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Introduction
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and juvenile (age 1) fish are highly concentrated on Emerald Bank and the
S]obe 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) supﬁort this hypothesis with observations on

Merluccius merluccius. Data collected from the Scotian Shelf

_Ichthyoplankton Program (0'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 (0'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 fons (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 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‘ﬁas 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 siiver hake. 1In 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) basad 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.



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 weight-length relationship for each sex applied
to monthly commercial mean 1}hgths. Mean weights-at-age for 1981-82 were
\

calculated from weight-length relationships collected during the commercial

fishery (Table 6). Mean wei&hts for projections were averaged from

1977-1982. -

Age 1 2 3 4 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 1289 .329 .399 .481 ,582 .949 1.127 1.400 2.100
WT-AT-AGE (Kg)

o

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

*Data from R/V cruises in July

|
|

Catch biomass-at-age was calculated by multiplying.the removals-at-age
by the mean weights-at-age (ﬁab]e 7). Agreement between reported nominal
catch and calculated 1+ biomdss was good considering possible 'sampling

errors for the mean weights-%t-age and errors in calculating nominal catch.

TERRS 1970 1971 1972 1973 1$74 1975 1974 1977 1978 1979 198C 1981 1982
TATCH 149045 128657 114048 299530 95745 114394 97184 17095 48401 S1751 A4SOS 41006 58745
EST 169463 127698 113183 299843 95590 116471 97243 36239 48004 51741 44727 41299 58900
DIFF, T818 9539 B&O I3 47 T277 TSR 285 397 160 T202 293 T1IS

Silver hake have been onerved at ages to 12 years. At this age they

have an average wight and lenbth of 1.4 kg, and 67 cm respectively. The

maximum possible length (L(n)!has been calculated at 94 cm which suggests

the terminal age to be 20 years.

Natural Mortality and CPUE-AttAge

The same M (0.4) as used|in the previous assessment (Waldron 1982) was
presented by Terre and Mari (%977). A CPUE-at-age matrix was calculated by
dividing the catch remova]s-af—age (numbers) by the appropriate yearly
standardized effort (Table 8). Paloheimo Z values were calculated

(z=LN[(C/F)2+(C/F)1] F=F1 x F2/2) and regressed against mean effort. The
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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 1970-81.

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 tfme 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.

Reseqrch 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 bresence 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

numbers-at-age is not advised,
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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

Age 1 2 3 4 5 6 7 8 9 10

PR 0.044 0.444 1,000 1,000 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 1,000 1.000 1.000 1.000

1 Waldron (1981)

2 Clay and Beanlands (1979)

Validation of VPA

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 fiéhery 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 Tab]es.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 1ar§e 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 the above average 1974 year class.
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yield of 0,076 kg (Table 16). -

er hake has been relatively unstable since 1970
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“on Soviet juveni1e silve
the 1980 year class was

strong. This further suf

class may indeed be near

Catch Projection

Catch projections un
recruitment, Fg 1 = 0.406
ﬁhe mean of recruitment f
options for the 1984 catc
catch of 55,194 tons in 1

66,144 tons (option 1, Ta

of 80,000 tons would be

would be 59,343 tons (Option 2, Table 17).

> of the 1981 year class. Noskov (1983) reporting
~ hake surveys conducted in 1982, indicates that
veak while the 1981 year class is relatively

ports the VPA and R/V data that the 1981 year

the 1970-81 average.

til 1984 were calculated using the above partial
, 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 Fg
983 would predict an Fg 1 catch in 1984 of

ble 17). The second assumed the assigned 1983 TAC

caught.
|

This assumption predicted the 1984 catch

The third assumes an average

catch of 60,000 tons in 1983 would give a catch of 65,163 tons in 1984

(Option 3, Table 17).
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YERRS 1970 19711972 1973 1974 1975 1976 1977
1978 1979 1980 1981
CATCH 159045 12365? 114048 299530 95745 116394 97184 37095 48401 S1751 44525 41004 S
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TARLE {) MOWINAL CATCH OF 4VWX STLVER HAKE

1982
8783

Table 2. 1982 Provisional nominal catches (t) for 4VWX Silver Hake (data from
~ NAFO and Canadian statistics).

MONTHS
COUNTRY APRIL  MAY JUNE  JULY AUG  SEPT  OCT _ NOV__ DEC TOTAL
Canada 0 0 0 0 7 10 5 14 3
Cuba 0 2454 3801 5459 240 10 0 0 11964
France 0 0 2 0 0 0 0 0 2
Italy 0 0 0 0 20 0 0 0 20
Japan 0 0 0 153 514 268 0 0 935
Poland 0 0 0 17 3 0 0 0 20
Portugal O 0 2 0 0 0 0 0 2
USSR 2778 16784 20253 5918 51 0 0 0 45784
TOTAL 2778 19238 24057 11547 835 288 5 14 58765



Table 3.

-
“Results of the silver hake commercial catch rate
analysis of‘USSR 0TB2 TC7 vessels using a
multiplicative model with months (Apr-Aug) and
years (70- 82) as category types. Catch rates were

standardlzed to June, 1970.

|

REGRESSION OF MUL?IPLICQTXVE MODEL

MULTIPLE R00000000009000L731
MULTIPLE K SQUARED,,,,,,535

\
ANALYSIS OF V%RIANCE

SOURCE OF | SUNS OF “MEAN
VARIATION DF|  SGUARES SQUARES F-VALUE
_________ - i - B - e e
INTERCEPT 1L 4,115€1 4,115€1
REGRESSION 17i 8,815 54183E71 7.028
TYPE | 5‘ 1.104€1 2,208E0 29.927
TYPE 2 120 4,771€0 3975871 3,388
RESIDUALS 104\ 7.673€0 7.379872
TOTAL 122! 5. 763E1
1
!
PREDICTED CATCH KATE
|
STANDARDS USED VARIABLE NUMBERS: 0

TOTAL | CATCH RATE
YEAR CATCH PROP. MEAN S.E. FFFORT
e - ————- cmem memeea
1870 169045 0,901 2.417 0.223 69938
1971 128657 0.531 1.695 0.201 75908
1972 114048 0.879 1.856 0.202 61461
1973 299530 0.891 2.399 0.244 124853
1974 95745 U240 1.560 0.258 61365
1975 116394 0.743 1.485 0,175 78369
1976 9718+ 0. 429 2.039 U.208 47668
1977 37095 0.703 1.979 0.191 18741
1978 w8401 0.866 1.577 0.148 30686
1979 51751 0.869 1.818 0.180 28473
1980 44525 0.920 1.223 v.129 36409
1981 ©10U6 U.906 1.451 0,143 28251
1982 58765 0.332 3.882 V.565 15138

AVERAGE C.V.

FOE THE MEAN:

v.111
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| 4
TeE 180 1eLp pER REORUIT OF SILVER HAKE IH HAFD DIVISIONS 4y

FISHING CATCH TIELD  AVG, WEIGHT  YIELD FER

MORTALITY  (HUMEER) (¥6G) (XG) UHIT EFFORT
0,200 0.18941  0.045 0,245 1,000
0,400 028800 0,061 0,211 0,454

FO--- 0,406 D2R022 0,081 0,210 0,448
400 0,300 0087 0.2 6,482

0,800 0.39252 0071 0,180 0,380

1000 0,4290 0,073 071 0,313

200 045038 0,074 0,164 4265

LA0O Q7L 0075 0157 0,220

1,400 0.49883  0.075  0.154 0,203

L8 05036 0076 0,50 0,181
2,000 051721 0,076 0,147 0.163
2,200 0.52897 0,076 D4 0,149
2,400 0,53954 0.076 0.4l 0.137
2400 D591 0,076 0,139 0.12

FMAG--- 2,627 0,5%032 0,076 0,138 0,125
2800 0.55788 0,076 07 8,117
2000 0.54591 0,076 0,135 0,10
3200 0,97335 0,076 0,133 0,102
1,400 0,58028 0,076 0,131 0,095
1400 0.53673 0076 0.9 9,091
1,800 0.59282  0.074  0.128 0,086
2,000 0,59851 0,076 0,126 0,081
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TARLE {7 tOFRDJECTIONSG OF |STLVER HAKE COTCH MOHOAFD DIVISIONS AYNY

RcE {2 3 4 5 4 7 g 5 1
TETRREIIA7I87 178707 030000 D35GGR 104201 31875 9946 3739 852 %5
COTAGE 19131 50825 45864 65136 34202 778 2744 1029 12 7
WATASE 0,051 0,140 0,202 0,263 0,222 0,387 0,520 0,628 0.8344 0,523
FARREC 0,044 0,444 1,000 1,000 1,000 1,000 1.000 1.000 1.000 1,000
RECRUT{222920
LOSFELL4, 0148
STIRECYS,8291
TERR FOFP FOF CATCH CarTeH MOTHRE
HUMRERS ETOMASS  MUMEERS EIOMOSS 2
1982 2349995 290321 243094 S9193,35 0,400
1983 2411940 IDSSET ITRCL0 SAMATLBA 04040
1934 48818 TIPS 328843 L8457 0.4040
TEAR £OF FOF OATCH TATCH MATURE
HUMEBERS BICMASS  MHUMEERS BEIOMASS F
1982 2359995 290321 46094 SS{93.39  0,4000
1983 2611940 329563 39EIIT 8000016 0,4173
1984 2654212 300845 303SS S9MLIS  0,4060
YEAR FOF PFOF CATOH CaveH MATLIRE
HUKERERS RIOMASS  MUMEERS EIOMASS F
1982 23¢7995 192321 248094 5519339 0,400
1963 2611940 329563 296021 40000.14 0,434
1984 2735303 350183 325239 4514252 0.4040

rJ

o
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Silver Hake

Figure 1. Distribution of silver hake catches on the
Scotian Shelf. (The arrow indicates Sable

Island.)
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Figure 3. Summary of the annual movements of the Soviet commercia1
fleet from 1961-1968 in ICNAF Subarea 4. (From Clay 1979).
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Figure 4, 4YWX silver hake nomina) catches,



*3uL| Jeab paysaw ||ewS J|3YS UBLIO0DS :G aunblL4

Y9

e 8s ot 65 ot 09 ot 19 ot 79 ot €9 [ ot oc s9 ot
. ;
_ n _
N !
s . “ ~ o 59
Cav) : I
! |
<t — m
_ _
N | |
T |
i
i
]
|
~ WNVE .
o i Fuziey 7 oNviIst 3ievs

K
3




mc v

5.251!‘

().75I
|
i

]
0,00+

/
196

]
!
|
+

- 28 -

\ : /f\- /;\; _
! A _\\\',//x
S %

9 1971 1973 1975 1977 1979 1981 1963
YEAR

Figure 6,’ Plot of standardized silver hake catch rates
from 1970-1982. ‘
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Figure 8. July research vessel numbers ('000) for 4VWX silver hake.
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FIGURE §, 24 FISHARLE FOFULATION RIOMASS AMD [DISECTED CFUE FOR THE
\
4VEY SILVER HAXE (F = 0,959 )%
SFOMNING THE YEARS 1970 - 1982, = |
2 4 FISHAELE FOFULATION KIONASS annlo&ssnvep &ND FSEDICTED CRUE
FOR.THE 4V SILVER HRKE STOCK, |
{THE FOLLOYIMG YEARS WERE USED 1N THE FEGRESSION EGUATION
TEARS = 1970 1971 1972 1971 1974 1975 1974 1977 1978 1577 1980 1961
TEAF 1970 1870 1972 1973 '974 1975 1976 1977 1978 197%  i98¢ 1981 {932
HIOMASS 280259 242312 234435 233812 17 176170 183750 129033 112404 10BS89 140879 147703 152004
FRED BIOMS 233832 172792 184403 272111 161378 155037 201875 194802 182815 12190 132887 152143 157489
DIFFERENCE 44427 49520 50232 S22 Th4Sl  2U13T TI3I2E TET7ET THLAL0 T74402 27992 444D TRO4E8S
STh, CRUE 20417 1,895 1,838 2,399 10360 1,485 2,039 1,979 1,277 1,818 1,227 1,451  3.867
FLOT ORDER 1930 1981 19V 1974 197R 1971 1579 1972 1977 1974 1971 1970 1982
CRUE OFDER 1,227 1,431 1,485 1,880 14577 1.49%  1.B18 1.BBX 1,979 2,037 2,199 2,417  3.082
REGRESSION OF 24 FISHARLE BIOMASS AGATIST CFUE FOR THE quuy

(THE DATA USED

IN THE REGRESSION IMCLUDES
TEARS = 1070 1971 1972 1973 1974 1975
|

THE TEAFS A5 FOLLOWS
1976 1977 1978 1979 1980 1981

REGRESSION COEFFICIENT 34542,07144 ;

TNTERCEFT ©9489,55375

Toy&LUE 2,13048414

STANDEKD ERROR 19487,94844

DEGREES OF FREEDOM 11 j

NRSEFVATIONS 12 g
Fe2 0,3121934227 |
R

05587427149

SILVER HOKE STOCK,
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24 BIOMASS

300000

25000

<>

CrUE

FIGURE{), 2 + FOFULATION EIOMASS AND CFUE FOR THE AVMY STLVER HAKE STOCK,
(B = 0,688 14
SFAMNING THE TEARS 1970 - 1987

4
+

REGRESSION OF YEARLY 24 FOFEIDMASS AGAIMST YEARLY CPUE FOR THE 4YWX ST VER HAKE STOCY

13

YEOR 1970 1970 1972 1§73 1974 1575 197¢ 1977 1978 1979 1980 1981 1982
RIOMRSS 417320 48287 200577 44747¢ 233730 243435 243020 210975 177769 234490 272862 240548 23832

PRED BIONS 82408 071180 295987 379454 250379 238822 304184 314939 25998 290132 199453 233524 40B160
PIFFERENCE 34892 77108 4589 6780 18849 24863 TAI16D 101963 TTENID TSSSAD 74409 4962 349831
ST, CFUE 2,417 1,495 1,85¢ 2,399 1L.560 1485 2,039 979 1.7 1,818 1,223 1.451 3,882
PLOT ORTER 1980 1981 1§75 1974 1978 1970 1979 1972 1§77 1976 1973 1970 1982
CFUE ORDEF 1,203 1,451 1,485 1,560 1,577 1.495 1.818 1.B34 1,979 2,039 D.39F 2,417 3.882

REGRESSION OF TEARLY 24 FOFBIDMASS AGRIMSY YFARLY IFUE FOR THE 4YUWY STILYER HAKE 3TOCK,

REGRESSION COEFFICIENT 154081,1158

THTERCEFT - 10008.9 88
T-VALUE 2,8194335
STAHDARD ERROR 542 61.3;
DEGREES OF FREELOM 1
NRSERVATIONS 1
Ry 2 0.4453900027
R 0,6£81302289
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