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Abstract

Catches from this stock were generally in the range of 40,000 to 50,000 t per year throughout the 1970’s and 1980’s,
before declining to low levels in the early 1990’s. There has been no directed fishing on this stock since 1993.  The TAC’s
in 1995-99 have been set at 0.  The catch in 1998 was 1618 t, an increase of more than 200 t from 1997. Catches in 1998
were mainly in the NAFO Regulatory Area (NRA) and as bycatch in the Canadian yellowtail flounder fishery. The
Canadian spring surveys show a large decline in abundance and biomass from the mid to late 1980’s until 1998 with
current biomass being only 14% of that of the mid 1980’s. The fall survey has also shown large declines and the biomass
is only 30% of that of 1990.  Mortality remains high on the youngest ages but has decreased on the older ages.  The
strength of the 1994 cohort appears to be above the average of those of the 1980 to 1996 period but below the level of those
of the 1970’s. A VPA was conducted which indicates that biomass and SSB are at very low levels.  Since the moratorium
F has been below the levels of the 1970’s and 1980’s but has increased since 1995.  Most indicators suggest that this stock
remains at a low level.

TAC regulation

This stock has been under TAC regulation since 1973 when a TAC of 60,000 t was established.  From 1973-87, the
TAC varied from 47,000 t to 60,000 t (Table 1) but was lowered to 33,585 t in 1988. Further reductions followed,
bringing the TAC to 10,500 t in 1993. In 1994, a TAC of 4,800 t was implemented, but the Fisheries Commission of
NAFO stated that no directed fisheries were to take place on this stock.  The TAC has been set at 0 since then.

Catch trends

Catches increased from about 20,000 t in the early 1960s to a peak of 94,000 t in 1967, were relatively stable around
45,000-50,000 t in 1973-82, then declined to 39,000 t in 1984-85 (Table 1, Fig. 1).  Catches increased to 65,000 t in 1986
and then declined rapidly thereafter, to about 7,400 t in 1994.  The catch declined following the moratorium in 1995, but
has steadily increased from 637 t in 1995, to 913 t in 1996, 1407 t in 1997 and 1618 t in 1998. Most of these catches
occurred as by catch in the G. halibut and skate fisheries in the NRA. In 1998, the Canadian catch totalled about 212 t,
much of which was likely taken as by catch in the yellowtail flounder fishery (Table 2).

From 1977 to 1982, the catch was taken almost exclusively by Canadian vessels, but the catch by other nations
increased rapidly from less than 2,000 t in 1981-82 to over 30,000 t in 1986 as new fisheries were developed in the
Regulatory Area.  Catches from these fleets have generally declined in recent years, as has the Canadian catch (Tables 1
and 2), although non-contracting party (NCP) catches in 1993 were an exception to this trend. Considerable doubts have
arisen about some nominal catches in the 1985 to 1994 period, resulting in various catch estimates being used. These
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include surveillance estimates, breakdowns of unspecified flounder catches by S. Korea prior to 1991 based on reported
flounder catches, and any other estimates deemed by Scientific Council to be reliable. There is also some uncertainty
regarding catches prior to 1973, when large amounts of unspecified flounder catches from some nations were broken
down by species based on estimates of species composition. As well, estimates of discards are not available, and are
believed to be substantial during some periods.

There was some sampling from the Spanish and Portuguese by catch from the trawler fleets in 1998. For the Spanish
trawlers the mode in Div. 3L was 30-37 cm while in Divs. 3NO it was 36-40 cm (Junquera et al. 1999). For the
Portuguese trawler fleet the mode in Div. 3L was 34-36 cm, in Div. 3N 36-38 cm and in Div. 3O there was a clear peak at
40 cm (Alpoim et al., 1999).  There was no sampling of the Canadian by catch.

Canadian research vessel surveys

Spring

Stratified-random surveys have been carried out on the Grand Bank on Canadian research vessels in the spring (April
to June period) of each year from 1971 to 1998, with the exception of 1983. The stratification scheme used is shown in
Figure 2. The data can be split into 3 time periods, based on the trawl used in each period: 1971-82 was Yankee 36, 1983-
95 was Engel 145, and 1996-98 was Campelen 1800 (see McCallum and Walsh (1996) for a description of the various
trawls). Conversions exist for the first to second series (Gavaris and Brodie 1984), and from the second to the third
(Morgan et al. 1998). However, data from the first series have not been converted to be comparable with the third series.
Thus comparable data exist for 1971-95, and for 1984 to 1998.  A full comparison between the Engel and Campelen data
series is given in Brodie et al. (1998).

Biomass estimates for each Division by stratum and depth for 1996 to 1998 are given in Tables 3-5.  Biomass and
confidence intervals for the 1998 survey for each Division are given in Table 6.  In the spring survey in 1998 the biomass
estimates for 3L, 3N and 3O were 19 000, 25 000 and 58 000 t respectively.  The values for 3L and 3O were up slightly
from the 1997 estimates of 13 000 and 51 000 t, while the value for 3N was down slightly from the 1997 estimate of 27
000 t.  In 1998 four strata in the inshore area of Div. 3L (784, 785, 786, and 787) were surveyed for the first time during
the spring survey.  These strata accounted for a total of 1200 t. Biomass in Div. 3LNO combined has been relatively stable
since 1996 but is only 14% of that of the mid 1980’s (Fig. 3).

Tables 7-10 and Fig. 4 and 5 show the abundance by Division and for Div. 3LNO combined from 1985 to 1998. 
Abundance and confidence intervals for the 1998 survey are given in Table 6.  The total abundance for 1998 was slightly
higher than that in 1997.  Div. 3L and 3O have shown an increase of 30% and 10% respectively in 1998 over 1997 while
abundance in Div. 3N declined by 14%.  The abundance of younger fish (ages 0 to 5) has declined since 1996, while the
abundance of age 6+ fish has increased slightly (Table 10).  In 1998, 18.5% of the population was made up of fish age 9+
while this was less than 8% in 1996 and 1997.

American plaice are distributed throughout the Div. 3LNO area but the largest concentration of fish in each year
since 1996 has been in the southwestern portion of Div. 3O extending across the border into Div. 3N (Fig. 6 and 7).  From
1985 to 1990, about 80-85% of the stock was located north of 45 degrees, most of which was in Div. 3L (Fig. 8).  The
proportion north of 45oN declined rapidly after that and since 1993 less than 50% of the biomass has been north of this
latitude.

Fall

Stratified-random surveys have been conducted in Div. 3L in the fall from 1981 to 1998, usually in October-
November. From 1990 to 1998, fall surveys were also carried out in Div. 3NO. Surveys from 1983 to 1994 were done with
the Engel trawl and starting in fall 1995, a Campelen 1800 trawl was used.

Biomass estimates by stratum and depth are given for each Division in Tables 11-13.  Biomass estimates with their
confidence intervals are shown for the 1998 survey in Table 6.  Biomass estimates from the fall survey in 1998 were 48
000, 78 000 and 59 000 t for Div. 3L, 3N and 3O respectively.  These values are all higher than the estimates from the
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1997 fall survey.  In Div. 3N 9 strata were surveyed in 1998 that had not been previously covered in the fall survey.  These
strata accounted for 1600 t of the total biomass.  In Div. 3O there were 6 additional strata surveyed in 1998.  No A. plaice
were caught in these strata.  The overall biomass for Div. 3LNO increased in 1998 over 1997 (Fig. 3).  There appears to
have been an increasing trend since 1995 with total biomass increasing from 152 000 to 188 000 t from 1995 to 1998. 
The biomass index remains well below that of 1990 with the 1998 index representing only 30% of that of 1990.

Tables 14-17 and Fig. 5 show the abundance by Division and for Div. 3LNO combined from 1985 to 1998. 
Abundance and confidence intervals for the 1998 survey are given in Table 6. Conversion of the length based estimates of
abundance into age based ones for the fall surveys showed some discrepancies when compared to the original Engel data,
when attempted in 1998 (Brodie et al., 1998).  These discrepancies have been resolved and since the converted estimates
at age are being presented for the first time in this assessment, the original Engel time series for Div. 3LNO combined is
given in Table 18.  Abundance in Div. 3L and 3O has declined in each year since 1995, while abundance has been
increasing in Div. 3N since 1996.   Similar to the spring survey, abundance has declined since 1996 for younger fish (ages
0 to 5) but has increased for ages 6+ (Table 17).  In 1998, 14% of the population was made up of fish ages 9+ compared to
less than 5% in 1996 and 1997.  The original Engel data and the converted data show very similar trends, the only
difference being that the original Engel data shows a slight decrease in 1+ abundance between 1992 and 1993, while the
converted data shows a slight increase in 1+ abundance between these years (Tables 17 & 18). 

Plots of distribution by number (Fig. 9) and weight (Fig. 10) for the fall surveys in 1995 to 1998 show that A. plaice
are distributed throughout the Div. 3LNO area.  However the area of highest concentration is southern 3NO, particularly
the southwest edge.

Comparison of Spring and Fall Surveys

Biomass and abundance from the spring and fall surveys can be seen in Figures 3 and 5.  Both surveys have shown
similar trends in biomass and abundance over the 1990 to 1998 period. However, the fall survey in a given year was
always higher than the spring survey of that year (Fig. 11). This pattern is also seen in the 1990-95 surveys using Engel
gear (Morgan et al. 1997).  This spring to fall increase is seen in Div. 3L during the 1990-96 period but was not consistent
before that time (Brodie et al. 1998).  One possible explanation for this is that more American plaice may be distributed in
deeper water, outside the survey area, in spring compared to fall. Coverage in depths beyond 731 m in spring surveys of
Div. 3LNO has been minimal.  During the fall surveys in 1996 to 1998, coverage in Div. 3L has been complete out to
1463 m.  During these surveys A. plaice were found in depths out to 900 m with few fish beyond that depth.

Abundance at age in both surveys has shown similar trends (Table 10 & 17).  In both surveys the number of fish ages
9+ in 1998 is the highest since 1991 but still well below the level of the 1980’s. 

Catch to RV Biomass ratio

As a proxy for the exploitation rate on this stock, the ratio of catch to biomass from spring RV surveys was examined.
Examination of the catch/biomass ratios from Campelen data from 1985 to 1998 (Fig. 12) The Campelen ratios were
highest in the 1991-94 period (similar to 1986), and the most recent values (1995-98) are very low, reflecting a period of
reduced catches (Table 1).

Mortality

Estimates of total mortality (Z) from the Campelen or equivalent, spring and fall survey data were calculated for ages
1 to 16 (Fig. 13 & 14).  A Lowess smoother has been added to the plots to help visualise trends.  Both surveys indicate an
increase in mortality up to the mid 1990’s.  Since that time mortality has declined on older ages (5+) but has continued to
increase on younger ages, particularly ages 2 to 4.
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Weights at age

Mean weights at age were calculated for male and female A. plaice for Div. 3LNO using spring survey data from
1990 to 1998.  Means were calculated accounting for the length stratified sampling design.  There is some indication of a
decline in mean weight at some ages from 1996 to 1998 (Fig. 15).  The increase between 1995 and 1996 is likely the
result of the conversion of the earlier data to Campelen equivalents (Morgan, In Press).

Maturities

Age and length at 50% maturity were produced from spring RV data.  Estimates of proportion mature at each age
were also produced for use in spawning stock biomass calculations.  Proportion mature at age was calculated according to
the method of Morgan and Hoenig (1997) accounting for the length stratified sampling design.  For males, A50 has been
declining since 1985 (Fig. 16).  For females, A50 has been relatively stable over the time period.  The large drop in A50 for
females between 1995 and 1996 may be at least partly the result of the conversion of the earlier data to Campelen
equivalents (Morgan, In Press).  For females, analyses of the Engel time series showed that A50 had been declining since
the late 1970’s, and perhaps since the 1960’s (Morgan et al., 1996).  The current A50 for males is 3.8 years and for
females it is 8.0 years.  This compares to A50 in the 1970’s of between 6 and 7 years for males and between 11 and 12
years for females. 

Estimates of maturity at length are not affected by the conversion of Engel data to Campelen equivalents.  Therefore
an entire spring time series from 1975 to 1998 is presented (Fig. 17).  L50 has been declining for both sexes since the early
1980’s.  The current L50 for males is 17.8 cm compared to 25.0 cm in 1980.  The current L50 for females is 33.0 cm
compared to 42 cm in 1980.

Spawning stock biomass

Female spawning stock biomass (SSB) was calculated using spring RV data from 1985 to 1998.  The estimates of
maturity and mean weight at age described above were used, along with female abundance at age.  Before 1990 individual
weights were not available and a length-weight relationship (logwt=(3.314*loglen)-5.54) was applied to mean length at
age to produce mean weight at age.

SSB declined rapidly from the late 1980’s to the early 1990’s (Fig. 18).  The increase between 1995 and 1996 may be
at least in part the result of the conversion of the earlier data (Morgan, In Press).  SSB has shown an increase from 35 000
to 45 000 t between 1997 and 1998, but is only 17% of the level of the mid 1980’s.

Recruitment

Cohort strengths were estimated using the following model using Campelen or equivalent data from spring RV
surveys from 1985 to 1998:

ετ δα +++=
jaajtN )log(

where:  N ajt
= number at age a belonging to cohort j in year t

τ = intercept

α a
= age effect for ages a=2…5

δ j
= cohort effect

ε =residuals from the fitted model

This model showed no obvious pattern in the residuals and a significant fit to the data. 
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R2=0.84, n=54

Source DF Type III SS F value Pr>F
AGE 3 67.76 35.14 0.0001
COHORT 16 32.19 3.13 0.0025

The strength of the 1980 to 1996 cohorts was estimated by this model.  Cohorts from 1980 to 1986 were generally
stronger than those after that period, except for 1994 and 1996 (Fig. 19).  The 1994 and 1996 cohorts appear to be above
average for the 1980 to 1996 period.  The 1996 cohort is represented by only a single data point in the model and the
results for this cohort should be treated with caution.  An earlier model using only Engel data showed that the cohorts of
the early 1980’s were weak compared to earlier cohorts (Morgan et al., 1997).  Both models show the 1985 cohort to be
the strongest in the 1980’s.  Based on this comparison with the earlier model the 1994 cohort is probably weaker than
those of the 1970’s.

Stock recruit relationship

The parameter estimates from the above cohort strength model were used to estimate the number of 5 year old
fish from the 1985 to 1996 cohorts.  A non-parametric analysis of the stock recruit relationship was examined
using these estimates as number of recruits and the SSB described above (Evans and Rice, 1988). However, no
clear minimum was detected in the jackknifed prediction sums of squares for either the Gaussian or Cauchy
weightings.  The scatter of recruitment against SSB is shown in Figure 20.  There appear to be two scatters of
recruitment.  One from recent years between 30 000 and 50 000 t of SSB and a second from the 1980’s between
225 000 and 300 000 t of SSB.  There appears to be little relationship between SSB and recruitment giving little
basis for setting a Blim without further analyses.

EU-Spain Surveys

Surveys have been conducted annually from 1995 to 1999 by EU-Spain in the Regulatory Area in Div. 3NO to a
maximum depth of 1 462 m (since 1998). Surveys since 1996 are comparable in coverage.  Biomass and abundance
declined between 1996 and 1997 then increased in 1998 and 1999.  In 1999, modal size of males was 28-33 cm, and 36-
43 cm for females (Paz, 1999).

Joint FPI – DFO Survey

In the fall of 1998, an industry sponsored survey was conducted for American plaice in NAFO Division
3LNO. The survey used a stratified random design with sets allocated based on area and American plaice
abundance. The industry survey and the Canadian fall survey conducted by the Dept. of Fisheries and Oceans
showed similar distribution of American plaice with fish being widely distributed throughout Div. 3LNO but most
abundant in southern and southwestern 3NO.  A full comparison is given in Atkinson et al. (1999).

Virtual Population Analysis

Several formulations of virtual population analyses (VPA) were presented using catch-at-age and survey information
up to 1997 (Morgan et. al., 1999).  STACFIS agreed that the model that provided the best fit to the data included a natural
mortality of 0.6 on all ages from 1989 to 1996 and 0.2 otherwise.  An M of 0.6 may be considered high for American
plaice.  However, the estimates of total mortality from the survey indicate that mortality was very high even during the
period of the moratorium (Fig. 13 and 14).  As well the adjacent American plaice stock in Div. 2+3K declined by 95%
during the late 1980’s and early 1990’s when catches were extremely low (Bowering et al., 1997).  Also, increasing M in
the analyses is making an adjustment for unaccounted for deaths, whatever the cause or could account for changes in
catchability.

Catch-at-age and weight-at-age as well as the Sum of Products (SOP) from 1993 to 1998 are presented in Table 19. 
The calculation of catch-at-age for 1993 to 1997 is described in Morgan et al. 1999.  For 1998, length frequency data were
available from Spain (Div. 3L and 3NO combined, Junquera et al., 1999) and Portugal (Div. 3L, 3N and 3O, Alpoim et
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al., 1999).  Age length keys from the Canadian spring survey in 1998 were used to derive age compositions which were
then combined and adjusted to the total catch. 

The ADAPT used catch–at-age for ages 5 to 17 (Table 20) and the Canadian spring survey index for ages 5 to
14 from 1985 to 1998 (Table 10).  F at ages 15-17 was set as the average of ages 12-14.  M was set at 0.2 except at
0.6 for all ages from 1989 to 1996.  Table 21 contains the results.  The relative error ranged between 0.26 and
0.36, except for age 6.  The residuals in 1985 were all negative and in 1993 they were all positive.  The residuals
show little trend over time (Fig. 21).  On an age by age basis the residuals also show little trend over time (Fig.
22).  Both the observed and predicted numbers at age decline until about 1995 or 1997, depending on age (Fig. 23).
 The 5+ abundance reached its lowest point in 1997 and in 1998 is 10% that of the mid 1970’s.  Total abundance
estimated from the VPA is less than the survey index of abundance.  Fishing mortality (Table 21 and Fig. 24) since
1995 is much lower than during the 1970s and 1980s but has shown a slight increase since 1995. Average F on
ages 9 to 14 and ages 8 to 12 showed an increasing trend from 1975 to 1992 but has been much lower since 1995. 
Average F on ages 9 to 14 increased from 0.025 in 1995 to 0.16 in 1998 and on ages 8 to 12 it increased from
0.032 in 1995 to 0.11 in 1998.  The high Fs in 1993 and 1994 may be artifacts.

Biomass was calculated by multiplying the weights-at-age in Table 22 by the estimated numbers at age.  There
were no estimates of weight for some of the oldest ages from 1993 to 1995.  These were set as the average of
weights at that age from adjacent years.  Biomass showed a slight decline over the 1975 to 1985 period but
declined rapidly after that (Fig. 24).  Biomass has been stable since 1994 at a level that is less than 10% of the
average of 1975-1980.

SSB was calculated from 1960 to 1998.  The numbers at age and weights at age were available from a previous
assessment (Brodie, 1985).  For 1960 to 1974 numbers at age 5 were not available.  Age 5 numbers were calculated
using the number at age 6 and the ratio of age 5 to 6 from the 1975 to 1996 time period.  There were no estimates
of weight at age 5 prior to 1993.  Weight at age 5 from 1960 to 1992 was set as the average of 1993-95.  Female
maturities at age from the Campelen or equivalent spring survey from 1985 to 1998 were used.  For 1960 to 1984,
estimates from a model described in Morgan and Brodie (1995) were used.  For some of the earliest years there
were no estimates for the oldest year classes.  These were set as equal to the first estimate for that age.  The stock
recruit scatter is shown in Figure 25.  SSB has been declining since 1986 and is currently at a very low level in the
range of 15 000 t.  This compares to peak SSBs of over 200 000 t.  There appear to be two recruitment regimes. 
Prior to 1986 recruitment was high over a broad range of SSB.  Since 1986 recruitment has been low regardless of
SSB.  There has been no good recruitment at an SSB of less than 60 000 t.

Assessment

The VPA and the Canadian spring and autumn surveys all show a very large decline in abundance and
biomass since about the late-1980s. The EU-Spain survey in the Regulatory Area of Div. 3NO has shown a steady
increase in biomass and abundance since 1997. Both the VPA and the survey data indicate that the year classes
since the mid-1980s have been weak.  The spring survey indicates that the 1994 cohort may be stronger than the
average for the 1980 to 1996 period but probably weaker than those of the 1970s. Mortality as estimated on an age
by age from the Canadian spring and autumn surveys indicate an increase in mortality up to the mid-1990s.  Since
that time mortality has declined on older ages (5+) but has continued to increase on younger ages, particularly ages 2 to 4.
Most of the indicators evaluated suggest that the stock remains low compared to historic levels.
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Fig. 21.  Log residuals from ADAPT for spring Canadaian research vessel surveys.
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