%) in August and September of 19774-
1980.

TABLE 12. Recurrence of rough sea (%%) in August and September of
1977-1980.

: 	:
Rou - :_1271	 :	 1271	 :	 1 9	 :	 1980 	
ness ::: Sept.,	 : Aug. 1 Sept.	 : Aug. 1 Sept. 8 Aug. : Sept.: 	------

.Fig. 1. Scheme of stations of the ichthyoplankton survey in
August-September 1977-1980.
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Fig. 2. Scheme of station

1978-1980.

62°

of the trawl fry survey in October

Fig. 3. Distribution of silver hake eggs, sp./m 2 (September
1980).



Fig. . Distribution of larval silver hake, sp./m 2 (September
1980).
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Distribution of larval silver
hake by body length (Septethber
1977).
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Fig. 70 Distribution of s ilver hake fry, sp. (October 1980).
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Fig. 6. Distr'bution of larval silver
hake by body length (September
1977-1980.
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Fig. 8. Distribution of silver hake by body length (October

1980).
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12. Distribution of zooplankters 21142gaau., thous.sp./m
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Fig. 13. Dependence of the hake egg sur-
vival on the weighted mean water
temperature in the 0-200 m layer.
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Fig. 14. Dependence of the hake egg sur-

vival on the sea state (4, in
Beaufort scale number).
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