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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-lateral 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
poilock 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
mitlion fish in 1974 to 145 million in 1877, 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 Foy {0.29) but remained at or
below Fmax (0.57) throughout the 1970s. Fishing mortality has been close to Fmax, 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 F ; would provide a long-term yield
of 53,600 tons from a stock biomass of 317,700 tons, while fishing at Fmax would provide a yield of
58,100 tons from a stock biomass of 204,600 tons. Corresponding spawning stock biomass levels
at Fo1 and Fmax are 260,400 and 149,800 tons respectively. Although long-term yields are approxi-
mately 8% greater at the F.ax level, fishing at Fo.4 provides for a 55% increase in total stock and 74%
increase in spawning stock biomass over those allowed under Fax.

'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
Pollachius 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 fromthe
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 aduits,
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 poliock 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 ofMaine 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 inrela-
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 poliock
have been observed in Subdiv. 4Vs north of the Gully.
Juvenile pollock have aiso 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 poliock
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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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), Bolz et
al. (1981), Shermanet al. (1981), O’Boyle et al. (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

Scotian Shelf-Georges Bank-Gulf of Maine region indicating NAFO Divisions and principal geographic features mentionedin

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 lhssen 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 al., MS 1986) and morphometric measure-
ments (McGlade and Boulding, 1986) showed clear
differences among fish from the three areas. Electro-
phoretic anaiysis of 28 enzyme systems in pollock
tissue from Emerald Basin and Jeffreys Ledge showed
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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-
fock 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 wili, therefore, require additional
studies to better determine migratory patterns with par-
ticular reference to the degree of interchange between
the Scotian Shelf and the Gulf of Maine-Georges Bank
area.

N )
64° 63° 62° 61° 60° 59° 58° 57°
Distribution of pollock eggs and larvae (No./m?) based on Canadian and USA ichthyoplankton surveysin Div. 4VWX and Sub-

areas 5 and 6. (See text for description of data sources.)

Assessment and Management History

Specific management measures for pollock in the
Northwest Atlantic were firstintroduced 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 pollockin
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 (Fmax) dur-
ing 1873-75 and that abundance was declining (Clark
et al., MS 1976; Halliday, MS 1976). Consequently, the
1977 TAC was reduced to 30,000 tons to prevent fishing
mortality from exceeding Fmax (0.40).

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. Adraft Fishery
Management Plan was prepared for the USA fishery in
1978 (NERFMC, MS 1978) but was notimplemented. In
1987, the USA implemented a managementregime 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 Fos (Guiland 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 al., 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 inciuded 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 al., 1989). The upward
trend continued through 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 poliock {metric tons, live) from NAFO Divisions 4VWX 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 1 40,386
1961 26,323 — — — 982 — — 10,265 1 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 3,79 — 34,323
1967 17,567 — — — 1,779 644 1 3,312 1 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
1870 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 27275
1972 18,022 475 4,816 8 616 3,485 4 5,729 54 33,218
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 a0 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 1 — 97 — 17,903 169 51,636
1985 43,300 — — 17 — 336 — 19,457 143 63,253
1986° 42,975 — — 51 — 564 — 24,549 391 68,530
19872 45,308 — — 84 — 314 — 20,393 392 66,491

® Provisional statistics.
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Fig. 3. Commercial landings (000 tons) of pollock by Canada, USA
and distant water fleets (DWF) in Div. 4VWX and Subareas 5
and 6 during 1928-87.

directed fisheries in coastal waters in the western Gulf
of Maine (Ackerman, 1941). USA market demands were
usually met rapidly and thus directed effort was gener-
ally not sustained when pollock moved out of coastal
waters. The collapse of the Georges Bank haddock
fishery during the late 1960s (Clark et al., 1982) led to a
federally subsidized program in the USA to redirect
haddock effort to pollock but, due to low catches and
prices, this program was only marginally successful
(Grice, MS 1971). Declining USA and Canadian
catches during the late 1960s and early 1970s are
thought to reflect decreases in abundance and the
decline in the Georges Bank haddock fishery; subse-
quent increases reflect improved recruitment and
increased directed effort by both countries (Annand et
al., MS 1987). A temporary post-1981 decline resulted
largely from market conditions.

The Canadian fishery has evolved over the past
decade from one in which pollock was taken as partofa
mixed groundfish fishery to a directed fishery prose-
cuted primarily by tonnage class (TC) 4 and 5 side and
stern trawlers operating in Div. 4VW and Subdiv. 5Ze,
and an inshore fishery conducted by smaller vessels
(TC 2 and 3) using bottom trawls, gillnets, longlines
and fixed gear in Div. 4X, 5Y and 5Z. The USA catchin
Subdiv. 5Ze has been taken primarily in summer and
autumn by TC 4 trawlers in directed operations for cod,
haddock and other demersal species in the Great South
Channel area and along the Northern Edge and North
east Peak of Georges Bank. Most of the Div. 5Y catch
has been taken incidentally or in operations directed
towards spawning migrants by TC 2 and 3trawlers, and
gillnetters in the Jeffreys Ledge region of the Gulf of
Maine in autumn and winter. USA catches have been
taken primarily by trawlers, although the portion of the
USA catch taken by gilinetting increased from less than
10% during 1971-72 to 40% of the total throughout most
of the 1980s (Mayo et al., 1989).

Prior to 1960, nominal catches of pollock were
usually reported to ICNAF in “mixed groundfish” cate-
gories. Thus, catches by distant water fleets (DWF)
were not documented but were probably not large. In
later years, DWF pollock catches occasionally
exceeded 10,000 tons but were taken primarily as by-
catch. The majority of this catch from southward of the
Scotian Shelf has been taken by the Union of Soviet
Socialist Republics (USSR), the German Democratic
Republic (GDR), Spain and the Federal Republic of
Germany (FRG) (Table 1).

Distant water fleets caught over 12,000 tons in
1966, and sustained catches in excess of 9,000 tons
were taken annually between 1970 and 1973 (Table 1).
Throughout this period, USSR poitock catches were
taken primarily as by-catch by TC 6 and 7 stern trawlers
fishing for silver hake and other groundfish such as
haddock on the central and western Scotian Shelf (Div.
4WX) and on Georges Bank in summer and autumn.
Spanish catches were taken primarily by TG 3+ pair
trawlers fishing for cod in the same area. FRG and GDR
catches were generally taken in late autumn and winter
by TC 6 and 7 trawlers on Georges Bank and in the Gulf
of Maine; some ofthis catch appears to have been taken
incidentally during midwater trawling operations for
herring, but most resulted from redirection of effort to
pollock after national herring allocations imposed
under ICNAF had been filled.

Since 1960, 60% of the catch has been taken from
the western Scotian Shelf and Gulf of Maine (Div. 4X
and 5Y). Approximately 90% of the Canadian catch has
been taken from the Scotian Shelf while USA catches
during the 1960s and early-1970s were taken primarily
from Georges Bank and the Gulf of Maine; in recent
years, however, most of the USA catch has come from
the western Gulf of Maine (Mayo et al., 1989).

Small quantities of pollock have also been taken off
West Greenland and Labrador, on the Grand Bank, and
in the Gulf of St. Lawrence (Subareas 1, 2and 3 and Div.
4RST). Since the mid-1960s, nominal catches from this
region have averaged approximately 1,000 tons annu-
ally. The bulk of this catch has been taken by Canada
and Spain on the southern and western Grand Bank
(Div. 3NO and Subdiv. 3Ps) as by-catch in operations
directed toward cod, haddock and other species. De-
ciining Canadian pollock catches on the Grand Bank
during the early to mid-1960s were associated with
declining catches in the haddock fishery (Templeman,
1966).

Commercial catch-at-age

Estimates of the age composition of the commer-
cial catch are available from 1970 through 1987.
McGlade and Annand (MS 1986) described the
assumptions and stratification schemes employed in
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TABLE 2. Total catch-at-age in numbers (000's) and weight {tons), and average weight-at-age of pollock in the commercial fishery in NAFO Divi-
sions 4VWX and Subareas 5 and 6, 1974-87.

Year
Age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Number (000)
2 261 260 234 56 115 299 361 699 247 94 64 248 60 93
3 7,332 1.436 2,190 1,751 1,548 4,087 704 2,754 4,824 2,732 1,197 2,403 1,291 1,443
4 3,445 5,297 3,085 3,779 3618 7,487 3,798 1,309 2,245 11,166 5,191 2,878 6,019 3,180
5 3,034 2,566 5314 2,443 3,682 4,478 6,802 3,896 847 1,863 9,793 5,798 4,453 7,713
6 1,359 2,400 1,454 2,980 1,887 2,184 4,096 4,720 2,599 427 1,251 8,081 5,234 4,091
7 404 1,041 1,342 1,049 2,084 765 1,605 2,761 2,631 870 206 1,398 4,510 3,039
8 213 263 272 673 602 531 469 964 1,349 994 374 211 494 2,117
9 96 80 41 206 411 160 334 308 564 546 330 238 139 271
10 100 85 15 81 151 62 110 268 268 280 194 353 268 80
1" 81 56 21 45 103 39 45 63 180 133 60 134 266 145
12+ 45 49 57 274 229 112 78 148 220 262 136 176 251 262
Totat 16,370 13,533 14,025 13,337 14430 20,204 18402 17,890 15974 19,367 18,796 21,918 22985 22,434

Weight (tons)
2 214 224 140 46 97 218 343 433 148 69 66 174 48 67
3 10,265 1,838 2,694 1,979 1,904 4,864 979 4,048 5,451 3,169 1,760 2,499 1,536 1,631
4 6,752 10,541 5,892 6.046 6,512 12,279 7,406 3,246 5725 18,536 11,161 5555 11,135 6,169
5 9,132 7.878 14,720 6,376 9,868 12,180 18910 11,493 2,965 5719 25,756 16,002 11489 19,822
6 5,558 9,240 5365 10,519 7,454 7,710 14377 16,190 10,786 1,776 4391 26,102 17,796 12,437
7 2,044 5,299 6,187 4,783 9,628 3,557 6,757 12,093 11,866 4,246 1,059 5229 17,318 11,791
8 1,304 1,715 1,510 3,816 3,486 3,000 2,650 5,620 7,123 5,139 2,151 1,087 2,391 9,082
9 639 601 287 1,403 2,708 1,080 2,164 2,076 3,536 3,281 1,977 1,514 870 1,409
10 736 650 116 572 1,022 463 849 1,994 1,967 1,882 1,265 2,234 1,830 573
11 690 474 179 396 781 319 354 485 1,402 1,025 451 890 1,782 1,069
12+ 448 490 526 2,482 1,816 931 690 1,218 1,819 2,321 1,161 1,515 2,018 2,206
Total 37,782 38950 37,616 38418 45276 46,601 55479 58,896 52,788 47,163 51,198 62,801 68,213 66,256

Average weight (kg)

2 0.82 0.86 0.60 0.83 0.84 0.73 0.95 0.62 0.60 0.73 1.03 0.70 0.80 0.72
3 1.40 1.28 1.23 1.13 1.23 119 1.39 1.47 113 1.16 1.47 1.04 1.19 113
4 1.96 1.99 1.91 1.60 1.80 1.64 1.95 2.48 2.55 1.66 2.15 1.93 1.85 1.94
5 3.01 3.07 2.77 2.61 2.68 272 2.78 2.95 3.50 3.07 2.63 2.76 2.58 257
6 4.09 3.85 3.69 3.53 3.95 3.53 3.51 3.43 4.15 4.16 3.51 3.23 3.40 3.04
7 5.06 5.09 4.61 4.56 4.62 4.65 4.21 4.38 4.51 4.88 5.14 374 3.84 3.88
8 6.12 6.52 5.55 5.67 5.79 5.65 5.65 5.83 5.28 5.17 5.75 515 4.84 4.29
9 6.66 7.51 7.00 6.81 6.59 6.75 6.48 6.74 6.27 6.01 5.99 6.36 6.26 5.20
10 7.36 7.65 7.72 7.06 6.77 7.47 7.72 7.44 7.34 6.72 6.52 6.33 6.83 7.16
1 8.52 8.47 8.54 8.79 7.58 8.18 7.87 7.70 7.79 7.71 7.52 6.64 6.70 7.37
12+ 9.95 9.99 9.23 9.06 7.93 8.31 8.84 8.23 8.27 8.86 8.54 8.61 8.04 8.42

the catch-at-age calculations, and Mayo et al. (1989)
reviewed sampling levels and provided estimates of
catch in number and weight and average weights-at-
age for Canada, USA and the DWF components. Prior
to 1974, sampling of the commercial catch was limited
and catch-at-age estimates for several cohorts were
highly variable. Therefore, only data from 1974 through
1987 were included in the present study. Catches and
mean weight-at-age matrices combined over all fleets
are given in Table 2.

The combined mean weights-at-age represent
averages taken over the three fleet components weight-
ed by numbers landed on an annual basis. Catch bio-
mass estimates are computed as the product of
numbers-at-age and mean weights-at-age. The total
annual weight calculated over all ages in most years is
within 1% of the tabulated landings given in Table 1.

Total catches by number have been dominated by
age 3-7 fish throughout the series, although considera-
ble inter-annual variability is evident as dominant year-
classes progress through the fishery. Several moderate
o strong year-classes have supported the fishery over
the past decade and the substantial increase in land-
ings since 1985 has been supported by recruitment
from the very strong 1979 year-class, augmented by
further contributions from the 1980 and 1982 year-
classes. In 1987, the total catch was well distributed
among several year-classes with ages ranging from 4 to
8. Landings by Canada and USA have generally been
supported by the same dominantyear-classes (Mayo et
al., 1989).

Catch biomass is generally dominated by ages 4
through 8, although strong year-classes have made
significant contributions at age 3 in some years. Aver-
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age weights-at-age during 1974-87 do not exhibit any
consistent trends over time (Table 2).

Commercial CPUE

Commercial catch-per-unit-effort (CPUE) indices
{Table 3) were calculated for USA TC 3 and 4 side and
stern trawlers, and Canadian TC 5 stern trawlers using
1970-87 landings and effort data from trips in which
pollock comprised 50% or more of the total landed
weight or was recorded as the main species for the trip.
Indices for USA TC 3and 4 vessels were computedona
seasonal and annual basis for trips which fished in Div.
5Y and 5Z. CPUE calculations for Canadian vessels
were based on trips which fished from June to August
and from April to November by composite areas of Div.
4VWX and Subarea 5.

USA March-September indices suggest a gradual
but steady increase in CPUE between 1970 and 1977,
followed by a slight decline through 1984 and a sharp
decline from 1985 through 1987. The Canadian catch-
rate series reflect the same general trend, i.e. an
approximate doubling of CPUE from the early-1970s
through the early-1980s, followed by a sharp decline in
1983. The Canadian series, however, exhibit considera-
ble inter-annual variability since the early-1980s, a pos-
sible result of trip limits and other regulatory measures
imposed since 1983 (Annand et al., MS 1988).

Seasonal analyses suggest that CPUE indices
associated with the directed winter fishery on spawn-
ing aggregations of pollock are less sensitive to fluc-

tuations in abundance than corresponding indices
during the summer months. Annual USA CPUE indi-
ces, and those which were based on autumn-winter
months (October through February) fluctuated consid-
erably with no evident trends. Indices which were
based solely on spring-summer months (March
through September), however, indicated a gradual but
steady increase in relative abundance between 1970
and 1977, followed by a slight decline through 1984 and
a sharp decline between 1985 and 1987.

Commercial CPUE indices which were computed
from USA data pooled over all months correspond to
those developed from the autumn-winter data because
most directed pollock trips occur during winter when
the fish are found in spawning concentrations in the
western Gulf of Maine. The remaining trips, conducted
during spring and summer, occur when pollock are
more dispersed throughout the area, and account fora
relatively low proportion of the total directed effort.

From both the USA and Canadian results, it can be
postulated that increased concentrations of pollock
during the winter spawning season can generate tran-
sient increases in availability sufficient to produce con-
sistently high annual CPUE indices independent of the
overall level of stock abundance, particulariy when the
exploitation rate is relatively low. In this case, changes
in seasonal availability are great enough to mask the
effects of changes in stock abundance on CPUE. Con-
versely, CPUE indices which are based on trips fishing
during the remainder of the year should provide amore
accurate measure of relative stock abundance since

TABLE 3. USA and Canadian commercial catch-per-unit-effort (CPUE) indices for
poliock based on otter trawl trips in which pollock comprised 50% or more
of the total catch. (See text for description of spatial and temporal level of
resolution employed in the computations.)

USA®

Canada®

Tonnage class 3

Tonnage class 4

Tonnage class 5

Year Mar-Sep  All months Mar-Sep  All months Jun-Aug Apr-Nov
1970 3.02 3.56 4.44 7.64 0.74 0.86
1971 2.88 413 5.03 7.80 0.78 0.64
1972 3.58 8.70 6.79 5.88 0.81 0.75
1973 4.35 7.52 6.50 6.65 1.07 075
1974 5.04 7.25 6.05 8.82 0.58 0.66
1975 443 5.47 8.17 7.45 0.61 0.70
1976 4.42 5.63 7.39 9.57 0.52 0.57
1977 7.19 7.89 8.89 9.14 0.69 0.78
1978 5.95 6.77 9.1 9.58 0.84 0.89
1979 5.23 6.18 7.04 6.16 1.16 1.09
1980 6.28 7.28 6.82 7.88 0.97 0.94
1981 4.58 7.30 6.02 8.03 0.89 1.00
1982 5.29 5.64 6.37 6.75 1.58 1.32
1983 6.06 5.86 7.00 8.26 0.87 1.05
1984 5.61 6.17 6.34 577 1.28 1.33
1985 413 5.32 3.79 417 0.70 0.96
1986 4.54 5.26 3.40 3.36 1.38 1.26
1987 2.34 3.12 3.10 3.28 0.84 0.94

? USA CPUE calculated as tons per 24-hr day fished.
° Canadian CPUE calculated as tons per hour fished.
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availability effects are minor compared to variation in
actual abundance.

Recreational landings

Recreational catich information for the USA has
been collected in a series of national saltwater angling
surveys conducted at approximate S5-year intervais
between 1960-74 and, more recently, in a series of
annual marine recreational fishery statistics surveys for
the Atlantic and Gulf coasts initiated in 1979. A detailed
description of the USA recreational fishery and an eva-
luation of survey methods is given by Mayo et al. (1989).
Recreational catch data are not available for Canada,
and it is assumed that Canadian recreational catches
are of minor signiticance.

Recreational catch estimates declined from 4.3
million fish (9,800 tons) in 1960 to 2.5 million fish (2,500
tons) in 1970 (Table 4). The total recreational pollock
catch, including those reportedly caught and released
alive, averaged 4.1 million fish (1,600 tons) in 1979-80
but declined to 1.3 million in 1983, although the esti-
mated weight increased to 2,800 tons due to an
increase in mean weight. In 1984, however, the total
number and weight declined to 0.6 million fish and 276
tons respectively, as mean size also declined sharply.
Except for a- slight increase in 1985, catches have
remained relatively low since 1984 as have mean
weights. Variation in mean weight is linked to recruit-
ment of strong year-classes of juvenile pollock to the
inshore regions of the Gul!f of Maine (Mayo et al., 1989).

Since 1979, over 90% of the total USA recreational
catch-by-number was taken off Maine, New Hampshire
and Massachusetts and over 70% was caught within 3
miles of the coast in bays and estuaries; approximately

TABLE 4. USA catches of pollock (numbers and total weight), and
estimated mean weight derived from data collected in USA
recreational fishery surveys, 1960-87.

Mean
Number? Weight® weight
Year (000) (tons) (kg)
1960 4,335 9,834 2.27
1965 3,756 4,240 113
1970 2,451 2,533 1.03
1974 481 496 1.03
1979 3,648 (2,349) 1,021 (658) 0.28
1980 4,446 (1,997) 2,134 (959) 0.48
1981 2,724 (1,602) 1,226 (721) 0.45
1982 1,686 (882) 2,563 (1,341) 1.52
1983 1,314 (590) 2,799 (1,257) 213
1984 642 (405) 276 (174) 0.43
1985 2,147 (1,860) 862 (747) 0.40
1986 447 (359) 219 (176) 0.49
1987 741 (278) 296 (111) 0.40

® Numbers in parentheses exclude data for pollock caught and releas-
ed alive.

® Weights calculated by multiplying numbers caught by mean weight
of pollock available for identification in intercept (creel) survey work.

80% of this catch was taken from small boats or from
the shore or shore-based structures (U.S. Dept. Com-
merce, 1984, 1985a, 1985b, 1986, 1987). In Maine, about
70% of the total catch in number from 1960-85 con-
sisted of juveniles. Juvenile pollock are available year-
round in many inshore areas along the Maine coast and
are taken in considerable numbers, while pollock also
represent a substantial component of the offshore
Maine catch (Nicholson and Ruais, MS 1979). In New
Hampshire waters, pollock may account for over 40% of
the total recreational catch-by-number during summer
months. Length frequencies derived from sampling
New Hampshire recreational poliock catches for
1979-82 (Fawcett, MS 1983) and intercept creel sam-
pling of the catch during marine recreational fishery
statistics surveys reveal a preponderance ofage0and 1
fish (Witzig, Washington, D.C., pers. comm. 1985). It
follows that, in recent years, juvenile poilock have been
the major component of the recreational fishery. Since
1979 over 40% of the catch has been discarded live
{Table 4), a higher percentage than that observed for
most other species in these surveys.

Poliock are also common along the entire Massa-
chusetts coast although they appear to be most availa-
ble to recreational fishermen north of Cape Cod. In the
Gulf of Maine they are taken primarily from June to
November and may dominate offshore recreational
catches for brief periods (Freeman and Waliford,
1979a). They are taken in more limited numbers in the
vicinity of Cape Cod, primarily in late spring; here,
pollock usually move offshore by June and do not
return until early autumn (Nicholson and Ruais, MS
1979).

South and west of Cape Cod, pollock may be taken
in inshore waters from October to May and alsoappear
in deeper waters year-round as far south as Cape May,
New Jersey (Freeman and Walford, 1979b). Catches in
this region tend to peak in late spring and decline
sharply during summer due to seasonal shifts in distri-
bution and directed effort. Pollock are taken here prim-
arily by party boats in directed fishing for cod and other
species, although sporadic inshore fisheries may
develop for juvenile pollock during years of high abun-
dance {Wilk et al., MS 1979).

Biological Parameters

Indices of relative abundance and biomass (strati-
fied mean number-and-weight-per-tow (kg), respec-
tively) for pollock were computed from catch and age
composition data collected during bottom-traw! sur-
veys conducted by the USA Northeast Fisheries Center
(NEFC) and the Canadian Department of Fisheries and
Oceans (DFO). Catch data obtained from NEFC sur-
veys were also transformed to In (x+1), and retrans-
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formed estimates in original units were calculated as
suggested by Bliss (1967) according to the relation:

52

E (Vo) = e(75‘+ 2 )_1

where E (ysi) represents the estimated (retransformed)
stratified mean catch-per-tow and ys: and S? represent
the stratified mean and the estimated population var-
iance respectively, in logarithmic units. Annual bio-
mass and abundance indices for pollock derived from
bottom-traw! surveys are extremely variable (Mayo et
al, 1989) and recent attempts to normalize the data and
increase precision (Almeidaet al., MS 1986) have been
unsuccessful. For this reason, trawl-survey data were
used primarily to identify dominant year-classes, eval-
uate recruitment and estimate growth, maturation and
total-mortality rates. Results from Commonwealth of
Massachusetts Division of Marine Fisheries (DMF)
inshore surveys of the western Gulf of Maine have also
been used to compute pre-recruit indices. Further
details concerning sampling design, survey operations
and data preparation procedures in these surveys are
provided by Grosslein (1969, MS 1974), Howeetal. (MS
1979), Azarovitz (1981), and Halliday and Koeller
(1981). A more compiete description of synoptic survey
coverage is given by Mayo et al. (1989).

Trends in relative abundance and biomass

Retransformed indices derived from USA spring
and autumn surveys indicate a gradual increase in bio-
mass through the mid-1970s, followed by a sharp
decline (Fig. 4). Both indices show biomass increases
in 1985 and subsequent declines in 1986 and 1987.
Canadian summer indices suggest that biomass and
abundance remained relatively stable between 1970
and 1984, except for asharp increase in 1980. Although
Canadian indices have fluctuated sharply since 1985,
the overall trend suggests a recent increase in both
abundance and biomass due to large catches from
strata in Div. 4V and 4W (Annand et al., MS 1988).

Recruitment

Much of the variation in overall abundance indices
may be explained by differences in year-class strength.
Peak abundance levels evident in USA spring surveys
in 1972, 1976 and 1982, and autumn surveysin 1972 -73
and 1976 -77 resulted from recruitment of strong 1970,
1971, 1975 and 1979 year-classes to the offshore survey
area (Table 5). The 1969, 1971 and 1975 year-classes
have been relatively strong throughout the Canadian
summer survey series (Table 6) and, more recently, the
1982 index reflected recruitment of the strong 1979
year-class at age 3. Peak values evident in 1985 and
1987, however, resulted from catches of several rela-
tively strong year-classes produced from 1979 through
1982 (Table 6). Age 0 and 1 indices derived from
inshore DMF surveys in the western Gulf of Maine also
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Fig. 4. Trends in stratified mean catch-per-tow derived from (A) USA
spring, (B) Canadian summer, and (C) USA autumn, bottom
trawl surveys conducted in Div. 4VWX and Subareas 5 and 6
during 1963-88.

revealed the strong 1979 and 1982 year-classes (Table
7).

Although the 1971 year-class has been the strong-
est and most persistent to appear in any survey, recent
data have revealed relatively strong 1975, 1979 and
1982 year-classes. The recruitment of the 1971 year-
class increased overall stock biomass during the mid-
1970s and relatively high levels were sustained through
the early-1980s by recruitment of subsequent strong
year-classes.
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TABLE 5. Stratified mean catch-per-tow at age (numbers) for Scotian Shelf, Gulf of Maine, and Georges Bank pollock in NEFC offshore
spring, summer, and autumn bottom traw! surveys, 1970-87.
Age Totals
Year 0 1 2 3 4 5 <] 7 8 9 10 11 12+ 1+ 4+ 5+ 6+
Spring * ¢
1970 001 052 005 017 020 005 007 009 012 008 004 004 023 166 092 072 067
1971 001t 015 013 013 009 007 008 004 009 006 007 007 0.20 1.18 077 068 061
1972 — 120 148 09 020 005 005 007 012 004 007 004 017 440 081 061 056
1973 — 001 280 051 015 014 004 003 010 0.04 009 0.02 0.09 402 070 055 041
1974 — 00t 010 053 014 008 016 007 003 000 001 010 0.6 139 075 061 053
1975 — 00t 033 020 034 008 003 010 008 005 006 002 0.29 165 101 077 0868
1976 — 008 011 014 015 024 013 015 017 0117 003 004 024 159 126 111 087
1977 — 014 038 023 006 016 032 013 011 002 002 001 004 1.62 087 081 065
1978 — 000 022 042 0685 063 015 011 008 007 005 004 007 249 18 120 051
1979 — 010 005 007 008 015 014 008 016 008 003 003 008 105 083 075 060
1980 — 015 015 009 028 025 020 023 008 004 002 000 0.05 154 115 087 062
1981 — 001 072 013 012 018 026 008 007 005 009 006 020 202 112 100 082
1982 — 013 163 084 055 0.11 033 011 014 005 001t 002 007 399 139 084 0.73
1983 — 057 006 002 002 001 000 005 004 001 002 002 0.10 092 027 025 024
1984 — 015 015 009 010 014 007 004 004 005 003 004 007 1.00 061 051 037
1985 — 026 019 030 022 059 078 019 001 008 006 005 009 281 206 184 125
1986 — 011 014 007 017 017 038 037 009 005 004 008 017 184 152 135 1.18
1987 — 013 086 259 246 040 020 009 010 003 000 002 0.06 694 336 0980 0.50

Summer"®
1977 — 005 023 009 026 029 032 015 0.23 0.07 0.08 007 0.23 2.07 1.70  1.44 1.15
1978 — 000 057 017 009 008 008 005 009 003 001 005 0.08 130 056 047 035
1879 -~ 005 000 038 026 036 055 036 049 006 0.21 0.00 0.23 295 252 226 190
1980 — 1067 011 006 029 025 030 022 003 002 007 005 0.13 12.20 136 1.07 082
Autumn ®
1870 0.01 0.13 008 0.01 0.09 008 008 004 002 001 0.02 001 0.07 064 042 033 025
1971 0.02 011 038 016 002 006 009 004 008 003 001 0.01 0.09 1.08 043 041 0.35
1972 000 038 027 020 008 007 008 007 005 004 003 0.03 0.10 140 055 047 040
1973 000 003 071 012 017 011 0.1 009 007 000 0.12 002 0.10 165 079 062 0.5t
1974 000 000 008 028 020 0.1 0.08 0.09 0.01 002 000 002 0.02 0.91 055 035 024
1975 0.01 022 006 003 011 0.07 004 009 001 0.01 0.01 0.01 0.03 068 037 026 0.19
1976 000 003 003 015 055 163 050 031 014 005 001 0.01 0.29 370 349 294 031
1977 000 006 017 024 029 042 038 022 011 0.09 002 000 0.14 2.14 1.67 1.38 0.96
1978 000 003 019 004 004 009 009 015 008 006 004 003 0.12 096 070 066 057
1979 0.00 001 002 026 033 019 013 008 009 0.05 0.04 0.01 0.06 127 098 065 046
1980 0.01 013 001 0.01 0.05 0.1 006 007 013 008 006 004 007 0.82 067 062 0.51
1981 000 007 359 098 014 020 013 004 000 000 0.01 0.00 0.08 524 060 046 0.26
1982 0.01 007 044 040 029 0.01 005 004 002 002 000 002 004 140 049 020 0.198
1983 000 049 003 005 004 007 001 0.06 008 0.03 002 0.02 0.06 098 041 0.37 0.30
1984 000 012 018 002 0.01 0.01 003 000 000 002 002 002 0.02 045 013 0.12 0.1
1985 000 062 005 008 007 012 007 0.01 000 000 003 0.01 0.04 110 035 028 0.16
1986 000 o021 022 014 013 007 004 004 000 000 000 0.01 0.02 088 0.31 018 01
1987 000 005 o210 006 000 005 002 008 006 004 000 0.01 0.02 060 028 028 0.23

@ Strata 13-40 (see Azarovitz,1981).
°® Strata 21-28 and 37-40 (see Azarovitz,1981).
° The “36 Yankee" trawl was used from 1970 to 1972 and 1982 to 1987, the "41 Yankee” trawl was used from 1973 to 1981. No gear conversion

factors are available to adjust for differences in fishing power.

Mortality

Estimates of instantaneous total mortality (Z) were
computed for individual year-classes from 1965-80
(Fig- 5) by constructing catch curves based on catch-
per-tow at age data derived separately from USA spring
and autumn and Canadian summer bottom trawl sur-
veys (Tables 5 and 6). A geometric mean of the three
independent estimates was calculated as the best indi-
cator of Z for each year-class (Table 8). Average total

mortality ranged from 0.30-0.42 (GM = 0.35) for the
1965-68 year-classes to 0.35-1.32 (GM = 0.63) for the
1977-80 year-classes. Results for the 1969-71 (GM =
0.53) and 1972-76 year-classes (GM = 0.42) were inter-
mediate. There were no evident trends in the year-class
means among the three surveys except for a substan-
tially lower mean for the 1977-80 year-classes in the
Canadian summer surveys compared to the USA
spring and autumn results. Thus, the increase in mean
Z associated with these year-classes is based entirely
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TABLE 6. Stratified mean catch-per-tow at age in numbers and weight (kg) for Scotian Shelf, Gulf of Maine, and Georges Bank pollock in Canadian summer® bottom
trawl surveys, 1970-88. (From Annand et a/., MS 1988).

Age Totals
Year 1 2 3 4 5 6 7 8 9 10 1" 12+ UK 1+ 4+ 5+ 6+
Mean number-per-tow
1970° 0007 1815 0445 0.270 0.197 0178 0.120 0066 0025 0000 0035 0007 0.000 3.165 0.898 0.628 0.431
1971 0000 0733 0607 0.168 0.039 0018 0027 0011 0007 0018 0000 0000 0.000 1.628 0.288 0.120 0.081
1972 0000 0019 0013 0146 0321 0140 0037 0068 0049 0024 0012 0026 0.004 0.859 0.827 0.681 0.360
1973 0000 0383 0477 2146 0812 0086 0052 0049 0060 0002 0018 001t 0014 4118 3.250 1.104 0.292
1974 0007 0039 0.798 0.199 0259 0.121 0129 0073 0055 0036 0074 0031 0.000 1.821 0.977 0.778 0519
1975 0000 0003 0018 0324 0279 0374 0059 0092 0036 0008 0009 0000 0000 1.208 1.181 0.857 0.578
1976 0000 0029 0219 0667 1239 0310 0534 0197 0043 0044 0015 0048 0011 3.356 3.108 2.441 1.202
1977 0000 0261 0770 0985 2029 1415 0.184 0308 0.108 0.052 0030 0012 0.004 6.158 5127 4.142 2113
1978 0000 0007 0.147 0607 0944 0351 0328 0.102 0048 0022 0.000 0023 0.017 2596 2.442 1.835 0.891
1979 0000 0000 0108 0621 0780 0566 0232 0.167 0010 0036 0000 0000 0023 2.543 2435 1.814 1034
1980 0012 1142 1250 3305 5195 1314 0715 0206 0077 0041 0000 0000 0.029 13.286  10.882 7.577 2.382
1981 0007 0.159 0.175 0051 0506 0505 0352 0243 0.109 0076 0.028 0013 0.046 2270 1.929 1.878 1.372
1982°¢ 0000 0.196 2787 0266 0.118 0367 0252 0.148 0.130 0072 0012 0049 0034 4.431 1.448 1.182 1.064
1983° 0100 0119 0916 1702 0196 0048 0090 0262 0.166 0.056 0059 0020 0027 3.761 2.626 0.924 0.728
1984 0035 0469 0.228 0698 2007 0306 0210 0456 0689 0427 0071 0156 0044 5797 5.065 4.366 2.359
1985 0.007 1481 4557 3511 3371 2689 03989 0111 0201 0312 0.109 0.101 0.003 16.852  10.807 7.296 3.925
1986 0044 0606 0653 09859 1.002 1370 0999 0070 0011 0101 0.135 008 0.007 6.043 4.740 3.781 2779
1987 0000 0590 2442 3673 5817 2283 1656 1348 0052 0.114 0088 0345 0.028 18.436 15404 11731 5914
1988 0020 0029 0557 1090 2142 1908 1794 0993 0576 0040 0042 0159 0.000 9.350 8.744 7.654 5512
Mean weight-per-tow (kg)
1970° 0001 1054 0520 0683 0691 0853 0747 0475 0207 0.000 0330 0053 0.000 5.620 4.045 3.362 2671
1971 0000 0343 0558 0368 0122 0075 0.134 0066 0048 0.104 0000 006000 0.000 1.818 0.917 0.549 0.427
1972 0000 0012 0011 0330 1143 0720 0215 0426 0347 0.160 0097 0210 0005 3676 3.653 3.323 2.180
1973 0000 0181 0604 4805 2364 0376 0.278 0303 0385 0022 0.158 0.144 0.085 9.705 8.920 4.115 1.751
1974 0001 0020 0.828 0307 0794 0547 0701 0444 0389 0281 0648 0314 0.000 5274 4.425 4.118 3.324
1975 0000 0003 0.021 0587 0870 1449 0320 0615 0287 0.075 0094 0.000 0.000 4.321 4.297 3.710 2.840
1876 0000 0016 ©0.335 1560 3848 1238 2710 1111 0303 0385 0121 0434 0.109 12170 11819 10.289 6.411
1977 0000 0.178 09816 2092 5892 5062 0882 1765 0762 0407 0238 0099 0033 18326 17.232 15.140 9.248
1978 0000 0006 0.141 1337 2847 1544 1613 0681 035 0.138 0000 0225 0.160 9.048 8.901 7.564 4717
1979 0000 0000 0.136 1332 2413 2339 1219 1121 0.072 0288 0000 0000 0235 9.1585 9.018 7.687 5.274
1980 0000 0873 1568 6.232 1693 3939 2655 1294 0530 0284 0000 0000 0275 19.343 16.902 10670 8.977
1981 0001 0105 0312 0.123 1577 1950 1604 1314 0753 0637 0218 0088 0496 9.178 8.760 8.637 7.060
1982° 0000 0117 2311 0658 0363 1606 1205 0875 0917 0480 0094 0401 0.344 9.381 6.953 6.295 5.932
1983 ¢ 0013 0053 1.157 2658 0631 0.185 0404 1.241 0879 0382 0433 0163 0.246 8.445 7.222 4564 3933
1984 0012 0261 0353 1746 6.193 1398 1.094 2620 4271 2901 0545 1324 0472 23.190 22564 20818 14625
1985 0001 0613 4571 6103 8517 8826 1503 0535 1187 1715 0777 0776 0.027 35151 29.966 23.863 15346
1986 0009 0288 0764 1804 2806 5156 4126 0339 0065 0646 0813 0574 0.065 17461 16400 14596 11790
1987 0000 0.198 1797 5569 2415 6661 6282 5478 0301 0729 0494 2587 0.242 32,753 30.758 25.189 22.774
1988 0.004 0017 0536 2062 6205 6556 7072 4616 2854 0272 0305 1.281 0.000 31.780 31.223 29.161 22956

* Strata 40-95 (see Halliday and Koeller, 1981).

® 1970-81 data from R/V A. T. Cameron.
¢ 1982 data from R/V Lady Hammond.
° 1983-88 data from R/V Alfred Needler.

suggest a lower rate of survivai in the region covered by
the USA surveys as indicated by trends in overall stock
abundance presented above.

Growth

Although average longevity of pollock is approxi-

TABLE 7. Stratified mean catch-per-tow in numbers and weight (kg)

for pollock from Massachusetts Division of Marine Fisher-

ies inshore spring surveys, 1978-87.

Stratified mean
Stratified mean number per tow at age® weight (kg)

Year 0 1 2 3+ Total per tow
1978 207 0.01 0.13 0.06 2.27 0.1
1979 4.34 0.04 0.01 0.06 4.45 0.07
1980 0.30 8.37 0.20 0.02 8.89 0.72
1981 1.52 1.42 1.40 0.00 434 0.54
1982 1.79 0.00 0.06 0.00 1.85 0.03
1983 0.03 6.45 0.27 0.04 6.79 0.68
1984 0.04 0.00 0.02 0.00 0.06 0.01
1985 0.88 0.02 0.03 0.00 0.93 0.04
1986 0.22 0.01 0.00 0.00 0.23 <0.01
1987 0.23 0.01 0.03 0.00 0.27 0.02

® Regions 1-5 (strata 1121 and 25-26). See Howe et al., MS 1979.

on the USA survey results. Although estimates of Z for
later year-classes were based on younger fish, they

mately 20 years, signs of ageing as seen by the
physiological-biochemical state of the fish, have been
observed in specimens from age 11 (Storozhuk, 1978).
Lengths up to 150 cm and weights of over 21 kg have
been noted (Bigelow and Schroeder, 1953), and growth
rates have been reporied in several previous studies.
Mavor (1918) observed winter rings on pollock scales
and provided back-calculations of annual growth from
samples collected in the Bay of Fundy, and Hoberman
and Jensen (1962) computed back-calculated lengths
at age from scale samples collected primarily from the
southern Gulf of Maine. Steele (1963) established the



validity of sectioned otoliths by noting the seasonal
progression of opaque and hyaline edges and charac-
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Fig. 5. Catch curves for the 1965-80 year-classes of pollock based on analyses of USA spring and autumn and

Canadian summer bottom trawl survey data. (Circled points were excluded from the regressions.)

25

terized growth of pollock from the Bay of Fundy and
Scotian Shelf as rapid during the early years of life, with
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Fig. 5. (Cont'd).
a decline evident at the onset of sexual maturity at (1977, MS 1978) presented von Bertalanffy growth
about age 6. He also observed no appreciable differen- parameters based on ages from otoliths collected on

ces in growth between males and females. Clark et al. USA and Canadian research vessel cruises conducted
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from 1970-76 in the Gulf of Maine and the Scotian
Shelf. Their analyses suggested a slightly higher
asymptotic length and lower growth coefficient for
Scotian Shelf poliock compared to those taken from
the Gulf of Maine.

In the present study, the original age data of Clark
et al., (MS 1978) were re-examined in conjunction with
more recent samples collected through 1984. Ages of
12,796 pollock have been determined from otoliths
obtained during spring and autumn bottom trawl sur-
vey cruises conducted by the USA and summer cruises

TABLE 8. Estimates of total instantaneous mortality (Z) derived from
stratified mean catch-per-tow at age indices for potlock
from USA spring and autumn, and Canadian summer
bottom trawl surveys in the Scotian Shelf, Georges Bank,
and Gulf of Maine region.

Year- USA Canada USA Geometric
class spring summer autumn mean
1965 0.30 0.37 0.42 0.36
1966 0.39 0.31 0.41 0.37
1967 0.38 0.30 0.32 0.33
1968 0.33 0.41 0.34 0.36
1969 0.46 0.56 0.51 0.51
1970 0.45 0.48 0.57 0.50
1971 0.42 0.76 0.67 0.60
1972 0.35 0.36 0.45 0.38
1973 0.49 0.50 0.38 0.45
1974 0.34 0.45 0.40 0.39
1975 0.32 0.55 0.43 0.42
1976 0.55 0.42 0.42 0.46
1977 0.80 0.39 1.32 0.68
1978 0.54 0.40 1.14 0.63
1979 1.02 0.43 0.67 0.66
1980 0.94 0.35 0.56 0.57
Geometric means
by year-ciasses

1965-80 0.46 0.43 0.52 0.47

1965-68 0.35 0.34 0.37 0.35

1969-71 0.44 0.59 0.58 0.53

1972-76 0.40 0.45 0.42 0.42

1977-80 0.75 0.39 0.87 0.63

conducted by Canada between 1970 and 1984. To
adjust the data to account for seasonal sampling differ-
ences, 0.3 year was added to ages obtained from spring
cruises, 0.6 year to those from summer cruises, and 0.8
year, to those obtained on autumn cruises since nomi-
nal ages were originally assigned assuming a conven-
tional 1 January birth date. Parameters of the von
Bertalanffy growth equation (L_, K and t,) were initially
computed by season and year from the USA collection
of 6,791 individual age-length observations tocompare
results over the 1970-84 period. A subset of the age
data obtained from 1982 through 1984 was also ana-
lyzed to test for differential growth by sex. The 5,825
Canadian age-length observations, pooled during

1970-84, were analyzed both separately and in con-
junction with the USA data set. Growth parameters
were estimated by least squares fitting techniques for
unequal age intervals as described by Tomlinson and
Abramson (1961).

Results derived from the USA data setindicated no
consistent differences in estimated growth parameters
between spring and autumn cruises. However, esti-
mates of L. were lower in each analysis performed on
the 1970-74 data as compared to those obtained using
the 1975-84 data. in both analyses, ages ranged from 1
to 18 years. Results from the analyses of all USA and
Canadian age data are provided in Table 9.

The USA results for the 1970-74 period are similar
to those presented by Clark et al. (MS 1978) based on
USA data collected between 1970 and 1976. These esti-
mates, however, differ from Canadian results reported
for the same period by Ciark et al. (MS 1978}, and from
the Canadian and 1975-84 USA results given above. We
believe that USA age determinations for the 1975-84
period are more representative than those obtained
during the earlier years when USA ageing procedures
for pollock were in the development stage. Results
obtained from the 1975-84 USA data set and from the
entire 1970-84 Canadian data set are consistent with
previous Canadian estimates, indicating close agree-
ment in ageing techniques. Therefore, a composite
growth curve was determined by pooling the 1975-84
USA data subset with the entire 1970-84 Canadian data
set. Resulting growth curves for USA, Canadian and
composite data are presented in Fig. 6A. Further ana-
lyses (Table 9, Fig. 6B) revealed no differential growth
between sexes which is consistent with previous obser-
vations by Steele (1963).

Maturation

Considerable spatial and temporal variability in
median size- and age-at-maturity has been reported for
pollock on the Scotian Shelf (Beacham, 1983; McGlade
et al., MS 1985) with median age generally lower for
males (Steele, 1963; Beachman, 1983). In the present
analysis, the existing series of maturity observations
are extended so as to essentially encompass the south-
ern limit of pollock distribution. Maturity stages of
5,362 pollock were determined by whole organ inspec-
tion during Canadian summer and USA spring and
autumn research cruises from 1970 to 1984 and 1977 to
1984 respectively. Individual observations were pooled
over all cruises to determine overall maturity-at-length
relationships by sex, and to compare results obtained
by each country. The number of mature pollock and
total number observed were tabulated and summarized
by sex and in 1 cm length intervals. A logistic curve was
fitted by least squares to the summarized data for 3,296
females from Canadian cruises, and 1,109 females and
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TABLE 9.

Estimates of von Bertalanffy growth parameters for pollock (* 2 standard

deviations) based on samples collected on USA and Canadian spring,
summer, and autumn bottom trawi surveys between 1970 and 1984.(A) Sexes
combined, (B) Separate analysis of male and female from USA data, 1982-84.

Data set La K to N

A.USA (1970-74) 976+11cm 02166+ 00074 —0.0585*0.0513 2,289

USA (1975-84) 1054 +10cm  0.1781+ 00046 -0.3734 + 0.0462 4682

Can (1970-84) 1073 19cm  0.1665+ 0.0068 -0.1900 + 0.0575 5825

USA 197&84}

1074 +1. 11664 * 0. -0. b

Can  1970-84 Ocm  0.1664 * 0.0036 0.3214 + 0.0366 10,507
B. Male 1069 +47cm 01706+ 00184 -0.2724 £ 0.1362 403

Female 1079 +41cm 01698+ 00178  -0.2398+ 0.1784 363
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Fig. 6. Von Bertalanify growth curves for: (A} pollock based on

sample length-at-age data collected on USA and Canadian
bottom trawl surveys during 1970-84 (sexes combined); and
(B) for male and female pollock based on sample length-at-
age data collected on USA bottom trawl surveys during 1982-
84.

957 males from USA cruises using BMDP statistical
software for stepwise logistic regression (PLR) (Dixon,
1981). An approximation of the proportion mature-at-
age was estimated from the fitted curve by converting
length to age using the composite von Bertalanffy
growth equation described above.

Based on USA data, median lengths-at-maturity
{Lso) are estimated at 50.5 and 47.9 ¢cm for males and
females respectively, and Lso for females estimated
from Canadian samples is 47.4 cm. The calculated Lsp
for combined sexes is 49.5 cm (Fig. 7a). Median ages-
at-maturity (Aso) are estimated at 3.5 and 3.2 years for
males and females respectively, and the calculated Asg
for combined sexes is 3.4 years (Fig. 7b). Plots of USA
and Canadian maturity vs length data and resuiting
logistic curves for females (Fig. 7c) illustrate several
important differences. At any given length, USA data
are more variable than the Canadian data, a probable
result of the smaller USA sample size. The lower slope
of the fitted USA ogive provides slightly lower esti-
mates of rates of maturity in the 55-80 cm length range,
although the Lso values are similar.

Canadian observations were further analyzed to
determine the extent of temporal changes in the
maturity-at-age relationship. Analyses of female age
and maturity data suggest that the median age-at-
maturity has decreased from between 4 and 5 years in
the early-1970s (1965-71 year-classes) to between 3
and 4 years by the late-1970s (1972-77 year-classes).

In contrast to previous studies by Steele (1963) and
Beacham (1983), our analyses suggest that males
attain sexual maturity at a slightly larger median size
and later age than females. The similarity in Lso esti-
mates for females obtained from USA and Canadian
samples indicate consistency in staging criteria. Deter-
mination of maturity by external examination of gonads
is less accurate for smaller pollock as noted by Steele
(1963) who stated that, at the time of sampling, it was
difficult to distinguish small immature pollock from
individuals which were recovering from spawning.
Recent experiments which tested the classification of
individuals by whole organ inspection versus histologi-
cal examination also suggested that males are less
often correctly staged than females. Thus, the relatively
high Lse estimate which were obtained for males may
be a reflection of the incorrect classification of some
small recovering males as immature.
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Fig. 7. Logistic curves of percent matureversus: (A) length by sex for
poliock based on data collected on USA research vessel sur-
veys in Div. 4VWX and Subareas 5 and 5 during 1977-84; (B)
calculated age by sex for poliock based on data collected on
USA research vessel surveys in Div. 4VWX and Subareas 5
and 6 during 1977-84; (C) length for female poliock based on
data collected on USA and Canadian research vessel surveys
in Div. 4VWX and Subareas 5 and 6 during 1970-84.

Although our estimates of Lso and Aso for both
males and females are lower than those reported forthe
early-1960s by Steele (1963) for the Bay of Fundy and
by Beacham (1983) for the Scotian Shelf, they are sim-
ilar to Beacham’s most recent results for Div. 4X where
a substantial decline in median size at maturity in the
late 1970s was noted.

Stock Abundance and Biomass

Exploitation pattern

Separable virtual population analysis (SVPA)
(Pope and Shepherd, 1982) was employed to examine
variability within the 1974-87 catch-at-age matrix from
the commercial fishery (Table2) and to define the long-
term exploitation pattern(s). A reference age for unit
selection of 5 years, an instantaneous natural mortality
rate (M) of 0.20, and terminal S (S;) leveis i.e. the F on
the oldest age relative to the reference age) ranging
from 0.5 to 1.5, were used in the analyses.

The exploitation pattern obtained in each analysis
was distinctly dome-shaped with the most consistent
patterns emerging when S; ranged from 0.5 to 1.0.
Results suggest that recruitment is essentially com-
pleted between ages 6 and 7. The decrease in partial
recruitment evident for the older ages may be directly
related to recent increases in the use of gillnets, which
exhibit dome-shaped selectivity patterns (Guliand and
Harding, 1961), in the Canadian and USA pollock
fisheries. Therefore, an S, 0f 0.75 at age 11 was used to
obtain the following partial recruitment vector,
adjusted to unity at age 7, for use in equilibrium yield
calculations:

Age (years) 2 3 4 5 6 7 8 9 10 11
PR Vector: 0.015 0206 0.506 0.767 0.925 1000 0.838 0645 0628 0.575

Calibration of VPA

The Hybrid method (Pope and Shepherd, 1985)
was utilized to estimate terminal F-values correspond-
ing to the oldest age of each cohort in 1987 using
commercial catch and effort data. Disaggregated
catch-at-age matrices for the Canadian, USA and DWF
components from 1974-87 taken from Mayo et al.
(1989) were included, although effort data were incor-
porated only for the Canadian and USA fleets. Fishing
effort for the USA fleet was computed from CPUE indi-
ces obtained for TC 3+4 side and stern trawlers fishing
between March and September; effortfor the Canadian
fleet was based on TC 5 stern trawlers fishing between
April and November (Table 3).

For each fleet, catchability coefficients (q) were
predicted for each age in the terminal year (1987) from
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regressions of in g on year, with minimal weights given
to the earliest years; estimates of terminal F were
obtained for each cohort from the product of fishing
effort and g. The final terminal F vector represents an
average of the fleet-specific vectors, weighted by the
inverse of the variance of q.

Age-specific stock size and fishing mortality esti-
mates were derived from the final iteration of the cali-
bration process using standard VPA calculations
(Gulland, 1965) assuming an M of 0.20. Estimates of
age 11 F for cohorts terminating between 1974 and
1986 were computed as an average F of the 5 oldest
ages in each year, and stock sizes for ages 12+ in all
years were derived by setting the plus group F equal
that for age 11. Stock biomass was computed by mul-
tiplying commercial mean weights-at-age (Table 2) by
the age-specific stock-size estimates; spawning stock
size was calculated by applying the maturity-at-age
ogive described above for combined sexes to the age-
specific stock sizes.

Average annual fishing mortality (Fc) and a weight-
ed mean F forages 6+ were computed from the F matrix
for comparison with fishing effort. Estimates of F.
represent averages taken over the entire age spectrum
weighted by catch-per-recruit, ameasure which essen-
tially reflects the combined effects of the exploitation
rate (F/Z) and cumulative Z (Shepherd, 1983). Exploit-
able biomass (Be) estimates were computed for com-
parison with commercial CPUE indices as follows:

Bo=3 [(N/Z) » (1-€74) « Wai « (Fi/Fo)]
where
N;=stock size at age i,
Wc,=mean weight of a fish at age i in the catch,
Fi =instantaneous fishing mortality at age i, and

Z;= instantaneous total mortality at age i.

A multiple regression model with USA TC 3+4 and
Canadian TC 5 CPUE as independent variables, and Be
as the dependent variable was chosen to assess the
relationships between CPUE and exploitable biomass
estimates. A similar model with USA and Canadian
effortas independent variables and F. as the dependent
variable was used to examine F versus effort relation-
ships. Goodness-of-fit was evaluated by examining
correlation coefficients and residual patterns between
each pair of vectors. The CPUE model explained
approximately 90% of the total variation in exploitable
biomass; the Canadian index was highly significant
(P<0.001), and the USA index was significant (P<0.05),
but the intercept was not significant (P>>0.05). The fleet
effort model explained less than 10% of the variation in
F.and was not significant. Attempts to model the more
direct relationship between fleet fishing effort and Fe

were not conclusive since regressions of F on effort can
be adversely affected by relatively low noise levels due
to the intrinsically narrow dynamic range of the
dependent variable (Pope and Shepherd, 1985).

Observed and predicted exploitable biomass esti-
mates and corresponding Canadian and USA CPUE
indices are illustrated in Fig. 8. Biomass and CPUE
estimates increased throughout most of the 1970s,
although USA and Canadian CPUE indices exhibited
different rates of increase. Predicted values were
slightly lower than levels observed since 1983.
Although equal numbers of positive and negative resid-
uals were obtained from the regression, a cluster of
negative values associated with low biomass levels
suggests a non-linear relationship between CPUE and
biomass due to probable changes in q at different stock
sizes (Gulland, 1964; Pope and Garrod, 1975).

Fishing mortality

Average fishing mortality remained relatively sta-
ble throughout most of the 1970s and early 1980s
(Table 10) while recent increases in F coincided with
increased total commercial landings since 1985 (Table
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Fig. 8. Trends in (A) exploitable biomass and commercial catch-per-
unit-effort (CPUE) for (B} USA tonnage class 3+ 4 and (C)
Canadian tonnage class 5 trawlers in Div. 4VWX and Sub-
area during 1974-87.
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TABLE 10. Estimates of 1974-87 instantaneous fishing mortality (F) derived from virtual popuation analysis (VPA) of Div.
4VWX and Subareas 5 and 6 pollock catch-at-age.

Year

Age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

2 0.0t1 0.008 0.006 0.001 0.004 0.037 0.017 0.008 0.005 0.003 0.001 0.013 0004 0.003

3 0.218 0.078 0086 0052 0.036 0.174 0.114 0.174 0.072 0.070 0.047 0.065 0.087 0.138

4 0295 0.242 0.238 0.209 0.145 0.245 0.243 0319 0209 0.235 0.183 0.154 0230 0.320

5 0.332 0.373 0406 0301 0323 0.268 0367 0421 0352 0268 0334 0320 0375 0.515

6 0.397 0477 0376 0.420 0402 0323 0420 0.470 0554 0.301 0291 0508 0535 0.710

7 0.332 0.607 0540 0513 0589 0282 0418 0.561 0525 0.362 0232 0613 0600 0.695

8 0.473 0.376 0.3t1 0578 0.633 0289 0280 0478 0595 0.38 0.261 0395 0456 0.636

9 0.348 0326 0.091 0411 0868 0339 0297 0299 0576 0515 0212 0264 0492 0.48%

10 0441 0.593 0093 0262 0605 0.297 0414 0.413 0462 0638 0346 0367 0533 0.591

11 0.398 0476 0282 0437 0619 0306 0.366 0.444 0543 0.440 0.268 0429 0523 0.624

12+ 0.398 0476 0282 0437 0619 0306 0.366 0.444 0543 0440 0.268 0429 0523 0.624
Mean

Fe 0.296 0.340 0.309 0.320 0367 0.230 0285 0.342 0358 0.273 0.241 0331 0354 0.428

Age 6 + 0390 0496 0404 0451 0527 0309 0398 0485 0548 0.399 0270 0501 0555 0678

31

TABLE 11.  Estimates of 1974-87 stock size (000 of fish) derived from virtual population analysis (VPA} of Div. 4VWX and Subareas 5 and 6 pollock catch-at-age, and
projections for 1988.
Year

Age 1974 1975 1978 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

2 26,059 36,087 46,560 58,319 34,447 9,127 23,609 94,540 54,746 34,853 51,203 21,036 15,112 42,686° 42,686°

3 41,193 21,101 29,336 37,959 47,972 28,126 7,202 19,014 76,751 44,633 28,459 42,002 16,988 12,323 34,844

4 14,809 27,128 15,981 22,045 29,499 37,883 19,346 5,262 13,087 58,492 34,078 22,222 32,221 12,744 8,789

5 11,782 9,028 17,445 10,308 14,648 20,893 24,281 12,422 3,132 8,694 37,843 23,226 15,601 20,964 7,577

[} 4,544 6,921 5,088 89,515 6,244 8,684 13,079 13,772 6,676 1,803 5,443 22,186 13,807 8,776 10,255

7 1,567 2,501 3,515 2,860 5,117 3.419 5,148 7,034 7,045 3,138 1,093 3,332 10,926 6,618 3,533

8 619 920 1,116 1,676 1,402 2,325 2,112 2,775 3,288 3,412 1,788 709 1,478 4912 2,704

9 359 316 517 870 770 610 1,426 1,307 1,408 1,485 1,901 1,128 391 767 2,129

10 307 208 187 387 363 265 356 867 793 648 727 1,260 710 196 385

" 270 162 94 139 244 162 161 193 470 409 280 421 714 341 89

12+ 150 142 255 848 542 466 279 452 574 806 635 553 674 616 434

Totals

Age 2+ 101,659 104,511 120,093 144,726 141,248 111,961 96,997 157,638 167,969 158,375 163,451 138,075 108,621 110,942 113,424
Spawners 45,150 48,593 51,488 58,422 68,045 72,185 62,262 54,568 62,784 79,558 84,164 81,948 72,427 57,488 47,568
Age 6+ 7,816 11,188 10,772 16,094 14,682 159832 22560 26,400 20,254 11,703 11,869 29,589 28,700 22,225 19,529

? 1974-84 average.

1). High levels of F are associated with several domi-
nant year-classes, particularly those produced from
1974 through 1976 and, more recently, 1979 through
1982. Total mortality estimates for these year-ciasses
derived from bottom trawl survey data were also among
the highest observed in the series (Table 8).

Stock size estimates

Final VPA results indicate a steady increase in total
stock abundance (age 2+) from 102 million fish in 1974
to 145 million in 1977, followed by a decline to 97
million in 1980 (Table 11). With the recruitment of the
strong 1979 year-class at age 2, total stock abundance
increased to 168 million fish in 1982 before declining to
less than 115 million after 1986. Estimates of exploita-
ble stock size (ages 6+) exhibit arather steady increase
from 8 million fish in 1974 to 26 million in 1981, followed

by a sharp decline to 12 million in 1983 and 1984.
Exploitable stock abundance increased temporarily to
over 28 million fish in 1985 and 1986 due to contribu-
tions from the 1979 year-class, but had since declined.
Estimates of stock biomass are less variable than abun-
dance estimates. Total biomass (Table 12, Fig. 8) exhi-
bited an overall increasing trend throughout 1984, but
has subsequently declined. Exploitable biomass fol-
lowed the same general trend with peak levels occur-
ring in 1979 and 1984.

Spawning stock abundance (Table 11) increased
steadily from 1974 to 1979 and remained relatively high
between 1983 and 1985 as fish from the 1979 and 1982
year-classes attained sexual maturity. Spawning stock
abundance has been steadily declining since 1984,
however, and the estimate for 1988 is the lowest since
1975.
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TABLE 12.  Estimates of 1974-87 stock biomass (tons) derived from virtual population analysis (VPA) of Div. 4VWX and Subareas 5 and 6 poilock catch-at-age, and projections for
1988
Year
Age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
2 21,369 31,035 27,936 48,405 28,936 6,663 22,428 58,615 32,847 25,443 52,739 14,725 12,089 30.734 30,734
3 57,670 27,009 36,083 42,893 59,006 33.470 10,011 27,950 86,729 51,774 41,834 43,683 20,216 13,925 39,373
4 29,025 53,984 30,523 35,271 53.098 62,128 37.724 13,049 33,372 97.097 73,267 42,888 59,608 24724 17,050
5 35,463 27715 48,322 26,905 39,255 56,828 67,500 36,646 10,961 26,691 99,528 64,104 40,251 53,876 19,472
6 18,583 26,644 18,774 33,586 24,664 30,656 45,906 47,239 27,704 7.502 19.104 71,662 46,942 26,679 31,178
7 7.931 12,728 16,205 13,043 23,639 15,898 21672 30,808 31,774 15,319 5817 12,460 41,956 25,676 13,706
8 3,787 6.001 6,195 9,505 8,118 13,136 11,930 16,178 17,359 17,640 10,287 3,653 7.152 21,071 11,600
9 2,389 2,371 3,622 4,559 5,077 4117 9241 8,809 8,828 8,925 11,389 7.176 2,450 3,988 11,070
10 2,261 1,587 1,440 2,730 2,460 1,978 2,745 6,454 5,823 4,355 4,739 7974 4,847 1,403 2,757
1 2,304 1.371 802 1,224 1,848 1,329 1,267 1,482 3,659 3,155 2,108 2794 4,787 2,514 655
12+ 1,495 1,415 2.351 7,681 4,297 3,876 2,467 3.721 4,748 7.143 5.427 4,759 5,420 5,190 3655
Totals
Age 2+ 182,277 191,859 192,252 225803 250,398 230,077 232,893 250,950 263,804 265045 326039 275878 245718 209778 181,248
Spawners 112,585 126,696 128,895 139,275 165316 178,060 186,961 169,437 164,916 177382 219325 213,176 198,753 159,083 119,252
Exploitable 127,794 114673 121,926 119,896 123,238 202,407 194585 172302 147,627 172,524 212686 189,495 192,753 154,748  ------
Age 6+ 38,750 52,116 49,389 72,328 70,103 70,988 95,229 114,690 99,895 64,040 58670 110,478 113,554 86,519 74619
Large fluctuations in total stock size since the mid- A AN A AN SRS A AR AR LA RS R
1970s result primarily from recruitment of the strong 200K 14
1974, 1975, 1979, 1980 and 1982 year-classes. These A 3
year-classes have supported the fishery since the late- g soop 3%
1970s, while similarly strong 1969 and 1971 year- g 5005_ _ESOg
classes predominated during the mid-1970s. Although >~k ™ Vield 13
. @ £ 1 [=3
strong year-classes have been produced approxi- g 400F 1908
mately every 3-4 years, the 1979-82 period was espe- 8 s00f ot stock biomass 330§
cially productive. Recruitment of subsequent s <
&n 200
year-classes, however, has been extremely poor des- @ =0F 20
pite continued high _spawning stock levels through 100 Spawning stock biomass 10
1986. Average recruitment at age 2 for the 1974-84 . . . | . ' | ‘ N . ;0
. . . . . 1 st 2 £ T R W B bos 1t es L) L.y Pt r
period (1972-82 year-classes) is estimated at 43 million 0 02 03 04 05 06 07 08 09 10
i i ilti i Instant fishi i
fish. The 1979 year-class, totalling 95 million fish atage nstantaneous fishing mortality {F)
2, is the strongest to appear in the entire series, fol- Fig. 9. Equilibrium yield, total stock and spawning stock biomass

lowed by the 1975 year-class at 58 million fish. Average
recruitment for the more recent 1985-86 period (18
million fish) is less than one-half of the long-term
average.

Equilibrium Yield and Stock Biomass

Yield-per-recruit

Yield-per-recruit calculations were performed
using the method of Thompson and Bell (1934). Com-
mercial mean weights-at-age for ages 2-11 (Table 2),
averaged over the 1974-87 period, were supplemented
by mean weights for ages 12-16 derived from the von
Bertalanffy growth function presented above. Naturai
mortality was fixed at 0.20 and partial recruitment fol-
lowed the pattern described by the SVPA. Results indi-
cate that maximum yieid-per-recruit occurs at afishing
mortality rate (Fmax) of 0.57 with Fo4 equal to 0.29 (Fig.
9).

Stock biomass and yield projections

Stock biomass and resulting catches were pro-
jected under equilibrium conditions with recruitment at
age 2 equal to the 1974-84 average of 43 million fish as

(000 tons) estimates for pollock in Div. 4VWX and Subarea 5
and 6.

estimated from the final VPA. Year-classes subsequent
to 1982 were excluded because of the inherent uncer-
tainty in the most recent yearsintroduced by the choice
terminal F. Projections were run at fishing mortality
rates ranging from 0.05 to 1.00 in increments of 0.05
and at the Fnax and Fgq levels. Spawning stock biomass
projections were also performed using an age-specific
maturity schedule from our analyses for combined
sexes.

Results suggest that fishing at Fo1 (0.29) would
provide a long-term yield of 53,600 tons from a stock
biomass of 317,700 tons; fishing at Fmax (0.57) would
provide a long-term yield of 58,100 tons from a stock
biomass of 204,600 tons (Fig. 9). Corresponding
spawning stock biomass estimates at Fo.1 and Fmax are
260,400 and 149,800 tons respectively. Although long-
term yields are approximately 8% greater at the Fmax
level, fishing at Fo4 provides for a 55% increase in total
stock and a 74% increase in spawning stock biomass
over those allowed under Fnax, thereby providing for
greater stability in reproductive potential and resilience
to environmental perturbations. Stock sizes in 1987 and
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1988 were intermediate to those predicted under Fq,
and Fmax-

Summary

Pollock in the Northwest Atlantic have been sub-
jected to increased fishing intensity since the mid-
1970s, a trend which has accelerated since the USA and
Canada implemented extended jurisdiction. Severe
reductions in abundance of traditional groundfish
resources, accompanied by increases indirected effort
have led to a shift in the status of this resource from

underexploited to fully exploited. Annual catch esti-

mates for the USA recreational fishery have also
increased during the early-1980s. This fishery is partic-
ularly sensitive to recruitment trends as indicated by
changes in mean weight-at-age.

Assessment and management advice for pollock
has traditionally been predicated on the assumption of
a unit stock in Div. 4VWX and Subarea 5. However,
analyses of migration patterns of fish tagged atinshore
locations along the coast of Nova Scotia, in conjunc-
tion with morphometric and biochemical analyses,
suggest a possible segregation of Gulf of Maine poilock

from those on the Scotian Shelf. Additional tagging
studies are needed in the Guif of Maineto further clarify

movement patterns and stock relationships throughout
the region.

Overall pollock abundance appears to have
increased considerably from the mid-1970s through
the early-1980s. Although this increase in stock size
was reflected in both USA and Canadian commercial
CPUE indices, recent USA indices indicate a decline in
stock biomass since 1984. Canadian CPUE indices,
however, have remained relatively high since the early-
1980s. Each CPUE series may reflect local changes in
pollock availability on different fishing grounds in
recent years, implying a possible shift in the distribu-
tion of the stock. Seasonal fluctuations in availability
may also influence CPUE results, but this effect was
mitigated by basing the calculations on periods when
pollock are dispersed throughout the region.

Both USA and Canadian research vessel survey
indices exhibit considerable inter-annual variability,
largely due to variations in year-class strength. Com-
putation of NEFC stratified mean catch-per-tow esti-
mates on a logarithmic scale with subsequent
retransformation to original units reduced the varia-
tion, while general trends remained similar to those
based on linear data (Mayo et al., 1989). Distinct differ-
ences in overall trends are also evident between USA
and Canadian surveys, but such disparities are likely
since USA coverage is limited primarily to Subareas 5
and 6, while Canadian summer surveys are conducted
almost exclusively in Div. 4VWX.

Relative strengths of dominant year-classes
derived from bottom trawl surveys are consistent with
commercial catch-at-age data and recruitment esti-
mates obtained from virtual population analysis. Sev-
eral strong year-classes, notably those of 1969, 1971,
1975, 1979 and 1982 have appeared consistently
throughout the 1970-87 period in Canadian and USA
survey and commercial data sets. In addition, the
strong 1979 and 1982 year-classes were detected at
ages 0 and 1 by the coastal survey conducted by the
Commonwealth of Massachusetts in the western Gulf
of Maine. The strongest year-classes have been
tracked with reasonable consistency in all offshore sur-
veys. Recruitment to offshore surveys has generally not
been complete before age 3 or 4, however, which
seriously impairs their predictive value. Massachusetts
inshore surveys, however, are useful for predictive pur-
poses at ages 0 and 1, indicating the need for more
intensive coverage of inshore areas if management
programs require accurate predictions of year-class
strength.

Growth patterns were consistent between the Gulf
of Maine and Scotian Shelf. Since the USA samples
were collected from the Gulf of Maine and Canadian
samples were collected primarily on the Scotian Shelf,
it appears that growth patterns are similarin both areas
and that the interpretation of annular rings on otoliths
is consistent between the two countries. Differential
growth by sex was also shown to be negligible.

Estimated lengths at 50% maturity based on USA
and Canadian observations pooled over several years
were virtually identical for female pollock; the Lsp cal-
culated for males was 2-3 cm higher than estimates
obtained for females. Computed median ages-at-
maturity derived from these lengths were also slightly
greater for males.

Above average mortality rates were associated
with several dominant year-classes which have sup-
ported the fishery since the mid-1970s. Over the last
decade, the recruitment of these strong year-classes
has attracted additional fishing effort and may have
increased relative exploitation on younger ages. Esti-
mates of average fishing mortality derived from the
VPA increased in 1981 and 1982 due, in part, to elevated
levels of F on the 1974-76 year-classes. Decreased
fishing mortality in 1983 and 1984 corresponded to a
temporary decline in landings and fishing effort, while
subsequent increases in effort between 1985 and 1987
resulted in unusually high Fs on the 1979-81 year-
classes..

Termainal F values used to start the VPA calcula-
tions were derived by the Hybrid method, one of several
integrated tuning procedures described by Pope and
Shepherd (1985), which incorporates catch-at-age and
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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.

Resuits 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 Fmax in 4 of the6 years since
1982. it has been demonstrated that continued fishing
at Fmax OF 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). Amore conservative strategy, although
somewhat arbitrary, is to reduce fishing mortality tothe
Fo1 level which will provide, on a long-term basis,
approximately 90% of the Fnax 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 Fmax 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 Fo. (0.29),
however, is similar to the 0.28 calculated by McGlade et
al. (1986) based on simulations incorporating variable
recruitment.

Although the incorporation of adome-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 expioitation 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 controiling year-class strength, we note thatone
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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