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and juvenife (age	 fish are highly concentrated on Emerald Bank and the

Slope break.

Waldron (1979) and Waldron and Sinclair (1980) compared data collected

by commercial trawlers fishing landward and seaward of the Scotian Shelf

small mesh gear line. These data suggested two separate concentrations of

silver hake (Figure 1). There is some possibility that the current silver

hake fishery during the summer months is prosecuting a single stock.

Silver hake spawning occurs over the Scotian Shelf from May to

October, peaking in June and August (Sarnits and Sauskan 1967; Noskov 1976;

and Noskov et al. 1978). Sauskan (1968) suggests that silver hake females

are sequential spawners with each female spawning at least twice. Hickling

and Rutenburg (1971) support this hypothesis with observations on

Merluccius merluccius. Data collected from the Scotian Shelf

Ichthyoplankton Program (O'Boyle et al.) and Canada-Soviet Joint Research

programs (Noskov et al. 1982) indicate a large spawning concentration on

the Sable Island Bank, landward of the small mesh gear line. This spawning

concentration is densest in September-October (O'Boyle pers. comm.) (Figure

2). Fleets wishing to optimize their CPUE in the fall would have

moved onto the Sable Island Bank to catch the spawning silver hake. Clay

(1979) substiantiates this pattern of movement for the Soviet fleets

(Figure 3).

The Scotian Shelf commercial fishery for silver hake is almost

entirely conducted by otter trawlers. The introduction of the Soviet fleet

in 1962 signaled the start of a truly directed fishery. Peak catches

occurred in 1963 (123,000 t), 1970 (169,000 t) and the largest in 1973

(300,000 t). Under the recent allocation schedules catches have remained

near 50,000 tons (Figure 4, Table 1). Although some country allocations

have not always been caught, the USSR has been able to catch the major

porition of their allocation.

When Canada proclaimed a 200 mile management zone in 1977, foreign

fleets were restricted to the seaward side of what is now referred to as

the small mesh gear	 line (SMGL) (Figure 5). Since 1977, ,a large body of

data has been collected on catch, effort and morphological data by trained

observers. This information has been and is used to evaluate the silver

hake stock.
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Catch and Effort

Historical catches are presented in Table 1. Provisional 1982 catches

were obtained from NAFO statistics, circular letters, and Canadian

statistics (Table 2).

The CPUE series used in the previous assessment was discarded in

favour of an overlapping NPFO and Observer data series.

Historically, the silver hake fishery has been prosecuted mainly by

the USSR. Cuba has been in volved in the fishery since 1976 but its fleet

has progressed through a learning process since entering the fishery.

Catch and effort data for the USSR, OTB2 TC 7 vessels for 1970-1982

were used to deterine silv r hake catch per unit effort. This fleet

component was chosen becau e it was the only one which gave a consistent

time series of observation q . Data was taken from NAFO Statistical

bulletins for 1970-1980, p eliminary NAFO tables for 1981, and from the

international observer pro g ram for 1982.

The USSR reported directed species to NAFO as mixed for 1970-1978,

then specified the directed species for 1979-1981. This caused problems in

determining representative figures for the time series. Examination of the

data records for USSR OTB2 TC 7 vessels revealed that between 80-100% of

the silver hake catch for 1970-1978, except 1974, was accounted for in

records where silver hake was greater than or equal to 50% of the total

catch. Consequently it was assumed that these records would be

representative of a directed commercial catch rate, and these were used in

the analysis.

In 1977, foreign fishing for silver hake

the Scotian Shelf. All vessels were required

60 mm (an increase from the

to the April 15 to Nov. 15

of effort by the USSR was al

(Clay 1979) with most of th

period prior to 1977. In a

effect of a change in fishil

on the catch rate series, or

were used.

was restricted to the edge of

to use a minimum mesh size of

usual 40) and the Fishing season was restricted

eriod each year. The historical distribution

ong the shelf edge from April to September

silver hake catch taken in the above time

attempt to minimize the effect of a change in

g strategy (caused by a change in management)

ly data for the months of April to September

A multiplicative model was used to analyse the data (Gavaris 1980).

Two category types, month and year, were entered in the analysis. Relative
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catch rates were standardized to June, 1970. The results are shown in

Table 3 and plotted in Figure 6. Standardized catch - rates fluctuated

around 2.0 in the period 1970-1976, then decreased 'frOm 1976-1980. The

highest catch rate was experienced in 1982 and this`was more than 2.5 times

as high as the 1981 value.

The high catch rate in 1982 can be equated to a temperature induced

behaviour response. Literally a major portion of the 4VWX silver hake

stock was held at the shelf slope by an abnormally cold (5.0 C) thermocline

(Waldron et al. 1982). This provided the fleet wich a rather unique

opportunity to fish for silver hake. In April and May 1982 catch rates as

high as 10 tons/hour were reported by Canadian ovservers.

1982 Sampling Intensity

Sampling for catch, effort, length, and age was conducted by the

Canadian Scotia-Fundy Observers. From the approximately 59,000 tons of

silver hake reported caught, 27,000 tons, or 46 percent was observed for

all fleets. Coverage levels from 1976 to 1981 are given in Waldron 1981a

and Waldron and Harris 1982.

Sampling levels for lengths were above the NAFO recommended levels for

all months (Table 4). Otolith samples were adequate for all months.

Ageing was done at the St. Andrews laboratory, New Brunswick, Canada.

Catch At Age

Length frequency data collected by the Observer program in 1982 were

summarized by month for each country sampled. These monthly length

summaries were adjusted to estimated monthly catches derived from various

sources and reported in Table 2. Using monthly age-length keys supplied by

the ageing group in St. Andrews, the numbers-at-age were calculated by

multiplying the matrix of percent age-at-length by a numbers- at-length

vector. Monthly numbers-at-age were weighted to catch for each country and

summed in order to arrive at the estimated removals-at-age for 1982.

Removals-at-age for 1970 to 1978 were derived by Clay and Beanlands

(1980). The 1979 to 1981 removals-at-age were presented by Waldron and

Harris (1982) based on a 42,924 ton catch. These were adjusted downwards

to the final 1982 catch of 41,007.

The matrix of 1970 to 1982 removals-at-age ('000) is presented in

Table 5.
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Mean Weights-At-Age

Mean weights-at-age for 1970 to 1979 were derived by Clay and

Beanlands (1980). The 1980 mean weights-at-age were computed using the

July, 1980 research vessel wight-length relationship for each sex applied

to monthly commercial mean 1 ngths. Mean weights-at-age for 1981-82 were

calculated from weight-lengJ relationships collected during the commercial

fishery (Table 6). Mean wei

1977-1982.

hts for projections were averaged from

A e	 1	 2	 34	 5 	 6	 7	 8	 9	 10	 11*	 12*

1981	 .036 .143 .193 248 .318 .369 .672 .550 .794 1.107 	 -

WT-AT-AGE(Kg)

1982	 .056 .147 .223 .289 .329 .399 .481 .582 .949 1.127 1.400 2.100

WT-AT-AGE(Kg)

Ave 1977-1982.051_.140 .202 .263 .322 .387 .522 .638 .844 	 .923 1.460 2.160

*Data from R/V cruises 	 July

Catch biomass-at-age wa calculated by multiplying the removals-at-age

by the mean weights-at-age (Table 7). Agreement between reported nominal

catch and calculated 1+ biomass was good considering possible sampling

errors for the mean weights-a t-age and errors in calculating nominal catch,

YEARS 1970 1971 1972 1973 1 74 1975 1976 1981 19821977 1978 1979 1980
TCH 169045 128657 114048 299530 95 45 116394 97184 32095 48401 51751 44525 41006 58765

EST 169663 127698 113188 299843 95,,98 116671 97243 36839 48004 51761 44727 41299 58900
DIFF, -618 959 860 -313 147 -277 -59 _ 256 397 - 10 -2o2 -293 -135

Silver hake have been ob

have an average wight and len

maximum possible length (Lc.)

the terminal age to be 20 yea

served at ages to 12 years. At this age they

gth of 1.4 kg, and 67 cm respectively. The

has been calculated at 94 cm which suggests

rs.

Natural Mortality and CPUE-At

The same M (0.4) as used

-Age

in the previous assessment (Waldron 1982) was

presented by Terre and Mari (1977). A CPUE-at-age matrix was calculated by

dividing the catch removals-at-age (numbers) by the appropriate yearly

standardized effort (Table 8) 	 Paloheimo Z values were calculated
4(z=LN[(C/F)2+(C/F)1] F=F1 x F /2) and regressed against mean effort. The



intercept (M) and slope (F) were unrealistic and the original estimate of

M=0.4 was again used for this analysis.

Canadian Research Vessel Indices of Abundance

A stratified-random survey using a Yankee 36 otter trawl has been

conducted by Canada in the Scotian Shelf-Bay of Fundy area (Division 4WX)

in July since 1970. Earlier analysis of research vessel (RV) estimates in

relation to results of VPA failed to provide any significant correlation

between indices of abundance from the two setw of data. A change in

vessels as well as gear type occurred in 1982 and it will be necessary to

standardize results and the present analysis was therefore limited to the

time series from 1970-810

Minimum population estimates in numbers derived from RV data are shown

in Table 9 	 Subsets of these data were also calculated in an attempt to

improve VPA and RV correlation. Included are estimates by approximate

Division using appropriate strata, an index corresponding to the small mesh

gear line area and CPUE for RV tows. Comparison of daylight versus night

tows was also made to assess the effect of time of day on catch rates. A

table of correlation coefficients is shown in Table 10 and idicates poor

association between any of the RV indices and results of VPA and commercial

catch rates® Graphs for selected pairs of observations are shown in Figure

7.

Results of the 1982 survey using a Western IIA bottom trawl are

included with other RV data but note must be made of the difference in

gear type and the potential effect on catch rates. Koeller (unpub.) has

suggested a conversion factor of as high a 3 for silver hake for the two

vessels and gear types.

Research numbers peaked at 228 million fish in 1973, which is also the

peak fishing year. Since that time the estimated numbers have fluctuated

until 1978 when they stabilized in the range of 43 to 48 million fish.

However, both number and biomass trends have increased in 1982. This can

be accounted for by not only the presence of the strong 1978 and 1979 year

classes (Figure 8) but by one large catch in the Browns Bank area. This

high value when adjusted to the stratified area has biased the 1982 point.

Further analysis of the R/V data set is required. The use of the 1982 R/V

nomboN-4L-490 k not advisodo
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Comparison Ageing Between, Canada and USSR

A sample of 49 silver hake otoliths, collected by the USSR in April

1981 from Division 4W, were aged by Canadian and Soviet readers. Whole,

glycerin-stored otoliths were used for the comparison and readers had

knowledge of the length and sex of each specimen at the time they were

aged, Independent estimates of age were made to assess inter--reader

agreement and, for Canadian ages, intra-reader agreement was assessed by a

duplicate age reading.

Length of the samples ranged from 12 to 47 cm with a mean of 313 and

consisted of 13 males and 36 females. Ages ranged from 1 to 7 for both

readers with a mean of 3.76 for Soviet readings and 3.80 years for

Canadian. Overall agreement between the Canadian and. Soviet sets of

readings was 76% and 88% between the two sets of Canadian readings.

Differences of inte pretation appeared to be random and were usually

within one year. Differing interpretation of the edge accounted for 4 of

12 differences, 6 were dJe to checks, splits or weak zones, 1 to the first

annulus and 1 could not e specified.

The overall agreem

that estimates of age b

comparable.

nt of 76% and the apparent lack of bias suggests

readers from the two countries should be

Virtual Population Anal

Partial recruitmen

(Waldron 1981a) were us

by averaging F's from a

calculated F values wer

process contiued until

In order to determi

population biomass were

(Tables 11 and 12)0 The

regressed against the st

points were not included

value of 1982. Terminal

significant r and the hi

The 2+ fishable biomass

0.35 and 0.40. The 2+ p

sis (VPA), Terminal F, and Recruitment

and F at age 10 used in the 1981 assessment

d for this assessment. F at age 10 was calculated

es 2 to 6 for all years except 1982. These

then used in the next VPA interation. This

o change in Fs at age 10 were noted.

ne the terminal F for the VPA, 2+ fishable and 2+

calculated for a range of F's from 0.01 to 0.9

se biomass vectors for the years 1970-1981 were

andardized CPUE index derived above® The 1982

in the regression because of the anomalous CPUE

F was evaluated on the best combination of

ghest agreement of the 1981 data point to the line.

vs PCUE calculations suggests a terminal F between

opulation biomass vs CPUE indicates a terminal F



between 0.4 and 0.45. 	 The compromised terminal F of 0.4 was adapted for

future projections.

Partial Recruitment

The final	 partial recruitment for 1982 used in this assessment was the

same as that used in the 1980 assessment (Waldron 1981). Full recruitment

occurs at age 3 which is one year later than the average of Fs-at-age used

in previous assessments (Clay and Beanlands 1979).

Partial Recruitment Used in This and Previous Assessments

A e	 1	 2	 3	 4 	 5	 6	 7	 8	 9	 10

PR	 0.044 0.444 1.000 10000 1.000 1.000 1.000 1.000 1.000 1.000

PR 	 0.150 1.000 1.000 1.000 1.000 1.000 10000 1.000 1.000 1.000

1 Waldron (1981)

2 Clay and Beanlands (1979)

Validation of YPA

The fishable and population biomass at ages 2 to 10 were calculated

for the years 1970 to 1982.	 The period 1962 to 1969 were omitted from all

calculations because the fishery was developing.	 Further, during the years

1964 and 1965 there was a large Soviet haddock fishery which did mask some

of the reported effort directed towards silver hake.

Regressing 2+ population biomass against standardized CPUE	 (r = 0.668)

and 2+ fishable biomass also against standardized CPUE (r = 0.559) gave the

best agreement between a significant r and predictability of the 1981 data

point to the line at a terminal F of 0.40 and M =	 0.4 (Tables 11 and 12;

Figures 9 and 10).

The population numbers and F are given in Tables 13 and 14. The 1+

population numbers in 1982 (2.370 billion) 	 is comparable to those estimated

for 1976 to 1981 and only 43% of that estimated for the highest year 1972.

The large 1977 and 1978 year classes are being caught at age 4 and 5 in the

1982 fishery and by 1983 will have effectively made their contribution to

this Scotian Shelf fishery.	 The 1979 and 1980 year classes were half that

estimated for the 1977 and 1978 year classes. These will make up the large

part of the 1983 and 1984 fishery.

Research vessel percent-at-age 	 (Table 15) suggests that the 1981 year
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class is comparable to t e above average 1974 year class. If true, the

fishery in 1984 and 1985 should benifit from this year class.

Yield Per Recruit

The yield per recruit was calculated using the Thompson and Bell

model. Mean weights-at-age for ages 1 to 12 were averaged for the years

1977-1981. Fully recruited F0 . 1 was 0.406 with a yield of 0.061 kg.

The FMAX is 2.627 with a

Recruitment

Recruitment for sil

yield of 0.076 kg (Table 16).

er hake has been relatively unstable since 1970

averaging 1.4 billion individuals. For projection purposes recruitment was

taken as the average fro

possibly a close estimat

1970 to 1981 (1.2 Billion) and as a result it is

of the 1981 year class. Noskov (1983) reporting

on Soviet juvenile silver hake surveys conducted in 1982, indicates that

the 1980 year class was Jeak while the 1981 year class is relatively

strong. This further su ports the VPA and R/V data that the 1981 year

class may indeed be near the 1970-81 average.

Catch Projection

Catch projections until 1984 were calculated using the above partial

recruitment, F0 . 1 = 0.40

the mean of recruitment

options for the 1984 cat

catch of 55,194 tons in

66,144 tons (option 1, T

, M = 0.4, mean weights-at-age (77-81) and

rom 1970 to 1981 (1.2 Billion fish). Three

h were generated. The first assumed the F0.1

983 would predict an F0 . 1 catch in 1984 of

ble 17). The second assumed the assigned 1983 TAC

of 80,000 tons would be caught. This assumption predicted the 1984 catch

would be 59,343 tons (Option 2, Table 17). The third assumes an average

catch of 60,000 tons in 983 would give a catch of 65,163 tons in 1984

(Option 3, Table 17),
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TABLE 1: NOMINAL CATCH OF 4VI.0 SILVER HAVE

YEARS 1970 1971	 1972 1973 1974	 1975 1976	 1977 1978 1979	 1980	 1981	 1982CATCH 169045 129657 114048 299530 95745 116394 97184 37095 48401 51751 44525 41006 58765

Table 20 1982 Provisional nominal catches (t) for 4VWX Silver Hake (data from
NAFO and Canadian statistics).

otmorsulawsim.2.K.U.1,01.

MONTHS 

COUNTRY APRIL 	 MAY	 JUNE	 JULY	 AUG

Canada	 0	 0	 0	 0	 7

Cuba	 0	 2454	 3801	 5459	 240

France	 0	 0	 2	 0	 0

Italy	 0	 0	 0	 0	 20

Japan	 0	 0	 0	 153	 514

Poland	 0	 0	 0	 17	 3

Portugal	 0	 0	 2	 0	 0

USSR	 2778	 16784	 20253	 5918	 51

	

SEPT	 OCT 	 NOV 	 DEC	 TOTAL 

	10 	 5	 14	 2	 38

	

10	 0	 0	 0	 11964

	

0	 0	 0	 0	 2

	

0	 0	 0	 0	 20

	

268	 0	 0	 0	 935

	

0	 0	 0	 0	 20

	

0	 0	 0	 0	 2

0	 0	 0	 45784

TOTAL	 2778 19238	 24057 11547	 835	 288
	 14	 2	 58765
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Table 3. Results of the silver hake commercial catch rate
analysis of USSR OTB2 TC7 vessels using a
multiplicative model with months (Apr-Aug) and
years (70-82) as category types. Catch rates were
standardized to June, 1970.

REGRESSION OF MUL

 

TIPLICATIVE MODEL

MULTIPLE
MULTIPLE R SOUARED...0.0

.731

.535

ANALYSIS OF V RIANCE

    

SOURCE OF	 SUMS OF	 MEAN
VARIATION	 DF	 SQUARES	 SQUARES F-VALUE

                        

	

INTERCEPT	 1	 46115E1	 4,115E1

	

REGRESSION	 17	 8,815E0	 54185E®1 • 	 7.028

	

TYPE 1	 5	 1,104E 1	 2.208E0	 29.927

	

TYPE 2	 12	 4,771 E0	 3.975E-1	 5.388

	

RESIDUALS	 104	 7,673E0	 7.378E-2

	

TOTAL	 122	 5.763E1

PREDICTED CATCH HATE

STANDARDS USED VARIABLE NUMBERS:

TOTAL	 CATCH RATE
YEAR	 CATCH	 P OP.	 MEAN	 S.E.	 EFFORT

CePOW410	 egmeneseDVD

197u	 169045	 0.901	 2.417	 0.223
1971	 128657	 0.531	 1.695	 0.201
1972	 114048	 0.879	 1.856	 0.202
1973	 299530	 0.891	 2.399	 0.244
1974	 95745	 0.240	 1.560	 0.258
1975	 116394	 0.743	 1.485	 0.175
1976	 9718+	 0.429	 2.039	 0.208
1977	 37095	 0.703	 1.979	 0.191
1978	 48401	 0.866	 1.577	 0.148
1979	 51751	 0.869	 1.818	 0.180
1980	 44525	 0.920	 1.223	 0.129
1981	 41006	 0.906	 1.451	 0.143
1982	 58765	 0.1332	 3.882	 0.565

AVERAGE C.V. FOR THE MEAr:0.111

69938
75908
61461

124853
61365
78369

447668
18741
30686
28473
36409
28251
15138
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TABLE 13
	 POPULATION NUMBERS '000) FOP 4VWX SILVER HAKE

1970	 1971
	

1.Q7	 io77 1:1	 1975 	 1977'	 1978	 1979	 . 1980	 icol	 t ira1

	

....._ 	

	

1729406 1692930.38,30313 143 .5620 1374244 1523061	 '736714	 S1391.4:1	 1..1136 . 1203581 575276 563913 1347187

	

I 1782053 1007634 957204 22 '60678	 •764259	 339569	 906272	 50793S . 51385.0	 721413 798925	 330520 376739 •
	2 i 518552 -599741, 34900,	 .277132 366014 20410S	 272396	 301452 3:)2526 291012	 444372 4864.27 229220

	

- 194997 175614 261703	 176310 102665-	 125417	 94603	 12 44 37 '141229 130617 139526 231725 236568'
5. 1	 70380 •	 22777 .	58303	 136725	 35000	 67086	 7008	 38333	 59640	 60190	 50381	 64693 124221.

•6 1 -	 2469830525	 37792	 : 24L3	 17111	 1560,.,	 14630	 19628 .	 20099	 24366.	 169Q1	 21517	 31279
'''' 1	 12. 462	 8878	 18979	 19326	 1727	 8253 .	6617	 7637	 1 	 6624	 . 3222	 6392	 .9966
S 1. 	 -7460	 1921	 11781	 1424	 1082.	 5682	 4019 .	 .4761	 5137	 562	 333	 37397	 10685	 12909	 2588	 976	 7 77 i •	 266	 . 435	 3723 .	2239	 1589 •	 2o3t .	 103	 452

. 10 ;	 1246	 62 ..60. •	 6983	 1247 • 	 .. - 24• 	 2345	 294 •	 6	 .. 2074	 1161 .	 •	 179	 1289	 25
1 t! 4366238 7622306 55252”' 044616 2672862 2793292 •3274307 1320124 2199086. 2445690 2031376 1757424 2369995
2 -,,H 2637,3,32 132927 .6 1694486'2.908996 1298012 1265231 1337593 10062'70 10,97950 124210? 1456100 1193511 1022808
3 .4.1 355279 922247 727282 . 648219 5337 '53 425663 42'720 742235 541100 . 520696 657175 81',.:991 646070 •

	i 4. ! 3.76728 62242 • 323273'	 371187 167744 7) 1 75 158324 • 197287 241574 229684 212307 326564 406850

	

5 • 19 J 141731 146863 12:6570 .	194677 •	 59079	 95,,,:d	 63716	 73446 • 10034,5	 99067	 732"78	 94839 170282

TABLE I	 FI.HING MORTALI T IES FOP 4V le SILVER HAKE

	1970
	

71	 1972 1973 197	 1975	 1976 1977.. 1978	 197?	 1930 1981 . 1982

0.14C 04170 . 0.127 : 0.230 0.093 0.122 0.220 0.003 0.032 "0.0'1„0 2.013 0.003 0.010
0.'689 0,66Q' 0.340 1.421 . 0.919 0.726 0.691 0.110 0.225 0.085 0.096 0.064 0.173

	

3	 1	 0.633 0.-429 0.283 0.536 0.671	 0.370 0,383 0.368 C*44 ,0 0.335 0,251 .0,321	 0.400

	

1	 !	 0.457 0.703 0.24 .9 1..217 04082 0.842 0.502 0.335 0,453 0,553 0.36? 0.223 ().400

	

5	 1	 0 * 433 '0.334 0.455 1.679 (1.406 1 . .1. 19 0.207 0.247 CA95 0.870 0,451 0.308 0.100
'0.623 0.077 0.271 2,264 0.25? 0.458 0,247 0.132 0.710 1.623 0,571 0,370 .0,400

7'' , 425 1.131 0.077 2.208 0.067 0.043 C * 099 0.079 0,409 2:067 0.952 0.137 0.400

	

2	 1	 113 0.346 0.319 0.793 04097 0,511 0,023 0,185 0.697 0.527 1,246 0.212 0.400

	

rz	 !	 0.1;35	 0.21 . 4 0.331 0.925 0.021	 0 * 680 3,940 0.185	 0,257	 1,722..0.055 1 ..078 .0.400

	

10	 .0,577 0.451 0.41? 1.422 0..468 0.704 0.406 0.238 Q.465 0.693 0.348 0:257 0.400

	

0...451	 0.323 . 0.271 0.977 . 0.413	 0.330 0.439 Q.124	 0..186	 0.145 0.140 '0.150	 0,147
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TABLE 13A : RiV SURVEYS PERCENT-AT-AGE FOR 4VW SILVER HA1E.

1972 1973 1974 1975 1976 1977 1979 1979 1920 1981 1982

1 ! 31.84 20.23 20.51

2 ! 52.46 57.24 66.03

	

3 I	 7.7? 3.89	 9.40

	

4 !	 4.20 3.23	 1,17

	

5 !	 1 ' B1 3.01	 2.16

	

|	 1.O4 1.39	 ^^32

0.16 0.48	 0.24

0.38 0.30	 0.14

	

9 I	 0.07 0403	 0.00

	

10 /	 0,26 0.15	 0.01

43.95 23.23 11.29 29.94 24,81 17,12 	 9.54 28,25

41.78 66.10 43.45 27.57 42,16 26.11 25.58 44.56

6,64	 6.09 31.66 18.39 20.35 24.21 39.92 12.61

3,73	 2.77 6.47 9.84	 5.59 9.81 17.09	 9.36

1.92	 0.82 2.27 7.69	 3.99 5.04	 4.92	 2.21

1.11	 0.47 2.09 3.26	 1.5 2 7.70	 1.56	 1.16

0,32	 0.12 1,32 1.34	 0.37	 0.36	 0.71

0.51	 0.18 0.52 0.52	 0.28 1.03	 0.25	 0.97

0.05	 0.12 0.44 . 1.05	 0.06 0.44	 0.15	 0.05

0.00	 0.00 0.54 0.49	 0.28 0.77	 0.13	 0.03

TABLE 1F,P: VPA PFRrn I T-AT-AGE FOR 4vla SILVER HAKE,

1970 1971 1972 1973 1974 .1975. 1976 1977 1978 1979 1930 1981 1982 •

1
	

39.60 46.73 69.33 33.04

2
	

40.81 27.61 17.32 52.02

3
	

11,88 16.56 6.22	 6.38

1'1
	

4.47	 4.85 4.74	 4.06

5
	

1.61	 2.28 1.06	 3.15

I
	

0.57	 0.84 0.68	 0.57

/
	

0.29	 0.25 0.34	 0.44

	

0.50	 0.15 0.03	 0.27

	

0.24	 0,36 0.05	 0,02

10 I.
	

0.04	 0.17 0.13	 0.03

51,44 54.70 41.19 44.72 50.53 49.21 28.32 32.09 564C4

28.59 30,06 39.37 27.69 24.72 29.50 39.33 21.65 15,70

13.69 7.32 11.98 16,73 13.76 11.90 21,88 27.68 10.09

4.07 4.49 4.16 6.34	 6.42	 5.34 6.87 13.19 9,98

1.31 2.40 1.58 211	 2.71	 2.46 2.48	 3.68 5.24

0.64 0.56 0.65 1.03	 0.91	 1.00 0.83	 1.22 1.35

0.06 0.32 0.29 0.42	 0.52	 0.27 0.16 .	0.36 0.42.

0.05 0.04 0.25 0.22	 0.22	 0.21 0.03	 0.05 0.16

0.13 0,03 0.02 0.20	 0.10	 0,06 0.10	 0.01 0.02

0,01 0.08 0.01 0.00	 0.09	 0.05 0.01	 0.07 0,00

T ABLE 15C : REMOVALS PERCE! 1T-AT-AGE FOR 4V tg SILvER HAWE,

I . 1970 1971 .1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

	

1 !	 14.99 24.03 38.36 11.88

2	 59.88 44.88 46,58 71.60

	

i	 17.31 19.15 7.23 4.67

	

i I	 4,79 8,13 4.34 5.15

	

5 I	 1.66 2.41 1.80 4.68

	

I	 0. .77 0.21 0.75 0.95

	

7 I	 0.29 0.56 0.12 0.73

	

I	 0.16 0 ..15 0.04 0.26

	

9 I	 0.09 0.23 0.06 0.02

	

10 I	 0.05 0.24 0.20 0.04

15.27 21.65 23.68 1.30 10.02 4.23 	 2401	 0.31	 7.31

58.83 54.61 58.87 26.54 31.70 21.14 29.07 10.19 20.49

22.76	 7.38 11.17 47.70 31.33 20.19 39.36 57.99 26.55

1.07	 9.07	 4.83 18.02 14.97 20.35 17.22 20,10 26.25

1.48	 5,77	 0.86 4.26	 6.79 12.97	 7.34	 7.44 13.79

0.49	 0.72	 0.41 1.22	 3.00 7.42	 2.97	 2.39	 3.51

0.01	 0,05	 0.08 0.29	 1.13 2.22	 0.81	 0.35	 1.11

0.02	 0.0	 0,02 0.34	 0.70 A 771	v.,, 	 0.16	 0,07	 0.41

0.01	 0.05	 0.06 0.32	 0.15 0.50	 0.04	 0.03	 0.05

0.01	 0.15	 0.01 0.00	 0,22 0.21	 0.02	 0.13	 0.00



- 2 2

TABLE 16 : YIELD PER RrCRUIT OF SILVER HAKE IN NAFO DIVISIONS 4VWX

r ISHING	 CATCH	 YIELD	 AVG, WEIGHT	 YIELD 'FR

MORTALITY	 ( UMBER)	 (KG)	 ("")	 ErFORT

	0.200	 0.18941	 0,046	 0.245	 1.000

	

0.400	 0426600	 0.061	 0.211	 0,654
7-	 ir,	 ..........	 0.406	 0.29022	 0,061	 0.210	 0.648,.,.,..%

	

0.600	 0.34960	 0.067	 0.192	 0.1182

	

0.300	 0.39262	 0.071	 0.180	 0.380

	

1,000	 0.42490	 0.073	 0.171	 0.313

	

1.200	 0.45038	 0.074	 0.164	 0.265

	

1.400	 0.47126	 0.075	 0.15?	 0.230

	

1.600	 0.48883	 0,075	 0.154	 0.203

	

1.800	 0.50396	 0.076	 0.150	 0.181

	

2.000	 0.51721	 0.076	 0.147	 0.163

	

2.200	 0.52897	 0.076	 0.144	 0.149

	

2.400	 0.53954	 0.076	 0.141	 0.137

	

2.600	 0.54911	 0.076	 0.139	 0.126
F4AX---	 2.627	 0.55032	 0.076	 0.138	 0.127;

	

2,600	 • 0.55786	 0.076	 0.137	 0.117

	

3,000	 0.56591	 0,076	 0.135	 0.10?

	

3.200	 0.57335	 0,076	 0.133	 0.102

	

3.400	 0$8029	 0.076	 0.131	 0.096

	

3,600	 0.53675	 0.076	 0.129	 0,091
0

	

3,800	 0.59282	 0.076	 .128	 0.086

	

4.000	 0.59853	 0.076	 0.126	 0.081



A17E 1347187 376739 239220
CATAGE 19383
WATAGE 0,051
PARREC.' 0.044
RERuT1222920
LoGPE01440168

sTDREc19.8291

50825 65866
0.140 0.202
0.444 1.000

	

248094 . 55193.39	 0...1000

	

279066 • 56643.94	 0.4060

	

328863 A6143.57	 0.4060
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TABLE 17 PROJECTIOMS OF SILVER HAXE rATCHES (T? MAFO DIVISIONS vwx

AGE 3	 4	 56	 7	 8	 9	 10
236566 124221 31879	 9966	 3739	 452
65136 34202	 8778	 2744	 1029	 124
0.263 0.322 0.387 0.522 0.636 0.344
1.000 1+000 1.000 1.000 1.000 1,000

25

0+923
1,000

YE AP	 POP	 POP	 CATCH	 CATCH	 MATORE
m UMBERS	 PTOMASS OUMBERS	 BIOMASS	 P"

1962	 2369995	 ,L92321
1983	 2611940
	

325562
1934-	 2743E8

FOP	 CATCH	 CATCH	 MATURE

OMASS MUMBERS	 BIOMASS

1982	 239995	 c.?2,:.721	 246094	 55193.39	 0.4000
1983	 2611940	 425563	 393332	 30000.16	 0.6173
1 .784	 2654212	 18845	 303551	 59343.35	 0.4060

YEAR	 POP	 POP	 CATCH	 CATCH	 MATOPE

! UMBERS	 BIOMASS	 PUMBERS	 BIOMASSF

1962	 2369995	 • 292321	 248094 55193.39	 0.4000
1983	 2611940	 25563	 296023 60000.14	 0.4344
1984	 2735303	 50183	 325239 65162.52	 0.4060

YEAR	 POP

NUMBERS	 B
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Figure l. Distribution of silver hake catches on the
Scotian Shelf. (The arrow indicates Sable Island.)
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Zones of Soviet
Commercial Fishing
1961 - 1968

ICNAF Area 3

4V

6.2 °W	 60°W 1 58*W66°W

46 *N

44'N

42°N

ICNAF Area 5

7C*W	 68'W
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Figure 3 . Summary of the annual movements of the Soviet commercial
fleet from 1961-1968 in ICNAF Subarea 4. (From Clay 1979

1970 1972 1974 1976 1978 1980 1982

YEARS
Ftgure 4	 4VWX silver hake nomjnal catches,
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Figure 6. Plot of standardized silver hake catch rates
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Figure 8. July research vessel numbers 	 '000 for 4VWX silver hake.
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FIGURE 7 . 2+ FISHABLE POPULATIOu PIOMASS AND
4Vt 	 , ILVER HA ,(E	 (• = 00559

SPAPNIG THE YEARS 1770 - 1782.

2+ FISHABLE POPULATION BIOMASS AND OBSERVE AND PREDICTED rPIT
FOP THE 4VW SILVER HAKE STOCK.

l*HE. FOLLOWING YEARS WERE USED IN TOE REGRESSION EOUATTON

YEARS	 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 19E0 1961

YEAR	 1970	 1971	 1972	 1973	 1974	 1975	 1976	 1977
3I0MASS	 280259 242312 236635 233832 15917 176170 183•50 129033
PRED BIOMS	 233832 172792 186403 232311 161378 155o37 201875 196802
1IFFERE,4CE	 46437	 69520	 50232	 1522	 -6461	 21133 -13125 -67769
cID. CF"JE	 24417	 1.695	 1.856	 2.399	 1,560	 1.485	 2.039	 14979

1980	 1981	 1932
160879 147703 152804
132987 15263 357689
27992	 - 4460 -204835
1.223	 1.451	 3.862

PLOT ORDER

CUE ORDER
1930	 1981	 1975

1,223	 1,451	 1.435
1974	 978	 1971	 1979	 1972	 1977	 1976	 1973	 1970	 1922

1.560	 1.577	 1.695	 1,812	 1.856	 1.979	 2.03?	 2.399	 2.417	 3.232

R EGRESSION OF 2 4 FISHABLE BIOMASS AGAINST CPUE FOP THE 4vW; SILVER HAKE STOCK+
(THE DATA USED IN THE REGRESSION INCLUDES THE IEARS AS FOLLnwc

YEARS 7 1970 1771 1972 1973 1974 1975 1976 1977 1978 1979 198 1921

REGRESSION COEFFICIENT 34543.97166
INTERPE•T
T-VALUE
STANDARD ERROR
DEGREES OF FREEDOM
OBSERVATIONS

P

:9489.55375
2.13046614
39682494844
11
12
0.312193.1237
0.55674271g
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2+ BIOMASS

71'00001

CPUE

FIGURE 10. 2 + P OPULATION BIOMASS zND CFUE FOR THE 4VWX S LVEP HAKE STOCK.

(	 = 0.668 ):
SPANNING THE YEARS 1970	 1982 :

REGRESSION OF YEARLY 2+ POPHOMASS AGAINST YEARLY CPUE FOR THE 4VWX-; SIiVER HAKE STOCK*

YEAR
BIOMASS
PREP BIOMS
DIFFERENCE
c,TD. CPUE

	1970	 1971
417320 348287
382428 271180

	

34892	 77108

	

2.417	 1.695

1972	 1973	 1974	 1975
300577 467476 233730 263685
295987 779654 250379 238822

4589	 87822 - 16649	 24863
1.856	 2.399	 1.560	 1.485

1976	 1977	 1978	 197?	 1980	 1981	 1982
263022 212976 17770 234490 272862 240516 238328
324184 314939 252998 290132 193453 233584 608160

	

- 61162 - 101963 -7229 -55642	 74409	 6962 -369031
2.039	 1.979	 1.577	 1.818	 1.223	 1.451	 32862

PLOT ORDER	 1980	 1981	 1975	 1974	 1972	 1971
	

1979	 1972	 1977	 1976	 1973	 1970	 1982
CPUE ORDEP	 1.223	 1,451	 1.485	 1.560	 1.5,77	 1,695

	
1,218	 1.836	 1.979	 2+039	 2.399	 2.417	 3.682

REGRESSION OF YEARLY 2± PoPE,IomAss ALAI ST y F4PLY OPUE FOR THE 4VWX SILVER HAKE STOCK,

REGRESSION COEFFICIENT 154083.1158
INTERCEPT	 10008.96788
T—VALUE	 2.839633541
-.TANDARD ERROR	 54261.6199
DEGREES OF FREEDOM 	 11
OPSERVATIONS	 12

Pti	 0,4463980027
0.6681302289
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