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YEARS
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Introduction

Following the recommendation of the herring working group, an inter-
national larval herring survey of the Georges Bank - western Gulf of Maine
region was initiated in September 1971 (ICNAF 1971). One of the objectives
was to estimate the relative size of the spawning groups in the respective
areas based on larval abdndance indices. In order to allow verification of
larval abundance indices, this paper reports the estimates of the spawning
biomass and the amount of eggs produced in both the Georges Bank and the
western Gulf of Maine areas (Figure 1) for those years in which a fishery was
prosecuted. - For Georges Bank, this is the period of 1961-1977 (Table 1) and
for the western Gulf of Maine area years 1967-1979 (Table 2). Virtual
population analyses was applied to annual catch for the period October 1 to
September 30 instead of Janﬁary 1 to December 31. Thus population estimates
were for October 1 of each year, which corresponds to the peak of spawning.
Based on assumptions concerning maturity, sex ratios, and fecundity, the

potential number of eggs deposited in each year is estimated.

In order to estimate herring egg production in a particular year on a
spawning ground, considerable information is necessary. There are a number of
problems which complicate the analysis. The herring fisheries on Georges Bank
and in the western Gulf of Maine have generally occurred during spawning season,
thus, it has been difficult to determine the proportion of fish in the catch
that have actually spawned. This spawning season fishery was more prevalent
on Georges Bank than in the Gulf of Maine and in more recent on Georges
Bank, in particular, significant quantities of herring were caught both

immediately prior to and after spawning. Detailed sampling would have been




required on a weekly basis to determine quantities of spent or ripe and

running herring in the catches. Additional problems in trying>to determine

the amount of herring that actually spawned in a given year relate to the true
rate of maturity and availability of the herring to the fishery. Many herring
which are immature might not recruit to the spawning area where the fishery is
taking place. If maturity studies were only conducted in the fishing area,

the results would overestimate the proportion of the population that was mature
and, therefore, an overestimate of egg production when percent mature estimates
are applied to VPA results. Furthermore, a significant proportion of the
mature population may be caught just prior to spawning.

Another factor which complicates the estimation of spawning biomass
is herring migration patterhs, particularly along the western Gulf of Maine
where herring that have spawned elsewhere migrate through.the Jeffreys Ledge
fishing area during the Jeffreys Ledge spawning season. Again, the spawning
biomass would be overestimated. In addition, intermixture between SW Nova
Scotia, Gulf of Maine and possibly Georges Bank fish in the winter-spring
period will result in overestimating the stock sizes. Preliminary results of
Canadian tagging studies (Stobo 1976) and the international herring tagging
program (Almeida and Burns 1978) have shown SW Nova Scotia and Gulf of Maine fish
do intermix, but the extent of this mixing is unknown.

Finally, the effect of fishing on the process of spawning is unknown. In
the Georges Bank area the decline in recruitment during the 60's and 70's
seems to be more related to the increase in fishing than to the decline in
spawning stock size. As effort increased subsequent recruitment declined even
though spawning biomass was a very high level. The very act of fishing on
the spawning concentrations may directly reduce effectiveness of spawning in a
manner not reflected by the catch rates.

It was not possible for this paper to investigate in detail the changes
in growth, maturity, and fecundity that have taken place as the herring
populations have declined. Many of the changes were so obvious, however, that
they could not be ignored and are incorporatcd insofar as possible in the

analyses.

Time of Spawning and Definition of Spawning Biomass

The time of spawning is critical to the determination of spawning biomass

because the catches are large immediately prior to spawning and the herring
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leave the spawning grounds (and the fishery) rapidly after spawning.

Early records indicate that spring spawning at one time was an
impértant characteristic of the herring populations within the Gulf of Maine.
In recent years, spring spawning, while occasionally detected, is of little
significance. Herring spawn from August to November varying in their time
of spawning by location and from year to year within a given area. Spawning
begins near the end of August off Nova Scotia and progresses south and west
along the coast of Maine, Jeffreys Ledge, Georges Bank, and finally at
Nantucket Shoals in late October or early November. Noskov and Zinkevich
(1967) reported spawning activity on Georges Bank in 1964 during Septmber 28-29.
For 1965, they reported that spawning occurred in Area 1 (Figure 2) on
September 11-12 and in Area 3 on September 23 to 25. For 1966 Noskov and
Zinkevich reported that spawning occurred in Area 1 on September 19-20

and in Area 3 on September 28-29. The pattern of catches

on Georges Bank suggest that the very good year classes of the early 1960's
came from the spawning Areas 1 and 2 on the northeast peak of Georges

Bank while the 1970 year class came from Area 4 to the west and that these
areas may traditionally have had different spawning times. Based on 1972-74
Polish catch per tow data for maturity stages VI and VII herring, Paciorkowski
and Giez (1975) determined the peak spawning periods were 24-26 September for
1972-73 and 2 October in 1974 on Georges Bank. It is likely that the peak of
spawning occurred during the 60's in September and during the late 70's in
October. However, Boyar (1968) determined that the peak spawning period on
Georges BanE“and off Nova Scotia was in October. Lough et. al (1979) estimated
the time of spawning for the Georges Bank - Nantucket Shoals area for the years
1968-1977 from the presence of yolk sac larvae. The spawning period for the
1968-1973 period was between mid—September and late December and for the
1974-1977 period, it was from late September to mid-December.

Information on spawning condition for the Georges Bank herring was
available from the research conducted by the Federal Republic of Germany
(Dornheim 1980). These data are presented by maturity stages 5, 6, 7, and 8 for
the monﬁhs of August, September, and October in Table 3. The number sampled
includes observations of other stages not presented in the table, therefore, the
percentages do not total to 100. Prior to 1972, no prespawning herring were noted

in October. For 1972 and 1973 (the only two years after 1970 for which October
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data were available) the percent of herring in prespawning condition in October

was 11% and 76%, respectively. The data suggest that spawning occurred as follows:

1967 - late September or early October

1968 September

1969 late September - early October
1970 late September - early October
1971 late September - early October
1972 mostly October

1973 September, October, November
1974 late September, probably October
1975 October and/or November

1976 September - October

In the Jeffreys Ledge area of the western Gulf of Maine, herring spawning
has traditionally occurred during the middle of October. The fishermen there
have reported that Columbus Day (about October 12) is always the time of
spawning for Jeffreys Ledge herring. Boyar (1973) stated that 'the onset of
spawning occurred in early September'" in 1972 on Jeffreys Ledge but the peak
spawning period was in early October. This indicates that in any particular
year spawning can occur at different times over a prolonged period. During
herring tagging studies conducted on Jeffreys Ledge in autumn 1976 and 1978,
ripe and running herring were tagged in the second week of October for both
years.

The heaviest fishing occurs during September (Tables 1 and 2). From 1961
to 1979, 27% of the catch (by weight) on Georges Bank came from the month of
September and 14% of the catch came in October. From 1967 to 1979 20% of the
catch (by weight) in the western Gulf of Maine was made in the month of
September and 13% of the catch was made in October. While some of the fish
caught in September might have spawned, we assume that October 1 would be the
best compromise of a time to represent annual spawning biomass.

Estimates of Mortality and Abundance for the Georges Bank and Western Gulf of
Maine Adult Herring Fisheries.

In order to calculate the abundance of herring at the beginning of October 1,
annual catches for the calendar years beginning on that date were analyzed.
In previous herring assessments, catch at age was sometimes estimated

quarterly based on incomplete catch and sample information. However, since the



bulk of the catch occurs in September and October, we felt that careful
calculation of catch at age by month using all the data available in the ICNAF
sampling year books and in the Northeast Fisheries.Center data files was
required. The data were then combined over months for the period of October 1
in one year to September 20 of the next year and a virtual population analysis
was applied separately for the Georges Bank and the western Gulf of Maine areas
(Table 4 and Table 5). Mean weights for September were applied to the data to
determine potential spawning biomass on October 1. Natural mortality was
assumed to be 0.20. |

The Georges Bank Fishery

The terminal fishing mortality rates used in the virtual population
analysis'in 1977 were chosen to be slightly less than those in 1976 because of
additional fishing‘restrictions in 1977 over those in existence in 1976.

Fishing was restricted to a "window'" area (Figure 2) for the first time in 1977.
Directed fishing by large trawlers was allowed only in the window area from
August 15 to September 30. In addition, the total allowable catch was reduced
from 60,000 metric tons in 1976 to 33,000 metric tons in 1977. It should be
noted that those were annual quotas for the year beginning January 1. The catch
for 1976-1977 according to this analysis (October 1, 1976 - September 30, 1977)
was, therefore, taken under a 1976 annual quota restriction of 60,000 metric
tons from October 1, 1976, to January 1, 1977. and thereafter under an existing
quota of 33,000 métric tons until September 20, 1977.

The Northwest Atlantic herring fishery was developed rapidly during the 1960's.
It was not regulated until the early 1970's. The abundance of fully recruited
herring in 1973 was, therefore, only 21% of the abundance during the 1965-

1968 period. Even with catch quota management, the average fishing mortality
rate for ages 6 and older was calculated to be 1.42 - 1.48 during 1973 to 1975
using a range of high and low starting fishing mortality rates in the VPA
procedure in 1977. All indications, therefore, suggest that fishing mortality
rates were excessive in both 1976 and 1977 for older age groups.

After 1972, the herring fishery on Georges Bank was heavily dependent
on the 1970 year class. This year class accounted for about 80% of the total
herring population on Georges Bank from 1974-1977. Estimates of abundance
of the other year classes for thése years, therefore, is not as critical to

the estimate of total biomass. Fishing mortality rates increased rapidly on
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all year classes after 1973 due to the decline in overall abundance of herring
and the high level of fishing effort (Figure 3) which occurred even with quota
restrictions. " With the virtual population analysis. technique, fishing mortality
rates are estimated most reliably when the fishing mortality is increasing
rapidly with age. The virtual population analysis, therefore, produced

reliable estimates of fishing mortality as late as 1974 and 1975 (assuming

that the catch at age data are correct) when the VPA procedure starts in 1977.
Under these circumstances a wide range in assﬁmed F's in the terminal year

of the analysis will produce similar estimates of fishing mortality only two

to three years earlier. Nevertheless, considerable thought was given to the

terminal fishing mortality rates chosen in both 1977 and 1976.

For the 1967 year class a range of starting fishing mortalities of 0.6 to
1.1 were used for 1977. Estimates of fishing mortality varied by only 4% in
1974 ‘and by 10% in 1975 over this range of starting fishing mortality rates.

All fishing mortality rates from 1972 to 1976 were greater than 0.73 and
averaged 1.08, 1.27, 0.89, 0.78, and 1.11 during 1972 to 1976. It is likely,

therefore, that in 1977 if fishing had not been further restricted F would

have been greater than 1.0. Ailowing for some decrease in 1977 a starting F

of 0.9 was assumed for 1977. This produced an estimate of fishing mortality

in 1976 of 1.14 (Table 4) as compared to 0.96 if the starting F in 1977 had only
been 0.6 and 1.22 if the starting F in 1977 had been as high as 1.1. It is
obvious, therefore, that the starting F in 1977 is not very critical and that

the fishing mortality rate was high in 1976 regardless of the approach used.

For the 196é year class, terminal fishing mortality rates in 1977 from
0.6 to 1.1 produced estimated fishing mortality rates which steadily increased
from 1974 to 1976 and which were greater than 1.1 in 1976 in all cases. For
the 1969 year class starting fishing mortality rates in 1977 of 0.3 to 1.1 were
tried. These calculations produced estimates of fishing mortality rates in
1975 and 1976 in excess of 1.0 and as great as 2.08. The fishing mortality
rates of 1.1 were therefore chosen as proper starting fishing mortality rates
in the virtual population analysis for both the 1968 and 1969 year classes in
1977.

There were no- fish caught in 1977 of the 1965 and 1966 year classes, therefore
the starting fisﬁing mortality raﬁes in the virtual population analysis were

applied to 1976 catches. Fishing mortality rates were very high for neighboring
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year classes in 1976. For the 1967 year class starting fishing mortality‘

rates in 1977 of 0.9vor greater produced estimates of fishing mortality greater
than 1.1 in 1976. For the 1968 year class starting fishing mortality rates in
1977 of 0.6 or more produced estimates of fishing mortality greater than 1.1

in 1976. For the 1969 year class starting fishing mortality rates in 1977 of
0.3 or more also produced estimates of fishing mortality rates greater than 1.1
in 1976. It appeared, therefore, that a starting F of 1.1 in 1976 for both year

classes 1965 and 1966 Was realistic.

The estimation .of the size of the 1970 year class is critical to
the determination of the total spawning biomass after 1972. The range of
starting fishing mortality rates in 1977 of 0.3 to 0.9 indicated that F
increased greatly from 0.27-0.28 at age 3 to 0.43-0.47 at age 4 to 0.67-0.80
at age 5 and to 0.96-1.54 at age 6. Fishing mortality increased from 1975
fo 1976 by 80% for the 19é9 year class, by 74% for the 1968 year class and
by 45% for the 1967 year class. A range of starting fishing mortality rates
for the 1971 year class in 1977 of 0.2 to 1f1 also provided a range of
percentage increases in the calculafed fishing mortality rates from 1975-1976
of from 53% to 142%. It is very likely, therefore, that the fishing mortality
rate for the 1970 year class in 1976 increased by about 75% over that
existing in 1975. A starting fishing mortality rate in 1977 of 0.7 was
therefore assumed for the 1970 year class which produced fishing mortality rates
of 0.28, 0.47, 0.78, and 1.42 for ages 3-6. The value of fishing mortality
rate chosen for 1977 is really only critical for 1976 and 1977 as most
estimates converge to the same number in 1975.

As with the 1970 year class the fishing mortality rate for the 1971 year
class increased greatly from 1973 to 1976 and then declined. This again was
obvious regardless of the starting fishing mortality rates chosen for 1977.
The fishing mortality rate for 1975 was at least 0.66 and for 1976 at least 1.0
if the starting fishing mortality rate in 1977 was 0.2 or more. A starting
fishing mortality rate of 0.5 was therefore assumed whiéh produced a fishing
mortality rate in 1976 of 1.57 and a low abundance of 1,700 metric tons in
1977 for the 1971 year-class.

Research vessel survey daia have indicated that the 1971, 1972, and 1973

year classes were all low in abundance with the 1973 year class the largest of
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,the three (Anthony 1976). Thé catches, however, suggest that the 1973 year
class was poorer than the 1971 year class and about equal to that of the 1972
year class. In fact the fishing mortality rate in 1977 would have to be as
low as 0.07 for the 1973 year class and as high as 0.5 for the 1971 year class
for the two year classes to be of the same order of magnitude at age 3. This
low fishing mortality on the 1973 year class would in turn provide an abundance
of 24,000 metric tons of 4 year old fish in 1977 whichlseems excessive in view
of the lack of fish in the Georges Bank area after 1976. The catches of the
1972 year ciass were so poor that even with a fishing mortaiity rate as low as
0.05 in 1977 the recruitment at age 3 could not have been 1arger'than 11,000
metric tons. Fishing mortality rates of 0.1 were, therefore, assumed for

year classes 1972, 1973, 1974, in 1977. This assumption indicates a low

a bundance of 5,000, 12,000, and 300 tons for year classes 1972, 1973, 1974,
respectively, in 1977. In view of the limited catch in 1977 even this amount
of fish may be an overestimate. The estimation of fishing mortality,
abundance and catches are given in Table 4.

The Western Gulf of Maine Adult Herring Fishery

Catch data for this fishery were available for the most recent year; October
1978 to September 30, 1979. A range of starting fishing mortality rates in the
virtual population analysis were used for year classes 1973 to 1969 to investigate
the effect of starting fishing mortality rates in the VPA on estimates of fishing
‘mortality in years immediately prior to 1979. Two things were obvious; (1) the
fishing mortality rates for the Gulf of Maine adult fishery were far less than
those in the Georges Bank fishery, and (2) the fishing mortality rateds generally
increased after 1973. For the 1969 year class the fishing mortality in 1978
was cléarly less than 0.60 regardless of the starting fishing mortality rate- in
1979 and for the 1970 year class in 1978 it was clearly less than 0.8 but close
to 0.7. Starting fishing mortality rates of 0.9 to 0.8 were therefore chosen
for the 1969 and 1970 year classes, respectively, in 1979.
The fishing mortality rate for the 1971 year class in 1978 was between 0.5-
0.6 and 0.7 was, therefore, used as a starting fishing mortality rate in 1979
since mortality was generally increasing. For the 1972 and 1973 year classes
fishing mortality rates in the last few years were increasing but were less than
0.6 for the 1972 year class in 1978 and less than 0.5 for the 1973 year class in

1978. Therefore, starting F's of 0.7 and 0.6 respectively were used for starting
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fishing mortality rates in the virtual population analysis for the 1972 and 1973
year classes.

Catches of the 1974 year classes and younger accounted-for over 73% of the
total 1979 catch .and the determination of the stock sizes for these year classes
is critical in determining the total stock size.

The 1974 year class was the poorest year class to appear in Canadian catches
(ICNAF Div. 4WXa) since 1965 when catch at age data were first available
(Sinclair et al. 1979). The catch of this year class off Nova Scotia in 1976 at
age 2 was only 20 million fish compared to an average catch of age 2 herring of
220 million fish from 1965 to 1975. In 1977 and 1978, catches at age 3 and 4’
off the 1974 year class were algo very poor. In the Maine coastal fishery in 1974
_year class provided surprisingly good catches at ages 1, 2, and 3 but not at
ages 4 and 5 in comparison with other year classes of the same age. In the Gulf
of Maine adult herring fishery the catches of the 1974 year class were the poorest
in recent years. During the first quarter of 1980 the 1974.year class accounted
for only 1.1% of the total catch. A fisﬁing mortality rate was, therefore, chosen
for 1978 which produced a recruiting year class in 1977 equal to the poorest
observed in the history of the fishery’(the 1969 year class). The terminal F so
chosen for 1978 was 0.68 which appears.to be quite high in relation to other
fishing mortality rates in 1978 or of the same age. The catches, howe?er, suggest

that this mortality rate may be too low.

The 1975 year class was also very poor in the catches off Canada but
produced the largest catch at age 2 in the Maine juvenile herring fishery since
the 1966 year class in 1968. Catches of this year class in the Gulf of Maine
adult herring fishery in 1978 accounted for 28% of the total catch and it was
not obvious from these catch data that this was a poor year class. During the
first quarter of 1980, however, this year class produced only 4% of the total
catch. The starting F of 0.6 was assumed for 1978 for the 1975 year class which
produced a recruiting year clas; in 1978 equal to that of the 1971 year class
and about half of the 1966 year class. This is a 'fair" year class and given
the uncertainties as to its abundance, seems to be a proper estimate.

The 1976 year clasé is a good year class and this is shown not only in
the catches in Canada, in the Maine‘coastal fishery but in the Gulf of Maine
adult fishery as well. In terms of catch this year class ranks second to the

1970 year class off Nova Scotia and in the Gulf of Maine and very close to
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» the catches of the 1966 year class in the Maine coastal fisher} at
age 2. This year class was assigned the value of a "good'" recruiting year
class or equal to the size of the 1966 yeér class in 1969 of about 278 million
fish. This in turn required a terminal F in 1978 of 0.195.
These fishing mortality rates and stock sizes along with the catch at

age are shown in Table 5.

Estimates of Maturity

Data were not available to estimate maturity ogives for the Georges Bank
and Gulf of Maine herring fisheries. Table 6 presents maturity data for the
Georges Bank fishery collected by the Federal Republic of Germany (Dornheim
1980). The criterion for mature hérring is maturity stages 3
through 8 using the 8-grade maturity scale adopted by ICNAF in 1964 (ICES
1963; ICNAF 1964). Table 7 presents data from Boyar (1968) and Boyar (1980).

The numbers sampled in most cases were not known but were at least 100 in each
sample. These data were taken almost entirely from research vessel surveys.
Table 8 presents maturity data from the commercial fishery in the western Gulf
of Maine and Table 9 from the central and western area (Figure 1) of the Maine
fishery in 1978 and 1979. There were no maturity information available for 1977
from the Maine fishery.

The data indicate for both the Georges Bank and Gulf of Maine areas that most
of the age 4 fish are mature while the maturity of age 3 fish varies considerably.
After 1970, Dornheim's data (Table 6) indicate that 100% of age 4 herring on
Georges Bank were mature. Boyar's data (Table 7) for Georges Bank indicate that
83% of age 4 fish were mature after 1970. Prior to 1971 Dornheim's data indicate
that 97% of the age 4 herring on Georges Bank were mature while Boyar's data

suggest 92% maturity.

Data are very limited in the Gulf of Maine after 1970. Tables 7 and 8
indicate a maturity of 98% for age 4 herring in 1978 and 1979 whereas
Boyar's data suggest that age 4 herring were 95% mature in 1977. The
interesting point is that only 75% of age 4 fish were mature (on the average)
from 1960-1971 (Table 7) in the western Gulf of Maine. For purposes of this
ﬁaper we assume that age 4 fish are fully matyre for all years on Georges Bank
and after 1970 for the Gulf of Maine. For 1960-1370, 75% maturity is assumed

~ for the Gulf of Maine.
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No age 2 fish were found to be mature. The maturity of age 3 herring
varied considerably, however, by both area and time. On Georges Bank an average
of 94% were mature from 1971-1976 (Table 6) according to Dornheim and 79%
for Boyar's data (Table 7). From 1967 to 1970, these data sets indicate 59%
and 48% were mature, respectively. From 1960 to 1966 (Table 7), 25%

were mature.

In the Gulf of Maine, age 3 herring were 46% mature in 1977 but only 9%
mature over the period'1960-1970 (Table 7). No information exists for 1971-
1976 for age 3 herring. . Tables 8 and 9 provide information for 1978 and 1979
for the western Gulf of Maine area and the Maine coastal area. For the western
Gulf of Maine area 14% of the age 3 herring were mature in 1978 and 21% were
mature in 1979. Along the Maine coast, 21% of the age 3 herring were mature
in 1978 and only 10% in 1979. An average for 1977-1979 of the 5 estimates is
22% ,

The estimates of maturity vary greatly from year to year probably because
of small sample sizes. Because of thié it is necessary to average the maturity

" over a series of years wherever possible. ‘For both age 3 and age 4 herring
the maturity appears to increase after 1970. Herring on Georges Bank are
much more mature at a given age than herring in the Gulf of Maine. This is
expected as the fishery on Georges Bank was more concentrated on the spawning

areas than the fishery in the Gulf of Maine.

We assume that for the Georges Bank area, 25% of the age 3 herring were
mature from years 1960 through 1966. From 1967 through 1970, we averaged
data from Tables 6 and 7 arriving at 57% maturity for age 3. After 1970 an

average of 93% was estimated for age 3 herring for Georges Bank.

In the Gulf of Maine from 1960 to 1970, 9% were assumed to be mature.
After 1970 an average of 22% is assumed. Although no data on maturity exist
from 1971-1976 in the Gulf of Maine the mean lengths and weights of herring
are more nearly like those in 1977-1979 than during the 1960's. Assuming that
maturity is related to length, therefore, 22% rather than 9% is assumed for
age 3 maturity from 1971-1976.

These maturity percentages were applied to the estimates of abundance in

, Tables 3 and 4 to estimate the numbers and biomass of the spawning population

for both Georges Bank and the Gulf of Maine. These values are given in

Table 16.
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Changes in Length and Weight at Age

Both fecundity and maturity change with size of fish. - Since 1960 there
have been significant changes in growth which have affected both maturity and
fecundity. The mean lengths of herring by age and year from the Georges Bank
and wéstern Gulf of Maine fisheries are given in Tables10 and 11. Length at
age has increased in recent years as the herring abundance has declined. While
this increase in length at age has not been fully analyzed, it has been noted
before (Anthony and Waring, 1980). A table from that paper is included
here as Table 12 to show the increase in length which seemed to accelerate
beginning with the 1968 year class in 1969. The calculated value of K
in the Von Bertalanffy growth equation increased from 0.350 (year classes
1960-1963) to 0.357 (year classes 1964-1967) to.0.510 (year classes 1968-

1971) for Georges Bank. For the westernm Gulf of Maine fishery the Ks for

the same year classes were 0.250, 0.303, and 0.400. The change in growth

is especially evident in the Maine juvenile fishery (Table 12) where age 2 fish were
suddenly the size of the age 3 fish of the year before. This change in growth

was aiso noted by Paciorkowski (1975) on Georges Bank. The increase in growth
coincides with decreases in total stock abundance and apparently has caused the
increase in maturity that seems fo have occurred in the 1970's.

The -change in g%owth is more dramatic in terms of weight rather than length
in older fish and Figure 4 shows the increaée beginning with the 1968 year class
for the western Gulf of Maine fishery. The mean weights for years 1977-79 are shown
for ages 3-6 for September only. With abundance at very low levels in 1977-1980,
very large herring were observed. -In past assessments, mean weights for ages 5-8
were 0.22, 0.24, 0.275, and 0.30 kg for the month of August. For 1977-79, the
September mean weights were .270, 0.302, 0.324, and 0.346 for ages 5-8. In 1980
a herring was sampled from the Maine herring fishery that weighed 0.64 kg
(Jean Chenoweth 1980). This is much larger than we have ever noted before.

Such changes in growth can have profound effects on fecundity as well as yield
production and ma£urity rateg and this is discussed below.

Earlier work (Anthony 1971) demonstrated that growth at age 2 was related
to the catch at age 2 in the Maine herring fishery. The catch at that time
apparently was directly proportional to abundance (Anthony 1972). Figure 5
taken from Anthony (1972) shows the density-dependence. Straight lines were

drawn through the modes of age-length frequencies calculated on a 2-week basis.
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Herring of the very good>1960 year class were much smaller at age 2 than were
herring of thé very poor 1959 year class; for example. We conclude, therefore,

that herring growth of a particular year class in the Gulf of Maine and Georges Bank
area is a function of both total abundance and individual year-class abundance.

The dependence on each taken separately and together remains to be dischssed.

When the overall stock abundance is high, density dependence will be obvious
tespecially in the younger ages). When fhe overall abundance declines, all

year classes regardless of their individual abundance will exhibit increased

growth to varying degrees. We further conclude that a decrease in stock abun-
dance produces an increase in maturity of age 3 herring, and must have profound

effects on the fecundity of the spawning population.

Fecundity

Fecundity information for the Georges Bank fishery is available from Yudanov
(1966). for 1962, from Perkins and Anthony (1969) for 1963 and 1964, from Noskov
and Zinkevich (1967) for 1964, 1965, and 1966, from Draganik and Rast (1970) for
1968 and from échultz (1974) for 1971 (Table 13). Fecundity information‘is only
available for the Gulf of Maine area from Perkins and Anthony (1969). The num-
ber of eggs per female ‘increased from about 20,000 eggs for age 3 herring in
both areas to 140,000 eggs for age 8 herring from Georges Bank and to 160,000
eggs for age 8 herring from the Gulf of Maine. Schultz (1974) found that the
fecundity rates varied inversely with population abundance. His Figure 2 is
reproduced here as Figure 6 with the regression line from Perkins and Anthony
(1969) added. The data by Noskov and Zinkevich (1967) were not added t§ the
figure as they did not describe the length measurement used. The data by Per-
kins and Anthony (1969) suffers from the fact that data were limited and were
combined over two years. The fecundity line for 1963-64 in Figure 6 is not
parallel to the other three lines and is probably due to the very slow growing
and very abundant 1960 year class. The 1960 year class provided 50% of tﬁe v
fecundity information for this line at an average length of 27 cm. The fecun-
dity information from the older herring (29-30 cm) came from the same year
classes that provided the information contained in the ”1962”yliﬁe and Figure 6
shows a very good agreement between the two lines for the older fish. Since we
only have fecundity data from 3 periods; th¢ relationship may be fallacious, but

we ‘assume that an inverse relationship between abundance and fecundity exists.
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Fecundity may be a function of overall abundance or abundance of its own year
class or appearé to be the case with the 1960 year class. We assume, however,
at this point in time, that fecundity for all year classes within a given year
is inversely related to overall abundance in the preceding year. This relation-
ship is plotted in Figure 7. Each data point represents the number of eggs for
a given total length ;ategory. The data point.28 abové the year 1970 for exam-
ple, ﬁeans that a herring of 28 cm in total length carried 53,000 eggs in 1971
wheﬁ‘the abundance (age 4 and older) in the previous year was 1.8 billion fish.

Free hand lines were drawn through the data points for each centimeter group.

Recruitment

Examination of the estimates of expioitation indicates that herring are not
fully recruited at age 3 and 4 in either the Georges Bank or western Gulf of
Maine fisheries. -Recruitment selection factors were calculated for both fisheries
from estimates of the exploitation rates calculated on a calendar year basis
(January 1 to December 31). Selection factors calculated from the data in Tabies
4 and 5 ﬁight not be appropriate for the fishery since the majority of catch. is
taken from July through October (66%) for Georges Bank and from July through
Décember (69%) for the western Gulf of Maine fishery (Tables 1 and 2). Tables 4

and 5 are based on catches from October 1 through September 30 -of the next year.
Summary

fn»both the Georges Bank and western Gulf of Maine fisheries "ripe and
running” herring were found as early as mid-September, with the peak spawning’
occurring in either late September to mid-October. . Likewise the spawning
sites have varied over time. '

The September - October catches during the course of these two fisheries
has accounted for over 30% of the yearly catches. This, in conjunction with
the above, justified using 1 October for the beginning of the year in the new
VPA analysis. The starting F's used in each of the terminal years for the
two fisheries were carefully analyzed; and the stock size estimates obtained on
recruiting year-classes (age 3) are generally consis;ent with age 2 catches
_froﬁ the Maine coastal fishery.

For both the Georges Bank and western Gulf of Maine region the stock
size'(age 3+) declined rapidly after 1966 and 1968, respectively. This decline

was halted for one year in 1973 when the good 1970 year-class (age 3) recruited
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to both regions. In the Gulf of Maine the 1976 year-class (age 3) in 1979 has
resulted in an increasevabovevthe 1977 and 1978 levels. The lack of a
commercial fishery on Georges Bank since March 1977 precludes any determination
of stock size (in 1978-79)(for this region using VPA analysis.

The declines in stock size and generally low levels of recruitment
have resulted in increased groﬁth rates for herring. For Georges Bank
available data also reveal that fecundity is inversely proportional to total
stock size and thus has increased in recent years. Tﬁe estimates of egg
production in the Georges Bank region, adjusted for stock abundance, were highest
in 1969 and 1973, respectively. These peaks reflect the affect of the good
1966 and 1970 year-classes. Thus errors in estimating the proportion of age 3
fish mature will be critical when good year-classes recruit to the fishery.
Under constant egg production, the peaks occurred in 1966 and 1970, the
years in which the two previously mentioned good year-classes were
spawned.

In the Gulf of Maine region egg production estimates were highest in
1968 and excepting 1970 have steadily declined through 1978. The 1979 estimate
increased as a result of recruitment from the good 1976 year-class. Again,
the affect of mature three year-olds is evident.

It is evident that additional studies on herring growth, maturity,
and fecundity especially for age 3 fish are required to better estimate

spawning stock size and potential egg production.
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For both the Ceorges Bank ‘and western Gulf of Maine region herring
abundance declined rapidly after 1966 and 1968, rgspectively. This decline
was temporarily halted when the good 1970 year-cléss recruited to both regions
in 1973. This year class was so rapidly overfished on Georges Eank that the
fishery ended in 1977. In the Gulf of Maine the herring abundance has begun
to recover due to the i976 year class.

The declines in stock size and recruitment have apparently resulted in
increased growth rates for herring. This, in turn, has resulted in an increase
in percent maturity for age 3 adult herring. For Georges Baﬁk, the data
although limited, also suggest that fecundity at length is inversely propor-
tional to total stock size and thus has increased in recent years. Changes in
growth were profoﬁ;d. The rate of growth of a recruiting year class
appeared to be related to its own abundance and to the total stock abundance
as well. Above a threshhold stock abundance, density dependent growth was
obvious; below that stock abundance, all year ;lasses, regardless of abundance,
grew quite well. The maturity of age 3 and age 4 herring increased greatly
after 1970 when the stock abundance underwent its sharpest decline. Tﬂé rate
of recruitment appeared to increase for age 3 and age 4 herring at this time
as well (especially for Georges Bank). The fecundity data were insufficient
for the Gulf of Maine to allow examination of a possible fecundity-density
dependent relationship. Data for Georges Bank were sufficient to strongly
suggest such a relationship but additional data are required to confirm the
relationship.

The multiplicative efforts of increased growth, maturity, recruitment, and
fecundity at lenth on egg production demonstrated a sprprising ability of
herring to compensate for declining abundance. For example, age 3 herring
from Georges Bank from the mid 1960's to the mid 1970's increased in length * }
by 9% (the weight increase was greater), increased in maturity by 63%, increased—
in recruitment by 181% and increased in fecundity at length by 129%. From 1965
to 1975 the spawning stock on Georges Bank (age 4+) declined by 88% (by number)
while the egg production only declined by 67% if one assumes the density
dependent fecundity relatiqnship given in Figure 7. - From the period 1965-
1969, egg productioﬁ only declined 45% to the period 1970-1974 for Georges Bank,

assuming a change in fecundity with abundance (Table 16).
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If the compensation as roughly estimated here is, indeed, correct, and if

such compensation occurs in other species, then it is not surprising that

N

spawning stock levels and recruitment are seldom found to be closely related.
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Catch in tons by month and year for

20 -

the Georges

Bank herring fishery**,

MAY JUN JuL AUG SEP ocT NOV DEC TOTAL
1 1 2980 12611 16375 15719 15318 4535 67556
41 5798 2132 7116 19853 24669 26142 22636 28079 11182 3211 1282 152141
' 15 126 179 334 281 3059 28551 24540 29630 o160 s512 1276 97646
19 27 169 1549 9753 14948 19554 35566 47650 8721 1725 S67 130948
496 11 1015 5681 8426 7068 1253 1276 11496 1859 716 2395 41691
959 698 2516 1e2s 6222 28456 36443 20286 31127 7148 402 3114 138396
-- 118, 4305 .13940 26836 27165 33790 26268 33983 23222 12447 15458 217532
138 9517 27838 ° 37738 . 24356 17376 33006 54543 108996 38075 14281 6976 372848 -
6038 12624 9105 27470 20824 23944 30433 42960 71343 39299 15725 7315 307080
6652 10656 16033 10936 9846 14887 13858 18023 74056 39591 14729 16016 245283
3765 9939 7726 10209 15918 19159 22138 29669 68999 54908 13331 7799 263552
582 3667 4265 567S 5601 10434 9597 23940 56588 37931 6325 6803 171408
4368 8691 7784 12347 12706 11033 9413 31098 58063 38288 2468 1455 1977¢8
872 1273 2362 4184 16139 12689 10372 = 19848 37887 32474 7137 911 146140
211 782 19e0 4880 5802 5270 7310 15836 52902 31946 6988 8587 141514
192 146 183 1053 778 1031 78 5755 24248 7238 1926 135 42763
Sie ?5?_ 306 14 - ~-- -- - - -- - - 1790
TOTAL 25560 65031 87810 144141 183346 221189 284910 374847 751422 395861 117241 84624 2735982
% 9.94 2.38 3.21 .27 6.70 8.08 10.41 13.70 27.46 14.47 4.29 3.09 100.0
| ¥ THERE URS NO DISTANT WATER FLEET FISHERY FOR HERRING AFTER APR 1977
&% THE USA HERRING CATCHES IN SZ-SA6 HAVE BEEN REMOUED AND ADDED TO THE GULF OF MAINE LANDINGS
THIS IS BASED ON TRGGING STUDIES AND AGE COMPOSITION DATA FROM RESEARCH AND COMM. UESSELS
1 .
i Table 2. Catch in tons by month and year for the Gulf of Maine adult herring fishery.*
Years T -
Month 67 68 69 70 71 72 73 74 75 76 77 78 79 80 Gr* “Total
i Jan 123 49 2360 1259 1197 1025 983 1025 2371 1068 2717 2896 2538 546 6.13 20157
Feb 81 195 519 . 155 418 596 1623 10779 2223 985 3584 5764 1499 3842 8.88 32263
Mar 564 212 363 391 360 869 1975 1386 3754 2965 3128 3664 3455 5497 7.22 28583
Apr 95 180 1444 159 612 969 1158 2819 1428 ) 3746 2789 280 129 106 4.94 15914
May 424 356 808 1349 605 361 672 17 136 645 1094 477 6 132 2.17 7082
Jun 170 1594 88 421 1668 59 14 44 71 3 4 510 32 3172 1.46 7850
Jul 91 6780 1301 2306 2706 4279 580 31 639 1297 146 41 1603 5732 6.90 27812
Aug 100 6410 6162 5000 8403 7351 1611 86 913 1930 1808 46 8204 15.01 48024
Sep 3156 8296 11722 5838 16696 3676 320 576 1068 3817 1285 2106 7094 20.52 65650
Oct 2093 5529 5334 13970 5232 1144 332 1403 3138 2335 671 1462 50 13.34 42693
Nov 1755 2765 1513 6310 1481 866’ 438 1512 3617 1957 654 2419 1 7.90 25288
Dec 205 227 4460 5040 2020 297 121 2117 1629 117 392 1005 37 5.53 17667
Total 8857 32593 36074 42198 41398 21492 9827 22075 20987 20865 . 18272 20670 24648 19027 333983

*Includes USA catches taken in 5Z+6.
**Calculated for 1967-79 only.
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Table 3.
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Spawning condition (percent) of herring from Georges Bank according
to observations made by the Federal Republic of Germany (Dornheim 1980).

total number

Year month sampled
1967 Sept 96
Oct 39
1968 Aug 413
1969 Aug 485
Sept 441
Oct 550
1970 Aug 1069
Sept 512
1971 Aug 366
Sept 502
Oct 289
1972 Aug 236
Sept 1015
Oct 868
1973 Aug 464
Sept 939
Oct 144
1974 Sept 1684
1975 Aug 593
Sept 395
1976 Aug 614
Sept 145

prespawning ripe spent
(Stage 5) (Stage 6) (Stage 7+8)

91 3 0

0 0 100
66 1 6
62 0 1
28 58 5

0 13 74
19 0 0
46 45 2
41 0 0
4 95 0

0 100 0
75 0 0
62 19 4
11 64 13
27 0 0
51 21 3
76 10 8
74 14 8
56 0 0
93 0 0
77 0 1
46 40 11
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Table 6. Percent maturity and Number of Atlantic sea herring sampled from Georges
Bank by the Federal Republic of Germany. (Dornheim, 1980)

Age 3 Age 4
Year Month n % mature n % mature
1967 Sept. 1 100 9 100
1968 Aug. 28 43 46 89
1969 Aug.-Sept.-Oct. 213 56 405 93
1970 Aug.-Sept. 263 63 754 100
1971 Aug.-Sept. 529 92 | 314 100
1972 Aug.-Sept.-Oct. 163 96 604 100
1973 Aug.-Sept.-Oct. 1,315 96 84 100
1974 Sept. 58 67 1,478 100
1975 Aug. -Sept. 6 100 156 100
1976 Aug. -Sept. 59 77 2 100

Table 7. Number of Atlantic sea herring sampled by the U.S. from the Georges Bank
and Gulf of Maine areas from August to October with percentage mature
at ages 3 . and 4. .

Georges Bank Gulf of Maine

Age 3 Age 4 Age 3 __Age 4
Year n % n % n % n %
1960 106+ 62 100+ 97 100+ 2 100+ 79
1961 100+ 6 100+ 87 100+ 0 100+ 92
1962 100+ 56 100+ 95 100+ 15 100+ = 66
1963 100+ 33 100+ 97 100+ 27 100+ 96
1964 100+ 9 100+ 93 100+ 1 100+ 92
1965 100+ 10 100+ 79 100+ 7 100+ 70
1966 100+ 0 100+ 90 100+ 12 100+ 60
1967 8 50 100+ 91 100+ 17 100+ 74
1968 38 28 100+ 96 100+ 4 100+ 65
1969 -- -- -- -- 100+ 7 100+ 60
1970 60 61 100+ 92 100+ 4 100+ 58
1971 -- -- -- -- -- -= -- -
1972 -- -~ -- -- -- -- -- -
1973 -- -- 71 96 - -- -- -
1974 25 72 508 60 -- -- -- --
1975 -- -- -- -- -- -- - -

1976 O — - -- -- -- -- -

1977 8 100 78 99 13 46 67 95
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Table 8. Percent maturity and number of Atlantic sea herring sampled from the
Western Gulf of Maine by the United States.

Year month

1978 August

September

October

Total

1979 August

September

October

Total

Age 3
n % mature
147 18
62 10 -
4 e
263 14
125 21
" 130 13
163 28
418 21

Age 4

n % mature
55 96

6 100
4 100

65 97

18 100

19 95
38 100

75 99

Table 9. Percent maturity and number of Atlantic sea herring sampled from the
Western and Central sectionsof the Maine herring fishery.

Year month

1978 August

September

October

Total

1979 August

September

October

Total:

141

59

48

248

125

158

145

428

15

(5]
— w

Age 4

n % mature
62 97

7 100
7 100

76 98

4 100
32 97
36 97
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Table 10. Mean length at age for the month of September1 from the
Georges Bank herring fishery (numbers of fish in brackets).

AGES
6

YEAR 3 4 5 7 8 S i8 11
62 5.4 27.8 29.3 Je.6 31.9 3.9 34.2
(32) (4i1) 179 (47) (] 2) ()
63 24.4 27.8 29.2 30.3 31.4 3.6 33.14
(456) (149) (291) (147) (42) 3 (2)
64 23.7 27.3 29.5 30.6 31.8 3.9 34.5 34.4 33.5
(24) (345) (45) (689 (39) (7 1) (36) )
65 25.2 27,1 29.9 3t.e - 32.9 33.9 34.9
(88) (87) (122) (12) (13) (4) 4)
66 5.8 c8.90 29.4 39.6 3.1 33.6 34.2
1) 29) (96) (118) (34) (18) (8)
67 a5.3 27.7 29.2 30.4 31.8 - 33.9 34.6 34.5
(18) (35) (35) (155) 73) (23) (13) 1)
68 25.5 27.1 29.1 30.3 31.7 32.9 33.5 34.5 35.3
(D] (13 (50) (S3) (59) (18) (86) 21) (5)
69 25.4 eg.z2 3e.1 31.3 32.2 33.8 33.4 33.6 34.4
(114) (149) (84) (81) (52) (68) (89) (7) (5)
7 24.5 7.1 c8.9 39,5 31.9 32.9 33.9
(34) (29) (23) (1 (?7) (18) (8)
71 25.9 27.1 28.9 30.4 32.5 3.7 33.7
(363) (145) (116) (58) (13) (20) (8)
72 e5.8 28.5 3.1 31.6 32.6 33.6 34.5 5.4 35.6
(144) (190) (472) (292) (268) (132) (108) (34) (62)
73 26,1 28.7 30.7 31.2 32.3 2.7 33.5 34.4 35.5
(1229) (37 (57) (47) 2s5) (142 (8) (i) (1)
74 26.3 29.1 32.7 33.9 34.9 35.4 34.9 36.9 '
(127) (1954) (259) (133 (83) (26) (7 1)
75 27.4 29.5 30.6 32.6 33.4 34.4 35.4 36.0
(141) (369) (1776) (74) (s8) (39) (19) (3
76 25.1 29.3 30.6 31.3 33.5 35.3 34.9 35.9 35.5
(39) (66) (182) (1028) (47) (3) 7 ) 2)

For years 1962-65, 1974-76 the September mean lengths at age were
determined from 3rd quarter age/length keys.



1
Table 11. Mean lengths at age for the month of September” from the Western
Gulf of Maine herring fishery (numbers of fish in brackets).

AGES
;E;F—l -5 4 B S 6 7 8 9 19

Eg as.e 26.5 8.4 30.1 31.3 32.3 33.7 34.6
(94) (128) (134) (89) (131) (98) (22) (1)

69 24.4 26.3 28.8 3.2 31.6 2.4 13.5 34.6
(308) (116) (128) (223) (191) (121) (94) (1)

79 24.3 26.7 28.2 29.9 31.4 32.4 33.7 34.6
(239) (2187 (151) (132) (109) (71) (74) (1)

71 24.8 26.9 28.9 38.6 3.4 32.3 33.5 34.8
(748) (851) (1262) (139 (222) (478) (608) (1)

22 25.8 28.5 30.3  '31.8 33.6 35.0 35.9 35.0
(40) (86) (73) (34) (16) o (4) (1) 1)

73 24.7 29.9 31.3 31.5 33.1 35.9 35.0 35.8
(43) (13) (9) (11) (31) (8) (1) (1)

74 25.0 27.9 29.0 31.0 33.90 33.0 33.3 35.0
(1) (37) 1) (1) (5) (8) (4) (2)

75 25.8 28.6 29.7 31.9 33.0 32.5 33.¢ 34.3
(12> () (35) @) @) @) 2) (1)

76 25.7 28.5 ©  29.4 30.5 33.9 33.8 33.8 35.0
(63) (88)} (28) (63) (8) (S) S) (1)

” 26.6 28.6 30.8 30.8 31.7 32.3 33.3 34.0
M (36) (4) (4) (36) (3) (1) (1)

78 25.8 29.0 30.3 31.9 31.6 32.8 33.9 34.5
(92) (63) (112) (12) (8) (65) (3) @)

79 26.5 29.0 30.8 32.0 33.3 33.8 33.8 34.6
(99) (76) (32) (22) (4) (4) (7) (1)

11968-72 mean lengths were determined from 3rd quarter age/length

keys.
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Table 12. Mean lengths (cm) of herring of recent year classes (1968 and later)
compared with lengths of earlier year classes for two areas (length
weighted over year classes by number sampled).

GEORGES BANK WESTERN MAINE
Year Classes . Year Classes Year Classes

1960~ 1964~ 1968~

1963 1967 1971 1957-1967 1968-1973
AGE LENGTH LENGTH LENGTH AGE MONTH LENGTH NUMBER LENGTH NUMBER

(cm) {cm) (cm) (cm) (cm)
©2.00 15.1 14.7. 1 May 4.8 200
2.25 16.5 15.5 16.5 1 “June 4.7 200 5.8 100
2.50  21.3 20.6 21.7 1 July 5.6 131 6.2 100
2.75 20.1 20.9 21.5 1 Aug. 11.0 228
3.00 20.2 21.6 22.8 i Sept. 12.3 1217~ 14.3 L
3.25  21.7 22.2 21.5 1 Oct. 13.0 1054 14.5 53
3.50 24.5 24.3 25.0 i Nov. 14.7 L1 15.1 73
3.75  2L4.4 25.1 25.0
.00 23.9 ©25.9 27.0 2 Jan. 12.6 154
4,25 26.1 26.4 27.7 2 Feb. 12.7 581 13.5 93
"4.50 27.4 27.2 28.4 2 Mar. 13.2 853 15.3 Lo
L4.75  27.1 27.2 29.1 2 Apr. - 13.8 299
5.00 26.7 27.5 29.8 2 May  15.8 1733 16.9 55
5.25 27.9 28.0 '30.0 2 June 15.9 3830 17.4 220
5.50 29.0 28.9 30.3 2 July 16.7 3425 18.6 379
5.75 29.1 29.2 30.4 2 Aug. 16.8 3340 18.9 227
6.00 29.7 30.4 30.7 2 Sept. 18.5 2049 20.8 130
6.25 30.0 29.6 2 Oct. 19.0 1656 21.0 355
6.50 . 30.4 30.4 2 Nov. 18.9 219 20.1 158
6.75 30.6 30.6
7.00 30.6 32.9 3 Jan. 16.8 19 20.9 14
7.25 31.3 29.8 3 Feb. 17.1 109 17.6 12
7.50 31.8 32.5 3 Mar. 17.3 238 18.0 10
7.75 31.8 32.0 3 Apr. 18.1 81
8.00 31.5 33.8 3 May 17.5 117 -
8.25 32.2 3 June 18.7 1222 22.7 64
8.50 32.8 3 July 19.9 735 22.3 61
8.75 32.6 3 Aug. 21.7 442 22.9 17
9.00 32.5 3 Sept. 22.6 513 25.9 64
9.25 32.4 3 Oct. 22.7 477 25.0 - 94

i 3 Nov. 23.0 74 23.6 4

Lo 34.1 34.5 33.3
K .350 .357 .510

ty .228 .257 .803
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Table 13. Fecundity of Atlantic herring from Georges Bank and the Gulf of Maine areas
(thousands of eggs).

Georges. Bank Gulf of Maine
Draganik and Perkins and Perkins and
Total Length Rast (1970) Schultz (1974) Yudanov (1966) Anthony (1969) Anthony (1969)
(cm) Year 1968 Year 1971 Year 1962 Year 1963/64 Year 1963/64
25.0 20 35 55 - 28 18
26.0 25 40 ’ 58 41 33
27.0 30 47 65 55 49
28.0 38 53 ' 73 68 - 64
29.0 45 68 | 83 81 79
30.0 55 80 96 94 95
31.0 67 90 107 107 110
32.0 80 103 119 120 126
33.0 95 132 131 133 141
34.0 113 157 162

35.0 123 127 167
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Table 14.. Estimated egg production (xlO'g) for mature herring from the Georges Bank stock by year and age, based

on scaled fecundity relationships.

AGE
YEAR 3 4 5 6 7 8 9 10 11 TOTAL
1961 781.4 4332.9 19405 4 9398.4 1547.6 404.6 35870.3
1962 487.1 6971.2 5784.0 1945.8 487.6 84.0 , 15759.7
1963 1712.6 7548.6 12512.0 3412.2 1028.2 60.0 14.7 26288.3
1964 1237.4 21987.2 13574.4 6392.0 1500.0 23.0 44714.0
1965 591.9 16668.6 44230.0 9456.3 4760.8 1207.8 76915.4
1966 576.5 6355.9 33321.6 37277.1 7030.0 3312.4 1094.4 89467.9
1967 1017.4 6870.6 17601.3 23831.5 23185.0 2920.0 124.8 628.3 76178.9
1968 1674.4 10323.5 21914.6 19099.5 , 21720.0 14708.5 2714.0 92154.5
1969  2147.2 9963.8 13999.6 12059.9 7804.8 8228.0 6875.0 61078.3
1970 1246.9 8048.8 13220.0 9728.0 7714.7 3151.8 3960.0 47070.2
1971 3496.5 13090.8 14867.5 14515.2 6062.5 3746.2 1720.5 1793.0 130.4 59422.6
1972 5129.0 6027.9 6468.0 5405.4 3550.5 1971.0 1071.0 668.0 501.7 30792.5
1973 17979.0 7422.8 3132.0 2213.7 986.0 507.5 136.0 36.0 513.0 32956.0
1974 1246.9 36631.6 4290.0 1187.5 686.2 331.8 118.3 44492.3
1975 301.6 1649.5 20924,0 1320.9 513.4 315.0 117.6 17.5 25159.5
1976 599.9 873.9 388.8 4821.6 192.0 119.0 85.0 7080.2

Table 15. Estimated egg production (xlO_g) for mature herring from the Gulf of Maine stock by year and age.

AGE

Year 3 4 5 6 7 8 9 10 11 Total

1967 5.2 795.1  2899.4 6020.6 4917.0 1395.9 394.8 109.2 15.6 16552.8

1968 0.6 621.9  2140.9 4572.1 5280.0 3553.2 958.8 202.8 62.4 17523.;

1969 1.5 662.2 1739.0 2604.2 3773.0 3389.4 1889.4 499.2 1%329-5

1970 0.9 395.2 836.9 2717.0 2772.0 2759.4 2453.4 1113.9 - 280.8 A

1971 13.0 1004.4  2234.3 2191.7 1649.7 722.4 1152.4 240.8 103.2 or00 3

1972 1.0 548.4  1077.9 1334.4 949.0 890.4 309.6 379.6 S093' s

1973 92.7 432.9 433.2 401.8 394.8 183.3 112.8 42.3 FRone

lo7a 17.7  s1a1.2  ss4.2  319.4  408.9  176.4 98.7 70.5 15.6 70641

1975 9.9 922.1 5004.3 617.1 183.3 197.4 70.5 42.3 17.2 e

1976  48.5 464.0 1019.2 4276.1 352.0 50.4 56.4 46.8 15.6 OEa

1977 10.8 1585.7 433.1 790.2 2893.0 151.2 1704.7

1978 33.7 705.2  1311.9 327.4 690.9 1551.0 84.6 .
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Figure 5. Plots of smoothed modal lengths at age 2 compared with the total herring catch at age 2
from the Maine juvenile fishery.
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