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Introduction

Management of Atlantic‘herring was initiated in the Northwest Atlantic in
1972 under the auspices of the International Commission for Northwest Atlantic
Fisheries (ICNAF). Three major management units were defined based on known
spawning areas: Georges Bank, Jeffreys Ledge (western Gulf of Maine) and south-

western Nova Scotia (Figure 1). The Georges Bank fishery began in 1961 with the in-

crease in foreign fishing activity off the northeast coast of the United States.
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Herring fisheries in the westefn Gulf of Maine and southwestern Nova Scotia
underwent significant development iﬁ the latter part of the 1960's (Table 1).

A winter purse seine fishery was initiated in Chedabucto Bay (northeastern Nova
Scotia) during11968-69 éxploiting herring migrating from the Trinity Ledge-
vLurcher shoals region of the northern Gulf of Maine. In addition, important
fisheries, primarily for young herring, have operated along the Maine and New
Brunswick coasts since 1875.

The sea herring resource of the United States has been regulated under
extended jurisdiction‘since December 1978 with the implementation of the Fishery
Management Plan (FMP) for Atlantic herring. Since 1979, management advice
has been provided by the Ad Hoc Herring Assessment Working Group, comprised of
representatives of New England state fisheries organizations, the New England

Fishery Management Council, and the National Marine Fisheries Service.

Catch Statistics

Landings from the Georges Bank fishery during 1961-76 ranged from 43,000-

374,000 mt and peaked during the latter part of the 1960's. Landings subsequently



declined during the 1970's with a complete stock coliapse by 1977 (Table 1).
The Nova Scotia spawning stock, second in size only to the Geqrges Bank stock
in the Northwest Atlantic, provided catches ranging from 114,600—175,000 mt
during 1966-77 (Table 1). Large catches of herring in this fishery and the
Jeffreys Ledge fishery prior to 1972 were due to accumulated biomass from good
year-classes which recruited to the fisheries during the early 1960's. From
1972 to 1980, the very good 1970 year-class sustained the fisheries in both Nova
Scotia and the western Gulf of Maine. Reported landings in 1980 of over 108,000 mt
in the Nova Scotia fishery were comprised primarily of the strong 1976 year-
class. The 1980 catch of 36,000 mt in the western Gulf of Maine fishery was the
largest since 1972 and 54% greater than the 1979 catch. The 1976 year-class
'contributed an estimated 19,200 mt to the 1980 catch in the western Gulf of Maine,
the largest catch of age 4 fish in the history of this fishery.

Both the New Brunswick and Maine coastal fisheries have concentrated
primarily on juvenile herring (ages 1-3) with annual catches highly dependent
on recruiting year-class strength. Catches of juvenile herring off New Brunswick
were relatively high during 1950-70 and subsequently declined during 1971-77;
landings in 1978 and 1979 increased with recruitment.of the strong 1976 year-
class (Table 1). The 1980 catch of 15,000 mt was the lowest observed in the
New Brunswick fishery due to ﬁhe very poor 1978 year-class and the scarcity of
the 1977 year-class .in New Brunswick waters.

Catches of juvenile herring along the Maine coast were high during 1950-63
and subsequently declined during 1964-76. Catches of 40,200 and 45,900 mt in
1979 and 1980, respectively, were the largest since 1963 and were primarily due

to the 1976 and 1977 year-classes. Although the 1978 year-class was poor in Maine
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waters, the 1977 year-class was concentrated in central and eastern Maine and
provided a catch of 26,500 mt in 1980.

Management efforts have been applied to herring of ages 3 and older since
catches on the offshore shoals areas, such as Georges Bank and Jeffreys Ledge,
are comprised primarily of these age groﬁps. Although age 3 herring are.
seldom mature, they begin to move into deep water and school with older herring

~ and often appear in large numbers on the spawning grounds. Table 2 provides

- catches of ages 3+ and ages 1 and 2 for the major herring fisheries.

Virtual Population Analysis

Recent tagging experiments have supported the hypothesis of intermixing of
herring stocks in the northwest Atlantic, however, the extent of this mixing |
cannot currently be determined. Due to the potentially high stock intermixture,
- ad hoc working groups advocated an holistic approach to assessment of herring
resources. Accordingly, catch.at age data were pooled for herring fisheries
from Chedabucto Bay south with the exception of the Georges Bank fishery which
collapsed in 1976. It was necessary to exclude the contribution of the Georges
Bank spawning stock to the juvenile coastal fisheries. Thus, an attempt was made
to discount catches of age 1 and 2 heriing from the Georges Bank stock. The
relati&e proportion of the Georges Bank stock during 1965-76 of the total pooled
stock was determined by comparing stock size estimates derived by Virtual
Population Analysis (VPA; Gulland 1965) pooled catches both with and without
Georges Bank. The propbrtion of the entire stock due to the Georges Bank
population at age 3 was then assumed ﬁo equal the proportion of age 1 and 2 fish
attributable to the Georges Bank stock. Catches at age 1 by number were

discounted by 50% during 1965-1970 and age 2 by 30% during 1965-1971.
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Reductions of 40% were applied to age 1 in 1871 and age 2 in 1972,

and discounts of 14% were applied to ages 1 in 1972 and age 2 in 1973.
Estimates of spawning stock biomass, récruitment and fishing mbrtality rates
for 1965-80 were then derived by VPA for the pooled stock, except discounted
for Georges Bank (Table 3).

Fishing mortality rates on age 2 and age 3+ fish generally increased from
1965 to 1977-78 aﬁd greatly exceeded 0.3 in nearly every year (Table 3, Figure
2). The Fy ; (Gulland and Boerema (1973)) level varies between about 0.2 énd
0.4 depending on the various exploitation patterns (Fogarty et al 1981). 1In
1976 the age 2 fishing mortality exceeded 1.0 and fishing mortality on age 3
and older in 1978 reached 0.89. These high levels of fishing mortality result
in rapid decrease in population size. The estimated fishing mortality rates
during 1978-80 are much lower than those from 1975-77, due to assumed increase
in recruitment in recent years.

Recruitment and spawning stock biomass levels derived by VPA are presented
in Figure 3. With the exception of the strong 1970 year class, recruitment
(at age 3) remained at low levels during 1970-78 (Table 3). The 1976 year-
class, which recruited in 19759 to the offshore fisheries, is clearly a strong
year-class and the 1977 year-class appears to be above average in size. Based
on information from the juvenile fisheries in 1§78 and 1979, the offshore
fisheries in 1979, 1980, and early 1981, and the distribution of catches of these
year classes, the assessment working group assumed that the 1976 and 1977 year
classes equal to 75% and 50% respectively of the strong 1970 year class for
input into the VPA. Based on performance in the juvenile fishery, as 2 year
olds and in the early 1981 offshore fishery as 3 year olds, the 1978 year-class

appears to be below average in size and is assumed to be about equal to the
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poor 1974 year-class (at age 2). The information on the size of the 1979
year-class 1is conéiderably_le;s than for any of the previous year-classes
since catches to date have only been taken from this year-class at age 1. It
is estimated, hbwever, that this year-ciass is stronger than average and will
provide a good catch at age 2 fish during 1981. Terminal fishing mortality
rates for the VPA based on catch and estimates of stock size were .060, .325,
.245, .435 for ages 1-4, .600 for ages 5 and 6, .700 for ages 7-10 and 1.00
for ages 1 and older. For the purpose of determining catches in 1982 and
resulting stock sizes in 1983, fhe herring assessment working group assigned
the 1979 year-class a range of 138,000-263,000 mt at age 3, corresponding to
abundance levels of the 1973 and 1977 year-classes at age 3 respectively
(Figure 4). For reference, recruitment levels from 1965-81 derived by VPA
were rank ordered (Figure 4). The 1973 yeérkclass is designated as an average
- year-class while the assumed levels of.the»1976-77 year-classes are clearly

above. average.

Catch Projections

Short term catch projections of catch and spawning stock biomass were made
given the above assumption on yeér class size for 1981 and 1982. Figure 5
indicates the effect of fishing in 1981 on the spawning stock biomass at the
beginning of 1982 for the pooled herring resource (excluding Georges Bank
baccording to the above mentioned discounted procedure). Spawning stock biomass
inﬁreased from a very low level in 1979 of 131,000 mt to 562,000 mt at the
beginning of i98i (Table 3, Figure 3). With the estimated poor iecruitment of
the 1978.year-cla35, this spawning stock biocmass level will decrease during 1981,

with virtually any realistic level of catch during 1981. The total allowable
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catches for age 2 and older in Canada have been set at 101,000 mt for 1981
and at 33,000 mt for ages 3 and older in the United States waters. Assuming
that some age 3 fish would be caught in the unregulated inshére waters 9f
Canada, we assume that the 1981 catch would be approximately 150,000 mt.
This would produce a fishing mortality rate of approximately 0.34 and a spawning
stock biomass at the beginning of 1981 of approximately 425,000 mt, Tepresenting
a decline iﬁ spawning stock biomass from 1981 to the beginning of 1982 of 24%.
Figure 6 demonstrates the effect of fishing in 1982 on the spawning ’
stock biomass at the beginning of 1983 under the assumption of two recruitment
levels for the 1979 year-class. If fishing is restricted to the same level of
fishing mortality as in 1981 (F = 0.34), the catch in 1982 will vary between
135,000 and 160,000 and results in a range of spawning stock biomass estimates
at the beginning of 1983 from 405,000 mt to 530,000 mt depending on the size
of the 1979 year-class. At the lower estimate of recruitment, the level of
spawning stock biomass is only slightly below the level existing at the beginning
of 1982. 1If recruitment of the 1979 year class is of the larger amount, the
spawﬁing stock biomass will increase by 25%. Table 3 indicates that the catch
of age 3 herring from 1965 to 1980 has vari;d between 113,000 mt to 229,000 mt
with an average of 175,000 mt. The average spawing stock biomass during that

same period was 505,000 mt,
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Table 1. Herring catches in major fishing areas between southwest Nova Scotia and
Cape Hatteras.

METRIC TONS
Western
Maine Gulf of
Coastal Maine Georgesl New2 Nova
YEAR - Fishery _ Fishery Banks Brunswick Scotiaz Total
1950 90,557 3,661 62,9817 157,199
1 34,411 1,305 51,3162 87,032
2 79,139 1,598 62,399; 143,136
3 58,337 2,032 44,9617 105,330 .
4 64,067 1,303 46,716° 112,086
5 43,506 1,561 33,3135 78,380
6 66,494 2,058 21,533 22,712 112,797
7 68,623 3,007 33,733 27,114 132,477
8 80,759 3,182 18,854 46,444 149,239
9 53,037 1,472 47,762 28,771 131,042
1960 59, 348 1,126 49,563 32,216 142,253
1 24,131 3,178 67,655 18,614 41,272 154,850
2 69,376 2,485 152,242 34,403 35,367 293,873
3 66,895 3,217 97,968 36,237 23,393 227,710
4 26,295 8,815 131,438 45,023 41,405 252,976
5 32,088 2,635 42,882 49,101 70,639 197,345
6 26,178 4,360 142,704 61,450 124,681 359,375
7 28,490 7,807 218,743 50,920 135,853 441,813
8 30,205 31,900 373,598 75,368 154,139 665,210
9 23,852 32,406 310,758 39,741 137,250 544,007
1970 15,581 40,187 247,294 30,589 175,633 509,284
1 12,407 38,575 267,347 17,528 124,233, 460,090
2 19,313 42,918 174,190 32,720 153,428 422,769
3 16,400 15,926 202,335 22,102 120,093 376,856
4 19,143 18,098 149,525 30,733 139,170 356,669
5 15,182 21,076 146,096 31,971 1 142,745 357,068
6 30,195 20,124 43,502 30,046 114,006 237,874
7 32,357 17,891 ° 2,157 34,723 115,935 203,065
8 29,857 18,558 2,059 45,361 89,353 185,188
9 40,218 23,546 1,270 41,021 55,182 161,237
1580 45,902 36,175 1,700 14,969 108,131 . 206,877
Total 302,543 412,181 2,775, 463 1,215,751 2,259,165 7,964,390
1

incorporates USA S5Zw catches

21965-80 Efvised Canadian catches as per Dr. Mike Sinclair, Division of Fisheries and -Oceans,

Scannot be

alifax, C

separated into New Brunswick and Nova Scotia fishery components
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Year

1965
1906
1967
1968
19069
1970
1971
1972
1973
1974
1975
1970
1977
w74
1979
19460

listimated Ceow Canadian Carch in age (numbers) daca aud mean waight at age data,

e 2.

Atlantic hervring catch in tons (Ages 1-2; and Ages 3 and older) by major fishing aveas

Maine Coastal

_Western Gulf of

USA S. New tingland

Georges Bank

Bay of Fundy

Southwest Nova

Fishery Maine Fishery Winter Fishery fishery Fishery Scotia Fishery
. TOTAL
AGES AGES AGES AGLS AGES AGES AGES AGES AGES AGES AGES AGES AGES
1-2 3 and older  1-2 3 and older  1-2 3 and older 1-2 3 and older §-2 3 and older 1-2 3 and alder 1-2. 3
6,504 25,584 - 2,635 - 101 948 40,743 32,313 16,748 3,671 66,908 43,436
25,125 1,053 - 4,360 - 4,308 42 138, 354 13,074 44,376 1,523 123,158 39,764
0, 860 21,630 2 7, 805 - £,211 108 217,424 22,579 28,341 1,966 135,687 34,545
20,117 9,088 19 31,451 - 758 150 372,690 50,316 25,052 12,779 141,360 84,411
6,774 17,078 150 32,256 - 3,678 - 307,080 15,5489 24,1582 1,904 135,346 24,417
6,552 9,029 207 39,890 - 2,011 756 244,527 23,548 7,001 4,490 170,043 35,643
4,747 7,660 55 38,520 - 3,822 747 262,778 9,474 u, 054 7,641 116,592 22,604
17,363 2,150 959 41,959 2,776 ,680 169,728 27,586 5,134 35,060 118,368  §2,654
4,264 8,136 144 15,782 - 4,627 600 197,108 6,674 145,428 801 119,202 16,483
9,500 9,583 238 17,863 - 3,370 124 146,026 18,915 Sy, 818 4,969 134,201 33,808
Y,248 5,934 20 21,056 - 4,582 84 141,430 19,016 12,901 7,067 136,677 35,429
13,706 16,489 4 20, 120 G 7148 25 42,733 8,660 21,386 836 FL3, 169 23,233
19,328 13,029 60 17,831 54 307 6 1,790 3,462 30,8611 1,669 14,266 24,979
13,506 16,351 204 18,354 8 2,051 - - 25,674 19,647 3,425 85,928 42,817
25,909 14,249 220 23,320 - 1,270 - - 10,973 30,048 12,526 52,656 39,6488
10,0062 35,840 kE] 36,137 - 1,700 - - 2,621 12.348“'2 111 108,020 12,996

)
Provisional.

TOTAL
AGES
and older  GRAND

153,909 -« |07,
319, 608 3459,
410,294 44,
550,799 665,
519,590 ¢+ 544,
473,600 504,
437,426 160,
310,116 422,
360,373 A7,
422,661 360,
120,640 4467,
244,635 2117,
178,084 203,
142,371 145,
121,544 ol
1,035 YN
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1565
1966
1v67
1760
Lvay
1770
1771
1972
1v73
1974
1475
1274
1277
1570
1979
100

1945
196464
1947
1940
1249
1970
1271
te72
1974
174
19743
' ". 7("
1277
1974
1 Wy
| 2o
1240

194605
19466
1947

1760

15949
1770
1971
Vw72
1974
1274

1975

1976
V977
197n
1979
1700

047
L0830
1079
055
053
o247
024
004
017
010
050
048
U9
O HT
+004
040

A740.4
AN
6334, 6
1791.9
2000, 1
174,68
D104, 1
11y.0

20060,2

2970.5

1t185.1
1704.7

L7674, 4

53621
1585
8154,

32
o294
254
WOH13
VAR
A7
«3A9
104
321
YY)
531
1.045
770
«A3Y

320G

G731,2
2720.3
24354
A795.2
13068,2
1554.0
1230.2
bA704 4
1405.2
L295.7
2389.2
?23.3
1424.0
675044
ALA7.5
940.5
A744.1

1435.0
&78.5
536,38

2042.,9
A42,0
55443
325,2

1000, 1
71,3

1026.3
00,2
G50, 0
69971

FO51.0

13450
237.0

117
I
1230
IR ET]
V634

235

AL
175

» 250
« 304
303
701
s AB0
240

VAl

1601.0
34035.0
1707.4
1673.4
2125.9
740.1
773.%
470,80
4403.9
He2.3
P62.6
1150, 1
26045
10,0
3314.7
290,77

UGh .4

CATCH AT AGE

150.0
1007.4
338.7
LET Y
?214.0
141,38
244.3
102.2
a17.4
102.9
20,0
ALG.7
120.1
176.7
hAtL 7
1433,

. ' ‘2‘?
27
290
133
204
VO
AGT7

A7
J5A9
PR N

1747.4
11863,
1007.1
11463.3
49,0
921.0
A78.0
394.7
440.1
2906
GN7.9
8346.0
G67.2
105.0
26607
2135.4
1403,

07.%
124,7
114.9
131.7
142.3
X34.,0
140.5
204.4
13,4
75746
127.4
1711
242,32

1‘/‘ . /i
102,64
X VAY

OGE

RS P

31

302

VG327

AL
O30
v 34b
520
420
W79
e P4h
774
1600

STOCK BIZE (HILLIONS)

125.7
37680
H30.46 H4b .1
1ton,.2 516.6
38,7 09,7
67,2
A53%.7
246,22
142,56
274.7
14608, 9
342.,0
PP )
249.5
8.9
25.7
1431.7
CHILLTONS)
H1.1 10.0
42,14 a1, 4
140.3 11,2
15401 107.0
az.t 14540

lant.a
2006

Gy

152,2
117. 4
126.0
39405
20.4
Hded
20907
74.9
a’.?
40,0
106

J0%2
2!
o329
A4
334
. 0610
hh1
705
LO03
+ 343
' A5
X
1594
-, 630
014
« 700

39.7
1.0
26G.Y
3663
351.3
352,46
204,55
154.6
721
37,6
2.2
01.9
A97.7
0508
0.2
27,3
11.4

ll‘]
14.4
(’7.‘?

1225
‘;l l:i
110.7
12441
75,2
3207
11.0
14.2
24,04
204.0
6.6
17.4
12404

0RO
» 330
097
* 447
322
ALY
YYX
771
s H2T
X § §4)
372
» 375
'y 4460
Az
2 554

700

9.7
0.0
L9

156.7
170.1
205.4
165%.7
120.3
G9.5
9.0
2.5
21.0
A5 .0
228.,0
17.3
15,9
11.1

000

D299

174
500
443
W17
87
X X:¥4
V7265
AS
+ 3920
O30
» 340
742
» 130
s 700

Y
7.4
10.1
A6.0
H2.1
112.0
105.2

[ NN

AG5.0
26,4
17.8
12.7
12.3
3.3
40,0
17.%

G.7

X\
1. 7
'206

1.7
26,0
-y o

FERN

000
360
100
1.246
5081
795
A7S
W61
23
. 503
432
273
AL4
A5G
477
700

0
oh
4'4
13,5
20.%
A3.4
5.1
A2.0
27.5
17.3
10.7
9.7
5.9

7.1

mn.o
7.1

000

000
1,000
1,000
1,000
1,000
1,000
1,000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000

0
0

5

3(0
3.0
T b
ll."oo
2.9
19.64
13,4
0.6
5;07
bl
3.0
Y4
3.0
7'3

LA

HEAN ¥ AGE f
178 4}
V252 a1
T4 11
308 4t
279 4}
51D At
1547 11
S0 A0
479, At
. 345 At
379 a4
421 44
o611 41
+BYS At
h74 44
LAGS 10
AGE A4
NUHIERS TONSC000)
244693 A97.5
2046.3 640.0
36346, 6 uow, 2
3402,6 005.3
3039.7 73%5.8
20064.0 6074
1050, 6 A73.0
12761 31,9
918, 4 210.0
3344,7 647.9
2496.9 500, 9
1936.1 A60.0
1600.3 au0.49
#i9.4 220,2
517, 9 131.3
2347 .4 450.5
2634, b7
TOIAL AGE 3
NUMBERS TONS(000)
522.3 113,2
164%.0 181.2
1154.8  192,9
1242,1  200.1
1586.5 212.5
1163.4 229.1
976,46 174.4
752.6 170.4
1138.2  163.3
1060.7 176.9
99%.7 1R0.2
10226 171.9
P97 176.3
612,40 142,14
004,55 120G
221,90 1714,0
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Figure 1. Major fishing areas (dashed line) and spawning grounds (dark circles)
for Atlantic herring in the Northwest Atlantic. Chedabucto Bay is in
NAFQ Subarea 4Wa.
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" Figure 2. Instantaneous fishing mortality rate (F) for ages 2 and 3+
Atlantic herring derived from pooled virtual population
analysis (discounted for Georges Bank).
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Atlantic herring derived from pooled VPA discounted for Georges
Bank.
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YEAR CLASS

Recruitment at age 3 in increasing order of abundance for Atlantic
herring year classes derived from pooled VPA discounted for Georges
Bank. ‘
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Figure 5, Atlantic herring catch projection for 1981 and resulting spawning stock biomass for 1982.
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Figure 6. Atlantic herring catch projection for 1982 and resulting spawning stock biomass for 1983.





