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Abstract

This document summarizes scientific information used to determine the status of the cod stock in NAFO
Subdivision 3Ps off the south coast of Newfoundland on 1 January 1999 and evaluates alternative TAC
options for 1999. Primary sources of information were: a time series of abundance and biomass indices
from Canadian (1978-1998) and French (1980-1991) winter/spring research vessel bottom-trawl surveys,
reported landings from commercial fisheries including a 20,000 t fishery in 1998, a second fall industry
trawl survey on St. Pierre Bank, inshore sentinel surveys (1995-1998), acoustic surveys in Placentia Bay
and adjacent areas, data from recent mark-recapture experiments and genetic studies, and information
from graduate student research projects.  Sequential population analyses were carried out using combined
inshore fixed gear and offshore fixed and mobile gear catches calibrated with French and Canadian
research vessel survey data. The latter was divided into two time periods (February-March and April)
and these treated as two separate indices.  Survey catches from a known stock mixing area (Burgeo
Bank -Hermitage Channel) were removed from the February-March series. The current population
biomass is estimated to be 250,000 t and has increased substantially since the moratorium. Spawner
biomass is currently estimated to be 145,000 t.  Recent increases are largely due to the high survival and
maturation of the strong 1989 and 1990 year classes combined with a reduction in the age at maturity.
The 1992 year class also appears to be strong. A risk analyses showed that the probability of the
spawner biomass falling below an arbitrary reference point of 100,000 t was 9% with a catch of 20,000 t
in 1999. The probability of exceeding an average fishing mortality reference level of 0.25 over ages 7-14
in 1999 at this catch level was estimated to be 5%.

Résumé

Le présent document est un sommaire des renseignements scientifiques utilisés pour déterminer l’état du
stock de morue de la sous-division 3Ps de l’OPANO, au large de la côte sud de Terre-Neuve, au premier
janvier 1999, et évaluer d’autres options de TPA pour 1999. Les principales sources utilisées ont été : une
série chronologique d’indices d’abondance et de biomasse tirés des relevés canadiens (1978-1998) et
français (1980-1991) effectués au chalut de fond par navire de recherche en hiver et au printemps, les
débarquements signalés de la pêche commerciale dont ceux d’une pêche de 20 000 t effectuée en 1998,
un deuxième relevé d’automne au chalut de fond effectué par l’industrie sur le banc Saint-Pierre, des
relevés côtiers par pêches sentinelles (1995-1998), des relevés acoustiques réalisés dans la baie Placentia
et les zones avoisinantes, des données d’expériences de marquage-recapture et d’études génétiques
récentes et des renseignements tirés de projets de recherche d’étudiants diplômés. Des analyses de
populations séquentielles ont été effectuées à partir des captures combinées de la pêche côtière aux
engins fixes et de la pêche hauturière aux engins fixes et mobiles étalonnées à l’aide des données des
relevés canadiens et français par navires de recherche. Ces dernières données ont été réparties selon
deux périodes (février-mars et avril) et traitées comme deux indices distincts. Les données relatives aux
captures des relevés effectués à partir d’une zone connue de mélange des stocks (banc Burgeo et chenal
Hermitage) ont été retirées des séries de février-mars. La biomasse actuelle de la population est estimée
à 250 000 t et s’est accrue de façon appréciable depuis l’imposition du moratoire. La biomasse des
géniteurs est actuellement estimée à 145 000 t. Les augmentations récentes s’expliquent surtout par un
taux élevé de survie et de maturation des classes d'âges fortes de 1989 et 1990 allié à une réduction de
l’âge à la maturité. La classe de 1992 semble aussi être importante. L’analyse des risques a montré que
la probabilité que la biomasse des géniteurs tombe en deçà d’une valeur de référence arbitraire de
100 000 t, s’élevait à 9 % pour des captures de 20 000 t en 1999. La probabilité de dépasser un niveau de
référence moyen de mortalité par pêche de 0,25 pour les âges de 7 à 14 en 1999, à ce niveau de captures
a été estimée à 5 %.
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1.  Introduction

Cod in NAFO Subdiv. 3Ps (Fig. 1) were traditionally thought to be comprised of cod that inhabited
the outer slopes of St. Pierre Bank in winter, migrating onto the top of the bank and to the south
coast in summer (Pinhorn 1976).  However, tagging studies indicate that the stock structure and
migration patters of cod in NAFO Subdiv. 3Ps are extremely complex (Taggart et al. 1995; Brattey
1996, Lawson et al. 1998; Brattey et al. 1999).  At least five stocks or stock complexes are
thought to contribute to the commercial fishery at various times of year: the northern Gulf stock
(3Pn4RS), the Burgeo Bank stock, the southern St. Pierre Bank stock, the Avalon-Burin stock
complex and southern Grand Bank (3LNO) fish (Thompson 1943; Templeman and Fleming 1972;
Templeman 1974, 1979; Templeman and Fleming 1962; Lear 1984, 1988; Moguedet 1994.
Stock mixing between northern Gulf (3Pn4RS) and 3Ps cod in the Burgeo Bank area of 3Ps during
winter is known to occur, but the extent of mixing appears to vary annually. Recent studies involving
analysis of otolith elemental fingerprints, genetic and meristic data (Campana et al. 1998) from cod
sampled near the mouth of the Gulf of St Lawrence in January are aimed at providing more
information on the extent of stock mixing in this area. In addition, new tagging experiments and
genetic studies are underway (Brattey 1999; Cadigan and Brattey 1999; Beacham et al. 1999) and
these could further help elucidate stock affinities in this mixing area as well as quantify the migration
patterns of different stock components. Uncertainty regarding stock structure and what constitutes
the 3Ps stock has not been formally taken into account in past assessments because accurate
methods for assigning catches to the appropriate stock are not available. However, survey timing
has been delayed until April since 1993 in an attempt to restrict enumeration to 3Ps fish only in the
Burgeo Bank area.

Before 1959, landings data for 3Ps and 3Pn were not recorded separately (Pinhorn 1969), so that
population reconstructions cannot go back further than this time. Maximum sustainable yield for this
stock was estimated at about 60,000 t (Pinhorn 1976).  Landings exceeded this level at various
times in the 1960s. In the 1991 assessment of this stock (Bishop et al. 1991), it was estimated that
the 3+ biomass reached a low level of about 80,000 t in the mid -1970s, increased to a level of
225,000 t in 1985, declined somewhat in the late 1980s as a result of the weak 1983 and 1984
year classes, and then increased again to the highest estimated level in 1991 as a result of the strong
1986 and 1987 year classes.  The TAC  equivalent to F0.1 for 1992 was estimated to have been
about 40,000 t.  The actual TAC in 1992 was set below this level at 35,400 t.

The 1992 survey indices for both Canada and France were considerably lower that the 1991 values
and the 1992 assessment had difficulty in resolving the status of the stock  (Bishop and Murphy
1992).  The assessment concluded that if the large decline in the research vessel index in 1991 was
a result of fish being temporarily out of the survey area (i.e. a “year effect”) then the 3+ biomass at
the beginning of 1992 was estimated to be slightly less than that of 1991.  However, if the research
vessel index reflected a real decline, then the biomass could be as low as 90,000 t, close to the
lowest estimated biomass level for this stock.  CAFSAC advised that if the stock size was in fact
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this low then the consequences of keeping the current TAC (35,400 t) could be severe and
therefore advised a decrease in the TAC to 20,000 t in 1993.  The TAC for 1993 was set at
20,000 t but only 15,000 t was caught by the time a moratorium was imposed in August 1993,
based on the recommendation of the Fisheries Resource Conservation Council following the 1993
assessment of this stock.

The French survey was discontinued after 1992.  The 1993 Canadian survey index was even lower
than the 1992 value.  Under the assumptions that were made regarding constant natural mortality
and survey catchability, the SPA carried out at the 1993 assessment (Bishop et al. 1993) could not
reconcile the survey and catch data and the results were considered to be only “illustrative” of what
might be taking place.  Hence no TAC projection was attempted for 1994.  It was estimated that a
20,000 t catch in 1993 would have generated a fishing mortality in excess of F0.1.

The 1994 survey was again low.  The assessment (Bishop et al. 1994) suggested the apparent
decline in the stock size was consistent with the declining length at age, increased total mortality
from catch curve analysis and a loss of older age groups of fish.  It was concluded that, similar to
stocks in adjoining divisions, 3Ps cod appeared to have been declining since the mid-eighties.  In
contrast to the 1994 survey, the 1995 survey gave the highest index in the time series (1978 to
1995), however this resulted from one large set of about 15 t.  Although it was not decided to treat
this set as an outlier, the assessment recommended a cautious approach and considered that stock
size was probably closer to that estimated for 1994 (Bishop et al. 1995).

 In 1996 the survey switched from the Engel 145 otter trawl gear to the Campelen 1800 shrimp
trawl.  Despite extensive comparative fishing exercises and subsequent length based conversion of
the Engels catches to Campelen equivalent catches (Warren 1997; Warren et. al. 1997; Stansbury
1996, 1997) there is still uncertainty regarding whether or not the integrity of the time series has
been maintained.   The conversion makes a big difference to the appearance of the time series.  For
example, the 1995 index, which is the highest in the unconverted Engels data, is lower than the
1985, 1990 and 1991 indices in the converted series.

The 1996 assessment of this stock (Shelton et al. 1996) attempted, for the first time, to carry out
separate quantitative analyses for inshore and offshore components of the stock.  The results of the
trawl surveys suggested that the biomass of cod in the survey area had declined to a low level in
1993 and may have increased only modestly since then. This decline and continuing low biomass in
the offshore conflicted with trends in inshore catch rates, results of the 1995 and 1996 Sentinel
Survey and limited acoustic data. The perception of many fishers was that there has been a good
recovery of the stock in the inshore.  An acoustic survey in the inner portion of Placentia Bay in
November 1995 had found about 23,000 t of cod (Rose 1996).  ADAPT formulations carried out
separately for inshore catch and fixed gear commercial catch rate data, and offshore catch and
research vessel survey data were both considered to be flawed because of  large standard errors
associated with the parameter estimates and the temporal pattern in the residuals.  The Stock Status
Report for 1996 (Anon. 1996) reports on an attempt to extrapolate the Placentia Bay acoustic
estimate to the area covered by the sentinel survey using the ratio of fish density in the acoustic
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survey to the catch rates experienced by sentinel fishermen.  The biomass estimated in this manner
exceeded 100,000 t.  The estimate was reported as being “...considered extremely tenuous.”
(Anon. 1996).

Based on the available data, it was concluded in the 1996 assessment that a limited reopening of the
inshore fixed gear fishery may not compromise the recovery of the stock, but that a re-opening of
the offshore bottom trawl fishery in 1997 was not supported by trawl survey data (Anon. 1996).  It
was pointed out that in 1993, prior to closure, about 10,000 metric tons was taken inshore by fixed
gear. Given the uncertainties and risks associated with reopening, as outlined above, it was
suggested that there was no basis for recommending catches above this level during the first year of
any limited re-opening. The Stock Status Report requested that detailed logbook information
accurately reflecting catches and associated effort should be gathered from all vessel sizes involved
in the fishery.  Previously, vessels less than 35 ft were not required to fill in logbooks.  Catch data
for these vessels were derived from a number of sources, including purchase slips, and are generally
considered to be unreliable. No record of fishing effort is available for these vessels.  Although the
introduction of logbooks for smaller vessels was not universally popular, it was set as a condition of
license for the 1997 3Ps fishery.

There was no assessment in 1997.  Instead the assessment was held in February 1998 to allow the
commercial catch at age data from the reopened fishery to be included in analyses.  A Quasi-
likelihood SPA (Cadigan 1998) based on offshore mobile gear commercial catches and research
vessel survey data was used to reconstruct the offshore component of the stock.  Results indicated
that the spawner biomass had increased to 100,000 t to January 1, 1998, largely as a result of the
high survival and early maturation of the 1989 and 1990 year classes.  A risk analysis indicated that
for a 12,500 t offshore TAC in 1998 the probability of fishing mortality exceeding F0.1 was <10%,
with an associated 50% probability that the offshore spawning stock biomass would not increase
from 1998 to 1999.  An attempt was made to extrapolate the biomass from a mark-recapture study
in Placentia Bay during 1997 to the entire inshore area of 3Ps using gillnet catch rates reported by
commercial fishermen.  This extrapolation gave a biomass estimate of 115,000 t.  The estimates of
the inshore and offshore summed to a spawner biomass of 215,000 t.  The associated F0.1
reference level (0.24) was calculated to be about 40,000 t.  Because of the uncertainties and
concerns associated with the 1998 assessment, it was considered that exploitation not exceeding
about 50% of the reference F0.1 level would provide an adequate margin of safety.  This translated
to a TAC of about 20,000 t.  This TAC was implemented for 1998.

A Regional Assessment for 3Ps cod was conducted in February 1999 to allow the commercial
catch-at-age data from the reopened fishery, which extended to the end of 1998, to be
incorporated into the analyses. A Zonal Assessment of this stock was carried out in March 1999.
This document summarizes information for the Regional and Zonal assessments in February and
March 1999, incorporating the April 1998 research vessel survey results and the 1998 catch at age
from the 20,000 t commercial fishery. The fishery began on June 30th and ended December 31st,
1998.  Information from several other sources, including the sentinel survey, acoustic surveys, a fall
industry survey, DFO Strategic projects involving genetics and tagging, and graduate student
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research projects were also used. The current assessment provides an estimate of the abundance of
fish on 1 January 1998, which is updated to 1 January 1999 by accounting for the 1998 catches
and assumed natural mortality.  Projections are then carried out from 1 January 1999 to 1 January
2000 for a range of TAC options for the current year.  Uncertainty in estimates of stock size are
propagated in the projections and analyses are performed of the risk of the spawner biomass falling
below an arbitrary reference level and of fishing mortality exceeding a reference level.

2.  Water temperatures

Water temperatures from NAFO subdivisions 3Pn and 3Ps during 1997 and 1998 were examined
and compared to the long-term (1961-1990) average (Colbourne 1999). Time series of
temperature anomalies in the 3Ps St. Pierre Bank area show anomalous cold periods in the mid-
1970’s and since the mid-1980’s, similar to conditions on the continental shelf along the east coast
of Newfoundland.  The most recent cold period, which started around 1984, continued to the early
1990’s with temperatures as much as 1.0 C below average over all depths and up to 2.0 oC below
the warmer temperatures of the late 1970’s and early 1980’s in the surface layers. Temperatures in
deeper water off the banks show no significant trends.  Since 1991, temperatures have moderated
somewhat in some areas from the lows experienced from the mid to late 1980’s and early 1990’s,
but negative temperature anomalies continued over large areas of the banks into the spring of 1995.
During 1996 temperatures started to moderate, decreased again during the spring of 1997 and
returned to more normal values during 1998.  An analysis of the areal extent of cold (-1.8 to 0.0
oC) bottom water covering the banks shows a dramatic increase since the mid-1980s, very low
values in 1996 and 1998 (<10%), while 1997 was at about 60 % of the total area.  The areal extent
of bottom water above 1.0 oC (i.e. relatively warm) was about 50 % of the total area of the banks
in the 3Ps region during 1998, the first significant amount since 1984.

3.  Catch and catch-at-age

Catches (reported landings) from 3Ps for the period 1959 to 1998, by country and separated for
fixed and mobile gear, are summarized in Table 1.  Canadian landings for vessels <35 ft were
estimated mainly from purchase slip records collected and interpreted by Statistics Division,
Department of Fisheries and Oceans prior to the moratorium.  Shelton et al. (1996) emphasized that
these data may be unreliable.  Post-moratorium landings for vessels <35 ft have come mainly from a
new dock-side monitoring program.  Landings for vessels >35 ft come from logbooks.   Non-
Canadian landings (mainly France) are compiled from national catch statistics reported by individual
countries to NAFO and there is generally a two to three year lag in the submission of final statistics;
consequently, the last few entries in Table 1 are designated as provisional.

The stock in the 3Ps management unit was heavily exploited in the 1960’s and early 1970’s by non-
Canadian fleets, mainly from Spain and Portugal, with catches (reported landings) peaking at about
87,000 t in 1961 (Table 1, Fig. 3A).  After extension of jurisdiction (1977), cod catches averaged
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between 30,000 t and 40,000 t until the mid-1980s when increased fishing effort by France led to
increased total landings, reaching a high for the post-extension of jurisdiction period of about
59,000 t in 1987.  Catches then declined gradually to 36,000 t in 1992.  Catches clearly exceeded
the TAC throughout the 1980’s and into the 1990’s.  The Canada-France boundary dispute led to
fluctuations in the French catch since the late 1980’s.  A moratorium was imposed on all directed
cod fishing in August 1993 after only 15,216 t had been landed, the majority being taken by the
Canadian inshore fixed gear fishery.  In this year access by French vessels to Canadian waters was
restricted.  Under the terms of the Canada-France agreement, France is allocated 15.6% of the
TAC of which 70% must be fished by Canadian trawlers, with the remainder fished by small inshore
fixed gear vessels.

Although offshore landings have fluctuated, the inshore fixed gear sector consistently reported
landings between 20,000 and 25,000 t each year up until the moratorium (Table 2, Fig. 3B). In
1997, 72% of the 10,000 t TAC was landed by Canadian inshore fixed gear fishermen, with most
of the remaining catch taken by the French mobile gear sector fishing the offshore. In 1998,
approximately 65.5% the 20,000 t TAC was taken by the Canadian inshore fixed gear sector, with
25% taken by the Canadian and French mobile gear sectors fishing the offshore.

Line-trawl catches dominated the fixed gear landings over the period 1977 to 1993, reaching a
peak of over 20,000 t in 1981 (Table 2, Fig. 4). Gillnet landings increased steadily from 1978 to a
peak of over 9,000 t in 1987 and then declined until the moratorium. However, gillnets have been
responsible for the dominant portion of the catch since the fishery reopened in 1997, with gillnet
landings in 1998 exceeding 10,000 t (i.e. 50% of the TAC) for the first time. Trap catches have
varied over the time period but have not exceeded 8,000 t and were minimal in 1998. Hand-line
catches have been a minor (<3,000 t) but relatively stable component of the fishery.

The 1998 Canadian landings by unit area, month and gear type for by-catch, sentinel survey and the
directed fishery are summarized in Table 3.  In 1998, inshore catches (3Psa, 3Psb and 3Psc; see
Fig. 2) came mostly from gillnet and line-trawl during July and October-November. Overall landings
in the inshore increased in an easterly direction, ranging from about 1,700 t in the west (3Psa) to
5750 t in the east (3Psc-Placentia Bay). Higher landings in July, September and November
compared to August and October reflect seasonal openings and closings of the competitive fishery
that was in effect in 3Psa, 3Psb, and 3Psd (see below). In the offshore, otter trawl fishing by
Canadian trawlers and vessels chartered by St. Pierre and Miquelon to fish the French quota was
concentrated on St. Pierre Bank and in Halibut Channel (see Fig.1) in unit areas 3Psh and 3Psg
(Fig. 2) and mainly during the last quarter of the year. Overall, the 1998 landings were dominated
by the directed gillnet fishery (10,000 t) with the remaining catch taken by otter trawl (5,000),
followed by line-trawl (3,000), and hand-line (300 t) with only small amounts taken by traps in
Placentia Bay.  As in 1997, the gillnet fishery was pursued over a longer period of the year than the
traditional gillnet season in this area.

The 1998 conservation harvesting plan placed various restrictions on how the 3Ps fishery could be
pursued. West of the Burin Peninsula a competitive fishery with quarterly quotas was conducted. In



9

contrast, fishers in Placentia Bay operated under an individual quota (IQ) system and could fish up
to the end of the year. Many fishers, particularly gill-netters in Placentia Bay, did not fish until fall
when fish were reported to be in better condition and markets were strong. A dockside monitoring
system was in place during 1998 and other restrictions included the number of nets that could be
fished, where fish could be landed, and a small fish limit.

Samples of length and age compositions of catches were obtained from the inshore trap, gillnet, line-
trawl and hand-line fisheries and the offshore otter trawl and gillnet fisheries by port samplers and
fishery observers. Maturity information was not collected in 1998 from these sources because of the
relatively late opening of the fishery. Detailed description of the information on length frequency
distributions and spatial distribution of the fishing effort during 1998 can be found in Kulka et al.
(1999). Sampling of the catch in 1998 was intensive, with 11,580 otoliths collected for age
determination (Table 4) and over 132,000 fish measured for length (Table 5). The sampling was
well distributed spatially and temporally across the gear sectors. Sampling from the first two
quarters (prior to the opening of the directed cod fishery) came mainly from sentinel and by-catch
fisheries. Substantial landings in July from inshore fixed gears (see Table 3) were sampled
intensively, particularly line-trawl in 3Psa and 3Psb, and gillnet in 3Psc. The small number of
samples from trap catch reflects the small catch from this gear in 1998. The offshore unit areas
(3Psd-h) were fished mainly during the last quarter and were sampled intensively at that time.

The age composition and mean length-at-age were calculated as described in Gavaris and Gavaris
(1983). The average weights were derived from a standard length-weight relationship where
log(weight)=3.0879*log(length)-5.2106)). Catch-at-age by gear type and for all gears combined
based on sampling of Canadian vessels is summarized in Table 6 and Fig. 5. In the 1998 landings
from all gears combined ages 6, 8 and 9 were most abundant (1992, 1990 and 1989 year classes).
The age composition of fixed gear catches in 1998 comprised a range of ages from 3 to 13, but
predominantly ages 6 in almost all fixed gears (Fig. 5). Gill nets and line trawls also caught
substantial amounts of 8 and 9 yr old fish, with 5 yr olds well represented in line trawl and hand-line
catches. Otter trawl catches consisted mainly of 8 and 9 yr olds. Fish aged 7 were poorly
represented in both fixed and mobile gears.  The overall age composition for the 1998 catch (Fig. 5)
shows the 1992 year class (6 year olds) dominating, followed by the 1990 and 1989 year classes
(8 and 9 year olds respectively).

Mean weights-at-age calculated from mean lengths-at-age have varied considerably over the time
series (Table 7A, B). Current mean weights of younger fish (3-6) tend to be higher than those
reported for the 1970’s and early 1980’s, whereas for older fish the converse is true. Sample sizes
for the oldest age groups (>10) have been low in recent years due to scarcity of old fish in the
catch. Furthermore, as Lilly et al. (1999) point out for 2J3KL cod, interpretation of these trends is
difficult because of changes in the relative contribution of various gear components and changes in
the location and timing of catches. The higher proportion of gill net landings in recent years in 3Ps
will tend to increase the mean weight-at-age of the younger ages, because only the largest, faster-
growing individuals within a cohort will be caught by this gear.
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A time series of catch numbers-at-age for the 3Ps cod fishery from 1959 to 1998 is given in Table
8. The catch in 1998 was dominated by 6, 8 and 9 year old cod and is consistent with the catch
numbers-at-age from the preceding year, incremented by one year.

4.  Science logbooks

Historically, commercial fixed gear catch rates are available only for the period 1987 until the
moratorium in 1993, and only for vessels >35ft. Murphy and Shelton (1997)  concluded that the
data were extremely sparse and unreliable.  A new fixed gear logbook was introduced to collect
scientific data from vessels ≤35ft (Murphy logbook) for the reopening of the 3Ps commercial fishery
in 1997.  The purpose of the logbook was to provide information for stock assessments and not for
quota monitoring. This logbook was also used during the 1998 commercial fishery in 3Ps and during
the limited commercial inshore fishery in 2J3KL during 1998 (index fishery).

Catch rates for the 1997 and 1998 fisheries in 3Ps have been derived for cod-directed sets from
the data provided by fishermen. A sample is considered to be the catch rate for each "set",
irrespective of the number of nets or hooks deployed, for either gillnets or line trawls in a specified
unit area, month and year.  Catch is expressed in kilograms.  Gillnet effort was standardized to per
net per day and line-trawl effort was standardized to 1,000 hooks per day.

Arithmetic means were considered as a possible statistic for making comparisons; however, the
distributions of sample values within area/month/year cells tend to be skewed with long tails
representing a small number of high catch rates.  To illustrate possible trends in the data from the
commercial fishery in 1997 and 1998, the mean, median and 90th, 75th 25th and 10th percentiles are
shown to examine how the distributions may have changed over time or space.  Emphasis is placed
on the median as an indicator of central tendency in the comparisons described below.  Some
sentinel data have been inadvertantly included in the science logbooks resulting in some catch rates
for months outside the directed cod fishing season (typically during January-April) in Figs. 6 and 7.

Median line-trawl catch rates in 1997 to the west of the Burin Peninsula (3Psa and 3Psb) increased
gradually from April to December to about 3000 kg per thousand hooks per day at the end of the
year (Fig 6A).  The 1998 line-trawl fishery catch rates in the same area were somewhat lower than
those observed in 1997 from July to September (Fig 6B), but increased during fall to rates
comparable to those seen the previous year.  There was generally less variability in catch rates
during 1998 compared to 1997.

In the 1997 commercial gillnet fishery in 3Psc, median catch rates increased from May to July.
Catch rates appeared somewhat lower in October but the rate is based on a small sample size (Fig.
7A). Gillnet catch rates appeared generally lower in 3Psc in May-August 1998 compared to 1997,
but it should be noted that only for the month of July was the sample size high in both years. The
catch rates in 1998 show a marked seasonality and increased quite rapidly during the September to
December period, reaching 100 kg per net per day (Fig. 7B).  Gillnet catch rates were particularly
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low in August and September, averaging less than 25 kg per net per day.  Note that in 1997 there
was a full competitive fishery with approximately quarterly quotas which opened on May 19th, July
1st, and Oct. 1st, whereas in 1998 an IQ system was in place in 3Psc and fishers could fish any
time after June 28th. The influence of changes in the management plan on catch rate between 1997
and 1998 are not well understood, but it is difficult to envisage how IQ’s would result in lower catch
rates.

5.  Sentinel catch rates

A “sentinel survey” program was introduced in 3Ps in 1995 to provide a catch rate series for use in
resource assessments and to incorporate the knowledge of inshore fishermen into the resource
assessment process, as well as to provide biological and environmental data (Davis and Jarvis
1998).  Evaluation of the data for use in a quantitative manner in stock assessments, for example as
a potential calibration index in SPA’s, required a number of years of data to be available.  Now that
the program has been running for 4 years the data can be evaluated, particularly in terms of being a
potential index of stock size.

The survey design for sentinel comprised selecting fishers from around the coast to fish in a standard
manner at consistent times and locations each year.  Time and location for fixed sites were chosen
to reflect the optimum fishing pattern with respect to each fisher and were expected to remain
invariant over the years.  There is evidence that both location and time have changed in the case of
some fishers over the time period.  Timing changes are most evident in 1998 when a TAC of
20,000 t was set for 3Ps cod.  In addition to fixed sites, “experimental sites” were also fished
providing more flexibility to the program (Davis and Jarvis 1998).  Only the fixed site data are
considered further below.

From the available data recorded on log sheets and from biological sampling of the catches, catch
rates were calculated in one of two ways, depending on the information available. If a catch weight
is not reported on the log sheet, the length frequency is often known, and a mean length of the
sample may be calculated. Using a standard length – weight relationship, a predicted mean weight
can be calculated, and since the sample size is known, a predicated catch weight can be
constructed. If the catch weight has not been reported, this predicted catch was used as input to
determine the catch rate. If available, the reported catch weight is used in the calculation. If both the
catch weight and respective length frequency of a catch are unknown, the catch rate cannot be
calculated.  In order to standardize the data, catch rates were calculated as kg per net per day for
gillnets and as kg per thousand hooks per day for line-trawls.

Four analyses were applied to sentinel catch rates.  In the first analysis, the square root of the catch
rates for each fishermen were plotted individually for the period 1995 to 1998 to allow visual
inspection of the data (Fig. 8). Gillnet catch rate data are available for 12 sites and line-trawl data
for 12 sites in 3Ps.  Gillnet data for Little Paradise, Red Harbour, Rencontre East, Seal Cove, and
Placentia provide series that are either too short or too patchy in time to provide any information on
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possible changes in catch rates over the time period.  In the remaining sites it is clear that catch rates
were much lower in 1995 than in 1996-98.  From 1996 to 1998 there is clear evidence at a number
of sites of seasonal patterns in catch rates (e.g. Monkstown), but no evidence of any distinct trends
across years at most sites.  Shifts in the time window in which the sentinel fishery was pursued from
one year to the next relative to the seasonal cycle in catch rates, or in inter-annual changes in the
seasonal cycle itself, could result in very different mean catch rates between years. There is some
evidence that the 20,000 t TAC in 1998 might have had a disruptive influence on the sentinel
program in that year.  For example, the catch rate data for Fox Harbour and Little Harbour East
show a gap during the usual period of peak gillnet catch rates,  possibly indicating that these fishers
pursued their IQ as part of the commercial fishery.

Line-trawl data for sentinel sites in 3Ps clearly shows low catch rates in both the spring and fall
period in 1995 compared with catch rates in subsequent years (Fig. 8).  There is less evidence of
seasonal cycles in catch rates for line-trawls, although in Rencontre East there is clearly an
increasing trend in the fall fishery from the beginning of October to the end of the year.

In the second analysis, the line-trawl and gillnet catch rate data were each grouped within unit areas
(3Psc – Placentia Bay, 3Psb – Fortune Bay and 3Psa – west of Fortune Bay) for each month for
1995 to 1998. The 90th, 75th 50th, 25th and 10th percentiles as well as the mean for the distribution
in each month were plotted across years (Figs. 9A, 9B, 9C).  As a possible reference level, the
median historic catch rate for the gear for the period 1987 to 1992 was calculated and plotted.
These data come from logbooks completed for vessels greater than 35ft.  The data are very sparse
and have many missing values, and previously led to the conclusion that the data (for 2J-3KL cod)
are unreliable for further analysis (Murphy and Shelton 1997).  The 3Ps data are just as poor.

The line-trawl catch rates in 3Psa (Fig 9A) peak earlier in the year than in 3Psb (Fig. 9B) and are
more variable, but also suggest a decreasing trend from 1996 to 1998. Line-trawl catch rates in
3Psb were quite variable in 1995, but in the fall fishery in 1996 to 1998 there are well-defined
peaks, the heights of which decrease over the three years. Line-trawl catch rate series in both 3Psb
and 3Psa show gaps, which probably reflect the disruptive influence of the 20,000 t TAC in 1998
on the execution of the sentinel program.

Line-trawl catch rates for 3Psc are variable with some long tails to the distributions in 1995 and
1996 (Fig. 9C).  Median catch rates are generally lower than those reported historically for the area
for vessels greater than 35 ft and there is some evidence of decreasing catch rates over the period
1996 to 1998.

For gillnet catch rates in 3Psc there is clear seasonality with a summer and fall fishery, the fall fishery
generally giving substantially higher catch rates (Fig. 9D).  The monthly data in 1995 and 1998 were
close to being normally distributed whereas in 1996 and 1997 the distributions were skewed by
some very large catch rates.  There is no evidence of a trend in median catch rates over years.
Gillnet data in 3Psa and 3Psb are extremely sparse and are not plotted.
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Comparison of sentinel gillnet catch rates in 1997 and 1998 (Fig. 9D) with those recorded in the
commercial fishery from the science logbooks for vessels less than 35ft (Figs. 7A, 7B) shows that
the gillnet fishery in 1997 occurred primarily during the summer and that commercial catch rates
were comparable to those that occurred in the sentinel fishery (up to 100 kg per net per day).
Commercial gillnet catch rates in the fall of 1997 are based on limited data, but are lower than those
observed in the 1997 fall sentinel fishery (latter 300 kg per net per day).  In the 1998 commercial
fishery, the gillnet catch rates in summer were lower than those observed in 1997 with a median of
only 50 kg per net per day. The 1998 commercial fishery catch rates peaked in the fall at over 100
kg per net per day, substantially lower than sentinel catch rates at the same time (median just under
300 kg per net per day).

A comparison of commercial line-trawl catch rates during 1997 and 1998 in 3Psa and 3Psb
combined (Figs. 6A, 6B) with sentinel catch rates for these two areas (Figs. 9A, 9B) shows that the
strong seasonality in the sentinel data does not occur in the commercial data (for the two areas
combined).  Median commercial catch rates did not reach above 300 kg per thousand hooks per
day in either year, whereas in the sentinel fishery median catch rates above this value were common.
The reason why median sentinel catch rates are so much higher than commercial catch rates for both
gear types in the two years requires further consideration.

In the third analysis, sentinel catch rates were subject to statistical tests to determine whether or not
there has been a significant increase from one year to the next. A non-parametric test for ranked
data was applied. A two-tailed Kruskal-Wallis test was used to identify sites for which there has
been a shift in location of the distribution of catch rates between the two years being compared. This
test only informs as to which sites have observed a statistically significant change in catch rates, and
does not provide the direction of the shift between years.  To obtain information on the direction of
change, a general linear model was fit to ranked CPUE data. Comparison of means for sites
observing statistically significant change in catch rates provides an indication whether the central
tendency of the distribution of catch rates has increased or decreased over the years under
examination.  It is important to note that although sites are grouped for the entire inshore 3Ps area,
the comparison is done by sentinel fishermen, so that the change in catch rate by individual fishermen
is being evaluated. The results of this evaluation are summed to give an outcome for the whole of
inshore 3Ps. The outcome of these tests is summarized in Table 9.

For gillnets, at the α = 0.05 level, there were significant differences in catch rates for all fishermen
for 1995 and all other years, with all other years being significantly higher than 1995.  For the
remaining year by year comparisons, only 3 out of 8 sentinel fishermen had significantly higher catch
rates in 1997 compared to 1996, only 1 out of 8 in 1998 compared to 1996 and only 1 out of 9 in
1998 compared to 1997.  For line-trawls, the catch rate of most (but not all) fishermen is
statistically higher in 1996, 1997 and 1998 than in 1995.  For the remaining year by year
comparisons, no fishermen out of 9 had significantly higher catch rates in 1997 compared with
1996, only 1 fisherman out of 9 in 1998 compared to 1996 and no fishermen out of 9 in 1998
compared to 1997.
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In the fourth analysis, annual trends in sentinel survey catch rates were explored using an analysis of
variance to account for effects associated with month and sentinel enterprise.  For each of the two
major gears (5.5 inch gillnet and line-trawl) the following model was fit:

Ln(sum of catch/sum of effort) = Year + Month + Enterprise

where the years were 1995-1998, the months were July to November for gillnets and August to
November for line-trawls, and the enterprises were all those in Subdiv. 3Ps that fished with that
specific gear in any of the above years and months.  (Each Enterprise was assigned a unique
number)  Catch per unit effort was expressed as number of fish caught per net (gillnet) and number
caught per 1000 hooks (line-trawl).  Catch rates were not standardized for soak time, but only
records with soak times between 18 and 24 hours were selected for the gillnet analysis and only
those less than or equal to 12 hours were selected for the line-trawl analysis.

In the gillnet analysis, all main effects were significant at the 0.05 level (Table 10A).  The
standardized gillnet catch rate increased from 1995 to 1997 and then decreased to 1998 (Table
10A; Fig. 10A).  In the line-trawl analyses all main effects were also significant (Table 10B).  The
standardized line-trawl catch rate showed a slight decrease from 1995 to 1996, a larger decrease to
1997 and little further change to 1998 (Table 10B; Fig. 10B).  Reasons for the annual changes in
catch rates were not explored further at this time.  In additional to a possible fish abundance signal in
the data, fishermen indicated that fishing activity in the reopened fishery may have influenced sentinel
catch rates.

In summary, a number of conclusions can be drawn regarding sentinel catch rates at this stage.
Firstly, there is a distinct seasonality in catch rates for many locations for both gear types.  Changes
in the distribution of sentinel fishing effort from one year to the next could impart a spurious signal
into the sentinel catch rate data. Sentinel catch rates are much higher than those obtained in the
commercial fishery pursued over the same period in 1997 and 1998.  The reason for this is not
clear.  The commercial fishery with a 20,000 t TAC influenced the execution of the sentinel fishery
in 1998, and some sentinel fishers reported that their sentinel fishing sited were occupied by
commercial gear.  Sentinel catch rates in 3Ps were generally significantly higher after 1995 but there
is little evidence to support an interpretation that catch rates continued to increase for the period
1996 to 1998.  This latter conclusion may be most important in attempting to interpret sentinel catch
rates as an index of overall stock size in 3Ps.  When compared with the recent increase in the 3+
and spawner biomass estimated by the SPA over the last 5 years, a sustained increasing trend in
sentinel catch rates would have been anticipated if catch rates were reflecting changes in stock size.

6.  Acoustic surveys

An acoustic survey conducted in the northwestern portion of Placentia Bay in early May 1998 (D.
Porter, Gadoids Section, DFO Newfoundland Region, pers. comm.) did not locate any significant
aggregations of cod and a biomass of only 316 t was observed. Sampling revealed a wide range of
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age classes from 4 to 12 yr old, with age 6 (1992 yr class) predominating and many fish in spawning
condition. A broad-scale acoustic survey conducted in June and extending from Halibut Channel
shoreward to the outer portion of Placentia Bay yielded a biomass estimate of 72,000 t , with the
major portion of the biomass located on Oderin Bank in the west central portion of Placentia Bay
(Rose and Lawson 1999). Samples taken by hand-line indicated that fish aged 6 and 8
predominated along with large numbers of  4 and 5 yr olds (1993 and 1994 yr classes). A higher
proportion of younger fish were found on the shelf compared to inside Placentia Bay. An acoustic
survey of inner Placentia Bay in June estimated an additional 3,000 t with a similar age structure to
the outer bay.

7.  Tagging experiments

During 1997, approximately 6,000 commercial sized (>45 cm) cod were tagged and released at
various locations in Placentia Bay and adjacent areas prior to and during the 1997 commercial
fishery (Brattey and Cadigan, 1998; Lawson et al. 1998). This work was extended in 1998 when
an additional 9,800 cod were tagged and released, mostly in spring prior to the start of the
commercial fishery. The 1998 tagging experiments included large numbers of releases in the offshore
in Halibut Channel and the Burgeo Bank/Hermitage Channel area, as well as inshore in Fortune Bay
and Placentia Bay.

Approximately 1,370 of the tagged cod released during 1997 and 1998 were reported as
recaptured up to the end of 1998. The data from single, double, and high reward releases was used
to estimate tag loss and reporting rates (Cadigan and Brattey 1999a). Estimates of these parameters
are essential to allow exploitation rates to be estimated from tagging data. The analyses indicated
reporting rates of 61.2% for single and 67.6% for double-tagged cod recaptured during 1997-98.
A two-stage model adequately described the data on tag loss with the rate of loss higher
(0.006/wk) during the first 15 wk after release, compared to subsequent time periods (0.001/wk).
Accurate estimates of tag loss are particularly important when the time at liberty is long, as in the
current study, which now extends over 20 months.

Overall exploitation rates for the commercial fisheries in Placentia Bay and 3KL were also estimated
from tag-returns. Migration of tagged fish between Placentia Bay and 3KL was evident from the
recaptures (Brattey et al. 1999), and this was incorporated into a migration model (see Cadigan and
Brattey, 1999b). Estimates of migration rates from this model suggest 8% annual movement of 3Psc
(Placentia Bay) cod into southern 3L each year. Exploitation in 1998 was estimated as 10% in
Placentia Bay, 10% in southern 3L (Trinity Bay southward), and 7.5% in the northern part of 3L
(Bonavista Bay) and 3K combined.

Lawson et al. (1998) addressed movements of cod in 3Ps based on tagging experiments during
1996 and 1997 and these were updated and supplemented with recaptures from the 1998 releases
by Brattey et al. (1999). Spawning cod tagged in the inner reaches of Placentia Bay during the early
spring of 1998 dispersed outward toward the mouth of Placentia Bay during late spring and
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summer.  A substantial number of recaptures were obtained from the recreational, index, and
sentinel fisheries in southern 3L extending as far north as approximately the eastern side of Trinity
Bay. These cod appeared to migrate back to Placentia Bay during late fall. Densities of Placentia
Bay tagged cod (expressed as numbers of tagged fish recaptured per 50 t catch) were similar in
Placentia Bay and southern 3L, suggesting that a substantial portion of the catch in southern 3L
consisted of cod from Placentia Bay. Recaptures from offshore tagging in 1998 indicated that a
portion of the offshore stock components migrated shorewards during late spring and contributed to
the inshore fishery along the south coast. Cod tagged near Burgeo Bank and in Halibut Channel
were recaptured in Placentia Bay during the first few days of the fishery as well as later during
summer and fall, indicating that offshore fish were contributing to inshore catches throughout much
of the 1998 fishing season. Some cod tagged near Burgeo Bank migrated north and westward and
were recaptured in the adjacent management unit (3Pn-4RS) as far north as the Strait of Belle Isle.
Determining the stock affinities of cod on Burgeo Bank during winter and early spring remains an
important issue; some cod tagged in this region during April were spawning indicating that they
belonged to the 3Ps stock. However, many were maturing to spawn later in the spring of 1998 and
their stock affinity remains unknown.

8.  Genetics

A new genetic study was undertaken to describe population structure and to determine the potential
for genetic stock identification of inshore and offshore cod in Newfoundland and Labrador using
microsatellite loci and the synaptophysin (SypI) locus (Beacham et al. 1999).  Variation at the SypI
locus and seven new microsatellite loci (Gmo3, Gmo8, Gmo19, Gmo34, Gmo35, Gmo36, and
Gmo37) developed at the DFO Pacific Biological Station in Nanaimo, was surveyed in 1251 cod
from a total of six putative inshore and offshore populations in subdivision 3Ps. The degree of
genetic differentiation was small between inshore and offshore populations. Genetic differentiation
was observed between the inshore Placentia Bay and Fortune Bay samples. The Placentia Bay
sample was generally distinct from offshore samples of northern cod, but not from inshore
populations sampled in 3KL.  Within 3Ps, the Burgeo Bank sample may have been a composite of
fish from at least two spawning populations. Characters affording greater differentiation among the
sampling sites in Subdiv. 3Ps are required to increase the accuracy and precision of the estimated
contributions of inshore and offshore cod for practical applications. Preliminary results based on
screening of loci that code for major histo-compatibility complex (MHC) antigens suggests that
these may provide a greater degree of differentiation; this is currently being investigated.

9.  GEAC Stratified Random Trawl Survey

The Groundfish Enterprise Allocation Council (GEAC) has funded surveys during fall 1997 and fall
1998 directed at cod with the intention of creating a series of annual fall surveys covering a portion
of 3Ps to complement current DFO RV surveys conducted in spring. DFO provided advice on the
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stratified random design and catch sampling.  Results of the first survey are reported in McClintock
(1999a) and the results of the second survey are presented in McClintock (1999b).

The 1998 survey was carried out from 30 November to 11 December and the 1997 survey from 8-
17 December.  The M.V. Pennysmart, with the same captain, was used in both surveys. Weather
and seas were poor for the first seven days of the 1998 survey limiting the number of sets
completed and was a possible factor in gear performance. Tows of 30 minutes duration using an
Engels 96 high lift trawl with a 135 mm diamond mesh cod end (not lined) were conducted.  The
trawl was fitted with rock-hopper foot-gear and Bergen #7 trawl doors.  Performance of the trawl
was checked onboard using Netmind net sensors: bridge display of doorspread, wingspread, and
net opening was visually monitored and measurements were noted. The gear and configuration in
1998 were identical to those used in the 1997 survey.  A total of 86 successful stratified random
tow sets were completed in the 1998 survey.  Three sets were unsuccessful.

The Netmind net monitoring instruments were only partially successful during the 1998 trip: no wing-
spread and door-spread were reported after set 25, and no mouth openings reported after set 50.
The cause of the problem is unknown although it is suspected that water may have leaked into the
instrument housings during use.  Door spread exhibited values varying from 60 to 90 m, while
wingspread was fairly consistent with a mean value of 17.6 m.  This wingspread value is consistent
with the 60 foot estimate assumed for the 1997 survey.

The mean cod catch per tow was 25 fish and a mean catch weight of 127 kg.  The largest catch of
1239 cod (8035 kg) was from set 59 in the Halibut Channel.  A total of 10 sets had catches over
100 kg, and four sets had catches over 200 kg.  The mean cod weight for all sets was 1.92 kg per
cod.

Sets in the southern Halibut Channel and south-eastern slopes of St. Pierre Bank had the highest
catches.  The 1997 STRAP estimate for the GEAC survey was 99,330 t whereas the 1998
estimate for a larger survey area was 47,875 t.

The age composition of the GEAC Survey catches, expressed as mean numbers per tow, is shown
in Fig. 11. In 1997 the catch was dominated by 5 year olds (1992 yr class) and 8 year olds (1989
yr class).  In the 1998 survey 9 year olds dominated (1989 yr class).  Next most abundant were 5
year olds and 4 year olds (1993 and 1994 yr classes, respectively).

The strong 1989 and 1992 yr classes seen in the 1997 GEAC survey are visible in the 1998 results,
although the 1992 yr class is relatively weaker in 1998 and the 1993 yr class looks relatively strong.
The 1991 yr class remains weak in both 1997 and 1998. (Fig. 11).

10.  Research vessel trawl survey
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Stratified-random surveys have been conducted in the offshore areas of Subdiv. 3Ps during the
winter-spring period by Canada since 1972 and by France for the period 1978-92.  The two
surveys were similar with regard the stratification scheme used, sampling methods and analysis, but
differed in the type of fishing gear and the daily timing of trawls (daylight hours only for French
surveys).  Canadian surveys were conducted by the research vessels A.T. Cameron (1972-82),
Alfred Needler (1983-84) and Wilfred Templeman (1985-98).  From the limited amount of
comparable fishing data available, it has been concluded that the three vessels had similar fishing
power and no adjustments were necessary to achieve comparable catchability factors, even though
the A.T. Cameron was a side trawler.  The French surveys were conducted by the research vessels
Cyros (1978-91) and Thalassa (1992) and the results are summarised in Bishop et al. (1994).
Canadian surveys have covered strata in depth ranges to 300 ftm since 1980.  Five new inshore
strata were added to the survey and sampled in 1994 (779-783) and a further eight inshore strata
were added and sampled in 1997 (293-300)(Fig. 12).  For surveys from 1983 to 1995 the Engel
145 high-rise bottom trawl was used.  The trawl catches for these years were converted to
Campelen 1800 shrimp trawl-equivalent catches using a length-based conversion formulation which
was derived from comparative fishing experiments (Warren 1997; Warren et al. 1997; Stansbury
1996, 1997).

The Canadian survey results (in Campelen-equivalent units, see below) are summarized by stratum
in terms of numbers (abundance) and biomass in Tables 11A and 11B, respectively, for the period
1983 to 1998. Strata for which no samples are available were filled in using a multiplicative model.
Timing of the survey has varied considerably over the period.  In 1983 and 1984 the mean date of
sampling was in April, in 1985 to 1987 it was in March, from 1988 to 1992 it was in February.
Both a February and an April survey were carried out in 1993 and subsequently the survey has
been carried out in April.  The recent change from February to April was aimed at reducing the
possibility that cod from adjacent 3Pn-4RS would be erroneously counted as part of the 3Ps stock;
these cod migrate out of the Gulf during winter and a portion may cross the stock boundary into the
Burgeo Bank area of 3Ps (see Fig. 1) before they migrate back into the Gulf some time during the
following spring. In the 1998 survey there were several strata with substantial biomass estimates
(>1,000 t), including three strata located on and adjacent to Burgeo Bank  (strata 307, 309, and
715) with estimates of 16,164, 9,000, and 6,000 t, respectively. There were three additional strata
with substantial biomass estimates located on the southern end of St. Pierre Bank and in Halibut
Channel (strata 315, 319, and 320 with estimates of 20,000, 28,144 and 7,766 t, respectively). An
acoustic mapping exercise and additional fishing sets conducted at the end of the 1998 research
vessel trawl survey confirmed the presence of an extensive school of cod in the southern end of
Halibut Channel (D. Porter, Gadoids Section DFO Newfoundland, pers. comm.).

Trends in abundance and biomass from the RV survey of the index strata in 3Ps (depths less than or
equal to 300 ftm, excluding the new inshore strata) are shown Fig. 13. The abundance and biomass
time series from 1983 to 1998 shows considerable variability, with strong year effects in the data.
Both abundance and biomass are low after 1991 with the exception of 1995. The 1995 estimate is
influenced by a single enormous catch contributing 87% of the biomass index and therefore has a
very large standard deviation. The 1997 Canadian index was the lowest observed in the time series,
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which goes back to 1983, being less than half of the 1996 index. The size composition of fish in the
1997 research vessel survey suggested that this survey did not encounter aggregations of older fish,
yet these fish were present in the 1996 survey, the fall 1997 industry trawl survey, and the
commercial and sentinel catches in 1997. The minimum trawlable biomass from the 1998 survey
was 100,100 t, i.e. more than ten times the 1997 estimate. Age classes in the 1998 RV survey
correspond well to those seen in the 1997 and 1998 commercial catches and industry surveys, with
the 1992, 1990 and 1989 year classes predominating.

The spatial distribution of cod (mean numbers per tow, standardized to Campelen equivalent units)
is plotted in Fig. 14 for surveys from 1994 to 1997.  Cod appear to have become scarce or absent
on St. Pierre Bank in the 1990s.  Abundances during the early to mid-90’s were highest in the
southern Halibut Channel area towards the edge of the survey area, and on the slopes in the vicinity
of Burgeo Bank and the Hermitage Channel.  There was some indication that cod were becoming
more widespread over the survey area in 1997 than in previous recent years, albeit at low
abundance, but the distribution pattern for 1998 (Fig. 15) is much the same as 1997. Reasonable
catches of cod were obtained in the inshore strata in Fortune Bay in both 1997 and 1998, but few
cod were encountered at the mouth of Placentia Bay in either of those years.

Survey numbers at age are obtained by applying an age-length key to the numbers of fish at length in
the samples.  The current sampling instructions for Subdiv. 3Ps require that an attempt be made to
obtain 2 otoliths per one cm length class from each of the following locations - Northwest St. Pierre
Bank (strata 310-314, 705, 713), Burgeo Bank (strata 306-309, 714-716), Green Bank-Halibut
Channel (strata 318-319, 325-326, 707-710), Placentia Bay (strata 779-783) and remaining area
(strata 315-317, 320-324, 706, 711-712).  This is done to spread the sampling over the survey
area.  The otoliths are then combined into a single age-length key and applied to the survey data.
The resulting estimates of mean numbers per tow is given in Table 12.  It is in this form that the data
are used in the calibration of sequential population analysis models.  These data can be transformed
into trawlable population at age by multiplying the mean numbers per tow at age by the number of
trawlable units in the survey area.  This is obtained by dividing the area of the survey by the number
of trawlable units.  For 3Ps, the survey area is 16,732 square nautical miles including only strata out
to 300 ftms and excluding the relatively recent strata created in Placentia Bay.  The swept area for a
standard 15 min tow of the Campelen net is 0.00727 square nautical miles.  Thus, the number of
trawlable units in the 3Ps survey is 16,732/0.00727=2.3x106.

The mean numbers per tow at ages 1-3 in the research bottom-trawl survey have been generally
low since 1992, with the exception of 3 yr olds in 1992 and 1998 (Table 12). In recent years, the
1989 year class has appeared strongly in the sentinel and commercial catches, but appeared only
intermittently in the surveys; it is strongly represented in 1994 (at age 5), 1995 (age 6), and
particularly in 1998 (age 9) where it is the strongest in the time series going back to 1983. The 1990
year class has also appeared reasonably strong in the sentinel and commercial catches, but has not
appeared strong in the survey except at age 1 and in the most recent survey at age 8. The 1991
year class has been consistently weak in both the trawl survey and commercial catches. The 1992
year class appeared strongly in the commercial fishery catches in 1997 and 1998, but has not
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appeared strongly in the surveys except during the most recent year. The 1993 and subsequent year
classes have not appeared strong in the survey, except during the most recent survey. The 1997
survey results appear somewhat anomalous given that three year classes (1989, 1990 and 1992)
that have been well represented in fishery, the 1998 DFO survey, and the 1997 and 1998 fall
industry (GEAC) survey, did not appear to be encountered in the 1997 survey.

11.  Size-at-age of cod sampled in the DFO surveys

The sampling protocol for obtaining lengths-at-age (1972-1998) and weights-at-age (1978-1998)
has varied over time (Lilly 1996), but has consistently involved stratified sampling by length.  For
this reason, calculation of mean lengths and weights included weighting observations by population
abundance of the size groups (Morgan and Hoenig 1997), where the abundance were calculated by
areal expansion of the stratified arithmetic mean catch at length per tow (Smith and Somerton
1981).

Mean lengths-at-age (Table 13; Fig. 16) have varied over time.  For the period 1972-1998, peak
length-at-age occurred in the mid-1970s for young ages (3-4) and progressively later to 1980 for
older ages.  From the mid-1980’s to 1998, length-at-age varied with no trend (younger ages) or
declined (older ages).  The length increment for the 1989 year-class was very large (12 cm) in the
period 1997-1998. Mean length-at-age has been extremely variable among the older ages (>5)
over the past several years. Older year-classes were poorly sampled in 1997, and the length-at-age
estimated in 1997 may have been low.  An exploration of the potential effects of environmental
factors such as temperature has not been conducted, because there appears to be negative growth
for at least 2 cohorts during each of the intervals 1977-1978, 1980-1981, 1989-1990 and 1993-
1994 (Lilly 1996). Length-at-age may differ among the various groups of fish occurring in
Subdivision 3Ps at the time of the surveys and annual variability in the rate at which these groups
were sampled may explain some of the year effects in length-at-age.

As expected, the patterns in mean weight-at-age (Table 14; Fig. 17) appear to be very similar to
those in length-at-age.  However, the weight-at-age data may include more sampling variability
because they are based on smaller sample sizes (Lilly 1996).  The weight-at-age data also include
variability associated with among-year and within-year variability in weight at length (condition).

12.  Condition of cod sampled in the DFO surveys

The condition of each fish was expressed using Fulton’s condition factor ((W/L3)*100), where W is
gutted weight (kg) and L is length (cm).  The relative size of the liver (liver index) was expressed the
same way.  Condition and liver index at age were calculated as described above for size-at-age.

Mean gutted condition-at-age (Table 15; Fig. 18) was variable from 1978 to 1986, relatively
constant from 1986 to 1992, and dropped suddenly in 1993 before rising to an intermediate level in
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1995-1998.  Because condition calculated with Fulton’s formula increases with body length and
length-at-age has declined over time, condition at length (Fig. 16B) might be a better indicator of
changes in condition over time.  Condition at length appears to have increased in all three length
groups over the past five years. As demonstrated by Lilly (1996), much of the annual variability is
related to the timing of the surveys.  When mean condition in each of three length groups was
plotted against the median date of sampling during the survey, there was a gradual decline in
condition from the earliest median date (Feb. 7) to approximately mid-April, after which there was
an increase.  The time course of changes from late April onward is poorly defined because of the
paucity of observations.  A decline in condition during the winter and early spring was also observed
in cod sampled in the inshore from sentinel survey catches in 1995 (Lilly 1996).

Mean liver index-at-age (Table 16; Fig. 19) had a pattern similar to that seen in condition, except
that the 1983 values were more clearly at higher levels than other years in the early 1980s and there
was a more pronounced peak in the late 1980’s and early 1990’s. Liver index appears to have
increased over the past four years (Fig. 19A, 19B). When the values for specific size groups were
plotted against the median date of sampling, there was a pronounced decline in liver index during
winter and early spring (Fig. 19C).

Low condition and liver index in recent years (1993-1998) are probably a consequence of sampling
near the bottom of the seasonal cycle and are not indicative of a large and persistent decline in well-
being.  It is noted, however, that the surveys in 1993 to 1998 were conducted at approximately the
same time of year, so it is possible that the low condition values in 1993 and 1994 may well reflect
anomalously low condition in those years.

13.  Maturity-at-age

Age at 50% maturity for females dropped dramatically from a high of 7.2 years during 1988 to a
low of 5 during 1994 (Table 17, Fig. 20) with males showing a similar trend over time. An apparent
reversal of the declining trend during 1995 and 1996 among females did not continue into 1997.
The 1998 estimate of age at 50% maturity is among the lowest in the time series at 4.97 years.
Maturities at age have been highly variable over the past 5yrs, but have not shown a continuation of
the rapid decline seen during 1988 to 1994. Nonetheless, the early age at maturity has a substantial
effect on spawner biomass production by the 3Ps cod stock.

The time series of maturities for 3Ps cod shows a long-term trend as well as considerable annual
variability. To project the maturities for 3Ps cod to 1999 and 2000, the estimated proportion
mature at age was computed in the standard manner for each of the previous four years (1995-
1998 inclusive), then the model was again fitted to these estimates (i.e there would be four estimates
for each age class) to get new estimates comparable to average maturation for the recent period.
These values were used for both 1999 and 2000 (Table 18) in projections of mature spawner
biomass.
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14.  Spawning and abundance of 0 and 1 group cod

Maturities of cod sampled in three sub-areas of NAFO subdivision 3Ps during winter/spring
research vessel bottom-trawl surveys from 1983-1998 are shown in Fig. 21.  The areas are defined
as Burgeo Bank / Hermitage Channel (Strata 306-310 and 714-716), Southern 3Ps / Halibut
Channel (all areas south of 45°34.5' N), and mid-3Ps which includes the remainder of the
subdivision (excluding inshore strata 293-300 and 779-783). Note that the timing of the survey
varied through the time series, with surveys predominantly in April during 1983-84, March during
1985-1987, February from 1988-1992, and April from 1993 to 1998. There were two surveys
(February and April) in 1993; only the April one is shown here. The three sub-areas show a
consistent pattern of maturity stages across most of the time series, with maturing fish dominating in
most years. The switch in timing from February to April clearly results in an increase in the
proportions of spawning fish and a reduction or disappearance of fish that are spent from the
previous year. When surveys were conducted in April, spawning and spent fish were found in each
area; within any one year the proportion of spawning and spent fish tended to vary among sub-
areas, but generally about 15-50% of the mature fish sampled were spawning or recently spent. The
March 1987 sample from the most southerly area appears anomalous, with an unusually high
proportion of spawning fish compared to other areas in 1987 and compared to adjacent years
within the same area. The results also show that a substantial portion of the mature cod sampled in
the Burgeo area in the April surveys are spawning and by definition belong to the 3Ps stock; most of
the remaining adult fish are maturing to spawn later in the same year and their stock affinities remain
unclear.

During the 1997 commercial fishery, the proportions of fish in spawning condition were high during
May-July in some inshore areas of 3Ps (Kulka et al. 1998). During 1997, cod in the inner reaches
of Placentia Bay (Bar Haven area) showed peak spawning in March and early April, but this was
delayed to June in 1998 (Lawson and Rose 1999). Based on a time series of samples from four
sites in the inner reaches of Placentia Bay during 1998, Bolon and Schneider (1999) concluded that
spawning fish were present from March to August with the highest proportions of spawning females
present from May to August. This indicates that the spawning period of cod in the inner reaches of
Placentia Bay was extremely protracted during 1998. The precise duration and timing of spawning
in other areas in 3Ps in recent years is not well known.

Bradbury et al. (1999) investigated the distribution and abundance of cod eggs and larvae in
Placentia Bay in 1997 and 1998. Peak densities of stage 1 eggs were highest in April in both years,
but larval density was much lower in all of 1997 and highest in August of 1998. Distribution of egg
stages coincided with the predicted circulation, with late stage eggs usually occurring on the western
side of Placentia Bay.
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In summary, cod in 3Ps appear to spawn over a significant portion of the year and at many locations
within the stock area, and there appears to be no distinct peak in the spawning time. Spawning is
spatially widespread and is known to occur on Burgeo Bank, St. Pierre Bank, and the Halibut
Channel area, as well as inshore in Hermitage Bay (3Psa) Fortune Bay (3Psb) and Placentia Bay
(3Psc).

Robichaud and Rose (1999) surveyed the distribution and abundance of 0 and 1-group cod in the
near-shore environment of Placentia Bay during 1996-1998 and concluded that year-class strengths
increased over the three year period. The 1998 year class appeared strongest, with a five-fold
increase in catch from 1997 to 1998.

15. Sequential population analysis

Background: In the 1996 assessment of 3PS cod an attempt was made to carry out separate SPA’s
for the inshore and the offshore components of the stock (Shelton et al. 1996). The basis for
following this approach was:
1. the differences in the dynamics of the two components shown by the converged portions of

uncalibrated VPA’s constructed from the catch data,
2. reports of high catch rates by sentinel fishermen in the inshore, and
3. an acoustic estimate of 23 000 t of cod in Placentia Bay, in comparison to the scarcity of fish

observed in recent years in the research bottom trawl survey taking place further offshore.
Based on large coefficients of variation in the estimates and the presence of strong year effects in the
residuals, it was concluded that neither the inshore nor the offshore analysis could be used as a basis
for determining stock status in 1997. There was no 1997 assessment of this stock.

In the 1998 assessment a number of analyses were carried out using the standard ADAPT
framework (Gavaris 1988), and a new quasi-likelihood approach (QLSPA, Cadigan 1998).
QLSPA is similar to ADAPT; however, inferences are based on a semi-parametric stochastic
model involving only assumptions about the first two central moments of abundance indices
(Cadigan 1998).  The final model that was considered for the offshore component of the stock in
3PS was QLSPA applied to the offshore catch and calibrated with the Canadian and French
research vessel indices. Note that separate catchabilities were used for Canadian surveys in
February-March and in April. This model gave an estimate of January 1 1998 spawner biomass of
95 000 t for the offshore component.  Risk analysis indicated that for a 12 500 t offshore quota in
1998 the probability of fishing mortality exceeding F0.1 was less than 10%. With this quota it was
estimated that there was a 50% probability that the offshore component of spawner biomass would
not increase from 1998 to 1999.

An SPA was not attempted for the inshore catch data in the 1998 assessment because of the lack
of a suitable index for calibration. Alternatively, the biomass estimated from a tagging study in
Placentia Bay was extrapolated to the entire inshore area of 3Ps. The extrapolation was based on
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gillnet catch rate data reported by fishermen in the new log-book introduced in 1997, and the ratio
of the relative area of Placentia Bay to the entire inshore. This gave an estimate of 82 765 t.  It was
noted that this kind of extrapolation was extremely tenuous, and was adopted as a last resort. An
analysis of the relationship between commercial catch rate data and acoustic estimates had not been
carried out. Also, the presumably very large uncertainty associated with spatial extrapolations had
not been evaluated.  It was felt that this approach should be avoided in future assessments if at all
possible.

In the present assessment it was decided that separate analyses of inshore and offshore populations
were no longer warranted, based on the relative abundance of cod in the offshore during 1998 from
industry and research vessel trawl surveys. Evidence from tagging studies also indicated that a
significant portion of cod caught in the inshore originated from the offshore.

Model Formulation:  Several different SPA model formulations were run and presented at the
Regional and Zonal Assessment meetings (Rivard 1999). The SPA model formulation preferred in
the 1999 assessment was based on the Canadian survey indices for 1983-98. The cohort model
used was

 Na+1 y+1 = Naye-m – Caye-m/2

 Estimation was based on minimizing the extended quasi-likelihood function (Cadigan 1998). The
variance function used was:
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This is a constant CV variance model for the Canadian survey for ages less than 9, and otherwise is
a Poisson-type variance model. This variance model was used because it seems unreasonable that
the variance is proportional to the square of the mean for small values of the mean, and such small
values are mostly found at the older ages (9-12). For a constant CV variance model even tiny
differences in model predictions and survey indices, when the predictions are small, are magnified
greatly because the variance for a small prediction is much smaller than the prediction.  The above
variance model gave a much better fit than did either purely constant CV or Poisson variance
models.

The stock size parameters estimated by QLSPA were the survivors (Na,1998 a=2,…,14) and the
population numbers at age 14 for 1994-98. Age 14 numbers prior to 1994 were estimated by using
a constraint on their fishing mortality (see below). It was felt this constraint could not be used during
1994-96 because of the lack of commercial catch in these years. The catchability of the Canadian
surveys appears different in the winter (1985-93) and spring, and were parameterized as:

Qi1, where i = 3 to 12, for the Canadian winter surveys, and
            Qi2, where i = 2 to 12 for the Canadian spring surveys.



25

The precision of the winter and spring surveys also appears to be different, soφ  was estimated
separately for each time period. In addition, separateφ ’s were used for ages < and ≥  9; hence, 4φ
parameters were estimated. This is sometimes referred to as ``self-weighting’’.

The following structure was also imposed:
(i) natural mortality was assumed to be 0.2;
(ii) fishing mortality on the oldest age (14) set equal to ½ the average F for ages 11-13;
(iii) no “plus” age class;
(iv) no error in the catch numbers-at-age.
(v) Age 2 survey indices collected with the Engels net (i.e. prior to 1996) were given zero weight in
estimation.

Input data were:
1. Catch numbers-at-age for ages 2 to 14 and for 1959-98. Note that catches at age 2 were

taken to be zero, which is approximately true.
2. Canadian Research Vessel survey estimates of mean numbers per tow-at-age (Campelen or

Campelen equivalent values) for ages 2-12 and 1983-98. Note that to account for mixing in the
Burgeo Bank/Hermitage Channel area, these strata were removed from the February-March
(winter; 1985-93) RV series.

For estimation and inference the extended quasi-likelihood function was minimized over all years
and ages in the survey indices.

Results:  The parameter estimates are given in Table 19 and the historical reconstructions of
abundance, biomass, spawner biomass, and fishing mortalities are shown in Tables 20-23 and Fig.
22. The Na,1999 ‘s, a > 2,  are computed using the above cohort model, and N2,1999  is computed as
the geometric mean of N2,1996:98. The relative error in the parameter estimates of abundance in Table
19 usually varied between 30 and 100 % with a high of 133% at age 2. Therefore, the younger age
classes currently in the population are estimated with considerable uncertainty and perceptions as to
their strength may change with subsequent surveys. The QLSPA suggests that the total 3Ps biomass
of 249 000 t in 1999 is near the highest observed since 1959 (i.e. 263 000 t in 1960). The 2+
abundance in 1999 is estimated at 291 million, which is about the average value observed in the
1960’s and early 1870’s. Spawner biomass is estimated to be 145 000 t in 1999, which is the
highest observed since 1959. The peak fishing mortality in 1998 was 0.23, at age 7.  Predicted
catchabilities are shown in Fig. 23. The survey catchability tends to be higher in the winter than in
the spring. During both winter and spring the surveys have dome-shaped catchabilities, which
indicates that the older fish are caught less frequently by the survey than are age 7-9 fish. Predicted
indices are compared with observed indices in Tables 24a-d and Fig. 24. The scatter of points in
Fig. 24 demonstrates the variability that exists in the survey indices compared to the SPA. This is
reflected in the large CV’s reported in Table 19, and also in the risk analysis we present below.
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The results of a deterministic projection of the change in spawner biomass and absolute fishing
mortality resulting from a range of potential TAC’s in 1999 are presented in Fig. 25. The
exploitation rate in this figure is actually the average fishing mortality on ages 7-14. The TAC was
partitioned into catch numbers-at-age using the projected weights-at-age presented in Table 7a, and
an assumed partial recruitment vector for the 1999 fishery,

Pr = {0 0.004 0.035 0.178 0.765 1 0.748 0.670 0.739 0.391 0.239 0.774 0.061},

for ages 2-14. The projected beginning of year spawner biomass in year 2000 was computed using
the projected beginning of year weights-at-age presented in Table 7b. After partitioning the TAC
into catch numbers-at-age the projection is achieved using the common cohort model: Na+1 y+1 =
Naye-m – Caye-m/2. The results in Fig. 25 suggest that even for a 1999 TAC of 50 000 t the spawner
biomass will continue to grow by almost 10%. F0.1 for this stock is 0.433. The value is this large
because of the domed shaped partial recruitment vector. At this value of F0.1 the average F for ages
7-14 is 0.25; hence, the F0.1 catch for 1999 is near 40 000 t.

A risk analysis of the probability of exceeding F0.1 in 1999, or equivalently the probability of 1999
average fishing mortality on ages 7-14 exceeding 0.25, is presented in Fig. 26. These results suggest
that the TAC resulting in a 10% probability associated with average fishing mortality exceeding 0.25
is approximately 22 000 t. Another risk analysis that was conducted suggested a 9% probability
associated with spawner biomass falling below 100,000 t with a catch of 20,000 t in 1999.

Summary

The current population biomass on January 1, 1999 is estimated to be 250,000 t and the spawner
biomass is estimated to be 145,000 t .  The increase in spawning stock in recent years is due to the
growth, maturation and good survival of the 1989 and 1990 year classes over the moratorium
period, a strong 1992 year class, as well as the reduction in the age at maturity.

An intensive tagging study in Placentia Bay gave an estimated exploitation rate of about 10% from a
20,000 t commercial fishery in 1998.  This exploitation rate is compatible with the 1998 assessment.

Standardized catch rates from the sentinel survey show a substantial decline for line-trawls in 1997
and 1998 and somewhat lower catch rates for gillnets in 1998. Fishermen suggested that this was
attributable to competition for fishing sites and the disruption of high density fish aggregations and
thus should not necessarily be interpreted as a decrease in stock biomass.

The fall industry survey gave a biomass estimate of only 50% of the 1997 estimate.  This is only the
second year of this new time-series and, as in the research vessel surveys for this stock, large year
affects are anticipated.

Mixing of northern Gulf (3Pn4RS) cod with 3Ps cod in the Burgeo Bank-Hermitage Channel area
of 3Ps during winter continues to present problems. This area was closed to directed cod fishing in
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the winter of 1998-1999; significant landings from this area during winter could have detrimental
effects on the recovery of the neighbouring 3Pn-4RS cod stock.
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