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Background

In the Northwest Atlantic, cod are distributed from
Greenland to Cape Hatteras and are managed as 12
stocks. The 'St. Pierre Bank' stock off southern
Newfoundland extends from Cape S. Mary’s to just
west of Burgeo Bank, and over St. Pierre Bank and
most of Green Bank.

The distribution of 3Ps cod does not conform well to
management boundaries and the stock is considered
to be a complex mixture of sub-components. These
may include fish that move seasonally between
adjacent areas as well as fish that migrate
seasonally between inshore and offshore. The extent
to which the different components contribute to the
fisheriesisnot fully understood.

Cod from this stock generally grow faster than those
in more northerly areas. At least 50% of the females
have been found to be mature by age 5 (53cm) in
recent years, compared to age 6 (58cm) in the 1980s.

Catches from this stock have supported an inshore
fixed gear fishery for centuries and have been of vital
importance to the area. Fish are caught offshore by
mobile and fixed gear and inshore by fixed gear. The
stock was heavily exploited by Spain and other non-
Canadian fleets in the 1960s and early 1970s.
French catches increased in the offshore throughout
the 1980s. A moratorium on fishing initiated in
August, 1993 ended in 1997 with a quota set at
10,000 t. The TAC was subsequently increased to
20,000t for 1998 and 30,000t for 1999.
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Summary

The datus of the 3Ps cod stock remains
extremey difficult to assess because of
vaiadility in the research vessel survey
index, incomplete reporting of al mortdity
caused by fishing, low fishing levels during
the moraorium, and the mixing of fish
between adjacent stocks.

Spawner biomass on January 1, 1999 was
edtimated a 147,000 t, Smilar to that
estimated in the March 1999 assessment of
this stock before the April 1999 research
vesd survey data were avalable.  This
leved isthe highest estimated since 1962.

The biomass of fish aged 3 and older is
estimated to be 198,000 t, 50,000 t lower
than the edimate in the March 1999
assessment.  This is primarily  because
strengths of the 1993 to 1999 year classes
have been revised down since the March
1999 assessment due to lower numbers of
young fishin the April 1999 survey.

Edtimates of abundance of the population
aged three years and older show a generd
decreasing trend over the period 1959 to
1999.
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Edimates of recruitment (nos. & age 3)
show a generd downward trend over the
period 1959 to 1999 with al year-classes
arising after 1989 being particularly low.

Increased spawning stock biomassin recent
years is due to good growth, ealy
maturation and good survivd over the
moratorium period by the 1989 and 1990
year-classes.

This increase in spawner biomass is not
being sustained by more recent recruitment
and the present assessment predicts that
gpawner biomass will decline in 1999
assuming the 30,000t TAC is caught.

While the current spawner biomass is high
and a wide range of catch options for the
year 2000 may be compatible with a short-
term precautionary gpproach, consstently
poor recruitment in recent years is resulting
in declining spawner biomass.

There is a greater than 50% risk that
spawner biomass will decline further in the
year 2000 at catch levels of 25,000 t or
higher.

Prdiminary andyss indicate that shifting
fishing mortdity to younger ages in future
fisheries through changes in mesh Sze done
could result in a larger decline in spawner
biomass in the medium term.

The risk of exceeding F ; in the year 2000
with a TAC of 30,000 t is 0.22 and a
50,000t is0.91.

Short-term risk anadyses and medium term
projections suggest that preserving spawner
biomass can only be achieved by reducing
the TAC.

The Fishery

The stock was heavily exploited in the 1960s
and early 1970s by non-Canadian fleets, mainly
from Spain, with catches peaking at 84,000t in
1961 (Fig. 1).

After the extenson of jurisdiction in 1977,
catches averaged around 30,000 t until the mid-
1980s when fishing effort by France increased
and totd landings reached about 59,000 t in
1987. Catches then declined gradudly to
36,000 t in 1992.

A moratorium was imposed in August 1993
after only 15,000 t had been landed. Although
offshore landings have fluctuated, the inshore
fixed gear fishery reported landings around
20,000 t each year up until the moratorium (Fig.
2).

The fishery reopened in May 1997 witha TAC
of 10,000 t. This was subsequently increased to
20,000 t for 1998 and to 30,000 t for 1999.

In the 3Ps cod fishery in 1999, reported
landings up to the end of September were
12,100 t, mostly from the inshore fixed gear
sector. This included a French catch of about
1,300 t of which approximately 800 t was
caught by otter trawlers and the remainder by
fixed gear, paticulaly gillnets.

Landings (000st)

Year 59-7677-92 1993 199 1995 1996 1997* 1998 19992
Avg. Avg. 4

TAC - - 20 0 O 0 10 20 30?
Can. 30 29 15 1 1 1 7 165 10.8?

Others 29 12 + - - - 2 31 13
Totals 59 41 15 1 1 1 9 196 12.12

! provisional.

2 Approximate landings to end of Sept. 1999.
* Catch lessthan 500 t.
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Figure 1. Reported landings (t) by country.
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Figure 2. Reported landings (t) by gear sector.

The age composition of the fixed gear catch
from the firgt haf of 1999 comprised a range of
ages from 3 to 15 with most of the catch
comprised of 6-10 yr olds and age 7 (1992
year class) predominating. Otter trawl catches
in the offshore commercid fishery, though smadll,
also conssted of 6-10 yr olds but with ages 9
and 10 predominating.

Species biology

Stock structure and migration patterns of
3Ps cod are not fully understood. Migration of
offshore components of the stock to inshore
aress during spring and summer, as wel as the
possible existence of inshore components that
reman outsde the survey areas throughout the

year, dso complicate the assessment of stock
datus.

Edimation of stock sze is complicated by a
seasond  movement of cod into 3Ps from
adjacent management units, notably the
northern Gulf of . Lawrence (3P4RS) during
winter. The main area of mixing gppears to be
the Burgeo Bank-Hermitage Channel area of
western 3Ps. The proportion of 3Pn4RS cod
present in the Burgeo-Hermitage Channd area
during the winter can be subgtantial and both
the extent and timing of mixing are variable.

Tagging studies initiated in 1997 in Placentia
Bay were expanded in 1998 and 1999 to
include Fortune Bay and two offshore areas
(Burgeo/Hermitage and Hdibut Channd). In
these three years over 22,000 fish have been
tagged. Returns indicated that offshore stock
components contributed to inshore fixed gear
catches on the south coast during the summer in
both 1998 and 1999. Some cod tagged in the
Burgeo area in April 1998 moved into 3Pn-
4RS and others migrated north and eastward
aong the inshore of 3Ps. However, tagging in
the Burgeo/Hermitage area in April 1999 gave
recgptures only within 3Ps during the 1999
fishery, suggesting that only 3Ps cod were
present.

Recaptures dso indicated a spring-summer
movement of cod from the inner reaches of
Placentia Bay toward the mouth of the bay.
Severd of these cod were recaptured in 3L
during the 1998 index fishery and the 1999
commercid fishery. The pattern of recgptures
suggests a movement of some 3Ps cod across
the stock management boundary into 3L during
late soring, with a return migration during late
fdl. Higoricd and recent tagging of cod
offshore in southern 3Ps dso reveded some
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movement of cod between this area and the
southern Grand Banks (3NO).

Proportion mature at age in femde cod
sampled during research trawl surveys has
increased among younger cod, particularly since
the late 1980s (Fig. 3). For example, the
proportion of 6 yr old females that are mature
has increased from about 30% in the 1970s and
early 1980s to over 80% in recent years.

1978 1982 1986 1990 1994 1998

Year

Figure 3. Proportion mature at age (females).

Males generaly mature about one year younger
than femades but show asmilar trend over time,

Spawning is spatidly widespread in 3Ps,
occurring throughout the inshore as wdl as
offshore on Burgeo Bank, S. Fierre Bank, and
in Hdibut Channd. Timing of spawning is
vaidble and extremdy protracted, with
gpawning fish present from March until August
in Placentia Bay. The proportions of fish at
vaious dages of maturation seen during the
1999 spring research vessel survey were smilar
to those seen in recent years. However,
samples taken during tagging studies suggested
that spawning appeared to occur earlier in
Placentia Bay in 1999 compared to 1998.

Growth, cdculated from length-at-age in
research trawl survey samples has varied over

time. For the period 1972-1999, peak lengths-
at-age occurred in the mid-1970s for young
ages and progressively later for older ages (Fig.
4). From the mid-1980s to the late 1990s,
length a age varied with no trend (younger
ages) or declined (older ages). There appears
to have been some improvement in growth in
the most recent years.
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Figure4. Mean lengths (cm) at age.

The condition of cod is typicaly determined by
measuring tempord changes in weight of the
body muscle (gutted weight) or of the liver.
Condition varies seasondly and tends to decline
during winter and early spring.

Cod collected during the April 1999 research
vessd survey were generdly in better condition
than those sampled a the same time of year
during 1993-95; comparison of post-1992
condition with condition during 1985-1992 is
difficult because survey timing has changed.
Nonethdless, condition of cod in the 1995
1999 surveys appeared to be normal.

I ndustry per spective

There was no atempt to gather and synthesize
perspectives on the 1999 fishing season from
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participants in the various gear sectors and
geographic areas because less than hdf the
quota had been taken at the time of the mesting.
Fishermen who attended the meeting noted that
fish seemed to be less available in the inshore to
the west of the Burin Peninsula than they had
been in the previous two years, but that they
were localy abundant on . Pierre Bank.

Resource Status

Sources of information

Stock gtatus was estimated from commer cial
landings in conjunction with abundance
indices from Canadian (1983-1999) and
French (1980-1991) research vessd trawl
surveys and sentingl surveys (1995-present).
Informeation from tag returns in 1999 could not
be used to determine resource status because
the fishery was dill in progress As in 1997 and
1998, a science logbook for vessds <35 ft.
was used in 1999 to provide detaled
information on catch and effort for the inshore

fixed geer fishery.

I nformation from research vessel surveys

The 1999 spring research vessdl bottom traw
survey was again carried out on this stock with
the Campeden 1800 shrimp trawl. Data
collected with the previous gear in 1983-1995
were converted to Campelen equivaents. The
urvey biomass index shows a dedining trend
from the mid-1980s to the early 1990s but is
vaiable, particularly during the past 5 years
(Fig. 5). The 1995 edtimate is influenced by a
sgngle enormous caich contributing 87% of the
biomass index. The 1997 biomass index was
the lowest observed in the time series, which

goes back to 1983, being less than hdf of the
1996 index. In contrast, the 1998 biomass
index was much higher a 100,100 t. The
biomass index in 1999 was 48,857 t, i.e
goproximately haf the 1998 survey estimate.
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Figure 5. 3Pssurvey biomassindex (t).

The age composition of the survey catch in
1999 comprised a range of ages from 1 to 13
with ages 2-6 predominating, but with no
particularly strong year classes present. Survey
caiches over the past three years have
conggently shown few survivors from year
classes prior to 1989.

Sentinel survey

A fixed ger sentind survey has been
conducted a severd stes aong the south coast
of Newfoundland from S. Brides to Burgeo.
The survey began in late February of 1995 and
continued in 1999 but there was insufficient
sentind activity in the firg hdf of 1999 to
extend the andyses to include the current yeer.

Gillnet catch rates, mostly from sitesin Placentia
Bay, were low in 1998 rdative to previous
years but show no clear trend during 1995
1997; they aso show strong seasondity and are
condstently highest during fdl in the eastern Sde




Newfoundland Region

Subdivision 3Ps cod

of Placentia Bay. Line-trawl catch rates, mostly
from dtes west of the Burin Peninsula, have
declined snce 1995 and exhibit srong
seasondlity within each year.

Science log-books

Inshore catch rate data from science log-books
for vessdls <35 ft for the period 1997 to mid-
1999 suggest a seasond cycle in gillnet catch
rates within each year with an overdl declining
trend between years in 3Psa and 3Psb, but no
trend in 3Psc. Line-trawl catch rates aso show
some seasondity, with a dedining trend
between years in 3Psa and 3Psc and no trend
in 3Psh.

Other considerations
Temperature and salinity

Time szies of temperature anomalies at
depths less than 75m show cold periods in the
mid-1970s and since the mid-1980s. The most
recent cold period, which started around 1984,
continued into the mid-1990s with temperatures
as much as 1°C below average, and as much as
2°C below the warmer temperatures of the late
1970s and early 1980s in the surface layers.
Temperatures in deeper water off the banks
show no dggnificant changes. Since 1991,
temperatures have moderated somewhat in
some aeas and deep-water bottom
temperatures are above normd, but large areas
continued to have anomdoudy cold
temperatures up to 1996, particularly on the
eastern portion of St. Pierre Bank. In 1997,
conditions were variable across the stock area,
but in 1998 temperatures returned to more
normd vaues. The warming trend seen in 1998
has continued, with complete disappearance of

subzero °C water and an increase in the extent
of rdatively warm (>1°C) water on St. Pierre
Bank in 1999. Sdinities dso show condderable
changes during the past two years, with a 40%
increase in the ared extent of rdaively high
(>32.5 parts per thousand) sdinity water on the
banks.

Cold water in the early 1990s was associated
with a disgppearance of cod from the shalow
drata on top of St. Fierre Bank and a shift to
deeper water a the time of year when the
research trawl survey was conducted. Survey
results from the most recent year when waters
are warmer suggest some reappearance of cod
in these shalow drata.

Population Analysis

Sequential population analysis was applied
to the tota reported commercid catch,
Canadian research vessdl survey index (1983-
1999), and the sentind survey gill net index
(1995-1998). To account for varigble stock
mixing in the Burgeo Bank/Hermitage Channel
area draain this region were removed from the
index derived from surveys conducted in
February-March.

The sequentid population andyss modd used
in the current assessment is an improvement on
previous modds in that it alows more flexibility
in esimating the sdectivity for the commercid
fishery from the data and in describing the
uncertainty associated with the surveys.

Population biomass declined from high vaues
during the late 1950s to the mid-1970s, then
increased to apeak in 1985 (Fig. 6). The stock
declined from the mid-1980s to the early
1990s, but incressed repidly following the
moratorium in August 1993. The current
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population biomass is edimaed to be
198,500 t. Spawner biomass shows a smilar
trend over time and is currently (1999)
estimated to be 146,500 t, but in the past two
yearsit has not increased.

3+ Biomass Spawner Biomass
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Figure 6. Spawner biomass and 3+ biomass.

Recruitment edimated from sequentid
population andyss has been vaigble in 3Ps,
but shows a longterm decline (Fig. 7).
Recruitment during the mid- to late-1990s does
not appear to be strong, but is estimated with
consgderable  uncertainty.  Edtimates  of
recruitment for the most recent years ae
strongly influenced by the numbers of young fish
caught in the last research vessd survey.
Estimates of recent recruitment have declined in
the current assessment because subgtantidly
fewer 3-6 year old fish were observed in the
April 1999 research vessel survey compared to
the April 1998 survey.
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Figure 7. Recruitment (numbers at age 3).

Annud exploitation rates, expressed as %
removas by numbers by the fishery, varied over
time. Exploitation increesed from the late
1950's to a peak of over 40% in 1975 and
declined to a low of approximatdy 14% in
1984 then increased rapidly to between 30 and
50% just prior to the moratorium in 1993 (Fig.
8). With the reopening of the fishery in 1997,
exploitation rates remained low in 1997 and
1998 rel ative to the pre-moratorium period.
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Figure 8. Exploitation rate
Risk analyses

A risk analysis based on the preferred model
was used to propagate the uncertainty in the
esimated population sze to 1 January 2001
The uncertainties reflect only the discrepancies
between the survey and the sequentid
population andyss. In keeping with a
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precautionary  approach, a number of
reference points were developed for the
evaduation of risk for a range of TAC options
for year 2000. As in the March 1999
asessment of this gtock, the risk of the
gpawning stock not growing and the risk of
exceeding 1 were considered for a range of
TAC options.

Therisk of exceeding Fo 1 in the year 2000 with
aTAC of 30,000t is0.22 and at 50,000 t is
091 (Fig. 9). The risk of spawning stock
biomass declining for a 30,000 t TAC in year
2000is0.68 and at a50,000t TAC therisk is
0.95 (Fig. 10).
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Figure 9. Risk of exceeding Fy ;.
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Figure 10. Risk of spawning stock biomass
declining.

Two examples of limit reference points that
provide biologicd definitions of over-fishing
were conddered. The firgt limit reference point
defines an upper limit on fishing mortdity (1.96)
corresponding to the highest levd of fishing
mortality that can, on average, be expected to
be sustainable at the lowest observed spawner
biomass. The second limit defines a lower limit
on the spawner biomass (70,635 t)
corresponding to hdf the expected maximum
recruitment. For dl TAC options evauated for
the year 2000 the risk of faling on the wrong
sde of the two limit reference points consdered
waslessthan 0.1.

A medium-term (3 year) projection of the effect
of fishing a k., suggested that tota biomass
and spawning stock biomass would decline.

Sources of uncertainty

The satus of the 3Ps cod stock remains
extremey difficult to assess because of
varigbility in the research vessdl survey index,
incomplete reporting of al mortality caused by
fishing, low fishing levels during the moratorium,
and the mixing of fish between adjacent stocks.

Uncertainty in the interpretation of the survey
index is aggravated by past changes in the
timing of the survey. In the present assessment,
drata in the western portion of the survey area
(Burgeo Bank) ae removed from the
February-March survey index to reduce the
problem of northern Gulf cod mixing into 3Ps.
When thisis done there is no compelling reason
not to treat the survey as a single series from
1983 to 1999 for cdibrating the sequentia
population anadysis.
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Present estimates of the size and trgectory of
the stock are sengdtive to the way in which the
sectivity a& age for the commercid fishery is
treeted in the andyss. In this assessment the
Sectivity pattern is patly etimated by the
available data

It should be noted that adternative trestments of
the survey data and different ways of modding
commercid fishery sdectivity, while consdered
inferior to the approach adopted, can result in
declining trends and lower estimates of spawner
gock biomass. The sdected modd is more
condgent with independent information on
gock sze from tagging and industry surveys.

Strong year effectsin the research vesse survey
index, paticulaly among the younger ages
during the mogt recent years introduce
condderable uncertainty in the estimates of
current tota population sSze and recruitment in
the projection of spawner biomass to the
beginning of year 2001.

Evauation of the risk associated with dternative
TAC's in the year 2000 are based on the
assumption that the caich in 1999 will be
30,000 t and that it will be taken as dlocated in
the management plan. If this assumption does
not hold then the current projections may not be
vdid.

The assessment does not appear to have
ggnificant retrogpective effects, in tha the
perception regarding stock sze for previous
years does not change in a systematic way as
progressvely fewer years are used in the
andyss.

In addition to uncertainties related to mode
formulation and input data, there is consderable
uncertainty regarding the origins of fish found in
3Ps a vaious times of year. Tagging

experiments suggest that the amount of mixing
with adjacent stocks can vary from year to year
and there is increasing evidence that a portion
of the 3Ps cod stock migrates seasondly into
3L. The assessment is sendtive to mortdity on
3Ps cod occurring when fish are outsde 3Ps
and to the incursons of non-3Ps fish into the
gdock area a the time of the survey and the

fishery.

There is concern regarding the continuing low
age a maturity among 3Ps cod. This has been
observed in adjacent cod stocks that have
undergone population declines. The effects of
low age-at-maturity on stock dynamics are not
well known. A spawner biomass comprisng
younger fish may be less effective in producing
recruits than an equivdent spawner biomass
comprised of older fish.

Outlook

Spawner biomass on January 1, 1999 was
estimated at 147,000 t, smilar to that estimated
in the March 1999 assessment of this stock
before the April 1999 research vessdl survey
data were available. However, the biomass of
fish aged 3 and older was edimated at
198,000, approximately 50,000 t lower than
the estimate from the March 1999 assessment.
The strengths of the 1993 to 1999 year classes
have been revised down from those estimates
provided in the March 1999 assessment of the
stock.

Edtimates of abundance of the population aged
three years and older show a generd
decreasing trend over the period 1959 to 1999.
Estimates of year-class strength show a generd
downward trend over the period 1959 to 1999
with dl year-classes arigng after 1989 being
particularly low.
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The increased spawning stock biomass in
recent years is due to good growth, early
maturation and good survivd over the
moratorium period by the 1989 and 1990 year-
clases. This increase in spawner biomass is
not being sustained by more recent recruitment
and the present assessment predicts that
gpawner biomass will decline in 1999 assuming
the 30,000 t TAC istaken. Thereis a greater
than 50% risk that spawner biomass will decline
further in the year 2000 a catch leves of
25,000t or higher.

Thus, while the current spawner biomass is high
and a wide range of catch options for the year
2000 may be compaible with a short-term
precautionary gpproach, consstently poor
recruitment in recent years is resulting in
declining spawner biomass which will likey
continue if the catch in the year 2000 exceeds
25,000 t. Edtimates of incoming recruitment to
the spawning stock are uncertain but suggest
that al year classes after 1989 are small.

Short-term risk andyss and medium term
projections suggest that preserving spawning
sock biomass can only be achieved by
reducing the TAC.

Management Considerations

In consdering a TAC for the year 2000, it
should be teken into account that risk is
cdculated for the cdendar year, whereas
TAC's for this stock are set for the period 1
April to 31 March.

The effect of the proposed implementation of
limiting gill net mesh 9ze to the range 55 to
6.5 needs to be thoroughly evaluated.
Although this measure may afford some

protection to the larges spawning fish, the
extent to which it will increase fishing mortality
on younger ages and new spawners also needs
to be evauated. Prdiminary anayss indicated
that shifting fishing mortdity to younger ages
could result in a larger decline in spawner
biomass in the medium term.

Obsarvations by fishemen indicate that
implementation of trip limits in a competitive
fishery leads to discarding and misreporting of
effort in log-books.

For More I nformation:

Contact:  John Brattey
Dept. of Fisheries and Oceans
P.O. Box 5667

St John's, NF - A1C 5X1

Tel: 709-772-2055

Fax: 709-772-4188

emall

Emall: Bratteyj@dfo-mpo.gc.ca
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