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Abstract

The resgulits of the USSR-Canada joint inventory surveys in
1978-1985 to esgstimate the abundance of the Scotian Shelf C-group
gsilver hake are presented. Specigl features of the temporal—épa—
tial distributions for the youngs-of-the -year during their feed-
ing period are determined. The effect of the spawning stock
abundance on the year-class gtrength and the young fish survival

in verious age-groups are studied.

Introduction

Starting from 1978, the specialists from the USSR and Canada
have been conducting the annual inventory surveys to estimete the
abundance of the Scotian O-group silver hake, The objectives of
this activity were to determine the trends in hake sbundance at its
early ontogenesis and to uge these data for the hake catches fore-

casting in future.

Materials and Methods

Materials were obtained from the cruises of the Soviet
vessels of the JRTM type onto the Scotian Shelf (Table 1). The
methods used in the inventory Scotian O-group silver hake surveys
were based on a principle of the stratified random sampling {Gross-
lein, 1969), i.e. the studies were made bj stratum {Doubleday,
1981) and in ever& stratum predetefmined number of tows were
executed at the randomly specified sites. In October 1978-1980,

a fry trawl "Malyok" (13.6 m) was used tc cocunt C-group hake {(on
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& 24-hour besis and in the pre-bottom layer approximately 2-4 m
above the botitom) during the trawling surveys; in the catches
taken young heke of 23-70 wm in length were found together with
guite a number of larvae of 10-22 mm which had not metamorphosed
as yet and, thus, were not all available to the trawli. Maximum
catches were taken at dawn and in the twilight, i.e. in the start
and end of the vertical migrations. The studies on the young fish

vertical distributions conducted in CGctober 1980 demonstrsted that

fhe fish of this age made up significant concentrations in the
pelagic leyers at night and were almost sbsent there in the day-
time (Koeller, 1981). It became evident that the methods of round-
~the-day trawlings in a pre-botiom layer in October to assess the
young heke abundances produced some discrepancies in the abundance
estimates. Since 1981 the dutes of the surveys, methods and geers
used have been changed to obtain more relisble data. The surveys
began tc he conducted two weeks earlier as compared to 1978-80,
i.e. starting from mid October after all fish produced in the end
of the spawning had metemorphosed and become available to trawling.
The tows were made at night only {(starting from 30 =in after the
sunset and ending 30 min before the sunrise) in three steps: pre-
-bottom'(2—4 m above the bottom), mid~water (in the middle of the
water column, as & rule} and sub-surface (3-5 m under the surface)
onesg. Young fish was caught at 3.5 knots of veasel speed during
30 min. Besides, to compare the data for silver hake from count-
ing surveys toc those for other gaedoid fish species the fishing
gedar have been changed for IYGPT-irawl made from the kapron netting
with a mesh size of 50-20 mm and 6.5 mm in the codend.
The materials were treated using standard methods (Grosslein,
196%9; Gmayukov, 1983) to obtain the abundance estimate for O-group
fish by year. A stendard unit of the young bake abundance is a
mean weighted number of fish per tow calculated by weighting the
catch and area agaipst the total area of the surveyed space,
Data on spawning stock in the periods of year-class produc-
tion as well as on the young hake abundances at age 1+ obtained
from the July Canadian research vessels cruises {¥aldron et al.,

1989) were used to reveal various types of relations (e.g. between
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the spawning stock, on the one hand, and the abundances of finger-
lings end yearlings, on the other, and between the abundances of
fingerlings and yearlings).

The survivel indices through a period from the egg stage to

the recruitment were calculated by o formula:
£

\Vi T LTE
where S - survival index; .
£ - recruitment sbundance at age O+ or 1+;
ﬁﬁﬂ - total ﬁumber of spawning females;
-E' - total fecundiiy of a single female (averages 395 thous.

eggs; Sauskan, 1966).

The levels of abundance of the young hake year-classes were
judged from comparisons gf the year-class strengtha to the mean
long-term valﬁe. All the materials were treated according to the
generally acceptéd statistical methods. Because of the short
observational series (6-11 cases) the calculation of the correla-
tion coefficient was made using the follow formula (Plokhihsky,

1970): IV, vV,
, vV, -
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where v, v, =~ values of the parameters;
' ¢, C, - variance of parameters;
A~ number of pairs compared;
n_; - number of paired values sufficient for the

reliability of the selective correlation.

The volumetric parametef.of feeding by O-group hake at the
moment of sampling and durihg the previous period was determined
from the relative condition df évery fry - the rafio of a fish's
weight to the long-term mean weight of fish of the éame length
taken as 1004 (Noskov, 1956). The amount of the materisls colléct—
ed and treated to study fish féeding patterns are presented in

Table 1.

Water tempersture measurements were made by bathy-thermo-
graph at every station during the trawling surveys to count
O-group silver hake. The charts of the horizontal temperature

distributions and those of the water ftemperature anomalies were

v
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drawn based on the observational data (Sigayev sad Istomona,
1986). To reveal the mechanism of young hake survival during their
first wintering the 587 anomalies obtained from comparison of the
33T monthly means to a norm (yearly mean) for 1977-1987 as well

as the 33T yearly ancmalies in the northeast US shelf arees in

1981-1986 (Wood and Tang, 1988) were used.

Results and Discussions

Spatial-temporal distributions of C-group silver hake

A three-layer vertical water structure is formed on the Nova
Scotian Shelf as & result of mixing of three water masses of dif-
ferent origin (Smith et al., 1578).

The analyses of the surface layer water temperatures for
1977-1989 has not revealed any regularities observed after the
comparison of the iemperature fields from the underlying layers.
Tiiis fact is an evidence of significant effects of the atmospheric:
processes on the S3T field formetion which causes "masking" of
the hydrographic regime state. There is a thermocline lying in
the intermediate layers that conditions a complicated character
of the temperature field with numerous cells of cold and relative-
ly warm water and the gbundant gradient zones over the entire
shelf area. For this reason thig layer was not taken either to
compare the interyear temperature dynamics. A pre-bottom layer

{lower than 100 m) is most interesting for our purpose, this layer

is more weakly effected by the atmospheric processes and a thermo-~
cline is absent irom it. Temperature gradient zones where main esg-
gregatiohs of hake fry are formed are caused by interactions of
guasistationary intrusion of warm North Atlantic Slope weter
penetrating onto the shelf through the deepwater troughs west of
the Seble Shoals with cold Labrador water.

Year-to-year fluctuations of the hydrographic conditions
result in gignificant changes in young hake distribution patterns.
Thus, in the warmest 1981, when this intrusion was extremely ex-
tensive (Fig.1; the Slope mater boundary went through the shelf
itslfj the abundantrconcentrations of young fish {(greater than
500 fish per tow) were encounted all over the area (Noakov,

Sherstyukov, 1984). In 1985 the intrusion of quite ordernary inten--




aity was registered (see Fig. 1; the Slope water boundary was

located close to the continental slope) and so, dense fry concent-

rations were formed only in the central shelf area. In some years

(e.g. 1988) pocrly defined intrusions of Slope water were obgerved

{see Fig. 1) and well defined gradient zones were formed within

the limited portions of the shelf(along the shelf break and over

the southern La-Have Bank) where the abundant concentrations of

young hake stayed (Sherstyukov, 1990a).

Data from analysis of the young hake catches for distributions

relative to the pre-bottom temperatures in different years are

presented in Table 2. In warm years (e.g. 1985) young hake were

caught within a wide range of pre-bottom temperatures from 6 to Co

12°C (89% of the total catch) and mean catches per tow were 228-

362 fish. However, in cold years (e.g. 1987) young fish were mein-

1y concentrated within & narrow range of pre-bottom temperatures

from 6 to B°C (57.8% of the total catch). Tn those years quite

big catches (29% of the total numbers caught) were also taken

from the areas
in the shallow
Labrador water
hake abundance

water over the

where the pre-bottom temperature was 4-6°C, i.e.

portions ol the shelf where the intrusion of cold
way registered. A detailed analysis of the young

distributions relative to cold (less than 5°C)

Scotian Shelf shoals (over the bottom shallower

than 100 m} has demonstirated (Table 3) that on the Westrn Rank

significant nunbers of young hake (77.1% of the total 1987 catch)

were caught both at thick(22%) and thin (4% of the water volume)

layers as it took place in 1985 (60.1% of the total catch). Thus,

it becomes evident that this is not depth of a cold water layer

but the presence of the temperature gradient zones in the shallow

water areas that effects the young fish distribution patterns.

Data on the young hake abundance distributions in the fry

trawl caiches relative to the bottom depth are presented in

Table 4. It is seen from the table that during the feeding period

in Qctober-November main aggregations of the O-group hake {(54-

76% of the total catch) were found not in the shallow shelf

waters (depths shallower than 100 m) where spawning and larvae

feeding take place but in the deeper areas (from 101 down to 200m),

i.e. very close to the locations of their wintering., The excep-
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tion was 1979 when major aggregations of young fish (90% of the
total catch) were observed over the continental skope (deeper
than 200 m).

Studies of the young hake daily vertical mﬁvements and the
analysis of the data from literature on the vertical movements of

figh
plankiivorous”have made us to comprehend that the rising.of young

- fish into the upper layers in the evening is related to their

feeding on euphausiid crustaceans {Meganyctiphanes norvegica)

which inade up 05-100% of the totel weight of food clot (Sherstyu-
kov and Hawarovu, 1987). 1t should be noled that the process of
active movements winen young hake is hunting for euphausiids the
fish may form dense aggregations {up to a few thous. fish per tow)
at various depths in the water columnm which, in its end, natursl-
1y decreases the reliability of the abundance indices obtained
from the standarﬁ inventory surveys and catching the fry in three
predetermined steps: near the bottom, in the ﬁoddle bf the water

column and neer the surface.

Condition parameters of O-group hake

Variability in the young fish lengths depends first of all
on their food supply, i.e. on the food quantity, quality end its
availability in the pocl as well as on the feeding season dura-
tion and abundance and biomass of the feeding fish. Young hake
fbod supply was evaluated from an indirect indicator - fish condi-
tion. Comparisons of weights of the fry of the same length in
1978-1986 (Table 5) have demonstrated their condition variability
between years and the corresponding plot had sinusoid form. Maxi-
mum values on the plot (110-114% of the long-term mean value)
were found in 1979 and 1985 while minimum ones were registered in
1981 and 1982 (78-80% of the long-term mean value). This pattern
seems to be explained by worse feeding conditions at the early
ontogenetic stages. Thus, in the period 1978-1982 a decreage in
mean numbers of the food zooplenkton from 1010 to 740 sp./m3 waa
ovbgerved which phenomenon caused a drop in the condition of
O-group fish (Noskov et al., 1985). This relation is expressed
in a high positive correlation ( ~ = 0.92 + 0.07). Besides, later

dates of the spawning peak in 1982 alsoc effected the feeding
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conditions for U-group silver heke.

Studies on the effects ol the fry leeding conditions in bhe
regions of their dense concentrations {more then 100 fish/tow)
have shown that the concenirations formations did net influence
upon fish condition. Thus, there is a high poesitive correlation
between fish condition factors in dense aggregations and those

for the whole area {»~ = 0.97 + 0.01}:
¥ = 0.68 » x + 0.01, where

y - fry copdition‘factor for areas with dense concentrations;
x - condition factor for the whole area.. |

It is evident that the formation of dense fry shoals and
their redistribution do not effect feeding conditions for the
silver hake fry. However, the incresse in numbers of the feeding
fish, in genersl, causes the worsening of the feeding conditions.
Thus, in 1985 {a yéar of & strong year class) the hake fry of
58-73 mm in length had their absolute daily length increment
0.41 mn/dey only (Sherstyukov, 1990B) while in 1988 (& middle-
strength yesr-class) the fry of the same length hag greéter incre-

ment - 0.68 mm/day.

Bgtimation of the hake year-class strength

In 1978 and 1979, majorlaggregations of O-group hake inha-
biting Scotian Shelf waters were found in the area between the
Browns Bank and the Sable Island shoasls. This region was chosen
as the observation one to conduct the counting survey of’ O-group
hake. The 1981 coﬁnting survey revealed significant concentrations
(more than 100 fish/tow) of fTy not only within the cbservation
area but east and west of it too (Noakov andASherstyukov, 1984 )
which made the scientists to expand the survey area. However,
there was no chance to do so until 1984. Thus,-in 1982 the
catches of fry almost all over thearea did not exceed 55 fish/tow
{caused by later dates of upuwniné and the undercatch of Lhe
main O-group concentrations)} while in 1983 this value was Llow
because of the long period of stormy weather. The purpcse was gain-

-ed onty in 1984. Comparison between the hake fry abundance indices

for 1981-198% caleculated for the whole expanded area and for the
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previcusly chosen one has shown (Table &) that in some years

those indices differed one from another by 36% {1984, 1985). The
expansion of the survey area has allowed to get more comprehénsive
idea on the distribution patitern and abundance of C-group silver
hake over the Scotian Shelf.

Comparison of the O-group hake abundance indices on the fry
stage for 1978-1989 caleulated by the researchers from Atlant-
NiRO (USSR) and BIO (Canads) has revealed (Table 7) & high corre-
lation (ff = 0.98 1 0.01) between them, Numbers of fry per tow
varies among yea£§$£4.4 {1984) to 579.0 (1981), i.e. by 13 times.
The 1982 index was dropped from the compérison since it could not
give the objective year-clesa strength estimate because of the
1laster dates of the hake spawning in that year. Feor this resson
a comparatively weak year-class of 1982 as determined from the
inventory survey of O-group abundance appeared to be a strong
one from the hake fisheries statistics in three years (in 1985).

Long~term dats were used to study the effect of the spawn-
ing stock size on the year-class strengths and on the survival
of young hake of various ages {(Tables 8 and 9). AlLl young hake
from O-group had on the average the same survival rate {0.005%1 -
0.0046%) except the 1981 strong yeafuclass (0.0098%)} which later
on had great loss because of cold winter (its survival rate as
determined for i-yeur fish was as low ags 0,0016%). Analysis of
the survival stutistics [rom egg stage up to recruitment at age
1+ hes demonstirated (see Table 9) that the increase in the spawn-
ing stock size tends to Tesult in a.decrease of the survival
rate from 0.0028 down to C.0007%. The excéption wag a strong
1985 year-class (0.00385). The explanstion of the phenomenon
scems to be the favourable conditions of the fish wintering.
Strong silver heke year-classes were noticed three times
(Table T7) through the period of 1981-19%0. They were the products
of both high (1985 year-cless) and low (1983) spawning stock
abundances. However, in both cases strong year-classes were form-
ed when a percent of fish survived at age 1+ was high (0.0018
and 0.0038, respectively) as of the total number of eges spawnéd.
But e;g%J%%igﬁg%ce of the hake spawning stock (26.8 x 106 figh}

and at low survival rate {(C.0003) some year-classes appeared to
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be weak (as, for exsmple, in 1980). A percent of fish survived
seems to be regurded as an integrated index of the living condi-
tions for heke survival at early ontogenesis. A few cases, how-
ever, were recorded, as in 1977, when low spawning stock sbundance
(2.4 x 106 fish) and a.relatively high survival index (0.0028)
8ti1l produced weal year-classes,

When analysing the relations between the abundance of a
parent stock and the recruitment abundance of young fish at age
O+ and 1+ for 1978-1988 the correlation coefficients were calcu-
lated which appeared to be under the critical value (Table 10)
elthough those coefficients became reliable when a series of
years were dismissed for varicus reasons (1981 - as a result of
death of significant fry numbers in winter, 1982 - because of
late spawning o¢f hake and the undercatch of young fish, and
1978-1980 - &as the sampling methods were not standard). One of
the main reasons causing a discrepancy between the abundance
indices of fish at age O+ and 1+ are the conditions of fish
Qintéring joiniﬁg their first and second jear of life. An attempt
to relate the mortelity rates of young hake {ratic of fingerling
and yearling abundances) to the temperature conditions {sum of
SST anomelies in Jenuary-larch) dgring its first winter appeared
to be successful { ~ = ~0.71 + O.19;Jﬁ~< 0.9%). This relation~
ship became even stronger (»~ = 0,88 + 0.08) when the yearly SST
anomalies were used (Wood and Tang, -1988).

It beqame evident that a strong year—claés of 1981 hake
during thé gevere winter of 1982 seemed to have great loss and
was finally formed after wintering. This process naturally
effected the discrepancy between the abundance indices for finger-
lingsand yearlings ( ~ = 0.52). After extraction from a compa-
rison of the 1981 hake-year-class the extremely high reliable
corfelation coefficients beftween spawning stock and fingerling
and yearling agbundances were obtained (see Table 8). It should
be noted that a series of the observation datu was too short
(m=6). |

Phe analysis presented above has revealed a relationship
vetween spawning stock and the fingerling abundance that is still

poorly defined since the process.of the yemr-class formetion is
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not finished at the fingeriing stage. This relationship becomes
more evident later when fish are 1 year old ( , = 0.71 = 0.95).
A preliminary prediction of the hake yeéar-class strengths

can be made 2-3 years before & particular year-class enters the

fishery using the data from the inventory survey of the O-group
fish abundance. To further update a hake year-class abundance
estimate the data on the 1-year-old fish abundance can be used.
A definite reiationship exits between the fingerling numbers
{(recruitment at age 0+) and the recruitment abundances at age 2+
which can be defined if two years (1981 and 1982) are dropped
from the calculationg for the reasons stated above (see
Table 10). It more vividly demonstrates the relations between

2- and 3-year-old fish abundances ( ~ = 0.86 - 0.95).

Conclusion

A spatial distribution of O-grou§ silver hake on the Scdtian
Shelf during its feeding season (October-November) is directly
related to the oceanographic conditions. Dense fry concentrations
(more than 500 fish/haul) were registered in the areas of well-
-defined temperature gradients resulting from the interactilon of
quasi-stationary inflow of wérm Slope North Atlantic water and
cold Lebrador water. When those inflows onto the Shelf were deep
and strong (as in 1981) the abundant concentrations were found
everywhers and if they were weak (as in 1988) dense fry aggrega-
tions ‘were encounted only along the shelf break. The formation of
numerous gradient zones resulted from a powerful‘inflow of warm
slope water in some years (1981, 1983 and 1985) created abundant
areas favoufable for spawning and C-group fish feeding and, thus,
contributed to the strong year-class formations.

During their feeding season the fingerlings at night move

into the upper water layers following euphausiids (Meganycti-
phanes noervegica) and preying on them. The nature of these move-

ments is not regular which results in leower accuracy of the

abundance indices obtained from the C-group fish inventory
gsurveys. The formation of dense fry concentrations did not in-
fluence upon the fish conditions. But in the years of extremely

strong year-cless hake productions (1981, 1985) the feeding
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conditions dropped severely which fact was evidenced by low
condition factors and the abscluie daily linear increments.
The analysis of the effect of spawning stock abundence
on the year-class strength and young hake survival has shown
that &n increase of the spawning stock size generslly resulis
in & decrease of & survival index from 0.0028 down to 0.0007%.
It has been revealed that there is an actual relationship
between the spawning gtock abundance and the fingerling recruit-
ment abundence and this relationship is still poorly defined.
The strength of the hake year-clasg may be forecasted
2 years beforé the recruitment using the date from O-group
figh inventory surveys. There is definitely a relationship be-
tween the fingerling abundance and the recruitment sbundance
at age 2+ (# = 0.69 - 0,78). Correlation coefficients here ap-
peared to be lower than those between the 1-year fish abundance
and the recruitment abundahce at age 2+ and 3+ ( r = 0.86-0,95)
which phenomenon seems to be explained by the fact that the
forma£ion of the year-class sbundance at fingerling stage in
not finished. The inverse relationship is révealed between the
young fish survival during their first winter and the.thermal

conditions ( » = -0.71 - 0.88).
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Table | Amount of material obteined from surveys in October-
November, 1978 - 1987
tAres 3 : :Number:Number of :Number
: 1{stra-: Trawl : Trawling of : young : of

Dates tum) type type thauls fish : figh

: : :samples ranalysed
27/9-17/10/18 47-81 FPFry trawl, Pre~bpttom, 100 53 446

13.6m 24~hour
04/10-27/10/79 47-81 " -1 100 38 1046
28/09-18/10/80 60-T78 "- = 100 95 537
09/10-06/11/81 52-78 IYGPT 3-step, 98 41 1157
at night
31/10-14/11/82 60-18 . -"- -t 62 1. 31
28/10-24/11/83 60-78 =t = 64 42 523
18/10-20/11/84 43-81 =-N- =M= 136 44 732
18/10-13/11/85 48-81 -1 =" 113 83 681
18/10-06/11/86 53-81 = e 99 26 594
17/10-12/11/87 53-81 == =M= 109 58 -
23/10-17/11/88 53-81 =tr- - 171 38 -
19/10-13/11/8% 53-81 ~"- - 110 49 -
Pable 2 Pistriouiion of young hake abundance in Lhe catchos

taken by fry trawl relative tce pre-boltom water temperature

:Number of

:Temperature:Total catch,:Range tAverage :Number of
:  range fish o ¢ catch : Q hauls hauls
Year : Cce : : [ish per : : :
: n ;numbers: havl : n : % : n: %
:per haul: : : H :
Taeh CoU-2.6 . @ G v U I s i I
2.1-4.0 1ol I v-50 9 8 34 Il 10
4.1-6.¢ 2254 o} C=1u?7 I7s 3 23 Is 12
GoI~0.G 8320 3G (~d271 362 Z 9 23 2
8. I-Tu. ( AEY 26 (-I383 228 4 I2 4 3C
TG, I-12.0 5936 3I I7-14I7 295 voU 3¢ 26
I, 1-14.0 557 P4 637 67 C G I I
Col-Tu.G 28040 6L 4271 248 s I4 113 IGC
1987  L.0-Z2.0 v 0 g O 3 Iww 3 3
2.1-4.0 106 I 040 II 4 4 IC 3
1,1-6.0 2737 29 U416 Y4 724 29 27
Gol-6.0 3036 57.8 =233 Ihd g 33 32
0. 1-10.C 1124 12 G- wdd 5l J I4. 222U
I0.I-I2.0U I3 C.I U= 9 2 3 37 8 7
I2.1-14.C 3 L.l 3 3 ¢ 0 I I
14.I-I6.¢ C J U 0 I I40 I I
U.0-16,C 98I% I0D J-2393 87 26 24 9 00
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Abundance indices rfor O-group silver hake

on the Scotian Shelf in 1981-1990

Table 6

:Youns rish sbundance:Young rish abundance:ibundance difference

Year_iover the $hf%e‘area,ifor straga ?0 - 78, ;x 1O7fish . %
x 10" fish : x 10" fish : :
1281 113.6 49,8 23.8 21
982 1.3 I.3 - -
I5ud 36,1 o€, 1 - -
1984 6. 0.9 3.9 36
1935 58.4 43.7 2.7 36
I546 U932 sI.8 1.4 4
1947 U3 _ 2.7 .2 I
IDus 33.1 32.3 0.8 2
1989 0.9 I3.4 1.2 7
1990 3.1 30.5 1.5 5

T
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Table

abundunce indices l[or O-group silver hoke on
the Scotian Shelf in 1981 = 1990 '

7

¢ Humber:Mean weighted:

P : . : . * Standard ° Variance
Year; Coantry; haﬁ{s : 'ﬁggﬁzrfiih : Vajjance;deviation,;coefficient:
: per haul, X S -1 : ¢y -
1981 USSR 7 579.0 SRV Y 12
Canada i 579,90 41aB,2 Gd 1I
*x
1982 USSR 6l “'7;x I.9 I 16
Canada 61 3.8 1.5 I - 14
1983 USSR Gd 232.9 : 3745 24 - 10
Canada 04 C32e % 597.4 <4 II
1984 USSR 0 44,4 58,3 8 17
Canada (e 3.4 50.1 7 I6
1985 USSR & 292.2 42uch.4 &5 P
Caneda 52" 284,86  3885.5 62 22
1986 USSR i) 205. 1 1926.2 44 21
(anada 74 198,43 ‘ 1437.5 36 19
1987 USSR V4 133.5 2080. 8 48 34
Canada 3 102.0 B3, = II
1988 USSR 74 208.2 1571.2 40 19
Cenada l; 204.8 1245.2 - I7
1989 USSR T4 125.1 428.,0 21 I6
Cansda 74 131.9 380.5 - 9
199C USSR 71 Ivc. 5 AT Io I3
1981-
1990 USSR - 224.1 _ _ -

* 9 repeated hauls made 1 month after

*x Abundance indices not reliable due to the late dates of gilver

hake spawning

e L
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Table &

Year-class gtrengthe and survivael indices for gilver

hake at age O+ relative lo the spuwning stock abundance

dJpawning -, Mean weighted, Rangé of . Mean survival index
stock cYear-class? number of .young fish from egg through re-
ebundance, . strength @ young fish | abundance cruitment at age 0+,

106fish : ; per heul, X ; ?8 i%z;in;

1qw . .
-2 At s 43.4-232.9 REVE
2I-30 high 579 579 VUYL
51-40  hign 292 292 0.0046

Table 9

Year-class strengths and survival indices for silver
hake at age 1+ relative to the spawning stock abundance

Spawning : ! Mean year- : Range of :Mean survival index
stock :Year-class:class abund-:veriation in:from egg through re-
abundance,: s8trength :ance,10%fish:irecruitment :cruitment at age 1+,
06 fish ° : :abundance, %
1 18a -, 3 : 10° figh
I-I0 low 57 2787 - 0.0028
low . i
II-20 middle Its . I5-I5C C.u0l8
high .
. o . - - RS
2I-30 high II2 53-192 RV
3I-40 high 553 553 0. 007

41 gnd. >  middle 114 114 0. 0007

tre
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Dinamics of the slope water northern boundary in

October-November 1981, 1985 and 1988.
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