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Herxing fisheries in the Bay of Fundy date back to the earliest visits of
Buropean fishermen over 400 years ago. The earliest fishery for herring was mainly by
gili-nets with the modern weir fishery beginning about 1820. During the late 1940's,
a purse seine fishery developed on the New Brunswick side of the Bay of Fundy in the
Campobello Island area. This fishery expanded during the 1950's and supplied a pet
food-fish mea] industry located in Eastport, Maine. In the early 1960's this industry
relocated to the south and a Canadian fish meal industry began to develop to provide
production facilities to meet the increased catch capability of the expanding fleet.
In 1964, a large fish meal plant was built in Pubnico in S.W. Nova Scotia. This marked
the beginning of a rapid increase in the 5.W. Nova Scotia purse seine fishery to meet
the increased demand for herring for reduction.

The weir fishery cccurs on both sides of the Bay of Fundy, and supplies the
sardine food industry located in the Black's Harbour area. Surplus amounts generally
find their way to the U.S. market where they are also used by the food industry there.
Wedir catches fluctuate greatly from year to year, generally the good catehes tend to
indicate incoming year classes of above average strength. The New Brunswick fishery
which 1g almost totally dependent on age three and younger fish tends to show the great-
est variation in catch, whereas the Nova Scotia fishery, which takes a higher proportion
of adults, fluctuates to a lesser degree.

The gilinet fishery takes place onr the Nova Scotia side of the Bay and ex-
ploits adult fish. This fishery supplies both lobster bait and the herring-pickling
industry located in Neva Scotia. The catches tend to be relatively constant varying
between 5,000 and 8,000 tons a year.

The purse seine-midwater tvrawl fisheries take place on both sides of the Bay
but midwater trawling has accounted for only a small part of the catch. A fall-winter
herring brit fishery took place on the New Brunswick side during the 1960's. This
fishery exploited juvenile fish under 15 centimeters and supplied fish-meal plants
located in the United States. The peak cateh was only 45,000 tons in 1968, but removals
by number were very high due te the small size of the fish. This fishery was essentially
ended in 1970 by Canadian legislation preventing landing of herring under 4 1/2 inches
(11.43 cm) and utilization of catches of herring 4 1/2 - 7 inches as f£ish meal. A
summer-fall fishery occurs on the Nova Scotia side of the Bay expleoiting both juveniles
and adults. This fishery supplies both food and fishmeal plants in Canada and the
United States. The fishery increased greatly during the 1960's with a peak catch of
129,000 metric tons in 1968, This fishery came under ICNAF quota regulation in 1972.

A new fishery developed on the Grand Manan Banks in 1972 taking fish of essentially the
same length distribution as the Nova Scotia fishery. This fishery also supplies both
Canadian and United States food and fishmeal interesta. It 1s considered to be under
the same quota as the southwest Nova Scotia fishery.

Sampling

The Canadian Bay of Fundy fisheries have been sampled for both length composi-
tion and age-length data as listed in Table 2. Sampling in the 1960's was pcor and
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there are large gaps in the data covering certain periods of the fishery. Sampling from
1970 to date has been much more intense and givea a much better coverage of the catch.
Sampling data for the foreign fisheries were used from the ICNAF sampling yearbooks. All
foreign catches were combined and used to weight the combined foreign sampling data.
Pirior te 1969 there wasa insufficient foreign sampling data to convert catches to numbers
at age and as catches were generally small (less than 2,000 metric tons) they were
omitted from the analysis. Each fishery was treated gseparately and length frequencies
were welghted by catch on a monthly basis. Where no samples were taken In a month but
catches did occur, those cateches were applied to the nearest month based on the growing
season of the fish. Length-weight data from the period 1969-1973 were combined for an
average weight at length key. For months having 2 smaller range of weight at length
data than the commercial length frequency samples, extrapolated values were used from
fitted curves of the form W = aL®, (Iles and Miller, ICNAF Res. Doc. 73/92).

Age length keys were constructed using total 4X sampling data. These were on
a4 quarterly basis up to 1972. Sampling in 1973 was sufficiently good to construct a
monthly key. Cateh and landing statistics for the Bay of Fundy have been poor. A tech-
nique similar to that used by Iles (ILCNAF Res. Doc. 72/12) was used to estimate monthly
catches from 1963 to date. Some differences in figures did occur due to different in-
terpretation of the data but catches are generally comparable. Monthly catches for the
various components of the fishery are listed in Tables 3a through 3h. Numbers of fish
taken by length groups for the various components of the total fishery are listed in
Tables 4a through 4g. Number of fish taken in each age group are listed by each fishery
for the period 1965-1973 in Tables 5a through 5g.

Sex and maturity stage data were analysed for the period 1971 to 1973. These
data are presented Iin Table 6 for the August-September period by age group, The data
from the three years are similar and indicate that from 30 to 35 percent of age 3 fish,
85 to 90 percent of age 4 fish, and 90 to 95 percent of age 5 fish will recruit to the
spawning stock.

Catch per Unit Effort (C.U.E.) Data

Log records for the southwest Nova Scotia purse seine fishery were analysed
for the period 1966 to 1973. These data are presented in Table 6. The individual catch
and effort data were assigned to 10 degree squares in a technique similar to that used
by Ilea and Miller (ICNAF Res. Doc. 72/11). 1In 1973, logbook coverage of the fishery
was very poor and the effort data were supplemented by Fishery Officer reports of in-
dividual boat interviews listing catch and effort data. The 1973 catch was therefore
treated three ways using logbook data, Fishery Officer report data, and a combination
of both, Catch per unit effort by months was very similar except for July when the
Fishery Officer reports showed a substantially higher C.U.E. than from the logbooks. It
was decided that the combined data presented the best picture with July haviang a higher
value than indicated by using the logbook data alone,

Since the 1973 fishery ended im August due to gquota level being reached, the
annual mean C.U.E. was not comparable to previous years which included a continuation of
effort on into September with relatively high cateh rates. A mean of June, July, and
August C.U.E.'s for each year from 1966 to 1971 was taken and these were expressed as a
percentage of the total C.U.E. and a mean was taken of these percentages. The year 1972
was not included as there was an unusual late fall fishery with very high C.U.E. which
was not comparable with previous yearas. The mean of the percentages was then used to
welght up the annual C.U.E. figure for 1973.

Growth

There are growth differences among years for Bay of Fundy herring of the same
age, and also differences among areas for different groups of fish of the same year
clags, which have yet to be adequately described. Combining length-at-age data from all
Canadian Bay of Fundy fisheries in the 1963-1972 period gives the following average mean
lengths~at-age in the third quarter (July-September):

Mean Length Mean Length

Age _ (em) Age — em)
1 10.55 6 32.07
2 15.72 7 33.00
3 22.65 8 34.04
4 27.46 9 34.71
5 29.72 10 35.87
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These data give the feollowing von Bertalanffy growth equation:

L, = 37.33 (1 - e -0.315 (£-0.031),

L, = 37.33 cm 18 equivalent to W_ = 412 gm.

Detailed data on mean length and mean weight at age, by months and sections of
the fishery for 1965-1973 are available from the authors.

Yield-per-recruit

A yield isopleth diagram (Fig. 1) was constructed using the Beverton and Heolt
yield per recruit model with the following parameters:

M = 0.20 (natural mertality)

Ww - 412 gm

K = 0.315

to = 0.030

tp - 1.0 yr {age at recruitment to the exploited area)

tpl = 1.0-8.0 yrs (mean age at recruitment to the fishery)

tA = 10.0 yrs (last age of significant contribution to the fishery)

Maximum yleld per recruit is obtained at F = 0.25-0,40, when mean age at re-
crultment to the fishery occurs at ages 1-2, and at F = 0.50 or greater when age at re-
crultment 1s higher than age 2.5.

STOCK RELATIONSHIPS AND DEFINITION OF
STOCK UNDER CATCH QUOTA

Current stock hypotheses assign the following fishery components to the main
5.W. Nova Scotia herring stock:

- Nova Scotia purse seine catches

~ Nova Scotia welr (and trap) catches

- Nova Scotila gillnet catches from west of Shelburne
- Grand Manan banks purse seine catches

- All non-Canadian catches in Div. 4X-4Wb

i1.e., catches in New Brunswick weirs and in the New Brunswick winter brit fishery are
excluded.

Although substantial removals of 2-yr=-olds occur from the sBtock so defined,
quota regulations refer only to adult herring which, for assessment purposes, are con-
sidered to imply herring of age 3 and older. Furthermore, the regulations apply only
to mobile fishing units, i1.e., purse seiners and trawlers, not to fixed gears (welrs and
traps) or relatively immobile gears (gillnets).

Thus, in estimating the size of catch quotas (TAC), projected catches of im-
mobile gears and of 2-yr-olds by mobile gears must be deducted from projected total
catches.

COHORT ANALYSIS
Numbers removed at age from the S.W. Nova Scotia stock (Table 8) were used in
a cohort analysis (Pope 1972) assuming F = 0.50 for the last age of year classes fully
through the fishery and taking the average F values at age calculated for 1965-1972 as
starting F's for 1973 (Tables 9%9a and 9b).

The use of average F's for 1973 is undoubtedly inappropriate as the pattern of
F's changes among years in relation to the strengths of the year classes being fished,
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high F's being associated with strong year classes. Thus, the average pattern is not
applicable to specific years. Furthermore, the pattern of the fishery in 1973 was
unique with closure midway through the fishing season, with the result that the normal
fishery on spawning adults in the latter part of the season was prevented. Thus, mor-
tality was probably proportionately higher on juvenile year classes than oan adults in
1973 in comparison to earlier years.

However, errors in initial ¥'s predominantly affect the estimates for most
recent years, and estimates of F and population numbers for 1969 and earlier will be
affected very little by these errors. Thus, 1t is valid to conclude that the strengths
of the 1963-1968 year classes at age 1 weret:

Year class Population at age 1 (::10—9

}

1963 2
1964 1
1965 1
1966 2.
1967 0
1968 0

STOCK AND YIELD PREDICTIONS THROUGH 1975

A varlety of predictions, some based on historical data and analysis but others
based only on "reasonable' assumptions, are required to estimate the 1975 catch which
will meet a particular management objective. For this analysis it is assumed that the
management objective is to maintain an F = (.50 on age groups 3 and older. This is
approximately the value of F predicted to maximize yield-per-recruit (Fig. 1).

Year class strength hypotheses

Firm estimates of the strength of the 1963-1968 year classes were obtained
from cohort analysis. However, to predict 1975 catches of age 3+ fish, estimates of
the streangth of the 1969-1972 year classes are required.

Cohort analysis, assuming F's in 1973 were average for each age group, implies
that the 1969 year class was comparable in strength to those of 1967 and 1968. This is
sufficiently reliable to categorise the 1969 year clags as "poor" rather than "good"

(as for example the 1966 year class). The estimate of the 1970 year class as three
times the strength of the 1966 year class is likely to be an overestimate as F in 1973
was likely higher on age 3 than the historical average for that year class for the
reasong discussed earlier. The low estimates of the silze of 1971 and 1972 year classes
are essentially meaningless other than they reflect their insignificant performance in
the fishery at ages 1 and 2.

Removals by the fishery are themselves some indication of relative year class
sizes. There is a moderately good correspondence between catches at age 2 of a year
class in New Brunswick weirs with population estimates at age 1 for the 5.W. Nova Scotia
stock. Without implying stock relationships between populations, but simply using this
as an empirical relatiomship, the following correspondences emerge:

Year Class

1963 1964 1965 1966 1967 1968 1969 1970 1971

N.B. weir catch at
age 2 (x10-6) 775 139 160 694 351 313 165 615 212

Population at age 1
in S.W. Nova Scotila
stock (x10-9) 2.7 1.3 1.1 ‘2.4 0.5 0.5 - - -

The good year classes of 1963 and 1966 contributed strongly te welr catches, whereas
the poorer yvear classes of 1964-1965 and 1967-1968 contributed considerably less. If
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this correspondence also holds for the 1969-1971 year classes, those of 1969 and 1971
are comparable in size to the "poor" year classes while that of 1970 is comparable to
those of 1963 and 1966.

It is assumed then, that the year classes of 1969 and 1971 are comparable in
strength to the 1967 and 1968 year clapses, and the 1972 year class, for which there 1ia
no evidence to bring to bear, ifs alao assumed to be about the same size, The following
slzes at age 1 are assumed:

Year class No, at age 1
1969 500 x 10°
1971 483 x 10°
1972 670 x 10°

The 1970 year class was the dominant year class in the population in 1973 and
formed a maJor portion of the biomass of the population, Thus, differing assumptions
on the strength of the 1970 year class have a major effect on the calculated biomass of
the total stock in 1973, Stock biomasses of age 24 fish in 1966-1971 were calculated
from estimated population numbers (Table 9) and mean weight at age, and pletted against
purse selne catch per unit effort (from table 7). These independent estimates of popu-
lation abundance are closely related (Fig. 2). The curve fitted (by eye) in Pig, 2 ia
not linear as catch/effort declined lesas than would be predicted from a proportional re-
lationship with biomass, as blomass declined, Catch per unit effort of the Canadian
purse selne fleet in 1973 was 49,1 tons per boat night which corresponds to an estimated
biomass of 505,000 metric tons.

Taking the assumptions on the 1969, 1971 and 1972 year classes outlined above,
and that F on ages 5+ was as used in the cohort analysis {(giving an estimate of biomass
excluding the 1970 year class of 122,000 tons), various assumptions on the size of the
1970 year class can be tested. Catch/effort in 1973 implies that the 1970 year class is
between 2x and 2.5x the strength of the 1966 year class (Flg, 2) if the cpe-biomass
relationship held 4in 1973,

Other assumptions

The most important hypothesis in thls analysis 1s that concerning the strength
of the 1970 year class. In prediction of 1975 catches, three options were used--that
it was 1.5x, 2x, 2.5x, the strength of the 1966 year class.

Fishing mortality on ages 5+ in 1973 is of relatively minor importance. Three
options were used--that F on the 1966 year class in 1973 was F = 0.4, 0.5, 0.6 and F's
on other year classes were In the same proportion to that on the 1966 year class as was
determined for 1972 by cohort analysis.

Mean weights at age of the catches im 1973-1975 were assumed to be the same
as for 1973 (Tables 10-18).

The catch quota of 90,000 tons for 1974 will equate to removals of about
105,000 tons from the stock when immobile gear catches are added (assuming catches of
age 2 figh will be insignificant as predicted), The age distribution of this catch is
assumed to be similar to that in 1973, giving removals at age as shown in Tables 10-18,

F in 1975 1s taken as 0.50 for ages 5 and older (previously defined as the
management objective), and values of F = 0,25 at age 4, F = 0,13 at age 3, and F = 0,03
at age 2, as would be expected on poor year classes entering the fishery (see Table 10),

Thus, nine options were run on 1975 catches (three options on 1970 year clase
strength, three on 1973 F on ages 5+) using the above assumptions, and these calculations
are presented in Tables 10-18,

CONCLUSIONS

The size of the 1975 TAC ia mainly dependent on the strengths assumed for the
year classes of 1970-1972, particularly that of 1970. F in 1973 on ages 5+ 18 consider-
ably less important. A summary of Tables 10-18 is given in Table 19, with corresponding
TAC's for the mobile fleet.

If the 1970 year class 1s twice as good as that of 1966 or greater, a TAC
of 90,000 tone can be maintained in 1975, This analysis indicates that the hypothesis
that the 1970 year class = 2 x 1966 year class is justified.
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Table 1. Herring catches from 4X and 4Wb, 1940-1973 (metric tons).

Canadian! Foreizn
1940 - 33,075 1963 - 34
1941 - 50,0713 1964 - 663
1942 - 43,753 1965 - 2,964
1943 - 49,913 1966 - 2,472
1944 - 49,378 1967 - 5,928
1945 - 42,864 1968 - 2,417
1946 - 60,347 1969 - 13,405
1947 - 56,750 1970 - 60,952
1948 - 50,919 1971 - 23,939
1949 - 36,361 1972 - 23,612
1950 - 49,821 1973 - 32,541

1951 - 43,324
1952 - 50,964
1953 - 32,996
1954 - 37,890
1955 - 19,325
1956 - 33,497
1957 - 47,602
1958 - 54,195
1959 - 70,417
1960 - 72,952
1961 - 51,380
1962 - 62,098
1963 - 65,122
1964 - 91,850
1965 -126,113
1966 -189,611
1967 -190,732
1968 ~229,805
1969 -140,944
1970 -122,178
1971 - 67,606
1972 -139,589
1973 -104,309

Prior to 1963 figures represent total landings, not catches.
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Table 3h. Grand Manan purse seine fighery, 1972-1973.

Month 1972 1973
Jan. - -
Feb. - -
Mar. - -
Apr. - -
May - -
June 210 -
July 543 14,706
Aug. 3,837 10,517
Sept. 10,147 -
Oct. 10,264 -
Nov. 7,934 -
Dec. - -
Totals 32,935 25,223

Table 31. Foreign 4W and 4X catch, 1969-1973.

Month 1969 1970 1971 1972 1973
Jan. 8 - - - -

Feb. B5 - 12 1é -

Mar. 2 8,040 2,318 344 197
Apr. 1,260 26,860 12,166 4,113 2,283
May 2,357 15,182 3,732 7,639 4,301
June 100 2,130 1,818 5,868 3,745
July 653 3,562 1,564 3,800 3,639
Aug. 432 1,874 554 551 3,031
Sept. 1,643 2,174 724 493 7,567
Oct. 4,618 572 958 736 6,548
Nov. 2,212 246 93 52 1,066
Dec. 35 312 - - 254

Totals 13,405 60,952 23,939 23,612 32,541
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Tabla 19. Div., 4X-Wb herring — removala (metric tons) ian 1975
undar varying assumptions of the strength of the 1970
year class and of mortality (F) in 1973 on ages 5 and older,
TAC from 3+ fish by mobilae gear givan in parentheses,
assuming 13,000, 15,000, 17,000 tons removed by immobile
gears(and no age 2's removed by mobile gear)uith increased
strangth of 1970 y.c.

Strength of 1970 year class
1973 7 1970 = 1870 = 1970 =
on ages 5+ 1.5 x 1966 . 2,0x 1966 2.5 x 1966
0.40 56,500 100,000 148,500
(43,500) {85,000) (131,500)
0.50 53,500 97,000 145,500
(40,500) (82,000) (128,500)
0.60 51,000 94,500 143,000
(38,000) (79,500) {126,000)
— 80 gm.
70 gm.
/60 gm.
4________50 gm.
S ] ] 1 1 I 1 1 ] J
1 .2 3 .4 .5 .6 o7 .8 W9 1.0
F
L]

Fig. 1. Yield iscpleth diagram for 9.W. Nova Scotia herring
{(assuming M = 0,20)
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