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Introduction 
The Scotian Shelf silver hake fishery began in 1962. The fleets fishing 

silver hake on the Scotian Shelf have been, and continue to be, primarily 
non-Canadian. The Soviet Union was the first nation to fish for silver 
Nike on the Scotian Shelf. It has been Involved in the fishery since 1962 
and continues to dominate the catch. Historically, the major fishing 
nations were the Soviet Union and Cuba with countries such as Portugal, 
Japan, and Spain catching various amounts. During the last 3 years, the 
Soviet Lilian and Cuba have been the main countries involved in this 
fishery. 

The silver hake fishery has been geographically restricted since 19/!. It 
was once conducted over the entire shelf with April to August being the 
time of the major fishery. Since 1977 the fishery continues to be 
restricted to Seaward of the Small Meshed Gear Line (Siva) (Figure 1). 
Further, Canada has established regulations which limit the codend mesh 
size to greater than 60 nun, the amount of by-catch in the fishery and the 

amount of fishing effort for each country. By-catches of cod, pollock, 
haddock, and redfish, among other species caught in this fishery, are 
monitored by Canada at the following levels: It for haddock, 17 for cod in 
NAFO Subarea 4X and 101. elsewhere, and all other species at 10 Z. From 
1977-1985, the fishing season has been from April 15 to November 15 each 
year. The season is now scheduled from April 1 to November 15 of each 
year. 

The vessels used in this fishery are large Tonnage Class (TC) 7 vessels 
(greater than 2000 gross registered tons) usually between 80 and 100 meters 
in length. The gear most often used is a large bottom trawl with an 
average wing spread of 29 meters and an average head rope height of 8 
meters. Using these nets, vessels have been observed to catch as much as 
60 Axis of silver hake In one day with one tow having as much as 25 tons of 
silver hake. 

Commercial Fishery Data 

Catch 

Catches are highest during the period April to July of each year and come 
primarily from the NAFO Subarea 4W. The historical catches for this fishery 
have ranged from 300,000 tons In 1973 to 34,000 tons in 1983. There was a 
steady decrease in silver hake catches from 1973 to 1981 (Figure 2, Table 1). 
Nominal catches from 1977 until 1983 have fluctuated between 33 and 60 
thousand tons. Starting in 1984 the catch was above 70 thousand tons. Below 
are reported catches ('000 t) and the Total Allowable Catch (TAC '000 t) since 
1975. 
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YEAR 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

TAC 70 80 70 90 80 80 80 100 100 100 100 

CATCH 37 48 51 45 43 60 36 74 77 1  82 1  

I  Reported to Canada as of February, 1987 

Official NAFO catch statistics for 1984 were published late in 1986. Revised 
catches for 1985 were also available from NAFO during 1986. These updated 
catches and the catches used in the 1986 assessment document are presented in 
Table 2. Overall catch totals are similar to those used in the last 
assessment. Only certain monthly catches have changed from those used 
previously. 

The low level of catches since 1976 is due in part to the amount of silver 
hake Canada allocates to other nations. A more informative method of viewing 
the post-1976 catches is to evaluate catch success against the amount of 
silver hake allocated. Percentages of their total allocations caught by 
non -Canadian fleets have ranged from 647. to 90%. The highest years are 1982, 
1984, 1985, and 1986 (Table 3). 

In 1984. 1985, and 1986 the USSR started fishing In May rather than early 
April. The USSR commenced fishing their 1987 allocations during the last week 
Of May. This delay in fishing is reflected in the decreased catches during 
the months of April and May for those years (Table 2). Despite the late start 
for the Soviet fleet from 1984 to 1986 they still caught their allocations, as 
did the Cuban fleet (Figure 3). Consistent with recent fisheries for silver 
hake, the 1986 fishery remained strong until August with most of the 
allocations being taken (Table 2). Monthly catches in 1986 were highest in 
June when 42,000 tons or 50% of the catch was taken. Catches in April to June 
accounted for 80% of the total yearly landings. 

Monthly catch and effort  

Historical catches from this fishery indicate that the major fishing season 
was during the months of April until September (Table 2) with peak catches 
from May to July. This pattern continues to the present. 

Reported (1970-1985) and observed (1986) catch rates (t/hr) for the USSR 
and Cuba from April until September are given in Table 4. 

Catch rate standardization 

A multiplicative model (Gavaris, 1980) was run on 1970 to 1986 monthly catch 
and effort data for TC 6-7 OTB2 vessels from the USSR and TC 7 OTB-2 vessels 
from Cuba (Waldron et al., 1986). The model was used to adjust for the 
effects of the change in fishing regimes after Canada declared its 200 mile 
zone in 1977 and to estimate a consistent catch rate series. 

The monthly catch and effort data for 1986 are from the 10P while 1970 to 
1985 are from NAFO. A regression analysis to compare monthly catch rates 
for the USSR from NAFO and the Canadian IOP was highly significant with a 
correlation of 0.96, a slope of 1 and intercept of 0 (Waldron and Parnell, 
1986). On this basis the 10P catch rates have been used for the most 
recent year when USSR and Cuban catch and effort are not yet available from 
NAFO. 

Catch and effort from 1970 to 1976 were classified as the "old" fishing 
regime when vessels were generally unrestricted in the area and season of 
fishing. Catch and effort after 1979 are classified as the "new", more 
restricted, fishing regime. The catch and effort from the 1977-1979 
silver hake fishery is partitioned between the old regime and the new 
regime. During this time, Canada permitted 4 vessels from each of the two 
major silver hake fisheries, Cuba and USSR, to fish landward of the SMGL. 
Only certain vessels were licensed for this experiment. These vessels were 
directed by the Fleet Commanders to fish either to the landward or seaward 
of the SMIGL depending upon the relative fishing success in either area. 



Therefore, those vessels which were part of the experiment were classified 
as the old fishing regime. As these vessels were reqiiired to carry 
Observers they provide an excellent method of studying the transition 
between the old and new fishing regimes. 

The regression results (Table 5.) indicate that there is a significant effect 
due to country In the model and in fact the Cuban catch rates are on average 
.75 of the USSR (exp(-.291)). There is also a significant. effect'of month due 
to better catch rates in April, the only month with a significant 
coefficient. The month effect was not significant in a similar analysis last 
year (Waldron et. al, 1986) when only the USSR data were used. The fact that 
April is the only significant month corresponds with the fact that the Cubans 
begin fishing earlier in the year than the USSR most years. There were no 
sighificant effects due to NAFO division, data source (NAFO or IOP) or fishing 
regime which was similar to Waldron et al(1986). 

Catch rates for 1986 and 1982 are the highest in the series (Table 6, Figure 
4). Since 1982 catch rates have been highly variable from year to year but at 
generally high levels. While there is no apparent trend over this time period 
the high catch rates would normally indicate a higher population biomass than 
in the period prior to 1982. 

Commercial Sampling Intensity  

Sampling for length and age commercial catches in 1986 was by the IOP 
(Table 7). The IOP observed 43% or 36,000t of the 83,000 t caught. More 
than 250,000 lengths and 1,900 otoliths were taken from the catch. 
Coverage levels for 1986 and previous years were above the NAFO standard. 
Samples were pooled for the months September to November. 

Otoliths were aged using the ICNAF standards (Anon., 1977) by Mr. J. Hunt 
of. the Canadian Department of Fisheries and Oceans, St. Andrews Laboratory, 
St. Andrewm, New Brunswick. 

Catch at age 

The catch-at-age matrix used in this assessment is presented in Table 8. 
The matrix was calculated In the following manner. For 1986, length 
frequencies of silver hake collected during the small-meshed fishery were 
aggregated to produce a single monthly length frequency for each country. 
These monthly length frequencies were weighted to the 1986 monthly catch 

(Table 2) using a monthly weight-length relationships (wt-aL b ). The monthly 
weight-length relationships were based on individual silver hake lengths 
and weights measured at sea during the 1986 small-meshed silver hake 
fishery. For each month the weighted length frequencies were multiplied by 
age-length keys to produce catch numbers at age. These monthly vectors were 
summed to give final catch numbers at age for the year. 

The catch numbers at age for 1970 to 1979 were prepared by Clay and 
Beanlands (1980). Catch at age for 1972-1979 were constructed from 
age - length keys collected during Canadian July groundflsh surveys and 
silver hake length frequencies reported to ICNAF. The length frequencies 
were.adjusted to catch using weight-length relationships from the Canadian 
July groundflsh surveys. These weighted length frequencies were applied to 
the Canadian age - length keys to give yearly catch numbers at age. The 
catch numbers at age for 1970 and 1971 were calculated as above but used an 
aggregated age-length key from the Canadian July groundflsh surveys from 
1972 to 1976. Catch numbers at age for 1977 to 1979 used length ' , 
frequencies collected aboard the small-meshed fleets by the IOP and 
weight-length relationships from the Canadian July groundflsh surveys. 

Catch numbers at age for 1980 to 1985 (Waldron and Fanning, 1986a) used 
length frequencies and weight-length relationships collected on board the 
small-meshed fleets by the IOP. As in previous years, these were weighted 
to catch and used to construct the final catch numbers at age. Research 
vessel weights at length were not used as weights collected by the IOP were 
more representative of the weights at length during the fishery. 

• 



The 1986 fishery was composed of two large year classes, the 1983 and 
1985. The catch numbers at age matrix (Table 8) and percent catch numbers 
at age (Table 9) indicates that the 1983 year class, which was observed in 
the last assessment to be the largest since the 1975 year class remains the 
dominant year class In the 1986 fishery. The 1982 and 1984 year classes 
continue to appear weak compared to other year classes. The 1980 and 1981 
year classes 16 1986 are average. 

Mean weight at age 

Monthly mean weights at  age were weighted by monthly catch (Table 10). 
Waldron and Fanning (1986a) noted that fish age 4 and 5 in 1985 were below 
weights calculated for the 1982 fishery. This trend has continued in the 
1986 fishery (Figure 5). Age 2 fish continue to show an increase in mean 
weight at age. 

The catch biomass at age is given in Table 11. As suggested in last year's 
assessment, the 1986 fishery was strongly supported by the 1983 year 
class. The catch from the 1985 year class at age 1 was larger than the 
catch from the large 1983 year class at age 1. 

There is good agreement between the catch biomass and the reported catch 
per year as shown below. The difference between reported and calculated 
catch in 1986 (1.77.) could be the result of discrepencies between the catch 
reported to Canada and available NAFO statistics. As more data becomes 
available these estimates will be adjusted by recalculating the catch at 
age for 1986. 

Year 	1977 1978 1979 1980 1981 	1982 1983 1984 1985 1986  

phiarke 	lnc To 4-N1 1188g 10 IV .1,19  7'91g 1 	1  

Research Vessel Indices 

Adult Surveys 

The July Stratified random groundftsh survey is a major index of adult 
abundance. From 1970 to 1986 there have been three vessels used to conduct 
this survey. Analysis of comparative fishing experiments between pairs of 
vessels (Fanning, 1985) indicated that a conversion factor for the series 
prior to 1982 of 2.3 was required to adjust for the effect of the vessel 
and gear changes in the time series. By.converting the historical catches 
the current data can be added to the series unchanged. 

The estimated numbers and biomass at age from the July survey are given in 
Tables 12 and 13. The total numbers and biomass are plotted In Figure 6. 

The percent at age by numbers and biomass are given in Tables 14 and 15. 

In terms of either numbers at age or biomass at age the 1985 year class is 
the largest seen in the survey to date. It constitutes 747. of the total 
numbers and 497 of the total biomass in the survey estimates. The 1983 
year class at age 3 is well above average and the 1981 year class was the 
largest in the series at each of ages 2 and 3 and is above average at age 
5. The 1982 and 1984 year classes continue to appear weak with 1984 being 
the smallest at age 2 since the 1978 year class. 

.A stratified random groundfish survey was conducted in March from 1979 to 
1985 and no new data is available beyond what was presented in Waldron and 
Fanning (1986e) The estimated total numbers In the March surveys were: 

Year  1979  1980  1981  1982  1983  1989  1985 

Numbers 381469 192500 335821 998784 964176 960484 379573 



Juvenile Surveys 

A joint USSR/Canada juvenile silver hake survey has been conducted from 
1978 to the present. The gear used from 1978 to 1980 was a groundfish 
trawl which was replaced in 1981 with the International Young Geduld 
Pelagic Trawl (IYGPT). Since 1981 the survey has been conducted on a 

12-hour night-time only basis. The survey index based on the core strata 
(60-78) Moeller et al., 1984) from 1978 to 1985 was recalculated in 1986 
(Koeller et al, 1986) and the same method was used for the 1986 survey. 
The resulting juvenile abundance series is presented below. The survey in 
1986 was hampered by operational problems and minimal sampling was possible 
outside the care strata (Figure 7). 

Years 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Stratified 235.7 56.3 26.6 579.0 8.8 232.2 43.4 284.8 231.9 
Mean catch/tow 

Only the estimates from 1981 to 1986, using the IGYPT gear, will be used as 
a series for juvenile silver hake abundance. This series indicates that 
the 1981, 1983, 1985, and 1986 year classes are large relative to the 1982 
and 1984 year classes. This observation agrees well with that seen in the 
Canadian July groundfish surveys and the commercial catch. The low values 
of the 1982 and 1984 year classes relative to other year classes since 1981 
are also seen in the commercial fishery and research vessel data sets. 
Based upon the observed consistency between this recruitment index and 
subsequent performance of individual year classes, the 1987 and 1988 
fishery will have 2 strong year classes similar to the 1983 year class 

Stock Assessment . 

The last time an SPA was accepted by the NAFO Scientific Council was 1983. 
Since that time the calibration of the SPA using commercial catch rates was 
not accepted because of suspected biases caused by the introduction of the 
SMGL. In June 1986 the Scientific Council (NAFO Sci. Coun. Rep. 1986, p60) 
reviewed and accepted a catch rate series which had been standardized using 
a multiplicative model regression. The same technique was used In this 
assessment to.calibratean SPA with the catch rate series. 

Estimation Of parameters 

Natural mortality - As in previous years a natural mortality of 0.4 on all 
ages was assumed. 

F at the oldest ages - This was determined using the APL function AUTOF 
(Rivard, 1982) to iterate the F's on ages 3.. 

Partial recruitment - The partial recruitment of ages 1 and 2 was 
calculated from the ratio of F on ages 1 and 2 to average F on ages 3 and 
4. This PR was input back Into an SPA and the procedure repeated until 
there was no further change in the PR. The resulting input partial 
recruitment in the final year was: 

Age 1 2 3-9 
Partial 
Recruitment 0.080 0.580 1.0 

The PR used to calculate exploitable biomass was based on annual PR vectors 
which were also calculated as the ratio of F on ages 1 and 2 to average F on 
the fully recruited ages (3-9). The PR's of ages 3-9 were set to 1.0 as were 
PR for any years where the ratios of F's for ages 1 or 2 were greater than 1. 

Terminal F - The standardized catch rate series based on the USSR and Cuban 
catch and effort given above was used for calibration purposes. It was 
considered however that the 1982 value was not representative of biomass 
levels in that year because it far exceeded the catch rates in the 2 
adjacent years. The accuracy of the data from 1970 to 1976 was 
questionable, particularly 1973 (299,000 tons caught), however there was no 
means to assess this. It was recogniSed that no SPA tuning was going to 



produce a relationship in which 1982 and the pre-1977 data were compatible 

with each other. As a result three calibration datasets from 1970 to 1986 
were chosen; i. exclude 1982 ii. exclude 1970 to 1976 iii. exclude 1970 

to 1976 and 1982. Relationships of standardized CPLE with SPA fishable 
biomass and also RV age 4. numbers with SPA age 4a numbers were examined. 

The results of calibration of 4VWX silver hake with commercial catch rates are 
in Table 14 and research vessel surveys are in Table 15. The research vessel 
calibrations have non-significant slopes for all levels of terminal F and all 

combinatiOns of excluded years. The R 2  criterion was for selecting a 
terminal F was not used since the recent years were all at the high end of the 
CPUE range. The intercept was closest to 0 at F t=0.25 and this was choSen 
as the best estimate from these data. The tuning plot for F t =0.25 of 
fishable biomass and standardized CPUE with 1982 excluded from the regression 
is given in Figure 8. The resulting F matrix and numbers at age are 'given in 
Table 16. 

Yield per recruit 

The Thompson and Bell yield per recruit was calculated using the most recent 
partial recruitment, natural mortality of 0.4 and mean weights at age from the 
commercial fishery from 1977 to 1986. The F01  level is 0.474 and the 
yield per recruit would be 0.063 kg. at that level of F. These are unchanged 
from the previous assessment (Waldron and Fanning, 1986b). 

Conclusions 

Year Class Strengths  

The 1986 fishery was supported strongly by the 1983 year class. This Is 
consistent with the indications of this year class in the juvenile survey and 
the July adult survey. 

The 1988 fishery will be supported by 2 strong year classes, 1985 and 1986, 
which both appear to be as strong as the 1983 year class. The 1983 year 
class will be essentially gone by 1988. The indications are that the 1988 
fishery will be very gdod although-this deperids to a 'great deal on the 
juvenile survey estimate of the strength of the 1986 year class. The 
strength of the 1985 year class was indicated by the juvenile survey, the 
July survey and the 1986 catch at age 1. The catch of the 1985 year class 
in 1986 wasrthe largest at age in any year since 1973 (1972 year class) 
when the total catch was almost 300,000 tonnes. 

The 4VWX silver hake stock biomass in the 1980's has been above the average 
levels seen in the 1970's. The current TAC of 100,000 tons, established in 
1983, was based upon recruitment indices which suggested that the 1983 
year-class would be much higher than those seen since 1978. 

Projections  

The Input parameters for the catch projections are given below. 

Age Population in 
1987  (000's) 

Mean weight 
kg. 

Partial 
Recruitment 

1 2,526,686 0.067 0.08 
2 1,593,140 0.154 0.58 
3 354,663 0.L99 1.00 
4 489,281 0.239 1.00 5 195,717 0.275 1.00 6 83,710 0.331 1.00 
7 29,830 0:425 1.00 8 6,111 0.562 1.00 9 2,471 0.678 1.00 

The poptilation vector at age for 1986 was generated from the SPA at Ft-0.25 



except for the recruitment at age 1. The 1986 nullities at age 1 in the SPA was 
almost double the largest recruitment seen previously (1971 year class). 
Since the juvenile surveys have indicated that the 1983, 1985 and 1985 year  
classes are similar in size as 0-group it was assumed Ica projection purposes 
that the 1985 and 1986 year classes were in fact equal to the 1983 year class 
at age 1. The high juvenile survey estimate for the 1981 year class and the 
low estimate for the 1982 year class were not consistent with year rlaSs sizes 
calculated from the SPA. The July survey estimates of these and the 1983 and 
1984 year classes were more consistent with SPA numbers however and the 
juvenile estimates from the 1981 and 1982 year classes were discounted. 
Recruitment in'1988 was assumed to be equal to the geometric mean of the 
recruitment from 1970 to 1984 (1.4 billion). The mean weights at age were 
averaged over 1984-1986. The partial recruitment vector was the same one used 
In the current assessment. 

Projections to estimate the F lu  catch in 1988 using the above input 
parameters were run under three different scenarios, firstly, the F01 
catch is taken in 1987, secondly, the TAC is taken in 1987 and thirdly, the 
1987 catch equal to the 1986 catch. The results are given below. 

1987 Catch 	Catch 	F 	F" Catch 
scenario  in 1987  in 1987  in 1988 

Fal 	143,928 	0.474 	147,542 
TAC 	100,000 	0.31 	161,561 
Equal 1986 	83,000 	0.252 	167,014 
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Country 1977  1978  1979  1980  1981  1982  1983  1984  1985  1986 

EEC 0  0  0  0  0  0  0  0  0 
(100) 

Japan 19  161  219  239  120  937  649  530  120  72 

 

(2000)  (5000) (10000)
2 

(10000)  (10000) 

Poland 

Portugal 

295  2  0  0  1
1 
 31  0  0  0  0 

2 1  0  0  0  56  2044  2 	378  1714  1338  0 

(2000)  (3000)  (4000)
2 

(4000) 

0 10  0  1  0  0  0  0  0  0 Romania 

Spain 0  2  0  40  0  0  0  0  0  0 
(4000)  (5000) 

USA 14  0  0  0  3  2  0  0  0  1 

(2) 

Others 0  0  9  0  0  0  0  0  0  0 

(30)  (900)  (1000)  (192) 

- 10 - 

Table 3. Nominal catch and allocations (t) (in parenthesis) for 4VWX silver hake. 1986 Preliminary. 

Bulgaria  862  606  4639  817  0  0  6  0  0  0 
(950)  (1000)  (6860)  (1200)  .(1000)  (1000) 

Canada  10  26  13  104  6  38  15  10  0  9 

 

(15190) (16700) (10000) (20000) (20000) (13000)  (1000)  (1000)  (1000)  (1000) 

Cdn. Reserve  (11808) (13000)  (8100)  (4600) 

Cube  1847  3436  1798  2287  642  11969  7418  14496  17683  16153 
(8910) (10300)  (8070) (11200)  (9500) (13500)  (9500) (15200) (15200)  (17700) 

France
4 	

15  0  0  0  0  2
1  

0  0  0  0 
(100)

3 	
(100)

3 	
(100)

3 	
(100)

3 	
(100)

3 	
(100)  (100)  (100) 

FRG  684  0  0  0  0  0  0  0  0  0 

 

3 1  GOR  0  3 	0  0  0  0  0  93  0  0 
(2000)  (100) 

Italy
4 	

38  106  5  0  541  37
1  

2
2  

0  0  0 

USSR  33301  44062  45076  40982  41243  47261  27377  57423  56337  66571 
(44950) (52000) (44940) (56600) (48400) (48400) (43400) (56600) (56600)  (66600) 

Total Catch 37095  48404  51760  44525  44600  60251  35839  74266  75478  82806 

and TAC  (70000) (80000) (70000) (90000) (80000) (80000) (80000) (100000) (100000) (100000) 

Sum of Catch Divided by TAC (%) 

53  61  74  50  54  75  45  74  75  83 

Sum of Catch Divided by Sum of Allocation (discounted Can. Alloc. + reserve) (%) 

68  76  86  64  72  90 .  53  86  83  87 

1 Observed by Canadian Observers but not reported to NAFO 
2 Reported to Canada (FLASH System) 
3 

France, St. Pierre, and Miquelon vessels only 
4 EEC allocations 
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Table 5. Regression results from catch rate standardization for 
4VWX silver hake using USSR and Cuban data. 

RECRISSION OF MULTIPLICATIVE ICDIL 

MULTIPLE k 	 .658 
MULTIPLE It SQUARED 	 .433 

ANALYSIS Or VARIANCE 

SOURCE OF 	 SUMS OF 	MEAN 
VARIATION 	D► 	SQUARES 	SQUARES 	F -VALUE 
- - - - 

      

	

INTERCEPT 	1 	6.85110001 	6.85110001 

	

RICRESSION 	22 	1.398E0001 	6.353E -001 

	

TYRE 1 	0 	0.0 

	

TYPE 2 	5 	1.57410000 	3.1481'001 

	

TYPE 3 	16 	1.21410001 	7.5911'001 

	

TYPE 4 	0 	0.0 

	

TYPE 5 	0 	0.0 

	

TYPE 6 	1 	s.oseroot 	8.5781 -001 

	

RESIDUALS 	162 	1.82810001 	1.1291 -001 

5.629 

2.789 
6.726 

7.600 

TOTAL 	185 	1.00810002 

   

 

R1CRISSION COEFFICIENTS 

   

      

CATEGORY CODE 	VARIABLE 	COEFFICIENT 	STD. ERROR 	NO. ORS. 

1 	1 INTERCEPT 	0.819 	0.099 	185 
2 	5 
3 	70 
4 450 
5 	1 
6 	1 

Month 	4 	1 	0.178 	0.086 	as 
6 	2 	'0.056 	0.078 	39 
7 	a 	-0.058 	0.078 	se 
13 	4 	1).08$ 	0.085 	29 
9 	5 	-0.159 	0.110 	14 

Year 	71 	6 	-0.328 	0.154 	7 
72 	7 	-0.226 	0.146 	8 
73 	0 	0.048 	0.136 	10 
74 	9 	-0.220 	0.213 	3 
75 	10 	10.445 	0.146 	8 
76 	11 	-0.076 	0.136 	10 
77 	13 	-0.184 	0.118 	17 
78 	13 	-0.389 	0.108 	26 
79 	14 	-0.324 	0.113 	21 
BO 	15 	-0.646 	0.141 	9 
81 	16 	-0.460 	0.141 	9 
82 	17 	0.520 	0.161 	7 
83 	18 	-0.171 	0.157 	8 
84 	19 	0.287 	0.156 	8 
85 	20 	0.149 	0.156 	8 
86 	21 	0.415 	0.146 	10 

Country 2 	22 	1).291 	0.106 	20 
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Table 6. Standardized mean catch rate series for 4VWX silver 
hake from 1970 to 1986. 

PREDICTED CATCH RATE 

STANDARDS USED 

TOTAL 
YEAR  CATCH 
IMP 	.•■•••• 

 

VARIABLE NUMBERS'  1 

CATCH RATE 
PROP.  MEAN  S.E. 

4  450  1  1 

EFFORT 

1970 169045 0.905 2.855 0.298 59211 
1971 128653 0.531 2.049 0.280 62782 
1972 114048 0.879 2.271 0.295 50216 
1973 299530 0.891 2.990 0.359 100162 
1974 95745 0.240 2.026 0.406 47266 
1975 116394 0.743 1.822 0.245 63869 
1976 97184 0.424 2.641 0.321 36793 
1977 37095 0.703 2.375 0.245 15616 
1978 48404 0.879 1.937 0.172 24985 
1979 51760 0.827 2.066 0.201 25059 
1980 44525 0.920 1.492 0.191 29847 
1981 44600 0.833 1.797 0.231 24815 
1982 60251 0.957 4.774 0.713 12622 
1983 35839 0.921 2.396 0.340 14961 
1984 74266 0.967 3.786 0.550 19618 
1985 75478 0.981 3.295 0.479 22907 
1986 82806 0.426 4.307 0.585 19224 

AVERAGE C.V. FOR THE MEAN' .130 
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Table 	13. Estimates 	of silver hake 	biomass (Coesi rt- 04  30.4 research 	surveys. 

1972 1973 1974 1975 1976 1977 1970 1979 1580 1981  . 1982 1963 1984 19E5 1986 

3108 5152 3785 2520 2807 3526 1312 5292 606 1185 10750 6362 26921 7692 36964 

10586 32852 26259 5117 16122 12310 2658 22809 3115 12328 44112 14117 15085 27127 10307 

3 2760 3775 5618 1272 3605 11428 2805 14297 6165 25971 18276 8157 62308 7218 15298 
4 1711 3629 1067 709 3087 4773 1971 4810 2314 14287 18739 4617 13456 17334 4991 
5 041 3975 1409 759 1700 4204 1890 3300 1370 5301 4814 2901 4187 6028 4665 
6 984 2733 2089 398 887 2458 939 1918 1145 1936 4052 1096 3866 3097 1787 
7 304 1053 697 341 299 1730 450 1259 786 1941 2661 311 2087 1098 708 
8 457 1166 474 499 295 1049 228 506 526 473 3913 265 1048 667 572 
9 30 141 0 62 249 232 723 118 330 396 373 292 684 130 182 

1+1 20782 54475 41398 11677 29050 41710 12975 54311 16358 63818 107690 38117 129641 70592 75479 
2+1 17673 49323 37613 9158 26243 38184 11663 49019 15752 62633 96940 31755 102720 62699 38510 
3+1 7088 16472 11354 4040 10121 25874 9006 26209 12636 50304 52828 17638 87635 35572 28203 
4+1 4328 12697 5736 2769 6516 14446 6201 11912 6471 24334 34552 9482 25328 28354 12906 
5+1 2617 9068 4669 2059 3430 9673 4230 7102 4157 10047 15813 4865 11872 11020 7914 

Table Ili; Calibration results for 4VWX silver hake standardized catch rates 
(including Cuba) and SPA exploitable biomass calculated with annual 

PR vectors. 

Years Excluded 

1982 ( =16) 1970-76 (n=10)  1970-76, 82 (n=9) 

Ft • 0.05 
Intercept  -802,204  -339,812 (n.s.)  -866,087 

Slope  459,560  271,800 (n.s.)  508,677 

R2  0.69  0.34  0.79 

RMSE4  350,882  488,451  322,465 

Ft • 0.15 

Intercept 

Slope 

-135,261 

136,907 

-30,694 

80,379  (n.s.) 

-195,652 

154,627 

R2 0.71 0.32 0.81 

RMSE4 91,504 460,019 90,351 

Ft - 0.20 
Intercept -58,275 (n.s.) 620  (n.s.) -121,242 (n.s.) 

Slope 98,053 57,582  (n.s.) 112,242 

R2 0.62 0.31 0.81 

RMSE4 62,798 104,206 62,539 

Ft • 0.25 
Intercept -1,934 (n.s.) 30,956 (n.s.) -61,725 (n.$) 

Slope 72,370 42,109 (n.s.) 83,825 

R2 0.50 0.30 0.81 

RMSE4 46,469 77,847 45,160 

Ft = 0.35 
Intercept 55,241  (n.s.) 57,398 (n.s.) -4,291  (n.s.) 

Slope 44,694 25,697 (n.s.) 53,463 

R2 0.28 0.27 0.81 

R11SE4 34,656 49,803 27,223 

Ft • 0.45 
Intercept 87,032 (n.s.) 72,109  (n.s.) 27,645 (n.s.) 

Slope 29,307 (n.s.) 16,569 (n.s.) 36,582 

R2 0.13 0.22 0.77 

RMSE4 33,326 35,242 19,075 

Ft a 0.55 
Intercept 107,261  (n.s.) 81,478 47,972 

Slope 19,517  (n.s.) 10,760  (n.s.) 25,541 

R2 0.06 0.17 0.71 

_Edg4 	 34,g78  27074 15851 
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Table 15. Calibration results for 4VWX silver hake SPA mid-year 4+ numbers and 

RV survey 4+ numbers. 

1982  (n=14) 

Years Excluded 

1970-76 (n=10) 1970-761  82 (n-9) 

Ft = 0.05 
Intercept 30,707 51,824 43,930 
Slope 0.023 (n.s.) 0.010 (n.s.) 0.015 (n.s.) 
R2 0.19 0.04 0.11 
RMSE4 36,561 31,975 33,305 

Ft = 0.15 
Intercept 24,776 (n.s.) 48,689 38,803 (n.s.) 
Slope 0.077 (n.s.) 0.037 (n.s.) 0.056 (n.s.) 
R2 0.18 .0.05 0.13 
RMSE4 35,956 31,689 32,979 

Ft = 0.20 
Intercept 23,581 (n.s.) 47,805 36,785 (n.s.) 
Slope 0.099 (n.s.) 0.052 (n.s.) 0.081 (n.s.) 
R2 0.16 0.04 0.14 
RMSE4 35,722 31,464 32,691 

Ft = 0.25 
Intercept 19,142 (n.s.) 44,126 (n.s.) 30,714 (n.s.) 
Slope 0.133 (n.s.) 0.077 (n.s.) 0.122 (n.s.) 
R2 0.16 0.05 0.15 
RMSE4 11,182 31,252 32,442 

Ft = 0.35 
Intercept 16,913 (n.s.) 37,447 (n.s.) 17,449 (n.s.) 
Slope 0.167 (n.s.) 0.138 (n.s.) 0.234 (n.s.) 
R2 0.12 0.05 0.18 
RMSE4 35,673 30,562 31,468 

Ft = 0.45 
Intercept 20,378 (n.s.) 28,394 (n.s.) -3,984 (n.s.) 
Slope 0.152 (n.s.) 0L222 (n.s.) 0.421 (n.s.) 
R2 0.06 0.06 0.22 
RMSE4 37,504 29,519 29,567 

Ft = 0.55 
Intercept 27,567 (n.s.) 20,162 (n.s.) -31,241 (n.s.) 
Slope 0.100 (n.s.) 0.307 (n.s.) 0.674 (n.s.) 
R2 0.02 0.05 0.25 
RMSE4  391,665 281447 261393 
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Figure 2. Catches and TAC for 4VWX silver hake. 
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Figure 3. TAC, allocations and catches far 4VWX sliver hake. 
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Figure 4. Standardized catch rates for 4VWX sliver hake. 

Year 

Figure 5. Mean weight at age In the catch of 

4VWX silver hake from 1970 to 1986 
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Figure 6. July RV survey estimates of 
numbers and biomass of 4VWX sliver hake. 
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Figure 8. Calibration plot of SPA fishable biomass with 
standardized catch rate. 1982 was excluded from the 
regression. 
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