
" 

LABORATORY REFERENCE DOCill~NT NO. 81-20 

STATUS OF HERRING STOCKS OF THE GULF OF MAINE AREA FOR 1981 

by 

Vaughn C. Anthony, Gordon T. Waring, and Michael J. Fogarty 

'(E} ~ fCI' DIcIrlbutiorl 

f 

"'" . ' .. . . 

IX] 
t)ls1rfbut1on'b) F/NWC, F!SWC; F/SEQ 
F/NWR1, & F/NEC (Technical WrttEr3 
Editor) " 

li~~~--Datepq ~: ~~Y:. I 

National Marine Fisheries Service 
Northeast Fisheries Center 

Woods Hole Laboratory 
Woods Hole, Massachusetts 02543 

-



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 (we-stern Gulf of Maine) and south-

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

creCise in foreign fishing acti vi ~y off the northeast coast of the United States. 

Herring fisheries in the western Gulf of Maine and southwestern Nova Scotia 

underwent significant -development in the latter part of the 1960' s (Table 1). 

A winter purse seine fishery was initiated in Chedabucto Bay (northeastern Nova 

Scotia) during 1968-69 exploiting herring migrating fTom the Trinity Ledge-

Lurcher 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 Uni ted States has been regUlated under 

extended jurisdiction since December 1978 wi th the implementation of the Fisher;! 

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 
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declined during the 1970's with a complete stock collapse by 1977 (Table 1). 

The Nova Scotia spawning stock, second in size only to the Georges Bank stock 

in the Northwest Atlantic, provided catches ranging from 114,000-175,000 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 fi-shery 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 l3,.nmswick fishery due to the 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 groups. Al though 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 land 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 herring from the Georges Bank stock. The 

relative 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 wi th and wi thout 

Georges Bank. The proportion of the entire stock due to the Georges Bank 

population at age 3 was then assumed to 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, 50% during 1965-1971. 
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Reductions of 40% were applied to age 1 in 1971 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 ~ recrui tmen t and fishing mortali ty rates 

for 1965-80 were then derived by VPA for the pooled stock, except discoun1:ed 

for Georges Bank (Table 3). 

Fishing mortality rates on age 2 and age 3-1- fish generally increased from 

1965 to 1977-78 and greatly exceeded 0.3 in nearly every year (Table 3, Figure 

2). The FO.1 (Gulland and Boerema (1973)) level varies between about 0.2 and 

0.4 depending on the various exploitation patterns (Fogarty et al 1981}. In 

1976 the age 2 fishing mortali ty 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 recrui ted in 1979 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 1978 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 is considerab ly less 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, however, that this year-class 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 si ze were .060, .325, 

.245, .435 for ages 1-4, .600 for ages 5 and 6, . 700 for ages 7-10 and 1.0-b 

for ages 1 and older. For the purpose of determining catches in 1982 and 

resulting stock sizes in 1983, the 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 year-class is designated as an average 

year-class while the assumed levels of the 1976-77 year-classes are clearly 

above average. 

Catch Proj ections 

Short term catch projections of catch and spawning stock biomass were made 

given the above assumption on year 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 

according to the above mentioned discounted procedure). Spawning stock biomass 

increased from a very low level in 1979 of 131,000 mt to 562,000 mt at the 

beginning of 1981 (Table 3, Figure 3). With the estimated poor recrtli tment of 

the 1978 year-clas~s, this spawning stock biomass 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 inshore waters of . 
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, representing 

a decline in spawning stock biomass from 1981 to the beginning of 1982 of 24% . 
• .4 

Figure 6 demonstrates the effect of fishing in 1982 on the spawning 

stock biomass at the beginning of 1983 under the assumption of two recrui tment 

levels for the 1979 year-class. If fishing is restricted to the same level of 

fishing mortali~y 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 on.ly slightly below the level existing at the beginning 

of 1982. If recruitment of the 1979 year class is of the larger amount, the 

spawning stock biomass will increase by 25%. Table 3 indicates that the catch 

of age 3 herring from 1965 to 1980 has varied 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 m't~ 
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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 Georges 1 New2 Nova 

YEAR . Fishery Fishery Banks Brunswick Scotia2 

1950 90,557 3,661 3 62,981
3 1 34,411 1,305 51,316.,. 

2 79,139 1,598 62,399~ 
3 58,337 2,032 44,961 ... 

·4 64,067 1,303 46,716':> 

5 43,506 1,561 33,3133 

6 66,494 2,058 21,533 22,712 .., 68,623 3,007 33,733 27,114 I 

8 80,759 3,182 18,854 46,444 
9 53,037 1,472 47,762 28,771 

1960 59,348 1,126 49,563 32,216 
1 24,131 3,178 67,655 18,614 41,272 
2 69,376 2,485 152,242 34,403 35,367 
3 66,895 3,217 97,968 36,237 23,393 
4 26,295 8,815 131,438 45,023 41,405 

5 32 J 088 2,635 42,882 49,101 70,639 
6 26,178 4,360 142,704 61,450 124,681: 
7 28,490 7,807 218,743 50,920 135,853 
8 30,205 31,900 373,598 75,368 154,139 
9 23,852 32,406 310,758 39', 741 137,250 

1970 15,581 40,187 247,294 30,589 175,633 
1 12,407 38,575 267,347 17,528 124,233. 
2 19,513 42,918 174,190 32, 720 153,428 
3 16,400 15,926 202,335 22,102 120,093 
4 19',143 18,098 149,525 30,733 139,170 

5 15,182 21,076 146,096 31,971' 142,745 
6 30,195 20,124 43,502 30,046 114,006 
7 32,357 17,891 2,157 34,723 115,935 
8 29,857 18,558 2,059 4S,361 89,353 
9 40,218 23,546 1,270 41,021 55,182 

1980 45,902 36,175 1,700 14,969 108,1.31 . 

Total 

157,199 
87,032 

143,136 
105,330 
112,086 

78,380 
112,797 
132,477 
149,239 
1.31,042 

142,253 
154,850 
293,873 
227,710 
252~976 

197,345 
359,373 
441,813 
665,210 
544,007 

509,284 
460,090 
422,769 
376,856 
356,669 

357,068 
237,874 
203,063 
185,188 
161,237 

206,877 

Total 1,302,543 412,181 2, 775, 463 1,215,751 2,259,165 7,964,.390 

lincorporates USA SZwcatches. 
21965-80 revised Canadian catches as per Dr .. Mik.e Sinc1ai:r, Division of Fisheries and -Oceans, 
.... Hall.fax -' Canada~ 
..)cannot be separated into New Brunswick and Nova Scotia fishery components 



Tabie 2 " Atlalltic horrillg catch in tons (Al~C!i 1-2; alld Ages :i alld older) by IIliljor fishinn tHCas 

-- --'---_._----- .------------,-_.- .--.--------.---~--.------

t-bj nc Coastal I~cstcl"n Culfof USA S. NOI-J 1:1I1:1ulld GC01"l~cs Uank nay 0 f FUlldy 
I'i:ihery ~la lile fishery IHute"!' 11 i shory l:j5hery ,; ishe ry 

ACES ACI!!:i AGUS ACllS MaiS AGIlS AGeS AGW:i AGHS A(a:!) 
Yea,- 1-2 J .1I1I.J oldo," 1- 2 3 and aldur 1-2 3 Hlld ultit:r J-2 3 ilnd older 1-2 3 illut 0 ldcl' 

-- - .. -._---------- -----------------
1 !.IllS ii,501 25,SH.' 2.635 .l , J~)) 9'18 '10, H3 32,313 16,7US 
I ~1(lti 2S, 125 l,US3 '1.360 4,308 42 138,351 13,07·1 'W,37() 
1~H17 h,MI/) 21.(dU 1 7,805 1.211 108 217,'12" 22 ,57~ 28,34.1 
I~Hja 21.117 9,(HHl '19 31.:lS1 7SH 150 372,(190 50,316 25,052 
j!H.!J 6,774 n,078 150 32,256 3,678 301.0S0 15. 5 ~9 24,152 
I ~17U (),552 9.02~ 2~n 39,tl!)0 :2, oj 1 756 2'14,527 23,51Hl 7.001 
UJ71 4,747 7,6ll0 S5 38,520 3.H22 7tl7 .2(12,778 9.'17.(1 U.US" 
1 !.In 17. l(13 2,150 959 41,959 6 2.716 t .6S0 }()9.728 27, SH(I 5. 1.]4 
EI13 U. U}'I 6,136 144 15,182 'I. 627 6110 H>7.lOH 6,67'1 l!i ,.(128 
l!jJ·1 H,5LU n.5H! 235 17 ,~():l 3,370 12!l 1-16.026 lH,~15 I J, 818 
1~"J5 9,21ti 5,~LH 2U 21,056 'I, !iH2 8:' }II) ." 3U H.l,UW 12, !Jtd 
J~lhl 13. 7()() 16.,tli!) " 20,120 (, 7:1H 25 1\2,73] ti,M.O 21,3H()J 
1'J71 lH,32U 13,02') 60 11.831 S1 :\U7 6 1,7!)O :S, H62 30,B61

1 
I ~'7U 13,5{)6 l6,351 204 16,354 8 2,051 25.674 Hl,6H7

1 1 ~179 25,~()9 H,2 11!} 220 B,326 ) .270 10, H71 3U,04B
1 

2 
1 !ltiO IO,OL"L 35,8'10 Jti 3G,131 l,lOU 2,621 12, :~·18 • 

Ij;:;tianatcd frolt! Canadian LII"l.:h ill age (nullIhul':i) dUUI illHllIICilll ,-wil!hl at "Ho dala. 
I 

-J'r()vj::;iollal. 

I 
----.--.---.--- --- - .. -- .. -.-. ·--··1-

I 

Sou rhl-Jcs" No va ! 

Scot ia Fbhcry 
TOTAl. TOTAl. 

AGES AGH$ MiI!S AGI!S 
1-2 3alhl ohler J - 2 :\ ilild nlllc.- (illANIl 

-----.-------
3,()71 6(1, ~)(lll 43.,1:\6 l 53. !H)~) ~!) 1, 
1,523 123,1511 :i9.1(1·1 :s I!). ~IU!) J!)!) , 
1.9M) 1:n,SH7 1 t ,5~;5 ·lIO ,l~Ht ·HI, 

1.2,779 14 J ,3(10 ~·1 ." It 5 tiU, 7!1!) {i(lS, 
1,904 135.316 2:1,"17 SlH,59U !i·H, 
4 .... 90 171.H3 35. ():i3 .-a/l,tllli 51l~I, 

7,Ml 11(1, !iH2 21.. ()h4 tl:n.416 'IMl, 
35.060 Uti.loB H2,6!i4 j,J(l. l15 '122, 

801 119, 2~)2 16,·111.3 ]hU,l13 ]7(1, 
4,969 1.H,:Wl 33,tiU8 ]),2, Hfll :\~i t, • 
7,0(11 l3~\ .(1'17 :~5 • 4 ~~~l :i.! I ,(,'III :~!i·J • 

H36 1 n,li,!) H,:na 214 .(d~, 1]7, 
1.66~ 11,I,UIli 2.(1r!!) 11~.tHH lln,l 
3 J~2S US,92tl " 2 • ~1I 7 H2,:01 IH5, 
2,526 52.6~i6 3!l,6tHl IlI.5"'!) Ihl. 

111 J08.02U2 12,9!IC1 J !1·I,IU~i .!1l7 " 

:.. 
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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 
NAPO 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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Figure 3. Spawning stock biomasss (age 4+) and recruitment at age 3 for 
Atlantic herring derived from pooled VPA discounted for Georges 
Bank. 
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Figure 4i Recrui tment at age 3 in increasing order of abundance for Atlantic 
herring year classes derived from pooled VP A discounted for Georges 
Bank. 
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Figure 5 .. ' Atlantic herring catch projection for 1981 and resul ting spawning stock biomass for 1982. 
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