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ABSTRACT

Reported herring landings in 1984 in the southern Gulf of St.

Lawrence (NAFO division 4T) were 25,320 tonnes, similar to those

of 1983. The 1985 landings are approximately 30,000 tonnes.

Partial recruitment for both the spring and fall seasonal

fisheries were derived from experimental selectivity data while

the F's on the oldest age groups were derived by assuming that

the F on the plus age group would be approximately equal to the

F's on the previous age group.

The spring spawning component appears to have a terminal F of

0.20 and the -fall spawning component had an F of 0.25. Both

components of this stock complex have strong year-classes upon

which the landings are dependent.

The projected landings at an Fo.1 of 0.3 for 1987 are between

8,473 and 9,103 and between 14,199 and 16,022 tonnes for the

spring and fall spawning components respectively.

Les debarquements declares de harengs provenant du sud du golfe du Saint-Laurent
(division 4T de 1'OPANO) ont ete de 25 320 t en 1984, niveau analogue a celui de
1983. En 1985, les debarquements se sont eleves a environ 30 000 t. On a
determine le recrutement partiel correspondant aux peches de printemps et
d'autcmne a partir de donnees experimentales de selectivite. Dans le cas des
groupes d'ages les plus eleves, on a obtenu F en presumant que sa valeur pour un
groupe d' age X+ donne serait a peu pres egale a sa valeur pour le groupe d'age
anterieur.

Le F terminal semble etre de 0,20 pour la reproduction de printemps et de 0,25
pour la reproduction d'autamne. Dans les deux cas, le stock se caracterise par
des classes d'age abondantes dont dependent les debarquements.

On prevoit qu'en 1987 les debarquements, pour un F0 , 1 de 0,3, se situeront
entre 8 473 t et 9 103 t pour les reproducteurs de printery s et entre 14 199 t
et 16 022 t pour les reproducteurs d'autcmne.



INTRODUCTION

The southern Gulf (NAFO division 4T) herring (Clupea harengus

harengus) complex has had a variable Fishery history. A epizootic

in the mid 1950's (Tibbo and Graham, 1963) is believed to have

drastically reduced the stock biomass, however, soon afterwards

two very large year-classes (autumn of 1958 and spring of 1959)

led to the highest landings on record - 380,I tonnes in 197

(Winters et al. MS 1977). The landings declined thereafter to a

recent historic low of 21,0 tonnes in 1981 (Tables IA and B).

This precipitous decline (Fig 1) is felt to have been due to high

fishing mortalities and successive poor recruitment to both the

spring and fall spawning components of the stock. *

The total annual nominal landings are presented by fishing season

(Table 2) and spawning (management) group (Table 3).

The exploitation pattern on this stock complex has varied

considerably over the past two decades. The advent of the mobile

purse seine fleet to the Gulf in 1966 was the first big change

from the traditional inshore set and drift gillnets and fixed

traps. After the seiners became established they further changed

from mainly a winter Fishery along southwest Newfoundland and a

summer fishery in the southern Gulf before 1972 to a

predominantly spring purse seine fishery along the edge of the

Laurentian Channel and a fall fishery in the southern Gulf. The

last year for the spring and summer seiner fishery was 1981

(Table 2). Currently this stock complex has a spring and fall

southern Gulf gillnet fishery as well as a small fall seiner

fishery.

There are at present two major passive fisheries; the spring

gillnet fishery (Escuminac, western Prince Edward Island (P.E.I.)

and southeastern New Brunswick) and the fall gillnet fishery

(Caraquet and Gaspe, eastern P.E.I. and the Gulf coast of Nova

Scotia). These fisheries exploit the spring and fall spawning

components on their spawning grounds. The fall seiner fishery is

not limited to spawning grounds and exploits both spawning

groups. Because of its mobile nature, the seasonal distribution
of landings has (in the past) tended to follow the migratory

patterns of the herring. Today, with quota control the fishery
occurs mostly in the fall in the Bay of Chaleur and Gaspe

areas.

* Spring and fall are used with two different meanings with

regards to this fishery.. There are the spring and fall

Fishery (management) components where the seasons of

fishing are referenced; there are also the spring and fall

population components where the season of spawning is

referenced. A spring population component can be harvested

in a fall management component fishery.
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Management was carried out with the aid of 'inshore

offshore' quotas from 1972 until 1982, then with 'spring - fall'

season quotas and finally, since 1985 with regional allocations..

The provisional landings for 1984 were 25,320 tonnes and for
1985, approximately 30,000 tonnes - including some 1,500 tonnes

of herring confiscated by D.F.O.officials during the fall

gillnet fishery of 1985.

A precautionary Total Allowable Catch (TAr) of 150,000 tonnes was

first set in 1872 (Lett, et al, MS 1978) 	 From 1975 to 1980 the
TAC was approximately 55,000 tonnes (Table 15).. It dropped in

1981 to 16,000 tonnes and fluctuated between 15,000 and 20,000

tonnes until 1984. Landings have consistently exceeded these

TAC's - and it must be noted, the reported or nominal landings do

not include much of the herring used for bait, the unsaleable

fish that are dumped at sea and those instances when under-

reporting is known to have occurred..

CATCH AND WEIGHT-AT-AGE MATRICES

Separate catch-at-age matrices (Tables 4a and 5a) were available

for the spring and fall spawning components of this complex, the

present ones have been modified from Ahrens (MS 1985).. The catch

at age have been adjusted to ensure the total annual landings of
each gear for both spawning groups (Table 3) equalled the total

annual landings of each gear for both seasons (Table 2) The

annual change in catch biomass and thus numbers ranged from -6X

to +8X of the value used in Ahrens (MS 1985).. Two sets of analyses

were carried out to track the difference between these two catch
matrices..

Lett et al.. (MS 1978) used a catch matrix with the maximum age

extending from age 10+ in 1967 to age 19+ in 1976 Most VPA runs

since that time have utilized a truncated matrix to 11+ (Winters
and Moores, MS 1980, Cleary, MS 1981 and MS 1982).. Cleary (MS 1983)

was the first to use an 'extended' matrix (to 21+) and it was
used again by Ahrens and Nielsen (MS 1984).. The catch at age of
older fish was estimated by assuming that catches of successive

cohorts would retain the same relative values as they progressed
from age 10 to age 20 (diagonally down the matrix),. As otolith
determined ages are only reliable to aproximately 11 years it was

felt this procedure may introduce invalid assumptions about age
specific survival and the fishing mortality (F) in the older age
classes.. To avoid this extended matrix problem, Ahrens (MS 1985)
showed there was little difference between the results obtained
in using the 'extended' or the 'truncated' (to age 11+) matrix..

McQuinn and White(unpub •) have discussed how best to estimate

the F for the oldest age groups from such 'truncated' matrices..

Their technique has been utilized throughout this document -

their slightly altered APL program is listed in Appendix I.
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Separate weight-at-age matrices (Tables 4b and Sb) were available

for the spring and fall spawning components of this complex, the

present ones have been taken from Ahrens (MS 1985). The observed

weights at age For ages 2 to 11+ were input for each year between

1971 and 1976, and an average weight-at-age vector from the years

1981 to 1984 were used for the period 1977 to 1984 These average
weights at age were used in the last assessments in an attempt to

reduce the difference between the cross product of the weight-at-

age matrix and the catch-at-age matrix with the reported

landings

Abundance indices are utilized to tune or calibrate Virtual

Population Analysis (YPA) estimates of population biomass in

order to select the most suitable terminal F for the final year

of fishing. It is preferred that these indices are fishery

independent, however, in many instances the only series available

are commercial Catch-Per-Unit-Effort (CPUEs) indices. Such

commercial series have been developed for the spring and fall

management components of the gillnet fishery (Tables 6a and 7)

and the seiner fishery (Table B).,

The average gillnet effort per fisherman (number of nets set per

night) was estimated from questionnaires: O'Boyle and Cleary

(1981) from 1973 to 1979; Cleary (MS 1983) from 1980 to 1982;

Ahrens and Nielsen (MS 1983) for 1983; and Nielsen (MS 1986) for
1984 and 1985.

The most recent survey of herring gillnet fishermen was carried

out after extensive interaction with fishermen and their

representatives. Because of these consultations the general

makeup and types of questions asked varied from the earlier

surveys. In order to account For some of this variation as well

as differences in the analysis, the data from the earlier series

for the spring were re-calculated. The fall data were not re-

calculated as only data from the Caraquet fishery were used The
major basis of this re-calculation was the weighting factors

based on fishing areas - these areas are now weighted by landings

rather than the number of responses; the area responses and

weighting factors are listed in Table 6b.

The average number of nets used per trip (Table 6a) shows an

increasing trend until 1984- This may, however, be partly the

result of the type of questions asked (as suggested by the

fishermen), the weighting factors used at different times (years)

of the analysis, the lack of consistency of the questionnaires,
and the recent understanding gained by fishermen's organizations

of how questionnaire responses affect the estimated population

abundance Because of these problems the validity of the
questionnaire technique must be critically assessed prior to the

1986 fishing season



The average landing per successful trip, i.e. per purchase slip,

(Table 6a) shows differing trends for the two seasonal Fisheries..

These data are biased because unsuccessful trips are not

reported, by splitting a large catch among the crew so each

obtains a purchase slip, by grouping several landings together by

week, etc.. This series is weighted by effort (number of purchase

slips) resulting in a straight average of all available purchase

slips..

The CPUE indey. (landings per net-successful trip) based on these

data (Table 7) shows increases of about 25% for the spring

fishery and a three fold increase for the fall fishery from 1983

to 1905. These increases depend very much upon the interpretation

of the questionnaire as the only other data input, the landings
per purchase slip (trip), show moderate declines for the spring

fishery and less than a 1.5 fold increase for the fall fishery..

It is possible that the responses to the 1985 questionnaire may

have been influenced by the publicity given the interview and

the realization, either conscious or unconscious, that the fewer

nets reported used, the greater the apparent stock recovery and

thus the larger the resultant TAr..

Catch per unit effort From seiner log books from the 1969 to 1984

fall (Sept -Nov) fishery (Table 8, Fig 2) was taken From Ahrens

(MS 1985).. The 1985 point has been calculated from provisional
Gulf observer data - based on 40 nights (= sets) of observed

operation.. This CPUE series shows a rather steady decline from

1969 to the low of 1980 with a continual increase since..

RESEARCH DATA

Spring spawning bed surveys: Spawning bed surveys were conducted
in 1981, 1983 (Messieh et al., MS 1983) and 1984 (Messieh et al.,
MS 1985) with estimated spawning biomass levels of 15, 58 and

2234 tonnes respectively. The 1985 survey was terminated after

only partial completion due to disturbances caused by the

fishermen of the area..

Aerial surveys: Aerial surveys were conducted in 1980, 1981,
(Murdoch, unpublished) and 1983 (Messieh, pers comm).. These

surveys show high interseasonal variability with the number of

nets increasing toward the end of the season. No clear statement
can be made due to the many unknowns with this type of survey
(eq.. number of sunken nets, number of times a net is emptied per
day, nets that are fished during the night only, etc..)

Research vessel surveys: Bottom trawl surveys in the southern
Gulf of St.. Lawrence have been conducted on the E..E..Prince since

1970. The data series from 1970 to 1979 has been summarized by
Koeller and LeGresley (1981) (Table 9). The schooling and
migratory behaviour of herring limit the usefulness of any

abundance index conducted by a bottom trawl.. Data from 1980 to
1994 have not yet been analysed in detail but preliminary review



shows a continuing highly variable nature. The general trend From

1970 to 1979 is downwards, however, the variable nature of this

series would make it impossible to use for VPA calibration.

Gilinet selectivity: Experimental gillnet fishing was conducted
in 1984 (Ahrens, MS 1985) and from these data selectivity was
calculated Using these results an estimate of partial

recruitment (PR) was calculated.

PARTIAL RECRUITMENT

PR was re-calculated from the previous assessment as new data
were available from the questionnaire on the size composition of
the gillnets used by the fishermen.. PR was calculated separately
for both the spring and fall management components and applied to
the respective spawning components.. Selectivity ogives for 12

different nets were used in the calculation of the PR. Selection

ogives for four of these mesh sizes (2 1/4, 2 1/2, 2 5/8 and 2

3/4 in.) were derived from experimental fishing in 1984 and used

in the previous assessment (Ahrens, MS 1985) The mean, variance,

coefficients of skewness and kurtosis were determined for each of
these curves. Selectivity ogives for other mesh sizes were

interpolated from these experimental data. This was done by

estimating the mean selection length using the following
relationship obtained in the 1984 gillnet trials:

Mean selection length = 4.78 x mesh size.

This selection factor is similar to the value of 4.79 obtained by

Olsen (1959). The variance, coefficients of skewness and

kurtosis were estimated by taking the average of these parameters

of the four known curves. Using these parameters (Table lOa) and

the Gram Charlier Series (Kendall & Stuart, 1969), the

selectivity-at-length ogives were derived (Fig. 3) for each

mesh size. Selectivity at age was obtained by multiplying the

selectivity at length by the age-at-length key.

The proportion of each gillnet mesh size (Tables lOb and lOc)

used in B different areas of NAFO Division 4T (Caraquet, Gasps,

Escuminac, southeast New Brunswick, Gulf Nova Scotia, eastern

P.E. I. , western PE.. I , and Magdalen Islands) was calculated for

the spring and fall fishing seasons from the results of personal

interviews conducted in the fall of 1983 (Nielsen, MS 1986).

Silinet landings for the corresponding areas and seasons (Table
lOd) were broken down according to the proportion of gillnet
mesh sizes and used as weighting factors to obtain a combined

selectivity at age for each gillnet fishery..

Because immature fish are unavailable to gillnet fisheries being

conducted on spawning grounds, maturity at age must be included
to arrive at the partial recruitment for gillraets in each
fishery. The following maturities at age were assumed for the



spring and fall fisheries and multiplied by the selectivity at
age:

Age 	 2	 3 	 4 	 5 	 6

Spring fishery 	 0	 0.5 0.8 1.0 1.0 - (Ahrens, unpub)
Fall fishery 	 0 	 0_I 0.4 1.0 1.0 	 (Winters, unpub).
The maturity used for the fall fishery is that based on the April
to May seiner 'edger fishery in the I970s - assumed to be the
same fish as those caught in the fall Fishery.

Selectivity at age for the purse seine fishery was assumed to be
1.0 for ages 3 and over. This vector was combined with the
gillnet partial recruitment in order to obtain a global partial
recruitment for each spawning group (Tables 11 and 12) *
weighting was by respective landings. The same proportion of
spring and fall spawners was used in the seiner landings as that
used by Ahrens (MS 1985) (607. and 407. respectively). The
resulting combined partial recruitments are as follows:

Age 	 3 	 4 	 5	 4 	 7 	 8 	 9 	 10 	 11+

Spring 	 0.77 1.00 0.62 0.58 0.51 0.40 0.40 	 0.40 0.40
Fall 	 011 0.53 1..00 073 0.54 031 0.22 	 0L18 	 0.19

Partial recruitments for spring and fall spawning component
fisheries used in previous assessments and those derived for this
assessment are presented in Tables 11 and 12.

Partial recruitment vectors were also calculated by the more
traditional historical averaging technique and Separable VPA
(SVPA) (Table 11 and 12). Historical averaging was carried out by
standardizing to the average PR of ages 4 to 4 of the years 1981
to 1983 and setting all values over I to I, then smoothing by
eye. The fall PR did not converge with this method due to several
year-classes in one year appearing exceedingly large and not
appearing proportionately as large in the following year. These
age-year anomalies also lead to the failure of SYPA for the fall
fishery.

NATURAL MORTALITY

Due to the lack of any information to the contrary natural
mortality (M) is assumed to be 0.2.

FISHING MORTALITY

Oldest age group: In the latest assessment (Ahrens, MS 1985) the
Fs on the oldest age group were chosen to provide an
appropriate balance between population abundance and catch at age
n in year in and population abundance at age n+1 in year m+1. For
this assessment we have utilized the technique described by
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McQuinn and White (unpub .) assuming that the F on the oldest age
(in this case the 11+ group) is the same as the F on the 2nd

oldest, thus the catch matrix was then handled as though it ended

at age 10 and subsequent calculations carried out on the 11+

group which were then added to the results (see Appendix I for

an APL program listing)

One difficulty with this approach is the lack of convergence in

the earliest years. This is due to the large percentage of the

biomass which occurs in the plus' age group - such as occurred

in the 1971 spring matrix where 5% of the catch biomass is in
the 11+ and even as late as 1976 when 30% of the biomass is found

in the 11+ group.

Last year: The annual gillnet catch (Table 3) of spring and fall

spawners separately was divided by the seasonal gillnet catch

rates (Table 7) to estimate the annual gillnet effort index for

each spawning group (Table 13). The fully recruited F for the last

year was selected by utilizing the appropriate spawning group

partial recruitment derived above and a series of selected

terminal Fs. Regressions were run between each spawning groups
catch numbers at age per unit effort and the corresponding

estimated VPA population numbers at age (Tables 14 and 15). The
selection criteria were based upon maximizing the coefficient of
correlation (R2) and minimizing both the residuals of the last

two years (1983 and 1984) and the intercept. This was repeated

individually for ages 4, 5 and 6 for the years 1974 to 1984. The

relationships were not strong and supplementary evidence was

obtained from examination of other relationships:

1. Paloheimo total mortality (Z) (CPUE at age of a year-

class in two adjacent years at ages 4/5 for the spring spawning

component and 5/6 for the fall spawners) Tables 16a and 16b

2. VPA Zs (VPA population numbers of a plus age group in

one year by population numbers of the next plus age group in the

following year - 4+/5+ for the spring spawning component and

5+16+ for the fall spawners) Tables 16a and 16b;

3. a regression of VPA population biomass (all age groups

above the age of full recruitment - 4+ and 5+ respectively for

the spring and fall spawning groups) and the appropriate CPUE

index (Table 7) Tables 14b and lSb; and

4. a time series of catch rates and age specific VPA
population biomass estimates (all standardized to their respective

means) (Figure 4).



ASSESSMENT RESULTS

Spring spawning component: From the tuning conducted on this
component (Table 14) and supplemental information, the F in the

terminal year (terminal F) was estimated to be 0..20 This value

is a compromise between the various indicators. The CPUE at age

by VPA numbers at age calibration (Table 14a) indicates a
terminal F in the range of 0.25, while both the Z calculations

(Table 16a) and the 4+ VPA population biomass versus the CPUE
index (Table 14b) indicate an F of 8.15.

The output from the VPA runs at an F of 8.28 are listed in Appendix

II. The 1979 year-class (age 5 in 1984) continued to be

dominant for the third consecutive year, its abundance at age 2

in 1981 is estimated to be 251 million fish. The 1988 year-class

at 111 million fish at age 2 appears to be above the geometric
mean of approximately 188 million The biomass appears to be

about the same as in 1982 and up slightly from 1983. The
exploitable biomass (Table 17) was calculated by multiplying the

mean population biomass from the VPA by the historical PR (Table

18). This PR was calculated by standardizing a years Fs at age

(from the VPA) by the average of ages 4 to 8 and setting all

values over I to 1. This shows a similar pattern For the 3 most

recent years, it does however show a much more significant

decline in 1981 than was apparent from the VPA biomass.

Fall spawning component: From the tuning conducted on this
component (Table ISa and b) and supplemental information, the

terminal F was estimated to be 8..25.. The CPUE at age by VPA
numbers at age calibration did not yield any useful interpretive

data, the correlation coefficients were extremely low and had

little discriminatory power. The 4+ VPA population biomass and
the CPUE indicated a terminal F of approximately 8.25 and 5+ VPA

population biomass and CPUE indicated an F in the range of 0.30.

The Paloheimo Z estimates in this case did not yield useful

results (Table 16b), the negative value for the 5/8 Paloheimo Zs
for 1983/1984 indicates the effort may have been under-estimated

in 1984, ie..the CPUE may have been overestimated from the

questionnaire.

The output from the VPA runs at an F of 0..25 are listed in

APPENDIX III. The 1980 year-class (age 4 in 1984) predominated in

1984 and its abundance at age 2 in 1982 is estimated to be 336

million fish. This is the strongest year-class in recent history

and is projected to be a strong contributor to the landings
through 1987. The geometric mean recruitment from 1973 to 1982 is

approximately 140 million fish. The biomass has continued to drop

over the last 3 years and now stands at a level slightly above

that between 1974 and 1978. The exploitable biomass (Table 19)

was calculated in the same manner as for the spring component

above. The PR (Table 28) was calculated by standardizing a years

F's-at-age (from the VPA) by the average of ages 5 to 7 and

setting all values over 1 to 1.This shows the biomass to be
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increasing significantly since the low in 1980. This is due to

the 1980, 1981, and 1982 year-classes recruiting to the exploited

population.

CATCH PROJECTIONS

For the purposes of catch projections for the two fishery

components, the recruitment at age two in 1984 and subsequent years

was set to the geometric mean of the period 1973 to 1982

inclusive. Partial recruitment in the period 1985 to 1987 was

assumed to be as estimated for the 1984 fishery. In this instance

the 1985 landings are known - provisionally at least - even though

the 1985 catch at age is not known. The 1985 fall seiner landings

(6608 tonnes) were broken down into the landings for the two

spawning components in the same proportion as in 1984 (6040

spring:fall). The fishing mortality estimated for the fall

component in 1985 is very close to the 0.3 value taken by CAFSAC

to be the optimum fishing mortality (Fo.1) level for herring. The

spring component has an estimated F in 1985 of 0.37, somewhat

higher than the target Fo.1 objective.

The projected Fo.1 level of fishing for the spring spawners is

down considerably from the 10,300 tonnes in 1985. The 1986 to
1988 projected catches suggest a slightly increasing catch from

8,473 to 9109 tonnes respectively. Detailed projection output is

listed in Appendix IV.

summary of projections - SPRING SPAWNERS 	 Run date:191 1/86

year 	 1985 	 1984 	 1987 	 1988

population numbers 312127,17 31376264 321452.71 324330.94

population biomass 50750.13 51482.28 52951.37 54597.88

catch : 	 10300.01 8472.56 8814.79 910906
+ or quota 1030008 0.30 0.30 8.30

age groups considered>2+

Using the catch matrix not corrected for cross product landings

the following is a summary of the resulting projections for the

spring spawners. In this case the recruitment is up slightly to

183 million fish at age 2 and the projected catches are about 7%
greater than with the corrected catch matrix in 1984.

summary of projections - SPRING SPAWNERS Run date:22/ 1/86

year 1985 1986 1987 1988

population numbers 331747.93 332344.76 337311.43 348485.98

population biomass 55045.12 55134.79 56108.71 57444.21

catch 	 : 10300.01 9103.54 9306.80 9536.91
+ or quota 18300.00 8.30 030 0.370

age groups considered>2±



For the fall spawners it suggests a significant drop from the
1985 catch of 19,800 to 14,199 and 13,413 tonnes in 1986 and 1987
respectively. Detailed projection output is listed in Appendix V.

summary of projections - FALL SPAWNERS Run date:19/ 1/86

year 1985 1986 1987 1988

population numbers 608701.42 576248.55 544429.14 553810.10

population biomass 120771.06 115865.33 112869.72 109923.22

catch 19800.01 14199.40 13413.25 12792.30

f or quota 19800.00 0.30 0.30 0.30

age groups considered>2+

Using the catch matrix not corrected for cross product landings,

the following is a summary of the resulting projections for the
fall spawners. The geometric mean recruitment is up to 148

million fish and the projected catches are up by 13% in 1986 over

the corrected catch matrix.

summary of projections - FALL SPAWNERS 	 Run date:22/ 1/84

year 	 1985 	 1986 	 1987 	 1988

population numbers 667534.47 431279.20 611714.46 595433.36

population biomass 135095=36 128555.65 123821.17 119369.21

catch 19820.01 16022.14 14730.83 13790.97

+ or quota 19802.00 0.30 0.30

age groups considered"---2+

These projected catches rely upon a few recently recruited large

year-classes and particularly upon a single young year-class for

each spawning component. The population biomass of the spring

component remains low compared to that 15 years ago - it is not

expected to rise substantially in the next few years. The current

apparent peak in the biomass of the autumn component is not
expected to continue unless significant above average recruitment

occurs.
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Table 1A: Herring nominal landings (tonnes) in NAFO division 4T by month
from 1971 to 1985 (after Ahrens, MS 1985) .

Year Ja-Ma April May June July August Sept. October Nov. Dec. Total

1971 	 42 10644 11895 4809 41521 23067 36282 5163 1053 370 134846
1972 	 - 400 6102 2583 11034 9092 14453 7777 2108 41 53590
1973 	 - 1876 12801 4221 2135 7737 9436 2079 69 3 40357
1974 	 - 1302 14474 1190 2958 3143 7282 3081 1714 9 35153
1975 	 - 4028 20229 1428 289 2398 4646 8986 2256 305 44565

1976 	 - 8461 14406 961 193 1082 1807 5244 6973 326 39453
1977 	 - 7625 8338 8850 244 2125 1148 7166 8726 602 44824
1978 	 240 2046 13363 883 526 2487 10095 13672 6981 2848 53141
1979 	 - 14072 6158 1113 680 1766 6381 5071 9904 2598 47743
1980 	 95 10458 9220 1032 910 2224 1952 9011 5001 540 40443

1981 	 13 1736 4566 729 1588 5119 3986 2171 1246 - 21154
1982 	 - 199 5667 876 442 5592 8047 3122 36 - 23981
1983 	 - 263 7282 1000 851 10291 2735 2160 1291 - 25873
1984* 	 - 87 5603 428 506 5217 7881 5389 210 - 25320
1985* 	 - 75 5075 750 110 6800 15600 1550 110 - 30070

*provisional

The 1985 nominal landings reported here include some 1500 tonnes
of herring confiscated by D.F.D. during the fall fishery.
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Table 2: Nominal landings of herring (tonnes) by gear and by

fishing season in NAFO Division 4T, 1971-1985

GILLNETS 	 SEINES

(and other inshore) 	 (and other offshore)

YEAR 	 SPRING 	 FALL 	 SPRING 	 FALL 	 TOTAL

1971 14074 10327 13316 97129 134846

1972 8137 9585 948 34910 53580

1973 11713 7920 7185 13539 40357

1974 8285 4199 8681 13988 35153

1975 7119 4741 18566 14139 44565

1976 6611 3419 17217 12206 39453

1977 4928 3285 19887 16726 44824

1978 8484 4853 8048 31758 53141

1979 7444 5780 13899 20420 47743

1980 6443 6784 13330 13886 40443

1981 6545 10926 20 4552 22043

1982 8742 14130 0 3109 23981

1983 8545 13858 0 3470 25873

1984* 8118 16273 0 3050 25441

1985* 5900 17800 0 8400 30100

*provisional The 1985 total dues not equal the total in Tables
1A and 18. This total includes some 2000 tonnes of

fish confiscated by D.F.O.

Table 3: Nominal landings of herring (tonnes) by gear and by
spawning group in NAFO Division 4T, 1974 to 1984.

GILLNETS 	 SEINES
(and other inshore) 	 (and other offshore)

YEAR 	 SPRING 	 FALL 	 SPRING 	 FALL 	 TOTAL**

1974 7903 4581 6541 16108 35153

1975 8319 3590 18544 18161 44414

1976 7094 2935 14833 14590 39452

1977 5555 2656 18029 18584 44824

1978 8891 4446 15205 24599 53141

1979 8480 4744 9480 24839 47743

1980 8979 4248 10678 16538 40443

1981 5818 11653 2640 1931 22043

1982 7595 14808 300 2809 25512

1983 8311 14079 1588 1882 25860

1984* 4322 15647 1815 1235 23019

* provisional

** Values in this table are based on the cross products of the
catch matrices and the weight matrices. Consequently, totals
may vary slightly from reported landed weights in the VPA..
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Table 6a Average landing (tonnes) per successful trip and number

of nets used per successful trip for herring gillnet

fisheries in NAFO division 4T, 1973-1985 (modified

after Messieh MS 1981, Cleary MS 1983 and Ahrens MS 1985).

YEAR SPRING FISHERY FALL FISHERY

(Jan - June) (July - Dec.)
tonnes/trip nets/trip tonnes/trip nets/trip

1973 2.09 21.00 2.64 7.1

1974 123 20.57 2.99 76

1975 1.29 30.10 3.63 7.2

1974 1.34 28.90 3.13 8.9

1977 1.89 2787 3.56 9.3

1978 2.22 29.40 3.21 11..4

1979 1.49 34.40 1.78 11.9

1980 1.09 31.46 1.45 11.0

1981 0.92 35.95 2.15 11.0

1982 1.73 35.39 2.33 11.0

1983+ 1.79 (30) 3.45 (11)

1784* 1.45 22.29 3.32 5.3

1985* 1.74 22.84 4.83 5.2

* provisional

+ 1983 is interploated and not based on an actual survey

Table 6b: The weightings by landings of the historic effort
series in Table 6a (above) as re-calculated for the
spring.

YEAR ............. SPRING................ SUMMARY

---- Chal eur------ ----Escumi nac--- SPRING FALL

# nets landings 4 nets landings
1973* 5.25 2274 29.33 4314 21.0 7.10

1974* 5.25 100 27.34 2743 20.6 7.55

1975* 6.00 304 32.81 2688 30.1 7.17

1974* 6.33 688 33.50 3381 29.9 8.89

1977* 8.40 316 31.69 1639 27.9 9,33

1978* 8.60 738 33.02 4225 29.4 11.38

1979* 9.50 640 38.74 3780 34.4 11.92

1980** 12 907 39 2342 31.5 11

1981** 13 599 41 2661 35.9 11

1982** 11 891 41 3827 35.3 11

1983 (30) (11)

1984*** 72 563 25.4 2614 22.2 5.3

1985*** 7.5 432 25.1 4242 22.8 5.2

* 	 landings and It nets from O'Boyle and Cleary (1981).

** 	 landings taken from purchase slip and supplementary

summaries and It nets taken from Cleary (MS 1983).

*** landings from Statistics Branch, Gulf Region and It nets from

November 1985 questionnaire.



I

Table 7 CPUE index - landings (tonnes) per net-trip for

gillnet herring fisheries in NAFO Division 4T 1973 -

1955. These values are calculated by dividing column I

(tonnes per trip) by column 2 (nets per trip) for each
seasonal fishery component in Table 4.

YEAR 	 -SPRING FISHERY 	 FALL FISHERY

(Jan - June) 	 (July - Dec)

1973 0.100 0.375

1974 0.060 0,393

1975 0.043 0.504

1874 0.046 0.352

1977 0.068 0.383

1978 0.078 0.282

1979 8.043 0.150

1980 0.035 0.132

1981 8.026 0.196

1982 0.049 0.212

1983+ (0.860) (8.314)

1984* 8.074 0.626

1985* 0.078 0.929

* provisional

+ 1983 data is interpolated and not based on an actual survey.

Table 8: Landings (tonnes) per set (CPUE) in the fall purse

seine herring Fishery in NAFO Division 4T, 1969 - 1985.

YEAR 	 FALL FISHERY

1969 110.2

1970 90.9

1971 56.7

1972 45.1

1973 41.5

1974 37.9

1975 34.5

1976 40.6

1977 44.4

1978 44.3

1979 24.5

1980 18.7

1981 26.6

1982 N/A

1983 35.5

1984 42.4

1985* 77.2

* Gulf region observer program



Table 9 	 Population abundance indices for the southern Gulf

(NAFO 4T) component of the 4T herring complex. These

data are from the southern Gulf fall (September)

groundfish cruise on the E.E.Prince.

YEAR 	 POPULATION NUMBERS

1978* 	 93 	 million

1971 	 200
1972 	 79

1973 	 98

1974 	 10

1975 	 83

1976 	 31

1977 	 33

1978 	 159

1979 	 38

* cruise not complete

POPULATION BIOMASS
21,000 tonnes

51,000

15,000

11,880

2,808

28,808

8,888

8,088
34,080
4,000

Table lOa:
	 Parameters of the selectivity curves used in the

calculation of partial recruitment of the gilinet
fishery.

Net size Mean Variance 	 Skew Kurtosis

1 	 5/5fl 19.73 4.783 1456 2.94

2 	 It 24.28 4.78 1456 2.94

2 118 25.80 4.783 .1456 2.94

2 1/4 * 	 27.888 4.857 16024 2.989

2 5/16" 28.08 4.783 1456 2.94

2 3/8" 28.84 4.783 .1456 2.94

2 1/2" * 	 30.844 3.219 10945 2.963

2 5/8" * 	 31.476 3.722 .0976 2.897

2 	 /4" * 	 33.649 5.34 1530 2.991

2 7/8" 34.91 4.783 1454 2.94

3 	 If 4.783 .1456 2.94

3 1/4" 39.46 4.783 1456 2.94
* 	 experimentally derived curves from Ahrens (MS 1985).

Table lOb: Percentage of each mesh size used in the 4T Spring season

gillnet fishery.

AREA NET SIZE inches

1.625 2.125 	 2.31 2.58 275 3.88
2.08 2.250 2.375 	 2.625 	 2.875 3.25

Magdalen Is. 4.2 25.4 29.9 33.7 6.7

Quebec 7.8 5.8 48.9 4.0 	 9.5 110 6.3 	 1.8 8.6 2.9

Caraquet 3.3 14.7 48,6 26.5 13.7 1.2

Escuminac 0.6 72.1 17.5 	 9.8
South East N.B. 893 4.9 	 3.7

Nova Scotia 26 5.1 21.7 48.8 22.6

East P.E.I. 15.2 462 21.7 7.1 4.9 	 3.9 1.8

West P.E.I. 0.3 55.2 4,2 23.4 10.1 1.1 4.8 	 18 8.5



Table lOc: Percentage of each mesh size used in the 4T Fall season
gillnet fishery.

AREA NET SIZE inches

2.125 2.31 	 250 	 2.75 3.00
2..00 2.250 2.375 	 2.625 	 2.875 	 3.25

Quebec 	 104 60	 0.5 5.1 18.8 18.5 27.3 5.1 	 9.1

Caraquet 10 79.7 18.4 2.5 	 0.3

Escuminac 100.0
Nova Scotia 2.5 	 3.7 83.6

East P.E.I. 99.6 	 1.4

West P.E.I. 3.3 09 	 37 	 2.7 40.1 30.1 19.2

Table 10th 	 Southern Gulf of St. Lawrence herring landings in
tonnes by seasonal fishery for the 8 fishing areas

used in the 1985 questionnaire (Nielsen, MS 1986).

AREA 	 SPRING 1984 FALL 1984

Magdalen Islands 10..0 nil

Quebec 518.0 1073.0

Caraquet, N.B. 623.4 7088.1

Escuminac, N.B. 2135.8 22.5

southeastern N.B. 290.7 4310

Nova Scotia 184.1 2435.0

east P.E.I. 90.5 4267.8

west P.E.I. 281=7 652.5

Table 11: 	 Partial recruitment for the spring spawning component

used in the past and in the current assessment of the

4T herring complex.

-past assessments ----- ---- current assessment-----

Age 	 Cleary 	 Ahrens & Ahrens Selectivity 	 Historical SVPA
1983 	 Nielsen 1985 Averaging

1984

2 	 0.025 0.14
3 	 044 	 0.80 0.47 0.77 	 0.71 0.73

4 	 0.97 	 0.87 1.00 1.00 	 0.89 1.00
5 	 1.00 	 1.00 1.00 0.92 	 0.88 0.93

6 	 0.95 	 0.95 0.50 0.58 	 1.00 0.95

7 	 0.72 	 0.72 034 0.51 	 1.00 0.59

8 	 050 	 0.50 0.20 0.40 	 1.00 0.33

9 	 0.36 	 0.36 0.15 0.40 	 1.00 0,18
10 	 0.21 	 0.21 0.15 0.40 	 0.52 8.21

11+ 	 0.16 	 0.16 0.15 0..39 	 0.52



Table 12: Partial recruitment for the Fall spawning component

used in the past and in the current assessment of the

4T herring complex.

------past assessments----- ---- current assessment-----

Age Cleary 	 Ahrens & Ahrens Selectivity Historical SVPA
1983 Nielsen 1985 Averaging

1984

2 0.007 0.23

3 0.23 0.23 0.03 0.11 0.21 0.86

4 0.72 0.72 0.50 0.53 0.64 1.00
5 096 0.96 1.00 1.00 1.00 0.90
6 1.00 1.00 0.85 073 1.00 0.58
7 0.90 0,90 0.63 0.54 1.00 0.54

8 0.79 0.79 0.53 0.31 1.00 0.34

9 0.66 0.66 050 0.22 1.00 0.25

10 0.55 0.60 0.50 0.18 1.00 8.20

11+ 0.42 0.60 0.50 0.19 1.80

Table 13: Effort index - annual gillnet effort indices for the

southern Gulf herring complex. These values are

comparable within columns but not between columns due
to the different types of gillnet fishing in the two

fisheries. These values are calculated by dividing
Table 7 (tonnes/net-trip) into Table 3 (gillnet
landings in tonnes).

YEAR 	 SPRING FISHERY 	 FALL FISHERY

(Jan - June) 	 (July - Dec)

1974 132 12.2

1975 193 7.1
1976 154 8.3

1977 75 6.4
1978 117 15.8
1979 197 30.4
1980 256 32.2

1981 224 59.5
1982 155 69.8

1983 138 44.8

1984* 58 25.0

* provisional
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Table 16a: Total mortality (Z) for the spring spawning component

was calculated by two different techniques. The

Paloheimo Z's are calculated from two adjacent years

years with ln(CPUE at age 4) - ln(CPUE at age 5); the

VPA Z's are calculated from two adjacent years by

ln(VPA population numbers at age 4+) - (VPA population

numbers at age 5+).

	

YEAR 	 Paloheimo Zs 	 VPA 4+/5+ Zs

	

74/75 	 0.723 	 028

	75/76	 0 . 588 	 065

	

76/77 	 0.689 	 073

	

77/78 	 0.880 	 071

	

78/79 	 0..858 	 0..80

	

79/80 	 0..875

	

80/81 	 0..866

	

81/82 	 1.363 	 099

	

82/83 	 0.481 	 045

	

83/84 	 0.354 	 052

Table 14b: Total mortality (Z) for the fall spawning component

was calculated by two different techniques.. The

Paloheimo Zs are calculated from two adjacent years

years with ln(CPUE at age 5) - ln(CPUE at age 4) the

VPA Zs are calculated from two adjacent years by

ln(VPA population numbers at age 5+) - (VPA population

numbers at age 6+).

	

YEAR 	 Paloheimo Zs 	 VPA 5+16+ Zs

	

74/75 	 036 	 039

	

75/76 	 053 	 044

	

76/77 	 043 	 053

	

77/78 	 0..73 	 0..62

	

78/79 	 1..35 	 0..80

	

79/80 	 115 	 109

	

80/81 	 0.. 88

	

81/82 	 034 	 034

	

82/83 	 017 	 041

	

83/84 	 -0..08 	 0-35
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Table 18; Historic partial recruitment for the spring spawning

component calculated from the VPA fishing mortality -
Appendix III. The F table was standardized to the mean

of ages 4,5, and 6 with all values over I set to 1.

VPA partial recruitment - SPRING SPAWNERS Run Date18/ 1/86

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

2 ; 0..240 0.019 0.090 0.202 0.036 0.104 0.186 0.697 0.451 0.322

3 1..000 0..241 0..321 0.850 0.341 0.482 0.635 1.000 1.000 1.000
4 0.765 0.778 0.294 1.000 0.735 1.000 0.733 1.000 1.000 0.980
S 1.000 1.000 1..000 0.328 0.410 1.000 0.953 0.747 1.000 0.733

6 0.761 1.000 1.000 1.000 1..000 0.891 1.000 1.030 0.583 1.000
7 1.330 0.451 0.996 1.330 0.578 0.312 0.479 0.829 1.030 1.300
8 1.030 1.003 0.927 1.003 0.915 0.861 0.583 1.000 0. 872 1.300
9 1.333 1.000 1.000 1.000 1..300 1.000 1.300 3.283 0.648 1.033
13 1.000 1.000 0.656 0.411 0.224 1.003 1.003 0.730 3.824 3.738
11+; 1.000 1.300 0.454 0.411 0.224 1.000 1.300 0.730 0.824 0.738

1981 1982 1983 1984

2 ; 3.347 0.033 0.040 0.013
3 3.754 0.721 0.432 0.963

4 1.030 0.941 0.938 1..300
S 0.932 1.000 0.842 1,003
6 0.703 0.928 1.000 0.725

7 ; 1.000 0.602 0.240 3.638
8 1.000 1.000 0.164 0.500
9 1.033 1.000 0.119 3.500
10 1.000 0.305 0.030 IL

11+: 1.003 0..305 3.033 0.475
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Table 20: Historic partial recruitment for the fall spawning

component calculated from the VPA fishing mortality -

Appendix Iii. The F table was standardized to the mean

of ages 5,6 and 7 with all values over 1 set to 1.

VPA partial recruitment - FALL SPAWNERS Run Date:18/ 1/86

1971 1972 1973 1974 1975 1974 1977 1978 1979 1980

2 0..103 0..034 0.042 0.474 0.003 0.002 0.003 0.028 0.011 0.007

3 0.655 0.158 0.030 0.414 0.240 0.011 0.076 0.305 0h084 0.168

4 : 13.739 0.422 13.231 0.311 0.400 13247 0385 0.798 13.527 0h191

5 13.770 0.919 13.689 13.475 0.613 0.657 0.713 0.902 1.0013 0.775

6 	 : 0.865 1.000 0.902 0.932 1.000 1.13013 0.723 1.13130 0.947 1.000

7 	 : 1.000 0.997 1.000 1.000 1.000 1.000 1.000 0.961 0.945 1.000

8 1.0013 1.0130 1.000 1.000 1.000 1.000 1.1300 1.000 1.131313 0.682

9 	 : 1.0130 1.0130 1.0130 1.0130 1.000 1.1300 1.000 1.000 1.1300 1.000

10 1.000 0.834 0.312 0.522 0.443 13,614 13.933 1.1300 1.000 0.612

11+: 1.0130 0.834 0.312 0.522 13.443 0.614 0.933 1.000 1.000 0.812

1981 1982 1983 1984

2 : 0.003

3 0.315

4 : 1.0130

5' 0.750

6 0.753

7 : 1.000

8 : 1..000

	9	 1.0130

	

10 	 1.000

11+: 1.000

0.003

13.294

0.806

1.000

0.899

0.852

1.000

1.000

13=4913

13.490

13.004 13.013

0.123 0.145

1.000 0=7130

0.814 1.000

1.000 0.965

0.763 0.714

1.000 0.410

1.000 0.291

0.997 0.238

0.997 0.251



240

^' 	 220
0
P 	 200

180

m 	 160

140

"^ 0 120

100

80

60

,t

20

32

#'I' 	 . Tt 	 ^'Yt+ 	 ' Ii 	 tIIII+I

Year

Figure 1. Nominal -landings of southern Gulf herring reported from NAFO
division 4T and Subdivision 3Pn.
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Figure 2. CPUE for the fall (Sept. to Dec.) seiner fishery on the southern
Gulf herring complex (NAFO division 4T and Subdivision 3Pn).
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APL proram listing adapted from McQuinn and White oopubIlobed\ for
calculating the F oldest for the southern Gulf herring complex.

/^AL^^FOLu[O]
L 0] CALC^FOLD
[ 	 1] Ai. ' Y^J
[ 2] FEND fl-FEND M1+PEND+PENDM1+NENDM1+YP0
[ 3] CEND_M1+CA ION [Av]+CATCH[A-1;]
[ 4] FEND [ Y ] +FEND_ Nil [Y]+FI[A]
[ 5] DO: PEND[Y]+(CATCH[A:Y]x FEND [Y]+M)-FEND[Y]x1-*-FEND[Y]+M
[ 6] PEND 'H I Y-1]+(PEND[Y]x*M)+CENDM1[Y-1]x*M^2
[ 7] FEND _M1[Y-1]+(wPEND_M1[Y-1]^PEND[Y])-Ni
[ 8] F_Z+FEND_M1[Y-1]x1-*-FEND_M1[Y-1]+M
[ 9] PEND_M1[Y-1]+(CATCH[A-.L;Y-1]xFEND_M1[Y-1]+M)+F_Z
[ 10] PEND[Y-1J+(CATCH[A;Y-1]«FEND_M1[Y-1]+M)^F_Z
L 113 FEND[Y-1]+FENDM1[Y-1]
[ 12] +(2^Y+Y-1)/DO
[ 13] FC•FENDM1
[ 14] II 	 OLDEST AGE GROUP CALCULATED BY $CALCuFOLD$'
[ 15] PET 	 ^ 3 OUT FE 	 ^ QPUT ` ' 	 ^ CRT
[ 1 .] OEX 'FEND_M1' 	 ' OEX `PEND11' ^ OEX 'CEND_M1' ^ OEX 'NEND_M1'
[ 17] OEX 'F_Z'
[ l8] v

"COHO_TRUNC[O]
] COHO_TRUNC

[ 	 1] CALC^FOLD
[ 	 2] I+I-1
[ 	 3] CATCH+(I,J)tCATEMP+CATCH
[ 	 4] FI+ItFITEMP+FI
[ 	 5] F+(I,J)^F
[ 	 6] POP+(I,J/IPOP
[ 	 7] CALC^POPuF
[ 	 8] CATCH+CATEMP
[ 	 93 FI•FITEMP
[ 	 10] I•I+1
[ 	 11] POP+POP,[1]PEND
[ 	 12] F+F.[1]FEND
[ 	 13] MORT+MORT,[1]JPM
I. 	 14] o 	 EE4:PRINTuRESULTS
[ 	 15] OEX 	 FEND 	 OEX 	 'FEND'
[ 	 l6] OEX 	 'CATEMP' 	 ^ 	 OEX 	 'FITEMP'
[ 	 17] v
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C
I

I
Z
	

nh
1 	

8 [a7	
I" C

'a t, •) r
,. C	

ICI
I	

d•	 4I°	r*	r';
,

►°^
N

I
1

1
[Y

'IQ
`N

r••.+
--
	

CD
I	

•d
9

'i•i8
t	'	

CPS
I	

U") rr7 •U V) Cr 	
a rr.1 0^ 	

t••'} ID
I	

' C
r•' U

l 0•
a.	

'4
1

.1 	
0 i-4 ,-4 .4

I 	
^	tr'^ 	

.^ 	,-+
U)

I
I	

*4+-4i-+t-4

0
1	

I%
 8 I	

N
 a

' 1
6

 N
l It 4

r
I

U I 	
rte •

I
I 	

N
 D

 d' I X I
0)	

C9,
I	

*	
0I	

i'•0
'•.I-C

D
IN

.IN
C

q
11'•'4")N

C
O

SCI ' 	
,^
	

^+ 	
,-'

LO	
I*

I
i
i

C9
I

I
I

I
PR	

C d
I	

C
 I try *•+ 8 '0 6 %

0 V
 C

SC
I	

Cl7	 +^+	rte•	 qh
Ut 	

N
1	

C
h

 0
"0

IN
N

IP
N

C
N

I	
•40•I^.C1rte.

t0 	
0"

I	
N

+40tr?fr	
1N

U
"IU

"0fr
I	

+d'I	
+^+I

rt 	
rl

^
^
 rl rN

 ri r^
i ri r^

^
 r4

i
1
 ^0

 ^0
 0

 0
'

0w
I

i

N
I

^L7 U7 ISi '0 	
) h
	

fl lSf rr}
i	

U7	
+	

l	
q]

.0	
0

I	
N

IN
04C

SC
C
•aM

+
^

+
0U

")U
")

I
•	

U I	
"4

I
I	

r»• r•. 8 I]°
r•)

4
i 	

N
I 	

^- 	
r r•1

W U
I

I
1-4	

P.
I 	P
.
	

KM	
RP	

in	
in	

RR	
Rtl	

R.	
RR	

Rtl
I 	R
R
	

RR	
.. 	

an

Al
I N

tr)
c
r0

 0
N

a
a
r,I

I 	
gar 4 L1'3

I-">
I	

4.4	
^e

1

t
I	

rr'
[D
	

I
N•a

I
C

D
W

ia
I

1
i

I
D
	

03	
I

tr')	
03	

I
.•,	

*. 0
' 	

I
r'.

- Q
%
	

I
."

N
	

I
p R̂4^M

0
'!

.
C•a

R
. w

d
	

I
Di	

I
.+J

I	
fr')

I

GJ
I	

R	
.R 	

CD
I 	

IM
+^

I	
I	

I1	 r°..
I

C
	

I
.+J ON

I
ICI	

M ++
I	

I
L; a3	

I
N
	

"
I

I	
•

I
+-+

i	
r'

I 	
N

N
I 	

CD
N

I
N

I 	
b

f"
I	

M
I

a
i
m

I
U7

I	
f„I^	1C]

1	
trw

W
 CO

Q.
I	

N
	

Wi.l
I
,

r+
I	

U0
I

tCLr,
I N
	

L
0

3
G7

^'	
W

 N
'0

Q°
I	R

I
CD

'-"
I	

8
	

M
 *•+

I	
U")

Z
I

t : by
I	

N
	

0^ II
1	

%0
•	

C
LN

I	
CO

N
	

I
^

r

Z r`^.
I N

I

-
a	

ii

I
'r

I	
ICI	

D
t N

U7
Di

I
r'aIU

"
M

N
^	

U7
C'

I 	
C

E
N

I
^

ID
E

N
•

^t	
C

-4
,

i	
U7

 
 
c
1

I 0
CL

I
r{

O
J•

I	
OJ

I
r"4

I	
to) 	

w 4	
.
.
I

is

+G	
Ch

•
I	

df
I



1(3.-+
r)r.4N

N
m

0'%
0

N
0
' 0

' N
 ®
	

ra
•^

m
 r 

I0'74
Iv)	

rr

'-4-4
N

 8 .
0
 
0
'

[I)'4
4 4	

..4

u3w
cv

Z
h

:
a'

^
*a

tit t+
7
'0

N
0
'N

M
*
0
rD

($]

d
 co
	

^
7Q

•^
+

-+
IQ

-4C
d

0
'I

U
7
G

d
td

^
d

-
6
1
^

^
®

m
U)

'4.. 	,.4	
'.4

..4
r•) .4 N

 N
Z

N

0
%  ^-+ N M

 V) ••4 0
	

'I 0
% W

Iv)
1	

•-
^	

^'• *'4  m
 oa •

-4 Iv) *'1 ®
'

n..y
.	

. 	
a	

.	
.	

■ 	
.	

0	
.	

r
03

1 	
. 	

■ 	
■ 	

0	
.	

.	
. 	

•	
■ 	

.
0
)

+
•+

C
51+

1t?Iv)C
J[9R

51M
t7

0'	
1

C
• a^

'^
]U

76^
f5iI 	

f 	
t 	

L9
t.•) 	,.^	,-^	[^,I	

,w
'-4

1
+-4 I•) d'

I
c

C
It7

N
m

N
tIn

8
U

'G
N

 1
0
N

S
0
0
*
+
N

8
a
e
t

0
U"1 *+CAw#Iv) 	

+-4'-+U 7
N

0
'I

,
E

]0
^•D

]*•+S
 m

N
e®

C
9
!9

+'
^+ In

.^ 	
i

r) U7
u

I
^m

%
0
 0

) N
 *

+
 •-+

 N
 N

 N
 0

 m
'.4

1
N

 h
• 0

 0
%

-D
 N

 -4
 6

 N
 0

0
0

. 	
a 	

. 	
I	

■ 	
.	

■	
.	

. 	
M

0
3

I	
■	

a	
.	

. 	
.	

.	
• 	

. 	
.	

.
L

03c 	
In •a^rrar^•^w

+a
tr

a
`n 	

„4	
I

'-	
I N .-' 	

I
.0
1
>

u
as	

on	
.. 	

as	
..	

on 	
..	

as	
..

^ .L .
s-4

L
T

o•1r Ir -N
 a

r N
 '.4

N
 0

3

\
.
 
o
n
 
.
.
 
.
.
 
.
1
 
.
■
 
.
■
 
.
.
 
t
.
 
a
s
	

.■

N
 Iv) 'I In

%
0
N

O
3
0
%

®
+

+

N '+ (N
I''4

 Iv)

it($3(N

Iv)	
h')

Iv) r
NInn 0

•p4	
ri

.c	
4.'u

0
1
a

E
 
L

i4Jr-1
L	

ro
u

 0
4

'
W
L
O

L rn4J

W
 
0
 
U
7

0%

-0
)I

m
ItwtG

N
to

N
'.4

iif	
Iv)

Ulc•ri	
C

.
c
 
0

Ui

4
-
u
c

n
n

L U
0
 
a

su
►

a
4J 	

w
rU

_
a

u
U

l a
L

W
L
4
J

a
g
a
r

C
1-+

N
C

In

rr^ ^+ r•
a4. (N

^O Iv) N

Q
' •"Q

 tr
►T UU a4'
D

] r+ h
U

chU
7

U
7
 h

 N
O

'N
Iv)

-
^

^r	
uO

a
) IN

Iv') ra

r0
rw

uOo3-0
0'530)

6'i%
ac1

M'0
^0'
'ON

^
^
0
3

CACH
 
C

:
0

U
l •rl

•ri 4.'
v
.u

c
^
a

.c 'o •r1
D

'0
4

'
L
 
U

c
 a

^
.C

O ln
4
J^

rV
P-+ a

m
a.

m
 L +J

D
	

0)
.i in

 c

%0co
m
l

^.
D•	

I

tr)p•
N

I
pt

0%
4'

-
4
1

C^	
^q

w
03

3
U.

clX
.i1

0.

N
I

(U
N
I

Z
0
'
I

r+
r+	

I
^

I
0.cn

'nN
I

In
113

iT
Q'

It1
I

0
L>

el'
0

R

4'o
h

LCn
0%

0 
N

o
0%

4.'I.
0%

10
UI

w
n

p.4
Pa

n
¢

ro
a.

H
>

tra	r	
t>a	

I
03 c^ co

170]
I	

[(3
.0

0
'

I
0 Cl%

 Iv,
m

-+
N

IN
•-4

or

••QN..to)	
I

N
N

U
(3

Iv)
^
G

 4
i 0

,
N

N
?

TA
r+

I3
0
'

I	
U

7t
0'

(N
 N

I	
CSI t)	

,-4

-4
7
N

0
.

1	
h') In ($3

r4
 w

4
 N

I 	
•0

 0
' '3

(, % 	'4	
tot

I	
o3 +•4 'CI

C4
Iv

)N
.0

I	
'4

1
(3

0
'

03

I

m
N

C
'

1
'4

 0
	

0
t	

NtI'w'
m

0'40•O
I 'tN

N
U•

,.+ C%4
1 	

.4 	 ,-4	
I

'.4

N
	If)

'U
 0

 t
1l

Iv) m
 a.

re) ®
 Iv)

1
-4

, N

'4
.U

Iv
)H

Iv) Iv )N

438
t

,) m
 r)

IT 8 0-
N

-+
r•)

113 0)
of ar ter
^
8
-
0

Iv) (3 0)
«aO

^C
h

N
 -
-0 03

r4U
7 3 V

)

unon"4-rl

NNs
 
c

0
 
0

,r,	
.r4

.0 	
41U

.
'
	

:

0
1
0

E	
1.

N
 .0

 a
L 3 m
U
 
0
4

-'
W

 L
 0

1.. aD+.'

0
3
O

r+
t)0

,-+
r"

N
O

3
N

N
 1(3V

)a3m
m

m
m

r+^

001N
rN

M
 0 0 -4 C

E
 [13

N
I
n

N
N

	M
	

a*
rvV

	.
	

.
	

.
	

.
	

.
	

.
	

.
	

.
	

.
	

.

r•-ar

03 	
'
C
I

..	
N

V)ra
U7

as 	
0'

ro
"4

0c
N

L 0'



41

Table B.

VPA production/biomass ratio - SPRING SPAWNERS 	 Run date13/ 1/86

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

0.37 0.30 0.28 0.37 029 071 0.36 0.33 0.55 0.83 0.94 0.58 8.29 0.47

Table 9.

VPA fishing mortality - SPRING SPAWNERS Run date:13/ 1/86

1971 1972 1873 1974 1975 1976 1977 1978 1979

2 : 0.058 8.004 0.023 0.040 0.033 0.055 0.086 8.384 8.257
3 0.251 8.049 8.083 0=169 0.309 0.256 0,294 0.620 0.781
4 0.185 0158 0.076 0228 0.666 0.585 8.340 0.626 0.571
5 8.356 8.237 0.275 0.065 0.371 8.535 0.442 0=412 0.885
6 0.184 8.213 0.422 0.305 1.879 8.473 0.689 8.616 0.332
7 0.500 0.891 0.258 0.492 0.523 0.164 0.222 0=457 0.614
8 8.772 8.432 0.239 0.475 0.828 0.457 0.269 8.903 0.496
9 8.882 8.594 0.494 8.428 8.942 0.934 0.741 8.156 0.369

18 1=337 0.209 0.169 0.082 0.203 0.625 1=071 0.402 0.489
11+: 1.337 0.209 0.169 0.082 0.203 0.625 1.071 0=402 0.469

4+ 0.691 8.188 0.245 0.257 0.622 0.563 0.589 0.593 0.684

1980 	 1981

2 0.302 0.027
3 1.204 0=444
4 0.919 0.804
5 0.888 0..548
6 1=207 0.414
7 1.338 1.644
8 1.157 1.572
9 1.728 4.823

10 0.692 0.592
11-'-: 0.692 0.592

1982 1983 1984

0.009 0.013 0.002
8.204 0.142 0.154
0.272 0.299 0.200
0.314 0.277 0.164
0..262 0.411 0.116
0.170 0.079 0.102
0.492 0.054 0.080
1..228 0.039 0=088
0.086 0.010 0,080
0.084 0..210 0..076

4+: 1.051 8.996 0.277 0.293 0.173
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Table S.

VPA production/biomass ratio - FALL SPAWNERS 	 Run date:131 1/86

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

0.19 0.35 037 0.25 021 0.36 0.59 0.39 0.66 055 0=46 0.51 0=28 0.22

Table 9.

VPA fishing mortality - FALL SPAWNERS Run date: 13/ 1/86

1971 1972 1973 1974 1975 1976 1977 1978 1979

2 : 0.049 0.021 0.031 0.158 0.001 0.001 0.001 0.015 0.010
3 0.440 0.097 0.015 0.137 0.084 0.004 0 . 030 0.158 0.076
4	 : 0.494 0.383 0..114 0.103 0.141 0.095 0.154 0.414 0=477
5 0.517 0..586 0.341 0224 0.216 0.252 0.286 0.469 1.002
6 	 : 0.581 0.668 0=446 0.309 0.423 0.404 0.290 0.590 0=857
7	 : 0.917 0.614 0.698 0.482 0=417 0.494 0.828 0.499 0.855
8 : 1.089 0.796 0.560 0.489 0.398 0.443 0=539 1.096 1.252
9 1.452 0.679 0.544 0.550 0.889 0.558 0=733 0.998 2.533

10 	 : 2.761 0.513 2.154 0.173 0.226 0.235 0.374 2.612 0.51
11+: 2.761 0.513 0.154 0=173 0.226 2.235 0,374 0=612 0.951

5+: 0.842 0.592 0.336 2.259 0.259 2.334 0.455 0.651 1.060

2:

4:
5:
b

I:

9:
10
11+:

1980 1981

0..006 2..021
0.148 0.060
0.169 0.223
0.885 0.144
1.009 0.145
0.954 0=287
0=622 0.622
1.754 0.419
0.718 0=412
0.718 0.412

1982 1983 1984

0.001 0.001 0.003
0.065 0.019 0.028
0.177 0.236 0.133
0.275 0.129 0.250
0.198 0.225 0.183
0.187 0.121 0.135
2.540 2.224 0.078
1.175 0.781 0.055
0,108 0.158 0.045
0.108 2..158 0.048

5-4-: 0.782 0.178 2.259 0.171 0.183
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