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INTRODUCTION 

The last time a sequential population model for 4VWX silver 
hake was accented by the WARD Scientific Council was in 1987. 
The Committee had difficulty in calibrating the VOA using 
commercial catch rates because it considered that these data were 
not reoresentative of stock biomass. 

"The Committee considered methods of validating the VPA 
results by using catch-effort data for 1972-1982 (standardized by 
the multiplicative model). However, the commercial catch rates 
observed in 1982 were influenced by the abnormally-low water 
temperatkwes on the Scotian Shell. Fkrlhermore, the catch rates 
for the periods before and after 1977 are not comparable because 
of the regulations imposed since 1977. Therefore it was agreed 
to consider the results of Canadian research surveys as a means 
of validating the YPA. The best relationship between age 3+ 
numbers from VPA and 3-year running means of age 3+ numbers from 
survey data was 'obtained with F = 0.25 in 1982." (Red Book, (983 
p.42). 

STACF1S advised the TAG associated with fishing at F0.1 
(0.418) in 1984 be 100,000 tons. 

The "Others working group" of STACFIS at the ,tune, 1906 
Scientific Council meetings reviewed several documents relating 
to catch and effort data before and since imposition of the• Small 
Mesh Gear Line and its associated regulations in 1977. The 
working group agreed that a multiplicative model used to analyze 

commercial catch and effort (Waldron et. al., 19861 provides an 
acceptable standardized catch rate series whith can be used for 
calibration of a sequential population model. 

The working group also reviewed the July and March Canadian 
research vessel groundfish survey results. They noted the close 
agreement between the July R/V biomass and the standardized 
commercial catch rates from the multiplicative model. 	In 
particular the fact that bath the commercial catch rates and 
survey biomass are considerably larger after 1981 than at any 
other previous time in the series. However, the July survey 
estimates were not used to calibrate the sequential population 
model (SPA). At this time there is.no new evidence that the 
working group would be any more successful at calibration of the 
SPA using this series than it has in the past two years. 

MATERIALS AND METHODS 

An estimate of partial recruitment in 1985 was developed in 
the following manner. 
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1. One VFA (Rivard, 1982) was run using a natural mortality 

of 0b4, the catch at age from Waldron and Fanning, 1986. the 

last accepted partial recruitment vector (see 1993 assessment 

meeting FR in tahle below) as input for 1985 (Red 1+.4 - , 1763 
p.47) and thri  doe V from Waldron bi hi 1 19871. 

2. Using the AutoF function of Rivard 11982). F's for age 9 

were iterated over age 4+. The above partial recruitment and 

these F's at age 9, were used in another VFA. 

3. Partial recruitment at ages 1 and 2 in 1985 were  . 

estimated by the following iterations. F's for ages 3 and 4 were 

weighted by population numbers at ages 3 and 4 then averaged from 

1977 to 1984. Average F's at ages 1 and 2 for the years 1977 to 

1984 were also calculated. 

Partial recruitment at ages 1 and 2 were then calculated by 

dividing the average F's at each age by the average weighted F's 

of ages 3 and 4. These were used as input in a second VPA. 

4. The procedure in 3 above was run until no change in 

partial recruitment at age 1 and 2 in 1985 was noted. This took 

two iterations. 

S. The new partial recruitment pattern for 1995 was used in 

all subsequent VPA's and calibrations. 

ASSESSMENT 

MEETING  1  2  3  4  5  6  7  8  9  

1983 FR  0.030 0.250 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

1986 PR  0.041 0.304 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

For the VFA's at various terminal F fishable population 

biomass was calculated using the following partial recruitment 

pattern, population numbers from the VFA and average weights at 

age from Waldron and Fanning (1985). 

AGE  2  3  4  5  6  7  6  9 

 

FR 1970-1976  0.350 1.000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 

PR 1977-1985  0.041 0.304 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

A Thompson and Bell Yield per Recruit model was calculated 

(Rivard, 1982) using the above partial recruitment (1977-1985) 

and average weights at age 11977-1985) from Waldron and Fanning 

(1966). 

RESULTS AND DISCUSSION 

The Fishing Mortalities at age for three terminal F's (.1, 

.25 and .4) are presented in table 1. Fishing mortalities at 

ages 3-5 from 1977- 1983 suggest that F is between .1 and .5 with 

the averages calculated below. 

1977-1980  1977-1983 

VPA @ TF 
 

Average  C age 3  Average  F @ age 4 

 

0. 100 
 

0.31  0.40 

 

0.250 
 

0.34  0.46 

 

0.400 
 

0.38  0.49 

The results of regressions between fishable - biomass and the 

standardized catch rates are given in Table 7. The plots of 

these regression lines are given in Figures 1 to R. The 1982 

catch rate is the largest in the series.  It is difficult to 

rationalize that the stock biomass would have increased so 

dramatically from 1981 to 1982. Therefore the 1982 cpue is 

regarded by the authors as anomalous and should riot included in 

the calibration. However, for comparative purposes we provide 

the results of including and excluding the 1982 data point in the 

various calibrations. 

The analysis indicates that significant regr -essions are 

obtained at TF below .15 11982 included) and below TF 0.30 (1982 



excluded/. The authors suggest. that the most 1041y TF is at.. 

0.25 where the intercept is closest to 0 and is insignificant 

from 0, and both the r and slopes are significant. 

The Yield per Recruit analysis (Table 4.) indicates that the 

F0.1 is 0.474 which is above that recommended in 198.j, (F0.1 A 

0.410) 
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Table 1. Fishing lortality Matrices for Silver Hake. 

4 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
00 •-• I. .4 I. 

•-• CO 0 v. 03 43 	0 	0 
•• M N C N P P N 
00H-0-.0000 
• . 	. 	. 	. 	• 	. 

N 0 N N a 40 N 40 
c) 	t, v. CI 11 In IN 
000...4N 04 M N 
• . 	• 	. . . . • Y. 	•  

O • 0000  0 0 
n Li) In In 410 hi fl 

0 ONNNN CI 04 CI4 
. . . . • . 

N -00  a ,0 .4 a J0 
N CO P. r,  r,  •-• 0 r,  
0 0 CA IO N CA 04 CD to 

• • 	• 	• 	• 	• 	• 	• 	• 

0 a Fl 7 a a P. 70 
O -04 •4 -0 0 In N 

NN 70 CA ri C4 
• • 	• 	• 	• 	• 	• 

	

4 	
•

1  

-0 N 0 0.0 0 0 0
0O 
 0 0 

-4 0400000 
•-• 7 7 7 7 7 

• • 	• 	• 	• 	. 	• 	• 	• 

In 4 0 7 al N 00 
7NaINC000-N7 
0-ninnoN00 
• • 	• 	• 	• 	. 	• 	• 	• 

N -• -4 N 7 0 
O a CO N 0 -0 hi N M 
00 H Nt047 N to IN 

• • 	• 	• 	• 	• 	• 	• 	• 

0 a. Ui NI N 0 0 a 0 
O 7 0 •0 r0 N 0 0 N 
O 0 - .M N N-0.. N 
• • 	• 	• 	• 	• 	• •• 	• 

-4010-.00- N 00 
O N P 0 in In -0 0 In 
O 0 N 	N N 7 

. 	. 	. 	. 	• 	. 	. 	. 	. 

-0003  r4 -0 -0 N In 0 
0 a to CO N. -0 -0 rn -0 
00t17 ,001-4 0:10 

ao)0140-0- Na 
0 o 0- a .4 4 0 -• 

0.474)0NMC00- 

0 N. -4 0 41 0- N N0 
4000'000411-0 

 001040-ONO In 
.  .  •  .  •  •  •  •  • 

4 N N 0 0 C-0 CD CO 
ONO-770-400. 
CD 0 N •-• 0 0 N 

• • 	• 	• 	• 	• 	• 	• 	• 

• NNNP, 0-470 
7 .4 CO a- M .4 041 
NNO7N04•4011 

1111  00hi N to 7 00 
NII-ONNIN4CD in 

N M 0 0-0 0- 
• • 	• 	. 	• 	• 	• 	• 	•  

0 -0 4 0 N 0 41 a. 0 
-•0 -0 CO Ct N 00 04 
CO 0 N 0 0 N. 43 N. 

• • 	• 	• 	• 	• 	• 	• 	• 

C4 0 -0 0- CO a 04 0- 0 
O 4 0 a Inin-o0n 
O 07  n 4 N N 7 

• . 	• 	• 	• 	• 	• 	. 	• 

P -00 Cl 4 N 0 • 
-•-• 03 CO N-0 -0 0 -0 

O -4 0 4 -0O -4 CO Ui 
. 	. 	. 	. 	. 	. 	. 	. 

0N70-00-N 0.0 

	

-4 01 0 a 	-4 -0 0 •-• 
O -47  NI 0 N CO 120 
• • 	• 	• 	• 	• 	• 	• 	• 

H H 

4 N -4 0 0 a N 0 0 
7 in 0 a 0 Co CI re) 
ONIngin-orr-hiln 

7 01 N 0 11 O-0 0' 0 
▪ N 0- 770-  -0 0 a 
0-. 41 ri N 0 toN 

O NNNONO -4 7 0 
7•40)0-03-000- 

N 	N N 
0

0 0 
. . . . . . . . . 

() C Li N 107 0 0 
C4 0 40 04 N N-0 C 0 

N 0 0 0 -0 0 -4 0, 
 . • . . . . 

F9 -0 4 N Cir 0 to a 0 
0 04 P-0 N 0 0 N 

O 10 -0 .4 N 	-.N  
• • 	• 	• 	• 	• 	• 	• 	• 

•-■ 	4-4 

CI 0) - CO a N a 0 
O 0 7 N N 41 -0 0 0 
0 0 4 7 7 N N to 7 
• • 	• 	. 	• 	• 	• 	• 	• 

-• 0 0. CA 43 43 r. 41 0 
• NP CO 4. -0 43 41 43 
0 	to 7 40 CO -. CO 01 

• • 	• 	• 	• 	• 	• 	• 	• 
s-d 

M r) 01 4aaNa0 

	

N 0 a 7 	In .4 
0 7 -0 0 NC 0P 
• • 	• 	• 	• 	• 	m' 	• 	• 

ON • PI a- N Ui0 
71400-003N10-• 
0 14 0 4 0 N Li Li 
• • 	• 	• 	• 	• 	• 	• 	• 

7 N Cd 0 0 C-0 a 0 
0 N 0- 77 0- -0 0 a 
O -0 0 N 0 N 

• • 	• 	• 	• 	• 	• 	• 	• 

• N N N 0- 0 -4 70 
•-• co a CO -4 In En O- 

N NNI7NN-400 
• • 	• 	• 	• 	• 	• 	• 	• 

Ui () CO 0 NM 4 410 
CI 41 40 N NN -0 CD 0 

N in 0 0 <1 () Cr 
• • 	• 	• 	• 	• 	• 	• 	• 

	

.4 	. 

4 in 0 CO n In a 00 

01>N07410.4.4 

-4  CD CO N 41 0 H 0 
M-0 -4 N 0 N. 00 Li N 
N 44i NI 0- In MN-0 

• • 	• 	• 	• 	• 	• 	• 	• 
•-• •••• 	01 CI H 

a M 7 0 Ul N C 0 

N
O  ON 43 CD NCI 0 N 

• CO N CA 4 N -0 4N 
• • 	• 	• 	• 	• 	• 	• 	• 

W N N a N NI ON 0 
-0 N. 44i 01 N N PM 
•-•  .4 7 4 41 •-• N N n 

CI -• P •-• -0 4 11 0  0 
70 0 -0 0 hi C 41 0 

-0 	-0 -0 to N 4  

4 410  03 41 OP 00 
• -• N a N N 
0 0- N 0 7 41 0 -4H 

• • 	• 	• 	• 	• 	• 	• 	• 

HCOCON700-.0 
10.0  -0 IN 	N P 0 04 
CI 441 to a 0 FO N-0 

• • 	• 	• 	• 	• 	• 	• 	• 
H 	H N N •-• 

P to 4010-0N CO.  
• N a -0 0 N N 0 N 
-40NN7N-4701 

• N N 0- N r1 0- 0 
4 4. 74i CO NN PM 
•-• 

 
-0 7-0 M N N 

• . 	• 	• 	• 	• 	• 	• 	• 

N 	- .0 4w CO  
7 0 0 -00 0 ID MID 
•-• N -0 7 -0 m 41 c• 

. 	. 	. 	. 	. 	. 

7 0 0 CO II V) Cr 00 
0- -441 N P 0 C4 N 
0P N 0 410 0 •-• 

• • 	• 	• 	• 	• 	• 	• 	• 

•-■ CO CO N 7 re) 	- • 
In -0 N 0N0.41N 
N4 0 0 a 0 M N-0 

• • 	• 	• 	• 	• 	• 	• 	• 
1.1 1. v. IN 01 

P 0 7 0 In N CO 0 
N a -0 ON N 0 N 
-0 0301N7N•47N 

co ,o N N P N to a 0 
-0 N 44i CO N N P PI 
- 43 7 -0 NO N 04 0 
• • 	• 	• 	• 	• 	• 	• 	• 

CI .4 0- H 	10 00 
70 n -0 0 n In In 07 
▪ N 	-0 -0 In IA 7 
• • 	• 	• 	• 	• 	• 	• 

+ 7 7 2 2 7 7 2 7 ? 

I -0 0110170-0NO30- 

2 2 2 2 7 e 7 7 7 	 7+ 7 7 7 7 7 7 7 7 7 
.4 CI 41 7 0 -0 N 03 0• 	 I -4 04 0 7 0 4 N CO 0- 



41 0 
0) 0 

0 

4.4 

U. 

0 

CEI  C4 

C 

N 43 N V) 1",  0 0 co .4  .4  hi C4 C4 () ri 
CP N.. 0 V) C4  C)  in *4  Cr "4  r,  00 Cr ' 
"4  Cr 0 4) C) EN 0 0 0 43 -4  C4 gt 	P• 
gt Cr 4 N 40 411 al O I'l 7 -.0 0- N ct 0• 

tn 0 0 ,0 CO r, 	a) loa EN EN 0 ri kr hi 
N N N N -4  .4  .4  "4  .4  .4 1-1 

C4 40  C4 0 r,  N 0 CO 43 bl  gt 	gt 
cr p. 41 C4 p- 0 hi 0 pi Ul .4  0 0 C) "4 

 .4  I-  1.1 4) 0 Cr 0.0 0 r, ,o 4) co a- NI ri 
cr C4 gt CA 43 F') 03 0 0 rr 47 C) 0 Cr 0 C4 r, • 0 0 .0 to r, -I 03 CO CP C) -4  CA -0 N. 
C4 C4 C4 N .4  "4 .4  "4 	 t4 "4  " 

N 4) C4 rn N h7 0 CON 43 0 Cr- Cr 0 11 N 
0- N V) N N. 0 0 gt 0 Cr 141 43 0 -0 

" Cr 4) 0 EN 0 0 0 CO CA F9 Cr C4 gt 
4 N g• C4 40 V) 03 () F9 7 n N gt n F9  0 r, 	0 1,71 4) CO  00 CO 1:3• 0 "4 	r• 
04 C4 C4 CV "4  .4  .4  "4  " 

CV .6 C4 0 N. 0 0 CD C> -0 C4 t,  gt Cr 0 Cr 
Cr P• M 1.1 N n 0 0 IC) EN .4  0 N 0 03 
"4  4 0 NO 0 Cr- 1'1 0 0 0,  -I 40 1,1 N 1,1 r1 
• N gr 	11 CO 0 F') cr m gt O 43 0 ri 
• ti pi 0 NO CO t• .4 CO 00 0- 0 N 1-  0-N 
• N CA C4 "4  "4  "  .4  .4 

N 43 C.4 N N bl 03 .4  0%  0 rl CO Cr 0 C4 
EN r,  N 4-■ C) 0 -0 0 0 0 0 N gt 0 
"4  Cr VI 4) 0 Ct.  0 0 CA C4 -0 gr 11 0' -1 
gt N ct  N -0 41 CO 0 VI 0  t- Cr C4 CO 
r,  LI,') 43 03 t, -+ 00 a) CP. 0 C4 0 -1 hi 
04 CV C4 CV 4-4  -4 .4 44  .4 C4 CA 

04 43 C4 V) P,  Ul CO 40 N -4 F9 0F) 
Cr N 4.1 0 N t,  0 0 N O N 0• F9 C) C) 43 
4-4  gt 11 43 0 V) 0 0 0 N t,  gt C) 0 0 
7 V4 4 N 43 V) a) 0 ri 0 0 - 
t• V) 0 V) .0 CO N-4 CO 00 0 ". N I* 0 
C4 C4 C4 	"  r4  r4 CA 

N 43 N M N 0 CD CO Cr 't N 0 Di 1.4  
• N  N N 0 0 Cr gt 0 0 40 N gt 

gt 4.1 -0 0 0- 0 0 0 Cr 0 0 0 m N 
gt N tzt N -0 V) al 0 0 0 4.1 CO N V) -4  -0 
N V) 0 rn 4) co N -4 co co o 4 0 0 0- CO 
N N C4 N 4.4  4.4 -4  4  -4 -4-4 NNt', 

N .0 N 0 t• 0 0 CO 0 0 Cr 0 N N or 
V7 CA r, 0 0 rl 0) CO m r,  or .4  '10 

1.4 qr rl -Li 0 0- 0 .4  -0 r• Cr .4  40 .0 tn 
4 N 4 N .0 0 CO C) 0 .0 .0 CO IN NO bi 
p. 0 hi 0 .0 co r. "A 0) 	C) CA N gt t• .4 
N C4 N C4 .4  .4 .4  .4  .4  .4 .4  CA 11 0 

N ,0 C4 t- bi 0 CO 03 1-  C4 0 V) N U -0 
Cr t,  V)  CV IN C) bl 0 tt 0. (0 C4 C. -0 
• gt 0 -0O 0- VI 0 N 44 C4 Cl -000 0 
gt CV gt C4 43 •l 0) () F') CO 1-  0443 4) 03 CA 
N.  0 4r$ 43 CO  .4 CO CO 4-4 1- N 1.4.) N N 
1.4 C4 N C4 '4  .1" 14  " "4  rq re, In 

N 40 N N N 0 CO hi .0 Cr hi .0 Cr N 
Cr r, rl rl CA r. c) hi C4 p. N gt izr r, 
"4  Cr ri ,o 0 EN  o) Kr .4- 43 () 4-1 r■ 0-  CI 
rr CI rr 04 43 4.1 CO () F, N 43 	qr () O rr 
p,  hi 0 43 CO  CO CN  r",  C)  rr 
04 CI C4 C4 4 4  .4 -4  "  .4  N 0 43 () 

7 	'  441  7'  1 1  1}? 2 2 2 2 7 

1 0 .4 N  gt If 1 .0 N m 0- 0 .4 CA rol kr 0 
1 N  t•  N t• N. N. N 0,  CO CO CO CO 03 CO 



Table 3. 

Terminal 	F 

Calibration parameters used 	in assessing 4VWX 	silver 	hake 	Iiirsig. 	at 5X1 

1982 Point 	Included 	 1982 Point Excluded 
Slope 	Intercept 	r 	Slope 	Intercept 	r Res-83-85 Res85 

.05 3.17E+5+ -3.36E+5 .61+ 6.38E+5* -9.49E+5* .86+ .20 1.91 

.10 1.41E+5+ -6.13E+4 .60* 2.90E+5+ -3.61E+5* .88* 1.80 1.79 

.15 8.22E+4+ 3.03E+4 .55* 1.84E+5* -1.65E+5+ .87+ 1.37 1.30 

.20 5.28E+4* 7.61E+4 .47+ 1.28E+5* -6.73E+4 .80* 1.33 .69 

.25 3.51E+4 1.04E+5+ .37 9.37E+4+ -8.47E+3 .70* .78 .23 

.30 2.33E+4 1.22E+5+ .27 7.10E+4+ 3.07E+4 .58* .82 -.08 

.40 8.58E+3 1.45E+5* .10 4.27E+4 7.98E+4 .38 .96 -.41 



Table 4: Thompson and Dell Yeild Per Recruit for 4VWX Silver 
Hake. 

SUMMARY: 

AGE WEIGHT-AT-AGE PARTIAL RECRUITMENT 

1 .053 .041 
2 .140 .304 
3 .208 1.000 
4 .262 1.000 
5 .331 1.000 
6 .402 1.000 
7 .545 1.000 
8 .717 1.000 
9 .841 1.000 

NATURAL MORTALITY RATE : 0.4 

F0.1 COMPUTED AS  .4738 AT Y/R OF  .0634 
FMAX COMPUTED AS 2.5354 AT Y/R OF  .0769 

YIELD PER RECRUIT ANALYSIS 

FISHING 

MORTALITY 

CATCH 

(NUMBER) 

YIELD 

(KG) 

AVG.  WEIGHT 

(KG) 

YIELD PER 
UNIT EFFORT 

.  .1000 .104 .028 ,271 2.107 

.2000 .177 .044 .251 1.658 

.3000 .230 .054 .235 1.347 

.4000 .271 .060 .222 1.125 

F0.1---  .4738 .295 .063 .215 1.000 

.5000 .303 .064 .212  • .961 

.6000 .329 .067 .204 .837 

.7000 .351 .069 .197 .740 

.8000 .370 .071 .191 .652 

.9000 .387 .072 .186 .599 

1.0000 .401 .073 .182 .546 

1.1000 .414 .074 .178 .501 ,  
1.2000 .425 .074 .175 .464 

1.3000 .436 .075 .172 .431 

1.4000 .445 .075 .169 .402  • 

1.5000 .454 .076 .167 .377 

FMAX--- 2.5354 .518 .077 .148 .227 



Regression of 1E0465 on CPR 
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Figure 1. Tuning plots for Silver Hake at F t=0.05. The 1982 point is 
removed in section A. 

Section A.  CPUE 
10: -9,491615 SE: 2.231315 T: -4,2538 
81: 6,375/5 Si: 1,0574/5 1: 6,0291 
CORR: 0,85824 MSI: 4,67E10 DP: 13 
POINTS BUTE): 1982 

Section IL 

BO: -3,3615 Si: 2,528615 T: -1,3288 
Bi: 3,171415 SE: 1,100815 T: 2.::s9 
CORK: 0.6111: MS1: 1,0337111 BY: i4 
POINTS BILITID: none 
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Figure 2. Tuning plots for Silver Hake at F t=0.10. The 1982 point is 
removed in section A. 

BO: -3,612515 SI: 93925 T: -3,8461 
31: 2,976515 SI: 44509 T: 6.6873 
CORI: 0,88021 MSI: 8.274819 DT: 13 
POINTS DI1ITID: 1982 

Section B. 

B0: -61338  SD  1.167615 T: -0,52535 
Bi:  1,409515 SI: 50830  T: 2,773 
COI!: 0.59542 MSI: 2,2039110 DT: 14 
POINTS DEITID: none 
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Figure 3. Tuning plots for Silver Hake at F t=0.15. The 1982 point is 
removed in section A. 

(X 115) 
 Regression of IBIONI5 on CPU! 

6 

5 

4 
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0   
1,4  2,4  2,9 

CPU! 
D0: -1,652815 3I: 62608 7: -2,6399 
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Figure 4. Tuning plots for Silver Hake at F t=0.20. The 1982 point is 
removed in section A. 
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Figure 5. Tuning plots for Silver Hake at F t=0.25. The 1982 point is 
removed in section A. 
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Figure 6. Tuning plots for Silver Hake at F t=0.30. The 1982 point is 
removed in section A. 

Section A.  CPU! 
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Figure 7. Tuning plots for Silver Hake at F t=0.40. The 1982 point is 
removed in section A. 
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Figure 8. Tuning plots for Silver Hake at F t=0.50. The 1982 point is 
removed in section A. 

Section A.  CPU! 
B0: 	1.091815 SI: 66499 T: 1,6419 
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CORR: 0.22023 NSI: 4.147919 BF: 13 
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POINTS BILITID: none 
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