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The herring fishery off southwest Nova Scotia has been in
existence since the 1800's. The fishery first began as a gillnet
fishery; the weir fishery developed around 1820, and the purse seine
fishery about 1940. 1In 1964, a large fish meal industry developed in
the Maritimes region and soon afterwards the size of the Bay of Fundy
purse seine fishery increased greatly to meet the demand for herring
for reduction.

Currently, three gear types (purse séines, weirs and
gillnets) account for about 98% of the catch in the Bay of Fundy and
surrounding area. Traditionally, each gear exploits a particular
component of the herring population in a particular area and the
geographical area of overlap between gears varies considerably (Fig. 1).

The gillnet fishery occurs only on the Nova Scotia side
of the Bay and exploits primarily adult fish in pre-spawning and spawning
aggregations. Historically catches remained relatively constant, in the
order of 2,000-6,000 tons. In 1977, however, a substantial increase in
effort occurred and a catch in excess of 18,000 tons was taken.

The weir fishery occurs on both sides of the Bay of Fundy
although the majority of weirs are located on the New Brunswick side.
Catches on the New Brunswick side have ranged up to 50,000 tons historically,
but since the early 1960's have ranged between 16,000 and 39,000 tons. This



fishery exploits primarily 2 and 3-year old fish. The Nova Scotia weir
fishery is considerably smaller, with catches in the order of 2,000 to
12,000:tons per year, and exploits primarily fish of ages 2-5.

The purse seine fishery has occurred throughout the year and
on both sides of the Bay. A winter "brit" fishery in the 1960's
exploited very small fish on the New Brunswick side for fish meal
production and catches as high as 42,000 tons were made. This fishery
was essentially ended in 1970 by Canadian legislation which prevented
landingsherring less than 11.5 cm long and utilization of herring
between 11.5-18.0 cm for fish meal. Since that time, catches of "brit"
herring have been substantially reduced. A summer-fall purse seine
fishery exploiting both juveniles and adults occurs on the Nova Scotia
side. Catches in this fishery have ranged between 35,000 and 130,000 tons.

Historical catch statistics for the various Bay of Fundy
herring fisheries have been confounded by the habit of reporting by area
of landing rather than area of catch and by the lack of catch locations
for the considerable quantities exported to the United States. A report
by Miller and Iles (1975) has attempted to designate catch by location
and is probably more reliable than any other statistics on this fishery.

Stock interrelationships are not yet well defined for this
southwest Nova Scotia stock and this lack of knowledge has hampered
management objectives. Tagging experiments in the Bay of Fundy in 1973
and 1974 (Stobo et al., 1975) indicated that the herring fisheries in the
Bay of Fundy exploit a stock complex, part of which migrates to the
Chedabucto Bay area during winter while another portion moves westward
as far as Cape Cod. As a result of these experiments the winter purse
seine fishery occurring in the Chedabucto Bay area has been combined
with southwest Nova Scotia for management purposes. This Chedabucto Bay
area fishery began in 1969 and catches have ranged from 7,000-52,000 tons
(see Stobo, 1974, 1975). Insufficient information has been collected,
however, to determine the proportionate dependence of the New Brunswick
weir and "brit" fishery on the southwest Nova Scotia and other stocks.
Consequently, these two New Brunswick juvenile fisheries are not as yet
included with any designated spawning stock for management purposes.
Further, along the southern coast of Nova Scotia, between Cape Sable Island
and Canso, there are a number of small, local gillnet fisheries presumably
exploiting local stocks; the catches from these localized gillnet fisheries
are not included in the present analyses.

Catch statistics

The 1977 catch (actually the 1976-77 fishing season catch)
from the Div. 4WX stock was 117,980 tons. A detailed breakdown of the
catch in Div. 4WX is given in Table 1. In the case of gears or areas
which exploit more than the southwest Nova Scotia stock, the stock and
total catch are presented separately. The fishing season is based on



November 1 to October 31 season rather than calendar year because the
fishery off Chedabucto Bay usually commences in November and that off
southwest Nova Scotia terminates in October. Due to a lack of sampling
coverage and the provisional nature of the catch statistics, the small
catches by Nova Scotia gill nets and weirs _in ‘November and December have been
included in the 1977 fishing season.

Current catch composition

The level of sampling of the Div. 4WX commercial herring
catch is very intensive throughout most of the fishery. As a result,
monthly age-length keys and length-weight relationships by gear can be
derived. In some months however, the catchi:by some gears are only a
few hundred tons and in such cases samples for adjacent months are
combined to obtain a representative age-length key. To the extent possible
however, monthly length-weight relationships are retained.

The Bay of Fundy purse seine fishery has historically shown
substantial differences in the monthly length frequency of the catch
between different geographical areas in the Bay. In order to reduce the
effects of these differences in the final length frequency distribution,
the Bay was sub-divided into 20 areas. For the period 1973-76 the monthly
purse seine catch was partitioned into these areas using log record
information, then weighted against the length frequencies from each area.
The same procedure was used in 1977, however a new statistical system was
initiated in the Bay of Fundy in 1977 which allowed direct allocation of
almost the total catch into the individual areas. In the Chedabucto Bay
area the sampling coverage has been sufficiently intense since 1972 to
weight the Tength frequencies against, in many cases, individual boat
catches. Generally it has not been necessary to combine catches over more
than one week periods in order to weight the length frequency samples.

The age composition for the 1977 Div. 4WX stock catch is
given in Table 2. The fishery in 1977 in both the southwest Nova Scotia
and Chedabucto Bay areas was dependent on the 1970-73 year classes. The
younger year classes (1974-76) did not contribute substantially to the
overall catch in either area. Although the catch of the 1975 year class
in Nova Scotia weirs was 48 x 10 °, this catch is not large compared to
other years (see Fig. 4').

In 1976 and 1977 an ageing problem has been noted in
distinguishing between the 1970 and 1971 year classes, similar to that
existing for the Subarea 5 herring stocks. Apparently the 1976 annulus
is poorly defined in the 1970 year class resulting in large numbers of
fish being aged as 1971 year class fish. The size of these two year classes
are now well defined in cohort analyses with the 1970 year class being



about six times the size of the 1971. Therefore the relative
contribution of each in the 1977 fishery was adjusted on the basis
of their relative proportions in the 1975 catch, after adjusting for
partial recruitment. These adjusted values were then used in
subsequent analyses.

Assessment Parameters

a) Effort calculations

In order to get some method for examining the appropriateness
of terminal F in cohort analyses, weighted effort figures for the
period 1967-77 were derived for the Nova Scotia purse seine and weir
fisheries (Table 3). The annual catch-per-unit-effort (CPUE) values
for purse seines were obtained from log records, then standardized
against the 11-year average CPUE. The number of weirs on the Nova
Scotia side of the Bay of Fundy have remained constant during this
period and an annual catch-per-unit-effort was derived by dividing the
11-year average into annual catch. A CPUE index was then calculated as:

CPUE INDEX = (Purse seine catch x CPUE/Ave + Weir catch/Ave)
Purse seine catch + Weir catch

and expanded to total effort exerted on the Div. 4WX stock:

EFFORT UNITS = Total 4WX stock catch
CPUE INDEX

b) Cohort analysis

Cohort analysis was first run using the same terminal F and
partial recruitments as used for the 1977 catch projection. The F's
placed on older year classes were the same as used in deriving the
population matrix for the 1977 projection. The resultant fishing
mortalities on age groups 5-8 were averaged and the analysis re-run.
Age 5 fish are only 90% recruited and the fishing mortality on this
age group was adjusted to account for this partial recruitment. Two
iterations were conducted using this method.

The resultant weighted F's were then plotted against the
derived effort (Fig. 2) and further adjustments were made in the
terminal F and the F's on older age groups to improve the regression.
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The partial recruitment factors were not adjusted because the F's

on those year classes had very little affect on the weighted F. The
best relationship obtained between effort and weighted F gave an r2

of 0.632 but did not go through the origin. There are several possible
reasons for the intercept being on the X-axis. The purse seine fishery
in 4Wa has a much higher CPUE than in southwest Nova Scotia eSpecially
in recent years. Incorporation of these data into the calculation of
total effort units would probably reduce the total effort in all years
and swing the intercept closer to the origin. The catch-per-unit-effort
in the purse seine fishery in southwest Nova Scotia declined in 1976

and again in 1977 resulting in an increase in calculated effort. Even
though the catch-per-unit-effort in Nova Scotia weirs (see Table 3)
showed similar declines, the management system in southwest Nova Scotia
during 1976 and moreso 1977 limited nightly boat catches to market
demand. The increase in effort in these two years is thus partly an
artifact of this management system. Corrections for these limitations
would probably move the intercept closer to the origin but would not
have much other effect on the regression. The result of such corrections
as discussed above would probably not affect the relationship and thus
the weighted F's in recent years any appreciable amount.

The population size and fishing mortalities associated with
the final cohort analyses are given in Table 4.

c) Recruitment estimates

There are no research surveys associated with pelagic fish
thus no independent estimates of abundance or year class size can be
made. Due go this lack of information, a conventional year class size
of 750-x10 ° fish at age 2 for Div. 4WX herring was adopted at the
ICNAF scientific deliberations. This conventional year class size was
in the lower end of the range of the observed year class sizes, but it
was felt that a conservative estimate should be initially made until
additional data allowed for adjustments.

The cohort analysis (Table 4) suggests that the 1974 and 1975
year classes are smaller than the conventional size, using current
partial recruitment factors. The 1974 year class, in fact, is
calculated to be the smallest year class observed since 1965.

The relationship of the catch of 2-year old fish to total
catch and year class size calculated from cohort analysis was then
examined for the southwest Nova Scotia purse seine and weir fishery.
The relationship between the catch of 2-year olds as a ratio of total
catch numbers in the southwest N.S. purse seine fishery to year class
size at age 2 (Fig. 3) gave an r2 = 0.835 and indicates that the 1974
and 1975 year classes are quite small. The relationships between the
catch of 2 year olds in N.S. purse seines (Fig. 4) and N.S. weirs (Fig. 5)
and year class size at age 2 were al3o examined. -Although the relationships
were not predictive, they both suggest that the 1974 and 1975 year classes
are small.



d) Yield-per-recruit

The nature of the purse seine fishery in southwest Nova
Scotia changed in 1976 and 1977 in that the season was extended from
May-mid-August to May-October. This extension of the season changes
the mean weight-at-age and thus possibly the yield-per-recruit. Weight-
at-age of calculated removals by gear, month, and area were accumulated
for the fishing season to derive mean annual weights at age as given
below:

Annual mean weight-at-age (kg)

AGE 2 3 4 5 6 7 8 9 10 11+

WEIGHT  0.0296 0.0977 0.1658 0.2071 0.2615 0.2807 0.3002 0.3286 0.3490 0.3732

A new yield-per-recruit, using Beverton-Holt equations, was calculated
(Fig. 6) with a resultant Fp.q =0.308and an F__ = 0.517.

Partial Recruitment

Partial recruitment factors were not changed from those used
in 1976 and 1977.

AGE 2 3 4 5 6 / 8 9 10

PR 0.30 0.41 0.76 0.90 1.00 1.00 1.00 1.00 1.00

Results of Assessment

Several options were considered in determining the catch Tevel
for 1979. The 1978 TAC was established in April 1977 with provisional
catch statistics and using the conventional year class size for the 1974
and 1975 year classes. The final catch statistics indicate that the
1976-77 stock catch from 4Wa was 23,251 tons, 3,600 tons greater than
that used in the 1977 assessment and the 1977 stock catch from 4X was
94,319 tons, considerably more than the 1977 TAC of 84,000 tons, which
was also used in the 1977 projections to determine the 1978 catch. --

The 1978 TAC was set at 98,000 tons with a sub-allocation
of 20,000 tons for 4Wa and 78,000 tons for 4X. The catch in 4Wa was
only 16,783 tons thus the 1978 catch of the whole stock could be
1imited to 95,200 tons if the under-run in 4Wa is not transferred to 4X.



In order to determine the difference between taking 92,500
tons in 1978 and managing catch closer to FO 1 catch and population

biomasses were projected to 1986 with a trial F = 0.319 (FO 1° 0.308)

with 2 options for management and two recruitment levels (Fig. 7). The
management options were:

1. 1978 catch = 92,500 tons; F = 0.319 thereafter; and
2. F =0.319 for all years 1978-86.

The recruitment options were:

1. €tonstant recruitment from 1976-86 of 750 x 106 fish at age 2; and

2. for the period 1975-77, constant recruitment of 750 x 106 and for

the period 1978-86, recruitment was selected from a log normal distribution
based on past recruitment levels excluding the 1970, 1974 and 1975 year
classes. The projection..shown in the average of 20.runs. -~

If the 1978 catch is 95,200 tons, under either recruitment
option the 1979 catch is only slightly lower than if managed close to
F0 1° The population biomass is also depressed initially but there is

little difference by 1981. Subsequently, there is no discernible
difference if managed at the same F level. There is a considerable
difference however using either management option in long term catch and
population biomass under the different recruitment assumptions. With
recruitment at the conventional level, the catch stabilizes just below
60,000 tons and the population at about 300,000 tons. With average
recruitment, by 1986 catches between 90,000-100,000 tons would occur
with a population biomass intexcess of 460,000 tons.

On the basis that there is no long-term advantage to adjusting
the 1978 TAC, projections for 1979 were made assuming a 1978 catch of
95,200 tons and projecting at F0 1° 0.308 for fully mature fish. The

population structure in 1977 as generated by cohort analysis (Table 4)
was used for the projections except tgat the 1975 year class was set

at the conventional level of 750 x 10° fish. The sizes of the 1976

and 1977 year classes were also set at the conventional level. The
relationship between 1979 catch and 1980 population biomasses is given
in Fig. 8. At FO 1 the 1979 catch and the 1980 population biomass would

be 65,300 tons and 330,000 tons respectively.

Projections to 1986 using F0 1 were also run using two

recruitment options for the 1978 to 198% year classes. The recruitment
for year classes prior to 1978 were as in the 1979 projection. The



recruitment options were:
‘1. conventional year class size = 750 x 106 at age 2,

2. average year class size = 1.237 x 109 at age 2, where the average
is based on the 1963-73 year classes excepting the 1970 year class.

The results (Table 5) are similar to those in Fig. 7.
Setting recruitment at the conventional year class size results in
catch and population biomass stabilizing at about 58,000 tons and
300,000 tons respectively by 1981. Setting recruitment at the
second option results in a catch of almost 93,000 tons in 1986 with
an associated populatéd biomass of almost 490,000 tons. Although both
are still increasing the rate has dropped considerably.
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Table 1. Provisional catch (mt) during the 1977 Div. 4WX herring fishery. Catches in
parentheses indicate catches associated with Div. 4WX stock. Total catch for
4WX stock refers to 1976-77 fishing season only, .
1977 Total
‘Nov. Dec. dJan, Feb. March  April May June July August _ Sept. Oct. Nov. Dec. Jan. | 4WX Stock
4Wa_Chedabucto Bay
Total catch 1025 5783 10945 361 - 1704 3457 143 327 508 133 3 217 - -
Purse seine (1025) (5783) (10945) (361) - (1700) (3437) - - - - - (274) (66) (16934)] 23251
(stock)
4Xa Southwest N.S. .
Purse seine - - - - - - 711 15526 18687 18494 13704 1416 - - - 68538
Gill Het (Total} - - - - - 2 382 2321 3728 7031 5674 6 . 13 -
Gill Net {Stock) - - - - - (1) (347) (2171) (3353) (6969) (5668) (6) (7) - 18523 *
Weir - - - - - - 366 1526 2042 1145 99 15 - 20 - 5213
Misc. - - - - - 2 163 635 848 278 100 1 8 - - 2045
4nX Foreign 23 23 - - 102 101 1 160 - - - - - - - 10
4WX Stock Total 23 23 10945 361 102 1804 5025 20018 24930 26886 19571 1448 282 93 117,980
4Xb_Mew Brunswick Jotal
Weir ] - - - - - 28 16 977 4224 6360 2815 2701 3325 752 - 20,697
Purse Seine - - 27 746 463 - - - - - - - - - - 1,237
Misc, - - - - - - - 10 77 1777 489 300 137 - - 2,790
Total - - 27 746 463 28 16 987 430} 8137 2804 3001 3462 752 - 24,724
* Approximately 2,500 mt of this catch may have been taken by purse seine.
Table Herring catch at age (X 10°3) in 1977 from the Div. 4Wx stock,
AGE ’
1 2 3 4 5 , 6 7 8 9 10 11 TOTAL
Southwest N.S.
Purse Seine 37 4610 5916 118428 62004 56472 54460 4282 559 186 763 307717
Weir 1110 48005 8653 9281 4127 1866 1554 141 74737
Gillnet 14 9428 11728 13498 29086 2086 842 145 258 67085
Miscellaneous 17 2970 479 3554 2011 1994 1794 146 30 11 32 13038
Chedabucto Area
Purse seine 42 4311 51568 25819 14036 30034 5789 1424 894 2362 136279
Foreign bycatch 7 95’ 564 372 616 245 22 18 17 33 1989
TOTAL 1164 55634 19468 192823 106061 88482 117173 12466 2873 1253 3448 600845
(55066 (150588

.

* Adjustments in proportional catch of 1970 and 1971 year classes based

on 1975 removals,
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Table 3. Derivation of standardized effort and catch-per-unit effort
using Nova Scotia purse seine and weir catch and effort.

NOVA SCOTIA PURSE SEINE NOVA SCOTIA WEIR
1 CPUE/ CATCH/ cpug2 TOTAL EFFORT3
YEAR CATCH CPUE AVE. CATCH AVE. INDEX CATCH UNITS
1967 117,382 55.5 1.253 12,475 1.374 1.2646 135,250 106,951
68 133,267 52.8 1.192 12,571 1.385 1.2086 151,714 125,528
69 84,525 41.7 0.941 10,744 1.184 0.9684 139,047 134,653
1970 70,849 39,0 0.880 11,706 1.290 0.9381 176,941 188,617
71 35,071 32.6 0.736 8,081 0.890 0.7648 124,814 163,189
72 61,158 45.0 1.016 6,766 0.745 0.9890 148,868 150,523
73 36,618 49.1 1.108 12,492 1.376 1.1762 121,091 102,953
74 76,859 45.2 1.020 6,436 0.709 0.9960 143,942 144,525
1975 79,605 50.9 1.149 7,404 0.816 1.1207 149,332 133,253
76 58,396 4.8 0.943 5,959 0.656 0.9164 114,486 124,927
17 68,538 33.8 0.763 5,213 0.574 0.7496 111,562 148,820
AVE. 4.3 9,077

! Catch/effort from log records.

2

CPUE INDEX = (Purse Seine Catch x CPUE/Ave. + Weir Catch/Ave Catch)
Purse Seine Catch + Weir Catch :

3 EFFORT UNITS = Total 4WX Stock Catch
CPUE Tndex




Table 4. Results of Cohort Analyses.
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Projections of catch and population biomass to 1980 for 4WX herring

750 x 10° fish at age 2.
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Fig. 1. Canadian herring fisheries in the Bay of Fundy area (modified
from Miller and Iles, 1975). Area designations are as follows:

Fisher Area-Gear
7 NE - Weir
2 NB - PS
3 NS - Weir
4 NS - p§

5

NS - Gi11 Net

Season
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Fall-Winter
Spring-Summer
Summer~Fall
Summer-Fal1

WEIGHTED F

E.M. Regression

WF =-0.1461 + 3.0659 x 106 prrort
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2 _ ,
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Fig. 2. Relationship between weighted F and effort

in standardized units.
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Fig. 3. Ratio of the 2-yr olds to total numbers in southwest Nova Scotia purse seine
fishery as an indication of year class size at age 2. Fishing year indicated.
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Fig. 4. Relationship between year class size at age 2 and catch of 2-yr olds
in Nova Scotia weirs. The fishing season, not year class, is indicated
in the figure. |
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Fig. 5. Nu?berf?fhz-yr olds :ag:n in southwest Nova Scotia purse
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Fishing year indicated. year. s size at age 2.
Fig. 6, Yield-per-recruit from Div. 4WX
herring using 1977 weight at age.
.100
—~ Fo.l‘ Fmax
g i ‘
= 075
Fd
@
b
L
2 .050 1
<
.'; ’
=
.025 4
01 0.2 0.3 0.4 0.5 0.6

Fishing Mortality on Fully Recruited Fish.
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Fig. 7. Catch and biomass projections under varying
management options and recruitment levels.
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Fig. 8. ReTationship between 1979 catch and 1980 population biomass

for 4WX herrj ng.
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