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plane relationship between the log of the survey, ln(It) and the ln(relF,t). Each point is labeled with the survey 
year and the points are connected to illustrate the temporal sequence.    

 
The six-panel plots show the interelationships among survey estimates of abundance, landings, functions of 
landings and relative abundance and time. The two functions are the replacement ratio (Eq. 6) and relative F 
(Eq. 1). The concept of using multiple panels to relate multiple variables over time has been advocated for use 
in fisheries science (e.g. Clark, 1976; Hilborn and Walters, 1992) and other fields (e.g. Cleveland, 1993). The 
example for Gulf of Maine haddock will be discussed in detail here.   
 
The first aspect to note about the plots are the shared axes in the top four plots (A, B, C, D) and F.  Panels B, D 
and F show the time series for the replacement ratio, the fall survey index, and the relative F, respectively. The 
horizontal line in A and B is the replacement ratio = 1 line. The relationship between the replacement ratio and 
relative F in panel A is the key to understanding the influence of fishing mortality on stock size. Panel A is a 
phase plane that describes the relationship between two variables ordered by time. The degree of association 
between these variables is characterized by a Gaussian bivariate ellipsoid with a nominal probability level of p 
= 0.6827 equivalent to + 1 SD about the mean of the x and y variables. The primary and secondary axes of the 
ellipse are the first and second principal components, respectively. When the degree of association between 
relative F and replacement ratio decreases, the ellipse becomes more circle-like. The implication is that either 
the survey is too imprecise to detect changes induced by historical levels of fishing removals, or that the levels 
of fishing effort have been too low to effect changes in relative abundance. These alternatives can often be 
distinguished by consideration of the sampling gear and its interaction with the behavior of the species. 
Similarly incompleteness of the catch record, particularly for species in which the magnitude of discard 
mortality has varied widely, is another critical factor in the interpretation of the confidence ellipse.    

 
The assumption that the relative F and replacement ratio have a joint bivariate normal distribution in the log-log 
scale may not hold for all (or any) species.  In particular, the replacement ratio model is designed to be sensitive 
to contemporary changes, so that by definition it will be highly variable. Large changes that are subsequently 
validated by future observations imply true changes in population status. When the converse is true, it is proper 
to conclude that the change was an artifact of sampling variation. The degree to which high residuals influence 
the pattern is tested using the robust regression method of Tukey (Mosteller and Tukey, 1977) that downweights 
large residuals using a bisquare distribution (see Goodall, 1983 for details). Thus the regression line in panel A 
will not be aligned with the primary axis of the ellipse when high residuals distort the confidence ellipse. The 
expected value of correlation between the replacement rate and relative F is negative. The empirically derived 
estimate of the sampling distribution for the correlation coefficient, via the randomization test, provides a way 
of judging the significance of the robust regression line.     
 
The predicted value of relative F at which the replacement ratio is 1 is defined by Eq. 8 and denoted by the 
vertical line in Panel A and B. The precision of that point depends largely upon where it lies within the 
confidence ellipse. If the confidence ellipse is nearly centered about the intersection point, then the precision of 
the relative F threshold will be high. This also indicates that over time, a wide range of F and replacement ratios 
greater than one have been observed. In contrast, when the intersection point lies in the upper right portion of 
ellipse, the precision will be low. This is, of course, is a common property of linear regression in which the 
prediction interval for Y increases with the square of the distance between the independent variable X and its 
mean. Thus a high degree of correlation between relative F and the replacement ratio does not necessarily 
ensure high precision in the threshold if relatively few observations have replacement ratios greater than one.  
Panel A demonstrates, in a slightly different way, the implications of the "one-way trip" described in Hilborn 
and Walters (1992). 
 
Panel C depicts the phase plane for relative biomass (i.e. the index) and the relative F. If the population declines 
with increases in fishing mortality and increases when the fishing mortality is reduced, the population should 
move up and down a linear isocline. The degree of departure from linearity reflects both sampling variation as 
well as true variations induced by recruitment pulses and its transient influence on total biomass. Thus the trace 
of points can give useful insights into parametric model selection of population dynamics under exploitation.  In 
many species it is interesting to note that the return path for biomass, when F is reduced, tends to deviate 
sharply from the decline path. This general result may suggest that the rebuilding of stocks will be less 
predictable than the path of decline. In particular, the influence of truncated age structures on reproduction may 



 

 
 

18

be important and certainly, the presence of strong year-classes will have a substantial, yet unpredictable 
influence on stock rebuilding. 
 
The simple data of catch and survey are generally not sufficient to estimate simultaneously both the threshold F 
and biomass targets.  This property characterizes the common property of indeterminancy of r and K in standard 
surplus production models. For the Gulf of Maine (GOM) haddock example, the relative biomass target is 
defined external to the model (Panel C and D). 
 
To facilitate the detection of temporal patterns, LOWESS smoothing is applied in panels B, D, and F.  A 
relatively low tension = 0.3 (i.e. 30% of the span of data are used for the estimate of each smoothed Y value) is 
used to allow for more sensitive flexing of the smoothed line. As noted earlier, the heightened sensitivity is 
desirable for this particular application in fisheries management. In a sense, the LOWESS smoothing 
counterbalances the sensitivity built into the definitions of replacement ratio and relative F, by damping the 
rates of change and allowing for detection of  general trends.  
 
The final point to note is that the 6 panel plot may allow one to develop a reasonable picture of the population 
dynamics in relation to exploitation. With the exception of a brief period in the late-1970s the replacement rate 
for GOM haddock was below  1 and continued its downward trend until 1990 (Panel A). This was accompanied 
by a continuously decreasing population size (Panel D). The reduction in landings from nearly 8000 tons in 
1984 to less than 500 tons by 1989  (Panel E) greatly reduced the relative F (Panel F) below the threshold level  
and subsequently led to the replacement ratio exceeding one. The inter-relationships among Panels B, D, and F 
resemble the kinetics of simple chemical reactions and conceptually one should look for counteracting trends 
among indices and the influence of the trends in catch and relative survey abundance. 
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Fig. III.1.1. Annotated six-panel plot depicting trends in relative biomass, landings, relative fishing mortality 

rate (landings/biomass index) and replacement ratios.  Horizontal dashed lines (---) represent 
replacement ratios = 1 in (A) and (B), threshold relF in (F) and target relative biomass in (C) and 
(D). Vertical dashed lines in (A) and (C) represent the derived relF thresholds.  Smooth lines in 
(B), (D) and (F) are LOWESS smoothes (tension = 0.3).  The confidence ellipse in (A) has a 
nominal probability level of 0.68. The regression line in (A) represents a robust regression using 
bisquare downweighting of residuals.  See text for additional details. 

 
Utility of frep in the NAFO PA Framework 

 
The relationship of the replacement ratio (frep) as a proxy Fmsy was evaluated by comparing reported estimates of 
f rep to estimates of fMmsy from ASPIC in the same units as the replacement ratio, catch/survey biomass(see table 
below).  Four pairs of estimates were available for three northwest Atlantic flatfish stocks.  Yellowtail flounder 
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in Div. 3LNO (ASPIC in Walsh et al., 2002; frep reported here), Yellowtail flounder in Div. 5Z (NEFSC, 2002a, 
b) and Winter flounder in Div. 5Z (NEFSC, 2002a, b).  The comparisons show that frep was consistently similar 
to fMSY, and was 6% less than fmsy on average (Fig. III.1.2).  The theoretical basis of frep suggests that it may be a 
useful proxy for fMSY, if the data used in its estimation come from a period when the stock was fluctuating 
around Bmsy. In a peer review of biological reference points for New England groundfish, frep was proposed as a 
proxy for Fmsy for six stocks (Gulf of Maine haddock, Mid-Atlantic yellowtail flounder, pollock, northern 
windowpane flounder, southern windowpane flounder and ocean pout; NEFSC, 2002b).  
 

Stock Survey f msy frep % difference 
Yellowtail flounder in Div. 3LNO  spring 0.07 0.06 -6% 
Winter flounder in Div. 5Z fall 1.21 1.18 -3% 
Yellowtail flounder in Div. 5Z  spring 2.25 1.96 -13% 
Yellowtail flounder in Div. 5Z  fall 2.43 2.42 -1% 
     mean     -6% 

  
 

 
 

Fig. III.1.2.   Comparison of ASPIC f(msy) and Replacement Ratio. 
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2. Segmented Regression 

The segmented regression method to estimate Biological Reference Points proposed in ICES (2002)  was 
defined as "an objective statistical method for identifying S*, the specific value of SSB below which 
recruitment is impaired". The method was described in a working document in ICES (2002)(O'Brien and 
Maxwell, 2002. "Towards an operational implementation of the Precautionary Approach within ICES � biomass 
reference points" Working Document 8). 
 
The approach is to fit a segmented regression to the current assessment data, identify the changepoint of the 
stock recruitment curve where recruitment is impaired, and its confidence limits, and designate this as a 
candidate for Blim. 
 
This method involves fitting linear regressions where the coefficients are allowed to change at given points. For 
one unknown change point or delta (δ ) the segmented regression is defined as: 
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For S-R data the model is simplified, that is, it must pass through the origin ( α1= 0) and after the changepoint 
the line is horizontal (β2 = 0). The biological implications for these assumptions are that before the changepoint 
the recruitment is somewhat proportional to the SSB and after the changepoint R is independent of any SSB 
value.  
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At this Workshop, this method was explored using a version of the segmented regression code in R language (L. 
Ibaibarriaga, AZTI, Spain, pers. comm). 
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3. Bayesian Production Model 

A new integrated framework for making quantitative assessments, predictions and risk analyses of shrimp 
(Pandalus borealis) stock development was presented. Parameters relevant for the assessment and management 
of the stock were estimated, based on a stochastic version of a surplus-production model that included an 
explicit term for predation by cod (Gadus morhua). Process and observation error were incorporated 
simultaneously using a state-space modeling framework. A Bayesian approach was used to construct probability 
distributions of possible values of model parameters and derived variables relevant for developing management 
advice � including quantification of future risk of transgressing reference points in relation to alternative 
management options (Hvingel and Kingsley, 2002). 
 
The model synthesized information from input priors and the following data: a 14-year series of a survey 
biomass indices of shrimp larger than 17 mm CL (Kanneworff and Wieland, 2002); a 26-year series of 
combined CPUE indices (Hvingel, 2002); a 47-year series of a cod biomass estimates; and a short series (4 
years) of estimates of the shrimp biomass consumed by cod based on stomach sampling (Hvingel and Kingsley, 
2002) 
 
Biomass was estimated on a relative scale in order to cancel out the uncertainty of the 'catchability' parameters 
(the parameters that scale absolute stock size). Biomass, B, is thus measured relative to the biomass that yields 
Maximum Sustainable Yield, Bmsy. The estimated mortality, Z, refers to the removal of biomass by fishing and 
cod predation and is scaled to Zmsy � the combined mortality at MSY. 
 
In this approach, buffer reference points are not needed as the risk of exceeding the limit reference can be 
directly calculated integrating the uncertainty associated with the entire process. Instead of limit reference 
'points', limit reference probability �distributions� were used to accommodate the uncertainty in the 
determination of where the border to the dangerous area actually lies. Furthermore, the framework can 
accommodate many types of data and take ecosystem effects into account. 
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4. Stock/Recruitment Model 

Age-based production models derive MSY reference points from stock-recruit models in combination with 
yield and spawning biomass-per-recruit calculations (Sissenwine and Shepherd, 1987; Mace, 1994). For 
iteroparous species, equilibrium recruitment at a given fishing mortality rate (RF*) can be derived by replacing 
S in any stock-recruit function with (SPRF ≅RF*) where SPRF is the SSB per recruit at the given F. For example, 
for a Beverton-Holt function, 
 

R = (∀S)/(∃+S) 
 

equilibrium recruitment can be calculated for each value of F: 
 

R*F = (∀SPRF-∃)/SPRF 
 

Equilibrium yield (Y*F) at each F can be derived as the product of YPRF and R*F, and equilibrium spawning 
stock (S*F) can be derived as the product of SPRF and R*F. Yield curves can be plotted as functions of F or 
stock size.  The F that produces the greatest Y* is the estimate of Fmsy, and the S*F at Fmsy is the estimate of 
SSBmsy. One important diagnostic for such age-based production models is the comparison of equilibrium 
expectations to observed stock dynamics, with respect to historical SSB, F and yield. Age-based production 
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models were explored for American plaice in Div. 3LNO, cod in Div. 3NO, redfish in Div. 3M and cod in Div. 
3M. 
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5. Serebryakov Method 

B50%R90%Surv is defined as the level of SSB corresponding to the intersection of the 90th percentile of observed 
survival rate (i.e. the F corresponding to the replacement line for which 10% of the S-R data points are above 
the line) and the 50th percentile of the recruitment observations. This approach was suggested by Serebryakov 
(1991) and Shepherd (1991) as providing a widely applicable and useful definition of the critical level of SSB.  
The definition of �critical� provided by Serebryakov (1991) is the SSB that provides for the appearance of 
strong year-classes only in the best survival conditions, but fails to ensure average year class strength under 
average survival conditions. SSB50%R90%Surv is the point below which the population fails to produce average 
recruitment under good early-stage survival conditions.  This method has the advantage of not requiring the 
fitting of a stock-recruit model and attempts to consider the impact of environmental conditions on early stage 
survival.  However it is sensitive to the addition of stock-recruit pairs which may be a particular problem at low 
stock size. 
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6. SSB at 50% Maximum Recruitment 

SSB50%Rmax is defined as the level of SSB at which average recruitment is one half of the maximum of the 
underlying stock-recruit relationship, it is the point below which the population fails, on average, to produce 
half the maximum recruitment.  The level of SSB is found by first fitting a stock-recruit relationship and finding 
the maximum predicted recruitment. SSB50%Rmax is then simply the SSB at half of the maximum predicted 
recruitment. This level of SSB has been suggested by Mace (1994) as a threshold biomass.  She considered that, 
because estimates of this quantity are unlikely to be conservative, it should be considered as an absolute 
boundary not to be crossed. Myers et al. (1994), in an investigation of methods for estimating spawner biomass 
thresholds for recruitment overfishing applied to stock-recruit data for 72 fish stocks, concluded that, although 
arbitrary, SSB50%Rmax is relatively robust if only data at low stock sizes are available (not always the case with 
other limit reference points). Myers et al. (1994) also found that higher levels of recruitment usually occur at 
SSB values above this biomass, so by inference productivity is impaired below this level. However, this 
approach is very sensitive to the uncertainty in stock-recruit model fits, particularly where the asymptote or 
peak is poorly defined (i.e. data mostly from the descending limb of a stock-recruit curve).  
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7.  Non-Parametric Smoother 

An alternative way of thinking about impaired productivity and recruitment overfishing was developed in the 
CSAS November 2002 Workshop (Rivard and Rice, 2003). Under this approach Blim can be defined, in terms of 
impaired productivity, as the SSB below which the probability of poor recruitment either increases sharply or 
rises above a predetermined probability level. The non-parametric kernel smoother approach applied to 
modeling stock-recruit data by Rice and Evans (1986, 1988) and Evans and Rice (1988) is particularly suitable 
for this kind of analysis because the kernel is a pdf  (e.g. Gaussian, Cauchy, etc.) that provides the probability of 
any previously observed R at any specified level of SSB.   
 
Locally weighted regression smoother (LOWESS) has been applied to S-R data in ICES, but the next step of 
deriving recruitment probabilities at a particular stock size from the tricube weighting function with the 
assumed span has not been investigated in ICES. The non-parametric kernel approach has been applied 
extensively to the Div. 2J+3KL cod stock (Rice and Evans, 1986, 1988; Shelton and Morgan, 1993, 1994) and 
in the assessment of the cod stock in Div. 3NO (Stansbury et al., 1999; Rivard et al., 1999) to obtain 
recruitment probabilities at different SSB levels. The Rice-Evans method appears to perform well and a cross-
validation prediction sums of squares method using the kernel weighted mean as the predictor can be used to 
obtain the optimal shape parameter for the pdf.  Generally, clear minima for both Cauchy and Gaussian 
distributions are found � the only two that have been examined in the context of the cod S-R data.  

 
Having obtained a non-parametric smoother that allows the probability of recruitment to be computed at any 
SSB level in the range of observed data, it follows that the method can also be used to compute the probability 
of recruitment being less than or equal to any particular value.  If poor recruitment can be defined, such as for 
example the 10th percentile of observed recruitment values, then the probability of recruitment being less than or 
equal to the 10th percentile value can be used to define a Blim. Blim could be defined as the point below which the 
probability of poor recruitment increases substantially with further decrease in SSB. Alternatively, Blim could be 
the point at which the probability of poor recruitment rises to some level, for example 0.5.   

 
The non-parametric approach is easy to apply to any set of S-R data. The statistics involved in applying the 
method constitute nothing more complicated than computing a weighted mean. A suite of SAS code programs 
for carrying out the necessary steps and plotting the results are available (sheltonp@dfo-mpo.gc.ca) and can be 
easily modified for any stock-recruit data set. One noted advantage is that the method translates what might 
look like a somewhat flat smoother through the recruitment data to a probability profile for poor recruitment 
that often has some distinct features useful in applying the Precautionary Approach. The method is applied to 
cod in Div. 3NO in Section IV.3 below as an example, and to illustrate the steps involved and the results that 
can be obtained.     
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IV. Application to NAFO Stocks 
 
1. Greenland Halibut in Subarea 2 and Div. 3KLMNO 

a) Replacement Ratio Method 

This method was applied to the total commercial catches of Greenland halibut throughout Subarea 2 and 
Div. 3KLMNO and the Canadian fall surveys in Div. 2J and 3K during 1978-2001 (Fig. IV.1.1). Since the 
surveys are conducted near the end of the year the commercial catches were lagged by one year in 
comparison to the survey data. 

Based upon the description of the method described above, the annual replacement ratios were estimated as 
the ratio of the current stock size estimate divided by the average of the stock size estimates from the five 
previous years. This was considered to provide a reasonable approximation of replacement rate given the 
life history of the species. The relative F estimates were computed as the ratio of the current catch divided 
by a centered 3-year average of relative abundance.  This degree of smoothing was judged to be reasonable 
especially since the development of the survey index for Greenland halibut was generally systematic with 
no major fluctuations between years.  

Estimates of relative F show a marked increase between 1991 and 1994 resulting from a rapid increase in 
catches complemented by a declining stock size index. Relative F during this period was 4-5 higher than 
other years in the time series. A general decline in stock abundance appeared to commence about 1985, at a 
time immediately prior to the large increase in catches.  Several above average year classes during the mid-
1990s, combined with a sharp decline in relative F resulted in a rapid rate of increase in the stock during the 
late-1990s. The replacement ratio in the late-1990s exceeded a value of 1.0 but appears to have declined to 
near 1.0 in the most recent two years.  A replacement ratio of 1.0 occurs when the fishing mortality rate is 
in balance with recruitment and growth. 

The relationship between the replacement ratio and relative F shows a reasonably high degree of coherence 
with an underlying correlation of �0.67. The randomization test for spurious correlation suggests an 
expected median correlation of �0.19 and a significance level <0.01. In other words, the randomization test 
suggests that the association between the replacement ratio and the relative F is not simply an artifact of the 
data manipulations. A relative F =1.08 corresponding to a replacement ratio of 1.0 defines the replacement 
F. Therefore, when the replacement F is multiplied by a survey index that best represents current stock size, 
an estimate of catch, which allows for stock stability is obtained. Based on the results presented here, the 
model indicates that the relative F has exceeded the replacement F by about 35% in the last two years.   

There are a number of important factors to consider when applying the replacement ratio methodology.  For 
Greenland halibut, above average recruitment during a period of low adult stock size may have artificially 
inflated the estimates of the replacement ratio.  The robust regression method downweights the importance 
of such estimates but cannot eliminate their influence entirely.  Another important consideration is the issue 
of population closure.  Removals are assumed to occur from the area surveyed and large deviations from 
this basic tenet could be problematic.  Nevertheless, for Greenland halibut this factor is thought not to be 
too problematic since the survey series used here is believed to track the status of the resource throughout 
the area reasonably well.  

The estimation of relative F at replacement provides an objective means of estimating an appropriate level 
of fishing. This exploitation rate is independent of stock size in the vicinity of the average stock size 
observed. The combination of statistical graphics and randomization tests provide a measure of the 
uncertainty of the results.  In particular it is noted that the model may be useful for characterizing the 
relative risk of alternative catch levels to the population status. 
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Within the range of the data set analyzed here it is considered that the estimated replacement F (frep) is a 
reasonable proxy for the commonly used biological reference point Frep. For several other stocks it has been 
noted that frep from similar analyses could also be representative of Fmsy as described in Section III.1 above.  
However, without a more thorough examination of the stock dynamics it is premature to infer any such 
relationship between frep and Fmsy for Greenland halibut. 
 

 
 
Fig. IV.1.1  Trends in relative biomass, estimated catches, relative fishing mortality rate (estimated 

catches/index) and replacement ratios for Subarea 2 and Div. 3KLMNO Greenland halibut, 
using the fall survey series in Div. 2J and 3K and estimated catches.   Horizontal dashed lines 
represent replacement ratios = 1.  The confidence ellipse has a nominal probability level of 
0.68, and the diagonal line uses a robust regression estimator. (See section III.1 for full 
description). 
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2. American plaice in Div. 3LNO 

The current Blim for American plaice in Div. 3LNO of 50 000 tons is based on a visual examination of the stock 
recruit scatter from the VPA which indicates that there was no good recruitment below this level (Morgan et al 
2002, Fig IV 2.1).  This was based on recruitment at age 5 which is the first age in the VPA.  Further analyses 
were conducted in an attempt to examine the validity of this Blim.   
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Fig. IV.2.1  American plaice in Div. 3LNO: stock-recruit scatter.  The vertical lines indicate the three 

zones of recruitment: below 50 000 tons where only poor recruitment is observed, between 50 
and 150 000 tons where both poor and good recruitment is observed, and above 150 000 tons 
where only good recruitment is observed. 

 
a) SSB at 50% Maximum Recruitment (age 5 recruits) 

 
The SSB which produced 50% of the maximum recruitment was determined by fitting a Beverton-Holt 
stock recruit relationship to the data by maximum likelihood.  The asymptote of the relationship lies well 
outside the range of the observed data (Fig. IV 2.2).  50% Rmax was estimated to be 415 million 5 year olds 
and the SSB giving this level of recruitment was 425 000 tons. This is not likely to be a realistic value 
given that the asymptote of the relationship is beyond the range of the data and given the history of the 
stock. 
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Fig. IV.2.2  American plaice in Div. 3LNO: stock-recruit scatter with fitted Beverton-Holt stock recruit curve.  
The horizontal line indicates 50% of maximum recruitment and the vertical line shows the SSB 
which gives this level of recruitment. 

 
b) Serebryakov Method (age 5 recruits) 

 
The stock-recruit scatter was also used to derive the SSB at B50%R90%survival (Fig. IV 2.3).  This indicates that 
a limit reference point for this stock would be 70 000 tons of SSB.  This is in close agreement with the 
visual inspection of the stock-recruit scatter given that there are no stock-recruit pairs between 50 000 and 
65 000 tons.  However, this may not be a good method at low stock size for reasons stated in Section III.5. 
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Fig. IV.2.3  American plaice in Div. 3LNO: stock-recruit scatter.  The horizontal line represents the 
median level of recruitment.  The line through the origin bisects the scatter so that 10% of the 
recruitments are above the line. 

 
c) YPR – SPR 

 
Yield-per-recruit (YPR) and spawner-per-recruit (SPR) analyses were run to estimate F0.1 and F at 35% 
SPR using current values of average weights-at-age, maturities-at-age and partial recruitment-at-age. These 
values were the same as those used in the projections conducted in Morgan et al. (2002).  These analyses 
indicated that F0.1 is 0.2 and that F at 35% SPR is 0.25 (Fig. IV.2.4). 
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Fig. IV.2.4. American plaice in Div. 3LNO: yield-per-recruit and spawner-per-recruit. The vertical dotted line 

represents F0.1 and the vertical solid line represents the F at 35% maximum spawner-per- recruit. 
 
 

d) Age-based Production Model (age 0 recruits) 
 

Stock-recruit observations for the 1960-1996 cohorts were obtained from Morgan et al. (2002).  However, 
estimates of age-5 recruits (N5) were adjusted to age-0 recruits (N0) according to natural mortality (M = 0.2 
for 1960-1988, M = 0.53 for 1989-1996): 
 

)MMMMM(
t,t ttttteNN 54321550 +++++ ++++
++ =  

 
The adjusted recruitment values provided a different perception of the stock-recruit relationship, 
particularly with respect to the 1989-1991 cohorts (Fig. IV.2.5). A Beverton-Holt relationship (see Section 
III.4) was fit to the observed data with lognormal error. Yield and spawning biomass-per-recruit were 
calculated using the mean weights at age, maturity and partial recruitment reported in Morgan et al. (2002) 
for medium-term projections. 
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Fig. IV.2.5.  American plaice in Div. 3LNO: stock-recruit observations and Beverton-Holt model 
predictions, 1960-1996 where recruitment is adjusted to age 0. 

 
 

Equilibrium recruitment, yield and SSB were calculated for each value of F (see Section III.4).  Production 
curves indicate that Fmsy = 0.33 and SSBmsy =1 75 000 tons (Fig. IV.2.6). These reference points are 
consistent with historical productivity and other reference points for the stock (e.g. F0.1 = 0.20, Blim = 50 000 
tons). 
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Fig. IV.2.6. American plaice in Div. 3LNO: equilibrium yield expectations from an age-based production 
model, with historic observations of catch, F and SSB, 1960-1996. 

 
 

There was some concern about the accuracy of the level of M, its application to young ages and the 
resulting perception of strong recruitment from 1989 to 1991.  Sensitivity analyses were completed to 
assess the effect of those cohorts on the age-based production model.  The estimate of Fmsy was not 
sensitive to the exclusion of those observations, and estimates of Bmsy and MSY changed by five percent or 
less.  Information on year-class strength from surveys was investigated to confirm the magnitude of 
calculated recruitment through graphical comparisons and correlations.  Results indicated good agreement 
of survey indices and calculated abundance at ages 3 and 4, but less agreement at younger ages (with fall 
surveys agreeing with calculated recruitment more than spring indices). 
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Given the robustness of Fmsy reference points to the observed recruitment from 1989 to 1991, the estimate 
(0.33 on ages 11+) as Flim may be appropriate.  However, further research is recommended to refine stock-
recruit modeling, such as continued analysis on the estimation of M and exploration of trends in spawning 
potential (e.g. age structure and geographic distribution of the spawning stock) that may refute the 
perception of high reproductive potential (R/S) since the late-1980s.   
 
The estimate of Bmsy (175 000 tons SSB) may also serve as a provisional reference point.  Given the current 
state of the resource (23 000 tons SSB in 2002, F = 0.24 in 2001), imprecision in the estimate will not 
affect short-term management.  The provisional estimate can be re-evaluated as the stock rebuilds and 
provides more observations of recruitment at intermediate stock sizes. 

 
e) SSB at 50% Maximum Recruitment (age 0 recruits) 

 
Given the stock recruit series described above the SSB which would produce 50% of the maximum 
recruitment was recalculated using recruitment at age zero calculated as above. 50% Rmax was estimated to 
be 360 million recruits at age 0 and the SSB giving this level of recruitment was 21 000 tons (Fig. IV 2.7). 

 
Fig. IV.2.7  American plaice in Div. 3LNO: stock-recruit scatter with fitted Beverton-Holt stock recruit 

curve. Recruits have been adjusted to age zero. The horizontal line indicates 50% of 
maximum recruitment and the vertical line shows the SSB which gives this level of 
recruitment. 

 
 

f) Serebryakov Method (age 0 recruits) 
 

The adjusted stock recruit scatter was also used to derive the SSB at B50%R90%survival (Fig. IV 2.8).  This 
indicates that a limit reference point for this stock would be 40 000 tons of SSB.   
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Fig. IV.2.8  American plaice in Div. 3LNO: stock-recruit scatter.  Recruits have been adjusted to age 0.  
The horizontal line represents the median level of recruitment.  The line through the origin 
bisects the scatter so that 10% of the recruitments are above the line. 

 
g) Segmented Regression 

 
A segmented regression was fit to the stock-recruit observations with recruits as millions of 5 year olds.  
However, the fit of the model was very poor.  The estimated change point in this analysis was 121 000 tons.  
 
A second segmented regression (see Section III.2) was fit to the stock-recruit data with the recruits adjusted 
to age 0 as above. The segmented regression fit is statistically significant at the 95% level of significance 
(p-value = 0), and the model explains 52% of variability in recruitment (coefficient of determination). 
Maximum likelihood estimate of the change point, the SSB at which recruitment is impaired, is 30 861 
tons, and 80% profile likelihood confidence interval is given by 24 644 tons and 36 602 tons (Fig. IV.2.9). 
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Fig. IV.2.9. American plaice in Div. 3LNO: Top left: stock-recruitment pairs identified by year-class, the 
segmented regression fitted model (dotted line) with the change point (vertical line). Top right: 
profile likelihood for changepoint (lower horizontal line � 80% likelihood ratio confidence 
interval for changepoint). Bottom left: standardized residuals vs SSB. Bottom right: 
bootstrapped empirical distribution of the F statistic vs the F observed. The corresponding p 
value and coefficient of determination are also given. 

 
 
Sensitivity analyses of the segmented regression were also made to analyze the robustness and sensitivity 
of this method to the stock recruitment data analyzed (Fig. IV.2.10). This was performed to find out 
whether change points are stable and robust. This analysis was made eliminating a single year-class in turn 
and adding consecutively one year for the last years of the S-R time-series. 
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Fig. IV.2.10. American plaice in Div. 3LNO: Top left: stock-recruitment pairs identified by year-class; 

red solid line is the segmented regression model; and dotted lines are the changepoint 
models estimated by eliminating a single year-class in turn. Top right: changepoint vs 
eliminated year-class with 80% confidence interval. Bottom left: stock-recruitment pairs 
identified by year-class; solid line is the segmented regression model; and dotted lines are 
the changepoint models estimated by adding consecutively one year to the S-R time-series. 
Bottom right: changepoint vs added year-class 

 
 

The analysis eliminating a single year-class in turn showed that the change point was rather stable, although 
change points vary when the 1994 and 1996 year-class are eliminated. The analysis of adding one year-
class consecutively shows that there could be different productivity regimes in the time series. When the 
most recent year-classes are not used in the analysis the change point is greater than 70 000 tons indicating 
that these year-classes have a strong influence on the estimation of the change point. 

 
h) Replacement Ratio Method  

 
Catch and survey biomass reported in Morgan et al. (2002) were used to explore biomass dynamics of 
American plaice in Div. 3LNO.  The data series is essentially a "one-way trip" with a recent period of slight 
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rebuilding (Fig. IV.2.11).  However, the effect of the recent increase in M for this stock is illustrated in the 
second panel on the left in which the survey biomass index is declining during a period of what appears to 
be a fairly constant relative F.  This confounds the estimate of frep. 
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Fig. IV.2.11. American plaice in Div. 3LNO: trends in relative biomass, landings, relative fishing mortality rate 
(landings/index) and replacement ratios, using the spring survey and landings.   Horizontal dashed 
lines represent replacement ratios = 1.  The confidence ellipse has a nominal probability level of 
0.68, and the diagonal line uses a robust regression estimator.  (See section III.1 for full 
description). 
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Summary 
 
The various analyses conducted here would indicate a Blim in the range of 20 000 tons to 70 000 tons, bracketing 
the current Blim of 50 000 tons.  A possible candidate limit F reference point could be Fmsy, estimated at 0.33.  
The use of recruitment adjusted to age zero is not definitive and must be examined further. 
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3. Cod in Div. 3NO 

a) Serebryakov Method 
 
The Serebryakov method (Serebryakov, 1991) was applied to the spawning stock-recruit data for the cod 
stock in Div. 3NO (Fig. IV.3.1). This method uses an intersection of two lines to determine Blim. First, the 
median recruitment for the stock is computed. Then, a line is constructed through the origin having a slope 
equal to the 90th percentile of recruits per spawner. Where these two lines intersect, a potential reference 
point is obtained. However, in a collapsed stock, all stock recruit points for the near future will likely be 
below both the median recruitment line, and less than the 90th percentile of R/S. These effects may cause 
the limit reference point derived from the Serebryakov method to change substantially over time with the 
accumulation of stock-recruit pairs at low stock size and might make the method inappropriate for a 
collapsed stock. 
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Fig. IV.3.1. Cod in Div. 3NO: stock-recruit scatter from the most recent assessment (Stansbury et al., 

2001). 
 
 

b) Replacement Ratio Method 

 
The replacement ratio method was attempted for this stock, but the results were considered uninformative 
in deciding upon any reference points for the stock because biomass declined continuously during the 
period covered by the survey. 
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c) Bayesian Production Model 

 
A version of the Bayesian production model (Hvingel and Kingsley, 2002) without a predation term was 
applied to this cod stock in Div. 3NO. Results indicated that the available input data contained little 
information with respect to model parameters e.g. MSY and K. 
 

d) Segmented Regression 
 

The segmented regression approach (O'Brien and Maxwell, 2002) using an implementation available in the 
R language (L. Ibaibarriaga, AZTI, Spain, pers. comm.) was explored as a parametric method of modeling 
the stock-recruit time series for cod in Div. 3NO (Stansbury et al., 2001). Using this methodology, the 
changepoint indicates an SSB level below which stock recruitment is impaired. 
 
The resulting fit from this method is a straight line. It indicates that the changepoint occurs at the highest 
observed SSB, at about 110 000 tons (Fig. IV.3.2), however, the results are quite tenuous. Sensitivity 
analyses conducted suggest that using this method, the changepoint could be as low as 20 000 tons. Thus, 
application of the method to this stock-recruit scatter was considered uninformative for modification of 
Blim. 

 
 

 
Fig. IV.3.2. Stock-recruit scatter for cod in Div. 3NO, with segmented regression fit. The estimated 

changepoint occurs at the highest observed Spawning Stock Biomass. 
 
 

Other parametric stock-recruit models were also examined for this data set. However, the stock-recruit data 
for cod in Div. 3NO were not amenable to either the Beverton-Holt or Ricker curves, and both model fits 
were linear and uninformative with respect to amending Blim. 
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e) Non-Parametric Methods 
 

The Rice-Evans non-parametric kernel smoother approach described in Section III.7 was applied to S-R 
data for cod in Div. 3NO from the most recent assessment (Stansbury et al., 2001).  The stock-recruit 
scatter is shown in Fig. IV.3.1. A Cauchy kernel was selected and the shape parameter was estimated to be 
12 800 tons SSB by minimizing the cross-validated prediction sums of squares using the kernel weighted 
mean as the predictor.  The sums of squares surface is shown in Fig. IV.3.3. The resulting smoother is 
plotted together with the stock-recruit data in Fig. IV.3.4. The 10th percentile of "observed" (SPA 
estimated) recruitment values was used to define "poor recruitment". This value is 1.074 x 106 recruits at 
age 3. The probability profile for recruitment being less than or equal to this value for the range of observed 
SSB values is shown in Fig. IV.3.5. The point at which the probability of poor recruitment increases 
markedly with decreasing SSB is approximately 60 000 tons, using the Cauchy kernel and the 10th 
percentile of observed recruitments as a definition of "poor recruitment". It is suggested that this be 
considered as support for the existing Blim of 60 000 tons identified for cod in Div. 3NO in NAFO (1999). 
 

 
 

Fig. IV.3.3. Cod in Div. 3NO: the cross-validated prediction sums of squares for the Cauchy kernel 
weighted smoother in which the predictor is the kernel weighted mean. 

 

 
Fig. IV.3.4. Cod in Div. 3NO: the fitted non-parametric Cauchy kernel smoother together with the S-R 

data. 
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Fig. IV.3.5. Cod in Div. 3NO: the probability of poor recruitment (<=1.074x106 recruits age 3) over the 
range of SSB.  The point below which the probability of poor recruitment increases markedly 
is about 60 000 tons SSB, which is the current estimate of Blim. 

 
 
As a result of all these analyses, there is no basis upon which to amend the current Scientific Council PA 
Blim reference point for the Div. 3NO cod stock. Therefore, 60 000 tons remains the current best estimate of 
Blim. 
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4. Yellowtail flounder in Div. 3LNO 

 
Although indices of SSB and recruitment are available from survey data, no attempts were made at this 
workshop to use methodologies on the yellowtail flounder stock which employ SSB/recruitment relationships. 
Scientific Council noted that work on ageing of yellowtail flounder is progressing, and that development of age-
structured models remains a priority for this stock. 

 
A version of the Bayesian production model without a predation term was applied to yellowtail flounder in Div. 
3LNO. The workshop recognized further work will be required to determine the applicability of this approach.  
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a) ASPIC 

 
It is not possible to use age-structured methods with this stock at present, and the current stock assessment 
within Scientific Council is based on the ASPIC stock production model. Recent management advice for 
yellowtail flounder in Div. 3LNO has been based on an ASPIC biomass dynamics model (Walsh et al., 
2002).  Results indicate that 2003 biomass = 121%Bmsy and 2002F = 67%Fmsy.  Scientific Council considers 
the ASPIC estimate of relative Fmsy to be an estimate of Flim, and 2/3Fmsy to be a target. Probability 
distributions of Fmsy from a bootstrapped ASPIC model can also be used to calculate a buffer reference 
point for F. The relative biomass when the stock was closed to fishing in 1994, which is the lowest 
observed and corresponds to 20% of Bmsy, could serve as a proxy for Blim (NAFO, 2002). It was noted that 
the ASPIC-based reference points should be treated as interim values until age-based assessments and 
reference points are developed. 
 

b) Replacement Ratio Method 
 
The replacement ratio/index  method was applied to the total commercial catches of  yellowtail flounder in 
Div. 3LNO, and the Canadian spring survey series in the same area, from 1984-2002 (Fig. IV.4.1). Catch 
estimates and survey results for 2002 have not yet been reviewed by Scientific Council. Estimates of 
relative F were much higher prior to the mid-1990s, resulting initially from a rapid increase in catches in 
1985-86, and subsequently from a decline in the survey index.  With a moratorium on fishing, relative F 
declined to very low levels in 1995-97, then increased when the fishery reopened in 1998. The presence of 
several above-average year-classes during the 1990s, combined with a sharp decline in relative F during the 
moratorium, resulted in a rapid rate of increase in the stock during the late-1990s. From 1996-2001, the 
replacement ratio exceeded a value of 1.0 (which occurs whenever the fishing mortality rate is in balance 
with recruitment and growth). 
 
The relationship between replacement ratio and relative F shows a correlation of -0.55. The randomization 
test for spurious correlation suggests an expected median correlation of -0.09 and a significance 
level = 0.04. In other words, the randomization test suggests that the association between the replacement 
ratio and the relative F is not simply an artifact of the data manipulations. Based on the results presented 
here, the model indicates that the relative F has been below the replacement F since 1993, but is 
approaching this level in recent years. 
 
The same method was also tried with the fall survey data, but was not informative, likely because of the 
short time series of these data. 
 
The utility of the replacement ratio (frep) as a proxy Fmsy for yellowtail flounder in Div. 3LNO was 
evaluated by comparing reported estimates of f rep to estimates of fmsy from ASPIC (in the same units as the 
replacement ratio, catch/survey biomass).  Four pairs of estimates were available for three northwest 
Atlantic flatfish stocks. Yellowtail flounder in Div. 3LNO , yellowtail flounder in Div. 5Z  and Winter 
flounder in Div. 5Z   The comparisons show that frep was consistently similar to fmsy, and was 6% less on 
average (see Section III.1 for full details of this analysis). 
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Fig. IV.4.1. Yellowtail flounder in Div. 3LNO: trends in relative biomass, landings, relative fishing 

mortality rate (landings/index) and replacement ratios, using the spring survey and total 
landings.   Horizontal dashed lines represent replacement ratios = 1. The confidence ellipse 
has a nominal probability level of 0.68, and the diagonal line uses a robust regression 
estimator. Note that the survey data are actually biomass indices in '000 tons instead of 
kg/tow. (See section III.1 for full description). 
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5. Redfish in Div. 3M 

Information was available to apply the Replacement Ratio method and the age-based MSY model (Sissenwine 
and Shepherd, 1987) to redfish in Div. 3M. Yield/SSB-per-recruit analysis was also applied to the average 
1989-2001 XSA recruits extended to age 1.  The Survey Proxy method did not provide any informative results 
because of a positive relationship between replacement ratio and relative fishing mortality. The results of the 
Age-Based MSY model provided an estimate of Fmsy that was consistent with an ASPIC model from the most 
recent assessment of redfish in Div. 3M  (Ávila de Melo et al., 2002) whereas the corresponding female 
spawning Bmsy was at the level of virgin total biomass given both by ASPIC and yield-per-recruit analysis. The 
estimates of SSB and recruitment utilized in the age-based MSY model were derived from XSA, and yield and 
SSB-per-recruit were from the most recent assessment. It was acknowledged that the Scientific Council has 
only used the results of the XSA or ASPIC models for illustrative purposes to indicate trends in the resource 
over time. Therefore, there were no informative results from any of the analyses at this Workshop to provide 
reference points under a Precautionary Approach. 

 
However, there may be some utility of the provisional F reference points from ASPIC and YPR analysis for 
providing management advice.  For example, when F was greater than Fmsy and F0.1 the stock decreased, and 
when F was reduced to less than those reference points, the stock increased. 

  
Reference 
 
Ávila de Melo, A., R. Alpoim and F. Saborido-Rey.  MS 2002.  The present status of beaked redfish (S. mentella and S. 

fasciatus) in NAFO Division 3M and medium term projections under a low commercial catch/high shrimp fishery by-
catch regime. NAFO SCR Doc., No. 54, Serial No. N4666, 60 p. 
 

Sissenwine, M. P. and J. G. Shepherd. 1987. An alternative perspective on recruitment overfishing and biological reference 
points. Can. J. Fish. Aquat. Sci., 44: 913-918. 

 
6. Cod in Div. 3M 

A preliminary estimate of Blim at 14 000 tons was based on the analysis of the stock-recruitment relationship 
according results of the 1972 to 1999 XSA (Cerviño and Vázquez, 2000). This SSB level defines two different 
zones where the probability of getting good recruitments is different, being much lower when SSB was below 
14 000 tons. This perception did not change in later analyses. 
 
A replacement ratio analysis was carried out based on total catches from 1988-2001 and stock indices from the 
EU survey series 1988-2002. These data are considered the best and most representative series, but the 15-year 
time-series is at the limit of sensitivity of the method because the 5 year lag reduced the series to 10 points for 
the replacement ratio analysis. A regression of replacement ratio on relative fishing mortality was uninformative 
and the relative F equivalent to a replacement ratio of 1.0 was not determined. The stock has declined in most 
recent years in absence of fishing, illustrated by the declining trend in EU survey and low recent catches. Other 
external factors may need to be taken into account to explain the continued population decline as a consequence 
of poor recruitment since 1992. The trend in smoothed EU survey data is similar to trends in biomass from the 
XSA. The pattern in relative F, high throughout the 1990s and sharply declining in 1999, is similar to the 
pattern of fully recruited fishing mortality estimated by the XSA, and has been well below the replacement rate. 
Although results from this method are consistent with XSA, relative F reference points can not be developed 
from the current time series. However, the analysis indicates that replacement ratio has been below one for the 
entire time series.  
 
A Segmented Regression Analysis was applied to the results of the last XSA, covering the 1972 to 2001 period. 
The analysis concluded that the SSB level was below the changepoint during the whole period, but this 
interpretation is considered unrealistic, and no further results were accepted. 
 
An estimate of Blim of 4 000 tons was estimated using the Serebryakov method (Serebryakov, 1991) for the 
period 1972-2000. The Blim estimate is near the lowest observed value in the SSB time series. The same analysis 
was applied to the period before recruitment collapsed (1972-1991) and estimated a Blim of 6 000 tons.  Given 
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the conclusions based on the analysis applied to the Div. 3NO cod stock, it is considered that these results are 
inconclusive for the Div. 3M cod stock. 

In conclusion, 14 000 tons remains as a preliminary estimate of Blim, although the Serebryakov method suggests 
a lower value. 
 
Reference 
 
Cerviño, S. and A. Vázquez.  2000. An assessment of the Cod stock in NAFO Division 3M. NAFO SCR Doc., No. 40, Serial 

No. N4269, 13 p. 
 
Serebryakov, V. P. 1991. Predicting year-class strength under uncertainties related to the survival in the early life history of 

some North Atlantic commercial fish. NAFO Sci. Coun. Studies, 16: 49-56. 
 

7. Northern Shrimp in Subareas 0 and 1 

a) Bayesian Production Model 
 

The analysis indicates that the stock dynamics have responded to two different environmental regimes: one 
with high and the other with low cod abundance. The trajectory of the median estimate of 'biomass �ratio' 
(Bt/Bmsy) plotted against 'mortality � ratio' (Zt/Zmsy) (Fig. IV.7.1) starts in 1956 at half the optimum biomass 
ratio and at a mortality-ratio well above 1. The stock maintained itself in this region during the years when 
cod were abundant. When the cod stock declined in the late-1960s, and predation pressure was lifted, 
shrimp stock biomass increased and eventually began cycling in the left upper corner of the graph (Fig. 
IV.7.1) during the current regime of low cod abundance. 
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Fig. IV.7.1. Shrimp in Subareas 0 and 1: estimated annual median biomass-ratio (B/Bmsy) and mortality-

ratio (Z/Zmsy) 1956-2002. 
 
 

Since the early-1970s the estimated median biomass-ratio ranged from about 0.96 to 1.67 (Fig. IV.7.1) and 
the probability that it had been below the optimum level was small for most years (Fig. IV.7.2), i.e. it 
seemed likely that the stock had been at or above its MSY level throughout the modern fishery. A steep 
decline in CPUE was noted in the late-1980s and early-1990s following a short-lived resurgence of the cod 
stock and the median estimate of biomass-ratio dipped just below the optimum in 1990-1991 (Fig. IV.7.1). 
The stock has increased since then and reached its highest level ever in 2002 with a median estimate of 
biomass-ratio of 1.67, corresponding to about 82% of estimated median carrying capacity. The estimated 
risk of stock biomass being below Bmsy was less than 0.01 (Fig. IV.7.2). 
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The mortality ratio (Z ratio, which includes mortality by fishing and predation by cod) has been below 1 for 
most of the time since 1970, except for the period of high cod predation in the late-1980s (Fig. IV.7.1). 
Since 1997, annual median Z ratio has been stable at approximately 0.6, i.e. well below the optimum. The 
median of estimate for 2002 is 0.67 with a risk of only 0.04 of being above 1 (Fig. IV.7.2).  
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Fig IV.7.2.  Shrimp in Subareas 0 and 1: risk of annual biomass being below Bmsy and of mortality 
caused by fishing and cod predation being above Zmsy 1956-2002. 

 
 
The median estimate of the maximum annual production surplus (MSY), available equally to the fishery 
and to the cod was estimated to 101 400 tons (Fig. IV.7.3). The risk function relating the probability of 
exceeding MSY to the combined removal by fishery and cod predation is given as the integral of this 
distribution (Fig. IV.7.3).  
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Fig. IV.7.3.  Shrimp in Subareas 0 and 1: Posterior probability distribution of the maximum annual 

production surplus, available equally to the fishery the cod (MSY) (upper panel) and the 
cumulative probability of exceeding MSY. 

 
 

Ten-year projections of stock development were made under the assumption that the cod stock will remain 
at its current low abundance.  Five levels of annual catch: 80 000, 90 000, 100 000, 110 000 and 120 000 
tons were investigated (Fig. IV.7.4). 
 
The investigated catch options of 80 000 and 90 000 ton/yr have a small risk of being above MSY (Fig. 
IV.7.3) and the stock is therefore likely to remain above Bmsy (Fig. IV.7.4) during the ten years of 
projection. The combined relative fishing and cod predation mortality, Zt/Zmsy, has a high probability of 
being below 1 within this period (Fig. IV.7.5). 
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Fig. IV.7.4.  Shrimp in Subareas 0 and 1: projections of stock development for the period 2002-2012 
quantified in a biomass (B/Bmsy)-mortality (Z/Zmsy) continuum. Dynamics at 80 000, 90 000, 
100 000, 110 000 and 120 000 tons of fixed annual catch levels are shown as medians with 
error-bars at the 25th and 75th percentiles. Dashed lines indicate level of biomass and 
mortality at MSY. 

 
A catch option of 100 000 tons/yr will just about meet the estimated median MSY and is not likely to drive 
the stock below Bmsy in the short to medium term (Fig. IV.7.4), i.e. the risk is less than 10% within the first 
five years and just above 25% after year 10 (Fig. IV.7.5). However, this level of exploitation might not be 
sustainable in the longer term, as risk of falling below Bmsy continues to increase through time.  
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Fishing 110 000 tons/yr bears a 75% risk of being above MSY (Fig. IV.7.3), thus this catch level is not 
likely to be sustainable in the longer term. Owing to the current high stock level the risk of falling Bmsy is 
still less than 20% after five years at this catch level, although after 10 years it is close to 50% (Fig. IV.7.5). 
  
A catch of 120 000 tons/yr is associated with an 85% risk of exceeding MSY (Fig. IV.7.3) and the stock 
biomass will rapidly decline to below Bmsy (Fig. IV.7.4). After just two years there is a 50% risk of 
exceeding Zmsy (Fig. IV.7.5). 
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Fig. IV.7.5.  Shrimp in Subareas 0 and 1:  risk of exceeding Zmsy and of driving the stock below Bmsy by 

maintaining optional annual catch levels of 80 000-120 000 tons/yr during the period 2003-
2012. 

 
 

The probabilities of transgressing chosen limits in response to different management options may readily 
be derived within this modeling framework. Hence explicit buffer reference points are not needed as the 
risk of exceeding the limit reference is quantified and uncertainty associated with the entire process is taken 
into account.  
 
The limit reference mortality in the present example is Zmsy, i.e. Z-ratio=1. This applies in the current 
regime of low predation mortality where Zmsy~ Fmsy. If predation becomes significant this reference has to 
be re-evaluated. 

 
V. Recommendations 

 
American plaice Div. 3LNO 
 
• Further research is recommended on the adjustment of recruits to age 0 for American plaice in Div. 3LNO to 

refine stock-recruit modeling, such as continued analysis on the estimation of M and exploration of trends in 
spawning potential (e.g., age structure and geographic distribution of the spawning stock) that may refute the 
perception of high reproductive potential (R/S) since the late-1980s.   

 
• A possible candidate limit F reference point could be FMSY, estimated at 0.33 for American plaice in Div. 3LNO 

American plaice.  
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Yellowtail flounder Div. 3LNO 
 
• Continue work towards development of reference points based on age structured models. 
 
 
Precautionary Approach Framework 
 
• It is recommended that a study group be formed to evaluate methods for defining and deriving measures of 

Blim. 
 

VI. Other Business 
 

There was no other business. 
 

VII. Adoption of Report 
 

The final draft of the report of this meeting was reviewed and adopted.  It was noted that minor editorial details  
and the final formatting of the report will be done at the Secretariat in consultation with the Designated Experts and 
the Chair. 
 

VIII. Adjournment 
 

There being no other business, the Chair noted this report will be reviewed by the Scientific Council at its 
meeting of 5-19 June 2003, and subsequently submitted to the Fisheries Commission in September 2003. 

 
The Chair thanked the participants for their long hours of very constructive and creative work, with special 

appreciation extended to the Designated Experts and subgroup leaders. 
 
The Chair extended special thanks, on behalf of the participants, to the Canadian hosts from the Science, 

Oceans and Environments Branch, Department of Fisheries and Oceans, for the facilities and gracious hospitality. 
Thanks were extended to the Secretariat and the meeting was closed.  
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APPENDIX I 

NAFO Scientific Council Workshop on the Precautionary Approach to Fisheries Management 
Delta St. John's Hotel and Conference Centre 

St. John�s Newfoundland, Canada, 31 March-4 April 2003 
 

AGENDA 
 
I. Opening 

1. Appointment of rapporteur 
2. Adoption of agenda 
3. Terms of reference 

II. Review of Progress on Precautionary Approach 

1. Basis for existing PA reference points for NAFO stocks 
2. Evaluation of existing Scientific Council PA framework 
3. Report of ICES SGPA meeting, 2-6 December 2002 
4. Report of ICES PA meeting, 24-26 February 2003 
5. Recent advances in other regional bodies 
6. Recent advances in Coastal States 

III. Canada 
IV. United States of America 

III. Review of Methods for Determining PA Reference Points 

IV. Application to NAFO Stocks 

1. Greenland halibut in Subarea 2 and Div. 3KLMNO 
2. American plaice in Div. 3LNO 
3. Cod in Div. 3NO 
4. Yellowtail flounder in Div. 3LNO 
5. Redfish in Div. 3M 
6. Cod in Div. 3M 
7. Northern shrimp in Subareas 0 and 1 

V. Recommendations 

VI. Other Business 

VII. Adoption of Report 

VIII. Adjournment 

Terms of Reference 
 
Terms of Reference for the Workshop agreed at the September 2002 Scientific Council meeting are: 

• Review the basis for existing PA reference points. 
• Determine appropriate methodology to calculate reference points for data-limited stocks. 
• Develop or revise reference points for the following stocks: 

Greenland halibut in SA 2 and Div. 3LKMNO 
American plaice in Div. 3LNO 
Cod in Div. 3NO 
Yellowtail flounder in Div. 3LNO 
Redfish in Div. 3M 
Cod in Div. 3M 
Shrimp in SA 0 and 1 

• Provide guidance to Designated Experts for calculating PA reference points for all remaining stocks for which 
sufficient data exist 

An additional term of reference calls for a re-examination of the framework initially developed by the Scientific Council in 1997. 
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