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INTRODUCTION

The Georges Bank and Gulf of Maine haddock stocks have become increas-
ingly important to the New England fishing industry in recent years. Stock
abundance and landings have fluctuated markedly throughout the history of
this fishery; during 1935-1960, abundance appears to have been relatively
stable andcombined landings from both areas averaged 51,900 tonsl‘annually,
but recruitment of several strong year classes in the early to mid 1960's
resulted in a pronounced inérease in abundance and in effort by foreign
nationals and combined landings rose to 154,700 tons in 1965 (landings for
1966 totalled 127,000 tomns). Landings subsequently declined rapidly with
declining abundance and.in 1974 totalled only 5,100 tons. Improved recruit-
ment has since resulted in a substéntial increase in abundance and by 1978

s landings for both areas had recovered to 27,500 tons; provisional statistics
for 1979 and preliminary statistics for 1980 indicate landings of 24,300 tons
and 34,400 tons, respectively.

Previous assessments (Clark and Overholtz MS 1979; Clark and Essig MS
1980) attributed recent increases in abundance primarily to recruitment of
the strong 1975 and 1978 year classes (which appear to have been comparable
in size at age 2 on Georges Bank). The 1976, 1977, and 1979 year classes
were obsefved to be substantially weaker on Georges Bank, and the 1978 year-
class also appeared to be weak in the Gulf of Maine; consequently, results
implied continued dominance by one year class in both areas (the 1975 year

class in the Gulf of Maine and the 1978 year class on Georges Bank) at least

1Tons in this paper refers to metric tonms.



until 1982. Clark et al. (MS 1980) provide additional information for these
stocks including revised virtual popﬁlation analysis or VPA results and re-
vised yield per recruit analyses. Recruitment of the strong 1978 year class
in 1980 implied catches of 59,700 tons and 31,500 tons frbm fishing at Fp ..
and Fy 1, respectively, on Georges Bank; corresponding figures for the Gulf

of Maine were 7,800 tons and 4,300 tons (Clark and Essig MS 1980).

Management

The Georges Bank and Gulf of Maine haddoeck stocks have been managed by
the New England Regional Fishery Management Council (NERFMC) under the Fish-
ery Management Plan for Atlantic groundfish (as amended) since March 15,
1977. Initial management measures included an incidental optimum yield (OY)
.of 6,200 tons E6,000 tons commercial, 200 tons recreational). Recruitment
of the strong 1975 year-class in 1977, coupled with a rapid increase in USA
harvesting capacity and effort, led to a series of OY increases and modifi-
cations in allocation schemes culminating in removal of incidental catch
limitations and am OY increase to 20,000 tons (July, 1878). Of that total
14,900 tons were allocated to USA commercial interests (11,770 tons, Georges
Bank; 3,130 tons, Gulf of Maine), 3,100 tons were’allocated to Canada, and
2,000 tons were allocated for recreational harvest.

Anticipated overruns in the OY for Calendar Year 1978, coupled with
the need to improve the operational climate for setting annual OY's, led to
management on a ''fishing year'" (October-September) basis, beginning in
October of 1978. This approach permitted more timely use of Northeast Fish-

eries Center (NEFC) autumn bottom trawl survey data in establishment of



annual OY's, 1.e., autumn survey data could be utilized to set QOY's in
spring for the subsequent fishing year.

Based on the above 1579 assessment, the NERFMC determined that an OY
of 32,500 tons (corresponding to Fj ;) was appropriate for 1979-1980. USA
commercial allocations for the last two quarters of the 1978-1979 fishing
year were subsequently revised upwards so as to provide an OY of 28,254
tons for 1978-1979; USA commercial allocations totalled 18,026 tons for
Georges Bank and 5,128 tons for the Gulf of Maine, with 3,100 tons again
being designated for Canadian harvest and 2,000 tons again being set aside
for recreational use. Subsequent NERFMC proposals (submitted under Draft
Supplement #4 to the EIS/Amendment to the FMP for Atlantic Groundfish) in-
~cluded revised allocations for 1979-1980 corresponding to the above OY of
32,500 tons, an increase in minimum mesh size and a minimum size limit.
The USA commercial fishery has since been administered under quarterly
allocations corresponding to this OY (totalling 7,575 tons for the Gulf of
Maine and 17,675 tons for Georges Bank); proposed Canadian commercial and
USA recreational allocations were 5,250 tons and 2,000 tons, respectively.
Draft Supplement #4 was subsequéntly rejected (February, 1980) due to anti-
cipated enforcement problems presented by the minimum mesh and fish size
- proposals. At about the same time, the 1980 assessment has provided which
indicated that a further OY increase would be comsistent with fishing at
FO.l’ although it was not operationally feasible to increase the OY above
the originally proposed level at that time. Accordingly, NERFMC submitted
the originally proposed OY increase as part of Final Supplement #4 (New

England Regional Fishery Management Council MS 1980). Department of



Commerce action on this supplement is pending. A subsequent supplément con-
taining a proposed OY increase (based on 1980 assessment results) is in
preparation. Effective annual quotas and allocations resulting from the
above series of amendments to the groundfish management plan for 1977-1980

are given in Table 1.
COMMERCIAL FISHERY

Commercial Landings

Historical trends in landings for Georges Bank have been reviewed by
Clark et al. (MS 1980). Fishing effort was relatively constant during 1935-
1960, with landings averaging 46,400 tons annually; the stock was exploited
almost exclusively by USA vessels during this period. The USSR entered the
fishery in 1962 and in gucceeding years USSR effort increased greatly with
increases in stock abundance. Total international landings peaked at 150,400
tons in 1965 (81,900 tons of which was taken by the USSR), declined to
121,300 tons in 1966 (48,400 tons of which was taken by the USSR) and then
declined sharply to 22,300 tons in 1969 with declining abundance and redirec-
tion of distant-water effort to other stocks (Table 2, Figure 1). - Landings
subsequently declined to an average of 4,700 tons for 1974-1976 under ICNAF
quota management and incidental catch limitations and then rose to 10,800
. tons in 1977 with recruitment of the strong 1975 year class and increased
USA and Canadian effort.

Removal of incidental catch limitations, increases in OY and continued

expansion in USA and Canadian effort resulted in a further increase to



22,300 tons in 1978; provisional statistics for 1979 indicate landings of
19,500 tons, and preliminary data for 1980 indicate landings of 27,000
tons (Table 2, Figure 1). USA landings increaéed steadily from 7,500 tons
in 1977 to 17,400 tons in 1980, reflecting recruitment and growth of the
strong 1975 and 1978 year-classes, incfeased USA effort and changes in OY's
and vessel class allocations during this period. Canadian landings increased
sharply from 2,900 tons in 1977 to 10,200 tons in 1978; provisional statis-
tics for 1979 indicate Canadian landings of 5,200 tons, and preliminary sta-
tistics for 1980 indicate Canadian landings of approximately 9,500 toms.
Landings by distant-water fleets have been of minor importance since 1974
(when Spain and the UK reported landings of 764 and 559 tons, respectively).
No haddock landings have been reported by;distant-water'fleets sinc? 1976.
It should be stressed tha% the actual USA Georges Bank catch ﬂas un-
doubtedly been much higher in recent years than indicated by reported land-
ings figures. Interview data (corroborated by other industry sources) in-
dicate that large amounts of scrod? and snapper haddock were routinely

discarded on Georges Bank in 1977 due to vessel trip limitations and recruit-

ment of the 1975 year class; available data do not appear sufficient for

2By convention, "large” haddock are those weighing more than 1.1 kg (gutted
weight); '"scrod" haddock range from 0.5 to 1.1 kg. 'Snapper' haddock av-
erage 0.5 to 0.8 kg in commercial landings and are often discarded.



bbtaining reliable estimates but nevertheless suggest that the total amount .
involved could have been many times the reported catch, e.g., for August
trip interview records chtaining discard information it exceeded reported
landings by a factor of 4. Available trip interview data suggest reduced

discard in 1978 and 1979, although substantial amounts may have been

misreported.

In 1980, the situation appéars to have been analogous to 1977, with
high discard of scrod and snapper haddock from the recruiting 1978 year
class. During summer, tows in excess of 5 tons (10,000 1lbs) were reported as
being frequent in several areas, moét of which was apparently discarded follow-
ing culling of larger haddock and other species (individualr reports were
received of vessel captains culling only 1—2,060 1bs out of such tows).
Instances were also reported in which individual vessels discarded over 50
tons (>100,000 1bs) per trip. Since theiareas involved (e.g., Cultivator
Shoals region) are frequented by a large proportion of the New England
fleet during summertime, the total number and weight discarded in 1980
again appears to have been substantial, but as for 1977, data do not permit
reliable estimates.

Commercial lahdingé trends for the Gulf 6f Maine have been generally
similar. Landings averaged approximately 2,900 tons from 1931-1947 and then
increased to an annual average of 7,300 tons‘from 1953-1958 before declining
to an average of 5,100 tons from 1955—1966; subsequently, landings declined
continually to only 600 tons in 1973 (Table Z, Figure 1). Landings then re-

covered to 5,200 tons in 1978; provisional statistics for 1979 indicate’



landings of 4,900 tons, and preliminary statiéfiés for 1980 indicate 1andiﬁgs
of 7,400 tons (Table Z, Figure 1).

Gulf of Maine haddock have been exploited almost exclusively by the
USA, although Canada has reported minor catches each year since the mid-
1950's (small cétches were also taken on occasion by distant-water fleets).
USA Gulf of Maine haddock landings increased from 1,900 tons in 1976 to
4,500 tons in 1978; provisional statistics for 1979 indicate landings of
4,600 tons, and preliminary data for 1980 indicate landings of 7,300 toms,
the highest reported since 1956. Canadian landings declined from 600 tons
in 1978 to only 200 tons in 1980. Little information is available concern-
ing'discard by USA vessels in the Gulf of Maine; it could have been signi-
ficant in 1977-1978 due to strong recruitment and incidental catch regula-
‘tions b&t'in 1979-1980 recruiting year-class strength appears to have been
relatively weak and vessel trip limits appear to have been much less re-
strictive than on Georges Bank. Consequentiy, it is believed that recent
discard levels in the Gulf of Maine have been-comparativély minqr.

The USA and Canadian haddock fisheries on Georges Bank have been
prosecuted almost exclusively by otter trawling both historically and in
recent years (99% of the 1977-1979 USA landed total). Most of the re-
mainder from both countries hés been taken by line trawling. Seasonally,
USA landings have tended to peak during May—July both under ICNAF manage-
~ment (e.g., 40.9% of the 1973-1976 total) and under FCMA (37.7% of the
1977-1979 total), apparently due to spring closure of haddock spawning

areas to demersal gear, seasonal weather conditions, and recruitment.



Canadian landings show much less consistent seasonal trends but have
generally been highest during summer and autumn. In the Gulf of Maine,
81% of the USA 1977-1979 landed total was taken by otter trawling, with
the remainder being taken by gill-netting (17%) and line trawling (2%).
Peaks are evident for USA landings in spring andiautumn, which appear to

reflect seasonal migrations.

Age Composition of Commercial Landings

Clark et al. (MS 1980) derived estimated numbers landed at age for
the Georges Bank fishery for 1931-1978 by application of length frequen-
cies and age-length keys to commercial landings data for all countries;
data for 1979 and the first three quarters of 1980 have since become avail-
" .able. During 1935-1960, over 80% of total lanéings by number consisted of
age 2-4 haddock, but recruitment of the 1963 year class in 1965, heavy ex-
ploitation‘by distant-water fleets during 1965-1966, and poor recruitment
in subsequent years resulted in a significant change in age composition;
during 1965-1969 the 1963 year class accounted for 65% of the total land-
ings by number and in fact largely supported the fishery until well into
the early 1970's (Clark et al. MS 1980). During 1977-1979, the 1975 year
class accounted for 70% of the total number landed; in 1980, the 1978 year
class recruited to the fishery and provided an estimated 54% of the total
landings by number (Figure 2) based on preliminary sample data.

Age composition data for the Gulf of Maine are limited, although age
structure and recrulitment patterns appear to have been generally similar té

Georges Bank. The 1963 year class again appears to have largely supported



the fishery from the mid-1960's into the early 1970's (Clark et al. MS
1980) and the 1975 year class again appears to have predominated in 1977-
1979 landings; intervening years have been characterized by poor recruit-
ment as was the case for Georges Bank. Comparisons may also be made by exam-
ining trends in market categories (percent by weight of large and scrod had-
dock in total landings) for the two areas (Figure 3). Seasonal differences
are evident (due at least in part to slower growth and later recruitment in
the Gulf of Maine), but general trends have nevertheless been consistent be-
tween areas. These data further attest to the relative importance of the
1963 and 1975 year classes in both areas and the 1978 year class on Georges
Bank (note the lack of evidence for recruitment of scrod haddock in the Gulf
of Maine during the third and fourth quarters of 1980, Figure 3).

- RECREATIONAL FISHERY *

Recreational catch information for the New England area has been col-
lected in national salt-water angling surveys for 1960, 1965, and 1970 (Clark
1962; Deuel and Clark 1968; Deuel 1973), in a regional survey of the north-
eastern United States in 1974 (Ridgely and Deuel MS 1976), and more recently
in the 1979 Marine Recreational Fishery Statistics Survey of the Atlantic
and Gulf coasts (United States Department of Commerce 1980). Nicholson and
Ruais (MS 1979) also derived estimates of party and charter boat recreational
catches for the Gulf of Maine-Georges Bank region by analysis of vessel log-
book data; however, their data were incomplete and thus results appear to
have been biased downward to an unknown degree. The first three surveys were
conducted by household interviews and involved a recall period of one year;

the 1974 survey was conducted by telephone and by mail and involved a two
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~ month recallvperiod, and the 1979 survey included both a tele-

phone survey (two month recall peried} and on-site inter-

views. = The 1979 survey was the first to provide actual,sﬁmple

~data relative to species and size composition of the catch and information
on amount and tyfe of discard (alive or dead); preceding surveys required
reports of numbers and a&erage weights by species and appear to have been
biased upwards, particularly in the case of salt-water angling survey re-
sults (U.S. Department of Commerce 1980). In addition, regional bouhdaries
have differed slightly between surveys. ' Consequently, results are compar-
able only in a general way.

The 1960, 1965, and 1970 surveys indicate recreational landings of
haddock totalling 767 tons, 9,702 tons, and 1,147 tons, respectivelyb. The
1974 survey, however{ indicated a recreational catch of only 199 tons.,, while
(provisional) party ané charter-béat logbook data for 1978 indicate a total
catch of 279 tons for that segment of the fishery (Nicholson and Ruais MS
1979). The 1970 survey indicated that party and charter boats accounted
for 70% of the total recreational haddock catch in that year (Deuel 1973),
suggesting that the total 1978 catch may have been in the order of 4-500
tons. The bulk of the reported 1978 catch was taken in late summer, and
practically the entire amount t278 tons) was taken in the western Gulf of
Maine as would be expected from observed distributions of haddock and
recreational effort by area and season. Even in the Gulf of Maine, haddock
appear to be of relatively miﬁor importance as a recreational species, e.g.
in 1977, cod and pollock accounted for 90% of the Maine party boat catch

(Hussey and Flagg MS 1977, In Nicholson and Ruais MS 1979). Results of the
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1979 survey indicate a total recreational catch of 406 tons; preliminary
party and charter-boat logbook data for 1980 indicate a catch of 51 tons,
substantially lower than reported for 1978 by Nich§lson and Ruais (MS 1979).
~In both cases, landings are assumed to have been taken primarily in the west-
ern Gulf of Maine.

TRENDS IN ABUNDANCE

Research Vessel Survey Catches

The Northeast Fisheries Center (NEFC).has conducted stratified random
bottom-trawl surveys in offshore areas (>27 m) on Georges Bank and in the
Gulf of Maine since summer of 1963 (Figure 4). Information relative to ves-
sels and gear used, sampling design and survey procedures, and application
of‘resulting data to assessments is provided elsewhere (Grosslein 1969, MS
£§§9a, MS 1969b; Clark 1979); u;e of‘these data fof assessment of the
Georges Bank and Gulf of Mainebhaddock stocks is described by Clark et al.
(MS 1980). 1Indices of relative abundance (stratified mean catch per tow
in numbers and weight (kg)) have been developed for Georges Bank for spring
and autumn (strata 13-25, 29, and 30), and for summer (strata 13, 16, and
19-25). For the Gulf of Maine, spring and autumn indices have been cal-
culated based on data for strata 26-28 and 36-40; the summer index is based
on data for strata 26-28, 37, and 38 (Figure 4).

The spring survey (weight) index for Georges Bank declined from 23.1
kg in 1968 to 5.6 kg in 1971, increased to 11.7 kg in 1974, and then
dropped sharply to 5.4 kg in 1975; subsequently, values increased to 20.7
kg in 1978, reflecting recruitment and growth of the strong 1975 year
class (Table 3, Figure 5). The spring 1980 index value (35.7 kg) was the

highest observed in this time series and reflects the presence of the 1978
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year class. The summer survey time series (Table 3) is more limited and
in recent years index values have fluctuated without a definite trend
(the 1978 index value of'l.9’kg is not really comparable to remaining
values due to reduced survey coverage in that year). The autumn survey
index for Georges Bank declined more or less continually from 64.1 kg in
1964 to 2.6 kg in 1974 and then increased to an average of 23.4 kg in
1976-1977; index values for 1978, 1979, and 1980 were 15.2 kg, 26.9 kg,
and 18.5 kg, respectively (Table 3, Figure 5). Trends in numbers per tow
have closely paralleled those observed for weight (Table 3). All three
sets of data are consistent in indicating a substantial increase in stock
abundance in recent years, and observed values in terms of numbers and
weight for 1977-1980 are in most cases subs;antially higher than values ¢
observed during the late 1960's. | ‘ |

Stratified mean catch per tow at age data (Table 4) reveal that the
1962 and 1963 year classes dominated the Georges Bank haddock population
until the early 1970's. Recent increases in abundance and biomass are pri-
marily attributable to recruitment and growth of the 1975 and 1978 year
classes; during 1977-1979, the 1975 year class accounted for 35% of the
total catch of age 2 and older fish in both the spring and autumn surveys.
The 1978 year class appears to be comparable in size to the 1975 year
class (stratified mean catch per tow in numbers at age 2 was higher in
spring, lower in autumn and approximately equal during summer Surveys,
Table 4). Given the preponderance of the 1978 year class in the population

at age 2 (85% and 97% respectively, of the catch of age 2 and older fish
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during the spring and summer surveys), the decline in weight observed for the
autumn index between 1979 and 1980 (Table 3, Figure 5) was unexpected and
may relate to discard during summer of 1980 (discussed above). The 1976,
1977, and 1979 year classes appear to be Substantially weaker, although

catch per tow of age zero haddock during autumn of 1980 was comparable to
that observed in 1978, thus indicating the potential for good recruitment

from the 1980 year class in 1982.

The spring survey index for the Gulf of Maine declined more or less
continually ffom 9.2 kg in 1968 to 0.7 kg in 1974 and then increased to
4.5 kg in 1977 before declining to 1.0 kg in 1978; spring 1979 and 1980 in-
dex values were 3.2 kg and 2.2 kg, respectively (Table 5, Figure 5). Again,
the summ?r survey index fluctuated without a definite trend during 1977-1980
(Table 5), although values were intermediate between the 1969 index value
(7.3 kg) and the 1963-1965 average (21.3 kg). The high 1979 index value is
not directly comparable to remaining values in the time series due to re-
duced survey coverage in that year. The autumn survey index declined more
or less continually from 33.6 kg in 1963 to only 2.2 kg in 1974, averaged
5.5 kg for 1975-1976, and then increased sharply to 18.2 kg in 1978 before
declining to 8.2 kg in 1980 (Table 5, Figure 5). Trends in numbers per
tow were again similar for all three indices (Table 5). Thus, overall |
trends for the Gulf of Maine appear to have been essentially similar to
those observed for Georges Bank (Table 5, Figure 5).

Stratified mean catch per tow at age data (Table 6) again indicate

that the 1962 and 1963 year classes predominated in the population until
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the early 1970's. The 1975 year class appears to be the strongest in recent
years in all three surveys, although catch per tow for the 1980 year class
at age 0 is the highest observed since 1963. The 1976 year class, however,
appears to be about one-half as strong as the 1975 year-class based on
summer and autumn survey data (Table 6), relatively stronger
than on Georges Bank (Table 4), while the 1978 year class is much weaker
than either the 1975 or 1976 year classes in both the spring and autumn
surveys. The 1979 year class also appears to be weak in both areas (Tables
4 and 6), although it may be somewhat stronger’in the Gulf of Maine than
the 1978 year class. Thus, recruitment prospects for 1981 appear poor, al-
though the potential again exists for good recruitment and increases in
stock abundance in 1982.

The NEFC has. also sampled inshore areas (<27 m) between Block and
Grand Manan Islands since 1977 (Figure 4); however, coverage has been
limited (e.g., Gulf of Maine strata were not sampled at all in spring and
autumn of 1977-1978) and in any case inshore survey catches of haddock
from Block Island to Race Point (corresponding to the Georges Bank stock)
were usually negligible. Accordingly, an NEFC inshore survey index has
been derived only for summer survey data for the Gulf of Maine (strata
.58~61, 63-66, 72, 74-75, 80, 81, 83, and 85, Figure 4).

The NEFC inshore survey index declined from 9.6 kg in 1977 to an av-
erage of 2.7 kg in 1978-1979 and then again increased to 6.6 kg in'1980
(Table 7). Again, catch-per-tow-at-age data indicate the 1975 and 1976

year classes to be the strongest present throughout this period; the 1978
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year class again appears somewhat weaker, and catch per tow at age 0 in
1980 was the highest observed since 1977. Thus, results appear generally
comparable to those observed in offshore surveys, although a longer time
series will be necessary to evaluate the applicability of NEFC inshore
survey data to haddock assessments. Catch per tow in numbers was dominated
by age 0-2 haddock (94% of those taken during 1977-1980) indicating that
such data Will pfobably be most useful fof evaluation of incoming recruit-
ment.

The State of Massachusetts has conducted stratified random bottom-
trawl surveys in inshore areas along the Massachusetts coast during spring
and autumn since 1978; areas sampled, sampling procedures and other informa-
tion including catch per tow data for 1978 and 1979 are given in annual
complétion reports (Howe et al. MS 1979, MS 1980) and preliminary data are
available for 1980 (Howe, pers. comm.). Again, haddock catches have been
negligible in areas corresponding to Georges Bank, and accordingly indices
have been developed only for the Gulf of Maine area (regions 4 and 5,
strata 25-36, Figure 6).

Data for both spring and autumn suggest an increase in abundance
since 1978, although catches have generally been minor. Autumh survey data
suggest that the 1979 and 1980 year classes were comparable (Table 8), in
contrast to NEFC inshore and offshore survey data indicating the 1980 year
class to be substantially stronger. Again, a longer time series appears
necessary for evaluation of the applicability of Massachusetts inshore

survey data to haddock assessments, but the predominance of age 0 and 1
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haddock in survey catches (Table 8) again suggests that such data will be

most useful for evaluation of the strength of recruiting year classes.

Virtual Population Analysis

Clark et al. (MS 1980) performed a virtual population analysis or VPA
for the Georges Bank,étock which indicated a long-term average stock size
(age 2 and older) of 140 million fish or 153,000 tons for 1935-1960. In
the late 1950's and early 1960's, however, stock size increased steadily in
response to recruitment from a sSeries of strong year classes (notably the
strong 1962 and the outstanding 1963 year classes) culminating in a peak
of 530 million fish or 427,000 tons in 1965. (The 1963 year class was esti-
mated at 368 million fish at age 2, more:than twice the size of any other
year class observed in the fishery.) Stock abundance subsequently declined
precipitously to an apparent all-time low of 8 million fish or 22,000 tons
in 1972 in response to overexploitation and poor recruitment. Recentiy,
abundance has increased dramatically due to recruitment of the 1975 and
1978 year classes (C}ark et al. MS 1980). Similarly,iépawning stock size
(calculated as 50% of age 2 fish and 100% of older ages) averaged 109 million
fish or 131,000 tons from 1935-1960 but increased to a peak of 346 million
fish or 314,000 tons in 1965 before declining to an apparent all-time low of
6 million fish or,12,000 tons in 1973. Subsequently, spawning stock size in-
creased substantially in 1977-1978 with recruitment of the 1975 year .class.
Trends are in close agreement with those observed in NEFC spring and autumn
survey indices, e.g. total stock size estimates for 1964-1974 correlate well

with corresponding NEFC autumn survey indices (r = 0.98, Figure 7).
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CURRENT ASSESSMENT

Georges Bank

Stock size (age 2 and older) for Georges Bank is now primarily depen-
dent on the 1978 year class. The 1975 year class (which supported the fish-
ery until summer of 1980) is now much reduced and accounted for less than
10% of the total catch by number of age 2 and older fish in 1980 spring and
summer surveys and only 14% of the total catch by number during the 1980 aut-
umn survey. The 1978 year class accounted for 85%, 97%, and 79% of the 1980
catch of age 2 and older fish in these surveys and available commercial samp-
ling data for 1980 indicate that it accounted for over 50% of the total num-
ber landed commercially (although it was only partially re;ruited to the
fishéry). The 1976, 1977, and 1979 year Flasses appear to be very weak,
but 1980 autumn survey results suggest the 1980 year class to be at least
of average size. It thereforé‘éppears'that the fishery will be dominated
by the 1978 year class at least until late 1982.

Strengths of the 1975-1979 year classes have been estimated by
a linear regression of VPA stock size in nuﬁbers at age 2 on autumn survey
catch per tow in numbers at age O and 1 combined (Figure 8). The 1975 and
1978 year classes were estimated at 170 and 140 million fish, respectively,
while the 1976, 1977,‘and 1979 year classes were estimated to be substan-
tially weaker (17 million, 6 million, and 13 million fish). However, sur-
vey data have been consistent in indicating a pronounced drop in abundance
between age 2 and age 3 for these year classes, e.g., a linear regression

of VPA stock size in numbers at age 3 on autumn survey catch per tow in
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numbers at aée 2 (Figure 9) provided age 3 estimates of 49 million fish
for the 1975 year class and 34 million fish for the 1978 year class.
Neither figure is compatible with reported landings data (6 million fish

at age 2 in 1977 and 10 million fish at age 2 in 1980) and the assumed
instantanéous natural mortality rate (0.2), and while discard during re-
cruitment of both year classes at age 2. (discussed above) was substantial,
Ait is not likely that it could have accounted for a discrepancy of this
magnitude. Clark and Essig (MS 1980) also showed that variability in sur-
vey catch-per-tow data for this stock has increased markedly since 1976,
indicating that some form of variance-stabilizing transformation, e.g.
logarithmic (Pennington and;Groéslein MS 1978) may be appropriate; Predic-
tive relationships based on transformed ‘4t retransformed surve& data (Clark
and Brown 1977) provide much lower estimates, e.g., a linear regression of
VPA stock size in numbers at age 2 on transformed (loge) survey catch per
tow in numbers at age 1 provides an estimate of 61 million fish for both
the 1975 and 1978 year classes (equal to the 1935-1960 average for this
stock): In any case, these regressions are based on limited time series

of data varying widely in magniﬁude and point estimates derived from such
predicti?e regressions would be expected to be quite sensitive to deletion
of existing data points and/or incorporation of additional ones. No basis

exists for deletion of any of the data points used in the present analysis.
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Although the current NEFC (stratified random) survey time series
extends back only to 1963, earlier surveys (employing the same gear) have
provided additional information on trends in relative abundance. Grosslein
(MS 1969c) developed a young-of-year index for Georges Bank (Table 9) based
on transformed survey catch-per-tow at age data dating back to 1953; calcu-
lated index values for the 1975 and 1978 year classes are comparable to
those observed for several year classes in the 1950's and early 1960's but
are substantially lower than those calculated for the very strong 1958,
1959, and 1963 year claéses. This would again suggest that the 1975 and
1878 year classes were smaller than estimated in previous assessments (note,
however, that the 1962 index value was substantially lower than values cal-
culated for 1958 and 1959 although VPA indiéated the 1962 year class to be
almost 50% stronger'than the 1958-1959 year-class average). In general,

~however, Grosslein's index has been consistent as an indicator of relative
year class strength, although it would be expected that indices developed
from catch per tow at age 1 would be more reliable.

The information currently available for the 1980 year class is the‘

NEFC 1980 summer and autumn survey data (Table 4, Figure 10). Summer sur-
vey catch per tow at age for this year class was very low, but in autumn
catch per tow of age 0 haddock (9.6 fish per tow) was comparable to

that observed in 1978 (10.8 fish per tow) while Grosslein's young-of-

year index value (2.8) was intermediate between values calculated for 1975
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(3.8) and 1978 (2.3). A linear regression of VPA stock size in numbers at
age 2 on autumn survey catch per tow in numbers at age 0 provided an esti-
mate of 59 million fish for this year class, indicating it to be comparable
to the long term average of 61 million fish at age 2, and accordingly this
year class has been assumed equal to 61 million fish in the present assess-
ment.

The VPA referred to in this assessment has not been updated by inclu-
sion of commercial catch-at-age data for 1978-1980 due to uncertainty rela-
tive to discarding and/or misreporting during those years (and in any caée,
uncertainty in the above age 2 estimates for the 1978 year class precluded
projections to age 3 based on natural mortality and reported commercial catch
at age). Accordingly, stock size for 1981 was estimated from a regression
of VPA stock size in numbers (age 2 and older) on autumn survey catch per
tow in numbers (age 1 and older) which provided an estimate of 74 million
fish (Figure 11). This was apportioned by age based on the observed per-
centage age composition in the 1980 autumn survey and resulting values mul-
tiplied by appropriate mean Qéights at age to generate estimated stock
size in weight (109,600 tons) for 1981,‘ This value is comparable to the-
1967-1968 average of 118,300 tons obtained from VPA (Ciark, et al. MS
1980) and NEFC 1980 spring and autumn survey data indicating stéck size
to be comparable to or above levels observed in the late 1960's (Table 3).
The QS% confidence limits about these estimates were 54 million fish

(80,600 tons) and 94 million fish (138,600 tons).
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Assuming a 1981 stock size of 74 million fish (109,600 tons) and
recruitment of 61 million fish at age 2 in 1982, fishing at Frax = 0.55
in 1981 would provide a total catch of 46,700 tons, with a total stock
size (age 2 and older) in 1982 of 97 million fish or 115,800 tons (6%
above the 1981 level of 109,600 tons); fishing at Fy ; = 0.26 in 1981
would provide a catch of 25,100 tons, with a total stock size (age 2 and
older) in 1982 of 108 million fish or 139,100 tons (27% above the 1981
level of 109,600 tons). See Table 10. Corresponding spawning stock size
~estimates for 1982 (calculated as 50% of age 2 fish and 100% of older ages)
are 66 million fish or 93,600 tons and 78 million fish or 116,800 tons
(Table 10). Assuming a 1981 stock size of 54 million fish or 80,600 tons,
fishing at Fp, and Fy ; would provide catches of 34,400 tons and 18,500
tons,vrespectively; assuming a 1981 stock size.of 94 million fish or

138,600 tons, fishing at F___ and

ax PO.l would provide catches of 59,100

tons and 31,700 tons.  Average historical (1935-1960) total and spawning
stock sizes are 140 million fish (153,000 tons) and 109 million fish
(131,000 tons), respectively (Clark, et al. MS 198b). Assuming that re-
cent recruitment patterns hold and the 1981 year class is again a weak one
(say, equal to the 1976, 1977, and 1979 year class average of 12 million
fish at age 2) and assuming exploitation at Fjy ; in 1981, fishing at FO.1
in 1982 would provide a catch of 31,800 tons, with a total stock size in
1983 of 82 million fish or 135,600 tons; spawning stock size would be 76

million fish or 131,200 tonms.
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Guif of Maine

To date, an analyticél assessment has not been compieted for the
Gulf of Maine, and recent assessments have been based primarily upon re-
search vessel surVey data and exémination of commercial landingé trends.
As noted above, trends in both sets of data have been generally similar,
suggesting declines in abundanﬁe to an apparent all-time low in the early
1970's before increasing substantially in recent years. Trends in recruit-
ment also appear td have been generally similar, with the 1963 and 1975
year classes predominating in the time series; the 1975 year class domin-
ated commercial landings and autumn survey catches during 1977—1979’(54%
of the total survey catch by number of age 2 and older fish). The :1976
year class appears to have been relatively stfogger in the Gulf of gaine,
however, while the 1978 year class appears to have been much weaker.' Trends
in commercial landings by market category tend to support these results,
i.e. the large influx of scrod haddock observed for Georges Bank landings
during the last two quarters of 1980 (Figure 3) was not apparent for the
Gulf of Maine. Catch per tow of young-of-year hadiock during the autumn
1980 survey was the highest observed since 1963. Thus, immediate re-
cruitment prospects appear poor, although stock size should be aug-
mented considerably by recruitment of the 1980 year class in late
1982.

The current proposed commercial allocation for the Gulf of Maine
uﬁder Final Supplement #4 (7,575 tons) is based on an assumed 3:1 biomass

ratio between the Georges Bank and Gulf of Maine areas as evidenced by
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minimum biomass estimates obtained from NEFC survey data (Clark and
Overholtz MS 1979). This ratio, however, represents an average which
have not been consistent over time and appears inappropriate at present
given indications that the 1978 year class is much weaker than on Georges
Bank., Also, annual commercial landings for the Gulf of Maine have rarely
exceeded 7,000 tons since 1931 and even during assumed peak years of abun-
dance (1959-1966) averaged only about 5,000 tons. Preliminary data for
1980 indicate commercial landings of 7,400 tons, which (assuming recrea-
tional landings in the order of 4-500 tons), implies a 1980 fishing morta-
lity rate approximately equal to Fhax based on the previous assessment (an
estimated F value of 0.43 was obtained from autumn bottom trawl survey data).
Clark and Essig (MS 1980) obtained an average annual stock biomass
estiméte of 16,600 tons for 1964-1968 based on commercial and recreational
landings data and mortality estimates generated from NEFC autumn survey
data; this estimate was used to project 1980 catch levels corresponding to
Fmax and Fo.l based on autumn 1979 survey data indicating stock size in 1980
to be comparable to the 1964-1968 average. However, lack of evidence for
strong recruitment from the 1978 year class, coupled with the observed de-
cline in NEFC spring and autumn survey index values during 1979-1980, sug-
gests that stock size in 1981 has probably declined below the 1964—1968
level (the autumn 1980 index value is approximately 30% below the 1964-
1968 average). Using the NEFC autumn survey data to represent stock
‘abundance the relation

C=_F B, (1-e (7€)
7-C
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where C = Catch,
B0 = Stock biomass, ’
F = Instantaneous fishing mortality rate,
G = Instantaneous growth rate,
and Z = F+M, the instantaneous natural mortality rate,

indicates that fishing at Frax and Fg 1 in 1981 would provide catches of

5,200 tons and 2,800 tons, respectively.
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SUMMARY

Results of this assessment indicate a total 1981vstock biomass (age
2 and older) for Georges Bank of approximately 110,000 tons; the corres-
ponding spawning stock size estimate is 105,000 tons. These values are
comparable to those observed in the late 1960's (1967-1968 averages were
118,000 tons and 116,000 tons, respectively) and are also intermediate be-
tween the corresponding long term (1935-1960) averages of 153,000 tons and
131,000 tbns and the very low levels observed during the early to mid-1970's
(Clark et al. MS 1980). The 1975 year class is now much reduced and the
population is now dominated by the 1978 year class (which, however, appears
to have been appreciably reduced by landings and discard in 1980); the 1976,
1977, and 1979 year classes are much weaker, although survey catch per tow
in autumn of 1980 suggests that the 1980 year class is at least of average
size (i.e.,‘comparable to the 1935-1960 average of 61 million fish). Thus,
- future prospects appear much more favorable than in the late 1960's due to
the potential for incfeases in biomass associated with growth of individual
fish (i.e., the dominant 1978 year class) and for average to strong recruit-
ment from the 1980 year class in 1982. |

Catch and stock size projections for 1981-1982 (assuming a 1981 stock
size of 109,600 tons and recruitment of 61 million fish at age 2 in 1982)

indicate a 1981 catch of 25,100 tons from fishing at Fy ;; fishing at Fmax

would provide a catch of 46,700 tons. In the former case, total stock

size for 1982 would increase substantially over 1981
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(and spawning stock size would also increase somewhat); Projected estimates
for 1982 are largely dependent on one point estimate for the 1980 year class
aﬁd consequently should be interpreted with caution, although other ancil-
lary evidence (e.g., Grosslein's index) also supports the assumption that
this year class is at least of average size. Future surveys will provide an
additional basis for evaluating the strength of this year class.

The Gulf of Maine haddock fishery has been supported by the 1975 and
to a lesser degree the 1976 year class in recent years. This assessment is
consistent with previous results in indicating the 1978 year class to be
relatively weak; consequently this’year class is not expegted to contribute
materially to stock biomass in 1981, although catch of age 0 haddock in the
autumn 1980 survey was the highest observed since 1963. Recent declines in
biomass evidenced by research vessel survey data imply that landings in 1981
in the order cof 6,000 tons (1978-1980 average) may result in fishing morta-

lity levels in excess of Fm and may not be sustainable, particularly if

ax

the 1980 year class proves to be weaker than anticipated in the Gulf of Maine.



27

LITERATURE CITED

Clark, J.R. 1962. The 1960 salt-water angling survey. U.S. Fish Wildl.

Serv., Circ. 153, 36 p.

Clark, S.H. 1979. Application of bottom-trawl survey data to fish stock

assessment. Fisheries 4(3):9-15.

, and B.E. Brown. 1977. Changes in biomass of finfishes and
squids from the Gulf of Maine to Cape Hatteras, 1963-1974, as deter-
mined from research vessel survey data. Fish. Bull., U.S. 75:1-21.

, and R.J. Essig. MS 1980. Georges Bank and Gulf of Maine had-
dock assessment update. Nat. Mar. Fish. Serv., Woods Hole, Lab. Ref.
Doc. No. 80-06, 33 p.

, and W.J. Overholtz. MS 1979. Review and assessment of the
Georges Bank and Gulf of Maine haddock fishery. Nat. Mar. Fish.
Serv., Woods Hole, Lab. Ref. Doc. No. 79-05, 68 p.

, and R.C. Hennemuth MS 1980. Review and assess- .

ment of the Georges Bank and Gulf of Maine haddock fishery. Sub-
mitted to the Journal of Northwest Atlantic Fishery Science.

Deuel, D.G. 1973. The 1970 salt-water angling survey. U.S. Dept. Comm.,

Curr. Fish. Stat. No. 6200, 54 p.

, and J.R. Clark. 1968. The 1965 salt-water angling survey.
U.S. Fish. Wildl. Serv., Resource Publ. No. 67, 51 p.

Grosslein, M.D. 1969. Groundfish survey program of BCF Woods Hole.

Commer. Fish. Rev., 31(8-9):22-35.

. MS 1969a. Groundfish survey methods. Nat. Mar. Fish. Serv.,
Woods Hole, Lab. Ref. No. 69-2, 34 p.

MS 1969b. Data processing methods for groundfish surveys.

“Nat. Mar. Fish. Serv., Woods Hole, Lab. Ref. Doc. No. 69-3, 60 p.

Howe,

, MS 1969c. Haddock recruitment predictions from bottom trawl
catches of 0-group fish in Subarea 5 and Division 4X. ‘Int. Comm.
Northw. Atlant. Fish. Annu. Meet. 1969, Res. Doc. No. 89, Serial No.
2255 (mimeo), 14 p.

A.B., D.B. Maclsaac, B.T. Estrella, and F.J. Germano, Jr. MS 1979.
Fishery resource assessment, coastal Massachusetts. Completion
Rept., Massachusetts Div. Mar. Fish., Comm. Fish. Res. Dev. Proj.
3-287-R-1, 34 p.



28

, B.T. Estrella, F.J. Germano, Jr., J.L. Buckley, and D.B.
MacIsaac. MS 1980. Fishery resource assessment, coastal Massachu-

setts. Completion Rept., Massachusetts Div. Mar. Fish., Comm. Fish.
Res. Dev. Proj. 3-287-R-2, 26 p.

New England Regional Fishery Management Council. MS 1980. Final supple-
ment #4 to the Environmental Impact Statement and Amendment to the

Fishery Management Plan for Atlantic Groundfish. NERFMC, Saugus,
30 p.

‘Nicholson, L.E., and R.P. Ruais. MS 1979. Description of the recreatiocnal
fisheries for cod, haddock, pollock, and silver hake off the north-
east coast of the United States. New England Regional Fishery Manage-
ment Council, Peabody, 118 p.

Pennington, M.R., and M.D. Grosslein. MS 1978. Accuracy of abundance
indices based on stratified random trawl surveys. ICES, C.M. 1978,
Doc. No. D:13.

Ridgely, J.E., and D.G. Deuel. "'MS 1976. Participation in marine recrea-
tional fishing, northeastern United States, 1973-1974, Phase II.
™
9
United States Department of Commerce. 1980. Marine Recreational Fishery
Statistics Survey, Atlantic and Gulf Coasts, 1979. U.S. Dep. Commer.,
NOAA, Natl. Mar. Fish. Serv., Curr. Fish. Stat. 8063, 139 p.



29

Table 1. Effective annual quotas (tons) for Georges Bank and Gulf of Maine
haddock under FCMA based on USA quarterly commercial allocations,
USA recreational allocations, and Canadian allocations, 1979-1980.

Year ‘ USA Commercial USA Recreational Canadian Total
1977 10,5007 2002 - 10,700
1978 13,938° 2,000% 3,100" 19,038
1979 (Georges Bank) .  18,979° 5 0005 1008
(Gulf of Maine) 6,160° ;000 5,100 30,239
7 ' i
1980 (Georges Bank) 17,675 2 0 7 5.2 O/ -
(Gulf of Maine) 7,575 ;000 25 52,500

1
By emergency amendment to Atlantic Groundfish FMP effective November 3, 1977.
2ps stipulated in original Atlantic Groundfish FMP effective March 15, 1977.

3Represents allocations for Quarters 1-3 of 1978 under emergency amendmént effective
July 19, 1978, and first quarter allocations for Georges Bank and the Gulf of Maine
for the 1978-1979 Fishing Year effective October 1, 1978.

4
As allocated under emergency amendment effective July 19, 1978.

Represents allocations for Quarters 2-4 of the 1978-1979 Fishing Year under emergency
amendment effective July 22, 1979, and the proposed first quarter allocation for the
1979-1980 Fishing Year under Final Supplement #4 to the EIS/Amendment to the Atlantic
Groundfish FMP.

6
As allocated under emergency amendment effective July 22, 1979.
7As proposed under Final Supplement #4.



Table 2. Commercial landingsl of haddock (metric tous‘ live) from Georges Bank and the Gulf of Maine, 1960-1980.

Georges Bank Gulf of Maine - Total

Year USA Canada USSR Other?  Total USA Canada USSR Other? Total USA Canada USSR Other?  Total

1960 40,800 77 - —- 40,877 4,541 383 - - 4,924 45,341 460 - - 45,801
1961 46,384 266 - - 46,650 5,297 112 - - 5,409 51,681 378 -- - 52,059
1962 49,409 3,461 1,134 -- . 54,004 5,003 107 - -- 5,110 54,412 3,568 1,134 - 59,114
1963 44,150 8,379 2,317 -- 54,846 4,742 3 44 -- 4,789 48,892 8,382 2,361 - 59,635
1964 46,512 11,625 5,483 466 64,086 5,383 70 -- - 5,453 51,895 11,695 5,483 466 69,539
1965 52,823 14,889 81,882 768 150,362 4,204 159 - - 4,363 57,027 15,048 © 81,882 768 154,725
1966 52,918 18,292 48,409 1,655 121,274 4,579 1,125 - -- 5,704 57,497 19,417 48,409 1,655 126,978
1967 34,728 13,040 2,316 1,385 51,469 4,907 589 - - 5,446 39,635 13,629 2,316 1,385 56,905
1968 25,469 9,323 1,397 4,734 40,923 3,437 120 -- - 3,557 28,906 9,443 1,397 4,734 44,480
1969 16,456 3,990 65 1,741 22,252 2,423 59 - 231 2,713 18,879 4,049 65 1,972 24,965
1970 8,415 1,978 103 804 11,300 1,457 38 - 67 1,562 9,872 2,016 103 871 12,862
1971 7,306 1,630 374 1,552 10,862 1,194 85 - 27 1,306 8,500 1,715 374 1,579 12,168
1972 3,869 609 137 1,118 5,733 909 23 4 -- 436 4,778 632 141 1,118 6,669
1973 2,777 1,563 602 389 5,331 509 49 - - 558 3,286 1,612 602 389 5,889
1974 2,396 462 109 1,323 4,290 622 198 -- 9 829 3,018 660 109 1,332 5,119
1975 3,989 1,358 8 55 5,420 1,180 © 79 -- 4 1,263 5,169 1,437 8 69 6,683
1976 2,904 1,361 4 - 1,324 1,865 91 - -- 1,956 4,769 1,452 - 59 6,280
1977 7,934 2,909 - -- 10,843 3,296 26 - - 3,322 11,230 2,935 -- -- 14,165
1978 12,160 10,179 - -- 22,339 4,538 641 -- - 5,179 16,698 10,820 -- -~ 27,518
19793 14,275 5,182 - -- 19,457 4,622 257 - - 4,879 18,897 5,439 - -- 24,336
1980% 17,448 9,520 26,968 7,270 157 - - 7,427 24,718 9,677 -- - 34,395

IAs reported to ICNAF/NAFO for Divisions 5Z and 5Y, vespectively (5 NK landings have

2ppimarily Spain, Poland, and Romania.

3provisional (incomplete).

It .
"Preliminary.

been assigned to Pivision 5Z).

0¢
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Table 3. Stratified mean catch per tow in numbers and weight (kg) for haddock
in NEFC offshore spring, summer, and autumn® bottom trawl surveys on
Georges Bank, 1963-1980.
Spring? Summer Autumn

Nos Wt. (kg) Nos Wt. (kg) Nos Wt. (kg)
1963 -- - 76.65 29.49 97.34 52.83
1964 -- - 387.74 - 119.45 129.70 64.07
1965 -- - 261.65  156.05 68.26 48.20
1966 -- - -- -- 22.32 19.78
1967 -- - -- -- 11.88 16.87
1968 15.56  23.13 -- -- 5.06 10.20
1969 8.26 19.05 6.46 12.95 2.28 5.59
1970 6.84 19.28 -- -- 5.17 8.94
1971 3.18 5.62 -- -- 2.83 3.70
1972 7.26 8.30 -= -- 7.62 5.61
1973 25.23 10.18 -- -- 9.98 6.48
1974 12.77 11.72 -- -- 2.71 2.64
1975 4.18 5.44 -- -- 20.78 10.00
©1976 55.83 10.41 -- -- 47.68 23.68
1977 24.74  17.60 49.29 42.90 19.02 23.13
1978 13.03 20.71 26.43 . 1.89 20.70 15.18
1979 30.53 13.09 55.56 25.28 42.74 26.87
1980 40.32 35.71 48.54 39.12 24.98 18.47

lSpring and autumn, strata 13-25, 29, and 30;

2Data for 1968-1972 adjusted by a factor of 1.
surface area between the '"36 Yankee' and the
has been used since 1973).

summer, Strata 13, 16, and 18-25.

7 to account for differences in
"4]1 Yankee!' trawls (the '"41 Yankee"
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Table 4. Stratified mean catch per tow at age (numbers) for haddock in NEFC offshore spring, summer, and autumnl bettom trawl surveys
on Georges Bank, 1963-1980.

Age ’ Totals

Yeat 0 1 2 3 4 H 6 7 8 9+ 0+2 142 2+
Spring’

1968 - 0.27 3.23 0.55  0.80 7.62 1.92 0.29 0.51  0.37 - 15.54 15.27
1969 - 6.02 0.05 0.66 0.17  0.48  4.83 .17 0.32 0.52 - 8.22 3.20
1970 N 0.77 0.29 0.00 0.37 0.53 0.53 2.28 1.12 0.97 - 5.36 6.09
1871 g 0.00 1.33 0.23  0.00  0.14 0.14 0.10  0.94 .26 - 3.20 3.20
1872 - 1.61 0.10 0.70 0.14  0.03  0.0S 0.1  0.03 1.48 - 7.29 2.68
1973 - 20.39 3.23 0.00 0.36 0.06 0.00 0.1z 0.01 0.36 - 5.5 4.66
1374 - 1.43 3.92 1.9z 0.00 0.16  0.00 0.01  0.07  0.25 - 12,78 11.33
1975 - 0.53  0.63 2.33 0.4z 0.00 0.09 0.06  0.01  0.10 - 1.19 5.36
1375 - 522 0.20 9.40 0.62  0.29 0.00 0.0 0.00 9.07 - 55.33 1.51
1977 - 0.41 22,42 0.2 0.32 0.40 0.50 0.00 0.03 0.08 - 21.71 24.33
1373 - 0.05 0.55 0.6  0.24  0.83 0.53 0.1l 0.04 0.07 - 13.03 12.98
1379 B P 1.06 9.75 5.3 0.1z 0.1l 0.25 3.04  0.03 - 50.54 5.30
1980 ; 5.39 31.34 0.54  0.70 3.27 9.43 0.25 0.31 0.16 - 10,51 35.32
Summer

1963 12.72 33.04 4.22 2.15 2.08 1.4l 0.40 0.35  0.04 0.25 76.64 65.92 10.38
1964 24.39 320.27  36.61 1.31 0.39 2.02 1.29 0.18 0.15 0.1 387.74 362.35 12.38
1965 3.00 27.38 207.30 15.51  1.65 1.19 1.91 1.34  0.24  0.53  261.5 261.65 234.27
1969 0.74  0.31 0.02 0.51  0.08  0.17  3.40 0.89  0.09 9.25 5.46 5.72 5.41
1977 0.04 9.8  38.74 0.17  0.21  0.532  0.22  0.05  0.02 0.07 49.50 49.26 39.78
1973 25.15  0.13 0.35 9.73  0.01 0.0l » 0.03 0,00  0.06 0.0l 26.43 .27 1.14
1979 3.35 49.39 0.07 0.54 1.5 ., 0.21  0.08° 0.01  0.03 0.03 $5.58 - 32.23 2.54
1980 1.0 5.95  40.23 0.22  0.15  0.87 0.0  0.02  0.00 0.00 48.32 " 47.43 41.50
Autumn

1963 $6.55 17.04  6.19 4.57  5.60 5.99 .37 113 0.79 0.31 97.32 40.99 23.95
1964 1.39 75.75  42.78 3.91 1.20 2.38 1.05 0.46  0.17 0.22 129.59 128.10 52.33
1963 0.22 6.32  51.94 6.31  0.72 0.34 0.6l 0.3¢  0.17 0.18 68.23 68.03 61.21
1966 412 0.64 1.94 12,34 2.25 0.35 0.33 0.22  0.08 0.05 22.32 18.20 17.56
1967 0.0z 4.51 0.24 0.67  4.34 1.09 0.33 0.14  0.22 0.12 11.38 11.36 7.35
1965 0.06 0.04 0- 54 0.09 0.22 2.59 . 0.85 0.18 0.1l 0.25 5.04 198 1,94
1369 0.26 0.02 0.00 0.19 0.09 0.11 1.02 0.5 0.08 0.18 2.27 2.01 1.99
1970 0.05 2.77  0.1% 0.01  0.19 0.13 0.34 0.92  0.32 0.27 5.17 5.14 2.37
1971 1.65 0.00 0.21 0.05 0.01 0.13 0.02  0.06  0.50 0.1 2.32 1.19 1.19
1972 133 1.69 0.00 0.33 0.06 0.00 0.06 0.04 0.02 0.37 7.82 3.09 1.40
1375 2.17  6.04 1.08 0.00  0.13  0.03 9.00 0.05 5.01 0.4 9.99 7.32 1.78
1974 0.30 1.19 0.5% 0.21 0.00 0.01 0.00 0.0 0.90  0.15 .72 2.22 1.03
1975 15.76  0.42 .48 3.2 0.62 0.00 0.02 0.00 0.01 0.20 20.77 5.01 153
1975 2.90 43.07  0.35  0.36 0.5  0.20 0.00 0.03 0.07 0.17 47.70 44.30 1.73
1977 0.1l 1.75  15.33 0.36  0.47 . 0.52  0.28 0.03  0.01 0.07 19.053 15.92 17.17
1978 10.32  0.49 0.35 7.59 0.15 0.21 0.37  0.01 0.00 0.01 20.70 9.38 9.19
1973, 1.08 37.29 0.03 0.7 3.12 0.21 0.23 0.04 001 0.00 42.75 41.67 1.38
1930 9.56 2.37  10.37 0.23 0.1l 1.30 0.44 9.05 0.06 0.00 24.99 15.43 15.06

. .

Spring and autumm, strata 13-25, 29, and 30; summer, strata 13, 16, and 19-25.
4

“May not agrse exactly with data in Table 3 due to rounding errors.

*Data for 1568-1972 adjusted by a factor of 1.7 to account for diffsrences in surface arsa between the 36 Yankee'" and the "4l Yankee!
trawls (the '"41 Yankee! has been used since 1973).

3 R
Preliminary



33

Table 5. Stratified mean catch per tow in numbers_and weight (kg) for haddock in
NEFC offshore spring, summer, and autumn? bottom trawl surveys in the
Gulf of Maine, 1963-1980.

Year Spring2 Summer Autumn
Nos. Wt (kg) Nos. Wt (kg) Nos. Wt (kg)
1963 - - 16.81 - 25.79 46.68 33.57
1964 - - 82.68 28.58 9.51 12.47
1965 - - 15.62 9.62 11.70 11.72
1966 - - - - 7.82 9.18
1967 - - - | - 8.18 11.16
1968 6.99 9.17 - - 5.75 11.42
1969 4,32 8.30 3.47 7.34 3.66 8.51
1970 1.03 1.94 - - 1.96 4.87
- 1971 1.00 2.84 - - 1.93 5.39
- 1972 0.98 0.98 .- - 1.33 2.01
1973 0.88 1.06° - - 2.80 5.68
1974 0.96 0.70 - ' - 1.80 2.21
1975 1.86 2.30 - - 3.71 5.71
1976 5.59 4,21 - .- 4.05 5.32
1977 4.56 4.45 , 7.42 10.99 6.79 7.34
1978 0.91 0.95 4.31 9.14 8.0Q0 18.16
1979 2.32 3.17. 7.07 17.67 4.52 11.50
1980 1.81 2.24 5.95 10.48 «© 5.85 8.24

lSpring and autumn, strata 26-28 and 36-40; summer, strata 26-28, 37, and 38.

’Data for 1968-1972 adjusted by a factor of 1.7 to account for differences in surface
area between the '"'36 Yankee' and the '41 vYankee' trawls (the '41 Yankee'" has been
used since 1973).
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Table 6. Stratified mean catch per tow at age (numbers) for haddock in NEFC offshore spring, summer, and autumn” bottom trawl surveys in the
Gulf of Maine, 1963-1980.

Age Totals

Year 0 1 2 3 4 5 6 7 8 9+ 0+2 12 2¢
Soring”
1968 - 0.00 0.00 9.00 0.39 5.15 1.08 Q.09 g.03 0.24 - 6.99 6.99
1969 - Q.00 0.00 0.09 0.02 Q.22 3.04 0.30 Q.05 q.09 - 4.31 4.31
1870 - 0.00 G.00 0.00 0.00 0.00 Q.17 0.70 0.10 Q0.07 - 1.04 1.04
1971 - 0.90 0.00 0.00 0.00 0.00 0.03 .03 0.73 0.20 - 0.99 0.99
1972 - 0.56 0.90 .00 0.00 0.00 0.00 0.00 0.00 0.51 - 0.97 0.31
1973 - 0.09 0.33 Q.00 0.04 0.00 0.00 0.00 Q.00 0.23 - 0.39 0.30
1974 - 0.580 0.06 0.22 0.00 0.00. Q.00 0.00 0.00 0.09 - 0.97 0.37
1873 - 0.01 1.32 0.10 0.25 0.00 0.01 0.00 0.00 0.17 - 1.36 1.85
1976 - 3.46 .0.08 1.24 0.12 0.51 0.00 0.02 0.00 0.09 - 5.39 2.13
1977 - 0.39 2.39 0.02 0.90 0.27 0.39 0.00 0.00 0.00 - 1.38 5.97
1973 - 0.06 Q.47 0.21 0.04 0.10 Q.03 0.00 0.00 0.00 - 3.91 0.35
1879 - 0.25 0.00 1.08 0.30 0.06 0.08 0.06 0.00 0.00 - 2.33 2.08
1980 - 0.37 0.12 0.14 Q.36 0.28 0.02 0.00 0.00 Q.03 - 1.82 0.9%
Sunmer
1863 0.71 2.51 1.72 1.70 4.41 3.16 1.28 0.54 0.42 0.79 17.34 16.63 14,12
1964 0.06 57.27 14.63 3.91 1.87 2.62 0.9%> 0.91 Q9.19 0.31 82.47 82.61 25.34
1963 . 0.00 23.12 7.17 Q.86 0.15 Q.87 0.66 0.43 0.07 0.46 15.64 15.64 10.52
1969 9.00 0.00 0.00 0.00 ‘0.00 0.06 2.23 Q.36 9.22 G 40 3.47 3.47 3.47
1977 Q.00 1.55 3.64 Q.19 1.00 0.09 0.34 Q.00 0.00 0.42 7.43 7.43 5.88

© 1878 4.00 0.12 1.09 1.73 0.19 Q.36 0.44 0.07 0.00 0.11 4,33 4,33 4.21

11979 0.92 9.76 0.10 1.00 2.56 0.48 0.53 0.18 Q.90 0.56 7.97 4.18 3.39
1980 0.18 1.04 1.93 0.42 1.20 .0.83 0.13 0,11 0.00 0.11 5.88 S.77 4.73
Autumn
1363 23.90 3.13 1.14 2.02 $.66 3.31 1.12 0.38 Q.70 G.74 46.63 22,7 14.37
1964 0.02 2.99 1.87 0.48 0.32 1.82 0.96 0.32 0.22 0.21 9.51 9.49 8,30
19635 Q.04 0.25 3.39 3.40 0.17 0.98 0.77 0.44 Q.21 0.04 11.69 11.85 11.40
1366 0.01 Q.03 0.37 4.36 1.60 0.18 0.31 0.29 0.04 Q.02 7.81 7.80 7.77
1367 0.00 0.00 0.20 9.83 3.37 1.21 0.33 0.08 0.12 0.03 3.17 3.17 3.17
1968 0.00 0.00 Q.00 0.06 9.13 $.13 0.95 0.17 0.22 0.09 5.75 5.73 3.7%
1969 .00 0.00 0.00 0.02 0.02 0.02 2.78 0.37 0.09 0.14 3.64 3.64 3.64
1870 0.00 0.03 3.00 0.00 0.00 0.03 .06 1.41 0.41 0.03 1.97 1.97 1.94
1971 0.18 0.00 0.04 0.00 0.01 0.00 0.07 0.11 1.34° 0.19 1.94 1.76 1.76
1872 0.00 0.80 G6.00 0.02 0.00 0.00 0.00 0.00 0.00 0.32 L 1.34 1.34 0.34
1873 0.7% 0.01 0.584 0.00 0.24 0.02 0.01 0.03 0.01 1.08 2.80 2.04 2.03
1874 0.01 1.13 0.13 0.29 0.00 0.00 0.00 0.00 0.01 0.23 1.80 1.79 0.66
1973 9.0 0.13 1.29 0.37 0.93 .00 0.03 0.03 0.00 0.32 3.7 5.12 2.97
1976 1.10 1.18 0.08 0.36 0.11 0.52 0.00 0.10 0.00 0.12 4.04 2.94 1.76
1377 0.03 2.74 2.85 0.10 0.85 0.13 0.21 0.00 a.00 0.07 6.78 5.75 4.01
1978 0.14 0.01 1.83 3.78 0.38 0.94 0.77 0.12 0.00 0.21 8.00 7.86 7.8
1978 0.39 0.30 0.01_ 0.7% 1.97 0.41 0.30 0.09 0.08 0.02 4.53 3.94 3.84
19304 3.125 0.41 9.22 0.03 0.15 0.89 0.47 0.24 0.10 0.08 3.34 2.39 2.18

Ll - .
Spring and autumn, strata 26-23 and 36-40; summer, strata 26-28, 37, and 33.
5
“May not agree 2xactly with dara in Table due to rounding srrors.

E) N - is & . ‘ o . . -
Data for 1968-1972 adjusted by 2 facter of 1.7 to account for differsnces in surface area between the ""36 yankes! and the ''41 vankee! trawls
(the "4l vankee' trawl has been used since 1973).

1 .
Preliminary
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Table 7. Stratified mean catch per tow in numbers and weight (kg) for haddock
in NEFC inshore summer surveys1 for the Gulf of Maine®, 1977-1980.

Stratified mean catch per tow at age°

(numbers) Stratified mean
, catch per tow in
Year 0 1 2 3 4 5 6+ Total weight (kg)
1977 0.00 13.67 11.77 0.00 0.00 0.00 0.00 25.44 9.57
1978 0.05 0.00 0.90 1.60 0.00 0.00 0.00 2.55 2.72
1979 1.13 9.06 0.35 0.57 0.00 0.00 0.00 11.11 2.71
1980 5.27 11.73 0.54 0.11 0.99 0.34 0.00 18.98 6.60

1
Data for spring and autumn not included due to reduced sample coverage and low haddock
catches. ’ v

, Zstrata 58-61, 63-66, 72, 74-75, 80, 81, 83, and &5.
3Obtained by applying corresponding age-length keys from offshore strata.
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Table 8. Stratified mean catch per tow in numbers and weight (kg) for haddock
in Massachusetts inshore surveys in Cape Cod and Massachusetts Bayl,
1978-1980.
Stratified mean catch per tow at age2 (numbers)
Stratified mean
catch per tow
Year 1 5 6+ Total in weight . (kg)
Spring
1978 0.00 0.00 0.92  0.07 0.00 0.00 0.00 0.99 0.59
1979 0.00 0.01 0.00 0.00 0.02 - 0.00 0.00 0.03 0.03
1980 0.34 3.00 0.03 0.00 0.03 0.05 0.00 3.45 0.46
Autumn
1978 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1979 15.32 0.00 0.00 0.00 0.00 0.00 0.00 15.32 0.11
1980 i5.64 0.78 0.00 0.00 0.00 0.00 0.00 16.42 0.35

1

Regions 4 and 5 (strata 25-36).

2

and seasons.

Obtained by applying NEFC age-length keys for

the Gulf of Maine for corresponding years
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Table 9. Catch per tow and calculated index values for young of year haddock in selected
juvenile concentration areas on Georges Bank, 1953-1980.

VPAZ
Mean Mean stock
Number Number Number 1 size
Year/ of Number per tow per tow Young of age 2
Year-class Tows - caught linear loglo(x+l) year index (millions
1953 15 35 2.33 0.31 3.6 43.1
11955 34 533 15.68 0.64 3.5 50.0
1956 11 12 1.09 0.23 2.0 51.1
1958 24 841 35.04 0.99 8.5 104.8
1959 57 1535 26.93 1.02 9.6 100.9
1960 50 221 4.42 0.43 2.4 44 .4
1961 48 56 1.17 0.14 1.4 31.8
1962 44 206 4.68 0.43 2.6 150.3
1963 38 3832 100.84 1.05 12.6 368.3
1964 46 261 5.67 0.36 2.0 17.9
1965 43 18 0.42 0.06 1.2 z.2
1966 - 44 246 5.59 0.20 1.7 8.6
1567 , 42 0 0.00 0.00 1.0 0.3
19638 41 4 0.10 0.02 1.0 0.8
1969 39 7 0.18 0.04 1.1 3.5
1970 42 1 0.70 0.01 . 1.0 0.1
1971 45 84 1.87 0.17 1.5 7.0
1972 45 218 4.84 0.31 2.1 9.3
1973 46 151 3.28 0.24 1.8 -
1974 38 36 0.95 0.13 1.3 -
1975 48 1062 22.13 0.60 3.8 -
1976 40 200 5.00 0.27 1.7 -
1977 58 10 0.17 0.03 1.1 -
1978 110 1541 14,01 0.35 2.3 -
1979 101 ' 234 2.32 0.24 1.6 -
1980 51 1765 34.61 0.47 2.8 -
1

See Grosslein (MS 1969). values calculated as averaged means of individual logl (x+1)
observations by time and depth zone, antilogged; 1953-1968 values as reported gy
Grosslein.

2Clark gt al. (MS 1980).



Table 10. Catch_ projections (tons) for Georges Bank haddock for 1981 and total1 (age 2+) and spawning
stock™ size projections for 1982 under different fishing mortality levels assuming recruitment
of 61 million fish in 1982 (1981 total stock size = 74 million fish or 109,565 tons; 1981 spawning
stock size = 68 million fish or 105,414 tons). :

L Total Stock Size.in 1982 Spawning Stock Size in 1982
Fishing Total
mortality catch Number % Change Weight % Change Number % Change Weight % Change
' (F) 1981 (000's) from 1981 (tons) from 1981 (000's) from 1981 (tons) from 1981
1981 '
0.05 5,319 118,528 60.1 160,586 46.6 88,028 28.8 138, 321 31.2
0.10 10,391 115,828 56.4 155,059 41,5 85,328 24.8 132,794 26.0
0.15 15,228 113,257 53.0 149,797 . 36.7 82,757 21.1 127,532 21.0
0.20 19,842 110,807 49.7 144,787 32.1 80,307 17.5 122,522 16.2
0.25 24,243 108,472 46.5 140, 017 27.8 77,972 14.1 117,752 11.7
0.262 25,098 108,019 45.9 139,090 27.0 77,519 - 13.4 116,825 10.8
0.30 28,441 106,248 43.5 135,475 23.6 75,748 10.8 113,210 7.4
0.35 32,445 104,130 40.6 131,150 19.7 73,630 7.7 108,885 3.3
0.40 36,265 102,111 37.9 127,031 15.9 71,611 4.8 104,766 -0.6
0.45 39,910 100,187 35.3 123,110 12.4 69,687 2.0 © 100,845 -4.3
0.50 43, 387 98, 355 32.8 119,376 9.0 67,855 -0.7 97,111 -7.9
0.553 46,705 96,608 30.5 115,821, 5.7 66,108 -3.3 93,556 -11.2
0.60 49,871 94, 945 28.2 112,436 2.6 64,446 -5.7 90,171 -14.5

39

1Total stock size includes ages 2 and older; spawning stock includes 50% of age

2 fish and 100% of ages 3 and older.

Fo.1 | ,
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Figure 1. Commercial landings of haddock (metric tons, live) for
Georges Bank and the Gulf of Maine, 1960-1980.
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Figure 2. Age composition of Georges Bank haddock landings (percent
by number) for 1935-1960 and 1972-1980.
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Figure 3. Distribution (percent by weight) of USA haddock landings
for Georges Bank and the Gulf of Maine by market cate-
gory, 1972-1980 (L = large, S = scrod and snapper).
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Figure 5. Stratified mean catch per tow (kg) of haddock in NEFC

spring and autumn bottom trawl surveys on Georges Bank
and in the Gulf of Maine, 1963-1980.
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Figure 6. Massachusetts inshore survey area delineated by regions.
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Figure 7. Relationship bétween stock size age 2 and older (tomns) cal-

culated from virtual population analysis or VPA and NEFC
autumn bottom trawl survey index values for Georges Bank
haddock, 1964-1974.
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STRATIFIED MEAN CATCH PER TOW ( NOS)
Relationship between year class size (millions, age 2) calcu-
lated from virtual population analysis or VPA and NEFC autumn
survey catch per tow (numbers, age 0 and 1 combined) for
Georges Bank haddock. :

83 (189)

Y= 063+ 3.18
r =098

@62

! ! ! ! I

10 ' 20 30 40 50
STRATIFIED MEAN CATCH PER TOW ({ NOS)

Relationship between year class size (millions, age 3) calcu-
lated from virtual population analysis or VPA and NEFC autumn
survey catch per tow (numbers, age 2) for Georges Bank haddock.
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Relationship between year class size (millions, age 2) calcu-
lated from virtual population analysis or VPA and NEFC autumn
survey catch per tow (numbers, age 0) for Georges Bank haddock.
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Y = 955396+ 4179.15X
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Relationship between stock size age 2 and older (millions) cal-
culated from virtual population analysis or VPA and NEFC autumn
survey catch per tow (numbers age 1 and older) for Georges Bank
haddock.





