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5. lMortality of eggs and larvae induced by abiotic and bio—

tic factors;

6. Oceanographic conditions (thermal regime, currents, state

of the sea),

liaterials and Methods

The investigations involved theconduction of complex ichthyo-
plarkton surveys. The preliminary research was made in August
1974 sccording to the AtlantNIRO program, and the joint USSR-
Canada program was implenented over 1977—1980; During the resecarch
the water temperature determinations, ichthyo-and zooplankton
sampling and standard meteorological observatiens were made,

The ichthyoplankton was sampled with the Jarge Bongo model;
1t had an opening diameter of 0.6 m and was fitted with the 0.333
m mesh gauze. Firstly the layer of 0-50 m (1974) was sampled, for
according to the previous investigations the larvae @ccurred in
the surface layers where the zooplankton biomass was very high -
(Sigaev, Sushin, 1973). Then, in 1977-1978, the sampling was made
in the layers of 0-100 nm 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 amall Bongo model with
the opening diameter of 0.2 m, fitted with 0.076 mm mesh gauze
was used.

In October 1978-1980 trawl surveys of the silver hake fry
were carried out (Fige2). 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 25 mm. So, the specimens below 23 mm were

taken as the larvae, and

those of 24 mm and more as the fry,

The chamber processing of the ichthyoplankton samples was

made in the lsgboratory:

1. The eggs and larvae were carefully collected from the

total amount of the plankton;

2, The total number

the whole sample and under m“;

3. According to the

of fish eggs and larvae was counted in
2

scale suggested by Rass and Kazanova

(1966) the development stages of 20 eggs were determined;

4, The proportion o:
the method of Dementjeva
5. The body length ¢
top of the snout to the
The zooplankton samy
A portion of gbout 500 z
ple in the Falsom's chaml

the random~chamber, and t

[ live and dead eggs was calculated by
(1958) 5

bf 50 larval fish was measured from the
end of the chorda.

bles were analysed under the binocular.
boplankters was taken from the total sam-
ber. Then, the organisms were counted in

the species and genera identified. Large

orjganisms were counted i

all 100 squares of the chamber and

small specimens only in 40 squares selected by the table of ran—

dom numbers. After all t
numbers were converted tg

der m2 was computed.

e sampled organisms were counted their

> the whole sample and the gbundance un-

The catch taken with a fry trawl was sorted out by species,

the fish were measured fx

rom the tip of the snout to the end of

middle rays of caudal fin and the fry preserved in 4% formelin

for feeding studies.

The counts of zoo-amd ichthyoplankton and fry were recorded

in the logs, the squares

of regions with equal density of orga-

nisms were determined using the planimeter, and then their total

abundance was calculated.

Table 1 presents the materials collected during the surveys

conducted in August-3eptenber 1974 and in 1977-=1980.

For feeding studies

10 specimens of larvae. or all the spe-

cicens if less, were taken by the following length groups:
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a) 2.0-5.9 mm - the larvae with the yolk sac or its remnants;
but dlready feeding on the food zooplankton (Copepoda wggs and
nauplii);

b) 6.0~8.9 mm - the larvae feeding on small organisms, mainly
on copepoditess

c) 9.0-12,9 mm — the larvae feeding predominantly on larger
copepodé; | |

d) 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 predominabting in their food.

Each group of larval .hake was weighed to find the mean wei-
ght. The bodies were dissected and stomach contents analysed under
the binocular. The number of food organisms was counted by spe-
cies and groups. Their initial weight was determined 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 %o

The condition factor was debtermined 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 abumdance of silver hake eggs and larvae

Usually, massive spawning of silver hake occurs in August
in 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 wateré penetrate into the shallow water areas through
the Nova Scotia Trough, and the intermediate layer of cold Lab-

rador waters with the temperature of 2-5° is always observed on
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Distribution and sbundance of the silver hake fry

The results of the trawl surveys conducted in October 1978-
1980 showed that significant aggregations of the hake fry (100
and more sp.per catch) were recorded in the Nova Scotia Trough
(Figs7). Thus, in October, a cyclonic gyre (upwelling) was ob=
served above the Emerald Bank and an anticyclonic gyre above the
shoals of Sable Island and Middle Bank (Sigaev, 1978). Massive‘
aggregations‘of the fry were found in the Emersld Bank area in
October 1980.

In October 1980, a vertical distribution of the hake fry
was studied west of Sable Island. Based on the obligue three-
step hauls (near the bottom in the pelagial 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 daylight the fry occurred
in the catches individually. Total sbundance of the fry by year
varied between 47 and 258-106 sp. (table 2).

In October, the larvee of 10mm occurrgd in the catches ta~-
ken by the fry trawl among the hake fry, their numbers being
higher in the Browns Bank area (4X), where the spawning takes
place earlier than in the Emerald Bank area (4%) (Fig. 8).

Composition, Abundance and Distribution of

Food Zooplankton

Oithona spp., Centropages spp, Calsnus finmarchicus, eggs
and nauplii of copepods were the main food organisms (80%) in the
diet of the silver hake larvae and fry (table 3). The sbundance
of zooplankters by year fluctuated between 917 sp./m5 in 1980
and 1533 SP./m3 in 1977. The highest abundance of Oithona Spp.,
which is the principal food organism for the larval hake, was
recorded in 1977 (710 sp/m’) and in 1979 (520 ep/m’). The pro-
portion of eggs and nauplii of copepw ds was also largé 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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condition factor for the smali larvae (2-9 mm) was the highest
in 1978 and 1974, and very low in 1977 and 1980. The condition
factor for the hake 10-23 mm in length exceeded the mean long-
term value in 1974 and 1980 and was below that value in 1979, A
similar feeding pattern and condition factor were observed in
the Georges Bank 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 céndition factor over the 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 eggs, larvae and fry of the 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 long-term forecasting of the catshes.

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 (approxima?ely 90%) in the period of embryomie growtk.
Thg highest loss of fhe 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 unfavoureble abiotic conditions, namely the water tempe-
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32-66% recurrence (table 11). The ripples in the above-mentioned
directions prevailed with the 27-69% recurrence (table 11). The

increased proportion of winds of 5=6 (Beaufort Scale number) in
September (17-37%) compared with August (11-12%) resulted in
increased roughness. The roughness of 5-6 (Beaufort Scale number)
increased from 1-9% in August to 7-33% in September (Table 12).
The roughness of 7 and more was observed in September 1978 comp-

rising only 1%.

Taking into account great susceptibility of pelagic eggs
to mechanic influence the effect of the moderate state of the
sea (4, Beaufort Scale number) on the survival of the silver
hake eggs on the Nova Scotia shelf was considered. A weak in-
verse dependence (correlation factor 0.31) was observed of the
éilver hake egg survival on the stormy regimes the per cent of
live‘eggs decreases with the increese of the number of stormy
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

deﬁelopment.

Transition of the larvae to active feeding is a very im-
portant period in their life, during which the highest morteli-
ty occurs (Hjort, 1914; Hunter, 1975; Cushing, 19793 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 (Samyshev, Ptitsyna, 1976).

The comparison between the proportion of ﬁeeding larvae, the mean
consumption and condition factors of the fry showed that the
feeding conditions in 1978 were more favograble than in 1980.

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

(at the age of 3) was higher than that of the 1975, 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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TABLE 1. Materials collected during the surveys conducted in August-October
1974, 1977-1980. :

TNo. of analysed

H : H s : 3 ; :
iohe NO. of z00- No. of
Year Month Layer of No.of ich plankton £ ‘larvae, s £ry,sp.

$ ' fishing, m fthyoplanki samples samples’ SPo
SR O ion semples RS
1974 August  50-0 102 102 - 467 -
1977 September 100-0 162 162 - 1707 -
1978 August 100=-0 147 147 - 157 -
September 100~0 148 148 15 215 79
October 200-0 - - 38 - 367
August 200-0 122 130 ) - 1134 -
1979 September 200-0 106 119 - 1‘170 -
October 200-0 - - 38 - 1046
August 200-0 69 119 - 951 -
1980 September 200-0 53 113 - 607 -
' October  200-0 - - 95 - 537
Totals 909 1040 186 6408 2029

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

Year ' lMonth P eggs,101 * larvae., 10"1¢  fry., 16°
1977 September 10 o4 -
August 92 84 -
1978 September 41 60 -
October - - 258
1979 August 35 _ 150 -
September 13 103 -
Ocjober - - 49
1980 August 21 39 -
September 12 33 -
October - - 47

TABLE 3. Composition and abundance of massive zooplankters (sp./m3) on the
Nova Scotian Shelf, September 1977-1980.

¢ Length,i qgpp P oagzs P 1979 P 1980
Ova+Nauplii Copepoda 0.1=1.0 260 160 240 100
Calanus finmarchicus 2.2-5.2 40 60 60 90
Paracalanus Ssppe. 0.8-1.5 50 110 50 60
Pseudocalanus spp. 1e1=1.9 60 70 50 20
Clausocalanus spp. 0.9~ 1.7 + + + 10
Centropages Sppe. 0.2-2.0 380 290 100 %10
Oithona sppe 0e5-145 710 320 520 320
Sagitta spp. 3¢5-9.6 8 4 1 1
Euphausiacea 4,6-11.2 1 2 2 5
Bivalvia larvae 0e2-2.0 24 7 10 1
Polychaeta sppe. 2e¢1=364 - - + +

TOTAL3 1523 1023 1033 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, mn  * 1974 ' 1977} q978 P 1979} q9g0  f gemm weleht

: $ s $ H :1974,&227-80
2 101 80 131 108 74 041
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 93 352
8 113 89 109 9% 9% 4,7
9 114 90 108 94 98 6.5
10 115 91 106 9% 99 8.8
11 116 91 105 93 101 1.4
12 116 92 104 92 103 14,6
13 117 92 103 91 104 18.2
14 118 93 102 9 106 224
15 118 94 101 90 107 27.2
16 119 94 100 90 108 32,6
17 120 %M 99 89 110 28,6
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 9% 97 87 114 69+6
22 122 96 96 87 115 79.2

23 122 97 9% 87 116 89.7
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TABLE 8. Food composition for silver hake fry of different length (mm) in October 1979-1980, % by weight.
R C®Flengbhy o ___ " _”-- - -”T"°"C”C°°
Food organisms 30.0-39.9  40.0-49.9  |50.0-59.9  60.0-69.9 70.0-79.9 - 80.0-89.9 30.0-89.9

: mm $ X : mm X 3| mm T X Tmm ¢ X t wm s X:mm ¢ Xsmm ¢ X
Calanus finmarchicus 1.8=3.0 + - - 3.8 + - - - - - 1e8=3.8
2.2 , '_
Undinula sppe 1.8-3%.0 1 3,0  + 3.0 + - - - - - - 1.8-3.0 «+
262 2.2
Paracalanus sSpp. 0.8 0,8 + - - - - - - - - 0.8 4
Pseudocalanus spp. 1.2 1.2 2 - - - - - - - - 1.2 4+
Clausecalanus sppe. - - - . - 1.0 4 - - - - - - 1.0  +
Matridia spp. T1e3=3.4 4 1.8=2.9 8 2,5-6.0 + - - - - - - 1.3-6.0 4
2.2 2.5 3.0 2.7
Aetideus sppe. - - 2.8 + - - - - - - - - 2,86 +
Centropages spp. 0:8=2,8 21 1:1-1.5 8 b2-71.5 4 1.5 + - - - -  0.8-2.8
1.2 162 1.3 1.2 8
Candacia spp. . 1.5-3:1 4 2.5-3.0 6 3.0 + - - - - 3.0 12 1.33.1 &
. 2.6 2.8 2.8
Temora sSpp. - - 2. 3 + - - - - - - - - 23 +
Scolecithrix SpPe 2:1=2.6 + 132.1 10 - - - - - - - = 1.82.6 3
264 1.3 2.2
Nonidentified and 1:2=3.0 + 2.0 + - - - - - - = = 1.2%3.0 +
digested Copepoda 2.1. . 247
Mysidacea 7:0-11.0 1 7.0-10.0 2 8.0 1 - - - - - = 2:0~11.0 1
8.5 7.8 8.3
Cumacea 00=6.0 + 6.0 + - - - - - - -~ = 5.,0-6,0 +
. 5S4 5.4
Gammarida 4,0=7,3 1 5.0-10.2 1 5.0=13, 8 - - - - - - 4,0-73, 3
- 6.0 8.8 10.0 9.0
Hyperida 2:5-402 + - . - - - - - - - = 3.5=4,2 +
3.8 %68
Amphipoda 2,0-6.0 9 3.0-7.0 5 3:5-6.0 3 4.0 1 - - - = 2.0-7.0 5
4.0 4.7 4.9 4.8
Eubhausiidae 4,0-15,0 16 1.6=20,0 15 7.0-16.0 25 14.0=19.0 48 9.0 100 =~ = 1.6-19.0 20
. 8.8 . 1061 1063 1449 10.5
Parathemisto spp. 2,0=7404 30 2:8-13%.2 30 1:8=13.4 41 «0-12.3 36 - - 5.0 31 1.8-14.4 35
6,8 . 6.5 . 6.5 9.8 8,0
Decapoda zoea 20=5¢0 + 4.0=5.5 + 5.0-18,0 2 5.0 1 - - - = 3,0-18,0 1
4.3 4.6 7.8 5.6
Polychaeta 200=204 1 2:0=3.2 6 2.8-3.2 10 2.7=3%.4 15 - - - = 2.0-3.4 8
2.2 2.7 3.0 3.0 2.0
Nemertini 0 O=4 + of=4o 2 - = - - - - - = 3.0=4.3 %
. 3.8 3.9 : 3.9
Sagitta sppe 15:0=19.0 + 10:5=15.0 + 4.0-15.0 + - - - - ’I’l 0 57 10.5=19.0 +
. 175 12.5 9.5 12.4 .
Bivalvia 1.0 + . 10.0 + - - - - - - - = 1.0-10.0 +
Larval fish 7.8=19.,3 3 5.,8-20.4 5 7.8-2%.0 3 - - - - - - £852§.O 4
112 13.7 12.3 ,]5'.5 .
Larval hake 8.0-15.0 4 - - - - - - - - - = 8.0-15.0 1
10.9 10.9
TOTAL: 100 100 100 100 100 100 100
Notes Extreme sizes of food organisms are given in numerator and mean values of consumed organisms in denominator
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TABLE 9. Length and weight of the hake fry on the Nova Scotia Shelf in 1978-1980,
% of the mean value.

B T S S —

Length, mm : 1978 : 1979 : 1980 sllean weight (g)
. . . . of fry for
S U S e o e e [ - L _N978-1980_ _ _

24~25 104 94 107 0.10
26-30 104 95 104 0.15
31-35 103 96 102 0024
36=-40 102 97 99 0.37
41-45 102 97 97 0.53
46~50 101 98 95 074
51-55 101 98 94 1,00
56-60 101 99 93 1.31
61-65 100 99 92 1.66
66-70 100 100 90 2.30
71-75 - - - -

76~80 - - - -

81-85 - - - -
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1980.

" TABLE 11. Recurrence of winds (%%) in August and September of 1977+

P o977 ¢ 1978 : 1979 : 1980
Wind ; -~ - . : - : ) .
force, Sept. ', Aug. . Sept. ; Aug. , Sept. ., Aug. ; Sept.
34 32 53 66 66 45 43 40
5-6 37 . 12 30 12 - 1 17
7 and> 7 3 4 - - - -

1
TABLE 12. Recurrence of rough sea (%%) in August and September of

1977-1980.
: : 3 :

Rough~-: 1977 1978 3 1979 : 1980
ness Sept. Aug. : Sept. Aug. ivSept. : Aug. f Sept.
Zly 27 - 52 66 44 69 32 55
5«6 28 9 14 6 7 1 33
7 and> - - 1 - - - -

,EQU Rowﬂs'c'/« 4w

[ ] g ] ] 1 ]

‘Fig. 1. Scheme of stations of the ichthyoplankton survey in
* August-September 1977-1980.
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Pig. 2. Scheme of stations of the trawl fry survey in October
1978-1980.

| l_- 1 L |

Fig. 3. Distribution of silver hake eggs, sp./m2 (September
1980). ’




Fig. 4. Distribution of larval silver hake, Esp.,/m2 (September
1980).

4v
N=53

X=54

=
v

2 4681012141618 2022 mm
[Fig. 5. Distribution of larval silver

hake by body length (September
1977) .
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%
0 ¢ 1977
5 ! N=3D33
- R=74
0
0} 1978
5 | N=357
X=55
0
ol 1979
N= 1294
St X=62
0 N \_______
10} 1980
N=946
St //_\\\\ X=6.8
e~

246 810214161820 22 mm

Fig. 6. Distribution of larval silver
hake by body length (September
1977-1980.

L

Fig. 7. Distribution of silver hake fry, sp. (October 1980).
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0 15 20 2 30 35 40 45 %0 55 60 mm
Fig. 8. Uistribution of silver hake by body length (October
1980).

R 2
Fig. 9. Distribution of food zooplankton biomass, g/m“ (August
1980).
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Fig. 10. Distribution of
tember 1980).

Fig. 11. Distribution of zooplankters Qithona 8Dp. s thous.sp./m2
(August 1980).




(September 1980).

%
16 f
8} :
47
0 2 2 : A -
6 ? 8 9 t,%
Fig. 13. Dependence of the hake egg sur-

-vival on the weighted mean water

temperature in the (-200 m layer.

12, Distribution of zooplankters Oithona spp., thous.éé./mZ

%
60 |
40+ iTn_f—_——_‘“‘—~——___________1___—-
20 ¢
0 s . A
0 20 winND,%
Fig. 14. Dependence of the hake egg sur- - .

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