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Abstract

The stock of American plaice in Subdivision 3Ps has been under moratorium
since September 1993.  Catches averaged just under 4000 t during the 1980’s but rapidly
declined after 1991.  There has been no directed fishery since the moratorium was
instituted and catch has not exceeded 500 t.  The fishery has changed substantially
compared to the premoratorium period with a larger inshore component, a substantial
truncation in the length distribution and a much higher percentage of females in the catch.
Since 1992, research vessel surveys indicate that the stock has been at a very low level.
There has been a slight increase since 1993 in both biomass and abundance indices but
current biomass is only 16% and abundance 21% of the 1983-87 average.  Since 1993,
female SSB calculated from the Campelen series has been only 15% of the 1986-87
average.  Analyses of recruitment from survey data indicated that the 1977 and 1978 year
classes were strong but that there were no good year classes between 1980 and 1992.
Given the current low stock size and the lack of recruitment indicated by the surveys and
the slow growing nature of American plaice there is little prospect of significant
rebuilding in the short to medium term.

Résumé

Le stock de plie canadienne de la sous-division 3Ps fait l’objet d’un moratoire
depuis septembre 1993. Les captures moyennes, étaient légèrement inférieures à 4 000 t
au cours des années 1980, mais ont décliné rapidement après 1991. Il n’y a pas eu de
pêche dirigée depuis l’imposition du moratoire et les captures n’ont pas dépassé les 500 t.
La pêche a changé de façon appréciable par rapport à la période d’avant le moratoire : la
composante côtière est plus importante, la distribution des longueurs est maintenant
fortement tronquée et le pourcentage de femelles au sein des prises est beaucoup plus
élevé. Depuis 1992, les relevés par navire de recherche indiquent un stock très appauvri.
On a noté depuis 1993 une légère augmentation des indices de la biomasse et de
l’abondance, mais la biomasse actuelle ne correspond qu’à 16 % et l’abondance qu’à
21 % de la moyenne pour la période 1983-87.  Depuis 1993, la biomasse du stock de
géniteurs femelles calculée à partir des séries de Campelen ne correspond qu’à 15 % de la
moyenne de 1986-87.  Selon des analyses du recrutement fondées sur les données des
relevés, les classes annuelles de 1977 et 1978 étaient importantes, mais il n’y a pas eu de
bonnes classes entre 1980 et 1992. Étant donné le faible niveau actuel du stock et
l’absence de recrutement, indiqués par les relevés, et la lenteur du taux de croissance de la
plie canadienne, les perspectives d’un rétablissement appréciable à court ou moyen
termes ne sont pas très bonnes.
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Description of the Fishery

Catches from this stock were highest from 1968 to 1973, exceeding 12,000 t on
three occasions in this period (Fig. 1, Table 1).  Catches by non-Canadian vessels peaked
at about 8800 t in 1968, due mainly to the USSR catch, and have not exceeded 800 t since
1973.  Since 1977 only Canada and France have been involved in this fishery.  Catches
averaged just under 4000 t during the 1980’s but rapidly declined after 1991.  Based on a
recommendation by the FRCC the fishery was closed in September of 1993 for the
remainder of that year.  There has been no directed fishing since that time and catch has
not exceeded 500 t.  The catch in 1998 was 423 t and the catch to October 8, 1999 was
475 t.

Through the 1980’s the majority of this fishery occurred in the offshore (Fig. 2).
Both offshore and inshore catch declined substantially in the early 1990’s and since 1995
the offshore catch has constituted less than 50% of the total.  Prior to the moratorium, this
fishery usually had a substantial main species American plaice component but this has
been less than 50% of the total since then.  In 1998, more than 50% of the catch came as
bycatch in the cod fishery.

Sampling data from commercial fisheries, 1993-98

Minimal sampling data from commercial fisheries on this stock were available
from 1994 to 1998. The 1993 catch at age was described in the last assessment of this
stock (Morgan et al., 1995), where it was noted that no samples from fixed gear catches
were taken in 1993, although catches from this sector comprised over 60% of the total.
With the reduction in catches from the stock to around 100 tons per year in 1994-96, the
number of commercial samples remained relatively low (1 length frequency in 1994, none
in 1995, 4 in 1996). With the increase in catches in 1997 and 1998, more samples were
available, although 1997 is the only year from 1993-98 in which length samples were
taken from fixed gear catches, despite the predominance of this sector in the total
landings (Table 2).

Otoliths were collected in all years except 1995, although these have not been
aged due to reductions in personnel resources.  Approximately 1172 otoliths have been
collected from the commercial fishery in Subdiv. 3Ps during 1994-98, 47% of which are
from 1998.

To determine whether the available sampling data could be used to estimate
length and age compositions of commercial catches in 1993 to 1998, several comparisons
were carried out. From previous years, it was observed that otter trawl and gillnet
fisheries on this stock usually had different length and age compositions. Figs. 3 and 4
show these results from the 1990 commercial fishery, which was typical of most years
(Brodie, 1991). As noted above, 1997 is the only year since 1992 in which a comparison
of otter trawl and gillnet data can be made. Fig. 5 shows that the length compositions
from these gears in 1997 were more similar to each other than in 1990, although they



4

were measuring different components of the population, as indicated by the much higher
proportion of females in the otter trawl catches.

These comparisons also indicate that the length frequencies observed in the recent
fisheries differ substantially from those prior to 1993. Data from the Canadian otter trawl
fishery in the first quarter were examined. Although peak length groups are similar during
both periods, there is a substantial reduction in the numbers of larger fish seen in the data
after the mid 1990’s (Fig. 6). There has been a reduction in the length of the largest fish,
both male and female, observed in the commercial catches since the early 1990’s, with
the largest fish seen in 1997-98 being 15-20 cm smaller than the largest fish seen in the
mid 1980’s (Fig. 7).  There was an increase in the percentage of females in the catches
from around 70% in 1983-93 to over 85% in 1994-98 (Fig. 8).  The available data show
length compositions after 1993 were much different than those observed previously.

Data from the 1997 and 1998 Canadian otter trawl fisheries carried out in the first
quarter were similar, although the 1998 length composition was shifted slightly toward
smaller fish (Fig. 9). In 1998, some data were available from Canadian vessels fishing
under quotas assigned to France, and length compositions from these two Canadian
components were similar (Fig. 10).

In summary, there have been major changes in the commercial fisheries and the
resulting length compositions taken from these fisheries on this stock during the 1990’s.
There has been a substantial truncation of the length distribution since the early to mid
1990’s, and length frequencies since then have usually been comprised of about 90%
females. Thus it is not advisable to apply historic length and age compositions to the
recent catch data. Minimal fixed gear sampling is available, although these gears took the
majority of catches since 1992. No otolith readings are available for the commercial
fishery on this stock since 1993. For these reasons, it is not possible to construct
representative catch at age from this stock for the years 1993-98 with available data.

Research Vessel Surveys

Stratified-random surveys have been conducted by Canada in Subdivision 3Ps in
each year from 1972 to 1999, based on the stratification scheme shown in Figure 11.
There were two surveys in 1993, one in February and one in April.  Most of the surveys
prior to 1993 were in February/March, while those since 1993 have been in April.  The
data can be split into three time periods based on the trawl used in each period: 1971-82
was Yankee 36, 1983-95 was Engel 145 and 1996-99 was Campelen 1800 (see
McCallum and Walsh (1996) for a description of the various trawls).
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Data Conversion

Conversions exist for the Yankee 36 to Engel 145 trawls based on Gavaris and
Brodie (1984).  Conversions from the Engel 145 to Campelen 1800 are presented here.
There is presently no conversion from the Yankee 36 to Campelen 1800.

Conversions of the Engel 145 length frequencies to Campelen 1800 length
frequencies followed Morgan et al. (1998).  The conversion used is as follows (for fish of
length X):

for 24 cm < X < 39 cm conversion factor: ln(y)= 39.958 + 0.358[X - 41 ln(X)]
for 23 cm < X the conversion factor would be 10.02
for 40 cm > X the conversion factor would be 1.0.

After the length frequencies were converted to Campelen trawl catch equivalents
they were used in the standard stratified analysis program, along with annual age-length
keys collected for each sex.  This provided total numbers of American plaice caught, by
length and age group, per standard Campelen set (0.8 nautical mile tow distance in 15
minutes with a wing spread of 16.84 m).  In a separate analysis, the length-weight
relationships (given in Table 2) were applied to the converted abundance at length values
to obtain biomass at length, and then summed over all lengths to get total estimated
biomass in Campelen equivalents.

Abundance at length for Engel and Campelen equivalent data from 1983-95 is
given in Fig 12.  The large increase in smaller fish in the converted data is easily seen.
When age length keys are applied to the converted data, the age compositions are shifted
toward younger fish (Tables 3 and 4).

Trends in Biomass and Abundance

Biomass and abundance indices from 1972-99 are shown in Figure 13.  Mean
number and weight per stratum for 1996-99 are given in Tables 5 and 6.  Both biomass
and abundance were variable from 1973-83 with perhaps a slight increasing trend.  From
the mid 1980’s to 1990 there was a large decline in the indices.  Since 1992 stock size has
been very low.  There has been a slight increase since 1993 in both biomass and
abundance indices but current biomass is only 16% and abundance 21% of the 1983-87
average.

Abundance at age from 1983-98 is given in Table 4.  Ageing is not completed for
1999. Abundance at all ages is low compared to the mid 1980’s.  The percentage of age
6+ fish has increased from 1996 to a level similar to the earlier part of the time series.
The percentage of 9+ fish increased sharply in 1998 compared to 1996 and 1997.
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American plaice are distributed throughout Subdivision 3Ps (Fig. 14 & 15).  The
1972-94 time series of distribution plots is given in Bowering et al. (1996).  From
1990-94 many survey sets with the Engel trawl caught no American plaice over the
central and eastern portions of the St. Pierre Bank where they had previously been
abundant.  In contrast, surveys conducted with the Campelen trawl had few sets
containing no American plaice.  Similar to the 1990-94 period most of the larger catches
were from the southeast slope of the St. Pierre Bank.

Mortality

Estimates of total mortality (Z) from the Campelen or equivalent survey data were
calculated for ages 2 to 17 (Fig. 16).  A Lowess smoother has been added to the plots to
help visualize trends.  For most ages mortality increased until the early to mid 1990’s
before declining in recent years.  The average Z on ages 6-13 in 1994-95 was –1.0,
despite very low catches.  High mortality rates during a moratorium period with very low
catches has also been found for the American plaice stock in Divisions 3LNO (Morgan et
al. 1999).

Mean Length and Weight at Age

Mean lengths and weights at age by sex were calculated from survey data for
1983-98 and 1990-98 respectively.  Means were calculated accounting for the length
stratified sampling design.  The results are presented in Figures 17 and 18.  There is some
indication of an increasing trend in both mean length and mean weight at age in the
1990’s.  The effect of year on mean length and weight at age was tested in two way
analyses of variance including an age and year effect.  There was a significant difference
in mean length over the time period for both males (F15,187=10.17, p<0.0001) and females
(F15,256=12.45, p<0.0001).  There was also a significant difference in mean weight over
the time period for males (F8,94=3.52, p<0.001) and females (F8,124=4.64, p<0.0001).

Maturities

Age and length at 50% maturity were estimated from survey 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 and using Campelen
or equivalent data.

A50 for both males and females has declined over the 1983-98 time period but this
decline was not significant (Cox Stuart test for trends, Fig. 19).  Bowering et al. (1996)
found that there was a significant decline in A50 for both sexes over the 1973-93 period.
The current A50 for males is 3.8 years and for females 8.7 years.

Estimates of maturity at length are not affected by the conversion of Engel data to
Campelen equivalents.  Therefore an entire time series from 1973 to 1998 is presented (Fig.
19).  L50 for both sexes has been declining over most of the time period and this trend is
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significant for both sexes (Cox Stuart test for trends, p<0.001).  The current L50 for males is
16 cm compared to 29 cm at the beginning of the time series and for females it is 36 cm
compared to 41 cm.

Spawning Stock Biomass

Female spawning stock biomass (SSB) was calculated using survey data from 1983
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 used in the conversion of biomass for that period (Table
2) was applied to mean length at age to produce mean weight at age.  SSB calculated in a
similar fashion for the Engel data was taken from Morgan et al. (1995).

SSB showed an increase from the mid 1970’s to mid 1980’s followed by a
precipitous decline (Fig. 20).  This rapid decline is seen in both the original Engel and the
Campelen equivalent time series.  Since 1993, SSB calculated from the Campelen series has
been only 15% of the 1986-87 average.  The 1998 index of female SSB is 7,000 t.

Recruitment

Cohort strengths were estimated using the following model using Engel data from
1973-95 and then with Campelen or equivalent data from 1983 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

For the Engel time series this model gave a significant fit to the data and there was a
significant cohort effect.

R2=0.88, n=62

Source DF Type III SS F value Pr>F
AGE 3 102.75 50.01 0.0001
COHORT 20 73.02 5.33 0.0001
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For the Campelen time series there was also a significant fit of the model to the data but
there was no significant cohort effect.

R2=0.77, n=53

Source DF Type III SS F value Pr>F
AGE 3 99.06 26.79 0.0001
COHORT 18 35.60 1.60 0.12

The results of these models are shown in Figure 21.  The Engel time series shows no
good year classes from 1980-92.  The largest year classes were 1977 and 1978.  The
Campelen time series also shows the 1978 year class to be above average and also indicates
that the 1994 year class may be stronger than average.  Consistent with the Engel series,
there was no sign of good recruitment from 1980-92.

These two sets of relative cohort strength are plotted against their respective indices
of SSB in Figure 22.  Both series indicate that some of the best year classes arise from some
of the lowest SSBs.

No ageing was available from 1999.  To examine this data for signs of recruitment
the percent at length from the survey indices of population abundance were plotted for
1997-99 (Fig. 23).  There is a slightly higher percentage of fish less than 10 cm (1-2 year
olds) in 1999 but no clear indication of a large year class.

Catch to Survey Biomass

As a proxy for exploitation rate on this stock, the ratio of catch to biomass from
spring research vessel surveys was examined from Campelen data from 1983 to 1998 (Fig.
24).  Catch/biomass ratio increased steadily through the 1980’s reaching a peak of 0.31 in
1990.  Since 1994 the C/B ratio has been less than 0.05, reflecting the low catch levels.
This maximum is much higher than that calculated for the adjacent Div. 3LNO stock which
peaked at 0.13 (in 1991, Morgan et al., 1999).  The biomass in the 1990 survey of 3Ps was
low compared to 1989 and 1991.  This may have artificially inflated the estimate of the C/B
ratio in that year.  If the biomass in 1990 is estimated to be between those of the adjacent
years then the C/B ratios in that year would be 0.14.  The assessment of the Div. 3LNO
stock indicates that the index derived from the Campelen trawl is actually an overestimate
of stock size.  If this is the case then the C/B ratios would in general underestimate
exploitation.

Assessment

Indices of abundance and biomass showed a large decline from the mid 1980’s to
1990. Since 1992 stock size has been very low.  There has been a slight increase since
1993 in both biomass and abundance indices but current biomass is only 16% and
abundance 21% of the 1983-87 average.  The 1994 year class may be above average but
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there are no other year classes since 1980 that have been larger than average. For most
ages mortality increased until the early to mid 1990’s before declining in recent years.
The average Z on ages 6-13 in 1994-95 was –1.0, despite very low catches.  Given the
current low stock size and the lack of recruitment indicated by the surveys and the slow
growing nature of American plaice there is little prospect of significant rebuilding in the
short to medium term.
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