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Abstract

The assessment of the American plaice stock in Div. 3LNO included virtual population analyses until 1994.  This
paper attempts a variety of formulations of ADAPT to produce an acceptable VPA. Catch at age was constructed for
1994 to 1997.  Nine different formulations of ADAPT were run.  The formulation using the spring index (1985 to
1997, ages 5 to 14) only, catch at ages 5 to 14 from 1975 to 1997 and M=0.2 except M=0.6 for all ages from 1989 to
1996, provided the best fit to the data and the least patterning in the residuals.

Introduction

The assessment of the American plaice stock in Div. 3LNO included virtual population analyses until 1994.  Brodie
et al. (1994) outlined the reasons for abandoning the VPA.  These included lack of confidence in the catch and catch
at age, poor fit of the model to the data and a severe retrospective pattern.

Without a VPA the relationship of the survey index to the actual population is unknown.  This has been exacerbated
by the introduction of a new survey trawl with a very different catchability to the trawl used previously.  The lack of
a VPA also makes it more difficult to set and evaluate reference points for the precautionary approach.  These
factors point to the usefulness of a VPA for this stock.

Two reasons may make an attempt at a VPA at this time worthwhile.  Sufficient time may have passed since the
uncertain catch at age of the late 1980’s and early 1990’s to limit their impact. Also, the introduction of risk analyses
may mean that projections using VPA’s with large standard errors can still be useful.

As a result of these factors we decided to attempt several formulations of ADAPT to determine if an acceptable
VPA could be produced.

Reconstruction of ADAPT run of 1993

The version of ADAPT used in these analyses (Windows Version 2.1) estimates population numbers at the
beginning of year n+1 while the version used in the 1993 assessment calculated population numbers at the beginning
of year n. Therefore we first reconstructed the analysis of 1993 using this new version.  This formulation included
spring survey from 1975 to 1992 using ages 5 to 14 and catch at ages 5 to 17 from 1975 to 1992. F on ages 15 to 17
was calculated as the average of the F’s on ages 12 to 14.  M was set at 0.2.  Output from the two versions of
ADAPT were virtually identical.
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Calculation of catch at age for A. plaice in Div. 3LNO from commercial fisheries in 1993-97

In 1994, a ban on directed fishing on this stock was imposed by NAFO’s Fisheries Commission, followed by a
complete moratorium on fishing from 1995 to the present. As a result, catches declined from 17,000 tons in 1993 to
less than 1000 tons in each of 1995 and 1996. From 1995 to 1997, about 90% of the catch of American plaice in
Div. 3LNO was taken as by-catch in groundfish fisheries of Spain and Portugal in the NAFO Regulatory Area
(NRA), with Canada taking most of the remaining 10%.

Catch at age from the commercial fisheries on this stock was not calculated on a regular basis following the 1993
assessment (Brodie et al. 1993).  That assessment used catch at age from 1974 to 1992. The following sections
describe the calculation of catch at age for the years 1993-97.

Various age composition and length frequency (LF) data were taken from the Spanish (NAFO SCS Docs. 95/15,
97/10, 98/11) and Portuguese (SCS 95/13, 96/12, 97/9, 98/13, see reference list for complete details) annual research
reports. Age-length keys (ALK) were taken from Canadian spring research vessel surveys in Divisions 3LNO from
1994 to 1997. From 1994 onward, data were analyzed with sexes combined, unlike in the previous years, because
LF data were usually not available by sex. Mean weights (kg) at age were derived from mean lengths (cm) at age
using the length weight equation

 Log10 weight = (3.3247 * Log10 length) – 5.553.

This same relationship was used to generate mean weights in previous years. Overall mean weights at age for each
year were taken as the average of all data for a fleet/Division, weighted by catch numbers.

1993:  This was the last year in which a TAC and directed fishery existed for this stock. Catch at age for 1993 was
presented in Brodie et al. (1994) for Canada (7454 tons) and Spain+Portugal (575 tons). The latter was adjusted to
represent the total non-Canadian catch of 9680 tons. Due to uncertainties with total catch and mean weights at age, a
sum-of-products correction was made to the catch numbers for the non-Canadian portion. This is the last year that
LF and ALK data exist for the Canadian commercial fishery for A. plaice in Div. 3LNO.

1994:  A TAC of 4800 tons existed for 1994, but no directed fishing was allowed. A catch of 7378 tons was
estimated, about 75% of which was taken by Spain. Divisional LF data were available for Spain (Div. 3L and 3N),
and corresponding ALK’s from the Canadian spring surveys were used to derive age compositions. Age
composition data existed for the Portuguese fishery in Div. 3N and 3O in SCS 95/13. The age compositions for
Spain and Portugal were combined and applied to the total catch of 7378 tons.

1995:  This was the first year of the fishery moratorium. By-catches of American plaice from various fisheries in
Div. 3LNO were 637 tons. LF data were available from the Portuguese catch of 147 tons (Div 3N and 3O), and were
used with survey ALK’s to derive an age composition, which was then applied to the total catch.

1996:  By-catches totalled 913 tons as the moratorium continued. LF data were available from Spain (Div. 3L, 3NO
combined), and Portugal (Div. 3L, 3N). ALK’s from the Canadian spring surveys were used to derive an age
composition which was then applied to the total catch.

1997:  By-catches increased to 1407 tons, mostly occurring in the Greenland halibut and skate fisheries. LF data
were available from Spain and Portugal (Div. 3L, 3N for each country). ALK’s from the Canadian spring surveys
were used to derive age compositions which were then combined and adjusted to the total catch.

Table 1 contains the catch at age, mean weights at age, and catch biomass (number X weight for each age) for the
years 1993-97.  Peak ages in the catch each year were 7 or 8, and much of the catch at age consisted of fish between
6 and 10 years old. Both these observations are consistent with the pattern of catch at age in the late 1980’s and early
1990’s (Brodie et al. 1993). The truncation of ages in the catch after 1993, which is most evident in 1995, can be
explained by the lack of a directed fishery for A. plaice in Div. 3LNO from 1994 onward, and by the reduced levels
of sampling in some years, particularly 1995. The weights at age are quite variable, and generally higher in 1995-97
than historic values, particularly at ages 8+. This may be related to sampling of the catches, and the fact that ALK’s
from surveys over a broad area (e.g. a NAFO Division) were applied to LF’s from commercial fisheries in a small
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part of that area. (e.g. the NRA). In any case, mean weights at age in Div. 3N, where most of the catch was taken
after 1993, are generally higher than those from Div. 3L, where much of the catch was taken in the 1970’s and early
1980’s. The sum-of-products (SOP) check against total catch is somewhat artificial, in that catch numbers in some
instances were adjusted to catch levels based on SOP corrections.

Overall, the calculation of catch at age for 1993-97 gives a reasonable result, considering the limitations of the data.
Two obvious problems are the truncation of the age distribution in 1995, with no fish older than 12 in the data, and
the variation in the weights at age. Closer examination of the 1995 data shows no fish in the survey ALK in Div. 3N
at the largest lengths observed in the Portuguese length frequencies. Ages at these lengths in the ALK for Div. 3O
were in the range of 12 to 14 years, thus it should be acceptable to assign a small catch value at ages 13 and 14 in
1995. To use the data presented here in SPA and subsequent SSB calculations, it will be necessary to assume a small
catch number at ages 15+ in some years, and to use mean weights at age for 1993-97 which are averaged over a
number of years.

ADAPT formulations

No run using Campelen spring 1985 to 1992 surveys as the index were attempted.  This would be comparable to the
earlier 1993 run using the Engel in that the last year would be 1992. However, we felt that the shortness of the
Campelen series would not provide a useful comparison between the two formulations.

Run 1  All runs used the indices and catch at age given in Table 2-4. Run 1 used Campelen spring 85 to 97 ages 5 to
14. Catch 75 to 97 ages 5 to 17.  M 0.2 for all ages. F for 15-17 as average of 12-14.  Zero catch for some of the
older ages in recent years was set at 0.1.

Results   Table 5 gives the results for Run 1. Relative error ranged from 0.310 to 0.577.  Mean square of the
residuals 0.303. Patterns existed in the residuals: 85 and 86 all negative, 90, 93 and 94 all positive.  Some residual
very large, particularly on the older ages in 1994.

Run 2 Campelen fall from 90 to 97 ages 5 to 14. Catch 75 to 97 ages 5 to 17.  M 0.2 for all ages. F for 15-17 as
average of 12-14. Zero catch for some of the older ages in recent years was set at 0.1.

Results  Relative error ranged from  0.535 to 0.981. Mean square of the residuals 0.818. Patterns existed in the
residuals: 90 and 92 all negative, 93 all positive.  Residuals large on oldest ages in 1994. Numbers at age tended to
be lower than those estimated using spring only.

Run 3 Same as Run 1 and Run 2 but using Campelen spring 85 to 97 and Campelen fall 90 to 97.

Results  Table 6 shows the results of Run 3.  Relative error ranged from 0.278 to 0.518.  Mean square of the
residuals 0.473. Patterns existed in the residuals: spring: 85 and 86 all negative, 90, 93 and 94 all positive; fall: 90
and 96 all negative, 93 all positive. Population numbers tend to be somewhat lower than for spring only but higher
than for fall only.

Runs 4 through 8 build on Run 3.

Run 4 Same as Run 3 but calibration matrix started at age 6.  Campelen spring 85 to 97 ages 6 to 14, Campelen fall
90 to 97 ages 6 to 14. Catch 75 to 97 ages 6 to 17.

Results. Relative error ranged from 0.286 to 0.538. Mean square of the residuals 0.5.  Patterns in the residuals.  This
did not improve on Run 3.

Run 5 Same as Run 3 but indices used only ages 5 to 12. F on 13 to 17 set as 1.5 times average of F of 11 and 12.

Results  Relative error ranged from 0.250 to 0.472.  Mean square of the residuals 0.392. Patterns in the residuals:
spring 85 and 86 all negative, 93 and 94 all positive; fall 90 and 92 all negative, 93 all positive.  Population numbers
tend to be slightly higher at age 5 and lower at other ages than Run 3. Did not substantially improve on Run 3.
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Run 6  Same as Run  5 but used F on 13 to 17 as 1.8 times F11 and 1.4 times F12.

Results: Relative error ranged from 0.258 to 0.474. Mean square of the residuals 0.396.  Patterns in the residual:
spring 85 and 86 all negative, 93 and 94 all positive. Fall 90 and 92 all negative, 93 all positive. Population numbers
very similar to Run 3.  F similar except higher on ages 16 and 17 in this run.  Did not substantially improve on run 3.

Run 7  Same as Run 3 except that catch at 13 and 14 in 1995 set at 1.0 instead of 0.1.

Results:  Relative error ranged from 0.277 to 0.513. Mean square of the residuals 0.463. F on 13 and 14 in 1995
higher than Base3.  Similar F in 1993 on ages 13-17 (very high). Some differences in F on these ages in 1994.  No
real improvement on Run 3.

Run 8 The estimates of total mortality from the spring and fall surveys indicate that mortality was very high after
the moratorium on fishing was introduced (Morgan et al., 1999).  The average Z for ages 5 to 10 in 1995 and 1996
was approximately 0.6.  The estimates of Z were very high from 1989 through 1996 but decreased substantially in
1997 and 1998.  It was therefore decided to attempt a formulation using M=0.6 for all ages from 1989 to 1996.  All
other aspects were the same as Run 3.

Results: Table 7 shows the results of Run 8.  Relative error ranged from 0.223 to 0.441.  Mean square of the
residuals 0.341. Patterns in the residuals: spring 1985 all negative, 1993 all positive, fall: 1990 all negative 1993 all
positive (this compares to Run 3 which had 5 patterned years in spring and 3 in fall). F quite a bit lower in 93 and 94
but still high.  Much higher population numbers at age 5 to 8, effect goes back to 1979 or 1980.

Run 9 Same as Run 8 except used only the spring survey index 1985 to 1997, ages 5 to 14.

Results: Table 8 shows the results of Run 9.  Relative error ranged from 0.242 to 0.484. Mean square of the residuals
was 0.213.  Patterns in the residuals were better than Run 3, 1993 all positive.

Comparison of 4 formulations

Based on the above results we chose 4 formulations of ADAPT to compare.

Run 1: Spring index, M=0.2 in all years
Run 3: Spring and fall RV indices, M=0.2 in all years.
Run 8: Spring and fall RV indices, M=0.6 from 1989-96
Run 9: Spring index, M=0.6 from 1989-96

Comparing residuals between 1 and 3, as well as 8 and 9, shows that the fall survey adds little to the calibration (see
figures in Appendix, first part of figure number refers to run number). Residual patterns in the spring were almost
identical for runs with the same M value, regardless of whether the fall survey was included or not. Looking only at
the runs with just spring data (1 and 9) shows the pattern in the residuals to be much improved in run 9, with the
higher M in 1989-96. In all 4 runs, there are high positive residuals at ages 13 and 14 in 1994.

Fig. 1. compares the population numbers at ages 5+ from ADAPT runs 1 and 9 with survey numbers at the same
ages (Engel equivalents, 1975-95 and Campelen equivalents, 1985-98). With M=0.2, the population declines
steadily from the mid 1970’s to the present, while the run with M=0.6 shows a more gradual decline up to 1989,
followed by a rapid drop after M is increased. The Campelen index is higher than the ADAPT population numbers
in all years, while the ADAPT with M=0.6 population is higher than the Engel series in all years except 1977-82.

Fig. 2 compares mean fishing mortalities at ages 9-14 from the 4 ADAPT runs. As expected, there is little difference
in the F’s when comparing the pairs of runs with the same natural mortality values. The trends are the same in all 4
runs, with much higher F’s estimated from 1988-94 in the runs with constant M. Even with M=0.6, F’s in 1994 and
1995 were calculated to be above 1.0. All 4 runs estimate very low F’s after 1994, with a slight increase in 1997.

Calibration coefficients (q’s) show a similar pattern at age in runs 1and 9, although the pattern is less pronounced in
the run with M=0.6 (Fig. 3). In both cases, q’s are well above 1, indicating that the survey population estimate is
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higher than the ADAPT for each age. This was also seen in Fig. 1. Comparison of q’s between spring and fall show
the fall values to be higher (Table 6 and 7), as the fall survey index has consistently produced a higher estimate of
abundance than the spring survey since the fall series began in 1990 (Morgan et al. 1999).

Conclusions

The results of all formulations gave population numbers that were lower than the indices.  This could be caused by a
herding effect in the trawl surveys (e.g. if the actual swept area was between the doors of the survey gear rather than
between the wings) or by unaccounted for mortality in the ADAPT. All runs indicate that 5+ population is at the
lowest level observed in 1997-98, despite very low estimates of F in 1995-97.

Run 9 using the spring index only and M=0.6 from 1989 to 1996 gave the best fit to the data.  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 (Morgan et al., 1999).  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 be accounting for changes in catchability.

Overall, run 9 (spring index only, m=0.6 from 1989-96), provided the best fit to the data and least patterning in the
residuals. We suggest using this formulation to conduct a VPA to estimate population numbers at the beginning of
1999.

References

Alpoim, R. M.L. Godinho, E. Santos, and A.M. Avila de Melo. 1998. Portuguese research report for 1997. NAFO SCS
Doc. 98/13, Ser. No. N3025, 38p.

Alpoim, R., M.L. Godinho, A.M. Avila de Melo, and E. Santos. 1997. Portuguese research report for 1996. NAFO SCS
Doc. 97/9, Ser. No. N2857, 43p.

Avila de Melo, A.M., R. Alpoim, M.L. Godinho, and E. Santos. 1995. Portuguese research report for 1994. NAFO SCS
Doc. 95/13, Ser. No. N2534, 53p.

Bowering, W.R., M.J. Morgan & W.B. Brodie. 1997. Changes in the population of American plaice
(Hippoglossoides platessoides) off Labrador and northeastern Newfoundland: a collapsing stock with low
exploitation.  Fish. Res. 30:199-216.

Brodie, W.B.,  D.Power, and M.J. Morgan. 1993.  An assessment of the American plaice stock in NAFO Divisions
3LNO.  NAFO SCR Doc. 93/91, Ser. No. N2277, 60 p.

Brodie, W.B.,  M.J. Morgan, and D.Power. 1994.  An assessment of the American plaice stock in Divisions 3LNO.
NAFO SCR Doc. 94/55, Ser. No. N2426, 43 p.

De Cardenas, E., S. Junquera, and A. Vazquez. 1995. Spanish research report for 1994. NAFO SCS Doc. 95/15, Ser.
No. N2555, 13p.

Godinho,M.L., R.Alpoim, A.M. Avila de Melo, and E. Santos. 1996. Portuguese research report for 1995. NAFO
SCS Doc. 96/91, Ser. No. N2703, 61p.

Junquera, S., A. Sarasua, E. Rodriquez-Marin, E. De Cardenas, and L. Motos. 1998. Spanish research report for
1997. NAFO SCS Doc. 98/11, Ser. No. N3014, 12p.

Junquera, S., E. Rodriquez-Marin, and E. De Cardenas. 1997. Spanish research reportfor 1996. NAFO SCS Doc.
97/10, Ser. No. N2873, 9p.

Morgan, M.J., W.B. Brodie and W.R. Bowering. 1999. An assessment of American plaice in NAFO Divisions
3LNO. NAFO SCR Doc. 99/40, Ser. No. N4099, 57p.



6



7



8



9



10



11



12



13



14



15



16



17



18



19



20



21

Fig. A 1.1 Log residuals from ADAPT for Canadian research vessel surveys.
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Fig. A 9.1 Log residuals from ADAPT for spring Canadian research vessel surveys.
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