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1. Executive Summary 
 
Between 9 and 24 January 2013, a Center for Independent Experts (CIE) desk review of the 
SEDAR 28 Gulf of Mexico cobia (Rachycentron canadum) and Spanish mackerel 
(Scomberomorus maculates) stock assessments was undertaken. The key findings of that 
review are summarised below. 

Prior to the development of assessment models by the Assessment Workshops, the 
Data Workshops had collated the biological data for the Gulf of Mexico stocks of cobia and 
Spanish mackerel and constructed time series of reliable data for the landings made by the 
commercial and recreational fisheries. Despite some deficiencies of the data collection 
programs, the Workshops had developed time series of discards from these fisheries and of 
the bycatch of the two species from the shrimp fishery. Although imprecise, these time 
series, together with the time series of landings data, had been considered appropriate for 
use in the assessments. Length composition data sufficient to characterize the landings data, 
and, in the case of the Spanish mackerel stock, one of the survey indices, had been collated, 
together with those age-at-length data that were available. The Data Workshop for cobia 
had also recommended two fishery-dependent survey indices, while that for Spanish 
mackerel had recommended one fishery-independent index of abundance and two fishery-
dependent indices. Each of the survey indices had been standardized using an appropriate 
statistical approach. 

Although both maturity at age and the various time series of discard data for both 
species were imprecise, and there was a lack of length and age-at-length composition data 
for those fish that had been discarded from the commercial and recreational fisheries, the 
data that the Data Workshops had collated for the Gulf of Mexico stocks of both cobia and 
Spanish mackerel represented the best data that were available and were considered 
adequate for use in stock assessment. It should be noted, however, that the imprecision of 
the input data and limited age composition data are reflected in uncertainty in the results of 
each assessment. In the case of cobia, the lack of a fishery-independent index of abundance 
is also likely to have influenced the results that were obtained from the assessment. 

Assessments for both cobia and Spanish mackerel had been undertaken by the 
Assessment Workshops using Stock Synthesis 3, a versatile and well-tested program that 
has been employed in numerous stock assessments both in the U.S. and elsewhere. The 
methods employed by this program are of high quality and the software provides tools that 
facilitate exploration of uncertainty, calculation of benchmarks, projection of yields with 
specified fishing rates to assess future stock status, and, through bootstrapping, either 
within Stock Synthesis (in the case of cobia) or using auxiliary software (in the case of 
Spanish mackerel), generation of probability distributions of parameters, benchmarks, and 
other variables. The ease with which alternative values of parameters can be set up within 
Stock Synthesis had facilitated (1) the exploration by the Assessment Workshops of the 
sensitivity of the results produced by the cobia and Spanish mackerel models to a number 
of alternative assumptions regarding values of natural mortality, steepness, and discard 
mortality, (2) the conducting of retrospective analyses, and (3) investigation of alternative 
data weighting options.   

For both cobia and Spanish mackerel, estimates of the steepness of the stock-
recruitment relationship had been found to be imprecise. The key uncertainty reflected in 
the choice by the Assessment Workshop for Gulf of Mexico cobia of a set of models to 
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represent alternative states of nature was the value of steepness. For Spanish mackerel, the 
Assessment Workshop chose to explore the effects of a range of values for the base level of 
natural mortality M when proposing alternative states of nature. Sensitivity analysis had 
also indicated that the results of the assessment for cobia were sensitive to this parameter. 

The base model for the Gulf of Mexico stock of cobia assumed a base level of 
natural mortality of 0.38 y-1, which, when fitted, resulted in an estimated steepness of 
0.925. Based on the sensitivity analyses and explorations of uncertainty that had been 
carried out by the Assessment Workshop, this model and two alternative models were 
accepted as suitable for use as alternative states of nature when assessing the condition of 
the cobia stock. The alternative models assumed base levels of natural mortality of 0.26 and 
0.5 y-1, and, when fitted, resulted in steepness estimates of 0.96 and 0.92, respectively. On 
fitting the base model for the Gulf of Mexico stock of cobia, it was estimated that 
SSB2011/MSST=1.73 and that Fcurrent/ MFMT = 0.63, where the benchmarks MSST and 
MFMT had been calculated as MFMT = F30%SPR and MSST = (1 – M) SSB30%SPR. Based on 
this result and the examination of the results of the various sensitivity runs for Gulf of 
Mexico cobia, it is highly likely that the stock of cobia is not overfished and is not 
experiencing overfishing.  

Exploration of parameter estimates, sensitivity runs, likelihood profiles, and results 
from bootstrapping led the Assessment Workshop for the Gulf of Mexico stock of Spanish 
mackerel to accept an alternative to the initial model as the new base model for this species. 
While this new model had an identical structure to that of the original base model, the value 
of steepness was fixed at 0.8, rather than estimated. An alternative model with similar 
structure to that of the new base model, but with steepness fixed at 0.9, was chosen by the 
Assessment Workshop to represent an alternative state of nature. Estimates obtained from 
the fitted base model indicated that SSB2011/MSST=3.06 and that Fcurrent/ MFMT = 0.38, 
where the benchmarks MSST and MFMT had been calculated as MFMT = F30%SPR and 
MSST = (1 – M) SSB30%SPR. Based on this result and examination of the results of the 
various sensitivity runs, it is highly likely that the Gulf of Mexico stock of Spanish 
mackerel is not overfished and is not experiencing overfishing.  

The assessments produced by the Assessment Workshops for the Gulf of Mexico 
stocks of cobia and Spanish mackerel are based on the best data that are available, and the 
models that have been developed in Stock Synthesis are appropriate given the input data 
that are available for each stock. The results of these assessments provide the best scientific 
advice regarding the status of these two stocks that is currently available. While the 
limitations of the data and the uncertainty reflected in the sensitivity analyses and in the 
values calculated by the assessment models should be recognized when considering future 
management options, the explorations described in the Assessment Workshop Reports 
suggest that the conclusions regarding current stock status and levels of fishing mortality 
are likely to be robust despite the uncertainty associated with the assessments. Future stock 
assessments would benefit from improvement in the programs used (1) to collect discard 
data from the commercial and recreational fisheries and bycatch data from the shrimp 
fishery, and (2) to collect length and age-at-length data from landings and discards from 
both the commercial and recreational fisheries and from the bycatch of cobia and Spanish 
mackerel by the shrimp fishery. 

The individuals involved in collating the input data and in developing the stock 
assessments are commended for their efforts. 
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2. Background 
 

2.1. Overview  
 
Between 9 and 24 January, 2013, a Center for Independent Experts (CIE) desk 
review was undertaken of the SEDAR 28 Gulf of Mexico cobia and Spanish 
mackerel stock assessments.  

The Statement of Work provided to Dr Norm Hall by the CIE is attached as 
Appendix 2. This CIE report, which is prepared in accordance with the Statement of 
Work, describes his evaluation of the assessments and the review process. 

Prior to the Review, stock assessment documents and other background 
documentation were made available to CIE Reviewers. A list of these documents is 
presented in Appendix 1. Note that, in the text of this review report, the “Gulf of 
Mexico – Cobia – Assessment Process Report” is referred to as the “Workshop 
Assessment Report” for the Gulf of Mexico stock of cobia. 
 

2.2. Terms of Reference 
 
The terms of reference for the desk review of the stock assessments of the Gulf of 
Mexico stocks of cobia and Spanish mackerel are presented in the Statement of 
Work (Appendix 2).  
 

3. Description of Reviewer’s role in review activities 
 

Prior to undertaking the desk review, the Reviewer familiarised himself with the 
background documentation and the assessment reports for the two species that were the 
subject of the review (Appendix 1). Subsequently, he examined the Data Workshop and 
Assessment Workshop Reports for each species in greater detail, focussing on the 
preparation of this document, i.e., the CIE report describing his evaluation of the two stock 
assessments and the SEDAR process. 
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4. Summary of findings relevant to the SEDAR 28 stock assessments for 
Gulf of Mexico cobia and Spanish mackerel 
 
Because of the similarity of the models and many aspects of the data for the Gulf of Mexico 
stocks of cobia and Spanish mackerel, common issues in both assessments were often 
identified. There is thus some duplication of the text used when discussing those issues 
under the Terms of Reference for the separate stocks. 
 
4.1 Gulf of Mexico Cobia (Rachycentron canadum). 
 
ToR 1. Evaluate the quality and applicability of data used in the assessment. 
 
Conclusions 
 
The data that the Data Workshop has compiled for the Gulf of Mexico stock of cobia are 
the best that are available. Although limited, and imprecise in some aspects, the data are of 
a quality that allows a broad assessment of the likely condition of the stock. 
 
Strengths 
 
• The collation of life history data for the Gulf of Mexico stock of cobia. 
• The collation of commercial landings data to produce time series of landings by 

handline, longline, and other gears from 1927, and, particularly, more precise data from 
1950. 

• The collation of a time series of estimates of bycatch of cobia by the shrimp fishery 
from 1972, using a Bayesian model to estimate catch per unit of effort. 

• The collation of recreational fisheries data from different sources to produce sound time 
series of landings by fishing mode from 1955, and, particularly, more precise data from 
1981. 

• The collation of data to produce time series of discards from the commercial gears and 
recreational fishing modes. 

• The collation of length composition data to characterize the landings by the commercial 
and recreational fisheries. 

• The collation of two fishery-dependent indices of abundance, and the use of appropriate 
statistical analyses to standardize those indices of abundance. 

 
Weaknesses 
 
• Lack of definition of the southern boundary of the Gulf of Mexico stock of cobia. 
• Paucity of data on the relationship of the proportion mature with age. 
• The unreliable nature of the discard data due to low reporting, low intercept rates, and 

inadequate data collection programs. 
• Inadequate sampling of length and age composition data from commercial landings and 

from bycatch of cobia from the shrimp fishery. 
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• Lack of length and age composition sampling from commercial and recreational 
discards. 

 
Specific comments  
 
Stock structure 
 
The decision that, during the spawning season, mature individuals of cobia in the Gulf of 
Mexico are genetically distinct from those on the Atlantic coast north of Florida appears 
sound given the genetic and tagging data that are available. While the number of cobia in 
the sample collected in waters off Texas for the genetic study appears adequate, samples 
from the north of the Gulf of Mexico and from waters off the west coast of Florida are 
small. Further research to collect additional data from within the Gulf and to confirm the 
preliminary genetic findings would be valuable. 

Despite the overall conclusion that the Gulf of Mexico stock is distinct from the 
South Atlantic stock of cobia, the genetic and tagging data indicate that there is some gene 
flow and a small amount of movement between the stock in the Gulf and those stocks in the 
stock complex off the South Atlantic coast, the latter complex being considered as the 
South Atlantic “stock” of cobia. There is also an inconsistency between the findings 
reported in SEDAR28-DW01 and those reported in SEDAR28-­‐RD09, which needs to be 
reconciled. The former report advises that the collections from offshore in the Gulf of 
Mexico were genetically distinct from those offshore in the South Atlantic region, while the 
latter reports that “Based on our U.S. collections of R. canadum encountered along the SA 
and GOM coasts, tests of both genotypic distributions and pairwise hierarchical RST 
statistics suggest the offshore groups are genetically homogenous, even between the SA 
and GOM” and that “information gathered from the offshore collections … shows high 
levels of movement between the SA and GOM”. 

From the Data Workshop Report, it appears that the majority of tag recoveries have 
been made in locations that are consistent with the location of release of the tagged fish and 
the results of genetic studies of fish collected during the spawning season. Although not 
stated in this Report, the temporal distribution of recaptures of tagged fish presumably 
reflects the temporal distribution of catches in both spawning and non-spawning periods. 
The tag recovery data thus suggest that, despite the migrations that cobia undertake, 
regardless of the time of year and with the exception of fish caught in the waters off 
Brevard County, catches of fish may be assigned reliably to one or other of the two stocks 
on the basis of the area in which they are caught. Genetic studies should be undertaken to 
confirm this hypothesis, however.  

As concluded in the Data Workshop Report, the genetic and tagging data indicate 
that Gulf of Mexico and South Atlantic stocks of cobia overlap in the waters to the east of 
Florida, and there is thus no distinct boundary that separates the stocks. For assessment and 
management, and for allocation of catches to one or other of the two stocks, the boundary 
between Florida and Georgia was selected (for convenience and because it was consistent 
with genetic, tagging and life history data) as the line separating the two stocks. 
Consideration should be given to whether catches within the area of overlap are of 
sufficient magnitude that assessment results could be sensitive to this decision, i.e., whether 
an assessment based on an alternative line of separation at, say, the southern edge of the 
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zone of overlap of the two stocks would be likely to yield results that differ greatly from 
those reported for the current assessment. 

Unfortunately, maps of the distribution of the species and stocks of cobia, which 
were requested in the terms of reference for the Data Workshop, were not prepared. 
FishBase (Froese and Pauly, 2012) advises, however, that cobia has a worldwide 
distribution, which extends south of U.S. waters into waters off South America. The genetic 
study provides no information to suggest that the Gulf of Mexico stock does not extend into 
waters off Mexico, where it may also experience the effects of fishing. Further genetic 
research to determine the southern extent of the Gulf of Mexico stock of cobia appears 
necessary.  
 
Biological data 
 
The Life History Working Group’s recommendation to base its estimate of the average 
value of the instantaneous rate of natural mortality M for fully-selected fish (ages 3-11) on 
the value determined from the Hoenig (1983) equation for fish using a maximum age of 11 
years, i.e., 0.38 y-1, is endorsed. The range of estimates of M ultimately used to explore the 
sensitivity of the assessment model to imprecision in the estimate of natural mortality, i.e., 
0.26 to 0.5 y-1, was broader than that initially proposed by the Life History Working Group 
(LHWG), i.e., 0.26 to 0.42 y-1. While the LHWG also recommended that a range of values 
of M based on a CV of 0.54 (MacCall, 2011), or other CVs, should also be explored, such 
exploration does not appear to have been undertaken by the Assessment Workshop. The 
basis for the use of 0.5 y-1 as a high value of M is not explained in the Assessment 
Workshop Report, but it is noted that the difference between this high value and the base 
level of 0.38 y-1 is equal to the difference between that latter value and the low value of 
0.26 y-1. Research is needed to determine methods by which an appropriate range of 
feasible values of M for a species might be selected for use in stock assessment as alternate 
plausible states of nature.  

For Gulf of Mexico cobia, estimates of M from the Lorenzen equation were scaled 
such that the average value of M over the fully-selected ages 3 to 11 years was equal to the 
estimate from Hoenig’s (1983) equation for fish, i.e., 0.38 y-1. It is unclear, however, 
whether the same approach as used for Run 1 was applied in sensitivity runs 2 and 3 when, 
as advised in the Assessment Workshop Report, the Lorenzen-based age dependent 
mortalities were scaled to achieve the same cumulative survivals over all ages as that 
expected for constant mortalities equal to the low and high values of M, respectively. It is 
likely that the cumulative survival was calculated over only ages 3-11, rather than all ages, 
to ensure consistency with the approach used in Run 1 when average M was set to 0.38 y-1. 

Use of the Lorenzen (1996) equation to derive age-dependent estimates of natural 
mortality M is not endorsed. In his report to the CIE on the stock assessments conducted for 
yellowtail flounder and Atlantic herring at Woods Hole in 2012, Francis (2012) advised 
that prediction of M, and, through body weight, its variation with age for an individual 
species, using Lorenzen’s (1996) equation was likely to be highly imprecise, as was evident 
in the wide scatter about the regression line in Lorenzen’s Figure 1. Francis observed that, 
for about one-third of Lorenzen’s data points, predicted and observed Ms appeared to differ 
by a factor of more than 2. Furthermore, in the case of both herring and yellowtail, the 
values of M estimated by Lorenzen’s (1996) equation differed markedly from the values 
estimated using Hoenig’s (1983) equation and had to be scaled substantially for use in the 
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yellowtail flounder and Atlantic herring assessments. If it is assumed that the length 
measure used for Gulf of Mexico cobia in the growth equation, the parameters of which are 
presented in Table 2.7.1 of the Data Workshop Report, is fork length rather than total 
length (not advised in the text or table but inferred from Fig. 2.7.2), the value of M at age 3 
is estimated by the Lorenzen (1996) equation to be 0.21 y-1. This suggests that the estimates 
for the Gulf of Mexico stock of cobia calculated using  Lorenzen’s (1996) method were 
scaled up by a factor of at least 1.8 to produce the estimates of age-dependent natural 
mortality used in the assessment. Francis (2012) raised the valid point that, if the estimates 
produced for a species by Lorenzen’s (1996) equation provide such unreliable estimates 
that the mean M differs from the estimate calculated using Hoenig’s (1983) equation by a 
factor that differs markedly from 1, can it be considered sufficiently reliable to estimate 
how M varies with age within these species? 

There has been no test to assess whether the introduction of the additional 
complexity associated with age-dependent natural mortality was justified by the resultant 
improvement in fit that was obtained for the Gulf of Mexico cobia model. It is 
recommended that a model employing a constant value of M is fitted to the cobia data. If 
this model fits just as well as the model that employs an age-dependent M, then the simpler 
model should be used. If the age-dependent model produces a significantly better fit, it 
would probably be better to estimate age-dependent M within the assessment model rather 
than assuming that it is of the form predicted by the Lorenzen (1996) equation. 

The Data Workshop’s decision, that cobia are hardy and unlikely to suffer 
barotrauma-associated post-release mortality, is subjective. Further research on discard 
mortality would be useful. 

The Data Workshop correctly identified that, because of bias introduced into 
biological samples by the 33 inch minimum legal size, an allowance would need to be made 
when fitting von Bertalanffy growth curves to length-at-age data.  By fitting the growth 
curves in Stock Synthesis, the influence of the selection curves on the observed length-at-
age data is automatically taken into account and uncertainty associated with fitting the 
growth curves is carried through to the estimates of parameters and benchmarks that are 
produced by Stock Synthesis.  

Because of the paucity of the youngest ages of fish in samples, the advice relating to 
maturity at age, which was reported in the Data Workshop Report, was subjective. 
Research based on fishery-independent samples is needed to provide more reliable 
estimates of the parameters of the maturity-length relationship and the proportion mature at 
age. 

Although the Data Workshop noted that cobia exhibit sexually dimorphic growth, 
the Stock Synthesis model used in the assessment employed only the growth curve for the 
pooled sexes. In future refinement of the assessment model, consideration should be given 
to including sexually dimorphic growth, noting that the benefit of this might only be 
realised if appropriate sex composition data for landings and discards become available for 
input, and length and age-at-length compositions are sexually disaggregated. 

  



Review	
  of	
  SEDAR	
  stock	
  assessments	
  for	
  Gulf	
  of	
  Mexico	
  cobia	
  and	
  Spanish	
  mackerel	
   Page	
  8	
  
	
  

Commercial landings 
 
The decision by the Data Workshop to extend the historical time series of commercial 
landings of Gulf of Mexico cobia as far as possible into the past is endorsed, as catches 
from that earlier time period are likely to have influenced current stock status. It was noted 
that the Data Workshop reported that “Landings prior to 1950 are considered highly 
uncertain” and that the precision of landings improved following the introduction of the trip 
ticket system in each state. The tables that are presented provide no estimates of the 
precision likely to be associated with the annual landings data, nor is any information 
provided as to whether the commercial landings for cobia, which were reported by the Data 
Workshop, were likely to be biased, and, if so, the magnitude and direction of such bias. 

Without an alternative time series, such as fishing effort, to provide information on 
fishing mortality, Stock Synthesis assumes that the catches are known sufficiently well to 
estimate the fishing mortalities required to take those catches (Methot and Wetzel, 2012), 
and thus estimated catches match the values that were input. In the current assessment, 
there has been no evaluation of the implications of the greater imprecision of the 
commercial landings data prior to 1950. Such evaluation may have required a sensitivity 
run with an alternative time series of commercial landings encompassing the imprecision of 
the landings data. 

The Data Workshop has reported that, because few trips with cobia discards were 
observed by the Reeffish Observer Program and the NMFS logbook does not provide 
coverage of the entire fishery, discards of cobia by the commercial fishery have greater 
uncertainty than commercial landings and are likely to underestimate the true quantities of 
discarded fish. No estimate is provided of the likely magnitude of such underestimation. 

The Working group advised that discards reported as “kept, not sold” should be 
added to the landings, and not included in the discards. This recommendation does not 
appear to have been accepted by the Assessment Workshop as Table 3.6 of the Data 
Workshop Report includes these fish within the discards, and the same values are carried 
over and used in the assessment (Table 2.5 and Appendix A, Assessment Workshop 
Report). The value for 2011 in Table 2.5 differs from that reported in Appendix A in the 
Assessment Workshop Report.  

The estimates of the annual bycatch of cobia in the Gulf of Mexico by the shrimp 
fishery, which are reported in Table 2.7 of the Assessment Workshop Report, differ from 
the values in Table 3.10 of the Data Workshop Report. The latter values match those 
reported in SEDAR-DW06. There is no explanation in the Assessment Workshop Report to 
explain this inconsistency. Although the Assessment Workshop Report refers to a data 
workshop report for SEDAR 22 for details of the methods employed to obtain these 
bycatch estimates, frequent other references to SEDAR 22 in the Assessment Workshop 
Report suggest that the references to SEDAR 22 are erroneous and that the correct citation 
should have been the Data Workshop Report for SEDAR 28. This last report provides no 
explanation for the inconsistency between the values presented in the two reports. 

The Assessment Workshop Report presents a table (Table 2.8) of annual 
standardized estimates of effort for 1945-2011 by the shrimp fishery. These effort values 
are inconsistent with the effort (days fished) for 1981-2010, which are reported in Table 3 
of SEDAR-DW06. While this could possibly have been explained by the fact that the 
values in Table 2.8 of the Assessment Workshop Report have been standardized, there is no 
explanation as to how the data for these estimates were collected, nor the method employed 
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to standardize the values. As a further complication, the Assessment Workshop Report 
advises that the values of effort for the shrimp fishery were input as an index of fishing 
mortality for the shrimp fishery and. while it would therefore have been expected that the 
effort values used in the Stock Synthesis model would have been those values reported in 
Table 2.8 of the Assessment Workshop Report, this is not the case. While there is a broad 
degree of similarity, the values that are actually input into Stock Synthesis 3, as shown in 
the data file listed in Appendix A of the Assessment Workshop Report, differ considerably 
from those presented in Table 2.8. No explanation for this inconsistency is to be found in 
the cobia Assessment Workshop Report, however the time series of values of effort used in 
the Stock Synthesis data file for cobia appears to match the time series of scaled effort for 
the shrimp fishery presented in Table 2.8 of the Assessment Workshop Report for Spanish 
mackerel. Although this inconsistency thus appears to have a possible explanation, it is 
important that the results of the stock synthesis runs, estimates of benchmarks, and 
determinations of current stock status, which have been reported for cobia in the cobia 
Assessment Workshop Report, are based on the input data for Stock Synthesis that were 
described in the appendices of that assessment report. Inconsistencies between the data 
inputs for cobia that have been described and the Stock Synthesis data files for that species 
need to be reconciled. 

The Data Workshop noted that the CVs of the estimates of bycatch of cobia by the 
shrimp fishery ranged from 66 to 208%, with only 4 of the 39 years having CVs less than 
100%.  An issue that may have been resolved after the Data Workshop was that a number 
of the estimates of bycatch calculated by the Bayesian model became stuck on bounds, 
although the Data Workshop Report does not identify which of the 39 years encountered 
such problems. As a consequence of these issues, bycatch estimates for the shrimp fishery 
were recognised by the Assessment Workshop as being very imprecise. For this reason, 
shrimp fishery effort was used as a proxy for the trends present in the point estimates of 
bycatch by the shrimp fishery. The median of the 1972 to 2011 estimates of bycatch was 
used, however, to provide an estimate of the magnitude of the bycatch. An estimate of the 
catchability coefficient relating shrimp effort to fishing mortality was then calculated 
within Stock Synthesis using 1972 to 2011 as a super period. A similar super period 
approach was employed in Stock Synthesis to accommodate the small sample sizes of the 
length composition data from the SEAMAP program, which were considered to be 
representative of the length compositions of cobia caught by the shrimp fishery. Use of 
such a super period to deal with the imprecision of the bycatch estimates of cobia from the 
shrimp fishery is an appropriate modelling approach. It would have been preferable, 
however, to have used a reliable time series of precise estimates of discards of the bycatch 
of cobia from the shrimp fishery in the Stock Synthesis model if such a time series had 
been available, rather than having to “work around” the problem. Consideration therefore 
should be given to establishing a well-designed program to monitor the bycatch of cobia by 
the shrimp fishery such that reliable estimates can be collected in the future. 

Very few samples of landed fish were available from catches taken by commercial 
miscellaneous gears, and thus reliable characterization of the length composition of these 
landings is not possible, The Data Workshop advised that sample sizes for developing 
length compositions of commercial landings were inadequate for a considerable number of 
gears and years. It is reasonable to conclude that length composition data collected from the 
commercial landings are imprecise. Low sample sizes may also affect the extent to which 
the resultant length compositions are representative of total annual landings. After filtering, 
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too few measurements of discarded cobia were available from the Reeffish Observer 
Program to characterize the length composition of discarded fish. The Data Workshop 
Report advised that age compositions of commercial catches were inadequate for all years 
and that no aging error matrix could be generated for these ageing data because 86% of the 
age readings were from a period 15-20 years earlier and thus reader comparisons were not 
possible. Well-designed monitoring programmes to collect length and age composition data 
from the landings and discards by each of the principal gear types used by commercial 
fishers should be established. 
 
Recreational landings 
 
When combining the time series of data collected by different approaches for the same 
fishing mode, calibration factors were calculated using the data collected during a period of 
overlap. No comment is made in the Data Workshop Report, but it should be recognised 
that imprecision of the calculated calibration factor adds to the imprecision of the data that 
are adjusted and should be carried through into the resulting time series.  

While CVs of the estimates of the recreational landings for a fishing mode are 
calculated and reported in summaries for a number of the data collection programs, 
estimates of the uncertainty of the values in the resulting time series of the total recreational 
landings are not provided (Table 2.4, Assessment Workshop Report), and thus are not 
considered in the assessment. 

The collection of age data from the landings of the recreational fishery appears 
opportunistic, judging from the description provided in the Data Workshop Report. A well-
designed program to collect length and age composition data for Gulf of Mexico cobia from 
the landings and discards of the recreational fishery should be established. 
 
Survey indices 
 
The decisions made by the Data Workshop when selecting indices of abundance appear 
sound. Despite the fact that both were derived from fishery-dependent data, the time series 
of headboat and MRFSS catch-per-unit-of-effort (cpue) data were endorsed by the Data 
Workshop as acceptable indices of abundance for Gulf of Mexico cobia. The time series of 
data for these indices were standardized using the delta lognormal model. 
 
Adjustment by Assessment Workshop 
 
Although the Data Workshop produced time series of commercial landings by gear type, 
the Assessment Workshop pooled these data to create a single time series, which was input 
to Stock Synthesis. Similarly, the Assessment Workshop combined the recreational 
landings, which had been tabulated by mode, into a single time series of recreational 
landings. Such pooling obviously suited the incremental approach that was used when 
developing the assessment model, i.e., first developing a simple production model, then an 
age-structured production model, and finally a length-structured catch-at-age model. By 
pooling the data into the two time series, the number of parameters to be estimated was 
reduced but, as a common selection curve is applied to each time series of combined data 
within Stock Synthesis, it is assumed that annual length and age-at-length data for the 
pooled data were representative of those combined data. 
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ToR 2. Evaluate the quality and applicability of methods used to assess the stock.  
 
Conclusions 
 
Stock Synthesis 3, the software within which the model for the Gulf of Mexico stock of 
cobia was developed, has gained international recognition for its quality and the 
applicability of the methods it uses to assess the condition of fish stocks. The model for 
cobia was of an appropriate structure given the data that were available.  Values predicted 
by the model, including those of benchmarks, were imprecise, however, due to the nature of 
the input data. Further imprecision of model outputs due to alternative values of key 
parameters, such as natural mortality and steepness of the stock-recruitment relationship, 
was explored. Recognising the types of data that were available for input and the 
uncertainty of model outputs that arose as a consequence of the nature of those input data, 
the Stock Synthesis model for cobia is of a quality consistent with that which would be 
considered “best practice”, and is able to provide a valuable assessment of the likely 
condition of the stock in 2011, and, when projected, the likely trajectory of yields and stock 
condition over the next five to six years.  
 
Strengths 
 
• The decision to use Stock Synthesis 3 as the modelling framework. 
• The structure of the model for cobia, which was developed within the Stock Synthesis 

framework, was appropriate given the data that were available. 
• The enhancement of Stock Synthesis to allow modelling of a fishery for which the only 

source of mortality is that associated with discarding of bycatch. 
• The assessment of the uncertainty of parameter estimates was thorough. 
• Selectivity runs explored key uncertainties and demonstrated appropriateness of 

conclusions regarding the current condition of the stock. 
• Benchmarks were appropriately calculated. 
• Projections were undertaken using two states of nature. 
 
Weaknesses 
• Subjective decision to set effective sample size to actual sample size capped at a 

maximum of 100 rather than to use iterative reweighting, such as proposed by Francis 
(2011). 

• Lack of exploration of sensitivity to the assumption of logistic selectivity for the 
recreational and commercial fisheries. 

• Lack of length and age composition data to provide information on the length 
compositions of discards and the shape of the retention curves 

• Failure of model to match the trends in discards from the commercial and recreational 
fisheries 

• Imprecision in the estimate of steepness of the stock-recruitment relationship. 
• Lack of exploration of uncertainty associated with time series of commercial and 

recreational landings. 
• Errors in Stock Synthesis files in the Appendices. 
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Both the decision by the Assessment Workshop to employ Stock Synthesis 3 as the 
modelling framework and the structure of the model for the Gulf of Mexico stock of cobia 
that was developed within this framework are appropriate. Stock Synthesis has been 
extensively tested, and has the flexibility to be applied to fisheries with data qualities 
ranging from poor to rich. The software has been equipped with tools to explore 
uncertainty, to estimate benchmarks, and to undertake projections using alternative harvest 
policies. Because of its versatility, Stock Synthesis is well suited to explorations of the 
sensitivities of model outputs to a broad range of alternative model structures or use of 
alternative sets of data inputs. The enhancement of Stock Synthesis to allow modelling of a 
fishery for which the only source of mortality is that associated with discarding of bycatch 
is a particular strength of the assessment that was developed for the Gulf of Mexico stock 
of cobia. While some deficiencies were identified in the fit of the base model, the overall fit 
was regarded as adequate. 

The Stock Synthesis model for the Gulf of Mexico stock of cobia included three 
fishing fleets, i.e., commercial, recreational and discards of bycatch from the shrimp trawl 
fishery, and two fishery-dependent abundance indices, i.e., cpue data from the MRFSS 
survey and from the headboat survey. Time series of discards from the commercial, 
recreational, and shrimp fisheries were input, together with length composition data of 
cobia from the commercial and recreational fisheries, and, combining the data into a super 
period, from the bycatch from the shrimp fishery. Age composition data were input for the 
recreational fishery and considered within the model as age compositions that were 
conditional on length. 

The model employed 3-cm bins for the length composition of cobia, and the lower 
bounds of the length intervals within these bins ranged from 6 to 165 cm. It was pleasing to 
note that the Assessment Workshop had reported exploration of the effect of bin size on 
estimation of selectivity parameters, at least to a limited extent, and concluded that use of a 
bin width of 3 cm was preferable to use of one that was 5 cm. Methot (2011) notes that, on 
occasion, wide bin widths can cause problems when the slope of a selectivity or retention 
curve becomes so steep that all change occurs within a single length class. 

Although the Assessment Workshop reported that, as its value is typically unable to 
be estimated within the assessment model, the standard deviation of recruitment was fixed 
at 0.6, no justification for the choice of this particular value is provided in the Assessment 
Workshop Report.  It might be useful to note that the use of this value has been proposed in 
a number of studies (e.g., Smith and Punt 1998; Maunder and Deriso, 2003), which 
typically advise that the value 0.6 is supported by the results of the meta-analyses 
undertaken by Beddington and Cooke (1983), and later by Mertz and Myers (1996). 

When developing the base model for cobia, a subjective decision was made to 
employ an effective sample size for the length composition data of cobia, which was set 
equal to annual sample size but capped at a maximum of 100 when the number of fish in 
the annual sample exceeded this number. Rather than using this subjective approach, the 
iterative re-weighting approach that was explored in sensitivity run 10, i.e., the method 
proposed by Francis (2011), is recommended.  

The decisions by the Assessment Panel to use asymptotic, logistic, size-based 
selectivity curves for the recreational and commercial fisheries and a double-normal 
selectivity curve to represent the selectivity of cobia by the shrimp fishery, and to keep 
these selectivity curves constant over time, are endorsed. It would have been expected, 
however, that sensitivity to this choice of selectivity patterns would have been explored. As 
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was appropriate, to accommodate the introduction in 1984 of a minimum size limit of 33 
inches, separate retention curves were assumed for the time blocks 1927-1984 and 1985-
2011. Because of the lack of data prior to 1993, however, it was necessary to assume the 
shape and parameters of the retention curve for the earlier time block. This represents a 
source of uncertainty, and it would therefore be appropriate to consider whether assessment 
results are likely to be sensitive to the assumptions made regarding the form and values of 
parameters of this retention curve. 

The base model was fitted to the data for Gulf of Mexico stock of cobia and 
reported as Run 1. All estimated parameters were assumed to have uniform, non-
informative priors, with wide bounds. The results of the jitter test, with 48 of 50 trials 
converging to within 2 likelihood units of the minimum, suggested that the model was not 
particularly sensitive to the initial values of the parameters that were estimated.  

While model predictions were broadly consistent with the commercial and 
recreational discards, the trends of the predictions did not match those of the observed data, 
suggesting some structural deficiency of the model or, if the model structure was correct, 
inadequacy of the discard data or overriding influence of other data. In the case of discards 
by the commercial fishery, the possibility that the discard data were inadequate cannot be 
discounted as the Data Workshop had identified that these estimates were likely to be both 
imprecise, as few trips with cobia discards had been recorded in the Reeffish Observer 
Program, and erroneously low, as the NMFS logbooks do not provide coverage of the entire 
fishery. In the case of the recreational fishery, however, it is likely that the failure to fit the 
trend in recreational discards was due to the competing influence of other datasets on model 
predictions.  

It would be useful to advise in the captions of Figures 3.7 and 3.8 of the Assessment 
Workshop Report that these are plots of the MRFSS and headboat cpue data, respectively. 
As noted in the Report, the fits to these indices and to the effort data for the shrimp fishery 
are quite good, although runs of positive and negative deviations were present in the 
headboat cpue data. Some structure also appeared present in the Pearson residual plots for 
the commercial (Fig. 3.11) and recreational (Fig. 3.13) length composition data.  

In the base model represented by Run 1, estimates of both the log of unexploited 
equilibrium recruitment (1,033,130 fish) and the steepness of the stock recruitment curve, 
i.e., 0.925, were calculated by Stock Synthesis when the model was fitted to the input data. 
The Assessment Workshop provided a well-considered evaluation of the reliability of the 
estimate of steepness, noting that a large proportion of bootstrap estimates of steepness 
approached the upper bound of 1, and that, although probably greater than 0.8, the 
distribution of estimates between 0.85 and 1 was relatively uniform. The likelihood profile 
for steepness was relatively flat between 0.8 and 1, but suggested a minimum between 0.85 
and 0.95. Tension was exhibited in the values of steepness that were most consistent with 
recruitment data (favouring a value of ~1), length and discard data (favouring a value of 
~0.8), and age composition (favouring a value of ~0.65), with little information relating to 
steepness evident in the abundance indices. The fact that the input data were more 
consistent with lower values of steepness, while the assumption regarding recruitment 
deviations appeared to be providing the support for higher values of steepness, is interesting 
as it raises the question of whether, in the case of Gulf of Mexico cobia, the influence of 
recruitment deviations on the resultant parameter estimates was excessive. The assessment 
Workshop Report advised that steepness may not be well estimated by the Stock Synthesis 
model, a conclusion that appears sound. The recent study by Lee et al. (2012), which 
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demonstrated the difficulty that is typically encountered when attempting to estimate 
steepness, concluded that “steepness is reliably estimable inside the stock assessment model 
only when the model is correctly specified for relatively low productive stocks with good 
contrast in spawning biomass”. This conclusion is relevant to the cobia assessment, for 
which the results of fitting the base model to cobia, a species that, on the basis of its natural 
mortality, would be considered of medium productivity, indicated that biomass had been 
relatively stable over the last 30 years, the period covered by the abundance indices and 
much of the more reliable input data.  

The question of how to respond when the steepness of the stock-recruitment 
relationship is imprecise or cannot be estimated reliably should be considered. Francis 
(2012) has suggested that, in such circumstances, he considers it better to fix steepness at a 
value, such as 0.75, i.e., the default value recommended in Francis (1993), and which is 
frequently used in Australia and New Zealand, or the average of published values for the 
same or similar species. Francis (2012) advises that the uncertainty associated with this 
parameter should then be explored using sensitivity runs with lower and higher values of 
steepness.  

There would have been value in assessing whether the value of steepness estimated 
from the base model, i.e., 0.925, is consistent with published values for cobia or similar 
species. The fact that this value of steepness for the base model, and the values of steepness 
estimated when fitting the models using the low and high values of the base level of natural 
mortality, which were subsequently used as alternative states of nature, ranged from 0.92 to 
0.96 (Table 3.7, Assessment Workshop Report) was initially of concern to the Reviewer, as 
such values of steepness reflect a robust stock that is able to maintain recruitment despite 
considerable decline in stock size. It was noted subsequently, however, that the Assessment 
Workshop had explored sensitivity runs with lower steepness, i.e., 0.7 and 0.8, and that 
these runs had produced very similar conclusions regarding the condition of the stock with 
respect to benchmark levels as were determined using the base model (Table 3.8, Stock 
Assessment Report).  Accordingly, after considering the results of the other sensitivity runs, 
it is concluded that, despite imprecision in the estimate of steepness, the base model 
accepted by the Assessment Workshop, i.e., the model associated with Run 1, is appropriate 
for determination of the current condition of the Gulf of Mexico stock of cobia and for use 
in projecting the fishery over a short time period to assess the likely outcomes of fishing 
with specified levels of fishing mortality. 

There are errors in the stock synthesis files listed in the appendices. For example, 
there are actually 91 length observations in the data file, not 85, where this inconsistency 
would cause Stock Synthesis to abort when it attempted to read the data. Also, the number 
of length bins is specified as 54 in the data file, but the specification of the selectivity for 
MRFSS data attempts to use 57, which would cause Stock Synthesis to abort when it 
attempted to run following data input. The listings should be those associated with the base 
model, but appear to be those of a model that was still under development. 
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ToR 3. Recommend appropriate estimates of stock abundance, biomass, and 
exploitation.  
 
Conclusions 
 
Estimates of stock abundance, biomass, and exploitation are produced when the Stock 
Synthesis model is fitted. The values of total biomass and annual exploitation in 2011, 
which were estimated when the base model for the Gulf of Mexico stock of cobia was 
fitted, were 3,030 mt and 0.29, respectively. 
 
Strengths 
 
Stock Synthesis 3 is able to calculate time series of abundance, total biomass, and annual 
exploitation. 
 
Stock abundance: 
 
The report file that is produced by Stock Synthesis, report.sso, contains a time series 
section, in which the time series of abundance, recruitment and catch for each of the areas 
are reported. Output quantities include summary biomass and summary numbers for each 
gender and growth pattern. The Assessment Workshop Report for the Gulf of Mexico cobia 
stock has not reported these abundance estimates, but they will be available in the output 
file for Run 1. 
 
Biomass: 
 
Stock Synthesis produces an estimate of total annual biomass (Table 3.4, Fig. 3.33). The 
estimate (for Run 1) of total biomass for 2011 was 3,030 mt. 
 
Exploitation: 
 
Although not reported in the text of the Assessment Workshop Report, the code within the 
Starter.SS file presented in Appendix C of this report specifies that, for the Gulf of Mexico 
stock of cobia, Stock synthesis is to set the value of fishing mortality, F, to the value of 
annual exploitation, calculated as the ratio of the weight of the total catch (including 
discards) to the total biomass.  The estimate (for Run 1) of the annual exploitation rate for 
2011 was 0.29 (Table 3.6, Assessment Workshop Report). 
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ToR 4. Evaluate the methods used to estimate population benchmarks and 
management parameters.  Recommend and provide estimated values for appropriate 
management benchmarks and declarations of stock status for each model run 
presented for review. 
 
Conclusion 
 
Stock Synthesis calculates a range of population benchmarks and management parameters. 
Benchmarks calculated for cobia were MFMT = F30%SPR and MSST = (1 – M) SSB30%SPR. 
The estimates of 𝐹current and SSBcurrent, which were calculated for 2011 using the base 
model for cobia, were 0.24 and 2,213 mt, respectively. The ratios 𝐹current MFMT and 
SSBcurrent MSST  , which were calculated using the base model, were 0.63 and 1.73, 
respectively. These results, which were consistent with those produced by all but one (the 
model with natural mortality set to 0.26 y-1) of the models used in the various sensitivity 
runs, imply that, in 2011, the Gulf of Mexico stock of cobia was not experiencing 
overfishing and was not overfished.  
 
Strengths 
 
Stock Synthesis possesses well-tested procedures to calculate and output a range of 
population benchmarks and management parameters. 
 
Summary 
 
Stock Synthesis provides estimates of population benchmarks and management parameters. 
In particular, it is able to produce estimates for indicator variables and reference points 
based on maximum sustainable yield (MSY), spawning potential ratio (SPR), and spawning 
stock biomass (SSB), and taking the stock-recruitment relationship into account. SPR is 
calculated as the equilibrium spawning biomass per recruit that would result from a given 
year’s pattern and the levels of F’s and selectivities for that year. For MSY-based reference 
points, Stock Synthesis searches for a fishing mortality that would maximise the 
equilibrium yield. For SPR-based reference points, the computer program searches for an F 
that would produce the specified level of SPR. For spawning biomass-based reference 
points, the software searches for an F that would produce the specified level of spawning 
biomass relative to the unfished value. 

The management benchmarks, i.e., the Maximum Fishing Mortality Threshold 
(MFMT) and Minimum Stock Size Threshold (MSST), which were proposed for the Gulf 
of Mexico stock of cobia by the Assessment Workshop, are appropriate for use in 
determining the status of that stock. These benchmarks, which were based on the level of 
fishing mortality and equilibrium spawning stock biomass associated with a spawning 
potential ratio of 30%, are 
 

MFMT = F30%SPR     and     MSST = (1 – M) SSB30%SPR, 
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where it was concluded that overfishing was occurring if Fcurrent > MFMT, i.e., 
𝐹current MFMT > 1, and the stock was considered to be overfished if SSBcurrent < MSST, 
i.e., SSBcurrent MSST  <  1.These benchmarks are approximations for 
 

MFMT = FMSY     and     MSST = (1 – M) SSBMSY, 
 
where FMSY is the fishing mortality that produces the maximum sustainable yield MSY, M 
is the point estimate of natural mortality for fully recruited ages, and SSBMSY is the 
equilibrium spawning stock biomass that produces MSY. The benchmarks for the Gulf of 
Mexico stock of cobia use proxies, where these proxies were based on a spawning potential 
ratio SPR of 30%. Thus, the proxy that was used for FMSY was the fishing mortality, 
F30%SPR, which produces a spawning stock biomass per recruit that is 30% of the spawning 
stock biomass per recruit produced when the stock is not fished, i.e. an SPR of 30%. The 
proxy that was used for SSBMSY was the corresponding value of equilibrium spawning 
stock biomass, i.e. the spawning stock biomass SSB30%SPR that is produced with a fishing 
mortality of F30%SPR. 

Although Stock Synthesis is able to estimate MSY-based rather than SPR-based 
reference points, the Assessment Panel chose to use the proxies F30%SPR and SSB30%SPR 
rather than FMSY and SSBMSY. The latter two reference points are likely to be more 
appropriate if assessing “the capacity of a fishery to produce the maximum sustainable 
yield on a continuing basis” (Magnuson-Stevens Fishery Conservation and Management 
Act, May 2007). 

Fcurrent was calculated as the geometric mean of the estimates of the three most 
recent annual fishing mortalities, i.e., the fishing mortalities for 2009-2011, where annual 
fishing mortality was estimated by its proxy, exploitation rate, calculated as the ratio of the 
total catch (including discards) to estimated total biomass. SSBcurrent was the estimate of 
spawning stock biomass for 2011.  

Table 3.8 of the Assessment Workshop Report, a subset of which is reproduced 
below, contains the values of the current (2011) fishing mortality and spawning stock 
biomass for Gulf of Mexico cobia, the values of the MFMT and MSST benchmarks for this 
stock, and the results of the stock determination for each of the models that were explored 
in the assessment. The only one of these models, for which the current fishing mortality 
exceeded MFMT (i.e., overfishing was occurring) or the current SSB was less than MSST 
(i.e., the stock was overfished), was the sensitivity trial in which a low value of natural 
mortality was employed as the base level when scaling the Lorenzen (1996) estimates to 
determine age-dependent estimates of natural mortality. 
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Quoted from Assessment Workshop Report: “Table 3.8, Assessment Workshop Report. Reference points and benchmarks from 
sensitivity runs for Gulf of Mexico cobia from SS. Benchmarks are reported for SPR 30%. Current refers to the geometric mean of 2009-
2011 for F. MSST = (1-M)*SSBSPR30% with M = 0.38 y-1 for all models except runs 2 (M = 0.26 y-1) and 3 (M = 0.50 y-1)”. 
 

Run	
   Model	
   Fcurrent	
   SSB2011	
   MFMT	
   MSST	
   F/MFMT	
   SSB/MSST	
  
Overfishing	
  
occurring?	
   Overfished?	
  

1	
   Base	
  model	
   0.24	
   2213	
   0.38	
   1280	
   0.63	
   1.73	
   No	
   No	
  

2	
   M_Low	
   0.3	
   1872	
   0.29	
   2443	
   1.05	
   0.77	
   Yes	
   Yes	
  
3	
   M_High	
   0.18	
   2587	
   0.45	
   804	
   0.4	
   3.22	
   No	
   No	
  

4	
   D_High	
   0.24	
   2197	
   0.37	
   1302	
   0.65	
   1.69	
   No	
   No	
  

5	
   Steepness=0.7	
   0.24	
   2121	
   0.39	
   1174	
   0.63	
   1.81	
   No	
   No	
  

6	
   Steepness=0.8	
   0.24	
   2168	
   0.38	
   1257	
   0.64	
   1.73	
   No	
   No	
  

7	
   MRFSS	
  only	
   0.26	
   1921	
   0.37	
   1277	
   0.7	
   1.5	
   No	
   No	
  

8	
   HB	
  only	
   0.19	
   2940	
   0.37	
   1301	
   0.52	
   2.26	
   No	
   No	
  

9	
   Stock	
  synthesis	
  weighted	
   0.22	
   2340	
   0.35	
   1273	
   0.58	
   1.85	
   No	
   No	
  

10	
   Francis	
  (2011)	
  weighting	
   0.22	
   2415	
   0.38	
   1305	
   0.61	
   1.84	
   No	
   No	
  

 
ToR 5. Evaluate the quality and applicability of the methods used to project future 
population status.  Recommend appropriate estimates of future stock condition.  
 
Conclusions 
 
Stock Synthesis provides a well-tested procedure to project the model through a range of 
future years, using a fishing rate based on MSY, SPR, a specified target biomass, or a 
multiple of the recent average fishing rate, and producing estimates of yield and key 
management parameters, thereby allowing assessment of future stock condition. The 
methods used, which are recognised as being of high quality, are designed to produce the 
estimates of future population status that are needed by managers. For the base model, 
fishing mortality would be increased from Fcurrent if adjusted to FOY or F30%SPR. Projections 
from 2013 to 2019 suggest that spawning stock biomass would increase from SSBcurrent if 
fishing mortality was maintained at Fcurrent, increase to a lesser extent if fishing mortality 
was increased to FOY, and decline very slightly if fishing mortality was increased to 
F30%SPR. Yield would be expected to increase under each of these three fishing mortalities. 
The condition of the stock would be expected to continue to be classified as “not 
overfished, with overfishing not occurring”. 
 
Strengths 
 
Projections are undertaken using the well-tested procedures within Stock Synthesis. 
 
Weaknesses 
 
It would have been useful to have undertaken a projection using a model with a lower 
steepness, such as 0.8. 
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Summary 
 
Stock Synthesis includes a well-tested procedure to project the future stock status that 
would be expected to result when using a fishing rate based on MSY, SPR, a specified 
target biomass, or a multiple of the recent average fishing rate. Use of this procedure 
ensures consistency of model predictions with the assumptions, with the parameter 
estimates obtained by fitting the model, and with the length and age structure predicted as 
the current state of the stock. It is thus highly applicable for use with the Gulf of Mexico 
stock of cobia. 

Deterministic projections for 2013 to 2019 were run for the Gulf of Mexico stock of 
cobia using three models, i.e., the base model (Run 1), and the low and high mortality 
models (Runs 2 and 3, respectively), which the Assessment Panel considered representative 
of possible alternative states of nature. The projections were made using fishing rates set to 
MFMT (i.e., the proxy F30%SPR for FMSY), FOY (i.e., 75% of F30%SPR), and Fcurrent, where this 
last value was calculated as the geometric mean of the annual values of F for the last three 
years, i.e., 2009-2011.  The fishing mortality of the shrimp fishery during the projection 
period was assumed to remain constant, and was set to the geometric mean of the annual 
fishing mortalities for this fishery over the last three years, i.e., 2009-2011. Selectivity, 
discarding, and retention patterns were assumed to be the same as those experienced in the 
five most recent years, i.e., 2007-2011, while the distribution of catches among the fishing 
fleets, i.e., fisheries, reflected the distribution of average fishing intensities among those 
fleets in 2009-2011. Recruitment during the projection period was calculated as the value 
predicted by the stock-recruitment relationship. The base model was also projected using a 
fishing mortality of F30%SPR for 1000 samples generated using the bootstrap facility within 
Stock Synthesis to produce distributions of the estimated yields predicted by the model for 
each year between 2012 and 2019 (Fig. 3.63, Assessment Workshop Report). 

The final year of the time series of data used in the assessment for the Gulf of 
Mexico stock of cobia was 2011. In order to carry out projections, it was therefore 
necessary to estimate the removals that were likely to have occurred in 2012. Accordingly, 
removals of cobia for each of the fisheries in 2012 were estimated using a fixed fishing 
mortality set to the geometric average of the annual fishing mortalities in 2009-2011.  

The methods used in Stock Synthesis to predict the outcomes expected between 
2013 and 2019 were considered to be of a high quality. The quality of the resulting 
projections depends, however, on the extent to which the alternative states of nature 
represented by the different models used in the projection are likely to be representative of 
the true state of nature, and the extent to which each of those alternative models provides a 
reliable representation of the dynamics of the stock. The results of the projections should 
thus be considered in the context of the accuracy and precision of the predictions made by 
the model with respect to the input data they were intended to represent. 

Although the three models used in the projections bracket the range of estimates of 
natural mortality for cobia, the estimates of steepness for these models range only between 
0.92 and 0.96, i.e., there will be little reduction in recruitment as spawning stock biomass 
declines, until the depletion in spawning stock biomass becomes severe. There would have 
been value in considering a model with a considerably lower value of steepness, e.g., 0.8, to 
represent an alternative state of nature, which, given the nature of the input data and the 
uncertainty of the estimate of steepness, appears feasible. 
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The results obtained from the projections are presented in Table 3.9 and Figures 
3.59-3.70 of the Assessment Workshop Report. Estimates of stock condition depend on 
which of the states of nature explored in the assessment is most likely to reflect the true 
state of nature. Of the three scenarios considered in the assessment, that represented by the 
base model (Run 1) would be considered to provide the best description of the data that 
were available, given the assumptions that were made regarding those data, the biology of 
the cobia stock, and the fisheries exploiting this stock. For the base model, fishing mortality 
would be increased from Fcurrent if adjusted to FOY or F30%SPR. The base model predicts that 
spawning stock biomass would be expected to increase from SSBcurrent if fishing mortality 
was maintained at Fcurrent, increase to a lesser extent if fishing mortality was increased to 
FOY, and decline very slightly if fishing mortality was increased to F30%SPR. Yield would 
increase under each of these three fishing mortalities. If the model with the lower natural 
mortality, i.e., Run 2, represented the true state of nature, continued fishing with a fishing 
mortality of Fcurrent is predicted to allow the spawning biomass to increase beyond the 
MSST by 2014, i.e., become no longer overfished, despite the fact that overfishing was 
continuing. The reduction in fishing mortality associated with FOY or F30%SPR would result 
in overfishing no longer occurring and would produce an increase in spawning stock 
biomass such that, by 2014, the stock would no longer be classified as being overfished. If 
natural mortality was greater, i.e., Run 3, spawning stock biomass would increase if fishing 
mortality was maintained at Fcurrent but would decline if it was set to FOY, and would decline 
to an even greater extent if fishing mortality was set to F30%SPR. 

It would have been informative to explore the consequences (for each pair of 
putative states of nature) of incorrectly assuming that one of these alternative states of 
nature was true, and setting allowable catches accordingly, when in fact one of the 
alternative states of nature was the “true” state. Such an analysis allows an assessment of 
the robustness of an incorrect decision relating to which of the alternative models is 
considered most likely to represent the true state of nature. 
 
ToR 6. Evaluate the quality and applicability of methods used to characterize 
uncertainty in estimated parameters.  
• Provide measures of uncertainty for estimated parameters 
• Ensure that the implications of uncertainty in technical conclusions are clearly 

stated 
• If there are significant changes to the base model, or to the choice of alternate 

states of nature, then provide a probability distribution function for the base 
model, or a combination of models that represent alternative states of nature, 
presented for review.   

• Determine the yield associated with a probability of exceeding OFL at P* values of 
30% to 50% in single percentage increments 

• Provide justification for the weightings used in producing the combinations of 
models 
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Conclusions 
 
The methods within Stock Synthesis that may be used to explore uncertainty include 
calculation of estimates of asymptotic standard errors, calculation of likelihood profiles, 
MCMC analyses, and bootstrapping. These tools are complemented by auxiliary routines 
that allow production of diagnostic plots, which also assist in communicating the 
uncertainty of estimates. The software encourages exploration of alternative model 
structures and sensitivity to alternative values of parameters or functional forms. The model 
that was developed for the Gulf of Mexico stock of cobia employed an appropriate set of 
these methods. Probability distributions were produced for initial equilibrium biomass and 
steepness, unfished total and spawning biomass, and spawning biomass in 2011. As the 
iterative approach required to calculate P* cannot be implemented in Stock Synthesis, 
Stock Synthesis “calculates the expected time series of probabilities that the F resulting 
from a specified harvest policy would exceed a specified level” (Methot and Wetzel, 2012). 
 
Strengths 
 
• Stock Synthesis provides an extensive suite of methods that may be used to explore 

uncertainty. 
• The retrospective analysis revealed no strong systematic patterns. 
• Bootstrapping was used to produce probability distributions 
 
Summary 
 
Stock Synthesis provides a number of methods that may be used to characterize the 
uncertainty associated with the estimates of parameters, benchmark estimates, and 
predicted values of parameters.  These include options to generate likelihood profiles and to 
run a bootstrapping or Markov Chain Monte Carlo (MCMC) analysis.  The software is well 
suited for use in exploring the uncertainty associated with the models that were fitted to the 
Gulf of Mexico stock of cobia. Thus, for each run of the Stock Synthesis model for this 
stock, estimates of asymptotic standard errors would have been calculated for each of the 
parameters that were estimated (see Table 3.1, Assessment Workshop Report, for parameter 
estimates and estimates of asymptotic standard errors for the base model, Run 1, for which 
the average value of natural mortality for fully-selected cobia was M = 0.38 y-1 and 
estimated steepness = 0.925). These standard errors may be considered to represent 
minimum values for the uncertainty of the estimated parameters. The uncertainty of 
selected parameter estimates for the Gulf of Mexico cobia stock was also characterized 
using the results from bootstrapping (Table 3.2, Figs 3.26 and 3.27). Additional 
uncertainties (sensitivities) arising from differences in model structure or data input for the 
cobia model were also assessed by re-running Stock Synthesis using those alternative 
model structures or data sets. 

The initial run (Run 1) was carried out using the model structure that had been 
proposed for the Gulf of Mexico stock of cobia and estimating the steepness parameter of 
the Beverton and Holt stock-recruitment relationship. Bootstrapping of this model 
demonstrated that, given the data that were available, the steepness of the stock recruitment 
relationship was estimated imprecisely, a result which was confirmed by constructing 
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likelihood profiles for this parameter. A number of sensitivity runs of Stock Synthesis were 
then run to explore the effect of varying this and other parameters, or the methods 
employed in the analysis.  

As is typical in stock assessment, exploratory runs for the Gulf of Mexico stock of 
cobia were first employed to determine a base model for the assessment, i.e., a model that is 
considered the most likely of the alternative model configurations that have been proposed. 
Despite the imprecision of the estimate of steepness, the decision was made at the 
Assessment Workshop to retain Run 1 as the base model as parameter estimates and 
patterns of stock dynamics were similar for the models using alterative estimates of 
steepness. 

The Assessment Workshop selected the models with low M (Run 2) and high M 
(Run 3) as representative of alternative states of nature. Projections using these models 
were explored.  

While the iterative approach required to calculate P* cannot be implemented in 
Stock Synthesis, a complementary approach has been developed to produce estimates of the 
probability that F, the fishing rate based on MSY, SPR, a specified target biomass, or a 
multiple of the recent average fishing rate that is employed in the projection, exceeds the 
OFL (Methot and Wetzel, 2012). These authors advise that, whereas the P* approach 
calculates the future stream of annual catches that would have a specified annual 
probability of F > OFL, Stock Synthesis “calculates the expected time series of 
probabilities that the F resulting from a specified harvest policy would exceed a specified 
level”. 

The models were not combined, but presented as alternatives for consideration by 
the Review Panel. 
 
ToR 7. If available, ensure that stock assessment results are accurately presented in 
the Stock Assessment Report and that stated results are consistent with Review Panel 
recommendations.  
 
The Review was undertaken as a desktop review, rather than a review within a workshop 
setting. Accordingly, it was not possible for the recommendations made in review reports to 
be acted upon, nor to ensure that the results were incorporated accurately in the resultant 
Stock Assessment Report.  
 
ToR 8. Evaluate the quality and applicability of the SEDAR Process as applied to the 
reviewed assessment and identify the degree to which Terms of Reference were 
addressed during the assessment process. 
 
The SEDAR Process provides a very sound basis for stock assessment. It has ensured that 
all aspects of the assessment process for the Gulf of Mexico cobia, from collation of data 
through to model development, exploration, and production of management advice, have 
been documented in detail, including the underlying reasons for decisions that were made 
concerning data to be used and model structure to be employed. For the reviewer, it has 
thus provided a thorough understanding of the details of the assessment and assisted in 
identifying opportunities for improvement and in detecting errors or inadequacies.  
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The Terms of Reference for the Assessment Process, which are presented below, are 
now examined and comment is made on the degree to which these were addressed. 
 
1. Review and provide justifications for any changes in data following the data workshop 

and any analyses suggested by the data workshop. Summarize data as used in each 
assessment model. 
 
Accomplished. 
 

2. Recommend a model configuration which is deemed most reliable for providing 
management advice using available compatible data. Document all input data, 
assumptions, and equations. 
 
The configuration of the model for cobia that was set up within the Stock Synthesis 
framework was described. The equations used within Stock Synthesis were not 
described in the Assessment Workshop Report. This is understandable as, to some 
extent, the rate of development of this software has outpaced the development of the 
technical descriptions relating to the features within the Stock Synthesis software. 
Methot and Wetzel (2012) have recently addressed this issue, however, and their recent 
paper should be cited in the Assessment Workshop Report. 
 

3. Incorporate known applicable environmental covariates into the selected model, and 
provide justification for why any of those covariates cannot be included at the time of 
the assessment. 
 
No environmental covariates were identified by the Data or Assessment Workshops. 
 

4. Provide estimates of stock population parameters. 
• Include fishing mortality, abundance, biomass, selectivity, stock-recruitment 
relationship, and other parameters as appropriate given data availability and modeling 
approaches 
• Include appropriate and representative measures of precision for parameter estimates 
 
Accomplished. 
 

5. Characterize uncertainty in the assessment and estimated values. 
• Consider components such as input data, modeling approach, and model 
configuration 
• Provide appropriate measures of model performance, reliability, and 'goodness of fit' 
 
Accomplished. 
 

6.  Provide yield-per-recruit, spawner-per-recruit, and stock-recruitment evaluations. 
 
Accomplished. 
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7. Provide estimates of stock status relative to management criteria consistent with 
applicable FMPs, proposed FMPs and Amendments, other ongoing or proposed 
management programs, and National Standards for each model run presented for 
review. 
 
Accomplished. 
 

8. Project future stock conditions and develop rebuilding schedules if warranted, 
including estimated generation time. Develop stock projections in accordance with the 
following: 
A) If stock is overfished: 

F=0, FCurrent, FMSY, FOY 
F=FRebuild (max that permits rebuild in allowed time) 

B) If stock is undergoing overfishing: 
F= FCurrent, FMSY, FOY 

C) If stock is neither overfished nor undergoing overfishing: 
F= FCurrent, FMSY, FOY 

D) If data limitations preclude classic projections (i.e. A, B, C above), explore 
alternate models to provide management advice 

 
Accomplished. 
 

9. Provide a probability distribution function for the base model, or a combination of 
models that represent alternate states of nature, presented for review. 
• Determine the yield associated with a probability of exceeding OFL at P* values of 

30% to 50% in single percentage increments for use with the Tier 1 ABC control 
rule 

• Provide justification for the weightings used in producing combinations of models 
 
The Assessment Workshop Report noted that three of the sensitivity runs had been 
considered as alternate states of nature, and projections had been run for each of these 
The Assessment Workshop Report advised that probability distribution functions had 
been developed for the subset of three runs and would “be made available to the 
Scientific and Statistical Committee (SSC) for the development of management advice, 
including OFL and ABC”. No information relating to these probability distribution 
functions was presented in the Report. 
 

10. Provide recommendations for future research and data collection. Be as specific as 
possible in describing sampling design and intensity, and emphasize items which will 
improve assessment capabilities and reliability. Recommend the interval and type for 
the next assessment. 
 
Attention was directed to the research recommendations that were made in the Data 
Workshop Report. The Workshop Assessment Report identified gaps in data, which, if 
addressed, would improve the assessment capabilities and reliability. Specific sampling 
design and intensity were not discussed. No recommendations relating to the interval 
and type for the next assessment were made by the Assessment Workshop. 
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11. Prepare a spreadsheet containing all model parameter estimates and all relevant 
population information resulting from model estimates and projection and simulation 
exercises. Include all data included in assessment report tables and all data that support 
assessment workshop figures. 
 
A spreadsheet was not provided in the documentation that was circulated to the Review 
Panel. The Assessment Workshop addressed this Term of Reference in its Report by 
providing a table listing the estimates for all parameters used in the model and 
presenting a listing of each of the input files required to run the Stock Synthesis model 
for Gulf of Mexico cobia. 
 

12. Complete the Assessment Workshop Report (Section III: SEDAR Stock Assessment 
Report). 
 
Accomplished. 
 

ToR 9. Make any additional recommendations or prioritizations warranted. 
• Clearly denote research and monitoring needs that could improve the reliability of 

future assessments 
 
A number of research needs, which are listed below in order of priority, were identified in 
the course of the desk review. As expected, these were highly consistent with, and thus 
overlap, many of the research needs that had been identified by the Data and Assessment 
workshops. 
 
1. Review or establish programs to collect data on the length composition and age-at-

length compositions of landings and discards from each commercial gear and from each 
recreational fishing mode, and of bycatch of cobia from the shrimp fishery. Ensure that 
the statistical design and spatial coverage of survey or sampling programs are 
appropriate and that survey or sampling intensity is sufficient to produce estimates of 
the required precision for Gulf of Mexico cobia. Set goals for performance and establish 
and monitor performance criteria to assess the quality and completeness of data 
collection programs. This item is of the highest priority as it will provide information 
required by Stock Synthesis to determine the selectivity and retention curves for cobia 
for the commercial, recreational, and shrimp fisheries, the lack of which is a key source 
of uncertainty in the model. 

2. Undertake research to determine reliable relationships between the proportion of 
females that are mature and both length and age for the Gulf of Mexico stock of cobia. 
This item is also of high priority, as the maturity information that is currently used is 
imprecise. The calculation of spawning stock biomass, a crucial parameter in the 
calculation of benchmarks and assessment of stock status, should be based on reliable 
data. 

3. Review programs that are used to collect discard data for cobia (and data on the bycatch 
of cobia by the shrimp fishery), and refine these programs to ensure that accurate and 
complete data estimates of the discards (and bycatch) are collected. Ensure that the 
statistical design and spatial coverage of survey or sampling programs are appropriate 
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and that survey or sampling intensity is sufficient to produce estimates for Gulf of 
Mexico cobia that are of the required precision. Set goals for performance and establish 
and monitor performance criteria to assess the quality and completeness of data 
collection programs and provide feedback regarding performance to those programs. 
While this research item will not provide immediate improvement in the quality of the 
assessment, it is important that action is taken as soon as possible to improve the 
accuracy and precision of the data relating to the quantities of fish that are discarded 
from each of the fisheries, such that, in the future, the time series of discards become 
more reliable. 

4. A comprehensive genetic study of cobia should be undertaken, with the following 
objectives: 

a. to confirm the preliminary genetic findings of Darden for cobia in the Gulf of 
Mexico and US Atlantic Coast, using samples with sample sizes greater than 
100 at all sites, thereby addressing the issue in that earlier study that sizes of 
samples from the north of the Gulf of Mexico and from waters off the west coast 
of Florida had been small; 

b. to increase the spatial resolution of the genetic sampling in the region of overlap 
of the two stocks, such that the boundary between the stocks or extent of overlap 
can be determined; 

c. to extend sampling into Mexican waters and thereby determine the southern 
boundary of the Gulf of Mexico stock; 

d. to reconcile the differences in the findings reported in SEDAR28-DW01 and 
those reported in SEDAR28-­‐RD09, where the former advises that collections 
from offshore in the Gulf of Mexico were genetically distinct from those 
offshore in the South Atlantic region while the latter reports that the results of 
the study “suggest the offshore groups are genetically homogenous, even 
between the SA and GOM”; 

e. to extend sampling beyond the spawning season and ascertain whether catches 
of fish may be assigned reliably to either the Gulf of Mexico or South Atlantic 
stock on the basis of the area in which they are caught. 

Some of the objectives of this study, e.g., identification of the southern boundary of the 
stock, would also benefit from tagging or other studies. As this study will take some 
time before completion, it has been assigned a lower priority than the previous items. 
Determination of the southern stock boundary, however, is important to ensure that 
other removals from the stock are not occurring in Mexican waters, as such removals 
are not taken into account in the current assessment. 

5. Undertake research to determine the discard mortality of Gulf of Mexico cobia that are 
discarded from the catches of each commercial fishing gear or each recreational fishing 
mode, recognising that such mortality is likely to differ among different categories into 
which the discarded fish are classified, e.g., “alive”, “mostly alive”, and “mostly dead”. 

6. In future stock assessments for the Gulf of Mexico stock of cobia, explore whether the 
use of an age-dependent rather than constant M results in a significant improvement in 
fit, considering the Lorenzen and alternative functional forms of the relationship with 
age and the alternative of estimating the value of the age-dependent M at each age (or 
range of ages). 
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7. In future stock assessments, explore the sensitivity of the model to the uncertainty of 
the landings data. 

8. Develop an ageing error matrix for Gulf of Mexico cobia. 
9. A research study should be undertaken to determine an approach (or approaches) by 

which an appropriate range (or ranges) of feasible values of M for a species might be 
selected for use in stock assessment as alternate plausible states of nature. The need to 
determine an appropriate range for sensitivity runs arose in both the cobia and Spanish 
mackerel assessments, but the final decisions on the range to use were rather arbitrary 
and subjective. The issue arises in almost all assessments and it would be useful to 
establish an objective protocol to determine an appropriate range of values of M to be 
explored.  

10. Develop a fishery-independent survey for Gulf of Mexico cobia, or investigate what 
changes would be required to make data from an existing fishery-independent survey 
appropriate for use as an index of abundance.  

11. As a low research priority, assess whether, in future refinement of the Stock Synthesis 
model, sexually dimorphic growth should be introduced. Note that the benefit of this 
might only be realised if appropriate sex composition data for landings and discards are 
available for input, and length and age-at-length compositions are sexually 
disaggregated. 
 

 
4.2 Gulf of Mexico Spanish Mackerel (Scomberomorus maculates)  
 
ToR 10. Evaluate the quality and applicability of data used in the assessment.  
 
Conclusions 
 
The data compiled for the Gulf of Mexico stock of Spanish mackerel by the Data 
Workshop are the best that are available. Certainly, some aspects of the data are imprecise, 
e.g., discards from commercial catches, and there are data gaps, such as the lack of length 
and age-at-length composition data for discards. Nevertheless, the data that are available 
are of a quality that would allow a broad assessment of the likely condition of the stock, 
which, although uncertain, would be useful to fisheries managers.  
 
Strengths 
 
• The collation of life history data for the Gulf of Mexico stock of Spanish mackerel. 
• The collation of commercial landings data to produce time series of landings by gillnet, 

handline, and other gears from 1887, and, particularly, more precise data from 1950. 
• The collation of a time series of estimates of bycatch of Spanish mackerel by the shrimp 

fishery from 1972, using a Bayesian model. 
• The collation of recreational fisheries data from different sources to produce sound time 

series of landings by fishing mode from 1955, and, particularly, more precise data from 
1981. 

• The collation of data to produce time series of discards from the commercial gears and 
recreational fishing modes. 
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• The collation of length composition data to characterize the landings by the commercial 
and recreational fisheries. 

• The collation of a fishery-independent and two fishery-dependent indices of abundance, 
and the use of appropriate statistical analyses to standardize those indices of abundance. 

 
Weaknesses 
 
• Lack of definition of the southern boundary of the Gulf of Mexico stock of Spanish 

mackerel. 
• Uncertainty of the age at which 50% of Spanish mackerel are mature. 
• The unreliable nature of the discard data due to low reporting, low intercept rates, and 

inadequate data collection programs. 
• Inadequate sampling of length and age composition data from commercial landings and 

from bycatch of Spanish mackerel from the shrimp fishery. 
• Lack of length and age composition sampling from commercial and recreational 

discards. 
 
Specific comments 
 
Stock structure 
 
Spanish mackerel from US waters within the Gulf of Mexico and to the north of Highway 1 
in Monroe County, Florida, which have been designated the “Gulf of Mexico stock”, were 
the subject of the stock assessment. The Data Workshop Report acknowledged that studies 
of stock structure for Spanish mackerel in the Gulf of Mexico and off the US South Atlantic 
coast have produced conflicting results. The Report advised that, while early morphometric, 
meristic, allozyme, and electrophoresis studies and a more recent study of otolith shape and 
chemistry identify differences between fish from the Gulf of Mexico and those from the 
South Atlantic coast, a recent mitochondrial and nuclear DNA study did not detect a 
difference, which suggests at least a small amount of genetic flow between the two regions 
sufficient to homogenize allele frequencies. Based on results of the earlier studies, and 
taking into account spawning locations, stock distribution patterns, and catch history, the 
two groups of fish were recognized as separate management units, with a boundary at US 
Highway 1 in Monroe County, Florida, which has served as the boundary for data 
collection from the commercial and recreational fisheries. The evidence supporting the 
proposed stock structure and, in particular, the boundary separating the two putative stocks 
is not strong.  Further studies to improve understanding of stock composition, e.g., genetic, 
otolith microchemistry, species composition of parasites, tagging studies, should be 
initiated. 

In the review of data relating to stock structure for Spanish mackerel, the Data 
Workshop Report makes no mention of the southern boundary of the putative Gulf of 
Mexico stock, and whether this stock extends into Mexican waters. If such extension is the 
case, failure to take into account Mexican catches of Spanish mackerel would result in bias 
in assessment results.  The stock assessment that has been undertaken implicitly assumes 
that the Gulf of Mexico stock of Spanish mackerel is confined to US waters, and thus 
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conclusions from the assessment must be considered conditional on the validity of this 
assumption. 
 
Biological data 
 
The use of Hoenig’s (1983) equation for fish and maximum age to produce an estimate of 
natural mortality M for a fish stock is accepted practice when no data are available from the 
stock to allow direct estimation of this parameter. Thus, noting also that other methods of 
estimating M from life history data were investigated, its use of Hoenig’s (1983) equation 
to estimate the base value of M for Gulf of Mexico Spanish mackerel is endorsed. The Data 
and Assessment Workshops also correctly recognized that this estimate of M was 
imprecise, and that the results of stock assessment were likely to be sensitive to this 
uncertainty.  

For the reasons noted earlier when discussing the assessment for Gulf of Mexico 
cobia, use of the Lorenzen (1996) equation to derive age-dependent estimates of natural 
mortality M for Gulf of Mexico Spanish mackerel is not endorsed. In his report to the CIE 
on the stock assessments conducted for yellowtail flounder and Atlantic herring at Woods 
Hole in 2012, Francis (2012) advised that prediction of M, and, through body weight, its 
variation with age for an individual species, using Lorenzen’s (1996) equation was likely to 
be highly imprecise, as was evident in the wide scatter about the regression line in 
Lorenzen’s Figure 1. Francis observed that, for about one-third of Lorenzen’s data points, 
predicted and observed Ms appeared to differ by a factor of more than 2. Furthermore, in 
the case of both herring and yellowtail, the values of M estimated by Lorenzen’s equation 
differed markedly from the values estimated using Hoenig’s (1983) equation and had to be 
scaled substantially for use in the yellowtail flounder and Atlantic herring assessments. 
Francis (2012) raised the very valid point that, if the estimates produced for a species by 
Lorenzen’s equation provide such unreliable estimates that the mean M differs from the 
estimate calculated using Hoenig’s (1983) equation by a factor that differs markedly from 
1, can it be considered sufficiently reliable to estimate how M varies with age within these 
species? 

There has been no test to assess whether the introduction of the additional 
complexity associated with age-dependent natural mortality to the model for Gulf of 
Mexico Spanish mackerel is justified by the resultant improvement in fit that was obtained. 
It is recommended that a model employing a constant value of M is fitted to the Spanish 
mackerel data. If this model fits just as well as the model that employs an age-dependent M, 
then the simpler model should be used. If the age-dependent model produces a better fit, it 
would be better to estimate age-dependent M within the assessment model rather than 
assuming that it is of the form predicted by the Lorenzen (1996) equation. 

Data on the rate of mortality for discarded hook and line caught Spanish mackerel 
are limited, and thus the estimates of discard mortality are imprecise. It was pleasing to 
note that the Assessment Workshop investigated the implications of uncertainty in the 
estimate of discard mortality by conducting a sensitivity run. Further research is required to 
produce a more reliable estimate.  

Although only the parameter estimates of the von Bertalanffy growth curve fitted to 
the length at age data using the Diaz et al. (2004) model are input to Stock Synthesis to 
provide the initial values of the growth curve fitted within the assessment model, the 
growth curve developed for the Data Workshop is of value as a basis of comparison with 
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the growth curve fitted by Stock Synthesis. Fitting the growth curve within Stock Synthesis 
ensures that the assumptions regarding selectivity are consistent with those employed in 
other parts of the model and that uncertainty in the estimates of growth is reflected in the 
estimates of the spawning stock biomass, fishing mortality and benchmarks. 

Spanish mackerel exhibit dimorphic growth, yet the Stock Synthesis model 
considers only pooled data. In future refinement of the model, consideration should be 
given to modelling both females and males rather than combined sexes, noting that the 
benefit of this might only be realised if appropriate sex composition data for landings and 
discards are available for input, and length and age-at-length compositions are sexually 
disaggregated. 

The Data Workshop Report advises that, due to a paucity of age data, percentage 
maturity was related to size class rather than age. It is not clear whether the data reported in 
Tables 2.3 and 2.4 represent only fish collected during the spawning season, i.e., when 
mature fish can be distinguished readily from immature fish on the basis of macroscopic 
examination of their gonads.  It is unclear how the age at 50% maturity for females was 
estimated, i.e., was this obtained by transforming from length to age using the fitted growth 
curve. Further details are required. The value of 0.2 y seems surprisingly low for the age at 
50% maturity of females. This low value drew comment from the Data Workshop, which 
suggested that it might have been due to identification of mature fish using macroscopic 
examination and recommended the use of the age at 50% maturity that was determined for 
the Atlantic stock of Spanish mackerel, i.e., 0.7 y. Using the relationship between age at 
maturity and maximum age determined by Froese and Binohlan (2000), a species with an 
age at maturity of 0.2 y would be expected to have a maximum age of 0.8 y, a value far 
lower than the 11 years that the Data Workshop employed when estimating M. Further 
research to determine the relationship between percentage mature and age appears to be 
necessary given this unusually low value and the statement in Section 2.8 of the Data 
Workshop Report that there is a paucity of age data for Gulf of Mexico Spanish mackerel. 
 
Commercial landings 
 
The decision to extend the time series of landings data as far back in time as possible was 
endorsed, although it is noted that (1) the data in Table 3.2 of the Data Workshop Report 
were very sparse until 1927, and (2) the reliability of commercial data improved 
substantially in 1950.  Note that it would be useful to state in the heading of Table 3.2 
whether the gaps in data prior to 1927 represent missing years, or, as reported in Table 3.4, 
represent zero landings. As an alternative to using data extending back to 1887, it might be 
interesting to compare the results obtained from the model by using a shorter time series 
ranging from 1927 to 2011, noting that the imprecision associated with imputing the 
missing landings between 1887 and 1926 should also be considered. 

The decision made by the Data Workshop to combine landings from commercial 
fishing gears other than gillnets and handlines was not explained. Was it to reduce the 
number of time series of landings considered in Stock Synthesis, and thereby reduce 
complexity, or was the decision made in recognition of a lack of data to characterize the 
length composition of each of the miscellaneous gears? A decision made because of the 
latter reason would indicate an inadequacy of the data collection programs, which might 
need to be addressed. 
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Until 1996, the annual landings of the combined commercial gears, other than 
gillnets and handlines, were typically of a greater magnitude than the landings made by 
handlines, and subsequently were of similar magnitude. As recommended by the Data 
Workshop, the Assessment Workshop apportioned these combined landings of the 
miscellaneous commercial gears to the landings of the two primary gears in proportion to 
the annual landings of those last two gears. The length composition of the resultant time 
series of landings thus reflect a weighted combination of the length compositions of the 
catches from the different fishing gears, each of which would have reflected the selectivity 
curve of that gear. Length composition data collected from the landings taken using gillnets 
or those taken using handlines will therefore fail to reflect the length compositions of the 
mixtures of landings of those primary gears and the contribution from the landings of the 
miscellaneous gears, particularly in the case of the length composition data for the handline 
landings. 

Comment is made in Section 3.3.5 of the Data Workshop Report that there was a 
precipitous decrease in landings in 1977 and subsequent years following cold weather in 
Florida in 1976-77. This environmental event was not explored by the Assessment 
Workshop, but it might be interesting to consider whether the cold weather caused 
increased mortality or reduced growth, and whether this could explain the reduced landings 
that followed the 1977 event. 

The Data Workshop is commended for its collation of the commercial landings data 
from the various sources and development of a time series of commercial landings suitable 
for use in the stock assessment process for the Gulf of Mexico stock of Spanish mackerel. It 
would be useful to assess and report the imprecision of the annual estimates. 

Although the Data Workshop Report advised that the decision was made that 
discarded fish, which were designated as “kept”, should be removed from the amount of 
discards and added to landings, it is unclear whether this was done when preparing the 
landings and discard data for the Assessment Workshop. 

Discards recorded for the commercial fisheries are highly uncertain due to low 
reporting rates and are likely to represent minimum values. Programs to collect discard data 
from commercial fishers need to be reviewed to identify ways in which more reliable 
discard data might be obtained. 

The Bayesian model, which assumed that counts within cells had a negative 
binomial distribution, appeared an appropriate approach to estimating the bycatch of 
Spanish mackerel by the shrimp fishery. The Data Workshop advised, however, that, as a 
consequence of low encounter rate of Spanish mackerel by the shrimp fishery and irregular 
observer coverage, estimates of bycatch of Spanish mackerel are imprecise, although the 
mean is likely to be of the appropriate scale.  

The Data Workshop Report advised that “sample sizes for developing length 
compositions were inadequate for a considerable number of year and gear strata”. Sampling 
to determine the age compositions of commercial landings has also been sparse, 
particularly for gillnet landings in recent years. There appear to be no data that could be 
used to characterize the length or age compositions of discards from the commercial 
fisheries. Data collection programs should be reviewed to identify how they could be 
improved to collect representative samples of length and age compositions from the 
landings and discards of the commercial fisheries. 
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Recreational landings 
 
As with the commercial landings data, the Data Workshop is commended for its collation 
of the recreational landings of Gulf of Mexico Spanish mackerel from the various data 
sources, and, in particular, the extension of this time series of data back to 1955. 

The Assessment Workshop reported that the estimates of discards of Spanish 
mackerel from the recreational fishery were highly uncertain, due to low intercept rates and 
the changes in quality control and assurance that had occurred between 1981 and 2011.  

Age samples for the recreational fishery were collected by the Southeast Region 
Headboat Survey (SRHS), as lengths but not ages are typically collected within the 
MRFSS. No samples were available to characterize the length and age compositions of 
discards of Spanish mackerel by recreational fishers. Consideration should be given to 
developing a program to collect representative length and age data from Spanish mackerel 
that are discarded by the recreational fishery. 

 
Survey indices 
 
The recommendation reported in the Data Workshop Report that the fishery-independent 
SEAMAP survey and the fishery-dependent MRFSS, and FL trip ticket handline/trolling 
indices, are appropriate for use in the assessment, and that other putative indices should not 
be used, appears sound. Both the SEAMAP and MRFSS surveys used a delta lognormal 
model to standardize the data and thereby determine annual indices of abundance. The trip 
ticket data were standardized using a general linear model with forward stepwise selection. 

In Section 5.4.4.6 of the Data Workshop Report, the Working Group advised that 
the index of abundance based on data from headboats was adequate for use in the 
assessment, yet the report card for the index advises that, because of the small proportion of 
observations that reported catches of Spanish mackerel, the Working Group did not endorse 
the use of the index in the assessment. Table 5.4.4.1 in the Data Workshop Report 
incorrectly divides total trips by total positive trips and reports the result, 38.89, as the 
overall percentage of positive trips instead of 2.6%. The incorrect value is then taken from 
the table and reported as 38.89% in Section 5.4.4.2 of the Data Workshop Report. The 
overall summary in section 5.1 correctly advises that the headboat index was not 
recommended for use. Accordingly, the Assessment Workshop did not include this as a 
survey to be used by Stock Synthesis. 
 
ToR 11. Evaluate the quality and applicability of methods used to assess the stock. 
 
Conclusions 
 
Stock Synthesis 3, the software within which the model for the Gulf of Mexico stock of 
Spanish mackerel was developed, has gained international recognition for its quality and 
the applicability of the methods it uses to assess the condition of fish stocks. The model for 
Spanish mackerel was of an appropriate structure given the data that were available.  
Values predicted by the model for Spanish mackerel, including those of benchmarks, were 
imprecise, however, due to the nature of the input data. Further imprecision of model 
outputs due to alternative values of key parameters, such as natural mortality and steepness 
of the stock-recruitment relationship, was explored. Recognising the types of data that were 
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available for input and the uncertainty of model outputs that arose as a consequence of the 
nature of those input data, the Stock Synthesis base model for Spanish mackerel is of a 
quality consistent with that which would be considered “best practice”, and is able to 
provide a valuable assessment of the likely condition of the stock in 2011, and, when 
projected, the likely trajectory of yields and stock condition over the next five to six years.  
 
Strengths 
 
• The decision to use Stock Synthesis 3 as the modelling framework and to complement 

this with the Fishery Simulation Graphics User Interface (Lee et al., 2012). 
• The structure of the model developed within the Stock Synthesis framework was 

appropriate given the data that were available. 
• The enhancement of Stock Synthesis to allow modelling of a fishery for which the only 

source of mortality is that associated with discarding of bycatch. 
• Use of super periods when data are too imprecise to fit individual values but the median 

value is considered to be informative. 
• The assessment of the uncertainty of parameter estimates was thorough. 
• Selectivity runs explored key uncertainties and demonstrated appropriateness of 

conclusions regarding the current condition of the stock. 
• Benchmarks were appropriately calculated. 
• Projections were undertaken using two states of nature. 
 
Weaknesses 
 
• Subjective decision to set effective sample size to actual sample size capped at a 

maximum of 100 rather than to use iterative reweighting, such as proposed by Francis 
(2011). 

• Lack of information in abundance indices, and shortness of history of length and age-at-
length data. 

• Lack of length and age composition data to provide information on the length and age 
compositions of discards and the shape of the retention curves. 

• The assumption that natural mortality is age-dependent and has a form that is 
proportional to the values predicted by the Lorenzen (1996) has not been tested against 
the simpler assumption of constant natural mortality over age. 

• Imprecision in the estimate of steepness of the stock-recruitment relationship. 
• Lack of exploration of uncertainty associated with the time series of commercial and 

recreational landings. 
 
The assessment was undertaken using Stock Synthesis 3, a fully integrated model that 
allowed use of all available data for Spanish mackerel in the Gulf of Mexico, including life 
history data, removals, discards, length compositions of catches, conditional age-at length 
compositions, and survey indices. Other software packages, which were used in the 
assessment of the Gulf of Mexico Spanish mackerel stock, were r4SS, which produces 
graphic displays and explores output from Stock Synthesis, and the “Fishery Simulation” 
Graphics User Interface (GUI) software (Lee et al., 2012), which adds bootstrapping 
analysis support to Stock Synthesis. Stock Synthesis, supported by these software packages, 
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provides a very flexible assessment framework that produces estimates of key population 
parameters and their uncertainty. The software allowed exploration of the sensitivity of 
parameters, stock status indicators, and reference points to changes in the structure of the 
Spanish mackerel model and its assumptions, and to the exclusion of various survey indices 
when fitting. It also allowed investigation of yield per recruit, spawner per recruit, and 
stock-recruitment relationships for Spanish mackerel, and produced estimates of reference 
points to be used when determining stock status.  The Stock Synthesis model was also 
employed to project the effect of different levels of fishing mortality on future catches and 
condition of the Gulf of Mexico Spanish mackerel stock. Through bootstrapping, Stock 
Synthesis was used to develop probability distributions for various variables of interest. 

The Assessment Workshop Report advised that, apart from the FWC trip ticket 
vertical line index, which showed a slight increase in abundance after 2003, predicted 
values of the abundance indices, which exhibited considerable imprecision, were relatively 
constant over the periods for which abundance indices were available. As noted by the 
Assessment Workshop, this implies that the survey indices carry little information 
regarding trends in abundance. The Assessment Workshop also noted that length and 
conditional length-at-age data cover only a limited recent period, and thus provide limited 
information on recruitment to inform the model.  

Concern that the estimate of steepness produced when fitting the initial model, i.e., 
0.52, was too low, led the Assessment Panel to profile log-likelihood over a range of values 
of steepness (Fig. 3.31, Assessment Workshop Report), thereby to assess whether the data 
were sufficiently informative to allow reliable estimation of this parameter. After 
examining the results of this and other sensitivity runs, retrospective analyses, profiling, 
and bootstrap runs, the Assessment Panel concluded that a value of 0.8 for steepness “was 
more reasonable for this species than that estimated by the model (0.52)” (see further 
comment regarding this decision below), and adopted this configuration (Run 3) as the base 
model for the assessment. That is, Run 3 was recommended by the Assessment Panel for 
final projections and status determinations. 

The use within Stock Synthesis of super periods when fitting discards of Spanish 
mackerel from the commercial line gear fishery, the recreational fishery, and the shrimp 
fishery, is very appropriate given the high uncertainty associated with the estimates of the 
annual discards for these three fisheries. By fitting estimates of discards to the average 
value of discards over these super periods, the model “accepts” the overall level but 
“ignores” inter-annual variability within the discard time series. 

The assumption that was made in the assessment that age data were conditional on 
length is very appropriate. If it had been assumed that the length and age composition data 
were independent, the fact that some fish were included in both the length and age 
composition data would introduce bias. Such potential bias is removed by considering ages 
to be conditional on length. 

The decision that, because of a lack of strong evidence that selectivity was dome-
shaped and the fact that little improvement in fit was obtained when using such a selectivity 
pattern, selectivity functions for the commercial line gears and recreational fisheries would 
be constrained to those with an asymptotic pattern is endorsed. It was good to note that 
some exploration had been undertaken before coming to this conclusion, but it would have 
been useful if the results of that exploration had been presented in the Assessment 
Workshop Report. The representation of the retention curves using two time blocks, i.e. the 
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period before 1993 and the period from 1993 onward, to reflect the change in size limit in 
1993, is appropriate. 

It would have been appropriate to explore whether the improvement in likelihood of 
the fitted model justified the additional complexity of considering mortality to be age 
dependent rather than constant. If not justified, the simpler model would be preferred. If use 
of an age-dependent model was justified, it would be better to estimate the values of the 
age-dependent mortalities directly, rather than assuming that the relationship has a form 
that is a scaled version of the values of mortality at age calculated using Lorenzen’s (1996) 
equation.  

The use of a maximum effective sample size of 100 fish is arbitrary, however, it is 
noted that Sensitivity Run 12 explored the effect of reweighting using the MacAllister and 
Ianelli (1997) approach. It is recommended that, in future analyses, consideration should be 
given to the methods described by Francis (2011), such that, for example, effective sample 
sizes for length compositions are calculated using iterative reweighting based on mean 
length, and possibly reflecting the relative magnitudes of initial sample sizes. 

No length or age composition data were available to characterize the discards from 
the commercial or recreational catches, thus little information was available to estimate the 
parameters of the logistic retention curves for these fisheries.  

The use of a Beverton and Holt stock-recruitment curve is endorsed, but the choice 
of the value of 0.7 as the value of the standard deviation in recruitment appears arbitrary. 
The Assessment Workshop Report advised that the profile of likelihoods over a range of 
values “did not indicate disparity” with the value chosen (Fig. 3.33). It might be pertinent to 
note, however, that both Smith and Punt (1998) and Maunder and Deriso set 𝜎!"#! !

! = 0.6. 
Beddington and Cooke (1983) are cited as reporting from a meta-analysis over many fish 
species that recruitment is typically log-normally distributed with the average of 𝜎!"#! !

!  
being around 0.6. Mertz and Myers (1996) are reported to have conducted a further meta-
analysis and again found that the average value of 𝜎!"#! !

!  was around 0.6. Interestingly, the 
likelihood profile (Fig 3.33) suggests that 0.6 might be slightly more appropriate than 0.7. 

As advised in the Assessment Workshop Report, Stock Synthesis effectively treats 
landings as being known without error and thus fits them precisely. Imprecision associated 
with the early values within the time series of commercial or recreational landings is thus 
not assessed unless explored through sensitivity runs using alternative scenarios of landings 
data. It is not apparent from the Assessment Workshop Report that such sensitivity runs 
were made and thus the implications of the uncertainty associated with the landings data 
have not been assessed. 

In describing Fig. 3.35, it is unclear whether the 14 of the 1000 bootstrap runs, 
which produced “large convergence values and illogical estimates of virgin biomass” were 
not simply the results of poor choices of initial values for the parameters used in Stock 
Synthesis, given that the jitter analysis produced four out of 100 results that failed to 
converge to the expected values.  

The vertical scale used in the profile of change in log-likelihood over the range of 
values of steepness (Fig. 3.31, Assessment Workshop Report) compresses the range of 
values of log-likelihood change for values of steepness ranging from (say) 0.4 to 0.9, which 
is the region of interest. A maximum value on the y-axis of (say) 100, would have more 
clearly revealed the trend in log-likelihood change. 
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The conclusion by the Assessment Workshop that the estimate of steepness is 
imprecise is valid, however, although the range of values that, given the model structure 
and data, might be considered to fall within a 95% confidence region would probably 
extend from about 0.4 to about 0.8.  The basis for the decision by the Assessment Panel that 
a value of steepness of 0.8 is “more reasonable” than the estimated value of 0.52 for the 
Gulf of Mexico stock of Spanish mackerel is not stated. In this context, it is possibly 
pertinent to note that Francis (2012) has suggested that, when the steepness of the stock-
recruitment relationship is imprecise or cannot be estimated reliably, he considers it better 
to fix the value of steepness at a value, such as 0.75, i.e., the default value recommended in 
Francis (1993), and which is frequently used in Australia and New Zealand, or the average 
of published values for the same or similar species. Francis (2012) advises that the 
uncertainty associated with this parameter should then be explored using sensitivity runs 
with lower and higher values of steepness. The value of steepness selected by the 
Assessment Workshop, i.e., 0.8, is of similar magnitude to the value suggested by Francis 
(2012), i.e., 0.75. Thus, the decision by the Workshop to use a model with a structure 
similar to that of the original base model but with a fixed value of steepness of 0.8, i.e., the 
model of Run 3, as the new base model for the Spanish mackerel stock, and to explore the 
uncertainty associated with this steepness using sensitivity runs with alternative values of 
steepness, is consistent with best practice, and is therefore endorsed. 

The use of the base model, and of a model with similar structure but with steepness 
fixed at 0.9, as alternative states of nature is endorsed. Given the results of the sensitivity 
runs, however, it might also have been useful to include a low natural mortality version of 
the base model as a third state of nature. 
 
ToR 12. Recommend appropriate estimates of stock abundance, biomass, and 
exploitation.  
 
Conclusions 
 
Estimates of stock abundance, biomass, and exploitation are produced when the Stock 
Synthesis model is fitted. The estimates of total biomass and annual exploitation in 2011, 
which were estimated when the base model for the Gulf of Mexico stock of Spanish 
mackerel was fitted, were 28,367 mt and 0.1197, respectively. 
 
Strengths 
 
Stock Synthesis 3 calculates time series of abundance, total biomass, and annual 
exploitation. 
 
Stock abundance: 
 
The report file that is produced by Stock Synthesis, report.sso, contains a time series 
section, in which the time series of abundance, recruitment and catch for each of the areas 
are reported. Output quantities include summary biomass and summary numbers for each 
gender and growth pattern. The Assessment Workshop Report for the Gulf of Mexico 
Spanish Mackerel stock has not reported these abundance estimates, but they will be 
available in the output file for the base model, i.e., Run 3. 
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Biomass: 
 
Stock Synthesis produces an estimate of total annual biomass (Table 3.5, Fig. 3.41). The 
estimate (for the base model, i.e., Run 3) of total biomass for 2011 was 28,367 mt. 
 
Exploitation: 
 
Stock synthesis calculates the value of annual exploitation rate as the ratio of the weight of 
the total catch (including discards) to the total biomass (Section 3.26, Assessment 
Workshop Report; Table 3.6, Fig. 3.42). The calculated value of the annual exploitation 
rate is used as a proxy for the annual value of fishing mortality, F. The estimate (for the 
base model, i.e., Run 3) of the annual exploitation rate for 2011 was 0.1197. 
 
ToR 13. Evaluate the methods used to estimate population benchmarks and 
management parameters.  Recommend and provide estimated values for appropriate 
management benchmarks and declarations of stock status for each model run 
presented for review. 
 
Conclusions 
 
Stock Synthesis calculates a range of population benchmarks and management parameters. 
Benchmarks calculated for Spanish mackerel were MFMT = F30%SPR and MSST = (1 – M) 
SSB30%SPR. The estimates of 𝐹current and SSBcurrent, which were calculated for 2011 using 
the base model, were 0.14 and 19,645 mt, respectively. The ratios 𝐹current MFMT and 
SSBcurrent MSST  , which were calculated using the base model, were 0.38 and 3.06, 
respectively. These results, which were consistent with those produced by all but one (the 
model with natural mortality set to 0.27 y-1) of the models used in the various sensitivity 
runs, imply that, in 2011, the Gulf of Mexico stock of Spanish mackerel was not 
experiencing overfishing and was not overfished.  
 
Strengths 
 
Stock Synthesis possesses well-tested procedures to calculate and output a range of 
population benchmarks and management parameters. 
 
Weaknesses 
 
Inconsistencies in the values recorded in one of the columns in Table 3.8 made it difficult 
to assess, with full confidence, whether or not the stock was experiencing overfishing. 
 
Summary 
 
The methods used by Stock Synthesis to estimate population benchmarks and management 
parameters are sound. Stock Synthesis is able to produce estimates for indicator variables 
and reference points based on maximum sustainable yield (MSY), spawning potential ratio 
(SPR), and spawning stock biomass (SSB), and taking the stock-recruitment relationship 
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into account. SPR is calculated as the equilibrium spawning biomass per recruit that would 
result from a given year’s pattern and the levels of F’s and selectivities for that year. For 
MSY-based reference points, Stock Synthesis searches for a fishing mortality that would 
maximise the equilibrium yield. For SPR-based reference points, the computer program 
searches for an F that would produce the specified level of SPR. For spawning biomass-
based reference points, the software searches for an F that would produce the specified 
level of spawning biomass relative to the unfished value.  

The management benchmarks, i.e., the Maximum Fishing Mortality Threshold 
(MFMT) and Minimum Stock Size Threshold (MSST), which were proposed for the 
fishery by the Assessment Workshop, are appropriate for use in determining the status of 
the Gulf of Mexico stock of Spanish mackerel. These two benchmarks were 
 

MFMT = FMSY     and     MSST = (1 – M) SSBMSY, 
 
where FMSY is the fishing mortality that produces the maximum sustainable yield MSY, M 
is the point estimate of natural mortality for fully recruited ages calculated using Hoenig’s 
(1983) equation, i.e. 0.38 y-1, and SSBMSY is the equilibrium spawning stock biomass that 
produces MSY. The Assessment Workshop Report advises that proxies were used when 
calculating the above benchmarks, where these proxies were based on a spawning potential 
ratio (SPR) of 30%. Thus, the proxy that was used for FMSY was the fishing mortality, 
F30%SPR, which produces a spawning stock biomass per recruit that is 30% of the spawning 
stock biomass per recruit produced when the stock is not fished, i.e. an SPR of 30%. The 
proxy that was used for SSBMSY was the corresponding value of equilibrium spawning 
stock biomass, i.e. the spawning stock biomass SSB30%SPR that is produced with a fishing 
mortality of F30%SPR. 

It is surprising to note that, although Stock Synthesis was able to estimate MSY-
based rather than SPR-based reference points, the Assessment Panel chose to use the 
proxies F30%SPR and SSB30%SPR rather than FMSY and SSBMSY. The latter two benchmarks 
are possibly more appropriate. 

For the Gulf of Mexico stock of Spanish mackerel, the benchmarks that were used 
in determining stock status by the Assessment Workshop were 
 

MFMT = F30%SPR     and     MSST = (1 – M) SSB30%SPR, 
 
where it was concluded that overfishing was occurring if Fcurrent > MFMT, i.e., 
𝐹current MFMT > 1, and the stock was considered to be overfished if SSBcurrent < MSST, 
i.e., SSBcurrent MSST  <  1. Fcurrent was calculated as the geometric mean of the estimates of 
the three most recent annual fishing mortalities, i.e., the fishing mortalities for 2009-2011, 
where annual fishing mortality was estimated by its proxy, exploitation rate, calculated as 
the ratio of the total catch (including discards) to estimated total biomass. SSBcurrent was the 
estimate of spawning stock biomass for 2011.  

Note that the specification of the reference points in Section 3.1.9 of the Assessment 
Workshop Report could be improved, e.g. overfished is currently defined as the value of 
the ratio of SSBcurrent to MSST rather than a logical expression. 

Table 3.8 of the Assessment Workshop Report, which is reproduced below, contains 
the values of the current (2011) fishing mortality and spawning stock biomass of the Gulf 
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of Mexico stock of Spanish mackerel, and purports to contain the values of the MFMT and 
MSST benchmarks, and the results of stock determination for each of the models that were 
explored in the assessment. According to the caption for this table in the Assessment 
Workshop Report, Fref represents F30%SPR , and thus, as MFMT has been set to F30%SPR, the 
values of MFMT should be equal to those of Fref. As is evident in Table 3.8, this is clearly 
not the case. There are inconsistencies between the values of Fref and MFMT for all but 
three of the 17 runs presented in the Table, Quite frequently, however, the values of Fref and 
the ratio of Fcurrent to MFMT in the rows of this Table are equal. The caption to Figure 3.9 
advises that, for this figure, the value of Fref represents the ratio of Fcurrent to MFMT, and it 
appears likely that this inconsistency between definitions of Fref has led to the inconsistent 
values presented in Table 3.8.  The fact that there is such inconsistency makes it difficult to 
accept the accuracy of the estimates of the ratio of Fcurrent to MFMT for any of the runs. 
Accordingly, while it is not possible from the reported data to assess with complete 
confidence whether or not the stock is experiencing overfishing, if the values in the column 
headed “F/MFMT” are correct, then 𝐹current MFMT = 0.38. From this, and noting the 
values for this ratio for other selectivity runs, it is very likely that the Gulf of Mexico stock 
of Spanish mackerel is not currently being subjected to overfishing. 
 

Quoted from Assessment Workshop Report: “Table 3.8. Reference points and benchmarks from sensitivity runs for Gulf of Mexico Spanish mackerel from 
SS. Benchmarks are reported for SPR 30%. Current refers to geometric mean of 2009-2011 values. MSST is (1-M)*SSBref with M = 0.38, or M=0.27, or 
M=0.49 representing the M value from the Hoenig maximum age mortality estimator for fully recruited ages from the SEDAR DW corresponding to the Base 
Model M or the M_LO or M-HI scenario. Ref refers to reference metric, either F30% SPR or SSB 30% SPR. Fratio is Fcurrent / Fref. SSBratio is SSBcurrent 
/ MSST. Spawning biomass units are weight in mtons, and yield units are mtons whole weight”. 
Name	
   Fcurrent	
   SSBcurrent	
   Yref	
   Fref	
   SSBref	
   MFMT	
   MSST	
   F/MFMT	
   SSB/MSST	
  

Run	
  1	
  Configuration	
   0.19	
   11,195	
   3,563	
   0.37	
   6,626	
   0.37	
   4,108	
   0.51	
   2.73	
  

Run	
  1	
  Configuration,	
  Steepness=0.9	
   0.14	
   18998	
   3090	
   0.39	
   10701	
   0.35	
   6634	
   0.39	
   2.86	
  

Run	
  1	
  Configuration,	
  Steepness=0.8	
   0.14	
   19,645	
   3,053	
   0.39	
   10,339	
   0.36	
   6,410	
   0.38	
   3.06	
  

Run	
  1	
  Configuration,	
  Steepness=0.7	
   0.14	
   18,235	
   3,056	
   0.41	
   10,264	
   0.35	
   6,363	
   0.41	
   2.87	
  

Run	
  3	
  Configuration,	
  M	
  HI	
   0.1	
   23,551	
   3,682	
   0.2	
   8,746	
   0.5	
   4,461	
   0.2	
   5.28	
  

Run	
  3	
  Configuration,	
  M	
  LO	
   0.2	
   13,150	
   4,040	
   0.83	
   18,283	
   0.24	
   13,347	
   0.83	
   0.99	
  
Run	
  3	
  Configuration,	
  M	
  REF	
  Age	
  3	
   0.15	
   18,140	
   3,138	
   0.47	
   11,862	
   0.32	
   7,354	
   0.47	
   2.47	
  

Run	
  3	
  Configuration,	
  Discard	
  Mortality	
   0.14	
   18,995	
   3,029	
   0.41	
   10,730	
   0.35	
   6,653	
   0.41	
   2.86	
  

Run	
  3	
  Configuration,	
  NO	
  MRFSS	
   0.14	
   19,886	
   3,054	
   0.39	
   10,637	
   0.35	
   6,595	
   0.39	
   3.02	
  

Run	
  3	
  Configuration,	
  NO	
  FWC	
   0.12	
   25,700	
   2,821	
   0.34	
   11,132	
   0.34	
   6,902	
   0.34	
   3.72	
  

Run	
  3	
  Configuration,	
  NO	
  SEAMAP	
  Survey	
   0.13	
   20,364	
   3,053	
   0.38	
   10,715	
   0.35	
   6,643	
   0.38	
   3.07	
  

Run	
  1	
  Configuration,	
  SS	
  Reweighting	
   0.19	
   11,050	
   3,743	
   0.37	
   7,011	
   0.37	
   4,347	
   0.5	
   2.54	
  

Run	
  3	
  Configuration,	
  RETROSPECITVE_2010	
   0.15	
   18,383	
   3,163	
   0.43	
   10,882	
   0.35	
   6,747	
   0.43	
   2.72	
  

Run	
  3	
  Configuration,	
  RETROSPECTIVE_2009	
   0.16	
   17,503	
   2,991	
   0.46	
   11,022	
   0.34	
   6,834	
   0.46	
   2.56	
  

Run	
  3	
  Configuration,	
  RETROSPECTIVE_2008	
   0.15	
   18,121	
   2,968	
   0.44	
   11,182	
   0.35	
   6,933	
   0.44	
   2.61	
  

Run	
  3	
  Configuration,	
  RETROSPECTIVE_2007	
   0.15	
   16,832	
   3,072	
   0.46	
   11,362	
   0.33	
   7,044	
   0.46	
   2.39	
  

Run	
  3	
  Configuration,	
  RETROSPECTIVE_2006	
   0.16	
   19,528	
   3,040	
   0.48	
   10,986	
   0.34	
   6,811	
   0.48	
   2.87	
  

 
The point estimates of the ratio of SSBcurrent MSST   exceed 1 in all but one case of 

Table 3.8 of the Assessment Workshop Report, i.e., that for the run in which M was set at 
the lower value, MLO = 0.27 y-1, when this ratio became 0.99, i.e., the SSB was only just 
below MSST. Apart from this run, the results of the model runs that were undertaken 
indicate that that it is highly likely that the stock of Spanish mackerel is currently not 
overfished.  



Review	
  of	
  SEDAR	
  stock	
  assessments	
  for	
  Gulf	
  of	
  Mexico	
  cobia	
  and	
  Spanish	
  mackerel	
   Page	
  40	
  
	
  

The value of Fcurrent for the model with steepness set to 0.8 is reported as 0.14 in 
Table 3.8 and 0.13 in Table 3.9 of the Assessment Workshop Report. The ratio of Fcurrent to 
MFMT is reported in Tables 3.8 and 3.9 as 0.38 and, 0.50, respectively for this model, and, 
for the model with steepness of 0.9, as 0.39 and 0.52, respectively. The values of SSBcurrent 
reported in Table 3.8 for the models with steepness values of 0.8 and 0.9 are transposed in 
Table 3.9. The values of the ratio of SSBcurrent MSST   in Table 3.9 do not match the values 
reported in Table 3.8 for either model. These inconsistencies should be resolved. 
 
ToR 14. Evaluate the quality and applicability of the methods used to project future 
population status.  Recommend appropriate estimates of future stock condition.  
 
Conclusions 
 
Stock Synthesis provides a well-tested procedure to project the model through a range of 
future years, using a fishing rate based on MSY, SPR, a specified target biomass, or a 
multiple of the recent average fishing rate and producing estimates of yield and key 
management parameters, thereby allowing assessment of future stock condition. The 
methods used, which are recognised as being of high quality, are designed to produce the 
estimates of future population status that are needed by managers. If the current fishing rate 
is maintained over the next 10 years, the projections produced for the base model for the 
Gulf of Mexico Spanish mackerel stock suggest that there will be little change in spawning 
stock biomass. If, however, fishing mortality is increased to the level that is estimated as 
required to produce OY, or further increased to that which would produce a spawning 
potential ratio of 30%, the spawning stock biomass would be expected to be reduced by 
approximately 20%. The condition of the stock would be expected to continue to be 
classified as “not overfished, with overfishing not occurring”. 
 
Strengths 
 
Projections are undertaken using the well-tested procedures provided within Stock 
Synthesis. 
 
Summary 
 
Stock Synthesis includes a well-tested procedure to project the future stock status that 
would result when using a fishing rate based on MSY, SPR, a specified target biomass, or a 
multiple of the recent average fishing rate. Use of this procedure ensures consistency of 
model predictions with assumptions and parameter estimates used in fitting the model and 
the age structure predicted as the current state of the stock from which the projection 
commences. It is thus highly applicable for use with the Gulf of Mexico stock of Spanish 
mackerel. 

For the Gulf of Mexico stock of Spanish mackerel, deterministic projections were 
run by the Assessment Panel for the models with steepness of 0.8 and 0.9 and using fishing 
rates set to MFMT (i.e., the proxy F30%SPR for FMSY), FOY (i.e., 75% of F30%SPR), and Fcurrent. 
Using the bootstrapping facility provided by the Fishery Simulation GUI software, 
stochastic projections were also run for the two models with the fishing rate set to MFMT 
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(the Assessment Workshop report only presents the results for the model with steepness set 
to 0.8). 

The final year of the time series of data used in the assessment for the Gulf of 
Mexico stock of Spanish mackerel was 2011. In order to carry out projections for 20 years 
from 2013 (only results from 2013 to 2022 being reported), the 2012 landings “were 
characterized as the landings [of the different fisheries] from the most recent three years 
(2009-2011)” (Assessment Workshop Report). Stock Synthesis was used to estimate the 
fishing mortality for 2012 required to achieve these landings, and used the 2012 estimate of 
SSB to calculate an estimate of age 0 recruitment from the fitted stock-recruitment 
relationship. 

If the current fishing rate is maintained over the next 10 years, the projections 
produced for the models with steepness set to 0.8 and 0.9 suggest that there will be little 
change in spawning stock biomass. If, however, fishing mortality is increased to the level 
that is estimated as required to produce OY, or further increased to that which would 
produce a spawning potential ratio of 30%, the spawning stock biomass would be expected 
to be reduced by approximately 20 or 30%, respectively. 
 
ToR 15. Evaluate the quality and applicability of methods used to characterize 
uncertainty in estimated parameters.   
• Provide measures of uncertainty for estimated parameters 
• Ensure that the implications of uncertainty in technical conclusions are clearly 

stated 
• If there are significant changes to the base model, or to the choice of alternate 

states of nature, then provide a probability distribution function for the base 
model, or a combination of models that represent alternate states of nature, 
presented for review.   

• Determine the yield associated with a probability of exceeding OFL at P* values of 
30% to 50% in single percentage increments 

• Provide justification for the weightings used in producing the combinations of 
models 

 
Conclusions 
 
The methods within Stock Synthesis that may be used to explore uncertainty include 
calculation of estimates of asymptotic standard errors, calculation of likelihood profiles, 
MCMC analyses, and bootstrapping. These tools are complemented by auxiliary software 
that allows production of diagnostic plots, which also assist in communicating the 
uncertainty of estimates. The software encourages exploration of alternative model 
structures and sensitivity to alternative values of parameters of functional forms. The model 
that was developed for the Gulf of Mexico stock of Spanish mackerel employed an 
appropriate set of these methods. As a result of the exploration of the uncertainty of the 
estimate of steepness, the base model was modified by fixing steepness to 0.8.  Probability 
distributions were produced for a set of key parameters using both the original and new 
base models. As the iterative approach required to calculate P* cannot be implemented in 
Stock Synthesis, Stock Synthesis “calculates the expected time series of probabilities that 
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the F resulting from a specified harvest policy would exceed a specified level” (Methot and 
Wetzel, 2012). 
 
Strengths 
 
• Stock Synthesis provides an extensive suite of methods that may be used to explore 

uncertainty. 
• Bootstrapping was used to produce probability distributions 
 
Summary 
 
Stock Synthesis provides a number of methods that may be used to characterize the 
uncertainty associated with the estimates of parameters, benchmark estimates, and 
predicted values of parameters.  These are supplemented by the bootstrapping tools 
provided by the Fishery Simulation GUI.  Together, the software is well suited for use in 
exploring the uncertainty associated with the models that were fitted to the Gulf Of Mexico 
Spanish mackerel stock. Thus, for each run of the Stock Synthesis model for the Gulf of 
Mexico Spanish mackerel, asymptotic standard errors were calculated for each of the 
parameters that were estimated (see Table 3.1, Assessment Workshop Report, for parameter 
estimates and estimates of asymptotic standard errors for the base model, with M = 0.38 y-1 
and steepness = 0.8). These estimates of asymptotic standard errors may be considered to 
represent minimum values for the uncertainty of the estimated parameters. The uncertainty 
of selected parameter estimates for the Gulf of Mexico Spanish mackerel stock was also 
characterized using the results from bootstrapping.  

The initial run (Run 1) was carried out using the model structure that had been 
proposed for the Gulf of Mexico stock of Spanish mackerel and estimating the steepness 
parameter of the Beverton and Holt stock-recruitment relationship. This demonstrated that, 
given the data that were available, the steepness of the stock recruitment relationship was 
estimated very imprecisely. A number of sensitivity runs of Stock Synthesis were then run 
to explore the effect of varying the configuration or methods employed in the analysis.  

As is typical in stock assessment, exploratory runs for the Gulf of Mexico Spanish 
mackerel stock were first employed to determine a base model for the assessment, i.e., a 
model that is considered the most likely of the alternative model configurations that have 
been proposed. The decision was made at the Assessment Workshop to reject Run 1 and 
use Run 3 as the base model. As noted above, a justification for this decision, i.e., to use the 
initial model structure, i.e., that for Run 1, and to fix the value of steepness at 0.8, was not 
reported in the Assessment Workshop Report other than to state that the Assessment 
Workshop found the low estimate of steepness produced when fitting the model in Run 1 to 
be unacceptable. Probability distributions of the key parameters estimated for the initial 
model, Run 1, and the new base model, Run 3, were produced and plotted (Figs 3.34 and 
3.35 of the Assessment Workshop Report). 

The level to which the initial spawning stock biomass had been depleted by 2011 
was far less for Run 1, i.e., 0.16 SSBB0 than for Run 3, i.e., 0.51 SSBB0 (Table 3.7, 
Assessment Workshop Report). A similar level of depletion, i.e., 0.18 SSBB0 as that of Run 
1 was estimated to have resulted when the value of natural mortality used in the Run 3 
configuration was lowered to 0.27 y-1. When Run 1 was re-fitted, estimating steepness 
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(with a resulting value of 0.53) and iteratively adjusting the weights of the survey indices 
and the length and age compositions to match the estimated variances of the input data with 
those of the fitted model, the level of depletion was again low, i.e., 0.16 SSBB0. The level of 
depletion of spawning stock biomass appears sensitive to reduced values of steepness 
and/or natural mortality. Given the estimated level of depletion of spawning stock biomass 
for these runs, it is interesting to note that SPR had been reduced in these three model 
configurations to only 0.51, 0.41, and 0.53, respectively (Table 3.7, Assessment Workshop 
Report). Again, these results suggest that, when MSY-based reference points are available, 
these should be used in preference to SPR-based proxies. 

While the Assessment Workshop Report provided a comparison of the key 
parameters, benchmarks, and projections for the base model that was adopted at the 
workshop, i.e., Run 3, with steepness of 0.8, and an alternative model, which had an 
identical configuration but used a steepness of 0.9, the relative probabilities of the two 
models was not assessed. The base model was subjected to a bootstrapping analysis, 
however, and distributions of the resulting estimates of the benchmark estimates are 
provided in Figures 3.48 and 3.49 of the Assessment Workshop Report, while distributions 
of projected yields for 2013-2022 are plotted in Fig. 3.53. 

The caption of Table 3.9 advises that the table provides results of the required SFA 
and MSRA evaluations using a SPR 30% reference point for “4 states of nature of 
steepness at 3 levels of natural mortality”. The table, however, only presents results for 
models representing two values of steepness for one value of natural mortality. 

While the iterative approach required to calculate P* cannot be implemented in 
Stock Synthesis, a complementary approach has been developed to produce estimates of the 
probability that F, the fishing rate based on MSY, SPR, a specified target biomass, or a 
multiple of the recent average fishing rate that is employed in the projection, exceeds the 
OFL (Methot and Wetzel, 2012). These authors advise that, whereas the P* approach 
calculates the future stream of annual catches that would have a specified annual 
probability of F > OFL, Stock Synthesis “calculates the expected time series of 
probabilities that the F resulting from a specified harvest policy would exceed a specified 
level”. 
 
ToR 16. If available, ensure that stock assessment results are accurately presented in 
the Stock Assessment Report and that stated results are consistent with Review Panel 
recommendations.  
 
The Review was undertaken as a desktop review, rather than in a Workshop setting. 
Accordingly, it was not possible for the recommendations made in review reports to be 
acted upon, nor to ensure that the results were incorporated accurately in the resultant Stock 
Assessment Report.  
 
ToR 17. Evaluate the quality and applicability of the SEDAR Process as applied to the 
reviewed assessment and identify the degree to which Terms of Reference were 
addressed during the assessment process. 
 
The SEDAR Process has ensured that all aspects of the assessment process for the Gulf of 
Mexico stock of Spanish mackerel, from collation of data through to model development, 
exploration, and production of management advice, have been documented in detail, 
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including the underlying reasons for the decisions that were made concerning data to be 
used and model structure to be employed. The structure imposed on the Data and 
Assessment Workshops by their Terms of Reference has assisted by providing a logical 
framework for the process, and thereby ensuring that key aspects of the assessment were 
not overlooked. For the reviewer, the documentation of the Spanish mackerel assessment, 
which was produced through the SEDAR process, proved invaluable in gaining an 
understanding of the details of the assessment and assisted in identifying opportunities for 
improvement and in detecting errors or inadequacies. 

The Terms of Reference for the Assessment Process, which are presented below, are 
now examined and comment is made on the degree to which these were addressed. 
 
1. Review and provide justification for any changes in data following the data workshop 

and any analyses suggested by the data workshop. Summarize data as used in each 
assessment model. 
 
Accomplished. 
 

2. Recommend a model configuration which is deemed most reliable for providing 
management advice using available compatible data. Document all input data, 
assumptions, and equations. 
 
Accomplished. 
 

3. Incorporate known applicable environmental covariates into the selected model, and 
provide justification for why any of those covariates cannot be included at the time of 
the assessment. 
 
No environmental covariates were identified by either the Data or Assessment 
Workshops. 
 

4. Provide estimates of stock population parameters. 
• Include fishing mortality, abundance, biomass, selectivity, stock-recruitment 

relationship, and other parameters as appropriate given data availability and 
modeling approaches 

• Include appropriate and representative measures of precision for parameter 
estimates 

 
Accomplished. 
 

5. Characterize uncertainty in the assessment and estimated values. 
• Considering components such as input data, modeling approach, and model 

configuration 
• Provide appropriate measures of model performance, reliability, and ‘goodness of 

fit’ 
 
Accomplished. 
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6. Provide yield-per-recruit, spawner-per-recruit, and stock-recruitment evaluations. 
 
Accomplished. 
 

7. Provide estimates of stock status relative to management criteria consistent with 
applicable FMPs, proposed FMPs and Amendments, other ongoing or proposed 
management programs, and National Standards for each model run presented for 
review. 
 
Accomplished. 
 

8. Project future stock conditions and develop rebuilding schedules if warranted, 
including estimated generation time. Develop stock yield projections in both biomass 
and numbers of fish in accordance with the following: 
A) If stock is overfished: 

F=0, FCurrent, FMSY, FOY 
F=FRebuild (max that permits rebuild in allowed time) 

B) If stock is undergoing overfishing: 
F= FCurrent, FMSY, FOY 

C) If stock is neither overfished nor undergoing overfishing: 
F= FCurrent, FMSY, FOY 

D) If data limitations preclude classic projections (i.e. A, B, C above), explore 
alternate models to provide management advice 

 
Accomplished. 
 

9. Provide a probability distribution function for the base model, or a combination of 
models that represent alternate states of nature, presented for review. 
• Determine the yield associated with a probability of exceeding OFL at P* values of 

30% to 50% in single percentage increments for use with the Tier 1 ABC control 
rule 

• Provide justification for the weightings used in producing combinations of models 
 
The Assessment Workshop Report noted that ten sensitivity runs had been considered, 
one of which had been subjected to stochastic projection. The Assessment Workshop 
Report advised that “probability distribution functions will be developed for the subset 
of model recommended by the SEDAR AP for projections … and made available to the 
Scientific and Statistical Committee (SSC) for the development of management advice, 
including OFL and ABC”. No information relating to these probability distribution 
functions was presented in the Report. 
 

10. Provide recommendations for future research and data collection. Be as specific as 
possible in describing sampling design and intensity, and emphasize items which will 
improve assessment capabilities and reliability. Recommend the interval and type for 
the next assessment. 
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Attention was directed to the research recommendations that were made in the Data 
Workshop Report. The Workshop Assessment Report identified gaps in data, which, if 
addressed, would improve the assessment capabilities and reliability. Specific sampling 
design and intensity were not discussed. No recommendations relating to the interval 
and type for the next Assessment were made by the Assessment Workshop 
 

11. Prepare a spreadsheet containing all model parameter estimates and all relevant 
population information resulting from model estimates and projection and simulation 
exercises. Include all data included in assessment report tables and all data that support 
assessment workshop figures. 
 
A spreadsheet was not provided in the documentation that was circulated to the Review 
Panel. The Assessment Workshop addressed this Term of Reference in its Report by 
providing a table listing the estimates for all parameters used in the model and 
presenting a listing of each of the input files required to run the Stock Synthesis model 
for Gulf of Mexico Spanish mackerel. 
 

12. Complete the Assessment Workshop Report (Section III: SEDAR Stock Assessment 
Report). 
 
Accomplished. 

 
ToR 18. Make any additional recommendations or prioritizations warranted.   
• Clearly denote research and monitoring needs that could improve the reliability of 

future assessments 
 
A number of research needs, which are listed below in priority order, were identified in the 
course of the desk review. As expected, these were highly consistent with, and thus overlap, 
a number of the research needs that had been identified by the Data and Assessment 
workshops. 
 
1. Review or establish programs to collect data on the length composition and age-at-

length compositions of landings and discards from each commercial gear and from each 
recreational fishing mode, and of bycatch of Spanish mackerel from the shrimp fishery. 
Ensure that the statistical design and spatial coverage of survey or sampling programs 
are appropriate and that survey or sampling intensity is sufficient to produce estimates 
of the required precision for the Gulf of Mexico stock of Spanish mackerel. Set goals 
for performance and establish and monitor performance criteria to assess the quality and 
completeness of data collection programs. This research need is of the highest priority 
as it will provide information required by Stock Synthesis to determine the selectivity 
and retention curves for Spanish mackerel for the commercial, recreational, and shrimp 
fisheries, the lack of which is a key source of uncertainty in the model. 

2. Undertake research to determine reliable relationships between the proportion of 
females that are mature and both length and age for the Gulf of Mexico stock of 
Spanish mackerel. This is also of high priority, as the maturity information that is 
currently used is imprecise. The calculation of spawning stock biomass, a crucial 
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parameter in the calculation of benchmarks and assessment of stock status, should be 
based on reliable data. 

3. Review programs that are used to collect discard data for Spanish mackerel (and data on 
the bycatch of Spanish mackerel by the shrimp fishery), and refine these programs to 
ensure that accurate and complete data estimates of the discards (and bycatch) are 
collected. Ensure that the statistical design and spatial coverage of survey or sampling 
programs are appropriate and that survey or sampling intensity is sufficient to produce 
estimates of the required precision. Set goals for performance and establish and monitor 
performance criteria to assess the quality and completeness of data collection programs. 
While this research will not produce immediate improvement in the quality of the 
assessment, it is important that action is taken as soon as possible to improve the 
accuracy and precision of the data relating to the quantities of fish that are discarded 
from each of the fisheries, such that, in the future, the time series of discards become 
more reliable. 

4. A comprehensive study of the stock structure of Spanish mackerel should be 
undertaken, with the following objectives: 

a. to determine stock structure and the areas occupied by each stock; 
and, assuming that the current view that there are two stocks, i.e., a Gulf of 
Mexico and a South Atlantic stock, is substantiated,  

b. to determine more reliably the boundary between the Gulf of Mexico and South 
Atlantic stocks or the extent of overlap; 

c. to extend sampling into Mexican waters and thereby determine the southern 
boundary of the Gulf of Mexico stock; 

d. to ascertain whether, regardless of the time of year, catches of fish may be 
assigned reliably to either the Gulf of Mexico or South Atlantic stock on the 
basis of the area in which they are caught. 

 
As this study will take some time before completion, it has been assigned a lower 
priority than the previous items. Determination of the southern stock boundary, 
however, is important to ensure that other removals from the stock are not occurring in 
Mexican waters, as such removals are not taken into account in the current assessment. 

5. Undertake research to determine the discard mortality of Gulf of Mexico Spanish 
mackerel that are discarded from the catches of each commercial fishing gear or each 
recreational fishing mode, recognising that such mortality is likely to differ among 
different categories into which the discarded fish are classified, e.g., “alive”, “mostly 
alive”, and “mostly dead”. 

6. In future stock assessments for the Gulf of Mexico stock of Spanish mackerel, explore 
whether the use of an age-dependent rather than constant M results in a significant 
improvement in fit, considering the Lorenzen and alternative functional forms of the 
relationship with age and the alternative of estimating the value of the age-dependent M 
at each age (or range of ages). 

7. In future stock assessments, explore the sensitivity of the model to the uncertainty of 
the landings data. 

8. As a low research priority, assess whether, in future refinement of the Stock Synthesis 
model, sexually dimorphic growth should be introduced. Note that the benefit of this 
might only be realised if appropriate sex composition data for landings and discards are 
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available for input, and length and age-at-length compositions are sexually 
disaggregated. 

 

5. Conclusions and recommendations 
 
After considering the information relating to stock structure, the data that were available for 
the Gulf of Mexico stocks of cobia and Spanish mackerel, and the details of the assessment 
for each species, the base model that had been proposed by the Assessment Workshop for 
each assessment was accepted for use in assessing stock status and in projecting the 
potential yield and likely stock status over the next six years. The results of the accepted 
base models, which had been developed using the Stock Synthesis 3 framework, suggested 
that both stocks were currently (in 2011) not overfished and that overfishing was not 
currently occurring. While the results of the assessment were imprecise, reflecting the 
quality and nature of the input data, the results of sensitivity runs for each model suggested 
that the conclusions drawn regarding stock status were likely to be robust to the uncertainty 
of the base model results. 

Although some of the components of the data for the Gulf of Mexico stocks of 
cobia and Spanish mackerel were limited and/or uncertain, the datasets that had been 
collated by the Data Workshops represented the best data currently available for those 
stocks and appeared adequate for use in assessing, albeit imprecisely, the condition of the 
two stocks. The models that were developed within Stock Synthesis using these datasets 
were of appropriate structure and were of a standard that would be considered “best 
practice” given the types and quality of the data that were available. The explorations of 
uncertainty and decisions made in the assessments were appropriate. The advice regarding 
the condition of each stock, i.e., that it is not overfished and overfishing is not occurring, 
appears sound.  

Improvement of the assessments will require the collection of adequate and 
appropriate data sufficient to characterize the length and age-at-length compositions of 
catches and discards from both the commercial and recreational fisheries and of bycatches 
of cobia and Spanish mackerel by the shrimp fishery. These data are essential if selectivity 
and retention curves are to be accurately determined within the assessment models. 
Reliable data on maturity are also essential if reliable estimates of spawning stock biomass 
are to be calculated by the models. Further improvement of the models will require the 
collection of discard and bycatch data of higher quality from the commercial and 
recreational fisheries and from the shrimp fishery, and determination of the southern 
boundaries of both the Gulf of Mexico stocks of cobia and Spanish mackerel.  
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   the	
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   the	
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   review	
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  shall	
  be	
  approved	
  by	
  the	
  COR	
  and	
  CIE	
  Lead	
  Coordinator.	
  	
  The	
  CIE	
  Lead	
  Coordinator	
  
can	
  contact	
  the	
  Project	
  Contact	
  to	
  confirm	
  any	
  peer	
  review	
  arrangements.	
  
	
  
Contract	
  Deliverables	
  -­‐	
  Independent	
  CIE	
  Peer	
  Review	
  Reports:	
  	
  Each	
  CIE	
  reviewer	
  shall	
  complete	
  an	
  
independent	
  peer	
  review	
  report	
  in	
  accordance	
  with	
  the	
  SoW.	
  	
  Each	
  CIE	
  reviewer	
  shall	
  complete	
  the	
  
independent	
  peer	
  review	
  according	
  to	
  required	
  format	
  and	
  content	
  as	
  described	
  in	
  Annex	
  1.	
   	
  Each	
  
CIE	
  reviewer	
  shall	
  complete	
  the	
  independent	
  peer	
  review	
  addressing	
  each	
  ToR	
  as	
  described	
  in	
  Annex	
  
2.	
  	
  
	
  
Specific	
   Tasks	
   for	
   CIE	
   Reviewers:	
   	
   The	
   following	
   chronological	
   list	
   of	
   tasks	
   shall	
   be	
   completed	
   by	
  
each	
  CIE	
  reviewer	
  in	
  a	
  timely	
  manner	
  as	
  specified	
  in	
  the	
  Schedule	
  of	
  Milestones	
  and	
  Deliverables.	
  
	
  

1) Conduct necessary pre-review preparations, including the review of background 
material and reports provided by the NMFS Project Contact in advance of the peer 
review. 

2) Conduct an impartial and independent peer review in accordance with the tasks and 
ToRs specified herein, and each ToRs must be addressed (Annex 2). 

3) No later than January 25, 2013, each CIE reviewer shall submit an independent peer 
review report addressed to the “Center for Independent Experts,” and sent to Mr. 
Manoj Shivlani, CIE Lead Coordinator, via email to shivlanim@bellsouth.net, and 
CIE Regional Coordinator, via email to Dr. David Sampson 
david.sampson@oregonstate.edu.  Each CIE report shall be written using the format 
and content requirements specified in Annex 1, and address each ToR in Annex 2. 
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Schedule	
  of	
  Milestones	
  and	
  Deliverables:	
  	
  CIE	
  shall	
  complete	
  the	
  tasks	
  and	
  deliverables	
  described	
  in	
  
this	
  SoW	
  in	
  accordance	
  with	
  the	
  following	
  schedule.	
  	
  	
  	
  
 

21 December 2012 CIE sends reviewer contact information to the COR, who then sends 
this to the NMFS Project Contact 

2 January 2013 NMFS Project Contact sends the CIE Reviewers the assessment report 
and background documents 

9-24 January 2013 Each reviewer conducts an independent peer review as a desk review 

25 January 2013 CIE reviewers submit draft CIE independent peer review reports to the 
CIE Lead Coordinator and CIE Regional Coordinator 

8 February 2013 CIE submits CIE independent peer review reports to the COR 

15 February 2013 The COR distributes the final CIE reports to the NMFS Project Contact 
and regional Center Director 

 
Modifications	
   to	
   the	
   Statement	
   of	
   Work:	
   	
   This	
   ‘Time	
   and	
   Materials’	
   task	
   order	
   may	
   require	
   an	
  
update	
  or	
  modification	
  due	
  to	
  possible	
  changes	
  to	
  the	
  terms	
  of	
  reference	
  or	
  schedule	
  of	
  milestones	
  
resulting	
   from	
   the	
   fishery	
   management	
   decision	
   process	
   of	
   the	
   NOAA	
   Leadership,	
   Fishery	
  
Management	
  Council,	
  and	
  Council’s	
  SSC	
  advisory	
  committee.	
  	
  A	
  request	
  to	
  modify	
  this	
  SoW	
  must	
  be	
  
approved	
   by	
   the	
   Contracting	
   Officer	
   at	
   least	
   15	
   working	
   days	
   prior	
   to	
   making	
   any	
   permanent	
  
changes.	
   	
   The	
   Contracting	
   Officer	
   will	
   notify	
   the	
   COR	
   within	
   10	
   working	
   days	
   after	
   receipt	
   of	
   all	
  
required	
   information	
  of	
   the	
  decision	
  on	
  changes.	
   	
  The	
  COR	
  can	
  approve	
  changes	
   to	
   the	
  milestone	
  
dates,	
   list	
  of	
  pre-­‐review	
  documents,	
  and	
  ToRs	
  within	
  the	
  SoW	
  as	
  long	
  as	
  the	
  role	
  and	
  ability	
  of	
  the	
  
CIE	
   reviewers	
   to	
   complete	
   the	
  deliverable	
   in	
   accordance	
  with	
   the	
   SoW	
   is	
   not	
   adversely	
   impacted.	
  	
  
The	
  SoW	
  and	
  ToRs	
  shall	
  not	
  be	
  changed	
  once	
  the	
  peer	
  review	
  has	
  begun.	
  
  
Acceptance	
   of	
   Deliverables:	
   	
   Upon	
   review	
   and	
   acceptance	
   of	
   the	
   CIE	
   independent	
   peer	
   review	
  
reports	
  by	
  the	
  CIE	
  Lead	
  Coordinator,	
  Regional	
  Coordinator,	
  and	
  Steering	
  Committee,	
   these	
  reports	
  
shall	
   be	
   sent	
   to	
   the	
  COR	
   for	
   final	
   approval	
   as	
   contract	
  deliverables	
  based	
  on	
   compliance	
  with	
   the	
  
SoW	
  and	
  ToRs.	
  	
  As	
  specified	
  in	
  the	
  Schedule	
  of	
  Milestones	
  and	
  Deliverables,	
  the	
  CIE	
  shall	
  send	
  via	
  e-­‐
mail	
  the	
  contract	
  deliverables	
  (CIE	
  independent	
  peer	
  review	
  reports)	
  to	
  the	
  COR	
  (William	
  Michaels,	
  
via	
  William.Michaels@noaa.gov).	
  
	
  
Applicable	
  Performance	
  Standards:	
  	
  The	
  contract	
  is	
  successfully	
  completed	
  when	
  the	
  COR	
  provides	
  
final	
   approval	
   of	
   the	
   contract	
   deliverables.	
   	
   The	
   acceptance	
   of	
   the	
   contract	
   deliverables	
   shall	
   be	
  
based	
  on	
  three	
  performance	
  standards:	
  	
  
(1)	
  The	
  CIE	
  report	
  shall	
  completed	
  with	
  the	
  format	
  and	
  content	
  in	
  accordance	
  with	
  Annex	
  1,	
  	
  
(2)	
  The	
  CIE	
  report	
  shall	
  address	
  each	
  ToR	
  as	
  specified	
  in	
  Annex	
  2,	
  	
  
(3)	
  The	
  CIE	
  reports	
  shall	
  be	
  delivered	
  in	
  a	
  timely	
  manner	
  as	
  specified	
  in	
  the	
  schedule	
  of	
  milestones	
  
and	
  deliverables.	
  
	
  
Distribution	
  of	
  Approved	
  Deliverables:	
  	
  Upon	
  acceptance	
  by	
  the	
  COR,	
  the	
  CIE	
  Lead	
  Coordinator	
  shall	
  
send	
   via	
   e-­‐mail	
   the	
   final	
   CIE	
   reports	
   in	
   *.PDF	
   format	
   to	
   the	
   COR.	
   	
   The	
  COR	
  will	
   distribute	
   the	
   CIE	
  
reports	
  to	
  the	
  NMFS	
  Project	
  Contact	
  and	
  Center	
  Director.	
  
	
  
Support	
  Personnel:	
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William	
  Michaels,	
  Program	
  Manager,	
  COR	
  
NMFS	
  Office	
  of	
  Science	
  and	
  Technology	
  
1315	
  East	
  West	
  Hwy,	
  SSMC3,	
  F/ST4,	
  Silver	
  Spring,	
  MD	
  20910	
  
William.Michaels@noaa.gov	
  	
  	
   Phone:	
  301-­‐427-­‐8155	
  
	
  
Manoj	
  Shivlani,	
  CIE	
  Lead	
  Coordinator	
  	
  
Northern	
  Taiga	
  Ventures,	
  Inc.	
  	
  	
  
10600	
  SW	
  131st	
  Court,	
  Miami,	
  FL	
  	
  33186	
  
shivlanim@bellsouth.net	
  	
   	
   Phone:	
  305-­‐383-­‐4229	
  
	
  
Roger	
  W.	
  Peretti,	
  Executive	
  Vice	
  President	
  
Northern	
  Taiga	
  Ventures,	
  Inc.	
  (NTVI)	
  
22375	
  Broderick	
  Drive,	
  Suite	
  215,	
  Sterling,	
  VA	
  20166	
  
RPerretti@ntvifederal.com	
  	
   	
   Phone:	
  571-­‐223-­‐7717	
  
	
  
Key	
  Personnel:	
  
	
  
NMFS	
  Project	
  Contact:	
  
	
  
Ryan	
  Rindone,	
  SEDAR	
  Coordinator	
  
2203	
  N.	
  Lois	
  Avenue,	
  Suite	
  1100	
  
Tampa,	
  FL	
  33607	
  
Ryan.Rindone@gulfcouncil.org	
  	
  	
  	
  	
  	
  	
  	
  Phone:	
  813-­‐348-­‐1630	
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Annex 1:  Format and Contents of CIE Independent Peer Review Report 
	
  
	
  
1.	
   The	
   CIE	
   independent	
   report	
   shall	
   be	
   prefaced	
   with	
   an	
   Executive	
   Summary	
   providing	
   a	
   concise	
  

summary	
  of	
  the	
  findings	
  and	
  recommendations,	
  and	
  specify	
  whether	
  the	
  science	
  reviewed	
  is	
  the	
  
best	
  scientific	
  information	
  available.	
  

	
  
2.	
  The	
  main	
  body	
  of	
  the	
  reviewer	
  report	
  shall	
  consist	
  of	
  a	
  Background,	
  Description	
  of	
  the	
  Individual	
  

Reviewer’s	
   Role	
   in	
   the	
   Review	
   Activities,	
   Summary	
   of	
   Findings	
   for	
   each	
   ToR	
   in	
   which	
   the	
  
weaknesses	
  and	
  strengths	
  are	
  described,	
  and	
  Conclusions	
  and	
  Recommendations	
   in	
  accordance	
  
with	
  the	
  ToRs.	
  

	
  
The	
   CIE	
   independent	
   report	
   shall	
   be	
   a	
   stand-­‐alone	
   document	
   for	
   others	
   to	
   understand	
   the	
  
weaknesses	
   and	
   strengths	
  of	
   the	
   science	
   reviewed,	
   regardless	
  of	
  whether	
  or	
   not	
   they	
   read	
   the	
  
summary	
  report.	
  	
  The	
  CIE	
  independent	
  report	
  shall	
  be	
  an	
  independent	
  peer	
  review	
  of	
  each	
  ToRs,	
  
and	
  shall	
  not	
  simply	
  repeat	
  the	
  contents	
  of	
  the	
  summary	
  report.	
  

	
  
3.	
  The	
  reviewer	
  report	
  shall	
  include	
  the	
  following	
  appendices:	
  
	
  

Appendix	
  1:	
  	
  Bibliography	
  of	
  materials	
  provided	
  for	
  review	
  	
  
Appendix	
  2:	
  	
  A	
  copy	
  of	
  the	
  CIE	
  Statement	
  of	
  Work	
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Annex 2a – Terms of Reference for  

SEDAR 28: Gulf of Mexico Cobia Assessment Desk Review 

1. Evaluate the quality and applicability of data used in the assessment.  
2. Evaluate the quality and applicability of methods used to assess the stock.  

3. Recommend appropriate estimates of stock abundance, biomass, and exploitation.  
4. Evaluate the methods used to estimate population benchmarks and management 

parameters.  Recommend and provide estimated values for appropriate management 
benchmarks and declarations of stock status for each model run presented for review. 

5. Evaluate the quality and applicability of the methods used to project future population 
status.  Recommend appropriate estimates of future stock condition.  

6. Evaluate the quality and applicability of methods used to characterize uncertainty in 
estimated parameters.   

• Provide measures of uncertainty for estimated parameters 
• Ensure that the implications of uncertainty in technical conclusions are clearly stated 
• If there are significant changes to the base model, or to the choice of alternate states 

of nature, then provide a probability distribution function for the base model, or a 
combination of models that represent alternative states of nature, presented for 
review.   

• Determine the yield associated with a probability of exceeding OFL at P* values 
of 30% to 50% in single percentage increments 

• Provide justification for the weightings used in producing the combinations of 
models 

7. If available, ensure that stock assessment results are accurately presented in the Stock 
Assessment Report and that stated results are consistent with Review Panel 
recommendations.  

8. Evaluate the quality and applicability of the SEDAR Process as applied to the reviewed 
assessment and identify the degree to which Terms of Reference were addressed during 
the assessment process. 

9. Make any additional recommendations or prioritizations warranted.   

• Clearly denote research and monitoring needs that could improve the reliability of 
future assessments 
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Table 1. Required MSRA Evaluations for cobia assessment: 
 

Criteria Definition* 
(2001) 

Current Value* 
(2001) 

Mortality Rate Criteria 
FMSY FMSY 0.34 

MFMT FMSY  0.34 
FOY 75% of FMSY 0.26 

FCURRENT F2000 0.30 
FCURRENT/ FMSY Percentage of FCurrent/FMSY > 

MFMT 
0.40 

Base M  0.30 
Biomass Criteria 

SSBMSY Equilibrium SSBMSY @ FMSY 3.02 mp 
MSST (1-M)*SSBMSY: M=0.30 2.11 mp 

SSBCURRENT SSB2000  
SSBCURRENT/ SSBMSY Percentage of 

SSBCurrent/SSBMSY < MSST 
0.30 

Equilibrium MSY Equilibrium Yield @ FMSY 1.50 mp 
Equilibrium OY Equilibrium Yield @ FOY 1.45 mp 

OFL Annual Yield @ MFMT  
 2013  
 2014  
 2015  
 2016  
 2017  
 2018  

Annual OY** Annual Yield @ FOY  
 2013  
 2014  
 2015  
 2016  
 2017  
 2018  

	
  
*Definitions and values are subject to change as per guidance from this assessment. 

**Based upon current definitions of OY, where OY = 75% of FMSY 
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Table 2. Projection Scenario Details for cobia assessment  
 
2.1 Initial Assumptions:  
 

OPTION Value 
2012 base TAC TBD 
2012 Recruits TBD by Panel 

2012 Selectivity TBD by Panel 
Projection Period 6 yrs (2013-2018) 

1st year of change F, Yield 2013 
 

2.2 Scenarios to Evaluate (preliminary, to be modified as appropriate) 
1. Landings fixed at 2013 target 
2. FOY= 65%, 75%, 85% FMSY (project when OY will be achieved) 
3. FMSY  
4. FREBUILD (if necessary) 
5. F=0 (if necessary) 
 

2.3 Output values 

 1. Landings 
 2. Discards (including dead discards) 
 3. Exploitation 
 4. F/FMSY 

 5. B/BMSY 
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Annex 2b – Terms of Reference for  

SEDAR 28: Gulf of Mexico Spanish Mackerel Assessment Desk Review 

 

10. Evaluate the quality and applicability of data used in the assessment.  
11. Evaluate the quality and applicability of methods used to assess the stock.  

12. Recommend appropriate estimates of stock abundance, biomass, and exploitation.  
13. Evaluate the methods used to estimate population benchmarks and management 

parameters.  Recommend and provide estimated values for appropriate management 
benchmarks and declarations of stock status for each model run presented for review. 

14. Evaluate the quality and applicability of the methods used to project future population 
status.  Recommend appropriate estimates of future stock condition.  

15. Evaluate the quality and applicability of methods used to characterize uncertainty in 
estimated parameters.   

• Provide measures of uncertainty for estimated parameters 
• Ensure that the implications of uncertainty in technical conclusions are clearly stated 
• If there are significant changes to the base model, or to the choice of alternate states 

of nature, then provide a probability distribution function for the base model, or a 
combination of models that represent alternate states of nature, presented for review.   

• Determine the yield associated with a probability of exceeding OFL at P* values 
of 30% to 50% in single percentage increments 

• Provide justification for the weightings used in producing the combinations of 
models 

16. If available, ensure that stock assessment results are accurately presented in the Stock 
Assessment Report and that stated results are consistent with Review Panel 
recommendations.  

17. Evaluate the quality and applicability of the SEDAR Process as applied to the reviewed 
assessment and identify the degree to which Terms of Reference were addressed during 
the assessment process. 

18. Make any additional recommendations or prioritizations warranted.   

• Clearly denote research and monitoring needs that could improve the reliability of 
future assessments 
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Table 1. Required MSRA Evaluations for Spanish mackerel assessment: 
    Note: te = trillion eggs 

 

Criteria Definition* 
(as of 2002/2003) 

Current Value* 
(2002/03) 

Mortality Rate Criteria 
FMSY  F30%SPR  

MFMT F30%SPR  
FOY 75% of F30%SPR 0.40 

FCURRENT F2002/03  
FCURRENT/MFMT   0.53 

Base M  0.30 
Biomass Criteria 

SSBMSY Equilibrium SSBMSY @ F30%SPR 19.10 te 
MSST (1-M)*SSBMSY: M=0.30 13.40 te 

SSBCURRENT SSB2003 17.96 te 
SSBCURRENT/ MSST  1.34 
Equilibrium MSY Equilibrium Yield @ F30%SPR 8.7 mp 

Equilibrium OY Equil. Yield @ 75% of F30%SPR 8.3 mp 
OFL Annual Yield @ MFMT  

 2013  
 2014  
 2015  
 2016  
 2017  
 2018  

Annual OY** Annual Yield @ FOY  
 2013  
 2014  
 2015  
 2016  
 2017  
 2018  

	
  
*Definitions and values are subject to change as per guidance from this assessment. 
**Based upon current definitions of OY, where OY = 75% of FMSY 
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Table 2. Projection Scenario Details for Spanish mackerel assessment 
 
2.1 Initial Assumptions:  
 

OPTION Value 
2012 base TAC TBD 
2012 Recruits TBD by Panel 

2012 Selectivity TBD by Panel 
Projection Period 6 yrs (2013-2018) 

1st year of change F, Yield 2013 
 

2.2 Scenarios to Evaluate (preliminary, to be modified as appropriate) 
1. Landings fixed at 2013 target 
2. FOY= 65%, 75%, 85% FMSY (project when OY will be achieved) 
3. FMSY  
4. FREBUILD (if necessary) 
5. F=0 (if necessary) 
 

2.3 Output values 

 1. Landings 
 2. Discards (including dead discards) 
 3. Exploitation 
 4. F/FMSY 

 5. B/BMSY 
  
 

	
  
	
  
	
  


