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Summary 
The Atlantic menhaden population is assessed using Statistical Catch-at-Age/Length 
(SCAA/L) methodology. Two dominant issues have important impacts on the assessment 
results. The first is selectivity doming, which is clearly preferred by the data, and leads to 
higher estimates of spawning biomass in absolute terms. However, considerably greater 
differences in results follow depending on which of the incompatible JAI (recruitment) and 
SAD/NAD (ages 1 to 6+) survey indices are preferred for inclusion in the assessment. Current 
resource trends are indicated to be negative for the former, and positive for the latter, for 
which the relative weighting accorded to size composition data in the likelihood also plays a 
role. Suggestions are made for areas of further investigation to attempt to reduce the wide 
range of plausible results forthcoming from these assessments. 

 

 

Introduction 
This paper presents initial assessments of the Atlantic menhaden (Brevoortia tyrannus) population 
using Statistical Catch-at-Age/Length (SCAA/L) methodology. This methodology has and continues to 
be widely applied to other populations, for example to South African hake (Rademeyer et al. 2008) 
and in contributions to assessments of groundfish species in the Gulf of Maine (e.g. Butterworth and 
Rademeyer 2008, 2011). 
 
The paper first details the data used, and then the methodology applied. The results of applying this 
methodology, which include some sensitivity tests, are then presented and discussed, followed by 
some concluding remarks. 
 
 

Data 
The biological information, together with catch and survey related data, which are used for these 
analyses, are listed in Tables in Appendix A. They were kindly provided by Genny Nesslage (ASFMC). 
 
 

Methodology 
The details of the SCAA/L assessment methodology are provided in Appendix B. These details include 
specifications for the computation of Fn%-based FMSY proxy biological reference points (BRPs); results 
for these are not shown below, but could be provided on request. 
 
Key elements of the population dynamics assumed for the Base Case applications of this SCAA/L 
methodology are as follows. 
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 A Baranov catch equation, with a plus-group at age 6 

 A Beverton-Holt egg production-recruitment relationship with log residuals normally 
distributed with standard deviation R  - though the relationship to egg production is of little 

consequence for the results presented here as a steepness h = 0.98 is assumed, i.e. expected 
recruitment virtually independent of egg production 

 Values of demographic parameters and their variability with year and age (see Appendix A) 
are as advised by Genny Nesslage to have arisen from discussions to date in the committee 
responsible for the assessment 

 Selectivities for catches are age-specific, fishery dependent (for the four “fleets”/fisheries: 
north and south, with reduction and bait fisheries for each), but assumed to be year-
invariant; ageing error is taken into account in developing model-predicted values for 
observed catches-at-age 

 Selectivities for the SAD and NAD survey indices for ages 1 to 6+ are assumed to be length-
specific and year-invariant; these selectivities are related to equivalent age-specific 
selectivities through the assumption of normally distributed length-at-age relationships with 
assumed CVs of 20%; these age-specific selectivities do vary (slightly) with year because of 
the differing expected lengths-at-age by year(see Tables A.4). 

 
Similarly important aspects of the estimation process are the following. 

 Penalised MLE is applied, implemented using ADMB, with approximate CVs of estimates 
provided by use of the Hessian 

 Most elements of the numbers-at-age vector for the starting year are estimated (see 
Appendix B section B.1.5 for details) 

 Fits to the survey indices assume lognormally distributed errors; additional variance to the 
CVs advised is assumed, is taken to be year-invariant but differing for each series, and is 
estimated in the model fitting process 

 Fits to the proportions-at-age in the catches and lengths-at age in the SAD and NAD surveys 
assume normality under square root transformation to mimic a multinomial mean-variance 
relationship; the Punt-Kennedy (adjusted lognormal) form is used in a sensitivity; thus the 
weighting of these data (in inverse proportion to their variances about their expected 
values) is estimated internally in the model fitting process, in contrast to the external 
iteration process needed when a multinomial formulation is used 

 The log-likelihood for the proportions-at-length are downweighted by a multiplicative factor 
of 0.25 compared to those for the proportions-at age (see Appendix B section B.2.3 for the 
rationale) 

 “Observed” (i.e. reported) catches are assumed to be lognormally distributed about their 
true values with the log residuals having a standard deviation of 0.1  

 The log recruitment residual variability parameter R is set to 0.6. This is based on outputs 

from initial runs of the model which yielded fits for which these residuals reflected standard 
deviations 

Rout
  (see Table 1 and following) of typically 0.6 or slightly less. 

 
 

Results and Discussion 
 
Choice of Base Cases 

Base Case I (BCI) is an assessment with a starting year of 1955 for which all three survey indices (JAI, 
SAD and NAD) with their associated size composition data/assumptions are used for input. The 
results are reported in Table 1, Figure 1 (which shows trajectories of spawning biomass, total fishing 
mortality over all fleets for age 3 and annual recruitment) and Figure 2 (Hessian-based 90% CIs for 
spawning biomass trajectories). 
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Fits of BCI to the survey indices are shown in Figure 3. It is immediately apparent that BCI is unable 
to fit all three survey indices well. Assessment model estimates of recruitment follow the trend 
indicated by the JAI index reasonably well (given their level of variance), but are unable to reflect to 
SAD and to a greater extent the NAD survey index trends, especially the increases over the last 
decade which both of these surveys indicate. This failure is not unexpected – no dynamics model for 
a closed population will be able to reflect the combination of a decreasing trend in recruitment (the 
JAI index) and an increasing trend in the abundance of older fish (the NAD index) over an extended 
period of time. Basically the JAI index and the SAD/NAD indices are inconsistent – they cannot both 
be reflecting the true underlying population trends. 
 
In these circumstances, there is no statistical justification to continue to consider assessments to 
which data from all three indices are input. Either the assessment model is fitted to the JAI index 
ignoring the SAD and NAD indices (Base Case II – BCII), or to the SAD and NAD indices ignoring the 
JAI index (Base Case III – BCIII). Results for these further Base Cases are also given in Table 1 and 
Figures 1 to 3. 
 
Both BCII and BCIII assessments commence in 1980, which is the first year for which the NAD index is 
available, in the interests of comparability. Bridge_I is a variant of BCI (including all three indices) 
which commences in 1980 rather than 1955; the results (Table 1 and Figures 1 to 3) do not differ 
greatly from those for BCI over their common period. 
 
Strictly it is Bridge_II rather than BCIII which is the exact equivalent of BCII but with the SAD and NAD 
indices replacing the JAI index as input, but a further change is made in specifying BCIII. The reason 
for this follows from consideration of results for various extents of downweighting of the size 
composition data from catches and surveys in the log likelihood relative to the information on 
abundance trends from the SAD and NAD indices. Table 2 and Figures 4 and 5 show results achieved 
by reducing the values of the WCAA and WCAL weighting factors (see Appendix B, equations B20, B23, 
B26 and B27) in proportion. Such a reduction is not inappropriate – some positive correlation is to 
be expected in these size composition data as fish of similar size/age tend to occur together, 
rendering these data non-independent in contradiction to the assumptions underlying the equation 
used for their likelihood. This correlation implies that this likelihood should be downweighted – the 
problem is that the extent of downweighting that is appropriate is not immediately evident, and 
would require more complex modelling of the error structure of the data were its estimation to be 
attempted. 
 
Figures 4 and 5 show that the assessment results “flip” from one form to another as WCAA changes 
from 0.8 down to 0.7, from a pattern of decreasing spawning biomass, large and increasing fishing 
mortality, and decreasing recruitment over the last decade to the complete opposite of this. 
Decreasing WCAA (and WCAL with it) gives relatively more weight to the NAD survey index in particular, 
and the assessment shifts to trying to reflect better the increasing trend in this index over the last 
decade. However, the better this trend is reflected, the higher the associated current spawning 
biomass in absolute terms, and to an extent that the realism of results for low choices for WCAA 
might reasonably be questioned. As a compromise for present purposes therefore, BCIII has 
incorporated a 50% downweighting of the size composition data, i.e. WCAA = 0.5 (and WCAL = 0.125). 
 
Base Cases diagnostics 

An interesting aspect when contrasting BCII and BCIII is that additional variance estimates for the 
survey indices which are fit in each case is either zero or nearly zero (Table 1), so that for each case 
the magnitude of the residuals of these observations about their predicted trends is compatible with 
the reported CVs for the input data. In part linked to the downweighting of the size composition 
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data in BCIII, the CVs of quantities estimated in that assessment are roughly double those for 
comparable BCII quantities (Table 1 and Figure 2). To be able to reflect the recent increasing trends 
in the SAD and particularly NAD indices, recruitment estimates for the last five years for BCIII have to 
be appreciably higher than those estimated for BCII (Figures 1 and 3). 
 
A fullish set of diagnostics is provided in Figures 6, 7 and 8 for BCI, BCII and BCIII respectively. There 
are a number of common features of these results for all of the three Base Cases. 

 No obvious egg production-recruitment relationship 

 Strongly domed selectivities, both for the catch proportions-at-age for the four fisheries, and 
for the catch proportions-at-length for the SAD and NAD surveys; however when this 
selectivity for the NAD surveys is converted into an effective selectivity-at-age, it is flat-
topped (for 2013)  

 There is relatively little indication of changes with age in the variability of the proportions-at-

age residuals (the sigCAA plots in Figs 6b, 7b and 8b which show the estimates of f

CAA


evaluated separately for each age - see Appendix B equation B22 which is adjusted to 
remove the summation over ages to provide the age-specific results shown) 

 There is a marked tendency to predict more fish in the oldest age group of the proportions-
at-age for the four fisheries than are observed in the data. This is a consequence of the 
ageing-error matrix which, given an actual catch of age 4 fish (for example) which is 
necessary to fit other data, results in a number of these fish being predicted to be classified 
as age 6 when otoliths are read. 

 
The only marked difference in diagnostics amongst the Base Cases are the systematic trends evident 
in the residuals for the SAD and NAD indices for BCI and (implicitly) BCII, for which the fits to the JAI 
index are adequate, and the near reverse situation for BCIII (for which the autocorrelation for the 
NAD index is not entirely removed). 
 
Sensitivies 

The results of a number of sensitivities to BCII and BCIII are reported in Tables 3 and 4 respectively, 
and shown as well in Figures 9 to 17. 
 
Given the “problem” mentioned above for fits to the catch proportions-at-age data when ageing 
error is taken into account, so as to provide some bound on the range of uncertainty in results to 
which this might lead, the assessments have been repeated assuming that there is no ageing error. 
The comparative results shown in Tables 3 and 4, and in Figures 9 a and b, for sensitivities IIa and IIIa 
respectively, indicate that this results in better fits to these age data, somewhat reduced doming in 
the selectivities-at-age, somewhat larger spawning biomasses, and sharply reduced values of fishing 
mortality for many years, including in particular recent years for IIa. This matter is discussed further 
in the Concluding Remarks section below. 
 
When R is increased from 0.6 to 1.0 to place less restrictions on recruitment estimates to conform 

to the assumption of a constant expected recruitment over time, spawning biomass increases 
slightly for sensitivity IIb and somewhat more for IIIb (see Figures 10a and 10b). the estimates for 
current fishing mortality are higher for IIb but lower for IIIb (tables 3 and 4). 
 
Using the adjusted lognormal (Punt-Kennedy) distributional form for the proportions-at-age/length 
data in place of the “sqrt(p)” formulation decreases spawning biomass and recruitment for IIc and 
increases these for IIIc (Figures 11a and b). Selectivities and fits to the size composition data do not 
appear greatly affected (Figures 12a, 12b and 13), and estimates of current fishing mortality are 
reduced (Tables 3 and 4). 
 



5 
 

When the NAD selectivity-at-length is forced to be flat at larger lengths in sensitivity IIId, the 
estimated spawning biomass is reduced, but the fit to the survey catch-at-length data deteriorates 
appreciably, with larger proportions being predicted for the largest fish caught than are observed 
(Figure 14). When in addition the selectivity-at-age for the northern reduction fishery is forced to be 
flat at larger ages in sensitivity IIIe, the spawning biomass is substantially reduced and the other 
selectivities-at-age show lesser or no doming (Figure 15b); the fits to the size composition data 
improve, but those to the SAD and NAD indices deteriorate (Table 4 and Figure 16). For the other 
Base Case under the corresponding sensitivity IIe for which the selectivity-at-age for the northern 
bait fishery is again forced to be flat, spawning biomass is lower and the other selectivities-at-age 
again show lesser or no doming (Figure 15a); the estimate of the current fishing mortality increases, 
but the fit to the catch proportions-at-age data deteriorates together with the overall log likelihood 
(Table 3). 
 
An alternative explanation to domed selectivity for low numbers of older fish in catches is an 
increase in natural mortality-at-age for older fish (“dying of old age”). Sensitivities IIf and IIIf explore 
this by increasing the value of natural mortality M above age 3 to a little more than double the value 
given in Table A.1 for age 6+. As to be expected, this results in a decrease in the estimated spawning 
biomass, but there is little reduction in the extent of doming estimated for both the fisheries and the 
surveys (Figures 17a and b). 
 
Retrospectives 

Figures 18a and 18b provide retrospective results for the BCII and BCIII assessments respectively. 
There are distinct retrospective patterns for both assessments: for BCII as further years’ data 
become available, estimates of spawning biomass decrease and those of fishing mortality increase; 
for BCIII exactly the reverse holds. Given the fairly strong downward trend in the JAI index and 
upward trend in the NAD index over recent years, these patterns are what might have been 
expected. 
 
 

Concluding Remarks 
In the limited time available for these analyses, it has not been possible to explore further 
sensitivities such as alternative models for the distribution of lengths-at-age in fitting to survey 
proportions-at-length data, or for the egg production-recruitment relationship. However these seem 
unlikely to yield results appreciably different from those shown above. At least at a “single factor” 
level, the most important sensitivities have probably been covered. 
 
Clearly there are two dominant issues which have important impacts on the assessment results. The 
first is selectivity doming, which is clearly preferred by the data, and leads to higher estimates of 
spawning biomass in absolute terms. However, considerably greater differences in results follow 
depending on which of the incompatible JAI and SAD/NAD survey indices are preferred for inclusion 
in the assessment. 
 
The biomasses estimated for those corresponding BCII and BCIII scenarios are considerably different 
in absolute terms, so that any further information that might provide some discrimination on this 
front seems worth considering. One possibility is that since demersal trawl surveys have been used, 
they do in principle allow the estimation of biomass in absolute terms. Undertaking this would 
though be a daunting prospect in this case, not only because the effects of the standard problems of 
herding, net avoidance, and fish above the net require some level of quantification, but here also 
because multiple rather than single surveys have been combined to provide the JAI, SAD and NAD 
indices. Such an exercise would clearly not yield a highly precise result, but it could produce 
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plausible bounds which eliminate at least some at either or both ends of the wide range of 
assessment outputs reported above. 
 
The other area where further consideration could be fruitful is in modelling the catch (and also 
survey length) proportions-at-age data. Exactly which elements of these data are most responsible 
for the remaining conflict between signals from the SAD/NAD indices and the size composition data 
in the BCIII assessments and its variants need to be identified (the log-likelihood differences in Table 
2 indicate that the catch age rather than the survey size composition data that contribute the most 
to this conflict). This is to facilitate a determination of whether alternative models might be able to 
better reconcile the data from these two sources. One possibility is allowing some variation in time 
in the selectivity-at-age functions for the reduction and bait fisheries. Another is the ageing error 
model. As pointed out above, this seems to result in predicting catches of more older fish than are 
observed. A possible reason for this is that the model has extrapolated error relationships estimated 
at lesser ages (for which there are more data from age readers) to higher ages where those 
relationships are perhaps less appropriate. The data hint that readers may be disinclined to report 
relatively large ages, perhaps being pre-disposed to suspect that they are unlikely to be present. 
Further analyses to address these issues might prove beneficial in resolving some of the conflicts 
evident in the assessment results reported in this paper. 
 
Even so, such initiatives may not fully resolve the differences amongst alternative but nevertheless 
plausible assessment models and their outputs. Thought thus needs to be given to how to provide 
scientific advice for management in circumstances of wide-ish uncertainty, where selecting a single 
“best” model for this purpose becomes questionable. While the adoption of a management 
procedure based on MSE would probably be the best way forward in such a situation, that exercise 
would require considerable time to take through to completion. A fall back in the interim could be a 
“risk analysis”, where consideration is given to the consequences for a range of alternative 
management options that are forecast under each of a number of plausible alternative assessments. 
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Table 1: Results for the three Base Cases and bridging runs Bridge_I and Bridge_II. Biomasses and catches are in thousand metric tons. The 

italised values in parenthesis next to the -lnL:comCAA and -lnL:indexCAL values are the -lnL values without the downweighting. Hessian-based 

CVs are shown in parentheses (a * on this value means that it cannot be estimated because the estimate of the parameter is on a constraint 

boundary). Values in bold are fixed on input; y0 is the start year for the assessment (1955 or 1980); WCAL is 0.25 unless otherwise indicated. 
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Table 2: Results for a series of runs with different weightings on the commercial CAA and index CAL likelihoods. All runs start in 1980 and are fit 

to the SAD and NAD indices only. The italised values in parenthesis next to the -lnL:comCAA and -lnL:indexCAL values are the -lnL values without 

the downweighting. Hessian-based CVs are shown in parentheses (a * on this value means that it cannot be estimated because the estimate of 

the parameter is on a constraint boundary). Values in bold are fixed on input. 
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Table 3: Results for a series of sensitivities based on BCII. Hessian-based CVs are shown in parentheses (a * on this value means that it cannot be 

estimated because the estimate of the parameter is on a constraint boundary). Values in bold are fixed on input. For the SAD and NAD indices, 

the q estimates are shown in parentheses because they follow despite the effective zero weighting given to these data. 
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Table 4: Results for a series of sensitivities based on BCIII. The italised values in parenthesis next to the -lnL:comCAA and -lnL:indexCAL values 

are the -lnL values without the downweighting. Hessian-based CVs are shown in parentheses (a * on this value means that it cannot be 

estimated because the estimate of the parameter is on a constraint boundary). Values in bold are fixed on input. For the JAI indices, the q 

estimates are shown in parentheses because they follow despite the effective zero weighting given to these data. 
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Figure 1: Time-trajectories of spawning biomass, fishing mortality (sum across all four fleets, for age 31) and recruitment for the three Base Cases 

and bridging runs Bridge_I and Bridge_II. 

                                                           
1
 This convention is used for fishing mortality plots throughout the Figures following, unless otherwise indicated. 
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Figure 2: Time-trajectories of spawning biomass with 90% CI (dashed lines) for the three Base Cases.
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Figure 3: Fit of the three Base Cases and bridging runs Bridge_I and Bridege_II to the survey indices. The fit to JAI is dashed for run Bridge_II and 

BCIII as these runs do not actually fit to this recruitment index. Similarly, the fit to the SAD and NAD indices are dashed for BCII as this run does 

not fit to these indices. 
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Figure 4: Time-trajectories of spawning biomass, fishing mortality (sum across all four fleets, for age 3) and recruitment for the runs with 

different weightings for the commercial CAA and survey CAL -lnL.
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Figure 5: Fit of the runs with difference weighting for the commercial CAA and survey CAL -lnL. The fit to JAI is dashed for run IIa and BCIII as 

these runs do not actually fit to this recruitment index. Similarly, the fit to the SAD and NAD indices are dashed for BCII as this run does not fit to 

these indices. 
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Figure 6a: Results for BCI (start in 1955, fitting to all three indices). Both here and in all similar plots following, the indication of 6 for age means 

ages 6+.  
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Figure 6b: For each of the four fleet, estimated selectivity-at-age (first column), fit to the commercial catches-at-age averaged over all the years 

for which data are available (second column), bubble plots of the corresponding standardised residuals (third column - the area of the bubble is 

proportional to the magnitude of the corresponding standardised residuals; for positive residuals the bubbles are grey, whereas for negative 

residuals the bubbles are white) and estimated CAA for each age (last column – note the model fit was implemented treating these as age-

independent) for BCI (start in 1955, fitting to all three indices). 
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Figure 6c: Fit to the survey indices and corresponding residuals for BCI (start in 1955, fitting to all three indices). The assumed length-at-age 

distributions for 2013 are also shown. 
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Figure 6d: Estimated selectivity-at-length and resulting 2013 selectivity-at-age for the SAD and NAD 

survey indices, as well as the fit to the survey catches-at-length averaged over all the years for which 

data are available (fourth row), and bubble plots of the corresponding standardised residuals (last row - 

the area of the bubble is proportional to the magnitude of the corresponding standardised residuals; for 

positive residuals the bubbles are grey, whereas for negative residuals the bubbles are white) for BCI 

(start in 1955, fitting to all three indices).  
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Figure 7a: Results for BCII (start in 1980, fitting to JAI index only). 
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Figure 7b: For each of the four fleet, estimated selectivity-at-age (first column), fit to the commercial catches-at-age averaged over all the years 

for which data are available (second column), bubble plots of the corresponding standardised residuals (third column - the area of the bubble is 

proportional to the magnitude of the corresponding standardised residuals; for positive residuals the bubbles are grey, whereas for negative 

residuals the bubbles are white) and estimated CAA for each age (last column– note the model fit was implemented treating these as age-

independent) for BCII (start in 1980, fitting to JAI index only). 
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Figure 7c: Fit to the survey indices and corresponding residuals for BCII (start in 1980, fitting to JAI index only). The fit to the SAD and NAD 

indices are dashed as this run does not fit to these indices. 
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Figure 7d: Estimated selectivity-at-length and resulting 2013 selectivity-at-age for the SAD and NAD 

survey indices, as well as the fit to the survey catches-at-length averaged over all the years for which 

data are available (fourth row), and bubble plots of the corresponding standardised residuals (last row - 

the area of the bubble is proportional to the magnitude of the corresponding standardised residuals; for 

positive residuals the bubbles are grey, whereas for negative residuals the bubbles are white) for BCII 

(start in 1980, fitting to JAI index only). The selectivities and fit to the SAD and NAD indices are dashed 

as this run does not fit to these indices. 
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Figure 8a: Results for BCIII (start in 1980, fitting to SAD and NAD only, WCAA=0.5, WCAL=0.125). 
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Figure 8b: For each of the four fleet, estimated selectivity-at-age (first column), fit to the commercial catches-at-age averaged over all the years 

for which data are available (second column), bubble plots of the corresponding standardised residuals (third column - the area of the bubble is 

proportional to the magnitude of the corresponding standardised residuals; for positive residuals the bubbles are grey, whereas for negative 

residuals the bubbles are white) and estimated CAA for each age (last column– note the model fit was implemented treating these as age-

independent) for BCIII (start in 1980, fitting to SAD and NAD only, WCAA=0.5, WCAL=0.125). 
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Figure 8c: Fit to the survey indices and corresponding residuals for BCIII (start in 1980, fitting to SAD and NAD only, WCAA=0.5, WCAL=0.125).The 

assumed length-at-age distributions for 2013 are also shown. For the JAI index, the lines are dashed as this run is not fit to this series. 
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Figure 8d: Estimated selectivity-at-length and resulting 2013 selectivity-at-age for the SAD and NAD 

survey indices, as well as the fit to the survey catches-at-length averaged over all the years for which 

data are available (fourth row), and bubble plots of the corresponding standardised residuals (last row - 

the area of the bubble is proportional to the magnitude of the corresponding standardised residuals; for 

positive residuals the bubbles are grey, whereas for negative residuals the bubbles are white) for BCIII 

(start in 1980, fitting to SAD and NAD only, WCAA=0.5, WCAL=0.125). The JAI selectivity is dashed as this 

run does not fit to this recruitment index. 



28 
 

 

 

Figure 9a: Time-trajectory of spawning biomass and fishing mortality, commercial selectivities-at-age 

and fits to the commercial CAA data (averaged over all the years for which data are available) for BCII 

(black) and run IIa (no ageing error - blue).  
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Figure 9b: Time-trajectories of spawning biomass and fishing mortality, commercial selectivities-at-age 

and fits to the commercial CAA data (averaged over all the years for which data are available) for BCIII 

(black) and run IIIa (no ageing error - red).  
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Figure 10a: Time-trajectory of spawning biomass and recruitment for BCII (black line) and run IIb 

(R=1.0- blue line).  

 

 

Figure 10b: Time-trajectory of spawning biomass and recruitment for BCIII (black line) and run IIIb 

(R=1.0- red line).  
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Figure 11a: Time-trajectories of spawning biomass and recruitment for BCII (black line) and run IIc (adj. 

log normal - blue line).  

 

 

Figure 11b: Time-trajectories of spawning biomass and recruitment for BCIII (black line) and run IIIc 

(adj. log normal - red line).  
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 Figure 12a: Commercial selectivities-at-age and fit to the commercial CAA data for BCII (black) and run 

IIc (adj. log normal - blue).  

 

Figure 12b: Commercial selectivities-at-age and fit to the commercial CAA data for BCIII (black) and run 

IIIc (adj. log normal - red). 
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Figure 13: Survey selectivities-at-length and fit to the survey CAL data for BCIII (black) and run IIIc (adj. 

log normal - red). Absent values in the NAD bubble plot for run IIIc reflect cells for which there is no 

observed catch (see footnote associated with equation B26 in Appendix B). 
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Figure 14: Time-trajectory of spawning biomass and selectivity-at-length for BCIII (black lines) and run 

IIId (flat NAD selectivity-at-length from length 29cm - red lines). The fit to the NAD CAL are also shown. 
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Figure 15a: Time-trajectory of spawning biomass and selectivity-at-length for BCII (black lines) and run 

IIe (flat north bait selectivity-at-age from age 3- blue lines). The fit to the north bait CAA is also shown. 
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Figure 15b: Time-trajectory of spawning biomass and selectivity-at-length for BCIII (black lines) and run 

IIIe (flat NAD selectivity-at-length from length 29cm and flat north bait selectivity-at-age from age 3- 

red lines). The fit to NAD CAL and north bait CAA are also shown. 
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Figure 16: Fit to the SAD and NAD survey indices and corresponding residuals for BCIII (black lines) and 

run IIIe (flat NAD selectivity-at-length from length 29cm and flat north bait selectivity-at-age from age 

3- red lines). 
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Figure 17a: Time-trajectory of spawning biomass, natural mortality, index selectivities-at-length and 

commercial selectivities-at-age for BCII (black lines) and run IIf (increased M from age 3- blue lines).  

 

 

Figure 17b: Time-trajectory of spawning biomass, natural mortality, index selectivities-at-length and 

commercial selectivities-at-age for BCIII (black lines) and run IIIf (increased M from age 3- red lines). 
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Figure 18a: Retrospective analysis for BCII. 

 

 

Figure 18b: Retrospective analysis for BCIII. 
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Appendix A - Data 

 

Table A.1: Natural mortality-at-age (
ay

M
,

 yr-1), taken here to be year-invariant 
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Table A.2: Maturity-at-age ( ay
f

, ) 
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Table A.3: Fecundity-at-age ( ay
g

, ) 
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Table A.4a: Corrected Fork Length (in mm) at age at May 15. 
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Table A.4b: Corrected Fork Length (in mm) at age at September 1. 
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Table A.5a: Weight-at-age at spawning (
strt

,ay
w  in gm) (which is taken to correspond to the start of the 

fishing year). 
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Table A.5b: Weight-at-age at the middle of the fishing year ( mid
,ayw  in gm). 

 



47 
 

Table A.6: Ageing error matrix ( ',aa
 ). 
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Table A.7: Unscaled composite recruitment index (JAI, JAI

y
N
~

) and unscaled composite trawl age 1+ 

indices (SAD ( SAD

y
N
~

) and NAD ( NAD

y
N
~

)) with CVs in parenthesis. 
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Table A.8a: Length composition shown as proportions ( SADobs

ly
p ,

,  )for SAD index with length intervals given in mm.  
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Table A.8b: Length composition shown as proportions ( NADobs

ly
p ,

, )for NAD index with length intervals given in mm. The length compositions in 

years in which less than 100 fish were sampled have been ignored (not fitted to) in the models and are shown in grey and italised below. 

 



51 
 

Table A.9: Commercial landings by fleet (
fobs

y
C ,

in 1000 mt). North and south MRFSS landings have been 

added to north and south bait landings respectively. 
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Table A.10a: North and south reduction catch-at-age ( fobs

ay
C ,

,
 in millions). 
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Table A.10b: North and south bait catch-at-age ( fobs

ay
C ,

,
 in millions) (includes MRFSS). 
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Appendix B  

 

Algebraic details of the Statistical Catch-at-Age/Length Model 

 

The text following sets out the equations and other general specifications of the Statistical Catch-at-Age/Length 

(SCAA/L) assessment model applied to Atlantic menhaden, followed by details of the contributions to the 

(penalised) log-likelihood function from the different sources of data available and assumptions concerning the 

stock-recruitment relationship. Quasi-Newton minimization is applied to minimize the total negative log-likelihood 

function to estimate parameter values (the package AD Model Builder
TM

, Otter Research, Ltd is used for this 

purpose). 

 

Where options are provided under a particular section, the section concludes with a statement in bold as to which 

option was selected for the various Base Case (BC) runs considered in the main text.. 

 

B.1. Population dynamics 

B.1.1 Numbers-at-age 

The resource dynamics are modelled by the following set of population dynamics equations: 

10,1 


yy
RN  (B1) 

ayZ

ayay eNN ,

,1,1



               for 0  a  m – 2 (B2) 

mymy Z

my

Z

mymy eNeNN ,1,

,1,,1



  
 (B3) 

 

where 

ayN ,
  is the number of fish of age a at the start of fishing year y, where this “start” is taken to be 1 March,  

yR   is the recruitment (number of 0-year-old fish) at the start of year y, 

m is the maximum age considered (taken to be a plus-group, where here m = 6), 

ay

f

f

ay

f

yay
MSFZ

,,,
  is the total mortality in year y on fish of age a, where 

f denotes one of four fisheries (reduction north, reduction south, bait north and bait south) 

ay
M

,
  denotes the natural mortality rate for fish of age a in year y (taken here to be year-independent – see 

Table A1), 

f

y
F

 
is the fishing mortality of a fully selected age class in year y for fishery f, and 

f

ay
S

,  
is the commercial selectivity at age a for year y for fishery f. 

 

B.1.2. Recruitment 

The number of recruits (i.e. new 0-year olds) at the start of year y is assumed to be related to the egg production 

by the mature fish by a Beverton-Holt stock-recruitment relationship, allowing for annual fluctuation about the 

deterministic relationship.  
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where 

 and  are egg production-recruitment relationship parameters,  

y   reflects fluctuation about the expected recruitment for year y, which is assumed to be normally 

distributed with standard deviation R (which is input in the applications considered here); these residuals 

are treated as estimable parameters in the model fitting process,  

sp

y
E   is the egg production at the start of year y, computed as: 

spawnayZ

ayay

m

a

ayy
eNgfE

,

,,

0

,

sp 



  (B5) 

where 

spawning for the menhaden stock under consideration is taken to occur at the beginning of the fishing year, i.e. 

µspawn = 0, 

ay
f

,   is the proportion of fish of age a which are (reproductively) mature in year y (see Table A2), and  

ay
g

,   is the fecundity (egg production) of fish of age a that are mature in year y (see Table A3). 

 

Note that spawning biomass sp
yB  at the start of year y is computed as: 

spawnayZ

ayay

m

a

ayy
eNwfB

,

,

strt

,

0

,

sp 
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where 

strt

,ay
w  is the weight of a fish of age a at the start of fishing year y (see Table A5a). 

 

Further, for the Beverton-Holt relationship, the parameters  and parameters are related to steepness h and 

the deterministic pristine egg production E0 by the equations: 

15

4
0




h

hR
              and      

 15

)1(
0






h

hE
  

 

For the Base Cases, the standard Beverton-Holt form with h fixed at 0.98 has been used. 

 

B.1.3. Total catch and catches-at-age 

The total catch by mass in year y in fishery f (is given by: 

  ay
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where 

mid
,ayw   denotes the (middle of the fishing year) mass of fish of age a landed in year y (see Table A5b), 
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f

ay
C

,
  is the catch-at-age, i.e. the number of fish of age a, caught in year y in fishery f). 

 

B.1.4. Survey indices and survey selectivity 

 

The model estimate of JAI recruitment survey index is computed as: 

12/

,

JAI 0,
~ JAI

y TZ

oyy
eNN


  (B8) 

JAIT  is the number of months after the start of the fishing year when the survey takes place (
JAIT =3). 

 

The SAD and NAD surveys of 1-6+ fish are each assumed to reflect the effect of year-invariant length-specific 

selectivity. The year-invariant selectivity-at-length 
i

l
S  for index i (where i = SAD or NAD) is converted to year-

dependent selectivity-at-age 
i

,ay
S : 


l

i

lay

i

ly

i

ay
ASS

,,,,  (B9) 

where 

i

lay
A

,,  is the proportion of fish of age a in year y that fall in the length group l for index i (i.e.
 

1
,,


l

i

lay
A

  
for all 

ages a)  

The matrix A is calculated under the assumption that length-at-age is normally distributed about a mean ( i

ay
L

,
) 

given in Tables A.4a (SAD) and A.4b (SAD), i.e.: 

  2

,,
; ~ i

ay

i

aya
LNL   (B10) 

where 

N is the normal distribution, and 

i

ay ,
   is the standard deviation of length-at-age a in year y for survey i, which is modelled to be proportional to 

the expected length at age a, i.e.: 

i

ay

i

ay
L

,,
   (B11) 

with  = 0.2 for the Base Cases. 

The predicted indices are then computed as: 







m

a

TZ

ayayy

i
ayeNSN
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12/

,
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,

i ,
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 (B12) 

where  

2iT  for SAD and 6iT  for NAD. 
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B.1.5. Initial conditions 

As the first year for which data are available for Atlantic menhaden considered clearly does not correspond to the 

first year of (appreciable) exploitation, one cannot necessarily make the conventional assumption in the 

application of SCAA’s that this initial year reflects a population (and its age-structure) at pre-exploitation 

equilibrium 

For the first year (y0) considered in the model therefore, the numbers-at-age are estimated directly for ages 0 to 

a
est

, with a parameter  mimicking recent average fishing mortality for ages above a
est

, i.e. 

aay NN ,start,0
                                             for  

estaa 0  (B13) 

and 

)1( 1
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1,start,start 


  a
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aa SeNN                 for 1 maaest
 (B14) 

))1(1()1( 1
1

1,start,start m
mM

m
mM

mm SeSeNN  
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where 


f

fobs

y

f

fobs

y

f

aya
CCSS ,

0

,

0,0  (B16)  

For the Base Cases a
est

=2. Thus the abundances of the first three ages plus the value of the parameter are 

estimated; there is insufficient information content in the data to allow all elements of the starting numbers-at-age 

vector to be estimated with reasonable precision. 

 

B.2. The (penalised) likelihood function 

The model can be fit to (a subset of) fleet-specific catches, survey abundance indices, and commercial and survey 

catch-at-age and catch-at-length data to estimate model parameters (these may include residuals about the stock-

recruitment function, facilitated through the incorporation of a penalty function described below). Contributions 

by each of these to the negative of the (penalised) log-likelihood (- Ln ) are as follows.  

 

B.2.1. Survey abundance data 

The likelihood is calculated assuming that a survey index is lognormally distributed about its expected value:  

     i

y

iobs

y

i

y

i

y

i

y

iobs

y
IIII nnorexp ,,     (B17) 

where 

iobs

y
I ,

  is the survey index for survey i (where i is JAI, NAD or SAD) in year y, 

i

y

ii

y
NqI
~

ˆ  is the corresponding model estimate, where 

iq̂  is the constant of proportionality (catchability) for the survey series i,  

i

y
N
~

 is defined by equation B8 for JAI and B12 for SAD and NAD, and 
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i

y
  from   2

,0 i

y
N  . 

 

The contribution of the survey biomass data to the negative of the log-likelihood function (after removal of 

constants) is then given by: 
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y
L

22222survey 2/nn   (B18) 

where  

)1ln( 2 
y

i

y
CV  is the standard deviation of the residuals for the logarithm of survey i in year y (which is 

input), and 

i

Add
  is the square root of the additional variance for survey series i, which is estimated in the model fitting 

procedure. 

 

The catchability coefficient 
iq for survey index i is estimated by its maximum likelihood value: 

  
y

i

y

i

yi

i NInqn
~

lnln1ˆ  (B19) 

 

B.2.2. Commercial catches-at-age 

The contribution of the catch-at-age data for fleet f to the negative of the log-likelihood function under the 

assumption of an “adjusted” lognormal error distribution (Punt and Kennedy, 1997) is given by: 
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where  

 fobs

aya

fobs

ay

fobs

ay
CCp ,

','

,

,

,

,
/  is the observed proportion of fish caught in year y by fleet f that are of age a (see 

Tables A10a and b), 


'
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,

a

f

ayaa

f

ay
pp   is the model-predicted proportion of fish caught in year y by fleet f that are of age a, taking 

account of ageing error, with 

',aa
   the ageing error on a fish of age a (see Table A.6), and 
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',',,
/  is the model-predicted proportion of fish caught in year y by fleet f that are of age a,  
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and 

f

CAA
   is the standard deviation associated with the catch-at-age data for fleet f, which is estimated in the fitting 

procedure by: 

   
y ay a
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Commercial catches-at-age are incorporated in the likelihood function using equation (B20), for which the 

summation over age a is taken from age aminus (considered as a minus group) to aplus (a plus group).  

 

An alternative to this “adjusted” lognormal error distribution, is the “sqrt(p)” formulation, for which equation B20 

is modified to: 
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and equation B1.21 is adjusted similarly: 
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This formulation mimics a multinomial form for the error distribution by forcing a near-equivalent variance-mean 

relationship for the error distributions. 

 

The WCAA factor can be selected on input to downweight the contributions of these data to the negative log 

likelihood, to account for their possible non-independence. 

 

For the Base Cases, the sqrt(p) formulation has been used with WCAA = 1 (i.e. no downweighting).  

B.2.3. Survey catches-at-length 

For runs including the NAD and SAD indices, catches-at-length are also incorporated in the likelihood function. 

These data are incorporated in the similar manner as the catches-at-age. When the model is fit to catches-at-

length, the predicted catches-at-length are computed using the data provided [as described in section B1.1.4)]: 
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The following term is then added to the negative log-likelihood
2
: 
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for the adjusted log normal distribution assumption, and for the sqrt(p) formulation: 
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Survey catches-at-length are incorporated in the likelihood function using equation (B26) or (B27), for which the 

summation over length l is taken from length lminus (considered as a minus group) to lplus (a plus group).  

                                                           
2
 In cases where the value of 

iobs

ly
p ,

,  is zero, that term is omitted from these summation and the corresponding 

ones to estimate 
i

len
 . Note that in any case the limit as 

2)(ln of 0 ppp  is zero. 
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The WCAL weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-length 

data (which tend to be positively correlated between adjacent length groups particularly because the length 

distributions for adjacent ages overlap) to the overall negative log-likelihood. 

Note: The CAL data for the years 1980 to 1985 and 1987 for SAD were omitted from the fit as these are based on 

less than 100 fish. 

 

For the Base Cases, the sqrt(p) formulation has been used with WCAL = 0.25. 

 

The reason for this WCAL value choice is that for the NAD and SAD survey series, the number of length groups 

considered with non-zero data is roughly four times the number of age-groups represented to an appreciable 

extent (NAD: 21 length groups vs about 5 ages; SAD: 11 length groups vs about 3 ages). While length distributions 

can be broken down to very narrow length ranges, clearly this provides no actual additional information to the 

likelihood, as these length distributions reflect at best the relative magnitudes of the different age groups of which 

they are comprised. In cases where the value of WCAA is changed from 1, the value of WCAL is usually changed at the 

same time to maintain this 1:0.25 ratio of relative weightings. 

 

B.2.4. Stock-recruitment function residuals 

The stock-recruitment residuals are assumed to be lognormally distributed. Thus, the contribution of the 

recruitment residuals to the negative of the (now penalised) log-likelihood function is given by: 
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where 

y1 and y2 are the first and last years over which these residuals are included (the full period of the assessment is 

used here) 

y   from   2
,0 RN  , 

R  is the standard deviation of the log-residuals, which is input. 

The second term on the right hand side of equation B29 is simply a device to assist estimation stability by ensuring 

that the residuals sum to zero, as would follow were this the only term in the likelihood. 

 

For the Base Cases, R has been set to 0.6. 

 

The reason for this choice was that for a large number of assessment runs conducted initially, the output standard 

deviation of the recruitment residuals was typically 0.6 or slightly less. 

 

B.2.5. Catches 
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 where  
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fobs

y
C ,

 

is the observed catch in year y for fleet f, 

f

y
C

 

is the predicted catch in year y for fleet f (equation B7), and 

C is the CV input: 0.1 throughout. 

 

B.3. Estimation of precision 

Where quoted, CV’s or 90% probability interval estimates are based on the Hessian. 

 

B.4. Model parameters 

B.4.1. Commercial fishing selectivity-at-age 

The commercial fishing selectivities are estimated separately for ages aminus to age aplus and are taken to be flat 

thereafter. For the north reduction fleet aminus=1 and age aplus=5, for the south reduction fleet aminus=0 and age 

aplus=4, for the north bait fleet aminus=2 and age aplus=4, and for the south bait fleet aminus=1 and age aplus=4.  

 

The selectivities are assumed to be year-independent for the Base Cases. The option of allowing changes 

between “blocks” of years is available.  

 

B.4.2. Survey fishing selectivity-at-length 

The fishing selectivities-at-length for SAD and NAD are estimated separately for six pre-determined of lengths (see 

Table B.1). Between these lengths, selectivity is assumed to change linearly and above the maximum pre-

determined length, selectivity is taken to be flat. 
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Table B.1: Parameters for the Base Cases 

 

 

 

B.5.Biological Reference Points (BRPs) 

The equilibrium catch for a fully selected fishing proportion F is calculated as: 
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and where numbers-at-age a are given by: 
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where 
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with  
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Fn% is found by searching over F to find the value where 
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 is equal 0.n. The associated spawning 

biomass and yield are given by 
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