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Abstract

Commercial exploitation of pollock in NAFO Divisions 4VWX and Subareas 5 and 6 has
increased considerably over the past two decades as abundance of traditional groundfish species
has declined. Total pollock landings from this area increased from less than 30,000 (metric) tons
per year during the late-1960s to over 60,000 tons since 1985; USA recreational catches have
contributed between 1,000 and 2,000 tons to the annual totals. Since 1977, when both the USA and
Canada extended uni-Iateral jurisdiction over their fishery resources to 200 miles, domestic
management programs for pollock have been either non-existent or ineffective in restricting total
landings.

Assessment and management advice for pollock has traditionally been predicated on the
assumption of a single unit stock within the region. Tagging studies and morphometric and
meristic measurements, however, suggest a possible separation of Gulf of Maine pollock from
those on Browns Bank and Emerald Basin on the Scotian Shelf. The distribution of pollock eggs
and larvae also indicates the presence of several spawning sites on the Scotian Shelf in addition to
previously documented locations in the western Gulf of Maine. Sexual maturation and growth
rates for pollock are similar throughout the region. Growth rates of males and females do not differ
significantly, although the median size at maturity is slightly larger for males. The majority of
pollock of both sexes become sexually mature during their third year.

Recruitment has been consistent since the late-1960s with one or more relatively strong
year-classes appearing throughout the region every 3-4 years. Pollock become fully recruited to
the fishery between ages 6 and 7, although partial recruitment declines again after age 7. Estimates
of total stock size (age 2+), derived from virtual population analysis (VPA), increased from 102
million fish in 1974 to 145 million in 1977, but declined to 97 million in 1980. Following recruitment
of the 1979 year-class at age 2 in 1981, stock size increased to 168 million before declining to 113
million in 1988. Instantaneous fishing mortality (F) has exceeded Fo.i (0.29) but remained at or
below Fm a, (0.57) throughout the 1970s. Fishing mortality has been close to Fm a" however, in 4 of
the 6 years since 1982.

Analyses of research vessel survey data generally agree with results obtained from the VPA,
indicating a recent decline in stock abundance and biomass, and an increase in instantaneous
total mortality. Equilibrium calculations suggest that fishing at Fa' would provide a long-term yield
of 53,600 tons from a stock biomass of 317,700 tons, while fishing at Fm a, would provide a yield of
58,100 tons from a stock biomass of 204,600 tons. Corresponding spawning stock biomass levels
at Fa' and Fm a, are 260,400 and 149,800 tons respectively. Although long-term yields are approxi­
mately 8% greater at the Fm a, level, fishing at Fa' provides for a 55% increase in total stock and 74%
increase in spawning stock biomass over those allowed under Fma, .

'Present address: Max Planck Institute, 1A Marconi Strasse, Julich D-5170, Federal Republic of Germany.
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Introduction

The pollock (Pollachius virens L.) is an Atlantic
amphiboreal species. It has a number of synonymies,
but is regarded as a distinct species within the family
Gadidae and is the only representative of the genus
Poflachius in the Northwest Atlantic.

Pollock constitute a significant component of the
groundfish biomass on the Scotian Shelf and in the
Gulf of Maine. Nominal commercial catches have been
variable and often minor since commercial interest in
this species has generally been less than that for had­
dock (Melanogrammus aeglefinus) and cod (Gadus
morhua). During 1960-87, catches from the Scotian
Shelf southward (Div. 4VWX and Subareas 5 and 6)
averaged 41,900 (metric) tons, approximately 13% of
the combined total for cod and haddock from these
areas. Only small amounts, averaging about 1,000 tons
annually since the mid-1960s, have been taken from the
Grand Banks and St. Pierre Bank (Subarea 3), the Gulf
of St. Lawrence (Div. 4RST) and off Labrador and West
Greenland (Subareas 1 and 2).

Seasonal trends in commercial catches by area,
tagging data and observed distributions of ripe adults,
eggs and larvae, suggest that pollock exhibit a consid­
erable degree of movement across the Scotian Shelf
and within the Gulf of Maine, and that there are major
spawning areas in the western Gulf of Maine and on
Emerald, Browns and LaHave Banks on the Scotian
Shelf (McGlade et al., MS 1985). There is also increas­
ing evidence of spawning in other areas off southwest­
ern Nova Scotia and on the Northeast Peak of Georges
Bank, but as the migratory routes and the degree of
intermixing among these areas have not been eluci­
dated, pollock from Div. 4VWX and Subareas 5 and 6
(hereafter referred to as the Scotian Shelf-Gulf of
Maine stock) have been considered as a unit for stock
assessment and management purposes.

In this paper, fishery trends for the Northwest
Atlantic pollock resource is reviewed with particular
reference to the Scotian Shelf-Gulf of Maine stock, and
information is provided on population structure and
biological parameter estimates required for assessing
the status of the resource. We also provide a retrospec­
tive view of stock assessment results in light of revised
abundance, mortality and partial recruitment estimates
and their implications for maximizing long-term yield.

Distribution and Stock Structure

Adults and juveniles

Pollock occur between Labrador and North Carol­
ina (Steele, 1963), with highest concentrations on the
Scotian Shelf and in the Gulf of Maine. North of the

Scotian Shelf, abundance has been insufficient to sus­
tain a consistent commercial fishery (Templeman,
1966). Pollock inhabit depths ranging from 70 to 280 m
with associated bottom temperatures between 5° and
8° C in the Gulf of Maine and along the northern edge of
Georges Bank (Leim and Scott, 1966) and on the Sco­
tian Shelf from 35 to 380 m with bottom temperatures
varying from 7.2° to 8.6°C (Scott, 1982).

Pollock distribution in this region has also been
determined from observations made during bottom
trawl surveys conducted by the Canadian Department
of Fisheries and Oceans and the United States National
Marine Fisheries Service (Mayo et al., 1989). From
December through March pollock concentrate in rela­
tively shallow «100 m) areas of the western Gulf of
Maine (Div. 5Y) from the Great South Channel to Jef­
freys Ledge (Fig. 1). Adults disperse to deeper (100-200
m) offshore regions of the Gulf of Maine during spring
and summer; juvenile harbor pollock reside primarily in
shallow coastal waters during their first summer, but
move offshore during the following winter (Steele,
1963). On the Scotian Shelf, highest concentrations of
adults have traditionally occurred between Browns and
Emerald Banks and off western Nova Scotia south of
the Bay of Fundy (Div. 4W and 4X). Since 1986, how­
ever, significant numbers of relatively large pollock
have been observed in Subdiv. 4Vs north of the Gully.
Juvenile pollock have also been collected during Cana­
dian summer surveys in offshore areas on the Scotian
Shelf, although concentrations observed inshore dur­
ing April and May suggest that onshore migration is an
important component of their movement. However, the
degree of intermixing between juveniles and adults in
offshore areas and the relationship of inshore groups to
offshore spawning aggregates have still not been
determined.

Tagging studies of juvenile pollock conducted
between 1982 and 1985 in Nova Scotia coastal waters
indicate widespread dispersal across the Scotian Shelf,
and some movement as far south as the Northeast Peak
of Georges Bank and across the Gulf of Maine (W.
Stobo, pers. comm., Marine Fish Division, Department
of Fisheries and Oceans, Dartmouth, Nova Scotia).
Further analyses to account for differences in fishing
effort by area of capture, and future tagging of pollock
in the western Gulf of Maine will be necessary before
the extent of reciprocal movement between the Gulf of
Maine and Scotian Shelf can be fully assessed.

Eggs and larvae

Concentrations of pelagic larvae were noted by
Steele (1963) in the southern Gulf of Maine and south of
Cape Cod during January and February, while subse­
quent collections taken from March through May found
pollock larvae distributed throughout the Gulf of Maine
due to passive transport by counter-clockwise cur-
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Fig. 1. Scotian Shelf-Georges Bank-Gulf of Maine region indicating NAFO Divisions and principal geographic features mentioned in
the text.

rents. Marak and Colton (1961) reported finding plank­
tonic larvae in late March with no occurrence in
subsequent samples taken in late May and early June,
suggesting a pelagic residence time of 3-4 months.

More recent studies of the distribution of pollock
eggs and larvae on the Scotian Shelf and in the Gulf of
Maine have been based on data routinely collected
through a number of sampling programs conducted by
Canada and the USA (Fig. 2). Evaluations of these data
have been published by Colton and Byron (1977), Col­
ton et al. (1979), Scott (1980), Sherman (1980), Bolzet
a/. (1981), Sherman et al. (1981), O'Boyle et a/. (1984),
and Morse et al. (MS 1987). Composite distribution
data provide a general indication of probable spawning
areas within the region covered by each sampling pro­
gram. The suggested spawning areas are: The GUlly,
Middle Ground, Western Bank, Emerald Bank and
Emerald Basin, inshore along the southwestern coast
of Nova Scotia, LaHave Bank, Baccaro and Browns
Bank off Southwest Nova Scotia, the Northeast Peak of
Georges Bank, on Jeffreys and Cashes Ledges, and in
the Great South Channel in Subareas 5 and 6. The Bay
of Fundy does not appear to be a spawning areaper se,
but rather an area of sporadic occurrence of ichthyo­
plankton coincident with large year-classes. There is
no evidence at this time to support the likelihood of
spawning in the upper part of the Gulf of Maine adja­
cent to the Bay of Fundy. Also, since we do not know

the temporal dynamics of the dispersion of eggs and
larvae, the relatively wide distribution on Georges Bank
may be due to dispersal of larvae over the Bank rather
than actual spawning activity.

Stock definition

Phenotypic characteristics derived from meristic
and morphometric measurements and a modified truss
configuration based on the outline of each fish (sensu
Strauss and Bookstein 1982; McGlade and Boulding
1986), and genetic attributes based on electrophoretic
analyses of tissue samples (McGlade et al., 1983) were
examined to determine the degree of intermixing of
adult pollock among known spawning grounds. Princi­
pal component and discriminant function analyses
were performed as described by Ihssen et al. (1981),
McGlade (MS 1983), and McGlade and Boulding
(1986). Data were obtained during a series of Canadian
and USA research cruises conducted during November
and December between 1981 and 1985 in Emerald
Basin, on Browns Bank and Jeffreys Ledge.

Multivariate analyses of meristic characteristics
(McGlade et a/., MS 1986) and morphometric measure­
ments (McGlade and Boulding, 1986) showed clear
differences among fish from the three areas. Electro­
phoretic analysis of 28 enzyme systems in pollock
tissue from Emerald Basin and Jeffreys Ledge showed
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Fig. 2. Distribution of pollock eggs and larvae (No./m') based on Canadian and USA ichthyoplankton surveys in Div. 4VWX and Sub­
areas 5 and 6. (See text for description of data sources.)

no significant differences (P>0.05) between the two
areas.

While these results do not provide a conclusive
definition of pollock stock structure, the ichthyoplank­
ton data suggest the presence of several spawning
locations on the Scotian Shelf in addition to those pre­
viously identified in the western Gulf of Maine. Move­
ment patterns of tagged juveniles from coastal Nova
Scotia suggest a considerable amount of interchange
among Div. 4V, 4W, and 4X with some dispersal to Div.
5Y and 5Z, but these results are preliminary and must
be interpreted with caution due to the relatively low
levels of fishing effort in the western Gulf of Maine
compared to the Scotian Shelf. Given that meristic and
morphometric differences were evident between pol­
lock taken in Emerald Basin and those captured to the
south and west, while genetic differences were not
detected, these studies provide no additional evidence
to refute the hypothesis of a unit stock throughout Div.
4VWX and Subareas 5 and 6. A more precise definition
of management units will, therefore, require additional
studies to better determi ne migratory patterns with par­
ticular reference to the degree of interchange between
the Scotian Shelf and the Gulf of Maine-Georges Bank
area.

Assessment and Management History

Specific management measures for pollock in the
Northwest Atlantic were first introduced under the aus­
pices of the International Commission for the North­
west Atlantic Fisheries (ICNAF) in 1973 as a preemptive
total allowable catch (TAC) of 50,000tons on pollock in
Div. 4X and Subarea 5 (ICNAF, 1973). The management
area was extended to Div. 4V and 4W in 1974 and the
TAC was adjusted upward to 55,000 tons and remained
at that level through 1976 as stock assessments indi­
cated no adverse effect from existing exploitation
levels.

The first analytical stock assessment was com­
pleted in 1976 and the hypothesis of a unit stock in Div.
4VWX and Subarea 5 was examined and again
accepted (ICNAF, 1976). Assessment results indicated
that instantaneous fishing mortality (F) had exceeded
levels providing maximum yield-per-recruit (Fm a x) dur­
ing 1973-75 and that abundance was declining (Clark
et al., MS 1976; Halliday, MS 1976). Consequently, the
1977 TAC was red uced to 30,000 tons to prevent fish ing
mortality from exceeding Fm a x (0040).

With the implementation of extended fisheries
jurisdiction in 1977, Canada and the USA assumed
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management responsibility for the pollock resource
within their respective zones. The USA withdrew from
ICNAF in December 1976, and since that time USA
pollock catches have been unregulated. A draft Fishery
Management Plan was prepared for the USA fishery in
1978 (NERFMC, MS 1978) but was not implemented. In
1987, the USA implemented a management regime with
an objective of maintaining target spawning stock bio­
mass levels through minimum fish size and mesh and
area restrictions.

Through the Canadian Atlantic Fisheries Scientific
Advisory Committee (CAFSAC), Canada has based its
management strategy on setting annual TACs to main­
tain fishing mortality at Fa.1 (Gulland and Boerema,
1973) to allow for rebuilding of the stocks to levels
considered necessary to meet management objectives.
Based on these objectives and annual evaluations by
CAFSAC, Canada has maintained TACs in the
30,000-55,000 ton range since 1977 (Mayo et a/., 1989).

From 1973 to 1976 nominal catches from Div.
4VWX and Subarea 5 remained below the TAC estab­
lished by ICNAF, while the reduced TAC levels
imposed between 1977 and 1980 were consistently
exceeded. Since 1985, Canadian landings have
remained relatively constant at about the TAC level,
while the sharp increase in total catch reflects USA
landings which were not included in recent Canadian
allocations.

Fishery Trends

Commercial landings

Nominal catches from the Scotian Shelf-Gulf of
Maine pollock stock have been strongly influenced by
technological innovations, market demand and trends
in fisheries directed towards other demersal species.
Prior to the turn of the century, cod (taken mainly by
'long-lining') were of primary interest, and nominal
catches of pollock by the USA averaged under 2,000
tons annually (Sette and Fiedler, MS 1929). Introduc­
tion of the otter trawl in 1905, coupled with more wide­
spread use of bottom-set gill nets increased the annual
average to about 8,000 tons during 1910-19 (Jensen,
MS 1967). Total landings continued to increase during
the next decade and, by the mid-1930s, exceeded
20,000 tons annually (Mayo et a/., 1989). The upward
trend conti nued th rough the 1940s and 1950s with total
landings approaching 40,000 tons during the early­
1960s in response to increased Canadian catches. Fol­
lowing a sharp decline during the late-1960s and
early-1970s (ICNAF, 1960-78; NAFO, 1979-85; NAFO,
1987; NAFO, 1988), the total nominal commercial catch
for this stock increased substantially to over 65,000
tons in 1986 and 1987 (Table 1, Fig. 3).

Historically, USA catches have been taken incid­
entally in offshore fisheries directed towards other
demersal species (such as haddock and cod) and in

TABLE 1. Commercial landings of pollock (metric tons, live) from NAFO Divisions4VWX and Subareas 5 and 6
by country, 1960-87.

Country

Year Canada FRG GDR Japan Spain USSR UK USA Other Total

1960 29,470 783 10,132 40,386
1961 26,323 982 10,265 37,571
1962 31,721 7,391 39,112
1963 28,999 126 906 28 6,653 36,712
1964 30,007 208 4,603 374 6,006 55 41,253
1965 27,316 71 1,361 2,667 11 5,303 36,729
1966 18,271 2,384 9,865 12 3,791 34,323
1967 17,567 1,779 644 1 3,312 14 23,317
1968 18,062 1,128 372 3,280 7 22,849
1969 15,968 1,188 2,195 1,515 227 3,943 7 25,043
1970 10,753 3,233 4,710 40 532 527 3,976 23,771
1971 11,757 633 6,849 15 912 2,216 4,890 3 27,275
1972 18,022 475 4,816 8 616 3,495 4 5,729 54 33,219
1973 26,990 1,124 948 1,570 3,113 3,092 6,303 36 43,176
1974 24,975 149 2 40 1,500 2,348 48 8,726 14 37,802
1975 26,548 236 96 709 2,004 9,318 124 39,035
1976 23,568 994 24 303 1,466 10,863 390 37,608
1977 24,654 368 1 2 268 13,056 53 38,402
1978 26,801 110 502 17,714 180 45,307
1979 29,967 7 19 1,025 15,541 73 46,632
1980 35,986 81 950 18,280 131 55,428
1981 40,270 15 358 18,171 90 58,904
1982 38,029 3 297 14,357 128 52,814
1983 32,749 6 226 13,967 283 47,231
1984 33,465 1 97 17,903 169 51,636
1985 43,300 17 336 19,457 143 63,253
1986 a 42,975 51 564 24,549 391 68,530
1987 a 45,308 84 314 20,393 392 66,491

a Provisional statistics.
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effort information from individual fleets components.
The resulting F matrix thus reflects the combined effort
trends and catchability of each fleet weighted by the
inverse of its variance. In these analyses, q was held
constant for the USA fleet and allowed to fluctuate for
the Canadian fleet. This approach was considered
appropriate, given the recent inter-annual fluctuations
in Canadian CPUE and the possible variation in q over
time associated with changing stock sizes. Thus, the
relatively high terminal F estimates for 1987 reflect the
sharp decline in USA and, to a lesser extent, Canadian
CPUE associated with increased fishing effort.

Results from the VPA suggest that stock size
increased during the late-1970s and early 1980s, but
has declined since 1982. Spawning stock also
increased during the past decade due to contributions
from the strong 1975, 1979 and 1982 year-classes, and
the recent increase in pollock landings is also related to
recruitment of these year-classes. The most recent
decline in spawning stock coincided with high mortal­
ity rates on the 1979-82 year-classes in 1986 and 1987.
Stock biomass estimates exhibit less variability over
time, although they follow the same trends as stock
abundance.

A recent decline in pollock abudance is consistent
with yield-per-recruit considerations since fishing
mortality has been close to Fm ax in 4 of the6 years since
1982. It has been demonstrated that continued fishing
at Fm a x or maintaining yields at MSY levels will result in
long-term declines in spawning stock, since these
strategies do not account for random fluctuations in
recruitment and environmental conditions (Double­
day, 1976; Sissenwine, 1977). This problem is com­
pounded when the relationship between
yield-per-recruit and F is flat-topped as in the case of
pollock (Fig. 9). A more conservative strategy, although
somewhat arbitrary, is to reduce fishing mortality to the
FO.l level which will provide, on a long-term basis,
approximately 90% of the Fm ax yield at one-half the
fishing-mortality rate. At this lower level of F, total and
spawning stock biomass levels are 55 and 74% higher
than for corresponding Fm ax levels. These reference
fishing-mortality rates are higher than previous esti­
mates reported by Mayo and Clark (MS 1984) which
were computed on the basis of full fishing mortality on
all ages greater than 5 years. Our estimate of FOol (0.29),
however, is similar to the 0.28 calculated by McGlade et
a/. (1986) based on simulations incorporating variable
recruitment.

Although the incorporation of a dome-shaped par­
tial recruitment vector in the equilibrium yield projec­
tions has resulted in higher reference F levels and lower
biomass estimates than those obtained from previous
analyses, this exploitation pattern is consistent with
technological interactions exhibited by the various
gear components employed within the overall fishery.

One can conclude, therefore, that fishing mortality
rates in the range of 0.30-0.40 are conducive to long­
term stability of this stock under average recruitment
conditions. Although we do not understand the mecha­
nisms controlling year-class strength, we note that one
or more strong year-classes have appeared throughout
the Scotian Shelf - Gulf of Maine region every 3 to 4
years since the late-1960s. A possible density­
dependent recruitment link is suggested since the
median age at maturity for pollock is approximately 3.5
years. Production of several strong year-classes
between 1979 and 1982 occurred after a prolonged
period of increasing spawning biomass although
recent production has been relatively poor. Mainte­
nance of the spawning stock at levels observed during
the preceding decade, however, should enhance repro­
ductive stability and provide for sustained yields to the
fishery of about 55,000 tons.
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