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Introduction

Yellowtail flounder fishery in NAFO Div. 3LNO has been under quota management since 1973. Due to recent
sharp declines in biomass, after large catches in 1985 and 1986, the fishery has been under moratorium since 1995.
Since the validity of a SPA was dismissed in 1984 due to unexplained high Z’s in older ages, the health of this
resource and subsequent scientific advice has been based on a variety of annual bottom trawl survey indices.

At the March 1998 Precautionary Fishery Workshop, several models were used to estimate reference points
using survey data: 1) ASPIC non-equilibrium production model with covariates, 2) Thompson-Bell yield per
recruit model, 3)  Evans’ recruitment model, 4) Sissenwine and Shepherd age structure model of stock
productivity, 5) Cook’s age structured separable fishing mortality model and 6)  Caddy’s stock traffic-light model.
The survey results cover the time period 1975-1995 based upon the Engel 145 bottom trawl results.

Results and Discussions

ASPIC  (Prager 1994): Several data sets were entered into this model under various combinations and
included: Canadian fishery CPUE 1965-93, exploitation rate (catch/survey biomass) for 1975-95, Canadian spring
biomass survey indices for 1975-95, 1984 VPA biomass  for 1968-1983 estimates, Russian biomass survey indices
for 1972-91, Canadian spring abundance indices for 1972-95, Canadian fall biomass survey indices for 1990-94
and

Canadian juvenile biomass survey indices from 1986-94 (see Figs. 1-2). An example of an output is shown in
Table 1 which shows bootstrap estimates of various parameters from using Canadian spring abundance surveys
with nominal catch and Russian biomass survey indices.  Noteworthy, is that r (0.39) is very low which is
suggestive of a long lived, low productivity stock and F0.1 is 0.18. These estimates are contradictory to our
perception that this is stock is relatively fast growing and has been subjected to high fishing mortalities in recent
years. Most runs indicated an r of  about 0.1 to 0.3 and constraining the r does not improve the model outputs.
Most indices had strong trends in the residuals. More explorations of this model will continue.

Thompson-Bell yield per recruit model: Tables 2-3 and Fig 3 show input parameters for this model and Fig. 4
shows the output.  The y/r  curve is flat  topped for this stock. Both F0.1  and Fmax are very high, as expected,



2

however, these estimates are sensitive to choice of M.  Thus, the interpretation of these estimates may be
confounded by the fact that Z on older ages is quite high for this species.

Semi-parametric description of recruitment as a function of spawning biomass.  As was done for the American
plaice case study, an extension of the approach used by Evans and Rice (1988) to describe recruitment as a function
of spawning biomass was applied to yellowtail flounder in 3LNO. However, as "absolute" estimates of spawning
biomass and recruitment were not available for this stock, the technique had to be applied to an index of spawning
biomass and an index of recruitment coming directly from the research survey.  The method provided an
evaluation of the probability that a given level of recruitment index would be exceeded as a function of the
spawning biomass index (Fig. 5).  It was also used to describe the probability that a given level of the recruitment
index will be exceeded as a function of spawners index (Fig. 6).

Age-structured analysis of stock productivity. While applying the Evans and Rice (1988) method directly to
indices may provide insight on the underlying S-R relationship (Fig. 7), it also limits its applicability in the
analysis of production of the type suggested by Sissenwine and Shepherd. The range of possible scalar values that
would be needed to translate the underlying yield in terms that could be compared to past fishery yields was
investigated through simulations.  However, as this was carried only to gain insight into the processes involved, the
resulting models are provided for illustrative purposes only (Fig. 8).  It was concluded that we need to extend the
time series of observations to cover a larger portion of the stock dynamics and to obtain additional insight into the
magnitude of the scalar terms needed.  For instance, it was felt that a VPA using all available data and exploration
of changes in natural mortality as a function of age would be useful for that purpose.

Cook’s age structured separable fishing mortality model: Annual bottom trawl survey data from the 1975-95
spring surveys of  yellowtail flounder are analyzed using a model which assumes that fishing mortality, F, can be
separated into an age effect and a year effect. The model also assumes that the selection pattern is constant over
time but is rescaled each year by measure of overall fishing. A full description of the method is given in Cook
(1995).

The research vessel data analyzed are given in Table 4 with estimates of mean weight at age, maturity and
natural mortality. Estimates of the research vessel survey catchability are also given. These have been chosen to
give positive values of selectivity and need to be verified with reference to real data as they are simply guesstimates
in this analysis.

Results from the analysis are given in Tables 5-10, which give the age related fishing mortalities, imputed
catch at age and fitted survey values. Table 10 shows the stock summary statistics of SSB, recruitment, yield and
mean fishing mortality rate for ages 4-8. With the exception of fishing mortality, these summary statistics are on a
relative scale.

Figure 9 shows the stock summary statistics plotted as a time series. This suggests that fishing mortality
increased substantially in recent years and that SSB has declined continuously.

Caddy (John)  stock traffic-light model: This qualitative model summarizes life history and fishery
characteristics of yellowtail flounder stock. It has some potential as an aid in deciding absolute and relative
importance of different management control options.(Table x). For example, if there are 5 redlights then
management’s response may be to closed the fishery

Conclusions

Catch base analysis such as ASPIC non-equilibrium logistic growth model is heavily dependent on the
assumption that catch is measured without error. Nominal catches of yellowtail flounder from the fishery does not
include estimates of discards and unreported landings. Since absolute estimates of stock biomass from VPA are not
valid because of high Z’s in older fish then estimates of stock size, SSB and recruitment  are only available from
fishery-independent survey indices, i.e. relative estimates. This makes it difficult to estimate biological and fishery
related reference points and developing a conceptual framework for implementation of the Precautionary
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Approach.  Precise estimation of M as a function of age and more accurate estimates of commercial catch and
effort data are critical to the success of using these analytical models.

Survey data has been analyzed to gain insight into the analytical models processes  and the resulting models
are provided for illustrative purposes only. However, the age structured separable fishing mortality model (Cook
1997) on first glance offers good potential in deriving estimates of SSB, recruitment and fishing mortality on
individual ages. Perhaps it will provide some insight on estimating an age dependent M.

Nevertheless, this preliminary investigation has been fruitful in confirming some of the basic tenets of
Scientific Council’s perception of this stock and in challenging some of our views of life history parameters.
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TABLE 1. An example of one of the ASPIC non-equilibrium production model outputs for 3LNO
yellowtail flounder.
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TABLE 2. Input parameters for stock production models

Age Partial Recruitment Percent Maturity Weight-at-age M
3 0.000 0.0007305 0.040 0.3
4 0.100 0.005104 0.098 0.3
5 0.090 0.037268 0.180 0.3
6 0.290 0.278826 0.312 0.3
7 0.780 0.802140 0.483 0.3
8 1.000 0.971876 0.755 0.3
9 1.000 0.996744 1.157 0.3

10 1.000 0.999556 1.157 0.3

TABLE 3. Results of Thompson-Bell yield-per-recruit model. M assumed to be 0.3.

F0.1 0.481
Yield(kg)/R 0.113
SSB/R 0.1303

Fmax 0.819
Yield(kg)/R 0.1204
SSB/R 0.0869

ANALYSIS BY RCSEP OF Yellowtail flounder

TABLE 4. Source data

Age M Prop.mat. cat.wt stk.wt survey catchability
3 .30 .00 .0400 .0400 .001
4 .30 .01 .0980 .0980 .01
5 .30 .04 .1800 .1800 .05
6 .30 .28 .3120 .3120 .2
7 .30 1.00 .4830 .4830 .8
8 .30 .97 .7550 .7550 1
9 .30 1.00 1.1570 1.1570 1
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TABLE 5. Abundance index data.

Age 1975 1976 1977 1978 1979 1980
3 .8 3.9 .2 2.9 .9 5.0
4 12.7 16.5 3.1 9.9 6.0 11.1
5 63.8 73.8 18.6 38.2 12.6 37.9
6 92.1 100.7 45.5 70.4 50.3 97.7
7 106.8 92.5 121.7 73.1 129.2 140.0
8 26.0 18.7 99.5 38.2 61.8 45.4
9 3.1 .5 32.2 4.1 8.1 3.2

Age 1981 1982 1983 1984 1985 1986
3 1.1 5.5 .3 .7 .1 .1
4 2.0 18.8 3.5 2.5 1.8 .5
5 8.8 38.6 26.4 12.9 11.8 6.4
6 37.9 56.1 94.0 52.8 30.3 20.2
7 97.3 87.4 131.0 90.9 93.7 56.5
8 101.8 56.7 56.5 42.1 45.7 76.3
9 24.9 16.2 4.5 3.6 7.1 8.2

Age 1987 1988 1989 1990 1991 1992
3 .1 2.4 .8 .4 1.0 .5
4 1.2 23.8 7.9 5.6 5.2 7.6
5 1.6 25.9 22.1 27.0 11.0 18.4
6 9.5 27.3 29.3 39.3 26.3 39.2
7 31.8 33.5 45.6 39.3 26.1 41.7
8 45.8 17.2 38.6 19.6 12.0 15.0
9 9.5 1.8 5.3 2.8 2.7 1.5

Age 1993 1994
3 .3 .1
4 2.0 2.8
5 9.2 3.3
6 24.0 32.4
7 30.5 38.8
8 14.1 19.1
9 1.0 .1
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TABLE 6.  Parameter estimates.

Parameter s.d.
year effects

1.4336 .2703
1.1532 .2141
1.1674 .2101
.8897 .2096
.7553 .2092
.7090 .2094
.7424 .2085
.8300 .2089

1.0543 .2092
.9097 .2096
.8135 .2093
.7808 .2084
.5033 .2074
.4889 .2079

1.0555 .2095
1.4175 .2111
1.3899 .2110
1.4373 .2120

age effects
.0142 .3623
.2583 .2680
.3085 .1159
.7056 .1151
.5710 .1162

2.0451 .2525
y/c effects

1.0591 1.2098
3.1968 .3737
4.5973 .2923
6.3540 .2802
6.8648 .2476
7.2426 .4297
7.2454 .4463
7.4153 .3785
6.9180 .3827
6.9628 .3214
6.7903 .2958
7.2713 .2888
7.1927 .2968
6.6066 .3185
5.9686 .3567
5.7442 .3256
5.5256 .3068
6.2295 .3062
6.5172 .2580
6.7823 .2932
6.7792 .3734
6.7481 .4470
6.5561 .4578
5.3105 .5155
5.8297 .8989
4.6052 1.2143
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TABLE 7.  F-at-age.

Age 1975 1976 1977 1978 1979 1980
3 .0203 .0163 .0165 .0126 .0107 .0100
4 .3703 .2979 .3016 .2298 .1951 .1831
5 .4422 .3557 .3601 .2744 .2330 .2187
6 1.0116 .8137 .8238 .6278 .5330 .5003
7 .8186 .6584 .6666 .5080 .4313 .4094
8 2.9319 2.3583 2.3876 1.8196 1.5448 1.4501
9 2.9319 2.3583 2.3876 1.8196 1.5448 1.4501

Age 1981 1982 1983 1984 1985 1986
3 .0105 .0118 .0149 .0129 .0115 .0111
4 .1918 .2144 .2723 .2350 .2101 .2017
5 .2290 .2560 .3252 .2806 .2509 .2408
6 .5239 .5857 .7440 .6419 .5740 .5510
7 .4239 .4739 .6020 .5194 .4645 .4458
8 1.5183 1.6974 2.1562 1.8604 1.6636 1.5968
9 1.5183 1.6974 2.1562 1.8604 1.6636 1.5968

Age 1987 1988 1989 1990 1991 1992
3 .0071 .0069 .0150 .0201 .0197 .0204
4 .1300 .1263 .2726 .3662 .3590 .3713
5 .1552 .1508 .3256 .4372 .4287 .4433
6 .3552 .3450 .7448 1.0003 .9808 1.0143
7 .2874 .2792 .6027 .8094 .7936 .8207
8 1.0293 .9999 2.1568 2.8991 2.8426 2.9395
9 1.0293 .9999 2.1586 2.8991 2.8426 2.9395

Age 1993
3 .0208
4 .3793
5 .4530
6 1.0363
7 .8386
8 3.0035
9 3.0035
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TABLE 8. Fitted index.

Age 1975 1976 1977 1978 1979 1980
3 1401.6 1661.2 1010.3 1056.6 889.2 1438.4
4 1397.7 1017.4 1210.7 736.2 772.9 651.7
5 958.0 715.0 559.6 663.4 433.4 471.1
6 574.8 456.1 371.2 289.2 373.5 254.3
7 99.2 154.8 149.7 120.6 114.3 162.4
8 24.5 32.4 59.4 57.0 53.8 55.0
9 2.9 1.1 2.3 4.2 7.3 9.7

Age 1981 1982 1983 1984 1985 1986
3 1329.7 740.0 391.0 312.4 251.0 507.5
4 1055.0 974.8 541.8 285.3 228.4 183.8
5 402.0 645.1 582.8 305.7 167.1 137.2
6 280.4 236.9 370.0 311.9 171.1 96.3
7 114.2 123.0 97.7 130.3 121.6 71.4
8 80.2 55.4 56.7 39.6 57.4 56.6
9 11.2 14.8 9.5 5.7 5.2 8.8

Age 1987 1988 1989 1990 1991 1992
3 676.7 882.1 879.4 852.4 703.5 202.5
4 371.8 497.7 648.9 641.8 618.9 511.0
5 111.3 241.9 325.0 366.0 329.7 320.2
6 79.9 70.6 154.1 173.8 175.1 159.1
7 41.1 41.5 37.0 54.2 47.4 48.7
8 33.9 22.9 23.2 15.0 17.9 15.9
9 9.8 11.6 9.4 2.8 .7 .8

Age 1993 1994
3 340.3 100.0
4 147.0 246.9
5 261.2 74.5
6 152.3 123.0
7 42.7 40.0
8 15.9 13.7
9 .7 .6
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TABLE 9.Fitted catch-at-age.

Age 1975 1976 1977 1978 1979 1980 1981 1982
3 24.4 23.3 14.3 11.4 8.2 12.4 12.0 7.5
4 377.2 228.1 274.4 131.3 118.9 94.7 159.8 163.4
5 299.0 186.5 147.5 138.5 78.3 80.4 71.5 126.7
6 323.9 223.8 183.6 118.3 135.1 87.6 100.1 92.0
7 48.9 65.6 64.0 42.0 35.0 47.2 34.5 40.6
8 21.3 26.7 49.2 43.0 37.9 37.7 56.1 40.7
9 2.5 .9 1.9 3.2 5.2 6.6 7.9 10.9

Age 1983 1984 1985 1986 1987 1988 1989 1990
3 5.0 3.5 2.5 4.8 4.2 5.3 11.3 14.6
4 112.3 51.9 37.6 29.2 39.3 51.2 134.7 171.6
5 140.9 65.1 32.2 25.5 13.9 29.4 78.7 113.2
6 170.8 129.7 65.5 35.7 20.8 18.0 71.2 97.3
7 38.7 46.2 39.5 22.4 8.9 8.8 14.7 26.5
8 45.5 30.2 41.8 40.5 19.3 12.8 18.7 13.1
9 7.6 4.3 3.8 6.3 5.6 6.5 7.5 2.4

Age 1991 1992 1993
3 11.9 3.5 6.1
4 162.7 138.2 40.5
5 100.4 100.2 83.1
6 96.8 89.8 87.1
7 22.9 24.0 21.4
8 15.513.8 13.9
9 .6 .7 .6

TABLE 10. Summary statistics.

Year, TSB, SSB, Yield, Fbar, RECS
1975, 1.841,, 1.181,, 2.113,, 1.115,, 1.715,
1976, 1.611,, 1.354,, 1.612,, .897,, 2.033,
1977, 1.484,, 1.451,, 1.629,, .908,, 1.236,
1978, 1.289,, 1.261,, 1.181,, .692,, 1.293,
1979, 1.229,, 1.299,, 1.074,, .587,, 1.088,
1980, 1.248,, 1.454,, .991,, .551,, 1.760,
1981, 1.334,, 1.446,, 1.152,, .577,, 1.627,
1982, 1.299,, 1.333,, 1.173,, .645,, .906,
1983, 1.169,, 1.273,, 1.362,, .820,, .478,
1984, .875,, 1.195,, .965,, .707,, .382,
1985, .671,, 1.149,, .763,, .633,, .307,
1986, .541,, .893,, .606,, .607,, .621,
1987, .495,, .597,, .344,, .391,, .828,
1988, .600,, .544,, .336,, .380,, 1.079,
1989, .754,, .577,, .717,, .821,, 1.076,
1990, .772,, .545,, .840,, 1.102,, 1.043,
1991, .719,, .510,, .791,, 1.081,, .861,
1992, .605,, .489,, .741,, 1.118,, .248,
1993, .467,, .450,, .609,, 1.142,, .416,
1994, .331,, .387,, .000,, .000,, .122,
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TABLE 11. Application of a precautionary checklist to yellowtail flounder in NAFO Div. 3LNO Preliminary analysis
(Caddy's Stock Traffic-light Model).
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Fig. 1. Canadian series of CPUE estimates from yellowtail flounder fishery in NAFO Div. 3LNO.

Fig. 2. Comparison of Canadian (extracted) survey biomass and Russian biomass survey for yellowtail
flounder, NAFO Div. 3LNO.
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Fig. 3. PR and mean weight-at-age patterns in Div. 3LNO yellowtail flounder fishery.
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Fig. 4. Yield-per-recruit and biomass and yield-per-recruit and SSB expressed as a function of fishing
mortality as estimates by a Thompson and Bell yield-per-recruit model.
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Fig. 5. Recruitment that would be exceeded 10%, 30%, 50% (median), 70% and 90% of the time as a
function of SSB.
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Fig. 6. Cumulative probability of recruitment if SSB is 35 (heavy line)
7 (thin line)

Fig. 7.Stock recruitment plot for yellowtail flounder in Div. 3LNO derived from survey estimates, 1975-95.
Recruits are estimated from a multiplicative analysis of ages 2-5 years using a biased corrected cohort strength
model.
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Fig. 8. Simulation of stock productivity in yellowtail flounder using Sissenwine-Shepherd model.


