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The increasing harvest of adult herring in the Gulf of Maine (ICNAF 
Division 5Y) combined with low catches of juveniles in recent y~ars has caused 
concern. An assessment of the current status is thus necessary for recommending 
appropriate management measures. 

Stoak Identifiaation 

Meristic and immunogenetic studies have indicated that the Gulf of Maine 
stock is distinct from that in the Georges Bank-Middle Atlantic area (Anthony 
and Boyar, 1968; Ridgway et al., 1969). Although pockets of spawning herring 
exist in several areas along the Maine coast, the major concentrations (in 
ICNAF Division 5Y) appear at present to be in the Jeffreys Ledge-Stellwagen Bank 
area (Figure 1). The juveniles found along the west side of the Bay of Fundy 
have been considered as possibly recruiting to the Gulf of Maine adult stock 
although evidence for this is not definitive. There is some indication that 
the fishery in eastern Maine is different from other fisheries within the Gulf 
of Maine as it collapsed earlier. Because of these indefinite situations some 
of the analyses reported in this paper are applied to various combinations of 
the SY-west side of the Bay of Fundy catches. 

Current Trends 

The traditional U.S. herring fishery in the Gulf of Maine has changed 
greatly in recent years (Table 1 and figure 2). The juvenile catch (fish 
1-3 years old) is less than one-sixth of what it was in the period ranging 
from the late 1940's through early 1960's, and the sardine industry has had 
to rely primarily on imports (Table 2) and older fish (Table 3) to meet market 
demands. An adult fishery of sizable proportions has also developed in the 
western portion of the Gulf of Maine beginning in 1967. This adult fishery 
has concentrated on Jeffreys Ledge, Stellwagen Bank and adjacent areas while 
the U.S. juvenile fishery as it has existed historically, is limited to the 
Maine coastline. The U.S. catch of adults remained small until 1970, and a 
large portion of the total adult catch is imported by the U.S. herring industry. 

ICNAF oY Juvenile Fishery 

The decrease in abundance of recent year classes is indicated by the 
decline in total catch of juveniles and also by other indices of abundance. 
The decline of the herring catches by section of the Maine coast is given in 
Figure 3. The catch of herring used for lobster bai t is not included in 
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Figure 3 but the amount of herring uS0cl t01" this lJuq)!lsc :is Sill<.:.Jl i.e. only 
257 metric tons in 1971. of which 25fl mel-.ric tons Wele Lm[lciL Led h'om Canada. 

The eastern Maine catch began to declIne in the early 19-'10.> and seemed 
to have reached astatic low ] eve! of abOt,t 5 thousand metTie tons during the 
sixties but dropped unexpectedly l1eal:ly )-0 2:eTO in 1970 and J971.. 

The catch of herring in westen, Meine r,Le8Jj 1y increased from 1951 to 
1958 and provided a good [j,shery lmLjl E'6~. T11(-~ l-:di~-:hc:i of s<Hdines since 
1964 were the poorest in western Haine since 1951. The al,)(:~"L-age annual catch 
for 1947 through 1960 ~.;ras 20 thou,,,,,aIld mef:r:i_c tons a.::; rOlllparo?d ~e7ith 13 thousand 
metric tons for the years 1961 through 1967 ;j,id 6 dH!1!Snnd metric tons from 
1968-1970. 

The estimates of year class stLv,ngth for WCslE:'L"U Haine hCI-ring were 
obtained from catch per effort dat~l. ~auce f'ishing effort in suitable units 
was not available from the c.olllmerd 31 ft[~hjllg st!ll:istir;~c~ of the Maine fishery 
a group of stop seine fisherm2n ~'ir-'J:e ,<,'elected ;;;'11r1 i:l'H:d;' :_'atch l,er effort was 
followed through the fishery, Bany fiohcnJlcu" e:--, [JL"_LiJI IJ Y s tOj) se,iuers, appear 
in the fishery only sporadically and were not cor!si.:lered :3 I:elialjle function 
of effort. Therefore, only those fishermen ::::epurting Latches for 5 years or 
more were used to provide an index of effal t. This aIIlOl'1l ted to only 63 (29%) 
stop seiners for western Mainp ont of ';:1 maximwil C'f 230 ,~:top seiners. Because 
of the differences in catch alnong sectiOI.L'o' of the 'H;;]il.E-: r:OQst, differences in 
environment and possible. di[ferelt'_~c in stoel;- CDl~pusi I',ton~ fIw (!.~~ti1l1ation of 
relative stock abundance v::as done ~~(-opardte1.) [or vJe;L-e:.n'), central and eastern 
Maine. 

Following the raasonillg of 13everton and l-lolL (195"1) ::llld Inter that of 
Robson (1966) it is possible to obtain least .'HjUan~ ,-"sL!motc-:.u ~Jf. relative 
density which are also maximum likelihood estimates if the within·-class 
distribution of density factors are n01.'"llwl wi tb. callS taut vari 31;/:8 (Robson, 
1966). 

The catch per effort for each fhdH':C1U8.Jl lias assumed to be equal to 
QiNjEij where q. is the catchability coef£id,ent for the. ith fisherman~ Nj 
is the average ~tdck size in 111l1nbe·( in the jt.h :In::,~ and £i~ is a log-normally 
distributed random variable (Robson. 1966)" Ta.king natural logarithms and 
expressing the parameters in terms of standard c:a.tcllability coefflcients and 
average stock sizes: 

or 

where 

1n(Cij /fij ) = In qs+ln Ns HIn (Ii ·]u "]s)"lllu iIlj ··111 N .. )+ E:lj 

Yij = ]1 + ai -+ 8j -I- si.l 

).I := In qs + In N r:L -: = l In fl.., -In lis L G i 
S· 1 .L ~ 

Estimates of biased relative density p'/'i:e :'alc.ulal·.t'_.1 1; :)ill ;} l2flS'i: ,'3quares 
procedure as 

(e/O j 

mf~' 
The estimates are biased since they 31-e estimated as logarithms (Laurent, 
1963). l!~ina11y an unbiased estimate of relaU.ve dc:tl$.i.ty is computed as: 

D. = eB3 [1 - variance (S.i)!'!'] 
J 
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Standardization catches per fisherman for western and central Maine 
are shown in Figure 4 and Table 4 along wi th the total Maine catch of stop 
seines and weirs and the catch per number of stop seines. The western Maine 
decline is more consistent than central Maine in recent years but the central 
Maine catch has been declining generally since 1950 while the w~stern Maine 
catch per man actually increased in the early fifties. The catch per man 
for both central and western Maine were combined into an adjusted index and 
compared with the total Maine herring catch by stop seines and weirs in 
Figure 5. The agreement between the total catch and the adjusted index is 
very good. 

The similar slope of the catch per stop seine and weirs and the 
adjusted index of abundance indicates a fixed fishing intensity on the average. 
Many of the stop seine fishermen fish for other species when herring are not 
plentiful but are always looking for herring. When herring appear, fishing 
effort is placed on herring rather than on another species. So in this 
respect fishing intensity can be considered to be constant. 

All indices of abundance indicate drastic declines, up to an order of 
90% of the peak year classes of the 1950's. There is a very obvious and 
steady decline in abundance since 1958 except for 1962 and 1963 when the 
strong 1960 year class and fairly strong 1961 year class came into the fishery. 
The preliminary data for 1971 show that herring abundance also significantly 
declined in 1971 over that already existing in 1970. The estimated juvenile 
catch of 7.5 metric tons in 1971 was the lowest catch since 1938, and may be 
compa.red with the average annual catch of 64,000 metric tons during the 
fifties. 

ICNAF 5Y Adult Fishery 

Table 1 gives the catch in Division 5Y divided into juvenile and 
adult herring. The U.S. catch of adult herring before 1967 averaged about 
2,000 metric tons each year except for 1964 and 1949 when 8,119 and 5,259 
metric tons were caught, respectively. In 1967 the total catch jumped to 
nearly 17,000 metric tons, and increased steadily to 46,208 metric tons in 
1970. The age composition of herring in this adult fishery as estimated 
from U.S. samples has reflected the decline in the abundance of recent year 
classes. The 1961 and older year classes have supported this fishery since 
its development. In 1967 and 1968 much of the fish caught were of ages 3-5. 
In 1969 and 1970, the fishery landed mostly herring of ages 7 and older 
(Figure 6). Of the recent year classes only the 1966 year class has contrib
uted significantly to the catch providing 27%, 15% and 19% of the catch in 
1969, 1970 and 1971. Other recent year classes entering the fishery appear 
to be smaller than older year classes. The juveniles occurring inshore 
probably provide the major source of recruitment to the 5Y adult population, 
and it is shown alJove that the 1963-1968 year classes are relatively very 
low in abundance. Therefore, we may expect that when the year classes 
1960-1962 have passed through the fishery, the stock and then the catch 
will decline. This would be true even without the presently increasing 
fishing levels. 

New Brunswick Fishery 

It is possible that the juvenile herring found on the west side of 
the Bay of Fundy in ICNAF Division 4X are part of the Gulf of Maine stock 
complex. Recently Canadian biologists have made preliminary estimates of 
that portion of the 4X catch caught on the New Brunswick side of the Bay of 
Fundy since 1963 (Table 5, lIes, 1972). The weir catch consists mainly of 
two and three year old fish and has declined drastically from 1968. The 
1971 catch of 9,500 metric tons is only about one fourth of what it was in 
1968. The Canadian winter purse seine fishery on the New Brunswick side of 
the Bay of Fundy depends on herring 10-12 cm in total length. This fishery 
also declined in 1971 to 3,500 metric tons compared to 18,000 metric tons 
in 1970. 
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Regulatory restrictions taken jointly by Canada and the U.S. on the 
harvest of small fish entered into effect late in 1971 but prior to the 
major fishery on one year old fish. These restrictions may have been 
primarily responsible for a decline of this magnitude (Personal communic
ation, T. D. lIes). 

The number of age 2 herring caught by the New Brunswick weir and 
purse-seine fisheries is very large totaling over 4.6 billion fish in 1968. 
From monthly catches and length frequencies by month, the numbers of age 2 
herring were estimated that were caught in both the weir and purse seine 
fisheries. The purse seine catch of age 2 herring is made from January 
through March while the weir catch is taken during the remainder of the year. 
The weir catch was fairly constant from 1963 to 1969 probably due to a 
relatively stable fishing intensity. The purse seine catch increased from 
7.4 to 51. 7 thousand metric tons from 1963 to 1968 and then declined to 21. 7 
thousand metric tons in 1969 probably due to changes in fishing intensity. 
Purse seine effort is known to have increased during the sixties while weir 
effort remained steady or perhaps declined. 

Estimates of M01'tality 

Estimates of juvenile fishing mortality can be obtained by comparing 
juvenile catches (Table 6) with the mean stock sizes. The latter were 
estimated from the adult catches. The number of adults caught was deter
mined from the weight harvested using the age composition and the following 
weights at age as determined from United States samples: 

Age Weight in grams 

2 30 
3 115 
4 160 
5 200 
6 244 
7 273 
8 288 
8+ 324 

The numbers of adult herring caught by year class are presented in Table 7. 

A minimum estimate of mean stock size at age 2 was obtained from 

Ct Zt exp [(t-2.5)M] 
+ ••... + -"----"-------

Ft (l-exp [-Zt]) 

for year classes 1962-1965 assuming fishing mortality rates of 0.4 and 0.6 
in year t. This equation assumes that the year class is still being fished 
(Pope, 1971). For the 1960 and 1961 year classes I assumed the year classes 
are no longer being fished and the estimate of mean stock size was obtained 
from 

N2 = C3 exp (M) + C4 eXp (2M) + ..... + 
Ct Zt exp [(t-2.5)M] 

F t 
also assuming F's of 0.4 and 0.6 in year t. The estimates were made accord
ing to three assumptions of natural mortality (M); constant values of 0.2, 
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0.3, and an increase in M 
0.58, 0.69, 0.81 and 0.92 
age 2 are given in Table 

5 

with age of 0.15, 0.15, 0.15, 0.25, 0.36, 0.47, 
for age 2 through 11. The mean stock sizes at 

8. 

Dividing the catch of age 2 herring by this mean stock size provides 
an estimate of fishing mortality. Table 8 gives 6 different sets of estimates 
of fishing mortality for each year class under different assumptions of 
parentage of juvenile populations. The catch of age 2 herring is combined 
over western and central Maine; all of Maine; and Maine and New Brunswick 
combined. The estimates of F are very high, espeCially for the 1960 year 
class if one assumes that the New Brunswick juvenile catch recruits to the 
adult 5Y fishery. 

Other estimates of mortality occurring in the Maine herring fishery 
are also large. Catch curves of age 2 herring by week, adjusted for moon 
phase were examined for mortality. Juvenile herring are more vulnerable 
during the dark of the moon so that adjustment by mopn phase was necessary 
when analyzing catches on a short time basis. Table 9 gives the estimate 
of total mortality for both western and central Maine. The original esti
mates were made for varying amounts of time but the estimates of Z in Table 9 
are for a la-week period in all cases. These estimates are large even ass~ 
ing that the fishery lasted only 10 weeks. The juvenile herring along the 
Maine coast are generally taken during June and July but in some years, some 
age 2 herring may be caught in September and October as well. So, in some 
years these values are underestimates. On the other hand, there is some 
evidence that the decline in catch during the hot summer months is not 
entirely due to fishing mortality but, to some degree, to the movement of 
the herring to deeper waters or eastward along the Maine coast. Catch curves 
in this situation overestimate the total mortality rates. 

Another estimate of mortality was attempted from a comparison of 
catch per effort from age 2 to age 3. Such a method is very difficult to 
apply to the Maine herring fisheries due to size selectivity of the fishery, 
vulnerability changes due to phases of the moon, lack of total effort data 
and perhaps availability of age 3 herring to the inshore fishery. Rough 
estimates were attempted, however, by weighting by moon phase and using 
relative estimates of fishing effort. The relative densities of the Maine 
herring fishery are relative values of catch per unit effort for all selected 
fishermen for each year compared to a standard year. Standardized catch per 
unit effort was obtained for each year by multiplying the standard catch per 
effort value by the relative density for each year. The standardized catch 
per unit effort value was then divided into the total catch for that year 
for that section of the Maine coast giving a standardized total effort 
value. Table lOdescribes this procedure for the western section of Maine. 
The catches of age 2 and age 3 herring adjusted for monn phase were divided 
by this effort. The decline in catch per effort from age 2 to age 3 thus, 
provided an estimate of mortality. Again, all estimates were very high. 
Few herring are caught at age 3 along the Maine coast. This may be due to 
the high mortality at age 2 or simply that age 3 herring are less available 
in the inshore areas. Even when age 3 herring are available in the inshore 
areas, age 2 herring are generally preferred due to their smaller size for 
canning as sardines. The estimates of mortality, therefore, from the decline 
in catch per effort are overestimates, at least in some. years. 

Despite obvious uncertainties about the reliability of the data, all 
mortality estimates are large; the fishing rate is probably well over 0.65. 

Estimates of Adult Stock Sizes 

In order to obtain a rough estimate of the relation of stock size to 
harvest in the adult fishery, the following approximations were made: 

B6 



6 

1) Juvenile herring stock sizes were estimated by applying the 
catch equation separately to the juvenile catch in 5Y and in 
5Y plus the weir catches from the west side of the Bay of 
Fundy assuming estimates of F of 0.6 and 0.8 with an M of 
0.2 in the juvenile fishery. 

2) Natural mortality rates of M of 0.2 and 0.3 were applied 
over the years to the numbers remaining after the juvenile 
fishery, to arrive at an adult stock at age 4. 

The results of these computations are presented in Table 11. From 
the late 1940's through the early 1960's, the annual Maine sardine catch 
averaged 65,000 metric tons - approximately 1.8 billion fish. About 28,000 
metric tons (917 million herring) of this total were age 2 herring caught 
per year from year classes 1945 through 1959. In the period from 1962 to 
1965, year classes 1960-1963 provided an annual catch of 1.0 billion fish. 
The increase in annual catch over earlier years was due to the two good year 
classes of 1960 and 1961. After these year classes passed through the 
juvenile fishery, the catches of age 2 herring declined greatly so that 
year class 1964-1967 provided annual catches of only 296 million herring per 
year. Year classes 1968-1969 continued the decline producing only 186 million 
age 2 fish annually. The fisheries on the west side of the Bay of Fundy took 
43,000 metric tons (2.1 billion) of herring annually during the years 1963-
1965; 62,000 metric tons (3.4 billion) of herring annually during the years 
1966-1969 and 23,000 metric tons (1.4 billion) of herring during the years 
1970 and 1971. The majority of fish (54%) were taken in the winter purse 
seine fishery. This fishery took very small herring, approximately 15-17 
months old of 10-11 centimeters in total length and only about 15 grams in 
weight. The weir fishery along the west shore of the Bay of Fundy caught her
ring a few months older, but also of very small size. The number of herring 
taken in the New Brunswick purse seine and weir fisheries in 1966-1968 was 
15% more than the catch of herring from lCNAF Division 5Y and Subarea 6 from 
1961 to 1971 and from Division 5Y from 1967-1971 combined. ApprOXimately 
9 billion herring have been harvested from the Georges Bank fishery since 
1971 while approximately 12 billion herring have been taken in the New 
Brunswick purse seine fishery since 1963. This fishery was discontinued by 
Canada in 1971 as a conservation measure, thereby reducing the fishing 
mortality greatly on these young herring. 

The trade off between the 5Y juvenile (age 2) and adult fishing 
(age 5) can as a rule of thumb be considered to be in the ratio of 1:3.5. 
That is, a reduction in catCh of 1,000 metric tons of juveniles would be the 
equivalent of a reduction of 3,500 metric tons of adults in that either one 
would allow the same increase in spawning stock. This comes about from the 
sevenfold increase in weight from two to five years of age (30 grams at age 
2, 200 grams at age 5) combined with a natural mortality rate (0.2) which 
would reduce the number of juveniles in half over this period of 3 years. 
The trade off between the juvenile weir fishery of New Brunswick and adult 
fishing (age 5) can be considered to be in the ratio of 1:5 (20 grams at 
age 2, 200 grams at age 5 and reduction in number by 50%). 

The age 2 stock sizes in Table 11 for New Brunswick were calculated 
after the purse seine fishery had ended for each year or about the first of 
April. This was necessary due to changes in purse seine effort and the 
instability of fishing mortality. The fishing mortality rates of 0.6 and 
0.8 appear to be realistic for the other fisheries en the juvenile herring. 
Table 11 indicates a rapid decline in age 4 stock size for year classes 1964 
and after from the large stock sizes of year classes 1945 to 1963. The 
average stock size for year classes 1964-1967 for the 5Y juvenile fishery 
is only 15% to 20% of that of year classes 1960-1963. The decline in the New 
Brunswick herring stock sizes was a little slower to occur, declining by 
about 22% for year classes 1964-1967 and by an additional 55% for year 
classes 1968-1969. 
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The average adult catch of herring in 5Y was 110 million fish in 
1967-1968, which increased to 161 million in 1969-1970 and 209 million by 
1971. It is obvious that the adult harvest of herring can not continue 
to increase or even to remain at the present very" high levels as the stock 
size declines. An adult harvest of 200 million fish under lev~s of 
recruitment currently observed in the juvenile fishery is approaching the 
levels whereby the harvest may take in excess of the recruits to the adult 
fishery. The estimates of mortality rates in Table 8 indicate that probably 
not all of the herring providing the juvenile fishery on the west side of 
the Bay of Fundy recruit to the 5Y adult fishery while probably all of the 
herring (or an equivalent number from some other area) providing the Maine 
fishery do recruit to the adult 5Y fishery. An exact catch quota cannot, 
therefore, be proposed. Even if all of the herring supporting the juvenile 
fisheries of 5Y and the west side of the Bay of Fundy did recruit to the 5Y 
adult fishery, a catch of 40,000 metric tons could not be maintained. The 
good year classes of 1960-1963 accounted for only 21% of the catch in 1971 
and should be out of the fishery by 1972. In 1972, year classes 1968 and 
1969 will be expected to provide a significant portion of the catch (on the 
basis of the 1971 age composition-about 25% of the total catch). By 1973 
the 1964-1967 year classes will be reduced in size where the contribution 
of the poor 1968 and 1969 year classes will be even more important. 

At present, the best judgement would suggest reduction of adult 
catches below the current 40,000 metric tons level and maintainance of 
juvenile catches at current low levels. The latter would allow a good 
recruiting year class. to increase the size of the adult stock. Although 
the fastest recovery of stock size would result from a cessation of fisbing, 
a quota, at least, lower than the present catch is required to allow for 
adult stock maintenance if juvenile mortalities are fairly low and recruit
ment does not fall even further. 
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Table 1 Catch of herring in ICNAF Subarea 5Y in metric tons. 

Juvenile Adult Grand 
Year U.S. U.S. Canada Other Total Total 
1930 33,548 3,940 3,940 37,488 
1931 25,304 3,574 3,574 28,878 
1932 14,510 2,580 2,580 17,090 
1933 19,856 1,621 1,621 21,477 
1934 No data No data No data No data 
1935 23,107 1,447 1,447 24,554 
1936 No data No data No data No data 
1937 22,658 1,313 1,313 23,971 
1938 7,283 2,214 2,214 9,497 
1939 31,572 2,513 2,513 34,085 
1940 17,244 2,676 2,676 19,920 
1941 32,931 No data No data 32,931 
1942 42,637 2,561 2,561 45,198 
1943 25,941 1,329 1,329 27,270 
1944 37,243 598 598 37,841 
1945 41,999 705 705 42,704 
1946 36,336 929 929 37,265 
1947 65,486 1,084 1,084 66,570 
1948 76,437 2,315 2,315 78,752 
1949 74,029 5,259 5,259 79,288 
1950 90,557 3,661 3,661 94,218 
1951 34,411 1,305 1,305 35,7l6 
1952 79,139 1,598 1,598 80,737 
1953 58,337 2,032 2,032 60,369 
1954 64,067 1,303 1,303 65,370 
1955 43,506 1,561 1,561 45,067 
1956 66,494 2,058 2,058 68,552 
1957 68,623 3,007 3,007 7l ,630 
1958 80,759 3,182 3,182 83,941 
1959 53,036 1,472 1,472 54,508 
1960 59,111 1,126 1,126 60,237 
1961 23,310 3,178 3,178 26,488 
1962 69,307 2,37l 114 2,485 7l,792 
1963 66,895 2,990 227 3,217 70,112 
1964 19,537 8,179 636 8,815 28,352 
1965 31,029 2,605 30 2,635 33,664 
1966 25,052 4,313 47 4,360 29,418 
1967 21,461 9,697 6,601 450 16,748 38,209 
1968 29,891 11,585 21,497 76 33,158 63,049 
1969 22,659 6,028 10,106 16,000 32,134 54,793 
1970 11,119 18,061 17,912 9,000 44,973 56,092 
1971.!1 7,541 27,131 13,000 7,000 47,131 54,672 

1/ Preliminary 
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Table 3.. Percentage age composi tioD by weight, of Maine 
herring landings. 

AGE 
Year 1 2 3 4 5 6 7 8 

1947 2.09 49.63 48.28 

1948 5.68 35.90 58.42 

1949 16.20 40.41 43.39 

1950 0.31 33.84 65.85 

1951 52.36 23.39 24.25 

1952 6.77 56.38 36.85 

1953 34.34 31.32 34.34 

1954 9.47 31.17 59.36 

1955 20.03 44.22 35.75 

1956 7.96 50.09 41.95 

1957 4.69 63.83 31.48 

1958 5.57 45.31 49.12 

1959 4.22 29.80 65.98 

1960 1;6 63.8 34.6 

1961 11.2 60.4 28.4 

1962 0.9 93.0 6.1 

1963 1.1 26.8 72.1 

1964 4.6 63.3 15.3 15.8 1.0 

1965 1.4 76.9 18.3 1.1 2.3 

1966 0.7 25.2 69.6 1.0 2.3 0.8 0.3 0.1 

1967 0.9 26.6 50.5 17.5 2.8 1.7 

1968 0.7 52.7 43.9 1.5 1.2 

1969 0.3 28.1 66.7 3.7 0.3 0.4 0.3 0.1 0.1 

1970 2.0 42.5 26.7 16.3 3.3 4.6 2.0 1.8 0.8 

1~71 6.41 38.50 14.64 1.09 17.91 6.47 Q.OO 5.98 

B 12 



12 

Table 4 . Indices of abundance of juvenile herring 
in lCNAF subarea 5Y for recent years. 

Maine catch Catch per Standardized catch per effort 
Year by stop seine stop seine of age 2 herring 

and weirs ~MT) in Maine (MT) Western Maine Central Maine 

1952 74,124 262 897 2,417 
1953 50,592 177 1,081 1,379 
1954 57,445 190 1,347 1,258 
1955 40,587 170 999 859 
1956 59,890 272 1,585 1,444 
1957 61,888 224 1,203 1,585 
1958 73,463 289 1,492 1,500 
1959 48,577 198 1,289 940 
1960 49,909 212 688 1,323 
1961 16,966 132 457 503 
1962 56,324 244 983 1,647 
1963 45,643 247 1,004 1,421 
1964 21,984 152 767 474 
1965 24,878 149 420 1,098 
1966 15,391 116 213 802 
1967 11,838 94 426 968 
1968 19,226 148 320 1,226 
1969 7,531 91 392 265 
1970 3,157 71 136 623 

B 13 
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Table 5. Bay of Fundy, New Brunswick herring catches. 

Web's Purse seine 
Metric tons Numbers Mean fish Metric ton Numbers Mean fish 

Year (1000's) (millions) weight (gms) (1000's) (millions) weight (!!!!!s) 

1963 28,193 1,034 27.3 7,421 422 17 .6 

1964 27,332 966 28.3 17,573 1,260 13.9 

1965 31,704 1,335 23.7 17,320 1,211 14.3 

1966 35,604 1,659 2l.5 25,745 1,689 15.2 

1967 29,774 1,360 21.9 26,067 1,952 13.4 

1968 31,969 1,607 19.9 51,680 2,954 17.5 

1969 25,657 1,258 20.4 21,717 995 21.8 

1970 15,704 1,120 14.0 17,630 1,263 14.0 

1971 9,543 318 30.0 3,533 122 29.0 

Average 22.1 15.9 

B 14 
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Table 6. Total catch of Maine herring and New Brunswick 
sardine herring (millions of fish). 

AGE 
1 2 3 4 5 6 7 8 8+ Total 

WESTERN 
MAINE 

1961 18.6 132.7 20.2 171.5 
1962 20.9 745.3 28.1 794.3 
1963 29.8 322.3 179.2 531. 3 
1964 23.4 246.1 10.1 2.9 0.5 283.0 
1965 31.2 196.0 24.3 0.4 0.2 252.1 
1966 11.6 127.1 44.8 1.8 2.3 1.3 0.4 0.2 189.5 
1967 1.4 58.7 23.1 4.9 2.0 1.8 91.9 

CENTRAL 
MAINE 

1961 203.6 226.4 7.9 437.9 
1962 20.3 992.9 3.1 1016.3 
1963 30.8 242.6 239.5 512.9 
1964 66.9 186.9 17.9 8.1 279.8 
1965 3.6 362.1 17 .3 0.4 383.4 
1966 4.0 60.2 51.1 0.5 7.3 122.1 
1967 7.9 96.4 75.3 10.7 17.7 1.3 209.3 

EASTERN 
MAINE 

1961 7.0 27.9 11.4 46.3 
1962 10.8 500.1 6.3 517.2 
1963 13.1 206.9 79.3 299.3 
1964 7.6 41.9 4.3 11. 7 0.5 66.0 
1965 6.2 374.7 16.3 1.6 4.0 402.8 
1966 5.4 104.4 112.7 0.4 222.9 
1967 12.2 113.0 23.7 18.1 0.2 167.2 

NEW 
BRUNSWICK1 

1962 230.0 1157.5 113.2 48.4 3.7 1.5 1554.3 
1963 129.1 1143.4 111.7 65.3 4.6 1.9 1456.0 
1964 300.3 1583.3 227.0 108.6 5.1 2.1 2226.4 
1965 254.7 1981. 7 202.5 96.1 7.8 3.2 2546.0 
1966 258.5 2485.0 360.8 226.1 12.3 5.1 3347.8 
1967 571.1 2330.0 281.6 116.9 9.0 3.8 3312.4 
1968 695.9 3411. 5 328.4 115.9 6.9 2.8 4561. 4 
1969 248.8 1749.1 173.1 73.9 5.4 2.2 2252.5 
1970 521.1 1557.6 193.4 102.9 5.3 2.2 2382.5 

lAge composition of eastern Maine catches applied to New Brunswick weir 
catches. Age Compesi tian of purse seine catches obtained from moo thly 
length frequencies. 
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Table 8. Estimates of juvenile fishing mortality assuming that all 
juveniles recruit to the 5Y adult fishery. Juvenile mean 
stock sizes calculated according to fishing mortalities 
(FT) in the terminal year of catch of 0.4 and 0.6. 

YEAR CLASS 
1960 1961 1962 1963 1964 1965 

FT FT FT 
0.4 0.6 0.4 0.6 0.4 0.6 

FT 
0.4 0.6 

FT 
0.4 0.6 

FT 
0.4 0.6 

Estimated mean 
stock size at 
age 2 (millions) 

Assuming M=. 2 764 761 492 458 461 419 562 505 487 420 489 412 
MK.3 1,081 1,069 903 827 776 691 817 726 701 590 504 427 

M varies 1,508 1,410 1,177 1,023 774 663 684 598 532 449 476 399 

Age 2 catch from 
western' and central 1738 565 433 558 187 155 
Maine (millions) 

F assuming M=.2 2.27 2.28 1.15 1. 23 0.94 1.03 0.99 1.10 0.38 0.44 0.32 0.38 
M=.3 1.61 1.63 0.63 0.68 0.56 0.63 0.68 0.77 0.27 0.32 0.31 0.36 

M varies 1.15 1. 23 0.48 0.55 0.56 0.65 0.82 0.93 0.35 0.42 0.33 0.39 

Age 2 catch from all 
of Maine (millions) 2238 772 475 933 292 268 

F assuming M .... 2 2.93 2.94 1.57 1.69 1. 03 1.13 1. 66 1. 85 0.60 0.70 0.55 0.65 
M=.3 2.07 2.09 0.85 0.93 0.61 0.69 1.14 1.29 0.42 0.49 0.53 0.63 

M varies 1.48 1.59 0.65 0.75 0.61 0.72 1.36 1.56 0.55 0.65 0.56 0.67 

Age 2 catch from Maine 
and New Brunswick 3309 1741 2138 2805 2694 2551 
(millions) 

F assuming M=.2 4.33 4.35 3.54 3.80 4.64 5.10 4.99 5.55 5.53 6.41 5.22 6.19 
M=.3 3.06 3.10 1. 93 2.11 2.76 3.09 3.43 3.86 3.84 4.57 5.06 5.97 

M varies 2.19 2.35 1.48 1. 70 2.76 3.22 4.10 4.69 5.06 6.00 5.36 6.39 

C3 
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Table 9 Estimates of total mortality rates from catch curve 
analysis of the Maine juvenile fishery for a lO-week 
period (95 percent confidence intervals in parentheses). 

Total Mortality Rate 
Year Western Maine Central Maine 

1953 1.50 (1. 488, 1,503) 0.83 (0.829, 0.836) 

1954 1. 48 (1.474, 1. 485) 1.18 (1.173, 1.181) 

1955 1.54 (1. 528, 1. 541) 1.31 (1. 300, 1. 310) 

1956 1. 74 (1. 732, 1,743) 1.23 (1.225, 1. 231) 

1957 2.51 (2.500, 2.517) 1.16 (1.160, 1.165) 

1958 1.20 (1. 200, 1.207) 0.90 (0.894, 0.899) 

1959 1.99 (1.979, 2.000) 1.18 (1.176, 1.184) 

1960 1. 45 (1.447, 1. 458) 0.78 (0.777, 0.781) 

1961 1. 32 (1. 311, 1. 325) 0.76 (0.755, 0.764) 

1962 1.59 (1.587, 1.595) 0.79 (0.785, 0.788) 

1963 1.71 (1.699, 1. 711) 0.93 (0.931, 0.938) 

1964 0.75 (0.744, 0.750) 0.93 (0.928, 0.939) 

1965 1.04 (1. 039, 1. 051) 1.05 (1.049, 1. 056) 

1966 0.64 (0.631, 0.640) 0.91 (0.902, 0.914) 

1967 0.78 (0.778, 0.789) 0.79 (0.785, 0.792) 

C4 
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Table Population sizes and removals from the Gulf of Maine 
herring stock (numbers in millions). 

Based on 5Y Juvenile Catches only 
Age 2 Age 4 

Average stock size Age 2 Age 2 stock size 
Year classes age 2 at beginning fishing natural at beginning 

catch of year mortality mortality of year 
(millions) (millions) rate rate (millions) 

1945-1959 917 2220 .6 .2 605 
917 2317 .6 .3 507 

917 1813 .8 .2 335 
917 1890 .8 .3 277 

1960-1963 1032 2497 .6 .2 770 
1032 2609 .6 .3 650 

1032 2040 .8 .2 467 
1032 2127 .8 .3 391 

1964-1967 296 718 .6 .2 163 
296 748 .6 .3 131 

296 587 .8 .2 76 
296 610 .8 .3 57 

1968-1969 186 449 .6 .2 130 
186 470 .6 .3 107 

186 367 .8 .2 77 
186 383 .8 .3 60 

Based on 5Y Elus the West Side of the Bay of Fundy Juvenile Catches 

1960-1963 1904 4609 .6 .2 1410 
1904 4813 .6 .3 1279 

1904 3764 .8 .2 856 
1904 3924 .8 .3 792 

1964-1967 1497 3624 .6 .2 1076 
1497 3784 .6 .3 1005 

1497 2960 .8 .2 670 
1497 3085 .8 .3 623 

1968-1969 670 1624 .6 .2 506 
670 1694 .6 .3 460 

670 1326 .8 .2 320 
670 1381 .8 .3 290 
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Figure 1. Areas of adult herring fishery (Jeffreys Ledge- Stellwagen 
Bank) and Juvenile herring fishery (eastern, central and 
western Maine) in Division 5Y. 
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Figure 2. Herring landings from IeNAF Division 5Y showing the development 
of the adult fishery. 
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Figure 3. Catch of herring (except for lobster bait) along the Maine coast. 
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Figure 4. Standardized catch of herring per selected stop seine 
fisherman per year for western and central Maine. 

C 10 



24 

16oo.----------.~~~~~~~------------
--------------_,80 

/\ ADJUSTED INDEX 

i\ }' \ , 
/, : \ \, 

I \ \ I 

~ 1200 I \ " ......... rt I 

~ J"\\: \ t; 1000 / • 0 .-' 

::E I \ 
Z 0 \ 

)( 

'" o 
Z 

800 

600 

400 

200 

. \ 
\ 
o , 

I 

• 

• ,\:, , , , 
\ 
\ 
\ 
\ .--i\ 0 

\\ /1\" ,"\ , ... ' ' 
V ..... • \ 

\ 
'-: 

Figure 5. Adjusted index of catch per stop seine fisherman from both 

central and western Maine compared with the total catch of 

herring from stop seines and weirs. 
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Figure 6. Catch of adult Atlatlt.~c herring from southwestern Gulf of Maine, 
ICNAF Division 5Y, showing the dependence on older fish in 1969 
and 1970. 
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