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Abstract

The Georges Bank and Guif of Maine haddock resource and fishery is reviewed. Nominal catches for Georges Bank averaged
46,000 metric tons annually during 1935-60 and then increased to a peak of 150,000 tons in 1965 as Canadian and distant water
{European) fieets entered the fishery. Catches subsequently declined to an average of 5,000 tons during 1874-76 under quota and
incidental catch limitations and then increased rapidly to an average of 21,000 tons in 1978-79. Nominal catches for the Gulf of Maine
averaged 5,000 tons during 1935-66, declined to less than 1,000 tons during 1972-74 and increased to an average of 5,000 tons in
1978-79. Minor recreational catches have also been reported from the western Gulf of Maine in recent years.

Total stock size (age 2 and older haddock) for Georges Bank, determined from virtual population analysis, averaged 140 million
fish (153,000 tons) during 1935-60, increased to 530 million fish (427,000 tons) in 1965 and declined precipitously to 8 million fish
(22,000 tons) in 1972. Subsequently, there was a substantial increase in stock size due to recruitment of the 1975 year-class. The 1978
year-class appears to be comparable in size to that of 1975. Instantaneous fishing mortality (F) for age 3 and older fish averaged 0.44
during 1935-60, increased to a peak of 0.79 in 1966 and subsequently declined as abundance decreased and fishing effort was diverted
to other species. Trends in abundance and mortality evidenced by data from research vessel surveys since 1963 have been generally
consistent with those indicated by virtual population anaiysis. Variability in growth of Georges Bank haddock during 1931-65 and
pronounced ¢;1anges in the late 1960's and early 1970’s appear primarily attributable to changes in abundance. Reduction in spawning
stock biomass during the late 1960’s and early 1970’s was associated with low recruitment and increased variability in year-class size.
Trends in abundance for the Guif of Maine were similar to those observed for Georges Bank, although discrepancies were evident in

relative strengths of recent year-classes.

Introduction

The haddock, Melanogrammus aeglefinus (L.),
has supported the groundfish fishery of the New Eng-
land area of the United States of America (USA) for
many decades. Prior to 1900, this species was of minor
importance commercially, being inferior to Atlantic
cod, Gadus morhua, for salting purposes. Nominai
catches (live weight equivalent of landings) were rela-
tively constant during the 1880-1903 period, averaging
about 24,500 (metric) tons annually {(Power, 1958). In
the early days of the fishery, the catch was taken prim-
arily by hand-lines and line-trawls, but the Vigneron-
Dahl trawl was introduced in 1905 and became the
more prominant gear by 1920. Initially, haddock were
usually marketed fresh, and until the 1920’s catch
trends were determined primarily by market demand
for fresh fish. During that decade, however, increased
demand for haddock, associated with introduction of
filleting and quick-freezing techniques at dockside
{Schuck, 1951; Power 1958), expansion of ice-making
facilities, use of trawls, and introduction of diesel
engines (Smith and Olsen, MS 1976), resuited in rapid
expansion of the fishery, and the total USA catch of
haddock in the Northwest Atlantic increased rapidly
from 41,200 tons in 1921 to a peak of 132,200 tons in
1929. During this period, the bulk of the catch was
taken on Georges Bank and in the Gulf of Maine

(NAFO Subarea 5), although substantial quantities
were also taken on Browns Bank (NAFO Division 4X)
and areas farther eastward (Fig. 1). Subsequently, the
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Fig. 1. Georges Bank and Gulf of Maine areas with place names and

boundaries of divisions mentioned in the text. (Cross-
hatched areas are subject to seasonal closure.)
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USA catch declined sharply to an average of 75,400
tons annually during 1932-34 and stabilized at an aver-
age level of 70,300 tons during 1935-60. Over this
period, USA catches from the Georges Bank-Gulf of
Maine area averaged about 52,000 tons.

The entrance of distant-water fleets to the
Georges Bank (Div. 5Z) fishery inthe 1960’s resulted in
pronounced changes in haddock abundance and pro-
ductivity. Catches on Georges Bank peaked at 150,400
tons in 1965 and subsequently declined to only 4,300
tons in 1974 due to poor recruitment and redirection of
fishing effort to other species. In recent years, recruit-
ment has improved and catches have increased, but
abundance, age structure and other biological features
have remained very different from the situation in
1935-60. Similar changes occurred in the Gulf of Maine
(Div. 5Y), although catches by distant-water fleets
appear to have been minimal.

The objectives of this paper are to review available
biological and fishery-related data for Georges Bank
and Guif of Maine haddock, to provide an analytical
assessment of the Georges Bank stock together with
available assessment information for the Gulif of Maine,
and to evaluate the implications of recent changes in
abundance with respect to recruitment and growth.

History of Research

Georges Bank haddock have received intensive
study, and a large volume of biological and statistical
data has been assembled and published for this
fishery. Organized research began in 1930, when fund-
ing was made available to the U.S. Bureau of Fisheries
for haddock research in response to industry concern
over rapidly declining landings and abundance
(Schuck, 1951). Beginning in 1931, haddock landings
were intensively sampled at major ports (Boston and
Gloucester, Massachusetts, and Portland, Maine); data
were collected on quantities landed by area (Rounse-
fell, 1948), size and age compositions, and other bio-
logical features, e.g. length-weight retationships.
Much of the information for 1931-56 has been summar-
ized by Schuck (1951), Clark and Dreyer (1961), and
McCann and Dreyer (1963). Later material was pub-
lished in the Sampling Yearbook series of the Interna-
tional Commission for the Northwest Atiantic Fisheries
(ICNAF) and was also incorporated intc assessment
papers and other documents. Catch and effort data
were collected and used for evaluation of trends in
abundance (Schuck, 1949; Rounsefell, 1957) and for
predictive purposes (Royce and Schuck, 1954). Con-
siderable attention was also focused on discarding of
small haddock (Herrington, 1935, 1936; Premetz,
1953). Other earlier contributions include studies on
migration and stock identification (Needler, 1930;
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Schroeder, 1942; Schuck and Arnold, 1951), stock-
recruitment (Herrington, 1948), and the influence of
currents on larval distribution and survival (Walford,
1938).

During the 1950’s, interest focused on gear selec-
tivity (Graham, 1952; Clark, 1952) and evaluation of
mesh regulations (Graham and Premetz, 1955; Clark,
1963). Colton (1955) studied seasonal distribution of
haddock, Chase (1955) and Colton and Temple (1961)
examined environmental influences on year-class size,
and Ciark and Vladykov (1960) and Grosslein (1962)
provided further information on stock boundaries.

More recent work has been oriented largely
toward stock assessment. Hennemuth (MS 1968, MS
1969) assessed the status of the Georges Bank stock
and examined trends in abundance, mortality and
recruitment; this work was subsequently updated by
Clark and Overholtz (MS 1979) and Clark and Essig
(MS 1980). Grosslein and Hennemuth (1973) reviewed
factors affecting recruitment, and Grosslein (MS 1969)
devised young-of-year indices based on bottom-trawl
survey data. Hennemuth (1965) analyzed commercial
age-length data to evaluate sampling and reporting
requirements, Brown and Hennemu:h (1971) provided
length-weight equations and conversion factors for
commercial landings, and Stern and Hennemuth
(1975) applied Robson’s two-factor analysis-of-
variance approach to catch-effort data. Papers by Col-
ton (1965) on distribution of eggs, larvae and juveniles
and by Marak and Livingstone (1970) on spawning
should also be noted.

Management

Prior to 1951, there was no legal basis for fishery
management in international waters of the Northwest
Atlantic. However, the need for management of the
Georges Bank haddock fishery, to increase yield for a
given level of fishing effort, was clearly demonstrated
by extensive discarding of small haddock in the 1930’s
and 1940’s (Herrington, 1936; Premetz, 1953; Graham
and Premetz, 1955) which resulted from the use of
trawl codends with stretched mesh sizes averaging 2.9
inches (73 mm). Establishment of ICNAF in 1951 pro-
vided an authority for management, and inJune 1953 a
regulation specifying a minimum mesh size of 4.5
inches (114 mm) in the traw! body and codend became
effective for Subarea 5 (ICNAF, 1952). This regulation
persisted with minor modifications until 1974, when
the minimum codend mesh size was increased to 130
mm (5.1 inches). The regulation substantially
increased harvesting efficiency (Graham and Premetz,
1955) and also appears to have reduced the quantities
of haddock discarded from an average of 10-15% to
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about 1-5% of the nominal catch (Grosslein and Hen-
nemuth, 1973). Attempts have been made to evaluate
the actual effect of this regulation on yield per recruit
and total yield, but this has been difficult to quantify
due to improved recruitment following its
implementation.

Events during the 1960’s substantially changed the
status of the haddock resource in Subarea 5 and
resulted in more intensive conservation measures. The
documented severe reduction in abundance of
Georges Bank haddock by 1969 led to the establish-
ment under ICNAF of a total allowable catch (TAC) of
12,000 tons for 1970 and 1971 (ICNAF, 1969). The TAC
was reduced to 6,000 tons for 1972 and 1973 and to
zero (except forincidental by-catch) for 1974. The TAC
was set at 6,000 tons for 1975 and 1976, as it was
considered that a TAC would be more effective in con-
trolling fishing mortality. These conservation mea-
sures were suppiemented by closure of major haddock
spawning areas to demersal trawling during March-
April since 1970 (ICNAF, 1969), with subsequentminor
modifications in boundary lines, duration of closure
and gear restrictions (Fig. 1).

In 1977, the New England Regional Fishery Man-
agement Council assumed exclusive responsibility for
management of the Georges Bank and Gulf of Maine
haddock stock under the USA Fishery Conservation
and Management Act of 1976. The Council adopted a
fishery management plan which in effect continued
previous management measures for haddock imple-
mented under ICNAF. The objective of the resulting
management system was to setan optimum yield (OY)?
so as to achieve the greatest possible economic and
social net benefits from the groundfish resource while
ensuring that, by the end of the period covered by the
plan, relevant stocks would be at levels which would
produce enhanced and relatively stable yields. An OY
of 6,200 tons (6,000 tons commercial, 200 tons recrea-
tional) was established for 1977 to be taken asinciden-
tal by-catch. Recruitment of the large 1975 year-class
in 1977, together with a rapid increase in USA harvest-
ing capacity and fishing effort, led to a series of
increases in the OY and modifications in allocation
schemes during 1977-78, culminating in removal of
incidental catch limitations and an increase in the OY
to 20,000 tons in July 1978, of which 16,900 tons were
allocated for USA interests and 3,100 tons for Canada.

Management on a “fishing year” (October-Sep-
tember) rather than on a calendar year basis was
implemented in October 1978. This permitted more
timely use of autumn bottom-trawl survey data in
determining the annual OY, i.e. autumn survey data

could be used in winter or spring assessments and also
as the basis for establishing the OY for the succeeding
fishing year. Consequently, an assessment in January
1979, which indicated a substantial increase in spawn-
ing stock size and improved recruitment prospects
(Clark and Overholtz, MS 1979), led to an OY for Sub-
area 5 of 28,254 tons for the 1978/79 fishing year and
32,500 tons for the 1979/80 fishing year, corresponding
to an instantaneous fishing mortality (F) equal to the
Fo.1 level (Guliand and Boerema, 1973). USA and Cana-
dian allocations were 25,154 and 3,100 tons respec-
tively for 1978/79 and 27,250 and 5,250 tons for
1979/80. In both fishing years, the USA allocations
provided for an anticipated recreational harvest of
2,000 tons.

Biology

The most important spawning grounds in the
Georges Bank-Gulf of Maine area are on eastern
Georges Bank, although in some years significant
spawning has also occurred in the Nantucket Shoals-
Great South Channel region (Walford, 1938; Bigelow
and Schroeder, 1953; Posgay and Marak, 1970; Colton
and St. Onge, 1974). Some spawning is also known to
occur northward along the Maine coast (Bigelow and
Schroeder, 1953; Grossiein, 1962). Depth of spawning,
based on collections of spawning adults, varies from 28
to 110 m (R. Livingstone, Northeast Fisheries Center,
pers. comm., March 1980).

Georges Bank haddock spawn between January
and June, with peak activity usually during late Mar-
ch-April (Bigelow and Schroeder, 1953), although bot-
tom temperatures may delay or advance this peak by a
month or more (Marak and Livingstone, 1970). Individ-
ual females may produce up to 3 million eggs depend-
ing upon size (Livingstone, pers. comm., March 1980).
Eggs are planktonic, ranging from 1.2 to 1.7 mm in
diameter, and hatch in about 13 days at 5°C; absorp-
tion of the yolk sac requires 10 days at this temperature
(Bigelow and Schroeder, 1953). Survival prior to hatch-
ing appears to be highest when the temperature range
is 4° to 10° C (Laurence and Rogers, 1976). That study
indicated that haddock embryos are less tolerant of
temperature and salinity extremes than cod embryos.
Laurence et al. (1981) observed that, in direct feeding
competition studies, growth and survival rates of cod
larvae were superior to those of haddock. Laurence
(1974) also found that haddock larvae may have a criti-
cal period after hatching when mortality may be great
depending on the availability of planktonic prey.

Juveniles are pelagic in habit for several months
(Colton and Temple, 1961; Colton, 1965), the phase

' “Optimum yield” of a fishery is defined as the amount of fish (a) that wili provide the greatest overall benefit to the nation (USA) with particular

reference to food production and recreational opportunities, and (b) which is prescribed as such on the basis of the maximum sustainable yield from
such fishery, as modified by any relevant economic, social or ecological factors. (Fishery Conservation and Management Act of 1976; US Public Law

94-265; 94th Congress, H. R. 200, April 13, 1976).



possibly extending into winter, as they do not appear to
be fuily available to capture by bottom-traw! survey
gear until the following spring. Little is known about
the pelagic phase of the life cycle, although Colton and
Temple (1961) reported a close association between
juvenile haddock and the common red jellyfish, Cya-
nea sp., and Bigelow and Schroeder (1953) indicated
that they feed on planktonic crustaceans. Subse-
quently, juveniles settle to the bottom, where they
remain for the rest of their lives. Small invertebrates,
especially echinoderms, crustaceans and annelid
worms constitute the bulk of the diet during the demer-
sal phase of the life span (Wigley, 1956; Wigley and
Theroux, 1965; Maurer and Bowman, MS 1975).

In maturation studies of Georges Bank haddock,
Clark (1959) found that 21% cof age 2 and 88% of age 3
fish were sexually mature, based on limited sampling
during 1949-50. In more recent studies, Livingstone
{pers. comm., March 1980) found that 46% of ail age 2
haddock (64% malie, 28% female) and 83% of all age 3
fish (90% male, 76% female) examined during 1968-72
were sexually mature and that the percentages subse-
quently increased to 54% for age 2 fish (74% male, 34%
female) and to 95% for age 3 fish (98% male, 92%
female) based on sampling during 1973-75.

Stock Structure

The Georges Bank haddock population (east of
the Great South Channel, Fig. 1) appears to be reia-
tively isolated from other areas. Early tagging studies
(Needler, 1930; Schroeder, 1942; Grosslein, 1962), age
composition and growth data (Needler, 1930; Schuck
and Arnold, 1951), and meristic (vertebral) data (Clark
and Vladykov, 1960) indicated practically no inter-
change between Georges Bank and areas to the east.
Needler (1930) conciuded that “the deep water of the
Fundian Channel and of the central basin of the Gulf of
Maine forms an effective barrier separating the had-
dock of the New England region from those of the Nova
Scotian region”, which might be expected in that had-
dock are uncommon at depths exceeding 100 fathoms
(183 m) (Bigelow and Schroeder, 1953). Later tagging
studies (Halliday and McCracken, 1970) also indicated
little interchange of haddock between Georges Bank
and Gulf of Maine areas and western Nova Scotia
waters, and USA bottom-trawl surveys for 1975-77
likewise indicate amore or less discontinuous distribu-
tion (Fig. 2). Previous tagging studies also indicated
little interchange between Georges Bank and the Nan-
tucket Shoals and Gulf of Maine areas (Schroeder,
1942; McCracken, 1960; Grosslein, 1962).

Stock structure in the Nantucket Shoals-Gulf of
Maine region is iess clear. Tagging data from early
studies suggested haddock movements in these areas
to be limited (Schroeder, 1942; Bigelow and
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Schroeder, 1953). However, McCracken (1960), from
tagging studies in Passamaquoddy Bay, found evi-
dence for seasonal northward movement in the west-
ern Gulf of Maine in spring, followed by a reverse
migration in early winter, and also evidence for some
movement across the Bay of Fundy to western Nova
Scotia. Small numbers of tagged haddock were also
recaptured on Georges Bank. Grosslein (1962) hypo-
thesized the existence of two somewhat distinct stocks
in the western Gulf of Maine: a seasonally-migratory
group (evidenced by McCracken’s (1960) studies)
ranging primarily from Jeffreys Ledge to the Bay of
Fundy, and arelatively non-migratory group extending
from Jeffreys Ledge to Nantucket Shoals. Grosslein
also reported the existence of separate egg concentra-
tions in the Great South Channel-Nantucket Shoals
area and the western Gulf of Maine, although later
ichthyoplankton data indicated a more or less continu-
ous distribution (Colton and St. Onge, 1974). Early age
composition and growth studies indicated a fairly
close relationship between haddock of the Nantucket
Shoals and Gulf of Maine areas (Needler, 1930).
Bottom-trawl survey data for 1975-77 (Fig. 2) reveal
only minor seasonal differences in distribution, indi-
cating that haddock in these areas are relatively non-
migratory.

In summary, previous studies have indicated the
existence of two or possibly three groups of haddock in
the Georges Bank-Gulf of Maine region, a Georges
Bank group and one or two groups in the Nantucket
Shoals-western Gulf of Maine area. Available data do
not permit evaluation of the degree of intermixing
among these groups, but interchange between these
areas and Georges Bank does not appear to be exten-
sive. It is possible that some interreiationships exist
between these groups, as Grosslein and Hennemuth
(1973) found generally good agreement between year-
class size in the Georges Bank, Gulf of Maine and
Browns Bank areas, i.e. the same year-classes have
historically tended to be relatively strong or weak
throughout the region, but discrepancies have been
noted (e.g. the 1978 year-class was estimated to be
strong on Georges Bank and weak in other areas).
Although the apparent consistency may be attributa-
ble in part to uniform environmental conditions favor-
ing or inhibiting larval survival, a more direct
association (e.g. larval drift between areas) may also
be involved. Trends in nominal catches and abundance
indices for Georges Bank and the Gulf of Maine (dis-
cussed below) have also clcsely paralieled each other.
In the absence of more definitive data, haddock in the
Gulf of Maine (Div.5Y) and in the area from Nantucket
Shoals to eastern Georges Bank (Div. 5Z) have been
considered separately in this paper. These have been
the traditional areas used for statistical reporting and
sampling since the early 1930’s, thereby facilitating use
of the existing data base.
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Fig. 2. Distribution of haddock (kg per tow) observed during USA spring and autumn bottom trawt surveys in Div. 4X and Subarea 5, 1975-77.
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