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ABSTRACT

Reported herring landings in 1984 in the southern Guif of 5t.
Lawrence (NAFD division 47) were 25,328 tonnes, similar to those
of 1983. The 1985 landings are approximately 38,888 tonnes.
Partial recruitment for both the spring and fall seasonal
+isheries were derived from experimental seiectivity 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 =gual ko the
F's on the previous ages group.

The spring spawning component appears to have a terminal F of
B.28 and the fall spawning component had an F of 8.25. Both
components of this stock compiex have strong year-classes upon
which the landings ares dependent.

The projected landings at an Fo.i of 8.3 for 1987 are between
8,47% and 9,183 and between 14,199 and 14,822 tonnes for the
spring and fall spawning components respectively.

RESUME

Les débarquements déclarés de harengs provenant du sud du golfe du Saint-Laurent
(division 4T de 1'OPANO) ont été de 25 320 t en 1984, niveau analogue & celui de
1983. En 1985, les débarquements se sont élevés & environ 30 000 t. On a
déterminé le recrutement partiel correspondant aux péches de printemps et
d'autame a partir de données expérimentales de sélectivité. Dans le cas des
groupes d' ages les plus élevés, on a cbtenu F en présumant que sa valeur pour un

groupe d'dge X+ donné serait & peu prés égale & sa valeur pour le groupe d'dge
antérieur.

Le F terminal semble &tre de 0,20 pour la reproduction de printemps et de 0,25
pour la reproduction d'autamne. Dans les deux cas, le stock se caractérise par
des classes d'dge abondantes dont dépendent les débarquements.

On prévoit qu'en 1987 les débarquements, pour un Fp,1 de 0,3, se situeront
entre 8 473 t et 9 103 t pour les reproducteurs de prlnterrps et entre 14 199 t
et 16 022 t pour les reproducteurs 4d'autamne.



INTRODUCTION

The southern Gulf (MAFO division 47) herring (Clupea harengus
harengus?! complex has had a wvariable fishery historvy. & espizootic
in the mid i958's {Tibbo and Graham, 19543 is believed to have
drastically reduced the stock biomass, however, socon atterwards
two very large year-classes {avhumn of 1958 and spring of 195%)
i=d to the highest landings on record — 388,888 tonnes 1n 1978
{Winters et al. M5 1977). The landings declined thereafter to a
recent historic low of 21,888 tonnes in 1981 (Tables 14 and BH).
This precipitous decline (Fig 1} is felt toc have been dues fo high
fishing mortalities and successive poor recruiitmesnt to both the
spring and fall spawning componsnts 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 descades. The adwvent of the mobile
nurse seine flept to the Gulf in 19864 was the first big change
from the traditional inshore set and dritt gillnets and fixed
traps. &fter the seiners became establiished they further changsd
from mainly a winter fishery along southwest Mewfoundland and a
summer fishery in the southern Sulf before 1972 to a
predominantly spring purse seine fishery along the ‘sdge’ of ths
favurentian Channel and a fall fishery in the southesrn Gulf. The
iast year for the spring and summer seiner fishery was 1781
{Table 2. Currently this stock complex has 2 spring and falil
southern Bult gilinet fishery as well as a small fa2il sesiner
fishervy.

There are at present two maior passive fisheries; the spring
gillnet fishery {Escuminac, western FPrince EBEdward Isiand {(F.E.I.:
and southeastern Mew Brunswick) and the fall gilinet fishery
{Caraguet and BGaspe, esastern F.E.I. and the Gulf coast of MNova
Scotial. These fisheries exploit the spring and f3il spawning
components on their spawning grounds. The fall seiner fishery is
not limited to spawning grounds and euploits both spawning
groups. Because of its mobile nature, the seasonal distribution
of landings has {in the past} tended tp follow the migratory
patterns of the herring. Today, with guota control the fishery
occurs mostly in the #all in the Bay of Chaleur and Gaspe

areas.

# Spring and fall are used with two differesnt meanings with
regards to this fishery. There are the spring and fail
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. & spring population component can be harwvested
in a tall management component fishervy.
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Management was carried out with the aid of “inshore -

offshore’ guotas from 1772 until 1982, then with ‘spring — fall”’
season guoias and finally, since 1983 with regional allocations.
The provisional landings for 1984 were 25,328 tonnes and for
1985, approximately 38,888 tonnes — including some 1,588 tonnes
of herring confiscated by D.F.0O. officials during the fall
gillnet fishery of 1985.

A& precavtionary Total Allowable Catch (TADY of 158,888 tonnes was
first set in 1972 i{iett, et al, M5 i978}. From 1975 to 1788 the
TAC was approximately 55,888 tonnes (Table 1B!. It dropped in
1781 to 14,888 tonnes and fluctuated betwsen 15,808 and 280,080
tonnes until 1984. Landings have consistently exceedsd these
TAC s — and it must be noted, the reported or nominal landings do
not include much of the herring used for bait, the unsaleahbhle
fish that are dumped at sea and those instances when under—
reporting is known to have occurred.

CATCH AND WEIGHT-AT-AGE MATRICES

Sgparate catch—at—age matrices {(Tables 4a and Sal were available
for the spring and fall spawning components of this complex, the
present ones have been modified from fhrens (M5 1285). The catch
at age have been adiusted to ensure the total annual landings of
gach gear for both spawning groups (Table 3} sgualled the total
annual landings of esach gear for both seasons (Table 2)}. The
annual change in caich biomass and thus numbers ranged from —5%

to +B% of the value used in Ahrens (M8 1985). Two sets of analyses
waere carried out to track the difference between these two catch
matrices.

Lett et 21l. (M5 1978} used 2 catch matrix with the maximum age
extending from age 18+ in 19467 o age 19+ in 1974, Post VPSS runs
since that times have utilized 2 truncated matrix io 11+ (Hinters
and Moores, M5 1988, Cleary, M5 1981 and M5 12823. Cleary (M5 1983)
was the first to use an "extended”’ matrix (to 21+ and it was
used again by Ahrens and Mielsen (MS 1984). The catch at age of
aolder fish wnas estimated by assuming that catches of successive
cohoris would retain the same relative values as they progressed
from age 18 to age 28 (diagonally down the matrixl. As otolith
determined ages are pnly reliable to aproximsately 11 vears it was
felt this procedure may introduce invalid assumptions abhout age
specific survival and the fishing mortality (F} in the older age
classes. To aveoid this extendesd matrix problem, Shrens (M5 19285)
showed there was little difference between the results obtained
in using the “extended’ or the "truncated” {(to age 11+ matrix.
McBuinn and White (Gnpub .) have discussed how best to estimate
the F for the oldest age groups from such "truncated’ matrices.
Their technigue has been utilized throughout this document -
their slightly altered APL program is listed in Appendix 1.
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Separate weight—at—age matrices {Taklezs 4b and Oh! were available
for the spring and fall spawning components of this complex, the
present ones have been taken from Shrens (M8 1985). The obhserved
weights at age for ages 2 o 1i+ were input for each year between
1971 and 1974, and an average weight—at-—age vector from the vears
i981 to 1984 weres used for the peripd 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 wiith the reported
landings.

FISHING EFFORT AND CPUE

gbhundance indices are gtilized to tune or calibrate Virtual
Population Analysis {(VP8) estimates of population bipmass 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 seriss available
are commercial Datch-—Per—-Unit-Effort {(CFUEs) indices. Such
commercial series have been developed for the spring and fall
managemsent components of the gilinet fishery (Tables Sa and 73
and the seiner fishery {Table 8}.

The average gillnet sffort per fisherman {(number of nets set per
night} was estimated from guestionnaires: 0 Boyle and Cleary
{1981} From 1973 to 1979; Clearvy (M5 1983 from 1988 to 19B82Z;
Ahrens and Hielsen M5 1983} for 19B83:; and Niglsen (ME 1984) for
1784 and 19835.

The most recent survey of herring gillinet fishersen was carried
out afiter exstensive interaction with fishermen and their
representatives. Hecause of these consultations the general
makeup and tvpes of guestions asked varied from the sarlier
surveys. In order o account for some of this variastion as well
as differences in the analvsis, the data from the sarlier series
for the spring were re—calculated. The 311 data were not re—
calculated as only dats from the Caraguest fishery were used. The
major basis of this re—calculation was the weighting factors
based on fishing areas — these areas arg now weighted by landings
rather than the number of responses; the arsa responses and
weighting factors are listed in Table &b,

The average number of nets used per frip {Table &al} shows an
increasing trend wuntii 1284, This may, however, be partly the
result of the type of guestions asked {as suggested by the
fishermeni, the wsighting factors used at diffprent times ilyears?
of the analvysis, the lack of consistency of the guestionnaires,
and the recent understanding gained by fishermen’ s organizations
of how guestipnnaire responses affect the estimated population
abundance. Because of these problems the validity of the
questionnaire technique must be critically assessed prior to the
i986 fishing season.
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The average landing per successful trip, i.e. per purchase slip,
{Table &ay shows differing brends for the two seasonal fisheries.
These data are biassed because unsuccessful brips are not
reported, by splitting a2 large catch ampng the crew so 2ach
aobtains a puwrchase slip, by grouping several landings together by
week, stc. This series is weighted by sffort (nusher of purchase
slips) resulting in a straight average of all available purchase
slips.

The CFUE index {landings per net-successful tripd 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 1783
to 1785. These increases depend very much upon the interpretation
of the gusstionnaire 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 311 fishervy.
It is possible that the responses to the 128BS guestionnaires may
have been influsneced by the "publicity’ given the interview and
the realization, sither consriocus or unconscious, that the fewsr
nets reported used, the greatsr the apparent stock recovery and
thus the larger the resultant TAC.

Catch per unit effort from seiner log books from the 194% to 1984
falil (Sept —Novi fishery i(Table B, Fig 2} was taken from dhrens
(M5 1285, The 19830 point ha= been calculated from provisional
Bul¥ observer data - based on 48 nights (= sets) of observed
opperation. This CPFUE series shows a rather steady decline from
1967 to the low of 1788 with a continueal increase since.

RESEARCH DATA

Spring spawning bed surveys: Spawning bed surveys were conducted
in 1981, 1983 (Messieh et al., M5 19283} and 17B4 {(iMessieh st al.,
M5 1785} with estimated spawning biomass levels of 158, 588 and
22346 tonnes respectively. The 1285 survey was terminated after
only partial completion due to disturbances caused by the
+ishermen of the area.

Aerial surveys: Aerial surveys were conducted in 1988, 1981,
{Murdoch, unpublished) and 1983 {(Messisgh, pers comml}. These
surveys show high interseasonal variability with the nusber of
nets increasing toward the send of the ssason. No clzar statement
can be made dus to the many unknowns with this type of survey
{eg. number of sunken nets, number of times a net is emptised per
day, nets that are fished during the night only, stc.?

Research vessel surveys: Bottom trawl surveys in the southern
Gulf of St. Lawrence have been conducted on the E.E.Prince since
1978, The data series from 1978 to 1977 has been summarized by
Koelier and bLeBresiesy (1781} (Table Z}). The schooling and
migratory behaviour of herring limit the usefulness of any
abundance index conducted by a bottom trawml. Data from 192868 to
1784 have not yet been analvsed in detail but preliminasry review
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shows a continuing highly variable nature. The general trend from
1978 to 1979 is downwards, however, the variable nature of this
series would make 1t impossible to use for VPA calibration.

Gillnet selectivity: Experimental gillnet fishing was conducted
in 1984 {(Ahrens, M5 1985} and from these data selectivity was
ralculated. Using thess results an estimate of partial
recrultment (PR} was calculated.

PARTIAL RECRUITMENT

PR was re-calculated from the previocus assessment as new data
were available from the guestionnaire on the size composition of
the gilinets used by the fishermen. FR was calculated separately
for both the spring and fall management componenits and applisd to
the respective spawning components. Selectivity ogives for 12
different nets were used in the calculation of the PR. Sslection
ogives for four of these mesh sizes (2 174, 2 172, 2 578 and 2
374 in.}l were derived from experimental fishing in 1984 and used
in the previous assessment {(Ghrens, HS 19851. The mean, variance,
cosfficients of skewness and kurtosis were determined for esach of
these curves. Selectivity ogives for other mesh sizes were
interpolated from these ssperimental data. This was done by
estimalting the mean selection length using the following
relationship cbtained in the 1984 gilinet trials:

HMean selection length = 4.78 » mesh size.

This selection factor is similar to the value of 4.77 obtained by
Olsen {195%). The wvariance, coefficients of skewness and

kurtosis were estimated by taking the average of these parameters
of the four known curves. Using these parametsrs (Table 18a) and
the Gram Charlier Series {Kendall & Btuart, 19891, the
selectivitv—at—-iength ogives were derived (Fig. 3: for esach

mesh size. Belectivity at age was obtainsd by multipiving the
selectivity at length by the age—at—length kevy.

The proporition of sach gilinet mecsh size (Tables 18b and 18c)
used in 8§ different zreas of N&FD Division 47 {Caraguslt, Gaspe,
Escuminar, southeast dMew Brunswick, Gulf dMova Scotia, sastern
F.E.T., western F.E.I.; and Hagdalen Islands? was calculated for
the spring and fall fishing seasons from the results of personal
interviews conducted in the fall of 1785 {(Nielsen, M5 1986:.
Gilinet landings for the corresponding areas and seasons (Table
18d} were broken down according to the proportion of gilinst
mesh sires and used as weighting factors to obtain a combined
selectivity at age for =sach gilinet fishery.

Becanse immatures fish are unavailable to gillnet fisheries besing
conducted on spawning grounds, maturity at age must be included
to arrive at the partial recruitment for gilinets in sach
fishery. The following maturities at age were assumed for the
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spring and f211 fisheries and multiplied by the sslsciivity at
age:

Age 2 = & = -
Spring fishervy @ 8.5 4.8 1.8 1.8 . {Ahren=s, unpubl
Fall fishervy @ 2.1 @H.6 1.8 1.8 . iWinters, unpubl.
The maturity used for the fall fishery is that based on the fApril
to May seiner “edge’ fisherv in the 1978°s - assumed to be the

same fish as those caught in the fall fishervy.

Selectivity at age for the purse seine fishery was assumed to be
1.8 for ages 3 and over. This wvector was combined with the
gilinet partial recruiteent in order to obitain a giobal partial
recruitment for sach spawning group {(Tables 11 and 12y -
weighting was by respective landings. The same proporition of
spring and fall spawners was used in the ssiner landings as that
used by Ahrens (M8 19285) {(4BY and 48% respectivelvi. The
resulting combined partial recruitments are as follows:

fAge = 4 S & F =4 7 ia 11+
Spring @g.77 1.88 B.82 8.58B B8.51 f.48 @.48 @. 48 B.48
Fail B.i1 B.53 1.88 8.7 B.54 B.31 8.322 8.18 .19

FPartial recruitments for spring and fall spawning component
fisheries used in previpus assessments and those derived for this
assessment are presented in Tables 11 and 12,

Partial recruoitment vectors were also calculated by the more
traditional historical averaging technigue and Separable VPG
{8VPAY (Table 11 and 12). Historical averaging was carried oat by
standardizing to the average PR of ages 4§ to & of the ysars 1981
to 1283 and setting all wvalues over 1 to 1, then smoothing by
eye. ine fall PR did not converge with this method dus to several
yvear—classes in ong vear appearing exceedingly large and not
appearing proportionately as large in the following vear. These
age—vyear anomalies also lead o the failure of 5VPA +or the fall
fishervy.

NATURAL MORTALITY

Due to the lack of any information to the contrary natural
mortality (MY is assumed to be 8.32.

FISHING MORTALITY

Oldest age group: In the latest assessment {(Ahrens, ME 1785) the
F's on the pldest age group were “chosen to provide an
appropriate balance betwesn population abundance and catch at age
n in year m and population abundance at age n+l in yvear a+i®. For
this assessment we have utilized the technigue described by
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McBuinn and White (unpub .) assuming that the F on the oldest age
{in this case the ii+ groupl) is the same as the F on the Znd
oldest, thus the catch mabrix was then handled as though it ended
at age 18 and subseguent calculations carried out on the 11+
group which were then added to the results (ses Appendix 1 for

an AFL program listing).

One difficulty with this approach is the lack of convergence in
the sarliest years. This is dus to the large percentage of ths
biomass which occuwrs in the ‘plus’ age group — such as occurred
in the 1971 spring matrix where 5874 of the catch biomass is in
the 11+ and even as late as 1976 when 387 of the biomass is found
inn the 1i+ 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 gilinet effort index for
each spawning group {({Tabie 13). The fully recruited F for the last
vear was selected by utilizing the appropriate spawning group
partial recruitment derived above and a series of selected
terminal F's. Hegressions were run between esach spawning group’'s
catch numbers at age per unit effort and the corresponding
estimated VFA population numbers at age (Tables 14 and 15). The
selection criteria were based upon maximizing the cosfficient of
correlation (R2} and minimizing both the residuals of the last
two yvears (172783 and 1984) and the intercept. This was repesated
individually for ages 4, 5 and & for the years 1974 to 1784. The
relationships were not strong and supplementary evidence was
cbtained from sxamination of other relationships:

i. Falioheimpo total mortality (£ (CPUE at age of a yvear-—
class in two adijacent years at ages 475 for the spring spawning
component and 5756 for the fall spawners}) Tables iéa and 1b6bg

2. VPA I's {VPE population numbers of 3 plus age group in
one vear by population numbhers of the next pius age group in the
following year — 4+/5+ for the sSpring spawning component and
S+/6+ for the fall spawners) Tables 16a and 1é6bg

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 (Tabie 7} Tablies 14b and 15bh; 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 vear {(terminal F)} was sstimated to be 8.28. This valuse
ics a compromise between the variopus indicators. The CPUE at age
by VPS8 numbers at age calibration (Table 14a) indicates a
terminal F in thes range of B.25, while both the 7 calculations
{Table 1&a) and thes 4+ VPA population biomass wversus the CPUE
index {Table 14b) indicate an F of 6.15.

The oubtput from the VPA runs at an F of 8.28 ares listed in Appendix
I1. The 1979 year-rlass {age 5 in 1784} continued to be

dominant for the third consecutive year, its abundance at age 2
in 1981 is estimated to be 2531 million fish. The 1988 yvear-class
at 111 million fish at age 2 appears to be above the geomeiric
mean of approximately 188 million. The biomass appears to be
about the same as in 1982 and up slightly from 1985, The
exploitable biomass {Table 17} was calculated by multiplving the
mean population biomass from the VPA by the historical PR (Table
i8). This PR was calculated by standardizing a yvears F's at age
{from the YPA) by the average of ages 4 to & and setting all
values over 1 to 1. This shows a similar pattern for the 2 most
recent years, it does however show a much more significant
decline in 1981 than was apparent from the VYFPA biomass.

Fall spawning component: From the tuning conducted on this
component (Table 15a and b} and supplemental information, the
terminal F was estimated to be B.25. The CPUE at age by VPA
numbers at age calibration did not vield any useful interpretive
data, the correlation coefficients were extremsly low and had
little discriminatory power. The 4+ VP8 population biomass and
the CPUE indicated a terminal F of approximately 8.23 and 5+ VFA
population biomass and CPUE indicated an F in the range of #@.36.
The Palcheimo I estimates in this case did not yield useful
results {Table 16bY, the negative values for the 576 Paloheimo s
for 1728371984 indicates the sffort may have been under—estimated
in 1984, is.the LPUE may have besn overestimated from the
questionnaire.

The output from the VPA runs at an F of B8.25 are listed in
AFPEMDIX III. The 1988 year-class {(age 4 in 1984) predominated in
1284 and its abundance at age 2 in 1982 is sstimated to bhe 3346
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 17982 is
approdimately 148 million fish. The biomass has continued to drop
over the last I years and now stands at a level slightly above
that between 1974 and 1978. The exploiitable biomass (Table 19}
was calculated in the same manner as for the spring component
above. The PR (Table 28) was calculated by standardizing a yvears
F's—at—age {(from the VFA} by the average of ages S to 7 and
setting all values over 1 to 1.This shows the bipmass to be
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increasing significantly since the lIow in 198B8. This is dus to
the 1788, 198B1, and 1982 vyear-classes recruiting to the exploited
population.

CATCH PROJECTIONS

For the purposes of catch projections for the twn fishery
components, the recruitment at age two in 1984 and subseguent years
was set to the geomeiric mean of the period 1973 to 1782
inclusive. Fartial recruitment in the period 1985 to 1787 was
assumed to be as sstimated for the 1984 fishery. In this instance
the 1785 landings are bnown — provisionally at Isast — even though
the 1785 catch at age is not known. The 19835 fall sepiner landings
{4588 tonnes) were brolen down into the landings for the two
spawning components in the same proportion as in 1984 {(58:48
spring:fallil). The fishing mortality estimated for the fall
component in 1285 is wery close to the 8.3 wvalues taken by CAFSAC
to be the optimom fishing mortality {(Fo.l) levsel for herring. The
spring component has an estimated F in 1985 of 8.37, somewhat
higher than the target Fo.l objective.

The projected Fo.l level of fishing for the spring spawners is
down considerably from the 18,388 tonnes in 1785, The 1985 to
1288 projected catches suggest a slightly increasing catch from
8,473 to 2189 tonnes respectively. Detailed projection output is
listed in Appendix IV.

summary of projections — S5PRIMG SPAWNERS Run date: 1%/ 1/8&
year z 1785 i78s 1987 1988
FI2127.17 3F1E78Z.64  F21452.7F1  Z246E3E58.94
S@758. 13 Z1482.28 S2931.37 54597 .86
1@a30@. a1 8472.5646 8814.7%9 ?189.046
138588 B.38 &.7=8 .38

population numbers
population biomass
catch

+ or gunta

ELIEE | B | I 2

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 spawnsrs. In this case the recruitment is up slightly to
18% million fish at age 2 and the projected catches are about 74
greater than with the corrected catch matrix in 1986.

summary of projections — SFPRING SPGHENERS Run date:22/ 1784
vear z 1985 1286 1987 1288

SIE1747.9353 33EZ344.746 EF3ITILi.4%Z 348485.98
Sondo. 12 SSi1346.T79 S6IBB.TI SF444. 21
1a3v0. 01 2183.54 T06.80 534.721
iG506. 86 @&.Z8 a.38 #.38

population numbers
population biomass
catch

¥ or guota

age groups considersd>2+



For the fall spawners it suggests a significant drop from the
1985 catch of 12,888 to 14,197 and 13,413 tonnes in 1984 and 1987
respectively. Detailed projection output is listed in aAppendix V.

summary of projectipns — FALL SFAWNERS Run date: 197 17846
yEar z 17985 1988 1287 1988

&BE781.42 5S5743248B.55 2 5SH442%.14 S53B1A. 18
128771.856 118B&5.33  1128B&62.72 1B89923.22
17g08a. 81 i4319%.48 13413.25 12792.38
17866, 688 a.za a.za B.36

population numbers
population biomass
catch

¥ or guota

age groups considered>Z2+

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 134 in 179B4& over
the corrected catch matrix.

summary of projections — F8lLL SPAWNERS Fun date: 22/ 1785
year H 1985 i784& 1287 igge

GETSE4.47  &3I1279.28 L£11714.486 S954335.36
135@895.3536 128505.465 123821017 11934%.21
17888. 61 15822.14 147368.83 1Z798.57
19868.06 B.38 @. 38 @.z8

population numbers
population biomass
catch

f or guota

PN BT N}

J
-

age groups considered>2

These projected catches rely upon a few recently recruited large
year—classes and particularly upon a single yopung vear—class for
each spawning component. The population biomazszs of the spring
component remains low compared to that 15 yvears ago — it is not
expected to rise substantially in the nsxt few years. The current
apparent pealk in the biomass of the autumn component is not
expected to continue unless significant above average recruiiment
OCCUrS.
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Table

i6:

Herring nominal landings (tonnes) in NAFD division

from 1971 to 1985 (after Ahrens,

Year Ja-Ma April
1971 42 184644
1972 - 488
1973 - 1874
1274 - 13@2
1973 - 4@28
1976& - 8441
1977 - FE25
1978 248 2844
1979 - 14872
1786 95 1@458
iz81 i3 1736
. 19282 - 199
12983 - 263
1984% ~— 87
1985% - 75
*provisional

May

11895

&1@2
12861
14474
28229

14486
338
13363
&£158
228

4566
S667
7282
=1-1% 3
5875

June July August

4887 41521
2583 11834
4221 2135
1198 2958
1428 289
51 193
gase 2448
883 526
1113 LB
igz2 210
729 1588
B76 442
1608 851
428 o4
758 118

23847
Fa72
T737
3143
2398

1g82
2125
2487
17464
2224

5119
5592
13291
5217
&£BBa

MS 1985).
Sept. October Nov.
z6282 5163 1@33
14453 7777 2i@e
436 2479 &9
7282 @81 1714
4644 B84 22586
1867 5244 &273
1148 7166 B724
18295 13672 &981
6381 S@71 9984
1952 Q@11 Sent
3786 2171 1244
847 3122 35
2735 2168 1291
7881 5389 218
15580 1556 110

4T by month

Dec.

The 1985 nominal landings reported here include some 1588 tonnes

of herring confiscated by D.F.D.

during the fall fishervy.

Total

134846
53598
4@357
Io153

44565

39453
44824
53141
87743
40443

21154
23981
25873
25328
Ja078
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Table iB. Mominal landings of the southern Bulf herring complex
including MAFD division 47 and sub—division 3Pn with
associated TAls {after Lett st al. MS 1978 and Ahrens

M5 1985).

YEAR LANDINGES TAC

NAFO 47 NAFO ZPn
1958 247@5
1259 22358
1768 21711
19561 ige2= ig
1252 34442 8
19463 7788 . 27
19464 A A 47
1345 44254 S8
19446 6985 127
1967 E2736 209
19468 1121328 IE9746
19469 154415 F5459
i97a 175497 G4224
1971 14844 59912
1972 53578 18973 156800
1973 ABEZET7 395 5800
1974 35153 7a 458868
1975 /445465 24 45065
1976 37453 is 55808
1977 44824 LA004
1978 53141 SoBEG
1979 A7 743 Soa6a
1700 48443 SoBE0
1281 21154 146686
1282 23981 15686
1983 25873 2B066
1284+« 25328 17004
1785+ IZam7a Z256a

* provisional
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Table 2: HNominal landings of herring {tonnes! by gear and by
fishing season in MAFO Division 47, 127119485

GILLNETS - BEINES
{and other inshorel} {and other offshore}
YEaR SFRING FaLL SPRING FaLb TOTAL
1971 14874 18327 13316 FFLZT 134844
1972 8137 95E5 248 F4718 S3oBE
1973 11713 7928 7igs 1353 4@BZET
i?74 8285 4199 B&B1 13988 39153
1975 7119 4741 igosse 14139 44565
1976 &611 3819 17217 12286 37453
1977 49245 3285 17887 146726 44824
1978 g484 £853 Ba4g 1754 53141
1979 7444 5788 13899 284526 47743
1986 &443% &784 133384 13886 4@44%
ig981 &545 18925 28 4552 2284F
1782 &£742 i413688 & 189 23981
1283 8545 13858 @B 2478 25873
1984+ &118 16273 & ZBo8 25441
1985= S706 17588 @ &H6B8 38166
#provisional The 1985 total doss not sgual the total in Tables

i and 1B. This total includes some 28088 tonnes of
fish confiscated by D.F.O.

Table 3z Mominal landings of herring {tonnes) by gear and by
spawning group in NAFD Division 4T, 1974 to 1984,

GILLNETS SEIMNES
{and other inshorel {and other offshore?

YEAR SFRING FaLL SPRING FALL TOTAL *%
1974 7983 4581 &561 16188 5153
1975 8319 3598 16544 16161 44414
1974 7894 2935 14833 14590 EIPL5D
1977 5555 26556 igazg iBs84 44874 ,
1978 8891 4844 15285 24599 53141

1979 854808 &8744 488 24839 47743
1986 8979 4248 18878 16538 48447

igat S5818 11653 2648 1231 EPR4AT
i982 7595 14888 368 2869 25512 .
1983 B3i1 14479 1588 igaz 25868
io9g4s 4322 15547 1815 1235 23IB19 )

¥ provisional

¥% VYalues in this table are based on the cross products of  the
catch matrices and the weight matrices. Consequently, totals
may vary slightly from reporited landed weights in the VFPA.
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Table 4a: Catch—at-age matrix for the southern Bulf herring {(NAFO
division 4T) spring spawning component.

CaTCH MUMBERS AT ABE x 1062 Run date:12/ 1/86

1971 1972 1973 1974 1975 1976 1977 1978 1979

260 106 14098 S268 1521 15931 33581 14434 21741
| &SRB 2168 17606 87346 27837 8498 5SB673 14121 1346879
&BBE 27586 2508 3285 1882% 27893 &874 L5381 5B56
13686 Se@ey 317886 1647 3268 6746 18264 46592 3Z3954
360 Shoa &188 215468 2146243 2237 3563 &9546 2138

[y
E00NEeU W
LU I TR TR TIRT B T T BT

BBaa 3380 3208 3699 28158 485 a4 1277 3872
14308 3908 HAGBH 4128 268= 8885 498 1182 7@7
15686 4506 2360 6245 3395 1834 63513 121 28=

b1 106 4988 2368 247 5457 1488 518 2584 718

11+ &75B7 4884 4905 2529 6157 19853 13472 1992 3488
H 17868 1981 iegz2 1983 1984
2 @ 21382 6141 924 424 2a7
Z : 42888 17775 33383 18821 3712
4 = 5687 82568 &281 31286 18572
S = 38946 1384 14746 3954 11149
& = 15768 a8 337 iig4 1189
A I269 44448 217 7@ 173
g = 2833 735 A bwili} 54
gz 744 756 114 - 17 57
18 = I28 iag 2 2 185
114 2918 1198~ 118 i 73

Table 4b: UWeight—-at—age matrix for the southern Gulf herring (NAFO
division 47) spring spawning componesnt.

WEIGHT AT AaGE grams Run date:12/ 1/86

1971 1972 1973 1974 1975 1974 1977 1978 1979 1988 1981 1982 19837 1984

2= 7S 75 87 25 7@ 1@d4 133 133 133 133 133 133 13F 133
o 183 148 141 168 154 177 172 172 172 172 172 172 172 172
4 = IBS 267 184 282 185 21@ 21T 21T 21T 213 213 213 213 213
S o= 221 233 219 238 229 247 247 247 247 247 247 247 247 247
& = 243 274 267 27T 266 273 287 287 287 287 287 287 287 287
7o 268 311 282 291 298 271 291 291 291 291 291 291 291 291
8« 22 318 ZF16 319 384 3484 3218 318 318 318 318 318 F18 316
9 = 298 3IFTF F27 328 3146 318 4B 348 348 348 348 348 348 348
18 = 3BT 323 332 328 329 33T 3I24 324 324 324 324 3I284 324 F24
11+ 19 344 374 348 357 353 359 359 59 3592 359 359 359 359



Table Sa: Catch—at—age matrix for the southern Bulf herring (NAFO
division 4T7) fall spawning component. '

CATCH NUMBERE AT ABE x 1808 Run date: 12/ 1/8Bé6

1971 1972 1973 1974 1975 1976 1977 1978 1979

4988 S788 1788 S483 24 9= 205 1514 2986
I5100 52088 I5E8 9715 2078 277 S@37 19348 &217
22888 15606 4588 17524 4169 1758 7&F6 27378 356851
L3 Si11es. 7988 6877 25621 S@54 3684 14892 27629
78828 28888 19888 4235 &868 28944 3622 3973 11189
87680 28508 BB 104646 3262 4154 22280 3465 223

1143080 257208 11808 2827 4854 1849 2219 138353 3128
o788 23466 7436 5444 2159 331@ 1412 1685 5242
3788 11506 o068 4295 3548 737 2761 898 782

2214@7 73I586 14985 19118 20635 16451 167B84 16259 18386

[y
BOONTU RN
PR A% ¥R RE RR wN ER PN N3 AR

11+

1988 1981 1282 1983 1984

1389 169 184 35 i@

2 :

Z 3 3I2429 18875 QT3 4782 1275
4 : 9995 3I3284 21526 23879 24896
2 @ 23278 S971 2&6147 18971 146332
&5 = 8343 2606 SHE6T 13643 18959
7 = 4138 978 2344 2449 o608
8 : 637 977 1084 18&7 1158
g : 848 216 641 623 327
i8 : Z208 ias 132 114 91
1i+4: 2066 g72 . 1&2 B9 4

Table Sh: Weight—at—age matrix for the southern Gulf herring (NAFO
division 4T} fall spawning component.

WEIGHT AT AGE grams - Run date:12/ 1786

1971 1972 1973 1974 1975 1976 1977 1978 1979 1988 1981 1982 1983 1984

2 = 48 46 48 47 402 35 119 119 119 119 119 119 119 119
3z 2= 5% 188 126 115 1131 177 177 177 177 177 177 177 177
4 : 142 168 178 198 1469 184 245 245 285 245 245 245 245 245
o @ 1BY 194 2@86 235 215 217 283 283 283 2B 283 ZBZ 283 283
& 129 238 242 255 248 233 3FI1E 313 313 313 313 313 F1ET 31z
7 =z 234 253 2469 283 272 276 33 338 33 338 33B 338 338 338
8 : 248 262 292 14 288 283 359 3I59 359 359 359 359 3579 359
2 264 277 295 3I27 3i4 @B 80 388 380 38@ 388 3IBE 3I8@ 3808
1@ = 272 2B7 313 I3T1 F258 3323 364 364 3TLH4 3H4 364 b4 ThH4 364
11+ 297 312 342 3I54 362 349 395 395 395 395 39S I9S IS 39S



Table bHa: Average landing {tonnes) per successful trip and number
of nets used per successful trip for herring gillnet
fisheries in MAF0 diwvision 47, 12731985 (modified
atter Messieh M5 1981, Cleary MS 1982 and SAhrens M5 198G .

YEAR SPRING FISHERY Fall FISHERY
{dan_— Junel {Julyvy — bDec.}
tonnes/trip nets/trip tonnes/trip nets/trip
197= Z2.89 2i.88 2. 66 7t
1774 1.23 28.57 2.99 -
1975 1.29 8. 18 3. 63 .2
1974 i.34 28.78 213 8.9
1977 i.82 27.87 3.56 ?.3
1978 2.22 29.48 3.21 ii.4
197% i.4%9 Z4.48 i.78 11.%
1786 .89 Fi.446 1.45 11.68
iggl @a.22 35.95 2.15 11.8
1982 1.7% 5.3 2.353 ii.9
1983+ 1.79 {F@) 3. 45 {113
1784% 1.465 22.29 3.32 9.3
1985% i.74 22.84 4.8= 5.2

# provisional
+ 1282 is interploated and not based on an acteal survey

Table &6b: The weightings by landings of the historic sffort
series in Table &a {above) as re—calculated for the

spring.
YEAR emmsmrzamen= SPRING. ... cmmeam = SHMMARY
————Chalsur——— ——Escuminac——— SBPRIME FALL
# nets landings # nets landings
1973%% S5.25 2274 29.3=5 14 21.8 .18
1974% 5.23 iZaa 27.34 274= 28. 6 .55
1975 4.8 B4 Z2.81 2488 A T; P 717
1974% 6.3 &85 ZE.58 ZZE81 22.2 g.85
1977% 8. 48 Fis 31i.6% 1639 27.9 - ZE
1978+ 8.48 7EB 3%.82 4725 29.4 11.38
1979% F.58 68 Z8.74 788 F.4 11.92
198@8*+ iz A7 =% 2E42 1.5 11
1781 «= i3 599 43 2861 5.9 11
19872%% ii g71 41 =827 5.3 11
1983 {384} (il
17845%% 7.2 543 25.4 2614 22.2 5.3
17858%% 7.5 2 25.1 4282 22.8 5.2
* landings and # nets from O Bovie and Cleary (17981).
¥ landings taken from purchase slip and supplementary "B

summaries and # nets taken from Cleary (M5 1983).

##% landings from Statistics Branch, Gulf Region and # nets from
Movember 1985 guestionnaire.
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Table 7: CPUE index — landings {tonnes) per net—-trip for

gilinet herring fisheries in NAFD Division 47, 1973 -
1985, Thess values are calculated by dividing coluamn 1
{tonnes per trip! by column 2 inets per trip! for each
seasonal fishery componsnt in Table 4.

YEAR -SFRIME FISHERY FaLL FISBHERY

idan — June} {July — Decsd

1973 fa.i18a8 @B.373

1974 f@.85a A, 373

1973 B.84= G.5848

1974 #.84as5 #3252

1977 8. 858 #.383

1978 B.874 #@. 282

1979 f.3843 B, 158

1988 GB.@35 @. 132

1981 B.EB25 B.1%45

1782 @.84% L2312

1983+ {B.B68) {B.314)

784 a.874 B.626

1985 B.874 B.9227

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

Tables H:

Landings {(tonnes} per set (CPUE} in the fall purse
seine herring fishery in NAFD Division 47, 1767 — 1985,

YEAR FalLL FISHERY
1269 1168.2
1778 8.7
1271 56.7
1972 45. 1
1973 41.5
1974 I7.9
1975 34.5
1975 4.6
1977 {44, 4
1978 44,3
1979 284.5
1286 iB8.7
1981 24.6
1982 MO
1283 35.5
i9g84 42.4
1985« F7.2

¥ Bulf region observer program
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Table %: Population abundance indices for the southsrn bDuldf
{MAFO 47?2 component of the 47 herring complex. These
data are from the southern Bulf 211 {(Sepitsmber]
groundfish cruiss on the E.E.Prince.

YEAR POPLE ATION NMUMBERS POFULATION BIOMASS
19768% 23 million 21,8688 tonnes
1271 208 51,008
1972 7g 15,8868
197= 28 i1 888
1974 i@ 2,808
1975 = =Z8 080
1974 =i 8,080
1977 3 8,280
1978 159 4,868
1977 38 4. 603
# cruise not complete
Table 18a: Farameters opf the sslectiviity curves wsed in the
calculation of partial recruitment of the gillnet
fisherv.
Met size Mean Variance Skew Furtosis

i /8% 19.7= 4.78= . 1455 2.54

2 1 24.28 4,783 - 1454 2.24

2 178" 25.88 4,7H3 - 1455 2.94

2 174" # Z7 .888 &5.857 . 16024 2.989

2 S5 28.68 4,783 - 14546 2.%4

2 /87 28.84 4.783 - 1455 2.94

2 1/2" = Za.a44 F.219 - 18945 2.9463

2 5/8" = 31.4746 A g -BF7 5 2.8%7

2 Z/4" =% Z3. 659 5.334 215328 2.9%1

2 Fige 34,93 4,783 -1455 2.94

3 » 5482 4.78= - 1454 Z2.94

E 1/4® E2.45 4,783 - 14556 2.94

* experimentally derived curves from ghrens (M5 1785).

Tablie 18b: Percentage of each mesh size used in the 47 Spring season
gilinet fisherv.

aAREA MET SI7ZE inches
1,625 2.125 Z2.31 2.58 275 .68
Z2.88 2.258 2375 2. 5625 2.875 .25
Magdalen Is. 4.3 25. 4 29.% 3.7 .7
fuesbec 7.8 5.8 48.9 &8 2.5 11.8 &3 1.8 6.6 2.9
Caragust F.= 14.7 4. & 26.5 137 1.2
Escuminac B.5 72.1 i7.5 2.8
South East H.B. g82.3 &9 E.7F
Mova Scotia 2.5 5.1 21.7 48B.8 Z2.4
East FP.E.I. i5.2 B85.2 21.7 7.1 4.9 Z.9 1.8
West F.E.I. B.3 55.2 4.2 2Z.4 1i8.1 1.1 4.8 1.8 @.5



Table 18c:

aRES

Cusbec
Caraguet
Escuminac
Mova Scotia
East P.E.I.
Hest P.E.I.

Table 18d:

AREA
Magdalen I
Guebhec
Caraguet,
Escuminac,
southeaste
Mova Bcoti
sast F.E.I
west P.E.I

Table 11:

Fercentage of sarch moesh size used in the 47 Fall season
gillnet fisherv.
NET SIZE inches
2.125 2.31 2.568 2.75 Z. 88
Z2.0@a 2.258 Z2.575 2. 4625 2.875 3
id.4 &.8 B.5 5.1 18.8 18.5 27.3 5.1 B.i
1.8 72.7 l&.6 2. B.=
igg. @
2.3 3.7 FZ.8
8.6 1.4
F.E OB 3.7 2.7 48.1 Z@&.1 19.2

Sounthern Bulf of St. Lawrence herring landings in
tonnes by seasonal fishery for the B fishing aresas
used in the 1985 guestionnaire (Nislsen, M5 17863.

SPRING 1984 Fatli 1984

sl ands ig. @ nil

=18. 68 iarz.a
M.B. &22.4 7ag8.1
M.B. 213Z5.8 22.=
rn M.B. 29@a.7 431.8
a iga.1 24358
- 8.5 4267 .8
- 281.7 &52.5

Fartial recruitment for the spring spawning component
used in the past and in the current assessment of the

4T herring complex.

————riirrent assessment

Age

N RN S R

ia
i+

Cleary
1983

a.4564
#.87
i.68
&.95
B.72
B.5a
.35
B.21
2.146

Ghrens &
Mislsen
1984

8.825
a.88
@.87
1.86
B.95
@a.72
8.58
B.346
B8.21
A.16

fhrens
1785

8.47
i.0a&
i.68
#.58
B8.34

=28
B.15
8.15
B.15

Seiectiviity Historical

8.77
1.88
a.82
B.58
B.51
B.48
6. 48
&. 48
B.z28

Averaging

@.14
B.71
g.89
B.88
1.8
i.86
1.88
1.88

- S ~t
a.52

@.52

B.876
a7z
1.686
B.2=
@.25
a.59
B.33
g.1ig
#.21
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Tahle 12Z: Partial recruitment for the fall spawning componsnt
used in the past and in the current assessment of the
4T herring complex.

————— nast asses=ments current assessmgnt—————
fge Clmary threns % fhrens Selsctivity Historical SVFA
19283 Mielsen 1785 fveraging

1784
2 g.8@a7 - 23
= fa.23 a.2=3 8.8= @&.11 @.21 @. 84
4 B.72 B.72 &. o8 B.53 B.4&4 .88
5 A.25 B.95 i.68 1.88 i. B8 .28
& 1.88 i.86 #.85 8.7 i1.68 &.58
7 2,78 a.98 a. 4563 B.54 i.ae B.54
a B.79 a.79 B.53 a.31 .86 B.354
Ei @.64 BA. 465 @.5e B.22 i.88 B.25
is B.55 B, L8 #.58 #8.18 i.B8 g.2a
ii+ @. 42 8. 48 &.5a @19 i.86
Table 13: Effort index — annual gillnet sffort indices for the

southern Gulf herring complex. These valuss are
comparable within columns but not between columns due
to the different types of gilinet Ffishing in the two
fisheries. These values are rcalculated by dividing
Table 7 {tonnes/net—-trip) into Table 3 {gillnet
landings in tonnes).

YE&R GPRINME FISHERY Fall FISHERY
{dan — Jduns} {July — Deci
1974 132 i2.2
1975 iF3 7.1
1975 iS4 8.3
1977 75 &4
17978 117 i5.8
1779 197 IB.4
1788 255 2.2
1981 224 59.5
1982 155 &4F.8
1983 138 44.8
1784+ =8 25.8

# provisional



Table 14:

id4z:
These runs uss all

66E 4

Trial F

- 18
- 15
. 28
.25

=
» ot

T
5

abE 5
Trial
1@

- 28
. 25
« 2

- 35

abE &
Trial
.18
- 15
- 28
-2
- S

-

-

w1

o §
alod

data.

all runs are shown.

R

x4
LR o

72
.84
.78
73
-74

- 569
.88
-85
.84
.84
=82

- 77
.80
.88
.81
.81
.81

res B3
45

is

—12

)

res B3

res B3

ok

b L o O W0 LN

138
84
&8
44

28

Lod L] ol ol e LA

CPUE at age vs VPG # at =age.

res 84

res B4

-
m
n
o
o

L

Trial F

- 18
15
- 28
- 25
.58

==
w Fof

R
-5h
.52
- &7
I
.41
- 59

Calibration results from the spring spawning component
nf the southesrn Buld herring complex.
A.2 was selected as being most appropriate.

& terminal F of

res 83
119332
—F&EL

~317484

~23268

-2F158

—-293ZI8

Thess runs use 211 dats.
Hot 311 runs arese shown.
VP8 biomass at age ws CFPUE.

res 84
1@49g
~-241i4
-BB&&

—12FEE

A e
—-15368
—i7144



Table 15:

i5a:s

aGE 4
Trizsl F
15
- 20
.25
e
.35
- 48

ABGE &5
Trial F
.15
. 20
25
A

-

- 48

- 45

AGE &
Trial F
=13
- 20
.25
- 58

-
.S

. 48
- 45
-5

Calibration results from the fall spawning component
of the southern Gulf herring complex. & terminal F of
B.25 was selected as being most appropriate.

Theses runs use all data.
Mot a2ll runs are shown.

CPUE at age vs VPA # at age.

3 res B3
- a4
L8821
.B4g
B72
-111
- 148

R res 83
- B54
- 177
297
- A@5
- 395
=TT 8.
oS | 4

res 83
@

T

J e 0

F.
i

J 0

. 359
<A71
-Sh4

»EET 24.9 367
. 524 2i.8 29.7
- 757 8.4 27.3

res 24

res 84

res 84

These runs use all data.
Mot 2ll runs are shown.
YRS hinmass at age vs CPUE.

AGE 4

Trial F H res B res
15 . R IRAT
- 280 e 18583
=25 « =8 162
T -0 —-12188 &&HE87
- 35 . —2@8844 =
- 4 - 43 —27425

=

Trial F R res 83 res 84
=13
- 23 - 58 —-2B1Z:8
- 25 . -Z29917 B2a7
- S8 -85 -3&4738 1431
Ao « A8 -4 1@30%
= 48 - 5 —44571
-85 -2

51187
28808

15558

~{3F &

1B&2E

-3514

~-7i%&



Table 1&6a: Total mortality (£} for the spring spawning component
was calrculated by two different technigues. The
Faloheimo Z's are calculated from two adiacent vears
vears with In{CPUE at age 4 — In{CPUE at age 533 the
WP 27 are calculated from two adjacent vears by
In{VPa population numbers at age 4+ — (VFS population
numbers at age 5+).

¥YEAR FPaloheimno I°s VPR 4+/5+ Z°s
Ta/75 B.72= a.z8
=T - §.588 B.65
FLITT? 8. 589 @a. 73
FI/78 @8.886 B.71
7B/TT @.858 B.88
79/86 a.875 #. 846
g@argi #8.845 i.15
a81/82 1.363 fA. 97
B2/83 @.481 8.4%5

/84 a.354 8.52

Table 1&b: Total mortality (Z) for the fall spawning component
was calculated by two different technigues. The
Paloheimo Z's are calculated from two adjacent vears
vears with In{CPE at age 5} — In{CPUE at age 4533 the
WP Z°s are caliculated from two adiacent years by
In{V¥FA population numbers at age 5+) — (VPA population
numbers at age &+).

YEAR Palogheimpo I's VYPH S8+ s
F&/73 f. 35 1 A
Tar7s B.53 @a.44
Fa/IT7 8.43 B8.53
77778 B. 73 B.562
78579 1.35 @.86
F7/88 1.1% i.a9
eas81 @.88 A.84
81/82 - 4 8.34
g2/8% B.17 B.41

85784 —&. 68 #.35
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Table 17: The sxploitable or fishables biomass for the spring
spawning component of the 47T herring complex.

VFPA exploitable biomass:tonnes — SBPRING SPAWNERS Run Date: 1B/

1971 1972 1973 1974 1975 1976 1977 1278

2z FF7 37 Sa2 2512 is1 3131 P65 3512

32 27119 1454 234 7@41 AFEF 28532 21924 IFL4

4 = 5238 28286 1792 2925 8946 1813E 3183 22484

= I a51= 9725 25482 1972 831 F151 59521 2123

& oz FA4BF &465 Ig?4 195454 24644 1178 1788 3282

7 oz 47464 S@anG /42945 2289 &7@3 239 281 &81

g : 5484 2893 =t 28&1 Fi5 a7 335 {412

- 814 2598 1538 48608 1159 347 Figi i21

i@ = ga4a 2543 215 383 &58 445 iii 3=

11+ 146168 &599 Fi24 4413 2428 112687 45146 1298

243 HB3I529 418681 SEAFF 4B&2T 24154 ZITFFET7 O 417ES EBBIET7
H 1784 1781 1982 1983 ieg4s

2z @52 1394 4346 172 172

I3z £212 5241 28414 5681 3598

4 = 1314 2228 4791 203480 11240

5 = 824 553 1149 25972 1&7792

& oz zaze 427 345 FF7 i7g9

7 o= 728 887 224 &2 315

8 : 5956 183 214 48 ig4

Z = 153 &8 33 ig 125

i@ = &5 32 i @ 5S4

11+4: 1114 727 1Z9 11 1&4

2+: 17838 11413 27578 3888@ 34944
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Table 18: Historic partial recruitment for the spring spawning
component calculated from the VYPA fishing mortality —
Appendix III. The F table was standardized to the mean
of ages 4,5, and & with all valuss over 1 s=2t to 1.

VFA partial recruiiment — SPHRING SPAHNERS Run Datez iBs 1/B4

1971 1972 1973 1974 1975 1974 1977 1978 1979 1780

2 : 8.240 B.817 0.8968 B.202 B.855 G.184 8.18B4 B8.4697 8.451 B.322

Fo: 1.088 B.241 @.321 A.858 8.34:1 8.487 B.5635 1.660 1.0068 1.680

4 : B.745 B.778 B.274 1.0868 B.735 1.8088 B.733 1.0660 1.0800 2.78@

5 1.000 .60 1.606 B.328 B.419 1.980 A.953% B8.747 1.8008 B.733

4 : B.761 1.0000 1.006 1.0082 1.208 B.8%91 1.662 1.808 8.583 1.6606

7 : 1.088 B8.451 B.976 1.008 8.578 B.312 8.477 ©8.827 1.988 1.066

8 : 1.600 1.280 8.927 1.6008 8.715 2.851 @8.580 1.8080 2.872 1.680

o 1.008 1.908 1.000 1.0680 1.080 1.000 1.8006 B.28C B8.548 1.686

ig : 1.000 1.008 B.46546 B.411 B.224 1.980 1.88@4 A.7328 4.B24 6.73

i1+ 1.0000 1.008 B.AGSH B.411 A.224 1.0800 1.888 B.738 8.824 B8.738
: 1981 1982 1983 1784

2 : B.247 B.63Z3 5.68468 0.8013

Iz B.754 B.721 B.432 B.F&E3

4 : 1.088 B.951 A.9@8 1.006

oo B.93Z2 1.080 2.842 1.0@0

6 B.783 8.928 1.8868 8.725

Fo: 1.0088 A.602 B.2400 8. 638

8: 1.008 1.000 @.154 0.580

P : 1.08068 1.0880 A.117 &.508

1 : 1.068 BA.385C B.483Z6 8.580

ii+: 1.00@ @G.305 B.6B368 8.4735
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Table 1%9: The exuploitable or fishable biocmass for the +all
spawning component of the 47 herring complex.

WA exploitable biomass:tonnes — FALL SFPAWMERS Run Date:iBs 1/B&

1971 1972 i973 i¥74 1975 i9746 1977 i278 1979

2= 293 373 138 F&T ii 8 61 344 8=

3z L4L2E G4 &&8 2179 &85 a@a 1542 5622 1228

4 z 17869 4294 IZ51 1884A9 2E11 B47 4786 138246 2581

5 = IBE3IZ2 14274 231= 4342 15739 2867 2558 7751 FR44h

S 11612 7585 FFFR 3277 455 18281 2844 2131 @5

7oz 22722 1i84b46 3517 &571 2i4ag 2345 128946 227 gz

B : 26547 8751 L2222 1851 554 1192 1454 {527 F17

9= 18772 FLHTS 4854 3273 FIS 1983 742 H2E 8ig

ig : &821 2733 1793 13324 iia4 2i9 18394 274 ig4

1i+: 86436 FIFZZIT7 103608 28307 21231 14984 156443 18495 313

2+: 19946467 9133 41325 54854 SI134T 42728 43382 48194 8149
z 1708 1981 1982 1282 1284

2 185 &8 108 24 &

A &522 FZE15 7481 53462 1193

4 z 2783 3H6TF2 24084 24715 33245

S o= 7552 gp4a| 2791 19785 18488

&z 2634 4247 88%4 19878 18133

7 oz 14g5 ii58 34618 51487 18621

8 : 282 571 675 a1z 2183

2 = ig9 ig8 212 a7 &57

1@ = 75 44 S8 77 37

114z 13246 837 296 F72 197

rl

+: 238018 L1978 71784 78414 83148



Table 280: Historic partial recraitment for the fa2ll spawning
conponent calculasted from the VPA fishing mortalidty —
Appendix III. The F table was standardized to the mean
of ages S5;8 and 7 with all walues over 1 set to 1.

VPA partial recruitment — FALL SPAMNERS Fun Dates: 18/ 17846

127y 1972 1973 1974 1975 1976 1977 1978 1979 1788

2.18% B.834 B.AL2 R 476 B.007 B.OBZ B.BEZ A.828 A.011 38.8487
A.6455 B.150 2.830 8.414 B.240 D.A11 A.8746 B.3035 0.084 (. 148
B.7372 B.&22 B.231 B8.311 B.4088 B.247 B.385 B.798 B.527 B0.1721
A.778 B.717 B.4AB7 B.575 B.4613 B.5657 B.713 8.7682 1.888 B.775
.60 1.00A B.7B2 B.F32 1.0808 1.880 @.723 1.8680 0.947 1.000
1.808 2.997 1. 600 1.000 1.8 1.0900 1.8068 8.251 B.245 1.08400
1.000 1.0 1.000 1.060 1.900 1.000 1.808 1.0008 1.088 6.582
1.088 1.006 1.08 1.008 1.00Q0 1.0680 1.200 1.060 1.088 1.6008
1.806 28.834 8.312 B.522 B.643 B 4148 8237 1.666 1.088 8.812
1.000 B.834 B.312 B.522 B.64% B.514 B.F33 1.8@868 1.68668 8.812

ek |
LI SRS R - N |
£ 1] 1] (1] g Wy [} ] #e 8B L1 31

ii+

181 i7BZ2 13983 1984

|

.80 .60 A.6BG4 B.Q13
A.Z15 B.274 A.12% B.145
1.8060 2.0846 1.68668 B.768
a.756 1.0068 A.814 1.808
B.753 A.B897 1.80@ A.94&5
1.80G &8.852 B.7563% B.714
1.8994 1.8 1.008 8.418@
1.606 1.00868 1.6808 B.291
1.806 B.498 B.997 B.238
1.6808 B.478 B.7997 8.251

ok
$t§41m~4a~m-hu4m
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APL proram listing adapted from McQuinn and White funpublished) for
calculating the F oldest for the southern Gulf herring complex
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APPENDIX II

Virtual population analvsis resulits for the spring spawning
component of the southern Buld of 5t. Lawrsnce herring complex
using the partial recruitment {(selectivity — Table 113, a
terminal F of 8.28 and other parameters as documented in the
text.

Table 1.

YWPA population numbers — SPRIMGE SFPFAENERS Run date:1375 1/86

H 1971 1272 1973 1974 17975 1974 1977
2z £251% 28995 FF41GT 147247 52488 328179 AA555
3 = 3271845 48617 23548 51335 1135813 41577 254275
4 =z 445465 280354 IFFES 17825 428684 &FEE2 263468
5 = S@zZia 3A3E 145711 28772 11528 igaEs F1771
5 = 61295 28883 19587 FELLS 22066 &£5564 8637
7 = 24728 43 F6F 1288 ias:17 544681 33569 2358
8 : 29367 122748 F1212 12874 S2464 26529 23357
g = 28294 111646 &£522 28125 &£151 igg=z 1E75=

18 = =744 o993 S821 3259 18827 1254 &85
1i+: 78846 2E376E F8LTGTF ZE3P6 I4681= 46631 22224
2+: TIEZBY3 443228 ABRATI7E 427784 350527 S44355 488276
I+ HFQ173 414234 ZEIELEZ 2B@G51T7 ZBABEF 2146177 FAE3ZS
A4+: ZFAZBELET7  Z6GAIT 299714 Z2185EEZ 1928224 174580 169847
S+ 298502 157251 261809 Z2BAVES 147422 184948 82481

H 1978 1979 igga 1781 1782 1983 1784
2 = G832 1846133 F@A5SHE8 251882 111318 A5425 114297
3= FET72 27982 67222 54828 208612 FEIFT 28626
4 @ 155893 14874 18459 165687 28797 13558 &E413F7
5 = 153469 7852 &879 F415 &852 172468 81185
& = 146725 235 248962 2831 1516 I62E 11131
7 oz 3849 FIFP 4892 L8808 15352 i@ig 1355
B : 2197 1995 278 1A53 FH3I 1858 778
G = 1443 72 294 - 844 i79 482 821

i3 = S367 1825 4213 145 7 4= zaa
ii+: A£5F4 18135 5357 2931 i464 1124 1897
2+: 29@B4462 245484 215952 33EI9717 251935 2B4584 84343

r
L]

3 24@34=1 148358 1253484 884635 2484625 0 24915% 170844
4+z Z2BALE5H 112448 58141 FEB15 4AL1Z2 158862 16143246
S+ S1565 PS4 478683 1784 11813 25312 F7288

L
[
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Tables 2.

VPA mean population biomass:tonnss — SPRIMG SPOWNERS
Run date:i3Z7 1/8&

1971 1972 1973 1974 1975 19746 1977 1978

2 41458 1267 HAZF 12437 4215 38124 52806 S04

3 s 27117 HAZ2E 2784 2285 13979 5213 3F4584 IF64

4 = £844  I6261 &7 5 2729 5298 18133 344 22484

5= 8513 5725 2548% 5814 2827 3151 5792 2848

& 2 12571 HALT 38974 19544 26448 iZi4 1786 FZ2B2

7 o= 47864 113269 43E135 2287 11599 765 795 821

= 5484 2893 78E2 2881 1288 5212 578 412

o= 5@1i4 2598 1538 4503 115% 349 3181 428

iég : 884 2543 1F74 231 2931 44% 111 1386

ii+: 1&1DB8 &59%  1B852 18734 18814 11287 4516 1779

2+: FIZ268 BZI4AL TARET TFBTR4  SHETB  LRE12 H£B648 43357

3+ B7i8@ 8BEV? 4227 S8267 51455 32188 55441 E7E14A

4+: DPPB1 74354 S132F 49987 37474 33275 ZBF3ES 0 35353

S+ 53137 ZB@92 55227 47853 32178 23142 14595 18B&7
H 1979 1986 izgi izgz 1983 1784

2 = 11332 F47F1 29849 13358 4243 13745

3= ZES8 6212 &F53F 28303 13153 4144

4z 2288 1=Z4@8 2278 48998 22398 112458

5z 18586 112356 SF4 114693 2538 16792

& = 18548 3838 &BF 71 777 2744

7 oz 1473 F28 8as F73 258 453

= 444 556 153 2148 2598 268

g = 193 153 58 =3 149 249

i@ = 2437 28 32 2 iz 147

1i+: Z266F i5i@a F27 457 364 344

2+ 348357 25Bis 42824 47172 45175 580188
I+ 2ZT725 15544 12155 3F5BEIT 4RF3E2 34343
f+z 1P66TF FI3E2 o2a2 Foil  FF779 2198
5+ 17459 7I92 2582 2621 381 28938
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VFA catch bipmass:itonnes — SPRINEG SPAMWMERS Hun date: 13/ 1L/7BS

Table S.

VYRS mean age:years — SPRING SPARNERS Run date: i3/ 1784

: 1971 1972 1973 1974 1975 1974 1977 1978 1979 1988
: &.F7 B.95 46.13 5.8 S.68 SU7E 4.82 4.18 4.27 E.93
: 1981 1982 198F 1984

:_ 4.5 3Z.31 .94 4.4;

: 1971 1972 1973 1974 i97= 19746 1977 1778
2 = 248 8 137 b 121 1%E7 14657 4445 1928
JCO- &7 6T 294 246 izZ28 4287 1584 18892 242
4 = 258 SHFE 4468 H&g 483 5858 1464 13949
5 : Z@as 1351 &7472 392 745 1666 25Z5 1159
& 2258 1378 1429 SRR /4321 &15 i@z23 1994
7 o= 2358 1824 iiaa 1875 &HBBT 1246 174 R
g : 4174 izZ246 1848 ix17 gis4 2577 154 357
7z 4358 15246 FE2 1978 1873 32 2267 &7
i@ : 1585 1583 a4 311 1795 A5 165 11561
1i+: 2153 1378 1834 BEa 2198 7ang 4837 715
2+: 47454 15448 2 1572A 1444648 2 2484Z% 21927 22158 246894
3+ 47214 15461 15581 13944 24726 28278 22712 22174
4+: AR447 151467 15341 132547 28439 18766 128621 197464
S+z 39218Y% F4T4 14881 1198 189546 12987 111546 5835
H 1977 1988 1981 1982 1983 1984
2 2892 2844 817 123 =13 28
Z oz 2ZE54 7324 ZEZ@5TF7 5742 1B61 &38
4 = 1247 1212 1757 1321 &647 22852
5 = =87 F&S F22 Zh4 972 2754
& = &H11 4525 249 7 317 =18
7z a4 951 1393 &3 2@ 56
g : 217 za 234 a5 i& 17
F oz 71 258 263 48 & 2@
iag = 23= iaa 5 i 1 34
1i+: 13252 i@gas 476 =2 4 2&
2+: 1B1&8 19657 B4T58 7890 9879 &13
F+: 15268 18Bi3 T4 TI7Z2 F84% 0 6189
4+: 12914 F487 4584 28B3I@ 7281 5471
S+: 114667 8278 2837 7@z 1333 3219
Table 4.
VPH mean weight:kg — SPRING SPAHNERES Fun date: 13/ 1786
1971 1972 1973 1974 1975 1974 1977 1978 197% 1988 1981 1982 1983 1984
B.23 B8.25 B.25 8.2 B.24 8.24 B8.22 A.21 A.21 8.208 6.2 8.18 8.21 @A.23
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Table 6.

VPA distribution of growth over ages:% — SPRING SPAWNERS
Run date:13/ 1/86

H 1971 1972 1973 1974 1975 19746 1977 1978 1979 1988
2 : B.& 5.3 ZI1.9 44.4 1B.6 73.5 16.2 15.B 44.3 47.8
3z : 62.3 11.2 ig.1 18.3 45,1 9.1 &9.4 11.7 11.9 8.6
4 = 5.2 5B.3 11.7 4.4 8.3 2.3 4.8 32.4 &.7 S.1
g5 : 6.1 4.7 2E3.3 G.5 2.4 2.7 5.8 S.1 24,7 A
& = ia. 1 =.8 3.3 12.2 i.& 3.6 1.8 4.1 2.8 8.5
7 = 2.7 6.4 2.1 8.9 S.3 a.2 a.3 a.= B.6 -B8.1
g : 2.7 1.5 8.5 i.2 a.2 1.2 B.4 8.3 8.6 8.7
g = 1.7 1.8 8.2 @.8 8.1 a.6 1.2 a.2 @.1 @a.z
i@ : 1.5 5.9 3.9 1.6 ia.7 8.9 .3 T 1.8 2.8
11+ -3.8 2.8 13.1 2.8 7.8 2.6 2.3 2.3 4.5 3.2
H 1981 1982 1983 1984
2 = 7&6.7 3.3 12.1 35.1
3 s 164.7 3S2.2 34.4 1B.6&
4 = 4.3 8.8 445.1 24.0
S = 8.2 1.5 S.8 24.8
& = B.6 a.3 8.8 4.1
7oz 2.2 2.1 @a.1 a.1
g = 8.1 8.2 a.3 8.1
Q9 = a.2 a.8 3.1 8.3
19 : a8.2 8.8 8.0 a.2
1i4: a.8 8.4 @Aa.4 3.5
Table 7.
VPA production — SPRING SFAWNERS Run date: 13/ 1/86
spurce 1971 1972 1973 1974 1975 19746 1977
recruitment biomass Z454 1592 4235 Q448 I21i6 21861 I6H3ID
growth @248 23241 13861 16992 12412 28078 1825=
total production 33782 248332 18894 2&439 16325 49139 21888
loss through fishing 47454 154468 15726 1444648 24863 21927 23158
surplus production 15458 B3I63 43473 12298 5195 35277 Q768
net production -32304 ~-7i@s ~11677 ~2166 —196&8 13358 -13398
source 1978 1979 1968 181 1982 1983 1984
recruitment biomass =851 124813 18570 293465 13818 4143 13367
growth 8igs &285 SO98 18@8BBE 11343 A48 18668
total production 14637 184698 1546F2 39373 243461 13191 23435
loss through fishing 24894 1814608 19457 g458 7895 899 &137
surplus prpduction S5h&6 11884 184689 38968 14527 4156 13414

net production —-18528 ~56274 —-8%48 225168 &&hZ2 —5743 7277
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YA production/biomass ratio — SPRING SPAHENERE

1971 1972 1973 1974 1973 1974 1977 1978 1979 1788 1981 1982 1983

Hun date: 13/

1784

izg4

B.37 B.38 B.246

B.E7 B.29 B.71 B.34 8.3 B8.535 B.L3 B.94 B.58 B.29

Table 2.
YPA fishing mortality — SPRING SPAWNERS Run date:i3s 1/8546
z 1971 1972 197EF 19738 1975 197& 1977 1978 1979
2 : @A.800 0.604 B.827 3.84@ B.832 8.855 A4.8Bs B.3B4 B.257
2 B.25: B.A4% B.8083 B. 147 B.Z28B7 8.256 224 B.528 a.781
4 : $.185 B.158 G.876 G.228 @.&585 B.585 B340 B8.5624 B.571
S B.ESS BL2E7 BLIETS BR.846T BLEFI BLSEIS B.442 B.412 B.8BS
& 2 B.IB4 B.213 B.422 B.EBS 1,477 BUATE B.HB%7 B.A1A B.3EZ2
7 : BRSO B.AF1 B.255 B.4AT2 B.523 B.1&56 L2222 B.457 B.414
8= 8.772 8.4832 B8.23% B.475 B.BZB 8.457 B.24647 B.703F 8.4%46
F : B.E882 8.5%4 8.4%94 BA.428 @.242 B.F34 B.741 B.154 B.357
I8 = 1.337 BLE2GT B.167 B.882 8.283 6.5625 1.871 B.4B2 §.467
i+ 1.33Z7 B.2807 B.147 B.8BZ B.283 B. 46325 1.071 8.482 6.4869
4+: @.AHF1 B.IBR B.245 B.257 B.&22 B.S6E B.SBR? 8.5%3 8.584
H 1788 1781 172 1983 1984
2 B.362 B.827 B2.08% A.81F% A.68A2
T 1.2684 B.444 D2.284 &.142 B.154
4 : B.919 B[B.884 B.272 6,299 B.288
S : DB.ABEE B.54B BL314 8.277 B. 164
6 1.287 @.414 B 2462 B.411 G.114
oz 1.3Z38 1.6484 8B.170 @.879 8.182
8 1.157 1.572 8.492 P.6S4 8.686
@ 1.72B 4.62F 1.226 83,339 0.988
i = @.58%2 GB.592 D.886H B8.818 B.080
il+: B.692 B.59592 BB.088046 B.810 B.0745
f+z 1.851 @B.9%95 B.277 8.293 B.173

#a.47
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APPENDIX III

Yirtual population analysis results for the fall spawning
component of the soucthern Bulf of St. Lawrence herring complex
using the partial recruitment (sslectivity — Table 12}, a
terminal F of 8.25 and other parameters as documsnted in the
text.

Table 1.
VPO population numhesrs — FALL SPARNERD Run date:213%/ 1/86
: i771 1972 1973 1774 1975 1975 1977
2 = 8132 285472 L2088 4@8508 gE38 1372484 178598
3 o= 182748 19168 244942 AP35 28571 F2FF2 112298
4 = 22211 S4166 45982 197555 35138 21588 59338
5 o= FELEF O 1EATL FRZEZ FISTFS 145888 249289 1612
£ oz 143929 BF179 L8788 17684 21972 FEZ5H] 15285
7oz 15612445 &HBASE 128685 31847 18586 11782 52822
g = 19B4=7 52753 28419 sa72 16423 5711 5888
g s g3397 5249Z 19484 14227 4A=1 2854 JBAE
i@ : 2823 1988 21885 254 H&725 13463 A42E7

ii+ 4528085 20827F 114642 132254 1128432 84288 58444

o+

16195446 98757 4A0BA91 534482 478371 4466977 SBESSES
1538514 £B4115 5S8B@T1 4934614 3ZB13B1 329713 227958
14353775 S522286 Z4314% 444391 3252818 256741 215465%
11730464 DEBAET 297147 2468346 3Z176B8 235448 156338

LN L b
ne :l: :l: (1]

-

H 1978 1979 1786 1981 1782 1983 1784
2 @ 1146174 Z28B3I9 2ZIF52Z 199825 36147 HE36E 4441
F 1446838 Q745 268B51 1BF953 143545 275847 S51iB4g
4 = 891724 182859 Fiid 1835467 14464885 1254746 228862
5o 41556 48253 51841 42198 126249 188388 B1125
& 2848 213353 14587 21397 Z4871 Fa4T7FZ FR2EZ
7oz F744 4459 F4i4 4728 151461 2E4246 488738
g8 : 22934 40432 1557 Z3ZZ 2659 18292 170688
2 : 2813 5233 1134 &98 18356 13257 57357
ig o= 1ig1 847 487 isl 376 259 474
ii+: zg7Ie i8E84 315 2832 i741 2558 2243
2+: A4TB417 &21BLS &4T78BFT7  &5GAZET7 B2RIZIE8 4746646 2 SE5%E4
I+ I6Z243 ZBBZEZE 414375 454461 4B5992 LHI132B8  SH1443
4+: 214285 ZBE4BT 154324 2564088 322487 ZEZ8EE4 0 4495935
S+ 127811 184423 BELI97 8a73% 176882 212758 228733
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Table 2.
UVPA mean population biomass:tonnes — Fall SPAWNERS
Hun date: 137 17846
H 1971 ig72 19735 i?74 1975 197 & 1977 1978
2 = 2842 18754 2215 i&i5 224 43535 179251 12442
3 = TRS7 2878 2228408 264 28468 FEBs 177354 21725
4 = 26822 &£895 &HFBT 3288 SB31 I4246 1224848 156327
S oz 13837 17717 40i@ &£431 254662 Z56E =589 8591
& = 13423 7oRs 188332 3518 4A55 18281 39356 2131
7 o= 22722 1ig83 3517 &5%1 2148 2345 128956 2369
8 : 25547 8751 &222 1831 5564 1152 1434 4527
g = 1H772 ETH ARS4 IZTE 775 1943 742 H235
i@ = £821 2279 5747 2557 1779 357 1173 294
ii+: B&435 44572 Z3IBLE IFR7E 3IEEZ24 24415 174629 18495
2+ 214479 128187 99157 182535 82123 &FFP4Z  BRRFBE 7REE5
34 213ETF 113218 9AF4Z7  1BGP21 TBDETE &£359%8 T7BsSZ 47183
4+: 206580 118388 747282 QoAG7 TLHAZT S4H283 52899 45458
Stz 179758 183484 4&BI75 &FZ2T7F  Fi887 52857 484657 29131
H 1979 1708 1281 i282 1983 1284
2z 244346 25188 1544 6245 HB32 481
. 14499 Z8B&8 294581 254824 4353713 8288
4 = 18147 14574 EHET2 22878 249315 A5AES
5oz 7944 9738 117729 27891 24213 18488
& = 43122 2834 ShES 085 1F@a78 18795
A F33 1485 1is8 42459 &774 143842
g = 217 =84 =73 &75 F@B/12 5329
Q= gig 189 178 212 @7 2258
i@ : ig4 97 44 1ig FI 154
ii+: 4313 1632 837 =592 774 785
2+: B&3IFZ6 4711 1888T7E 133498 129589 114575
S+ 51899 5F4683 85524 Q7244 122856 114895
f4z F74888  Z@BFES S&6F24 Figiw 7Z144 1850B&
B4 19274 1461431 28251 41341 S4229 S9852
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Tabklis 3.
YUPA rcatech biomass:tonnes — FALL SPAWNERS Run date: 137 1/8&
1271 1972 1972 1974 1975 19745 1977 1978
2 = 1245 228 &8 254 4 = 24 ig6
Z 2 AT I S 27& AT T8 Z48 Z1 538 3425
4 2 121789 2623 &S FE38 7S 24 1881 &7
= : &&EF2 FIIE 14627 1433 bk iBg2 1828 288
& oz Fri4a L858 1732 1688 i7@a1 323 1134 1243
7 oz 28490 FZ2ii 24271 z@ig 847 1147 Fo@AE 1171
8 : 28344 &854 Z4445 888 1398 522 TEFT 4973=
g = 1525% &482 2182 1788 578 1853 =537 &18@
i@ : 2485 3381 2974 1422 1168 238 184S 2
i+ &£5758 2293Z4 =898 &755 F47@ 5741 5598 £422
et S 16F183 L4777 2Z2I783  ZBEBT 19751 17475 21834 27845
S 148908 S£4551 2 2EL3S 20435 19747 17472 21812 288&5
f+z 140HEN L4274 2Z2EZEZRT 19715 19587 174431 28474 25448
bl o IS28653 4HI165T 225488 14385 18882 17117 18594 18733
H 19729 1786 izF8i 1782 iz783 1984
2z F44 153 iz 22 4 1
3 = 1108 5748 1783 is41 844 2246
4 2 BE82 24849 81=5 5274 SESE &H168
3 oz 78129 &588 1528 7438 31835 {4622
& 3 Z477 25611 g81& 1772 4278 438
7 = 785 13946 AT 732 814 ig9s
8 : 1123 229 51 L8 &78 4313
9 = 1992 322 82 244 37 124
i@ : 255 i1is =2 48 42 ZZ
i34z 4183 1172 45 &4 122 37
2+: 29598ZF 28786 13584 17517 15%61 15887
34z 2ZR2F7 OZ2B523 13571 1759T% 15947 146881
4+3 ZB1E7 14BET 117BB 155954 15111 164655
S+ 19554 12434 EE5SE 18488 L8 18555
Table 4.

WA mean weightzkg — FALL SPAWUNERS
1971 1972 1973 1974 1975 19746 1977 1978 1979 1984 19781

Run dats: 137 1784

1982 1983

i984

B.2% 8.25

B.25 .25 B.27 8.28 .33 8.28 B.2B 4.25 8.25 B8.26 8.27

Table 5.
VFA mean age:vyvears — FALL SPAWMERS Run date: 13/ 1784
z 1971 1972 1973 1974 1975 19746 1977 1978 1979 1986
: F.8B7 F.7@ 7.4% £.BY F.31 F.A% F.52 5.8B 5.53%F 4.55
:  i¥81 1982 1983 1984

4.92 5.81

f.28
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Table 4.

VPA distribution of growth over ages:%Z — FALL SFPAWNERS
Run date:13/ 1/86

1971 1972 1973 1974 1975 197& 1977 1978 1979 1988

2= 2.1 22.5 &£.9 7.8 i.2 3@B.4 44.5 25.2 83.8 34.1

3z 1@e.7 7.3 47.8 13.7 12.5 38.4 27.6 48.@ 28.5 47.9

4 ¢« 21.7 8.8 12.7 48.4 2.3 7.7 1i.68 2i.8 ig.2 12.8

Sz 7.8 15.2 2.9 5.3 24. 4 &H.3 2.8 S.5 4.8 4.3

6 23.2 4.3 6.1 2.1 2.8 18.5 1.9 i.@ 1.4 G.B

7=z 6.5 146.8B 1.3 2.8 8.8 i.B 5.1 B.8 B.2 8.3

8 : 7.8 3.0 2.3 a.7 a.46 2.8 B.6 i.1 8.2 8.1

g = 1.8 3.2 1.3 B.7 a.8 2.8 2.3 2.1 -a.1 a.8

i = 18.9 5.2 8.8 5.0 5.5 a.2 1.5 a.7 8.3 B.2

1i+: 8. 12.4 11.5 14.1 25.6 2.9 5.5 4.6 1.5 8.5
: 1981 1982 1983 1924

2 : 28.3 48.7 2.1 2.8

3+ 35.1 25.8 52.F 13.2

4 : 29.4 208.FT 28.3 &B.s&

S = 4.9 9.7 1@.1 18.9

&5 s 1.7 2.3 5.8 7.7

7 = 8.3 a.8 1.4 4.4

= I @.1 B.1 A.5 1.3

gz B.a B.@ g.o 8.5

i@ : @a.1 B.1 a.1 a.1

11+: a.z B.1 B.2 B.4

Table 7.

VPA production:tonnes — FALL SPAWNERS Fun date:13Z/ 1/86
source 1971 1972 1273 1974 1975 1976 1977
recruitment biomass 28146 184615 1548 F21 2674 I294 2786
growth I8696 32424 TSe77 28983 144683 21138 Sea52
total production 431512 A4ZEE 36645 258464 17357 244=4 52831
loss through fishing 1469184 H4779 23783 28689 19751 17473 21836
surplus production -1784 iB283  15Bi4 5356 33 1@845 34851
net production —17@88% —44T57& —-&88%9 —-1533% -—-18Bi8 ~&638 13815
spurce - 1978 1979 i986& 1981 1982 19832 1984
recruitment biomass 11336 313@& 2278& 12498 32792 &18= 435
growth 19584 254256 29258 38273 35363 29936 244684
total production I@F1I? 56731 S2B3I46 49771 6BiL&2 56119 25119

loss through fishing 29045 29583 208784 13584 17617 159451 16882
surplus production 14994  Z9444 S3874 2 2B157 41464 igig1 2284
net production —148351 2?8811 12388 14573 23B47 -5788 -14478
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Table 8.
VPA oroduction/biomass ratic — FALL SPARNERS Fun date: i3/ 1/8&6
1971 1972 1973 1974 1975 19746 1977 1978 1979 1988 1981 1982 15983 1784

B.17 B.35 B.37 B.25 B.21 B.35 B.57 B.3% B. 46 B.SS B.446 B8.51 B.28 B.22

Table %.
YA fishing mortality — FALL SPAMNERS Fun date: 137 1/86

z 1971 1972 1973 1974 1975 1976 1977 1978 1979

2 : B.857 B.821 B.831 2.158 4.9681 B5.6881 A.8601 B.815 &.@i0

3 : B.4490 G.897 B.B15 B.137 B.6884 8.804 B.228 8.158 @.874

4 : 8.47464 B.ZEZT 6.114 8,182 A.141 A8.895 B8.154 B.414 B.477

S B8.517 A.54645 8.341 B.224 B.216 B.252 B.2B5 B. 46T 1.862

4 : B.581 B.568 8.445 B.3687 B.423 A.484 A.298 A.5378  8.857

F oz B.F17 B.5614 B.4698 B.457 B. 417 B.494 B.L2B B.49%  8.855

8 : 1.088% B.7945 B.0HD 8.489 B 3946 B.443 B.5339 1.8%6  1.2502

F: 1.452 @B.57%9 0.544 8.558 8.8892 B.535% B.733 B.9798 2.533

1B : B.7561 B.51F BL154 BUI173 B.226 B.2350 B8.374 B.4612 B.751

11+: B.741 B8.51Z% B.154 B8.172 B.226 B8.235 B.374 B.4612 B.7951

S+: B.842 A.592 B.3354 D259 B.257 B.I3L 8.455 B.4651 1.848
H 1288 1781 1782 1983 1784

2 : B.005 G.081 (G.001 B.08681 0.083

3 : B.148 B.848 G.850 R.819 B.828

A4 @ RB.IG&F B.2ZE B.I1T77 B.336 @.133

S5 =z @B.68B5 B.144 @B.275 8,127 B.250

4 1.8G9 B.145 S.1%98 B.225 B.183

7o B.F546 B.287 @.187 6.121 B.135

8 : B8.682 A.522 8.5340 B.224 6.978

G 1.754 ©8.41% 1.175 8.7B1 B.855

id : B.718 8.412 H.1600 B. 158 B.845

ii+: B.718 8.412Z (.198 A.158 6.048

S+: B.782 B.178 B8.25%9 B.171 @.183
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APPENDIX IV

Frojection analysis results for the spring spawning component of
the southern Bulf of S5t. Lawrsnce herring complex using the
partial recruitment (selectivity — Table 12}, 1784 caitch numbers
{Table 433, 1984 population numbers {Appendix II — Table 1}, and
the 1784 weights at age (Table 4b} with a recruitment of 188
millipn fish. The 1785 landings were set to 5124 tonnes.

Table 1.

FROJECTION population numbers — SPRING SPAWNERS
Run date:i?/ 1/86

H izg4 i85 1984 i9g7 1788
2 1900687 180080 108000 15006808 21080688
- 285628 Bis86 81578 81428 814628
4 : 54137 28888 S@27a SZ8e9 53847
5oz giies 42993 11352 @478 32152
& oz 11151 556359 25972 F267 195179
7 oz 19635 8138 37215 178468 Shad
8 = 778 1453 55879 261487 12554
F : 821 =82 1825 4031 ig786
1@ : 388 &2 411 745 2985
1i+: 1897 217 4358 298 541
2+: 2900446 2 Z12127  ZF1FFE3I 0 ZIZ21453 0 Z24633E1
S+ 1980446 212127 213763 221453 22633
d4+: 1461424 1384431 132193 1Z9825 1447863
Sz 97288 118353 8i922 o4a816 F1657

Table 2.

FROJECTION population biomass:tonnes — SFPRING SPAWMERS
Run date: 197 178546

: i784 1985 iggs 1787 1784
2 : 12@841.8% 12032.83 12035.94 1Z2834.24 12836.74
3= 4145.568 11138.58 1i1397.91 114@85.98B 11485.98
4 : 11i259.468 I268.28 84246.28 8885, 27 g8871.54
S 1&791.84 8341.29 22862.87 HEA75. 84 54@6.87
& = 2744 .85 13238.44 £218.74 174@.856 AH73.75
7 oz 49344 1959.87 Q12457 4706. 98 1235.84
g8 : 288. 18 zZ8a. 24 1451. 563 &£F36. 47 3EF3@. 42
? = 249 .89 i71.868 ZB5. 346 1171.44& 5654.36
i@ : 94.28 169.67 113.8%9 2806.45 ga5.51
1i1+: 244 .24 55. 9% 134.89 F1.76 1656.58
2+: 48371.43 S@EVSR.13 51482.28 52951.37  54597.84
Z+: FA3E3B.3ZT FETI7.ZE 39445.25 48F14.43 4256B.85
4+:  E2184.460 275B4H.BB 28847.34 27588.45 31154.88
S+: 20925.85 Z243Z246.52  19521.15  284623.18 22263.32
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Table 3.

PROJECTION rateh biomass:tonnes — SPFRING SPAWNERS
Run date: 177 1/84

iz84 1985 19846 1987 19780

2 = 28 45 I 35 =6
3z &38 Z17F7  253Z 2635 2635
4 2 2252 1269 25728 286466 2647
5 2 2754 2536 S95s 1495 15976
& 3 3ig 2847 1882 A T, I 813
7 oz =i EFL 1394 &78@ igg
g = i7 S 175 g3E2 42
@ 3 28 25 7 143 &7%
ig = =4 25 i4 25 27
ii+s 26 g i5 i8 ig
2+ HI1EFF 1838 B473 g1 21487
Iz L£IBT 1BZ2SS B4AXZSLs gFFF FA73
d4+3z: 5471 F@7E SBB4 £144 £438
S4+:  E219 s8&s% E274 34789 EFT71
Table 4.

PROJECTION fishing mortality — SPRING SPAWKNERS
Run date: 19/ 1784
izg4 1985 198458 1987 1988

F.802 B.084 B.08F B.883 8.063
@.154 B.285 B.231 B8.231 B.2E1
B.206 B.371 8.380 A.700 8.388
B.ié64 R.2H4 B.2446 B.2446 D244
A.114 B.215 B.174 8.174 8.174
B.182 8.187 B.153 B.153 8.153
B.086 B.148 B.128 8.120 68.120
G.000 B.148 B.120 B.1260 8. 120
B.3468 B.148 8. 128 B. 128 B. 128
@B.876 B.141 B.114 A.114 B.114

Ll BE A v BN R e Ll R R X

E

W,

M
-

@.112 8.187 B.153 B.156 9. 157
Table 5.

FROJECTION production — SPRINE SPAWMNERS Fun date: 1%/ 1/846
source H 1984 1985 1284 19287 igge
11695 114895 11695 11495 11495
growth FRE7 gee7 8784 FETL 2438
total production ZE784  ZB&F4 28481 21844 21134

&137 18360 8473 8815 2189
11838 18544 18185 18474 18214
48973 244 1712 146461 1185

recruitment biomass

loss through fishing
surplus production
net production
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APPENDIX V

Projection analysis results for the 311 spawning component of
the southern Gulf of St. Lawrence herring complex using the
partial recruitment (selectivity — Table 12}, 19B4 catch numbers
{Table Sa}, 1984 population numbers {Appendix III - Table 1}, and
the 1984 weights at age {(Table Sb} with a recruitment of 148
million fish. The 19085 landings were set to 21,2088 tonnes.

Table 1.

FROJECTION population numbers — FALL SPARNERS
Rurn date: 1%/ 1786

H izg84 i9gs 1984 1987 1588
PE 148008 1400060 21480888 1460088 21406688
Z oz 51848 114513 114285 114279 1143279
4 @ 220852 £31298 QBALTE FB516 PRASZS
b 81125 15g3Eg7 2858651 L3324 &£3214
& s F226E 51727 Q493350 17384 8438
7 o= 48898 43295 IEF728 H24739 11433
8 : 1786848 Z4973Z 4144 22484 4E475
2 : &73 12886 25995 25442 17528
18 475 =221 9e45 19924 125808
1i+: 2242 87 4441 FL3I8 15455
Z+: &41443 HBB7B1 S7&249 564427 553814
F+:z SHi1443% 45781 Z&24%9 424429 413816
443 449595 FIZ4888 2 I2iFE3IT 3141568 299531
S+: ZZB7IE OZF12798 231318 219434 Z2B5885
Table 2.

PROJECTION population biomass:tonnes — FALL SPOHNERS

Fun date: 19/ 1/8B&

: i784 1985 1784 1787 1988
2z 15892, 15 15876.99 15A77.85 15677.85 153877.85
s g2e8.a8 igRgsS. 146 i8@41 .59 18B@4E. 72 ig@ax,. 72
4 2 G5B3Z4 . 67 B475.97 iB&64. 55 1863228 1863441
5z 18487 . &2 It T S e £382.92 14182.41 14877.9&
& = 18795.27 1Z173.63 2477 4.86 4445 85 2826, 8%
7 o= 14843184 13937.15 oed. 78 17785653 IZ242.3
8 = 5329.29 1885421 iBs&i12.808 7388.65 13528.93
gz 2259.567 4Z2F2.25 B&7I. 45 B4p7%. 88 5045, 65

i@ : 148.25 1676.82 Z145.085 &£484. 43 &2408.29
11+ 7B84.54 1846.21 14@87.54 266838 SERE.22
s - 1291i8R6.48 128771.84 1158465.33 112867.72 189923.22
et 114881 .26 1850494.87 183787.48 G77F1.864 24845, 37
H+z 1BSg73.17 B7480. 98 B2745.8% FFFag. 14 76881.65
St 52838, 48 791TZ2.93 &4881 .33 &1115.94 58147.24
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Table 3Z.
FROJSECTION catch biomass — FALL SPAWNERS
Run date:i%/
H iz7584 1985 1986 1987 1988
2z i 47 45 45 45
=z 2258 £28 =95 =95 oS5
4 3 L1805 14841 2558 2953 29453
o o= 45322 18348 igi5 4231 AT
& oz 43284 29975 =314 7= 2151
A ig94& 2%47 1=49 2848 o525
8 = 41= 1G58 287 &88 1258
F oz izZ4 294 =72 Sa8 Z8&
ig : = 24 171 F45 38
ii+:z 7 & g0 152 287
Fz 16882 19888 14199 13413 12792
S 15881 19753 14154 13348 12747
g4 164655 19133 13559 12773 12152
bt 185535 17732 18591 2814 gige

Table 4.

PROJECTIONM

i784

fishing mortality

1985

i9846

i987

17846

— FALL SFAWNERS

Run date:z i%/7 1/84&

1988

a. 603
B.a2s
B.1323
a.258
@a.1g3
A.135
B.678
B.855
@8.237
@B.847

L8000 = O L0 e o B

st
[N
e
"

!
[

&.3Ba3
B.634
B.1465
B.312
@.228
#g.148
B.a%7
B. 8567
B.856
a.a85%9

B. 883
B. 833
@. 159
@. 568
B. 219
@B.162
B.893
B.8&&
B.854
@.857

&.663
B.833
#A.15%9
@. 566
B.219
@A. 1462
B.89=
@. 845
B.854
a.a57

#.0803
B8.@833
B.159
&. 386
B.219
@. 142
8.893
B.0566
a.854
#.857

tJ
B

B.113

Table 5.

PROJECTION
source

B.i48

B. 163

production

B.181

8.899

FALL SPAMNERS

i

FE4

1985

Run date: 19/

1984

1387

1/85
1988

recruitment
growth
total produo

bipmass

ction

13660
25413
98739

134462
21938
35598

136468
21558

F5221

13648
21747

[ A -t

34982

2668
213269
34929

ioss through fishing
surplus production

net product

ion

LI BN T B 1)

is

BE2Z

R
13243

— 2637

17888
11444

—H835

14197
iZa48

—2152

13413
12328
—1@85

12792
12744

152
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