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Abstract

The 1979 herring catch "against quota" in 4WX was 55,182 ton, an
historical low and considerably below the quota of 99,000 t. An
additional 41,021 t of predominantly juvenile herring were caught in
4Xb, and are not considered in the quota. The catch of adult fish was
exceptionally poor whereas the juvenile catches were good. The
exceptional 1970 year-class was still important in the "overwintering"
and "spawning" components of the fishery but overall, when all gear
types are included, the age composition was dominated by the 1976 and
1977 year-classes. The catch rates for both the winter and summer
purse seine fisheries declined to historical lows. Since there was
good evidence of increases in catchability (q) with time and population
decline, the effective effort series for the overall fishery was
adjusted accordingly. Starting fishing mortalities (F) for the cohort
analysis were selected by optimizing the two regressions for "fishable"
population on CPUE index and of weighted_F on fishing effort. The
fully recruited F was 0.5. Since there was evidence that the partial
recruitment pattern has changed over the last two years (less effort
applied against the younger ages), the size of the incoming
year-classes (the 1976 and 1977) were estimated independently using
regressions involving N.B. weir catch rates and environmental
variables. The results predict a very strong 1976 year-class at age 2
of 3.74 x 10 9 and a 1977 at age 2 of 1.42 x 10 9. If accurate the
1980 (January 1) 2+ biomass is 550,000 t. The F0.1 catch for
1980 following the historical partial recruitment pattern is 92,000 t
which should climb to 107,000 t by 1982. If however, the 1976
year-class is 50% of the predicted size a 1980 F0 • 1 catch is
55,800.

Resume

En 1979, les prises de hareng pour la partie du stock qui est
regie par TPA dans 4WX, totalis^rent 55,182 tonnes, un minimum
historique, et furent de beaucoup infe'rieures au TPA de 99,000 tonnes.
A cela viennent s'ajouter les 41,021 t prelevees dans 4Xb, surtout des
harengs juveniles, qui ne sont pas inclus dans le quota. Les prises de
poissons adultes furent exceptionnellement faibles, alors que celles
des je:unes furent bonnes. La classe d'fige exceptionnelle de 1970 etait
encore bien represent4e dans les prises prelevees durant la ponte et
durant la periode hivernale mais, si l'on combine tous les types
d'engins de peche, les classes d'age de 1976 et 1977 etaient
dominantes. Les taux de captures dans la peche a seine coulissante,
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tant dans la peche hivernale que dans la peche estivale, tomberent a un
minimum historique. C omme on avait de bonnes indications que le
coefficient de "capturabilite" (q) avait augment avec le temps et en
fonction de la diminution de 1'abondance, la serie d'effort effectif
pour l'ensemble de la peche fut corrig6e. Les taux de mortalit6 par
peche pour 1979 furent choisis en optimisant la regression de la
biomasse disponible a la pe"che vs l'indice de p.u.e. et celle du F
pondere vs l'effort de peche. Le F sur les ages completement recrut4s
etait de 0.5. Puisque les coefficients de recrutement partiels
semblent avoir changes durant les deux dernieres annees (moins d'effort
dirige vers les jeunes), l'abondance des classes d'age 1976 et 1977 fut
estime, independamment de l'analyse des cohortes, a l'aide de
regressions impl i quant les taux de captures des pares a hareng (weirs)
du Nouveau Brunswick et certaines variables de l'environnement. Les
resultats indiquent que l classe d'age de 1976, a deux ans, serait
tres abondante (3.74 x 10 poissgns) et que la classe d'ge de 1977(a deux ans) serait de 1.42 x 10 poissons. Si ces previsions sont
exactes, la biomasse des poissons de 2 ans et plus au ler janvier
1980 serait de 550,000 t. Si les coefficient de recrutement partiel
reviennent au modele historique, la prise correspondant a F0.1
serait 92,000 t en 1980 et atteindrait 107,000 t en 1982. Par contre,
si l'abondance de la classe de de 1976 etait la moitie de celle
prevue, la prise correspondant a F0.1 serait 55,800 t en , 1980.

INTRODUCTION

The major stock component in the 4WX management unit spawns off
southwest Nova Scotia during the late summer and early autumn, over-
winters in the Chedabucto Bay area, and returns to summer feed in the
vicinity of the highly productive tidally-induced fronts off southwest
Nova Scotia. The larvae metamorphose within the Bay of Fundy in the
spring of the first year and subsequently move into the nursery grounds
in the shallow embayments on both sides of the Bay of Fundy. A large
proportion of the juveniles recruit to the migratory adult population
in their third year.

From tagging studies (W. Stobo, pers. comm.), it has been con-
cluded that there is some intermixing in 4Xa of adults from the Gulf of
Maine spawning stock during the summer feeding part of the annual migra-
tion. Also there is an unknown degree of mixing of the Gulf of Maine,
and perhaps historically of the Georges Bank stock, with the "southwest
Nova Scotia" juveniles in the 4X(b) nursery grounds. The biological
evidence presented in Sinclair et al. (1980) suggests that the relative
contribution of the component stocks in the 4Xb juvenile fishery has
changed in the early 70's. Finally, there are thought to be a number of
small "local" stocks of herring along the "South" and "Eastern" shores
of Nova Scotia (Statistical districts 8 to 31) which are assumed not to
intermix with the larger migratory southwest Nova Scotia stock. The
tagging results from the 4Vn and 4Wa winter fisheries suggest, however,
that this assumption may not be appropriate (Sinclair et al. 1979).
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Based upon the above "working hypothesis" concerning stock composi-
tion of herring caught in 4WX, the juveniles caught in 4Xb and both the
juveniles and adults caught in statistical districts 8-31 within 4WX dur-
ing the summer have not traditionally been included in the analytical
assessment. Since 1978, however, the juveniles caught in the Liverpool
area during the early spring, which are thought to be due to an expansion -

of range of the "southwest Nova Scotia" 1976 year-class, have been in-
cluded. Also, in 1972 and 1973, large winter catches of juveniles by
the purse seine fleet in 4Xb, principally of the 1970 year-class, were
included. Thus the area of catch included in the 4WX analytical assess-
ment has been flexible in response to relevant biological information.

In the 1978 assessment, two "stock" options were assessed: the
traditional "stock" described above, and option 2 which included, in
addition to the "traditional areas", the total catch from the autumn-
winter juvenile purse seine 4Xb fishery plus 30% of the New Brunswick
weir and "shut-off" catches. The option 2 stock assessment resulted in
a change in the relative strength of year-classes in comparison to the
"traditional" stock assessment. It was felt that the new year-class
strength time series might provide a better data base for recruitment
prediction. Primarily for this reason, the second stock option has been
considered again in this assessment. The ICNAF subareas used in the des-
cription of the 4WX stock are shown in Figure 1.

CATCH DESCRIPTION

The seasonal catch distribution by gear type is shown in Table 1 and
Figure 2. The juveniles are essentially caught year-round by the purse
seine fleet (autumn-winter "brit" fishery), by the spring Liverpool trap
fishery, and by the summer-autumn Bay of Fundy weir and "shut-off" fisheries.
The adults are caught during overwintering in 	 4Wa by the purse seine
fleet, and during the summer and early autumn off southwest Nova Scotia
by the combined purse seine, weir and gill-net fisheries. The seasonal
and distributional characteristics of the 1979 fishery were similar to
previous years, except for (i) a relatively late peak in the drift gill-
net fishery on the spawning fish, (ii) the above-mentioned expansion of
range of juvenile fishery off Liverpool, and (iii) a minimal autumn
"brit" fishery.

The annual catch trends for the various gears are shown in Figure 3
and Figure 4. The 1979 purse seine catches in 4Wa and 4Xa are historical
lows (Figure 3). The gill-net fishery which selects for the larger fish
has also declined in spite of increased effort during the last three years
(Figure 4). The fixed gears in the Bay of Fundy, however, reported large
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catches of, predominantly, juveniles (Figure 4). There was believed to
be some under-reporting by an unknown amount) for these gears via sales
to the United States. In sum, the 1979 juvenile catches were good and
the adult catches exceptionally poor. In spite of the good juvenile
catches, the overall catch in 1979, as defined by both stock options,
was an historical low (Figure 5). The TAC of 99,000 t was undercaught
by 44%, but the catch was close to the F0 . 1 catch estimated in the last
assessment (60,000 t).

BIOLOGICAL SAMPLING AND CATCH RECORDING

The 4WX herring catches have been well-sampled with respect to other
stocks. This is reflected in the catch-to-sample ratios for 1977 to 1979
shown in Tables 2 and 3. There are, however, some minor problems with
the evenness in the distribution of the samples. The temporal coverage
is relatively even except for the gill-net catches (1977 and 1979) (Table
Some geographical areas are less well covered than others, but not consis-
tently from year to year. For example, the purse seine areas 17, 18 and
19 .(see fig. 20 and 21 for the area definitions) had a high as an 1,800
sample ratio for 1978; and the Grand Manan weirs (areas 110 and 111) in
1977 and the area 101 and 102 weirs in 1979 were less well sampled than
other weir areas (Table 3). Overall, however, the fishery is very well
sampled in time and space. There has been a major breakdown, however, in
the "area of catch" reporting system by the purse seine fleet. Two sys-
tems for identifying the catch location by the purse seine fleet are in
operation: the log records and the delivery slips. Both were a failure.
Almost 50% of the purse seine catch in 4Xa and 4Xb was not recorded by
location in 1979, such that the length frequency samples could not be
matched to catch-by-area for most months. Thus, within each of these
months, each sample from the purse seine catch was weighted equally. This
problem and the above-mentioned under-reporting of weir catches via U.S.
sales deserve serious consideration by the Atlantic Herring Management
Committee. In spite of these problems, the catch reporting system and
the biological sampling program carried out at St. Andrews must be con-
sidered to provide excellent age composition data for the 4WX herring
stock when compared to the general "state of the art".

2).

ton-to

AGE COMPOSITION

The overall percentage age composition of the catch of the various
components of the fishery are shown in Table 4 and Figure 6. In each
histogram, the 1970 and 1971 catches have been adjusted in accordance
with the criteria adopted by Stobo et al. 1978. The adjustment is deemed
necessary due to an ageing problem for the 1970 year-class. The catch of



the "predominantly adult" fishery components included a large percentage
of three- and four-year olds (1976 and 1975 year-classes). The 1973
year-class was not very strong in the gill-net or 4Xa purse seine fish-
eries. The large 1970 year-class was still important in the "overwintering"
and "spawning" components. The juvenile components caught a higher pro-
portion of three-year olds of the strong 1976 year-class and almost no
one-year olds. There are some interesting differences in age composition
by area and month that are not reflected in the combined age compositions.
For example, the Grand Manan weirs caught a higher proportion of three-
year olds than did weirs in other New Brunswick areas, and west Grand Manan
consistently (every month) caught bigger fish than east Grand Manan. One-
year o.lds were only caught in New Brunswick weirs within area 106 (see
fig. 21) in the more estuarine waters. Annapolis Basin and St. Mary's Bay
weirs caught predominantly two-year olds, while weirs on the outwards side
of Digby Neck caught a higher proportion of three-year olds. In sum, there
is a consistent gradient in the proportional catches of two- and three-year
olds from enclosed bays to open water. The two stock option percentage
age composition histograms are shown in Figure 7. The dominance of juven-
iles in the catch, irrespective of the option, is striking.

EFFORT

In the assessment of the 1978 fishery (Sinclair et al. 1979), the
question of changes in catchability in the purse seine fishery, due to
stock size fluctuations and increases in efficiency by the fleet, was
considered at some length. 	 It was accepted that there was some evidence
for "learning" by this component of the fishery; and thus the cohort
analysis, "fitted" with the effort series adjusted by learning, was
the option retained for management advice. It is of interest that the F0.1
generated TAC from this option was much closer to the actual catch
than was the TAC generated from the cohort analysis "fitted" without the
learning adjustments. The adjustment of the effort by the purse seine
fleet is considered again in this assessment.

Trends in fishing mortality (F) per unit of effort (E) are calculated
using the "catch equation". Population numbers were generated for option 2
stock, fitted with (method 2) and without (method 1) learning-adjusted CPUE
and effort time series. Thus method 1 includes the optimistic or high
estimate of recent population levels, while method 2 uses the lower recent
population estimates. Catch-at-age for the two purse seine components
and the two population matrices, for the relevant years for which there
is data available on CPUE for the fleet, provides the input data for the
calculation of F-at-age. The F values were weighted by the "fishable"
population numbers (POP x PR for each component). The weighted F values,
divided by the raw E estimates, provide the "q" estimates shown in
Table 5 and Figure 8. There is good evidence of increases in "q" with
time and with changes in stock size.
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The log records from 1976 to 1980 have been re-analyzed to generate
three CPUE indices: catch per successful night (the traditionally-used
index, since this was how the logs were coded for the data storage); catch
per set; and catch per night fished. As adult stock has decreased over
the last four years, the catch per night fished in 4Xa has decreased by
66%, while the catch per successful night has decreased by less than 30%.
The catch per set decreased by an intermediate amount and appears to have
levelled off. This could indicate that school size initially decreases
with decreasing stock size, but at some lower school size, there begins
to be re-grouping of schools to maintain a minimum size in spite of fur-
ther decreasing stock size.

The CPUE indices and their method of calculation are shown in Table 7
and Figure 9. The effective value of a successful night's fishing was
increased by 10% (not compounded) from 1967 to 1976 and, subsequently, by
7.5%. The reduction in the rate of increase for the last three years
was included to compensate for the opposite trend -- reduction of the
power of a night's fishing -- imposed by nightly boat quotas. The over-
all result is that a 1979 night is equal to about two 1967 nights. The
fixed gear CPUE indices were not included in the calculation due to the
uncertainties in both the actual effort involved, including the effect of
market demand on catch per weir. The fixed gear effort and CPUE estimates
are shown in Figure 10 and Table 9. The marked differences in the two
weir CPUE distributions suggest that separate stocks, or stock mixtures,
are being fished.

The two effort series (one adjusted for learning and the other with-
out adjustment) appropriate for each stock option are shown in Table 8.

POPULATION SIZE

For each of the catch matrices, option 1 and 2 stocks (Table 10), par-
tial recruitments were calculated from the average fishing mortality-at-
age from, respectively, 1973 to 1976 and 1972 to 1976.

The two P. R. vectors are:

AGE

1 	 2 	 3 	 4 	 5 	 6 	 7 	 8 	 9 	 10

PR
Option 1 	 - 	 0.38 0.46 0.73 0.80 	 1 	 1 	 1 	 1 	 1

PR

	

Option 2 0.023 0.82 0.44 0.80 0.82 	 1 	 1 	 1 	 1 	 1
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These PR vectors were used in adjusting the starting F values, but since
there was a marked change in the PR vectors for option 2 in the early
1970's, an average PR vector for all years was used to define the
"fishable" population for weighting F. F's for older ages in years 1965
to 1976 were the average values for the fully recruited ages (5 to 7).
Several iterations were made to adjust the F's for older ages. Starting
F's for 1979 were set by optimizing the two regressions for "fishable"
population on CPUE index and of weighted F on fishing effort. There is
evidence that q has changed from observation of the time distribution of
"non-adjusted" CPUE in Figures 11 and 13. The effort series for option 2
has problems. The series are derived from predominantly adult fishery
logs, and the additional catches included in option 2 are juveniles. The
1972 and 1968 points, during which very high juvenile catches are incor-
porated into the catch matrix, are clearly anomalous (Figure 14). The
CPUE regressions involving the learning adjustment have higher R 2 than
those without the adjustment. The starting F values for the four "final"
analyses are:

Learning 	 Non-learning

Option 1 	 0.5 	 0.30

Option 2 	 0.5 	 0.32

The population and F matrices for the best runs (using the learning
adjustments for "fitting") are shown in Tables 11 and 12. The upper right-
hand corner of the matrices, however, have been adjusted.

There is good evidence that there has been a marked change in the
partial recruitment during 1978 and 1979. The purse seine fleet indicate.
that they have avoided small fish. 	 Also, if the 1972 to 1976 PR vectors
are used in the cohort analyses, only a moderately good 1976 year-class is
generated. The evidence from the juvenile fisheries, juvenile range expan-
sion, and fishermen's reports during 1977, 1978 and 1979 indicates that
this year-class is a large one. Because of the likely changes in the
partial recruitment for two- and three-year olds over the last two years,
the upper right-hand corner of the population matrices was fitted using
several recruitment predictors and subsequently the recent PR on younger
ages re-estimated using the catch equation.

Three predictive regressions for year-class size estimated at age 1
or 2, depending on the stock option, are considered (Table 13). The
environmental regression developed with Dr. W. Sutcliffe (.R 2 = 0.86, for
option 2 time series of 1963 to 1975 age one year-class strengths) involves
Sable Island wind parallel to the southern shore (WIN 230 0 ) and sea level
at Halifax (in cm). Work is in progress to decompose the sea level record
into several constituents, including the Nova Scotia current, in order to
indicate possible causal relationships with herring larval survival. The
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relationship between "predicted" year-class strength and cohort analysis
estimates (option 2) are shown in Figure 16. I:t is to be noted that the
two exceptionally poor year-classes of 1974 and 1975 are well "predicted".
This opens the possibility that their poor strength might have been due
to environmental factors rather than due to stock size feedback processes.

The second regression, shown in Figure 17, for option 2 has the high-
est R 2 value, but due to the change in PR during 1978 and 1979, the ratio
of age two numbers in stock option 1 catch to total catch in tonnes (same
option) is an inappropriate predictor. The figure does indicate, however,
that PR has changed. The third regression involves the New Brunswick weir
age two catch. The New Brunswick age one and Nova Scotia weir age two
catch were less well correlated with cohort analysis estimated year-class
strengths.

Using the mean of the estimates of 1976 and 1977 year-classes from
regressions 1 and 3, and the subsequent catches, the upper right-hand
corner is as shown in Tables 11 and 12. The population is projected to
the beginning of 1980 using the 1979 catches-at-age and the "catch equation".
The resultant population biomass (2+) distribution from 1965 to 1980 is
shown in Figure 15. The accuracy of the 1980 estimate is critically depen-
dent on the above "predictions" of the 1976 and 1977 year-classes. Follow-
ing these predictions, the new (1979) PR estimates for age two and three
are:

AGE

2 	 3

Option 1 	 0.17 	 0.14

Option 2 	 0.32 	 0.18

The calculation suggests a 55% decrease in the partial recruitment of
age two fish, and a 70% decrease on age three fish during 1979.

YIELD PER RECRUIT

Using the following mean weights-at-age (g), which were estimated
from the weight-at-age of all components of the fishery, and assuming a
return to the 1972-1976 PR distribution, yield per recruit curves were
derived.
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A GE

1 2 3 4 5 6 7 8 9 10

WT (Option 1)

10.64 	 24.37 93.93 164.75 226.00 253.13 285.86 314.75 343.85 369.52

WT (Option 2)

9.97 	 25.87 85.38 161.71 224.40 253.05 285.56 314.49 343.47 369.52

PR (Option 1)

0 	 0.38 . 	 0.46 0.73 0.80 1 1 	 1 	 1 1

PR (Option 2)

0.023 	 0.82 0.44 0.80 0.82 1 1 	 1 	 1 1

The following F 0.1 values were estimated:

Option 1 . . . . . . . . . . . . . 	 0.293

Option 2 . . . . . . . . . . . . . 	 0.246

PROJECTIONS

The following input parameters were used in the five-year projection
for stock option 1:

i 	 weight-at-age (as in yield per recruit)
ii 	 partial recruitment Cas in yield per recruit)
iii catch-at-age for 1979 from Table 10
iv 	 population-at-age (for January 1, 1979) from Tablell
v 	 2n G. M. recruitment (1965-1977) equal to 13.78
vi 	 F0.1 = 0.293

The projected tonnes expected to be caught for each age in 1980 are
shown in Table 14. The detailed five-year projections, at the F 01 criteria,
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are shown in Table 15 and the annual catch graphically shown in Figure 19.
A 1980 FO 1 catch of 92,000 t is estimated which would climb to 107,000 t t.
by 1982 at the 1976 and 1977 year-classes maximize their biomass.

If, however, the actual size of the 1976 year-class at age three was
as low as 50% of the "predicted" size used in the above projections, the F0 .1
catch in 1980 and 1981 would be, respectively, 55,800 and 67,300 t.
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1.6

Table 5 Catchability trends for the 4Xa and 4Wa purse seine fisheries.

4Xa Estimates ( x 10 -6

YEAR METHOD 1 MEIHOD 2

1967 77 78

1968 75 76

1969 68 69

1970 74 74

1971 77 77

1972 89 87

1973 90 87

1974 79 76

1975 101 95

1976 115 105

4Wa Estimates ( x 10 -5

1973 18 19

1974 27 28

1975 33 34

1976 27 28

1977 30 31

1978 43 45
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Table 6. 	 Recent trends in various C.P.U.E. indices for the 4WX
herring purse-seine fishery.

4X Summer Fishery

1976 	 1977 	 1978 	 1979 	 4 Year % decrease

% of catch
accounted for
in logs 72 47 36 28 	 -

Catch (t) per
successful night 44.6 37.4 39.5 31.7 	 29

Catch (t) per
set 34.0 24.0 20.9. 18.7 	 45

Catch (t) per
recorded nights
fishing 36.9 28.3 31.7 12.5 	 66

4Wa Winter Fishery

4 year (76-79)
1976 	 1977 	 1978 	 1979 	 1980 	 % decrease

% of catch
accounted for
in logs 	 71 	 75 	 28 	 69 	 46

catch (t) per
successful night 	 127.4 	 100.3 	 (143.6) 	 71.0 	 68.2 	 44%

catch (t)
per set 	 - 	 47.2 	 (63.3) 	 34.6 	 46.9 	 -

catch (t) per
recorded nights
fishing 	 103.1 	 78.5 	 (119.1) 	 52.0 	 54 	 49%
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Table 14. Projected catch-at-age for 1980 and 1981.

AGE 	 LENGTH (inches) 	 WEIGHT (in t.)

2 6 to 9 2,250 2

3 9 to 10 11,487 13

4 10 to 11 65,144 70

5 11 	 to	 12 4,007 4

6 12 493 1

7 12 1,798 2

8 12 1,561 2

9 12 1,096 1

10+ 12 4,374 5
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Table 15. 5 year projection of 4WX herring population and catch distributions
(input parameters detailed in text).

POPIIL A'rroq ;rTic' 	 24/ 3/99

1 	 79 80 81 82 93 84
---+------------------------------------------------
2 	 1 1420000 955113 965113 965113 955113 955113
3 12951979 1067557 705911 706911 706911 706911
4 I 	 164090 2257533 763904 505792 505792 505792
5 15350 93232 1492399 504997 334356 334365
6 54772 8424 50402 956557 227053 216553
71 43165 27199 5146 35893 590364 199767
8 I 	 27758 21435 16513 3143 22534 360589
9 I 	 03409 13784 13093 10147 1920 13763

1n 19533 43859 8419 7997 .6193 1172
4793136 4503281 4031993 3707548 3450259 3304026

POPUYATION BIOMASS 	 24/ 3/80

1 	 79 90 81 82 83 84
---+------------------------------------------------------------
2 	 I 	 34605.40 23519.79 23519.79 23519.79 23519.79 23519.79
3 	 1277936.90 100285.00 66400.15 65400.15 66400.15 66400.15
41 	 27033.83 371929.32 125853.12 93329.17 83329.17 83329.17
5 	 I 	 3459.10 21077.26 337282.10 114129.22 75566.60 75566.60
5 	 I 	 13854.4! 2132.47 15289.45 244664.50 92789.36 54816.03
7 	 I 	 12339.15 7775.10 1470.91 10546.16 169761.56 57105.39
8 	 I 	 8735.33 6746.80 5228.91 989.21 7092.50 113495.52
9 	 I 	 33837.93 4739.79 4501.88 3489.05 660.06 4732.55

10 	 I 	 3940.19 18057.91 3111.15 2954.99 2290.18 433.26
415753.77 555253.44 592657.45 550022.24 510409.39 479393.45

CAM"Y r^UYREPS 	 24/ 3/90

1 	 71 	 80 	 81 	 82 	 83 	 84
---+------------------------------------------
2 	 1105250 92337 92337 92337 92337 92337
3 	 1182949 122289 90969 90969 80969 90959
4 	 I 	 45756 395409 133799 88590 89590 39590
5 	 I 	 4617 17731 233742 96012 63571 63571
6 	 I 	 19695 1949 13972 223579 75654 50092
7 	 I 	 15521 6292 1190 8534.136550 46209
8 	 I 	 9991 4959 3943 727 5212 83410
9 	 I 	 35386 3189 3029 2347 444 3184

10 	 I 	 3134 11304 1948 1850 1434 271
422939 655457 514827 594944 544771508632

CAT'7.1 BIO"'ASS 24/ 	 3/80

	79	 80 	 81 	 82 	 83 	 84
---+--------------------------------------
2 I 	 2565 2250 	 2259 	 2250 2250 2250
7 117134 11497 	 7605 	 7605 7605 7605
4 	 7538 55144 22043 14595 14595 14595
5 I 	 1043 4007 54126 21699 14357 14357
5 I 	 4085 	 493 	 3537 55594 19150 12680
7 I 	 4437 1709 	 340 	 2439 39037 13209
3 I 	 3142 	 1551 	 1210 	 229 	 1641 26253

	

12167 	 1095 	 1041 	 807 	 153 	 1095
10 I 	 1417 4177 	 720 	 584 	 530 	 100

Subtotall 54479 92014 102972 105903 99328 92155
11+ 	 857

Total 55336
Fishing mortality 	 24/3/80

	79	 40 	 R1 	 82 	 83 	 94

---+------------------------------------

2 I 9.05 0.111 0.111 0.111 0.111 0.111
3 10.071 0.135 9.135 1.1.35 0.135 0.135

It 0.365 0.2.14 0.214 0.214 0.214 0.214

S 10.400 0.234 0.234 0.234 0.234 0.234

5 10.500 0.221 0.293 f).293 9.293 0.293

7 I 0.500 0.293 0.293 0.293 0.293 9.293
3 10.500 0.293 0.293 0.293 0.293 0•213

9 10.50^ 0.293 0.203 0.293 1.293 0.293
10 10.500 0.293 0.293 0.293 0.297 0.201
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Fig. 1. Herring stock structure i- Subareas 4 and 5 and Statistical Area 6. 	 (Double lines
__ indicate stock management areas; solid black areas indicate the general spawning

grounds.)
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Herring Purse Seine
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Figure 20. Herring purse seine catch locations.
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Herring Weir Catch Locations
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'Figure 21. Herring weir catch locations.
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